
YMPlCMI-001 I Ymp/CM-o01 I
YMP/CM001 I YMP/CM-OI I

U.S. DEPARTMENT OF ENERGY

0-

R-
W OUNMa

_~ YUCCA MOUNTAIN
SITE CHARACTERIZATION

PaR -- ht

SITE CHARACTERIZATION
PROGRAM BASELINE

REVISION 1

VOLUME 3 OF 5

MARCH 1991
UNITED STATES DEPARTMENT OF ENERGY

I



Il

I U.S. DEPARTMENT OF ENERGY

O UYUCCA MOUMTfAgi
C SITE

WR CHARACTERIZATION
M PROJECT

Document Nc. YtiP/Cm-00. 1.

Revision _ I1
CI N o. 9.LkL OO/OCIt13.0000

Date 4/5/91
WBOS Nos. 4 1 2. 3
QA Love Yes

- xzCa '�in.-m-r �ina<tn
I

PROJECT BASELINE 0DC-1

YUCCA MOUNTAXN`
SITE CHARACTERIZATION

PROGRAM BASELINE
(SCPB)

VOLUME 3

CHANGES TO THIS DOCUMENT REQUIRE PREPARf fi ;S
AND APPROVAL OFA CHANCE -4 KOUESJWA0CGO. 5,GL :
WITH PROJECT AP-3.30

UNITED STATES DEPARTMENT OF ENERGY
YUCCA MOUNTAIN SITE CHARACTERIZATIOk P.;OWECT OFMICE

ii
. I

. I

_1

-- ,. 1t

I
,rK,_4;



Y-AD-057 YUCCA MOUNTAIN PROJECT I CR No. 9:/052
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SECTION 1. IDENTIFICATION
ritle of Change: 3 Change Classification:
Submittal of the "Site Characterization Program Baseline, 1 Class 1 1 Class 3
Rev. 1," for CCB Control C Class 2

SECTION 11. DISPOSITION
4 CR Disposition:

M Approved 7 Disapproved
1 Approved with Conditions

5 Conditions: (if applicable)

The next revision of this document should incorporate the following items:

1. The term "Exploratory Shaft Facility" should be replaced by "Exploratory
Studies Facility4 throughout the document.

2. The term "repository" should be replaced by "potential repository"
throughout the document.

(See Change Documentation Continuation Page )

.mplementation Direction: (ifapplicable)

1. This Change Request (CR) is approved for CCB Baselining as the "Site
Characterization Program Baseline, Revision 1," and is assigned Controlled
Document number YMP/CM-0011.

2. The Director, Regulatory and Site Evaluation Division is responsible for
ensuring the above listed conditions are incorporated into the next
revision of Document YMP/CM-0011.

(See Change Documentation Continuation Page 2*~...

SECTION 1II. CONCURRENCE

7 Quality Assurance Organization Concurrence

Name: D. G. Korton Org. eQA

Sigatre/ intt f (print-
Signature: fhl i<4w me Add W,!S-9,7/m) Date:

8 Disposition Authonty 9 Effective
Date:

Name: M. B. Blanacharo , , I Title: CCB Chrorsn
(print) ' 2 (prmn)// -/z/J

Signature: /cd '/ : /CDate:
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7 Implementation Direction (continued)

3. The CCB Secretary shall ensure that the Cover Page and the Title Page for
Document YMP/CM-OO11, Revision 1, are prepared.

4. The Document Originator shall provide a Print Ready Copy of YMP/CM-OOl1,
Revision 1, to the CCB Secretary. The Document Number and Revision Number
will be identified on each page of the Publication Ready Document,
YMP/CM-OO11.

5. The CCB Secretary shall ensure that YMP/CM-OO11, Revision 1, is prepared
in accordance with this Change Directive (CD). The CCB Secretary shall
ensure the Document Change Notice (DCN), indicating changes made in the
document, is prepared. The DCN will be attached to the front of the Print
Ready Copy of the document. The CCB Secretary shall also prepare a
Controlled Document Issuance Authorization (CDIA) to transmit this CD, the
DCN, and YMP/CM-OO11, Revision 1, to the Project Document Control Center
(DCC) in accordance with AP-1.5Q.

6. Per AP-3.3Q, each TPO and Project Office Division Director will complete an
Affected Document Notice (ADN) as notification of completion of
implementation planning for this CD.

7. The CCB Secretary shall ensure that the Configuration Information System
(CIS) and the CCB Register are updated to reflect Revision 1 to YMP/CM-0011.

8. Any changes to document YMP/CM-OO11, Revision 1, will require submittal of
a CR to the Project CCB.

9. Upon release of YMP/CM-OO11, Revision 1, all Project Participants will be
required to use YMP/CM-OO11, Revision 1, in performing duties applicable
to this document.
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Ii 2 1 Y ucYucca Mountain Site Characterization
Project Office WBS 1.2.9

P. 0. Box 98608 OA: N/A

Las Vegas, NV 89193-8608

MAR 2 o 91

Distribution

RENAMING OF EXPLORAIORY SHAFT EFFORT

As a consequence of the instructions from Dr. John W. Bartlett, Director of the
Office of Civilian Radioactive Waste Management, on February 12, 1991, about
the redirection of Yucca Mountain Site Characterization Project efforts
associated with the Exploratory Shaft Facility design effort, it has become
apparent that retaining the name of Exploratory Shaft would be somewhat
misleading when the current design studies are focusing upon ramps, and a shaft
is only being considered as a possible backup.

Therefore, after considerable discussion with many parties about selecting a
new name, I have concluded that the most appropriate approach for now is to
change the name of Exploratory Shaft Facility (ESF) to Exploratory Studies
Facilit. (ESF). As you can observe, the acronym remains the saw but "Shaft"
becomes "Studies."

For all future comminication, I request that you use this new name for this
very important facility. we do not plan on modifying any completed documents
or sending out errata sheets. I do request that all new commications within
the U.S. Department of Energy's program now refer to this facility as the
Exploratory Studies Facility. I thank you for your cooperation.

r1cP. Gertz
YJ'W :13-2814 Project Manager

YMP-5
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8.3.1.13 Overview of offsite installations and operations program:
Description of the offsite installations and operations required by
performance and design issues

Summarv of performance and design requirements for offsite installations and
operations information

This program provides the technical data required to support the
resolution of the following performance and design issues:

Performance or
design issue Short title SCP section

2.1 Radiological exposures to public--normal 8.3.5.3
conditions

2.2 Worker radiological safety--normal conditions 8.3.5.4

2.3 Accidental radiological releases 8.3.5.5

2.5 Higher level finding--preclosure radiological 8.3.5.6
safety

2.7 Repository design criteria for radiological 8.3.2.3
safety

Approach to satisfy performance and design requirements

The data base presented in the environmental assessment (DOE, 1986b)
describes the nearby offsite installations and operations that could poten-
tially affect repository operations. Further information required to support
resolution of design and performance issues related to radiological safety
includes the following:

1. An evaluation of offsite accident initiators, their probabilities
and potential impacts to support Issues 2.3 and 2.5.

2. An assessment of routine releases from nuclear operations to support
Issues 2.1, 2.2, and 2.5.

3. An assessment of the onsite impact of nonrepository-related routine
and potential accidental releases of radioactive material to support
Item 1 and to support resolution of Issues 2.3 and 2.5.

4. The collection of agricultural and cultural data to support the cal-
culation of the dose to the public from releases at the Yucca
Mountain site and to support resolution of Issues 2.1 and 2.3.

8.3.1.213-1
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Interrelationships of offsite installations and operations investigations

The first investigation developed for this program addresses the
requirement to document the presence of all nearby industrial, transporta-
tion, and military installations and operations, both nuclear and nonnuclear
(Investigation 8.3.1.13.1). The second investigation requires an evaluation
of the potential impacts of those nearby installations and operations
(Investigation 8.3.1.13.2).

The investigations identified for nearby industrial, transportation, and
military installations and operations (both nuclear and nonnuclear) consist
of identifying the near-site operations, nuclear fuel cycle facilities, and
nuclear facilities not associated with the nuclear fuel cycle in the area.
Once these operations have been identified, the impacts of those facilities
will be assessed. The planned activities for assessing impacts consist of
evaluating (1) near-site operations, (2) nuclear fuel cycle facilities,
(3) nuclear facilities not associated with the nuclear fuel cycle, and
(4) nuclear testing induced ground motion.

Certain agricultural and cultural data are necessary for assessing
radionuclide dose to the public. This information will not be collected as
part of this program because this type of data is not considered part of site
characterization activities as defined in the Nuclear Waste Policy Act (NWPA,
1983). However, these data are an essential component of the program of
calculating doses to the public through the ingestion dose pathway and will
be presented as part of the environmental program planning process within the
Yucca Mountain Project. Specific information on these data is addressed in
the Radiological Monitoring Plan.

Schedule information for Site Program 8.3.1.13 (offsite installation) is
presented in Section 8.3.1.13.3.

8.3.1.13.1 Investigation: Determination of nearby industrial, transporta-
tion, and military installations and operations (nuclear and
nonnuclear)

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The preliminary data currently available are contained in Sections
3.4.1, 3.4.7, 3.5, 3.6.1, 3.6.3, 5.3, and 6.2.1.5 of the Yucca Mountain
environmental assessment (DOE, 1986b). Data for this investigation will be
collected according to a transportation studies plan, a preliminary site
characterization radiological monitoring plan, and a radiological monitoring
plan, which are currently being developed.

Parameters

The parameters for this investigation are

8.3.1.13-2
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1. A list of all nearby DOE, industrial, transportation, and military
operations.

2. The scope and frequency of the operations in Item 1.

3. Distance to all operations listed in item 1.

4. Estimates of potential radiological releases from the operations
listed in item 1.

5. Meteorological parameters (from Program 8.3.1.12).

Purpose and objectives of the investigation

The data and parameters list includes those items considered important
to assess impacts from nearby DOE, industrial, transportation, and military
operations. These parameters will be included in performance strategies as
presented in the performance and design issues and ultimately used to address
preclosure radiological safety aspects of the site.

Technical rationale for the investigation

The data collected will be used to (1) estimate the probability and
magnitude of exposures caused by abnormal events and (2) estimate the magni-
tude of any routine radiological releases from offsite nuclear operations to
determine that these releases, when combined with the release from Yucca
Mountain, will be within allowable limits (40 CFR 191.03(a)). This
investigation consists of three activities collecting similar data types.
The activities are separated because of the differences in how the data will
be collected.

The following activities will identify all current DOE, industrial,
transportation, and military operations and such operations projected for the
future in the Yucca Mountain area. This data will be used to provide the
data base for the evaluations described in Section 8.3.1.13.2.1.

8.3.1.13.1.1 Activity: Identify near-site activities

Objectives

The objective of this activity is to identify and describe all DOE,
industrial, commercial, transportation, and military operations within 8 km
of the Yucca Mountain site. In addition, significant operations outside this
area that could impact the site will also be evaluated. This will not
include offsite radioactive materials transportation since this operation
will be addressed by the Division of Systems Integration and the environ-
mental program planning efforts of the Yucca Mountain Project. For the
environmental impact statement, offsite transportation will be considered in
evaluating the impact of the repository facility.
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Parameters

The parameters of this activity are the description of (1) all indus-
trial operations, (2) flight operations, (3) commercial operations, and
(4) DOE operations within 8 km of the Yucca Mountain site. A radius of 8 km
was chosen because of the high concentration of activities within this area.
The Nevada Test Site (NTS) operations will be addressed separately under
Activity 8.3.1.13.1.3.

Description

A review of military flight operations in the area is being conducted
and will be documented. A list of all existing and projected commercial
operations in the area will be compiled. This will include a review of all
public domain land use permits in the area for mining and other operations.
In addition, the DOE management will be contacted to determine NTS operations
near the site. Windshield survey observations from a motor vehicle of the
local area will be conducted to complete the compilation of this list. In
addition, information obtained from state agencies and other sources will be
used to project future operations and determine if any of those operations
could have an adverse impact on repository site operations. Activity
8.3.1.13.2.1 contains further details on the evaluation of near-site activi-
ties.

8.3.1.13.1.2 Activity: Characterize nuclear fuel cycle facilities in the
area

Objectives

The objective of this activity is to identify all nuclear fuel cycle
facilities within 80 km of the Yucca Mountain site or within Nevada areas
adjacent to Las Vegas.

Parameters

The parameters for this activity are

1. A list of all nuclear fuel cycle facilities within the specified
area.

2. The data base to predict magnitudes of projected normal and
accidental releases of radioactivity.

Description

The regional NRC office and the State organizations with similar respon-
sibilities will be contacted to identify any nuclear fuel cycle facilities.
The routine yearly release of radioactive material from all such facilities
will be available because these values are required for routine reports to
the NRC and State agencies. Also, potential accidental releases from the
facilities will be obtained from safety evaluations of those facilities. The
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radiological environmental data from Yucca Mountain will be used to identify
sources of the material in addition to amounts of past releases, consistent
with the limitations imposed by the need to maintain national security
measures.

8.3.1.13.1.3 Activity: Characterize all nuclear facilities not associated
with the nuclear fuel cycle near the Yucca Mountain site

Objectives

The objective of this activity is to characterize the impacts of all
radiological operations at facilities within 80 km of the Yucca Mountain site
that are not part of the nuclear fuel cycle. The basis for using an 80 km
radius for this activity is documented in Section 4.3.2 of the radiological
monitoring plan. Because of the potential for classified information being
associated with the identification of NTS operations, radionuclide concen-
trations in the existing environment of the Yucca Mountain area will be
assumed to bound the cumulative effects of past radiological operations in
the area. Attempts will be made to make corrections for global fallout and
natural sources.

Parameters

For the existing environment at Yucca Mountain, radionuclide concentra-
tion and radiation levels will be assessed in (but not limited to)

1. Air (particulate form), concentration.
2. Air (gaseous form).
3. Ambient exposure rate.
4. Soil.
5. Surface water.
6. Sediments.
7. Biota.

In addition, the NTS environmental monitoring reports (produced yearly
by various organizations) and any other available data will be reviewed to
assess the impacts of past releases at the Yucca Mountain site and in the
City of Las Vegas.

Description

All data collection will be conducted in a manner consistent with
applicable regulatory guides, DOE guidance documents, and industry practices.
Specific examples can be found in the Preliminary Site Characterization
Radiological Monitoring Plan (SAIC, 1986b), which addresses data collection
before the initiation of significant site characterization activities. The
requirements for this activity are the radiological environmental monitoring
and sampling equipment and services procured consistent with the studies
identified. The equipment and servi.:es required include
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1. Air sampling equipment.
2. Soil and water sampling equipment.
3. Ambient radiation monitoring equipment and services.
4. Laboratory analysis of air, soil, and water samples.

The radiological environmental data from Yucca Mountain will be used to
identify sources of the material in addition to amounts of past releases,
consistent with the limitations imposed by the need to maintain appropriate
national security measures.

8.3.1.13.2 Investigation: Potential impacts of nearby installations and
operations

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The preliminary data used in this activity are in Sections 3.4.1, 3.4.7,
3.5, 3.6.1, 3.6.3, 5.3, and 6.2.1.5 of the Yucca Mountain environmental
assessment (DOE,1986b). Information not currently available will be collec-
ted by the activities for Investigation 8.3.1.13.1. This investigation is
addressed by activities described in the Yucca Mountain Project transporta-
tion studies efforts, the Preliminary Site Characterization Radiological Mon-
itoring Plan (SAIC, 1986b), and by the Project Radiological Monitoring Plan
(DOE, 1987c).

Parameters

The parameters for this investigation are as follows:

1. A list of all accidents initiated by offsite operations that must be
considered in the repository safety analyses.

2. An assessment of the potential impacts of those events on the basis
of data from Investigation 8.3.1.13.1.

3. Estimates of potential exposures of the public to radiation and
radioactive material from all nuclear fuel cycle activities in the
area.

4. Projected radioactive airborne concentrations for existing and
projected conditions at the site.

5. Other factors contributing to onsite occupational or offsite
exposure.

Purpose and objectives of investiaat':n

The information collected from Investigation 8.3.1.13.1 will be used to
conduct impact assessments as a result of accidents involving any nearby
installations and operations. Those aczidents include radiological and
nonradiological events that may have an impact on site operations. The
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information collected will also be used to assess compliance with 40 CFR
191.03 and to resolve Issue 2.5 (Section 8.3.5.6) for routine releases, which
addresses compliance with 40 CFR 191.03, 10 CFR Part 20, and 10 CFR Part 60.
The results of these assessments will provide data and analyses for use in
determining the preclosure radiological safety aspects of the site as out-
lined in the performance and designs issues of Key Issue 2 (preclosure
radiological safety).

Technical rationale for investigation

The data on potential offsite accident initiators will be used to
determine if further performance analyses (Issue 2.3, Section 8.3.5.5) are
required. If so, the accident data will be used to assess preclosure system
performance relative to the regulations cited in Key Issue 2.

The exposure from other nuclear fuel cycle operations covered by 40 CFR
Part 190 are required to assess compliance with 40 CFR 191.03(a). The limits
specified are the total for all nuclear fuel cycle operations.

The surrounding facilities will be evaluated to determine the effects
they could have on potential repository operations and to determine the
ability of the repository to complete its mission while in compliance with
the regulations cited in Key Issue 2. The surrounding facilities could,
under rare circumstances, force evacuation of the facility or limit the
ability of the facility to detect and thus respond to abnormal events. This
type of circumstance can thus act as an accident initiator (Issue 2.3,
Section 8.3.5.5). In addition, any radiation exposure received by workers
while at the site, independent of its sources, affects the ability of the
facility to comply with applicable radiation standards for occupational
exposure (Issue 2.2, Section 8.3.5.4).

The following activities will evaluate all operations identified in
Investigation 8.3.1.13.1 and assess their impact on compliance with Key
Issue 2. These data will be used to provide the data base for evaluation of
operations that could have an impact on Yucca Mountain repository operations
and to support the resolution of Issues 2.1, 2.2, 2.3, and 2.5.

8.3.1.13.2.1 Activity: Evaluate near-site activities

Objectives

The objective of this activity is to review all commercial, DOE, DOD,
and transportation operations within 8km of the site; identify those opera-
tions that could act as accident initiators; and quantify their probability
and magnitude. This activity will reduce the list of activities gathered in
Activity 8.3.1.13.1.1 to those that could act as accident initiators, thus
generating accident scenarios for analysis in the resolution of Issues 2.3
and 2.5.
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Parameters

The parameters for this activity are

1. A list of all operations within 8 km of the Yucca Mountain site.

2. A description of the operations that have the potential to act as
accident initiators for the site.

3. The probability and magnitude of events with potential to initiate
accidents.

Description

Flight operations in the area are being reviewed and will be documented
in a report to be issued. The list of all existing and projected operations
in the area collected for Investigation 8.3.1.13.1 will be reviewed by
experts to determine if any operations may adversely impact site activities.
The primary considerations will include the following:

1. Could this operation lead to a breach of the confinement barriers of
the waste handling facilities at Yucca Mountain?

2. Could this operation require evacuation of the Yucca Mountain site
or endanger site employees?

3. Could this operation cause the loss of offsite services (electrical,
telephone, transportation access, etc.)?

4. Could this operation cause a disruption of the flow of waste into
the site?

Any such operation will be investigated and the probability and
magnitude estimated on the basis of actual technical data on flight
operations and the information from Activity 8.3.1.13.1.1. This data will
then be used to support the analyses associated with Issues 2.3 and 2.5 and
will be documented in a report on offsite impacts.

8.3.1.13.2.2 Activity: Evaluation of the impact of nuclear fuel cycle
operations near the Yucca Mountain site and Las Vegas

Objectives

The objective of this activity is to project the impact of all nuclear
fuel cycle operations within 80 km of the Yucca Mountain site.

Parameters

The parameters of this activity are

8.3.1.13-8
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1. A list of all nuclear fuel cycle operations within the specified
area and the magnitude of their routine and projected accident
releases estimated from Investigation 8.3.1.13.1.

2. Estimates of probabilities and magnitudes of any projected releases.

DescriDtion

All nuclear fuel cycle operations within 80 km of the site will be
reviewed. The routine yearly releases of radioactive material from all such
facilities will be determined from safety documentation. In addition, the
probability and magnitude of potential accidents at the facilities will be
determined based on past technical reports and safety analyses documentation.
The primary considerations will be to

1. Assess the magnitude of the routine releases of radioactive material
from these facilities to determine their contribution to the nuclear
fuel cycle facilities release limits (Issues 2.1 and 2.2 discussed
in Section 8.3.5) specified in 40 CFR 191.03(a), if any.

2. Provide the basis for determining if the radioactive releases by
these nuclear fuel cycle operations could obscure the detection of
routine and accidental releases from a Yucca Mountain facility
(Issues 2.1, 2.2, and 2.3).

3. Provide the basis for determining if the operation could require
evacuation of the Yucca Mountain site (Issue 2.3) or expose workers
to significant levels of radiation (Issues 2.2 and 2.3), which may
endanger the workers or impact compliance with the exposure limits
in 10 CFR Part 20.

All models and computer programs used in these evaluations will be
consistent with those used in resolving Issues 2.1, 2.2, and 2.3.

8.3.1.13.2.3 Activity: Evaluate the impact of all nuclear facilities not
associated with the nuclear fuel cycle near the Yucca Mountain
site

Objectives

The objective of this activity is to use the data from Activity
8.3.1.13.1.3 to project airborne concentrations. The probability of such
concentrations resulting from operations within 80 km of the Yucca Mountain
site will then be estimated and used to predict the potential for exposure of
individuals in Las Vegas, Nevada.

The primary considerations in evaluating the results for this operation
will be the same as items 2 and 3 under the objective for Activity
8.3.1.13.2.2.
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Parameters

The parameters of this activity include the projected airborne radio-
nuclide concentrations and the probabilities of such concentrations for the
operations impacting the site.

Description

The routine yearly releases of radioactive material from all such facil-
ities and the existing concentrations at the Yucca Mountain site will be
determined. The probability and magnitude of potential accidents will be
determined, including the probability and magnitude of release near the Yucca
Mountain site. The cumulative effects of past radiological operations in the
area will be used to estimate the impacts and probabilities of such
operations in the future.

This activity will include (1) the evaluation of resuspension of radio-
nuclides from past operations at the Nevada Test Site (NTS) and the subse-
quent deposition at the site and (2) the extrapolation of NTS environmental
data to Yucca Mountain using standard modeling techniques. All models and
computer programs used in these evaluations will be consistent with those
used in the resolution of Issues 2.1, 2.2, and 2.3.

8.3.1.13.2.4 Activity: Evaluate the impact of ground motion from nuclear
testing activities at the Nevada Test Site

This activity is addressed in the resolution of Investigation
8.3.1.17.3.
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8.3.1.14 Overview of the surface characteristics program: Description of
the surface characteristics required by the Performance and design
issues

Surmary of performance and design requirements for surface characteristics
information

The surface characteristics program reflects requirements from the DOE,
the NRC, and the EPA that the surface facilities, including openings to the
underground, must ensure public health and safety, are technically feasible,
and have reasonable costs. This program investigates two areas pertinent to
preclosure design and performance issues:

1. Topography (Investigation 8.3.1.14.1).
2. Soil and rock conditions (Investigation 8.3.1.14.2).

A logic diagram showing what design and performance issues and what
characterization programs require surface characteristics information is
presented in Figure 8.3.1.14-1. A more detailed interlinking of design and
performance issue parameters with characterization program parameters is pre-
sented in Table 8.3.1.14-1. Table 8.3.1.14-1 is organized around column 4,
characterization parameters, as the "key" column. The parameter listed in
this column "feeds" characterization data to the design and performance
parameters listed in column 3. Conversely, the resolution of the performance
or design issues and their corresponding parameters listed in column 3
requires data input from the characterization parameter specified in column
4. To reduce duplication in Table 8.3.1.14-1, each characterization
parameter is only presented once, in column 4. For each characterization
parameter presented in column 4, there can be one or more performance or
design parameters, listed in column 3, that require this characterization
parameter data. Column 2 indicates which sections in the SCP require the
performance or design parameters presented in column 3, and column 1 iden-
tifies which issues and programs initiate a need for the performance or
design parameters listed in column 3.

The design- and performance-issue parameters in Table 8.3.1.14-1 are
determined by the site surface system element (1.1.1) requirements described
.n-Section 8.3.2 (Table 8.3.2.5-1). These design and performance parameters
determine what characterization parameters will be needed. The characteriza-
tion parameters with their expected ranges, confidence levels, and required
activities are also presented in Table 8.3.1.14-1.

The issues and site programs related to the surface characteristics pro-
gram, along with their SCP section number, are as follows (the relationships
are discussed in the paragraphs following the list):

Issue or
program Short title

1.8 NRC siting criteria (Section 8.3.5.17)

1.9 Higher level findings--postclosure (Section 8.3.5.18)

8.3.1.14-1
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Table 8.3.1.14-1. Performance allocation for site surface characterization parameters and the
corresponding performance or design parameters and issues they supporta
(page 1 of 12)

0

1-a

.4

Issue or SCP Perforance or Characterization param- Current Needed
program section design paramotersb eters (key column) Current estimate confidence confidence

GEOMETRICAL PARAMETERS

Study or activity
providing data

1.11 8.3.2.2.1
8.3.2.2.3

4.4 8.3.2.5.1
8.3.2.5.5
8.3.2.5.7

8.3.1.4 8.3.1.4.3
0.3.1.15 8.3.1.15.3
8.3.1.1i 8.3.1.16.1

4.4 8.3.2.5.1
8.3.2.5.5
1.3.2.5.7

Surface topography at facil-
ity locations 41l- contour
interval)

Surface topography at
facility locations
(1-a contour interval)

20-tt contour interval
topographic map
(see Figure 4-3 of
the SCP-CDR (SNL,
1987))

Medium Medium No further studies are planned.
Topogzaphical measurements have
been made and topographic maps
are forthcoming.

.

Ia

Allowable foundation bearing
capacity in soil

Allowable foundation bearing
capacity in rock

Active and passive soil
pressures on a wall

Active and passive rock
pressures on a wall

Factor of safety of slope
Isoil)

Factor of safety of slope
Irock)

Surface topography of access
routes (2-a contour
intervals)

4.4 8.3.2.5.1
8.3.2.5.5
8.3.2.5.7

8.3.1.16 1.3.1.16.1

Surface topography of
access routes 12-i
contour intervals)

20-ft contour interval Medium
topographic map (see
Figures 4-2 and 4-3
of the SCP-CDR (SNL,
1987))

Medium No further studies are planned.
Topographical measurements have
been made and topographic mps
are forthcoming.

F-,
0

CD

.4



Table 8.3.1.14-1. Performance allocation for site surface characterization parameters and the
corresponding performance or design parameters and issues they supporta
(page 2 of 12)

0

'I"

4

Charactoriration parasi-

Issue Of SCP
progr section

Performance or
design parmettrsb sates ikey column) Current est irate

GE0OMEThICAL P RIETR contarued)

Current Needed
confidence confidence

Study or activity
providing data

4.4 8.3.2.5.1 factor of safety of slope
6.3.2.5.5 (soil)
6.3.2.5.7

Factor of safety of slope
frock)

on

4Ab

Allowable foundation bearing
capacity in soil

Actima and passive soil
pressure on a wall

rector of safety of slope
Isoill

4.4 8.3.2.5.1 Soil-structure interaction
t.3.2.5.5 for fouation-
6.3.2.5.7

t1..1.17 8.3.1.17.3 Soil-structure interaction
for retaining wall-

4.4 8.3.2.5.1 Nagnitude of tie dependent
8.3.2.5.S settlement is soilc below
8.3.2.5.17 sartlfillsd

Magnitude of swell in sub-
grads sols'

Magnitude of soil collapse'

Soil liquefaction potential'

Identification of any fault
within 100 a of facilities
important to safety IFITS)
with greater than 1 chance
is 100 of producing mote
tha S o of surface dis-
placent in 100 yr

Alluvial stratigraphy
Layering
Thi. P.,ess
Geometry

Alluvial taulting (thi
study for this chari
terixation pacameta
is developed in Sec-
tion .3.1.117.4.2
(preclosure tectonic

location
orientation

SOIL PMAAMETERS

General stratigraphic Low
description. Top 0.3
to 0.1 a is loose
fine-grained sandy
soil overlying
approximately 2 * of
material that is partly
to wholly cemented with
calcite (caliChe)
Below the caliche layer
is an 10 to SO * thick
layer of dense sandy
gravel alluvial mater-
ial which overlies the
ashflow tuft bedrock
(Section 6.1.2.1.2)

* See Section 6.3.1.17.4.2 Low
Ic- in preclosure tectonics

ca

Medium 8.3.1.14.2.1 1,
8. 3.1 .14.2.1 .2,
8 .3. 1 .14 .2. 1 .3,
8. 3. 1. 14. 3.3

High See Study 8.3.1.17.4.2.
(location and recency of
faulting near prospective
surface facilities)

0

I.-



Table 8.3.1.14-1. Performance allocation for site surface characterization parameters and the
corresponding performance or design parameters and issues they support'i
(page 3 of 12)

C�

V
�O
M
.4

Issue or SCr
program section

portormanc* or
design parametersb

Characterization pdram-

eters (key column) Cur rent est imate
Curtent Needed

confidence confidence
ltud./ 01 aCtivity
prcviding data

4.J

I.

I.0.

Allowable foundation basring
capacity in soil

Active and passive soil
pressure on a wall

Factor of safety of slope
Isoil)

Soil-structure interaction (or
roundat ionb

Soil-structure interaction for
retaining wallb

Magnitude of time dependent
settlement in soils below
earthfills'

Magnitude of $well in sub-
grad soils"

magnitude of soil collapse'

Soil liquefaction potential'

Allowable foundation bearing
in soil

Active and passive soil
pressure on a wall

Factor of safety of slope
Esoil1

Soil-structure interaction
ftor foundtion

Soil-structuro interaction
tor retaining walle

Magnitude of time dependent
settlent in soils below
eartlitillo'

Soil gradation
Atterberg liitsd

GP -GM
From preliminary inves-

tigations, no cohesive
soils have been found

101-112 pct
not available
7.2%
41.3%
2.43

Low Medium
Low Medium

8.3.1 14.2.2.1

SOIL PAAMETERfS (continuedl

Soil classification vs.
depth

?bysical properties Vs.
capacity depth

In situ density
Relative density
Moisture content
Percent saturation
Specific gravity

8.3.1.14.2.2.1,
8.3.1 .14.2.3.1

Low
Low
Low
Low
Low

Hediur

Medi u
Meds iu
Hedium
Medium

CI

(D5

1.-



Table 8.3.1.14-1. Performance allocation for site surface characterization parameters and the
corresponding performance or design parameters and issues they support"
(page 4 of 12)

0(-I

v
Issue or SCP
program section

Performance or
design perametersb

Characterization param-
eters /key column)

Current Needed
confidence confidence

Study or activity
providing dataCurrent estimate

SOIL PARAHETERS (continued)

Magnitude of swell in sub-
grade soile'

Magnitude of Soil collapse'

Soil liquefaction potentiald

Allowable foundation bearing
capacity in soil

Active and passive soil
pressure on a wall

Magnitude of soil collapsed

JII

Compact ion character -
istics

Compaction curves
tor potential
fill material
including maxi-
mum dry density
4(id and optimum
water content

Mechanical and dynamic
properties vs. depth
tor undisturbed and
recoected soils

Young's modulus
(static and
dynamic)

Poisson's ratio
4static and
dynamice

yd (max) - 108-114 pcf
Optimum water content

- 12-15%

10,000-20,000 psi
Istatic) (Ho et *1.,
(1966)

192,000 psi idynamic
calculated from Vp(

0.3-0.35 Istatic)
(Ho et aI., 1986)
0.286 (dynamic)
(Heal, 1986)

Low Medium
Low Medium

Low Medium

Low Medium

8.3.1.14.2.2.1

8. 3 .1 .14 .2.2. 2,
8. 3. 1. 14.3 .2,
8.3.1.14.2.3.3

.3 1 .14 .2.2.2,
8.3.1.14.2.3.3

4.4 6.3.2.5.1 Allowable foundation bearing
81.3.25.5 capacity in soil
8.3.2.5.1

8.3.1.17 8.3.1.17.3 Soil structure interaction
tor toundtloone

Soil structure interaction
tor retaining walle

Soil liquefaction
potentiAl'



Table 8.3.1.14-1. Performance allocation for site surface characterization parameters and the
corresponding performance or design parameters and issues they supporta
(page 5 of 12)

Issue or SCP
program section

Performance or
design parameterat

Characterization paran-
stags Ikey column)

Current Needed
confidence confidenceCurrent est5mate

study or activity
providing data

I--
-JI

Soil structure integaction
for toutdatioW

Soil-etructure interaction
tor retaining walle

Soil liquefaction potential'

4.4 8.3.2.5.1 Allowable foundation boaring
1.3.2.5.5 capacity in soil
8.3.2.5.7

Active and passive soil
pressure Om a wall

factor of safety ot slope
Isoill

Soil-structure interaction
tor foundation

Soil-structure interaction
tor retaining wall-

allowable foundation bearing
capacity in soil

SOIL PARAMETERS (continued)

Compressive wave Vp - 3.300 ft/sec
velocity (Vpl and iNeal 1986)
shear wave velo- Vs - 1.800 ft/sec
city (Vs) Ithese IHeal, 1986)
parmeters will be
used to calculate
the dynamic elastic
characterization
parameters:
Young's modulus.
shear modulus, and
Poisson's ratio).

Shear modulus (static 3,700-7,700 psi
and dynamic) lstatic-calculal

Medium High

Low medium
L ed)

Damping

Itobr-Couloob strength
paraMters in terms
of cohesion (c) and
angle of friction
4,)

Plate load bearing
pressure vs.
settlement

8.3.1.14.2.3.3

8.3.1.14.2.3.3

8.3.1.14.2.3.3

8.3.1 .14.2.2.2

74,100 ps3 (dynamuc-
calculated trom Vs)

Not available

c . 500 pst (cemnted)
* - 33 to 37

Not available

Low

Low

Medi um

High

Low Medium

(11I

I..,



Table 8.3.1.14-1. Performance allocation for site surface characterization parameters and the
corresponding performance or design parameters and issues they supporta
(page 6 of 12)

Issue or SCP Perfoemance or Characterisation param- Current Needed Study or activity
program section design parametsrsb eters Okey column) Current estimate cunrifrcence confidence pioviding data

44 *.3.2.5.1
.3. 2. 5 .5

8.3.2.5.7
8.3.1117 8.3.1.17.3

Soil-structure interaction
for foundation

Soil-structure interact A n

Soil liquefaction potentiald
Co

I,-.

.b
aD

CONTINGtNt SOIL FAMHETERS

The following character-
isation parameters are
contingent parameters
Ise footnote d)

Other strength para- Not available
eters such as
Drucker-Praget, etc.
lit requiredl'

Sulk modulus and con- Not . e
strained modulust

Strength and stress- Not available
deformation charac-
teristics under
dynamic load condi-
tions evaluated as
* function of stress
rate, confinement
stress, initial
static stress level,
magnitude of pulsat-
ing stress, number
of stress cycles,
"nd tfteqency of

Dynaic shear modulus Not available
aes function of
atrain and confine-
ment str"ess

Daping as a function Not available
of straind

Shear wave velocities Hot available
as a function of
strain'

Dtformation modulus Not available
in terms of stress-
strain characteris-
tics and confinement
stress conditioned

Low Hedium

Low Hedium

Low Medium

Low Higb

8. 3.1. 14.2 .2.2

8.3.1.14.2.2.2

6.3.1.14.2.2.2

8.3.1.14.2.2.2,
8.3.1.14.2.3.3

.3. 1 .14. 2 .2 .2
6.3.1.14.2.3.3

8.3.1.14.2.2.2,
8.3.1.14.2.3.3

d.3.1.14.2.2.2

Low

Low

High

High

Low High



Table 8.3.1.14-1. Performance allocation for site surface characterization parameters and the
corresponding performance or design parameters and issues they supporta
(page 7 of 12)

Y

I-.
I-.

Issue or SCP
program section

Performance or
desg9n patameterab

Characterization param-
eters (key colu ni

Current Needed
confidence confidence

Study or activity
providing data

xlW

Current e: mate

4.4 8S.3.25.1
6.3.2.5.S
0.3.2.5.7

..

lI-

Soil liquetaction potential'

Allowable foundation bearing
capacity in soil

Soil-structure interaction
for toundation-

Soil-structure interaction for
retaining wall*

allowable foundation bearing
capacity in soil

magnitude aW rate of tie
dependent settl ment below
earthf illas

magnitude of swell in sub-
grade soils below road'

Lllowsble foundation bearing
capacity in soil

Magnitude of soil collapse
below urtface facilities
(foundations, sarthfillS,
and road$) due to satute-
t ion amd/or loading

CONTINGENT SOIL PARAMETERS (continued)

Liquefaction parse- Not available
*tera: cyclic
shearing stress
ratio, cyclic defor-
nation, and pore-
pressure response
Ithis information
will not be needed
it there are no
parched water bodies
near the ground
surface) d

Modulus of subgrade 200-300 pci
reaction from plate
load test Istatic
and dynamicl'

Low medium

Low medium

Low Hedium

Low Medium

Low medium

e.3.1.14.2.2.2

8.3.1.14.2.3.2

8.3.1.14.2.2.2

8. 3. 1. 14 .2 2.2

8.3.1.14.2.2.2

Compression and
swell index Ifor
saturated clayey
soils if they are
encountered)

Coefficient of con-
solidation tfor
saturated clayey
soils it they are
encounteredid

Collapse potential
Ifor relative dry
low density soils)'

Not available

Not available

Not available



Table 8.3.1.14-1. Performance allocation for site surface characterization parameters and the
corresponding performance or design parameters and issues they supporta
(page 8 of 12)

0
cnl

.4
Issue or SCP Perforuance or Characterization pars.- Current Needed
program section design paraC terSb *ter* Ikey column) Current estimate confidence confidence

Study or activity
providing data

Favorable hydraulic induced
soil erosion cbaracteristics

favorable intiltratioo/runotf
ratio

OTHER SOIL PARAHETERS

Erosion potential <13 o/100 yr of scour
around bridge piers

<5 */100 yr of bed
erosion

<1 */100 yr of sheet
erosion

Infiltration/runotf See Section 8.3.1.12
ratio meteorology) and

*.3.1.2 (geohydrologyl

Low Mediuo 8. 3.1 6 1.1 .2,
8.3.1.6.1.1.3

Low medium to See Section 8.3.1.12
high (meteorologyl and

0.3.1.2 (geohydrology)

LIj

a-.

I-

a-.

FOCl

_ . . . .

4.4 8.3.2.5.1 Allowable foundation bearing Rock stratigraphy
8.3.2.5.5 capacity in rock Rock type
6.3.2.5.7 active and passive rock pros- Layering

1.3.1.17 .. 3 sure on A wall Thickness
Factor of safety of slope Geonstry

(rock)
Rock-structure inteuaction

for foundation'
Rock-structure interaction

for retaining wa"l'

4.4 8.3.2.5.1 Allowable foundation bearing Rock structure
6.3.2.5.5 capacity in rock Quantitative descrip-
6.3.2.5.7 active and passive rock tion ot faults

pressure on a wall Location
factor of Safety of slope Orientation

frock) Aperture
Type of infilling
Hoisture and/or

seepage condi-
tions

aviness and
toughness

PARAMETERS

See Figure 6-6 in the
SCt and Figures 5 and
7 in Neal 11986)

Not available

Low Medium

LoW High

8.3.1.14.2.1.1,
8.3.1.14.2.1.2,
8.3.1.14.2.1.3,
8.3.1.14.2.3.3

8. 3 .1 .14 .2. 1 .2,
8 .3 . .14 .2 1 .3,
8.3.1.14.2.3.1



Table 8.3.1.14-1. Performance allocation for site surface characterization parameters and the
corresponding performance or design parameters and issues they supporta
(page 9 of 12)

Issue or SCP

program section
Performance or

design parameterab
Characterization param-

eters Ikey column)
Cur rent

cont idence
Needed

confidence
Study or activity
providing dataCurrent estimate

00

;4J)

.

S.-

ROCK PARAMETERS icontinued)

Quantitative descrip- Hot available
tion of joints

Number of joint sets
Spacing of joints

tor each set
Orientation of

each joint set
Type of infilling

it any
Moisture end/or

seepage conditions
Waviness and rough-
ness

Fersistence
Drill core (total

core recovery,
discontinuity,
frequency, and
rock quality
designation I(ROD)I

Rock mass classification Not available
Rock mass rating (RMIU)
Tunneling quality

index 1IQ W

Allowable foundation beating
capacity in rock

Active and passive rock
pressute on a wall

Rock-structure interactioa
for foundatioa

Rock-structuro interaction
for retaiting Vall

Allowable foundation bearing
capacity in rock

Active and passive rock
pressure on a wall

factor of safety of slope
trock)

Rock-structure interaction
for foundation

Rock-stuctutre interection
for reteiming wall

Low Medius 6. 3. 114.2.3. 1

6.3.1.14.2.2.1

Physical properties vs.
depth

Density (dry)
Percent saturation
Porosity
Specific gravity

2.23 gm/cc or 139 lb/ft
67% < 23%
11% < 4%
2.51 < 0.04

Low
Low
Low
Low

Medium
Hedium
Medium
Medium

Mechanical and dynamic
properties



Table 8.3.1.14-1. Performance allocation for site surface characterization parameters and the
corresponding performance or design parameters and issues they supporta
(page 10 of 12) I.-

(P1

I-.

Issue or SCP Perfozance or Characterization param- Current Needed Study or activity
program section design permaterab eters (key column) Current estimate confidence confidence providing data

00

tA)
I-

Allowable foundation bearing
capacity in rock

Pock-structure interaction
for goundation

Hagnitude of soil collapse
below surface facilities'

Allowable foundation bearing
capacity in rock

Factor of safety of slope
Irock)

Rock-structure interaction
for toundation

Rock-structure interaction
for retaining wall1

Allowable foundation bearing
capacity in rock

Active and passive rock
pressure on a wall

Factor of safety of slope
(rock)

Allowable toundtion bearing
caacity in rock

Rock-structure interaction
for foundation

Rack-sttucture interaction
for retaining wtll

Rock-structure interaction
for foundatioa

Rock-structur* interaction
tor retaining wallO

POCK PAMRMETEtS (continued)

Plate load bearing Not available
pressure vs.
settlement

Peak and residual
failure envelopes
derived from uni-
atial and triaxial
cawression tests

Discontinuity shear
strength in terms of
c ande

Young's modulus
(static and dynamic

Poisson's ratio

Shear modulus
(static and dynamic)

c (peak) - 26.0 Low high
!10.13 mWa (range)
(peak - 44.7-
!0.20' (range)

Tensile strength - 9.3 HPa
Unconfined compressive

strength - 120 ± 82 HPa
(range)

c - 0.1 MPa < 0.1 (range) Medium High
* - 28.4 (range: 113' -

38.7

Low medium 8.3.1.14.2.3.2

8.3.1 .14.2.2.2

8.3.1.14.2.2.2

8 3. 1. 14 .2 .2 .2,

8. 3. 1 .14 .2 .3 .2,
8.3.1.14.2.3.3

.3. 1 .14 .2.2.2,
8.3.1 .14.2.3.3

8 .3. 1 .14. 2 .2 .2,
8.3.1.14.2.3.3

4.4 8.3.2.5.1
0.3.2.5.5
* 3.2.5.1

*.3.1.17 8.3.1.11.3

20.0 GPa t 5.55 (range)
- static rock mass

(SCP, Chapter 6)
2.94 GPa (calculated

from in situ Vp)
0.24 (laboratory-static)

/SCP, Chapter 6)
0.319 (in situ calcu-

lated from Vp and VS)
(Neal, 1986)

5.1 GPa i 2.2 (range)
- static rock mass
1.1 GPa (calculated
from in situ Vs)

Low Medium

Low Hediui

Low Hedium 0
0>

t-.



Table 8.3.1.14-1. Performance allocation for site surface characterization parameters and the
corresponding performance or design parameters and issues they supporta
(page 11 of 12) 0t-

I

lasue or SCP
program section

Performance or
deaign parmamterab

Characterization param-
Stara jkey column\

Current Needed
cont idence confi dence

Study of activity
providing dataCurrent estinate

ROCK PARMMETERS 4cont inued) F'-

Rork-atructura interaction
for foundationa

Rock-Structure interaction
for retaining Valle

Compresive wave
velocities vs.

depth

Shear wave veloci-
cities vs. depth
Ithe compressive
and shear wave
velocities will be
used to calculate
the dynamic elastic
characterization
parameters Young's
modulus, shear modu-
lus, and Poisson's
ratio)

Daping vs. depth

Vp - 7,500 - 9,000 It/
sec llaboratoryl
(Neal, 1986)

Vp. 4,500 ft/sec
(in situl
(Neal, 19061

vs - 4,390 - 5,790 ftl
sec flaboratory-
calculatedl

Vs - 2,320 ft/3ec
(in situ-calculatedh

Hot available

Low High

Low High

8. 3. .14.2.2.2,
8.3.1.14.2.3.3

Low High 8.3.1 .14.2.2.2,
8.3.1.14.2.3.3

Low High

.

F-
F.

I
WA

Low High 8. 3. 1 .14. 2 2 .2,

0.3.1.14.2.3.3

Rock-steucturo interaction
for toundationa

Rock-structure interaction
for retaining wella

CONTINGENT ROCK PARAMhTERS

The following character-
isetion parintera are
contingent paraters

(see footnote (d))

Shear wave velocities Not available
as a function of
strain'

Dynamic Shear modulus Not available
as a function of
strains

Damping as a function Not available
of strasnd

Low High

Low High

Low High

8.3.1.14.2.2.2,
8.3.1.14.2.3.3

8.3.1 .14.2.2.2,
8.3.1.14.2.3.3

8.3.1.14.2.2.2,
8.3.1.14.2.3.3 0

:0

ED
F'.



Table 8.3.1.14-1. Performance allocation for site surface characterization parameters and the
corresponding performance or design parameters and issues they supporta
(page 12 of 12)

(I)
Footnotes 4

OThis table is organised eround colum 4, characterization parameters, as the 'key column, The parameter listed in this column feeds' characterization data to
the design and performance prtters listed in colomn 3, performnce or design parameters. Conversely, the resolution of the performance or design issues listed in
column 3 requires data input tera the characterigation peranter specified an coluan 4 /key column).

bSoo table 2.3.2.S-1 for coloto description of prformance Rnd design parameter.
*It the alluvia. or oea sdjaceat to the Iouedation hae shear velocities greater than 3.500 tt/sec, then a soil structure interaction analysis will probably not be

nece~ssry.
'The neod for those design and performace parmters or characterization parameters are contingent on the soil and rock conditions encountered, function or Gesign

requir nts ot the utface facilities, twos of foumdations selected, and the sophistication or type of analyses used in the design or performance studies. However,
based on the *ites prelimiary surftace soil and rock data end the type of foundations which are recomended in the SCP-CDR ISNL, 19871, the parafters age currently not
needed.

*G6 - poorly graded gravel; GM - silty gravel.
two - cock "as rating tram CSlh (South African Council for Scientific and Industrial Research) Geomechanics Classification; Q - IGI tNorwegian Geotechnical

Institute) tunneling quality iLdes.

0.

I-
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Issue or
program Short title

1.11 Configuration of underground facilities--postclosure
(Section 8.3.4.2)

4.4 Preclosure design and technical feasibility (Sec-
tion 8.3.2.5)

8.3.1.4 Rock characteristics

8.3.1.12 Meteorology program

8.3.1.15 Thermal and mechanical properties program

8.3.1.16 Preclosure hydrology

8.3.1.17 Preclosure tectonics

Surface characteristic information such as topographic contours will be
required for locating and designing repository surface facilities (Issue
4.4), establishing repository costs, and determining probable flood levels at
potential surface facility locations (Section 8.3.1.16). Topographic contour
maps are necessary for locating shaft and ramp entrances above potential
flood levels and for locating sensitive structures such as waste handling
facilities.

Surface topographic characteristics will also be required for certain
underground design and performance studies. Topographic contour maps will be
used to determine the usable repository horizon area while maintaining the
required amount of overburden (Issues 1.8 and 1.9). The topographic data
from Investigation 8.3.1.14.1 will actually be provided to Issue 1.11 to
determine if the repository has an adequate amount of overburden to resolve
Issues 1.8 and 1.9. Also, in situ stresses will be influenced, in part, by
local topography (Sections 8.3.1.4 and 8.3.1.15).

The surface characteristics of the alluvial soil and rock at or near the
surface impact the location and design of the surface facilities (Issue 4.4)
and their costs. This is especially applicable to sensitive structures, such
as the waste-handling facilities, which may experience earthquake loading
(Section 8.3.1.17). The soil and rock conditions of the site for static-
loading conditions will influence the selection of the surface facility
location in addition to its foundation design.

The performance issue under Key Issue 4 specifies that the higher level
findings required by 10 CFR Part 960 be supported for (1) the qualifying
condition on the preclosure system guideline for ease and cost of construc-
tion on the basis of reasonably available technology and (2) the qualifying
condition on the technical guideline for surface characteristics. Sec-
tion 8.3.5.7 (Issue 4.1) discusses the higher level findings.

8.3.1.14-15
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Approach to satisfy performance and design requirements

Surface-characterization information must be obtained and evaluated to
determine whether it will support the preclosure higher level findings for
preclosure radiological safety and the ease and cost of siting, construction,
operation, and closure of the repository. The approach to determining
whether the information about surface characteristics and conditions is ade-
quate to resolve the performance and design issues is an iterative process.
Close collaboratiz: between engineering and geotechnical participants is
needed to allow t.zely development of the repository design.

The major elements defining the surface characteristics include topog-
raphy and soil and bedrock properties. Site surface characteristics data
will be used to design surface structures and their foundations for build-
ings, shaft and ramp portals, roads, drainage systems, and flood control
structures. These designs will also consider dynamic loading conditions
caused by earthquakes and man-induced explosions.

The information required for any of the surface characteristics investi-
gations will be initiated by the site surface system element 1.1.1 (site sur-
face) requirements described in Section 8.3.2.5. To satisfy these require-
ments, the appropriate design and performance parameters must be obtained.
A listing of these design and performance parameters and their corresponding
characterization program parameters was previously presented in Table
8.3.1.14-1. To determine these characterization program parameters, studies
and activities have been developed to provide the appropriate data. A list
of characterization parameters and their corresponding studies and activities
is also presented in Table 8.3.1.14-1.

A summary of the information required for the soil and rock property
investigation (8.3.1.14.2) is provided in the logic diagram in Fig-
ure 8.3.1.14-2. This figure illustrates the information required by the soil
and rock investigation and what studies and activities are needed to provide
this information. A similar logic diagram was not developed for the other
investigation in Program 8.3.1.14. The topography investigation (8.3.1.14.1)
needs no further data acquisition activities since adequate contour maps have
already been developed.

The site requirements discussed for this program and its associated
investigations will be in conformance with applicable local, State of Nevada,
and Federal codes and standards referring to natural hazard and foundation
stability, such as those requirements specified in DOE Order 6430.1 (DOE,
1983a).

Interrelationships of surface characteristics investigations

There are no interrelationships between the investigations within the
surface characteristics program. The investigations within this program only
have interrelationships with issues and programs outside this program. The
connections between the surface characteristics program and the performance
and design issues or other characterization programs calling for data from
this program have already been presented in Figure 8.3.1.14-1. This same
figure also shows what investigations ar information needs supply data to
this program.

8.3.1.14-16
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To provide a more detailed description of these interrelationships, two
additional tables have been prepared. The investigations and information
needs that require parameters from this program are provided in Ta-
ble 8.3.1.14-2. This table also indicates why the data are needed and
recommends general types of studies to obtain the data. Table 8.3.1.14-3
describes the investigations, information needs, and the. associated data that
will be required by this program.

Summary of studies

No studies are needed or planned for Investigation 8.3.1.14.1
(topography) because the requirements for this investigation have been
satisfied.

The recommended studies to address the requirements of Investigation
8.3.1.14.2 (soil and rock properties) consist of an exploratory program,
laboratory testing program, and a field testing and measurement program. The
exploratory program will use various methods to investigate and characterize
the subsurface soil and rock strata beneath the reference conceptual site.
The laboratory test program will test undisturbed samples (minimal distur-
bance) obtained from the exploratory program to determine the soil or rock
physical and mechanical material properties. The results from the field test
and measurement program will further enhance the characterization of the
subsurface conditions that may influence or impact surface facilities
performance and design.

8.3.1.14.1 Investigation: Studies to provide the topoaraphic
characteristics of potential locations of surface facilities

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The topographic characteristics of the potential surface facility lo-
cations can best be illustrated with topographic contour maps. Topographic
contour maps of the Yucca Mountain vicinity have been developed for use in
the geologic, hydrologic, and climatologic site characterization studies
described in this plan; numerous examples are presented as base maps in
Chapters 1, 3, 5, and in Section 6.1.2.1.1 (topography and terrain) in
Chapter 6. More detailed contour maps of the topography of potential reposi-
tory surface facilities have been developed; examples are included in Sec-
tion 6.2.4 (design of surface facilities).

Parameters

The following parameter has been measured or calculated as a result of
site studies performed as part of this investigation: Ground-surface eleva-
tion as a function of geographic position at Yucca Mountain and vicinity.

8.3.1.14-18



Table 8.3.1.14-2. Investigations and information needs that require parameters from the surface
characteristics program (page 1 of 4)

Issue, investigation, Type of study or
or information need analysis needed to
calling for data Parameter Why data needed develop parameter

0

0

I

4

INVESTIGATION 8.3.1.14.1 (TOPOGRAPHY)

I-

I-.

2.3.1
Credible repository
accidents
(Section 8.3.5.5.1)

2.7.1
Radiological protection
(Section 8.3.2.3.1)

4.1
Determine if site meets
qualifying conditions of
the technical guidelines
(Section 8.3.5.7)

Topographic
contour maps

Topographic
contour maps

Topographic
contour maps

Determine if accidents
from potential slope
instabilities and
flooding are credible

Evaluate the potential
for slope instabilities
and flooding

Determine ease and cost of
siting, construction,
operation, and closure

Topographic
the site

Topographic
site

Topographic
the site

survey of

survey of

survey of

4.2.1
Site performance
information needed for
design
(Section 8.3.2.4.1)

4.4.1
Site and performance
assessment information
needed for design
(Section 8.3.2.5.1)

Topographic
contour maps

Topographic
contour maps

Evaluate the potential
for slope instabilities
and flooding that may
be a hazard to personnel

Evaluate feasibility and
cost effective technol-
ogies for construction and
operation on topography
of proposed site

Topographic survey of
the site

Topographic survey of
the site



Table 8.3.1.14-2. Investigations and information needs that require parameters from the surface
characteristics program (page 2 of 4)

Issue, investigation, Type of study or

or information need analysis needed to

calling for data Parameter Why data needed develop parameter

I-.

:0
4

I-.

INVESTIGATION 8.3.1.14.1 (TOPOGRAPHY) (continued)

t..

CO

8.3.1.16.1
Flood recurrence intervals
and levels at surface
facility locations

1.11
Site characterization
information needed for
design to determine if the
repository configurations
satisfy Issues 1.9 (Sec-
tion 8.3.5.18) and 1.8
(Section 8.3.5.17).

8.3.1.15.2 and 8.3.1.4.3
Spatial distribution of
ambient stress conditions
and three-dimensional
rock characteristics
model

8.3.1.6.1
Present location and
rates of erosion

Topographic
contour maps

Isopach maps of
overburden
thickness above
repository
horizon

Topographic con-
tour maps and
ground surface
elevation cross
sections

Topographic
contour map

Flood magnitudes and
levels will be used in
performance assessment
and surface facility
design studies

Determine if the favorable
300-m overburden depth is
satisfied in 10 CFR
60.122(b)(5). Determine
if site is disqualified
based on minimum 200-m
overburden depth in
10 CFR 960.4-2-5(d)

Determine in situ stress at
depth considering surface
topography variations

Use topographic contours to
assist evaluating rates
of erosion

Topographic survey of
the site

Topographic survey of
the site

Topographic survey of
the site

Topographic survey of
the site



Table 8.3.1.14-2. Investigations and information needs that require parameters from the surface
characteristics program (page 3 of 4)

0

I.4Issue, investigation, Type of study or
or information need analysis needed to
calling for data Parameter Why data needed develop parameter

INVESTIGATION 8.3.1.14.1 (TOPOGRAPHY) (continued)

2.3.1
Credible repository
accidents
(Section 8.3.5.5.1)

I.0j

tI-I

I"-'

Physical and
mechanical
(static and
dynamic) pro-
perties of
soil and bed-
rock, alluvium
bedrock contact,
and layering

Physical and
mechanical
(static and
dynamic) prop-
erties of soil
and bedrock,
alluvium bed-
rock contact,
and layering

Evaluate the potential
hazards from earthquakes
and slope instabilities
to structures and systems
important to safety
(60.131 (b) (1))

Evaluate the potential
hazards from earthquakes
and slope instabilities
to structures and systems
important to safety
(60.131 (b) (1))

Standard laboratory and
field static and
dynamic tests

Standard laboratory and
field static and
dynamic tests

2.7.1
Radiological protection
(Section 8.3.2.3.1)

C)C

C)
I .

'4

F,



Table 8.3.1.14-2. Investigations and information needs that require parameters from the surface
characteristics program (page 4 of 4)

A.-

tJ

Issue, investigation, Type of study or
or information need analysis needed to
calling for data Parameter Why data needed develop parameter

INVESTIGATION 8.3.1.14.2 (SOIL AND ROCK PROPERTIES) (continued)

4.2.1 Physical and To evaluate the potential Evaluate ground-motion
Site performance mechanical hazards from earthquakes response due to earth-
information needed for (static and and slope instabilities quakes and conduct a
design dynamic) prop- to personnel static and dynamic
(Section 8.3.2.4.1) erties of soil analysis of proposed

and bedrock, foundations and slopes
alluvium bed-
rock contact,
and layering

4.4.1 Physical and mech- Do technologies exist for Standard laboratory and
Site and performance anical (static cost effective surface field static and
information needed for and dynamic) construction on the dynamic tests
design properties of site's soil and bedrock
(Section 8.3.2.5.1) soil and bed-

rock, alluvium
bedrock contact,
and layering

8.3.1.17.3 Alluvium and bed- Evaluate ground motion Drilling, surface and
Vibratory ground motion rock stratigra- response due to seismic borehole geophysical
at site from potential phy and their event for siting and testing and laboratory
man-made or natural compressive and designing surface tests to determine
seismic-induced events shear wave facilities stratigraphy and wave

velocities velocities

IJ
I-.

.4



Table 8.3.1.14-3. Investigations or information needs supplying data to the surface characteristics
program

H
l

I,
CD

4
Surface characteristics Information needs and Data needed by

investigation investigations providing data this program

8.3.1.14.1, topography 4.4.5, reference preclosure repository Location of proposed sur-
design (Section 8.3.2.5.5) face facilities and

roads

8.3.1.14.2, soil and rock 4.4.5, reference preclosure repository Location of proposed sur-
properties design (Section 8.3.2.5.5) face facilities and

roads

8.3.1.17.2, fault displacement Fault locations

8.3.1.2.2, site unsaturated zone Infiltration and run-off
hydrologic system characteristics

8.3.1.6.1, present locations and rates Soil erosion potential
of surface erosion

I.D
I-

r)
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Purpose and objectives of the investigation

The purpose of this investigation was to evaluate the surface topo-
graphic elevation and relief at the potential surface facility locations to
provide a basis for evaluating (1) the surface drainage, flood levels, and
erosion characteristics in the vicinity of Yucca Mountain, (2) the cut-and-
fill requirements for the design and engineering of the repository surface
facilities, and (3) the stability of natural slopes and cut slopes. Topo-
graphic maps will be used in locating surface facilities, roads, and rail-
ways.

A knowledge of the surface topographic characteristics of the site will
also be required for certain underground design and performance studies. The
site's topography will have an influence on the underground design and the
site's performance in terms of determining the usable area in the repository
horizon while maintaining the required amount of overburden. A favorable
site condition will exist if an overburden depth of 300 m is maintained above
the repository horizon (10 CFR 60.122(b)(5)). The site will be disqualified
if a minimum overburden depth of 200 m is not maintained (10 CFR
960.4-2-5(d)).

Another underground design parameter that is influenced by surface
topography is in situ stress. In situ stresses are a result of three stress
conditions: gravitational induced stress due to the weight of overburden,
residual stress due to energy stored in the rock during the geologic past,
and tectonic stress produced by current tectonic forces affecting the region.
Bauer et al. (1985) evaluated the effect of Yucca Mountain's topography on
gravitational induced horizontal stresses. Their study found that the sur-
face topography will influence the horizontal stress field at the repository
horizon.

The surface topographic information resulting from this investigation
will contribute to data needs in the following design issues and character-
*zation programs:

Issue or
program Subject

8.3.1.16 Preclosure hydrology. Topographic contours will be used to
determine flood level.

4.4 Preclosure design and technical feasibility (Section 8.3.2.5).
Topographic contours will be used in the design and therefore
influence the technical feasibility of the technologies
required for repository construction, operation, closure, and
decommissioning.

8.3.1.14-24
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Issue or
program Subject

1.11 Configuration of underground facilities (postclosure) (Sec-
tion 8.3.2.2). Topographic contours will be used to
determine if the site has less than 200 m of overburden,
which would result in disqualification (Section 8.3.5.18).
Topographic contours will also be used to determine if the
site is favorable with a minimum overburden depth of 300 m
(Section 8.3.5.17).

8.3.1.4 Rock characteristics. Topographic contours will be used to
determine in situ stress at depth considering surface
topography variations.

8.3.1.15 Thermal and mechanical properties. Topographic contours will
be used to determine in situ stress at depth considering
surface topography variations.

To control map compilation, a total of 623 control points were generated
from 50 original ground-targeted points. Field surveys of the targeted
points were contracted to a private survey firm. Elevation precision of
targeted points is about 0.3 m (1 ft), and the size of the target about 0.6 m
(2 ft), producing 80-micrometer images on photographs.

Aerial photographs of the Yucca Mountain region were taken in two
phases. Phase 1 photography covered an area 10 by 14 km. Phase 2 photog-
raphy covered an area 11 by 15 km, from 160°22'30W to 1600301001 longitude
and from 360481 to 360561 latitude. Photographs were taken by a 6-in. lens
camera at a flight height of 1,140 m above the terrain; the photographic
scale is 1:7,500.

Photogrammetric analysis included production of additional control
points using analytical photogrammetric methods and map compilation on stereo
plots. A total of 623 control points were produced from 179 aerial photo-
graphs. Control maps were compiled at a scale of 1:5,000 with a contour
interval of 1 to 2 m; each map covers an area 3 by 3 km, and has a precision
of 10 cm on the ground.

Digital topographic data were collected from the con: ur maps. Three-
dimensional modeling of the Yucca Mountain geology will be made by combining
digital topographic and image data Section 8.3.1.15.1). Topographic maps of
appropriate portions of the Yucca Mountain area were compiled by Wu (1985) at
1 and 2 m contour intervals.

Technical rationale for the investigation

The requirements for this investigation have been satisfied. No further
studies, tests, or analyses are planned.

8.3.1.14-25
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8.3.1.14.2 Investigation: Studies to provide soil and rock properties of
potential locations of surface facilities

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

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

SCP section Sublect

2.7.3 Geoengineering properties of surface materials
6.1.2.1.2 Near surface soil and rock
6.2.4 Design of surface facilities

As discussed in Sections 6.1.2.1.2 and 6.2.4, limited preliminary field
investigations (boring and test pits) and laboratory tests have been per-
formed to estimate the soil properties and depth-to-rock. The results of
these investigations suggest that the foundation soil or rock has adequate
physical and mechanical characteristics for supporting the facility buildings
and that ground motion amplification is not expected to be a problem. How-
ever, these investigations were only preliminary and the engineering proper-
ties were conservatively estimated using empirical correlations with soil
classification methods. Therefore, further investigations are necessary to
confirm these preliminary estimates.

Parameters

The characterization parameters that will be measured or calculated as a
result of the site studies planned as part of this investigation were
previously presented in Table 8.3.1.14-1. These data requirements are
summarized in the following list:

1. Alluvial and rock stratigraphy and structure.

2. Soil and rock classification vs. depth.

3. Physical properties vs. depth.

4. Mechanical and dynamic properties vs. depth.

5. Compaction characteristics of soil.

6. Infiltration-runoff characteristics of soils and rock at surface
(Investigations 8.3.1.2.2 and 8.3.1.6.1).

7. Erosion potential of undisturbed soil, cut slopes, and engineered
fill slopes (Investigation 8.3.1.6.1).

8.3.1.14-26
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Data similar to that described in the summarized list of data require-
ments will be obtained in two other investigations and one study:

Investigation
or study Subject

8.3.1.4.2 Geologic framework of the Yucca Mountain
site

8.3.1.17.4 Preclosure tectonics data collection and
analysis

8.3.1.5.1.4 Analysis of the paleoenvironmental history
of the Yucca Mountain region

Because the objectives of these other investigations and studies are not
always the same as that of the soil and rock investigation, differences may
exist in the methods or techniques used to obtain the data. These differ-
ences may result in an incompatibility between the soil and rock investi-
gation and the data from the previously described investigations and study.
However, in the instances where the data are compatible, every effort will be
made to coordinate the soil and rock investigation with similar data-
gathering activities in the other investigations and studies.

Purpose and objectives of the investigation

The characteristics of the soil and rock at or near the surface will
primarily influence the selection of the surface facilities locations and
their design. The soil and rock conditions, as well as topographic relief,
influence the specific locations selected for surface buildings, shaft and
ramp entrances, and road and rail lines. They also provide information on
infiltration-runoff characteristics and erosion potential so that the site
drainage and erosion control systems can be designed when the facility design
has been completed.

The most direct application of the soil and rock characterization activ-
ities will be to provide the necessary data to design surface structure
foundations and retaining walls, evaluate the soil-structure interaction
(response) due to earthquake loading conditions, and evaluate any potential
slope instability conditions. Foundation designs will be necessary for var-
ious types of structures, including buildings, shaft hoist frames, and ramp
portals.

The foundation design will consist of determining what type, size, and
configuration of foundation would be most compatible with the soil or rock
conditions, expected loads, function of structure, and design requirements.
A determination of the allowable bearing load or pressure of the scol or rock
will be a key factor in the foundation design analysis.

After the buildings, foundation, and superstructure have been designed
for static-loading conditions, the soil or rock-structure interaction must be
evaluated for earthquake loading conditions. In this instance, the number of
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stories and stiffness of the superstructure will affect the soil-structure
response, but even more important will be the subsurface soil and rock condi-
tions. Factors such as the thickness and inclination of an alluvial wedge,
the seismic impedance contrast between the alluvium and bedrock, and the
seismic absorptivity of the alluvium can all significantly contribute to
ground motion response and therefore affect the interaction between the soil
and structure.

The characterization of the soil and rock conditions will also be needed
for evaluating any potential slope instabilities. Slope stability will be
evaluated for road or rail line cuts, ramp portal entrances, and any poten-
tial unstable cut or natural slope near a surface facility.

The primary design issue that will be
conditions is Issue 4.4 (Section 8.3.2.5).
available technologies exist to construct,
the repository.

influenced by the soil and rock
This issue addresses whether
operate, close, and decommission

Technical rationale for the investigation

The soil and rock properties investigation has been developed into three
studies. These studies are further subdivided into activities. The studies
and activities for the soil and rock investigation are as follows:

Studv Activity Subject

8.3.1.14.2.1 Exploration program

8.3.1.14.2.1.1

8.3.1.14.2.1.2

8.3.1.14.2.1.3

8.3.1.14.2.2

8.3.1.14.2.2.1

8.3.1.14.2.2.2

Site reconnaissance

Preliminary exploration

Detailed exploration

Laboratory test and material property
measurements

Physical property and index laboratory
tests

Mechanical and dynamic laboratory
property tests

Field tests and characterization
measurements

Physical property and field tests and
characterization measurements

Mechanical property field tests

Geophysical field measurements
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The data obtained from this investigation will be primarily used in the
resolution of Issue 4.4 (Section 8.3.2.5). As described earlier, and
presented in the logic diagram for this program (Figure 8.3.1.14-1), Design
Issue 4.4 addresses whether construction, operation, closure, and decommis-
sioning technologies are adequately established to resolve performance
issues.

The main objective of the soil and rock investigation is to provide
these design issues with the-necessary geotechnical information to help
locate the surface facilities, conduct foundation design analyses, evaluate
soil-structure interactions, and if necessary, evaluate potentially unstable
slopes. A secondary objective will be to provide these design issues with
hydraulic-related soil information for evaluating erosion potential and
infiltration-runoff characteristics. However, this hydraulic-related soil
information will be contributed by Studies 8.3.1.2.2.1 and 8.3.1.6.1.1, which
are outside this investigation. Other outside information contributing to
this investigation will be from Activities 8.3.1.17.2.1.1, 8.3.1.17.4.2.1,
and 8.3.1.17.4.2.2. These activities will provide information on surface
fault locations that will be used in the surface facility siting process.
The contribution from these outside activities to the soil and rock investi-
gation, and ultimately the relevant design issues, is illustrated in Fig-
ures 8.3.1.14-1 and 8.3.1.14-2.

A generalized outline of the geotechnical information required for
design is also presented in Figure 8.3.1.14-2 with the corresponding studies
and activities that will provide this information. A list of the characteri-
zation parameters that will be developed from these studies and activities
and provide the necessary geotechnical information required for the design
process is presented in Table 8.3.1.14-1. Also provided in this table are
the studies and activities associated with each of these characterization
parameters.

The characterization parameters will be used to develop the design
parameters as illustrated in Table 8.3.1.14-1. This is a key interlink since
the design process is an iterative process between the surface facility
design requirements (functions) and the soil and rock conditions. The
surface facility design requirements and soil and rock conditions must both
be considered when determining where to locate a surface facility, what type
of foundation would be most appropriate, and evaluating the soil-structure
interaction and the potential for unstable slope conditions. A preliminary
evaluation of the site and a preconceptual design will determine more
specifically what design parameters will be needed for further design activ-
ities and therefore what characterization parameters will be required to
develop these design parameters. The interlink between the design parameters
and the surface facility design requirements (functions) is presented in
Section 8.3.2.5 (technical feasibility).

The recommended studies and their corresponding activities were listed
previously in this section. These studies include (1) exploration program,
(2) laboratory tests and material property measurements, and (3) field tests
and characterization measurements.
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The exploration program will evaluate all existing data (maps, aerial
photographs, etc.), obtain representative samples from boreholes or trenches,
and conduct geophysical surveys. Laboratory testing will be conducted on
representative samples to determine the physical, mechanical, and dynamic
properties of the soil and rock. Field tests will also be conducted on the
soil and rock to better establish their physical, mechanical, and dynamic
properties. Classification and characterization measurements and evaluations
will be conducted on the soil and rock in both the laboratory and field.

The geotechnical exploratory program and its associated laboratory and
field test programs will focus on the area east of Exile Hill for character-
izing the foundation conditions for the central surface facilities area.
Exploratory characterization activities will also be conducted in the areas
of the ramp portals and shafts. Additional foundation geotechnical
exploration activities will be conducted at the bridge site over Fortymile
Wash.

8.3.1.14.2.1 Study: Exploration program

The objectives of this study are to conduct an exploration program for
characterization of the soil and rock conditions that will influence or be
influenced by the construction of the surface facilities. The exploration
program study will consist of three activities: (1) site reconnaissance,
(2) preliminary exploration, and (3) detailed exploration. This study will
evaluate all existing data and determine what additional and appropriate data
will be needed to adequately address all design issues and characterization
programs requesting data from this investigation (Figure 8.3.1.14-1). On the
basis of these data needs and the expected soil and rock conditions at the
site, an optimum exploration program will be developed and implemented to
obtain this data using such methods as drilling, trenching, sampling, sound-
ing, and geophysical surveys. The selection of the appropriate methods will
be dependent on the specific requirements of each data need and the soil or
rock conditions that are encountered.

Samples obtained from drilling or trenching will be used in the labora-
-ry testing activities described in Study 8.3.1.14.2.2. Laboratory and
field test results and the other geotechnical information developed during
this study will contribute to the development of the geotechnical design
parameters presented in Table 8.3.1.14-1, which in turn will be used to
address Design Issue 4.4 (Section 8.3.2.5).

8.3.1.14.2.1.1 Activity: Site reconnaissance

Objectives

The objectives of this activity are to review existing site information
and conduct a field reconnaissance for the purpose of establishing a prelimi-
nary exploration program to include subsurface drilling, test pits, trench-
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ing, and geophysical methods. Data from this activity will contribute to the
development of the geotechnical parameters in Table 8.3.1.14-1 and to the
resolution of Design Issue 4.4 (Section 8.3.2.5).

Parameters

The following data are required to fulfill the objectives of this
activity:

1. Existing topographic (Investigation 8.3.1.14.1), soil, and geologic
maps.

2. Existing subsurface drilling, trenching, and geophysical
information.

3. Existing geologic and geotechnical reports.

4. Aerial photographs.

5. Onsite visual reconnaissance.

Some preliminary site reconnaissance and data-gathering activities have
already been completed in the Midway Valley-Yucca Mountain area. Four test
pits were excavated in the alluvium at potential surface repository facility
sites. These sites are located along the western edge of Midway Valley and
the eastern edge of Yucca Mountain as illustrated in Figure 8.3.1.14-3.
These exploratory activities were conducted to evaluate the conditions of the
natural alluvial soils that are expected to support the foundations of the
potential surface facility sites. Data collected from these activities
include densities, moisture content, specific gravity, gradation analysis,
and moisture-dry density compaction relationships (Ho et al., 1986).

Boreholes have also been drilled in the Midway Valley-Exile Hill area as
illustrated in Figures 8.3.1.14-3 and 8.3.1.14-4. These boreholes were used
to better define the geologic stratigraphy and structure of the preferred
:eference conceptual site (Figures 8.3.1.14-4, 8.3.1.14-5, 8.3.1.14-6, and
8.3.1.14-7) and to obtain preliminary physical property and wave velocity
data from the alluvium and Tiva Canyon cap rock. These borehole data, plus
seismic reflection and refraction surface survey data, were used to determine
that the wedge angle between the alluvium and bedrock was low and that the
seismic impedance contrast between the alluvium and Tiva Canyon cap rock was
small. Both of these characteristics are important from the standpoint of
evaluating potential seismic-induced ground motion. It was determined that
neither the small wedge angle between the alluvium and bedrock nor the low
seismic impedance contrast between the alluvium and bedrock would signifi-
cantly amplify incoming seismic-induced ground motion (Neal, 1986).

Description

This activity will collect and evaluate all existing geotechnical and
air photographic information that exists for the reference conceptual site
east of Exile Hill, around shaft and ramp portals, at the tuff pile site,
and at other locations associated with surface facilities, such as roads,
bridges, and flood protection facilities (e.g., embankments, channels, and
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culverts). This information will be used in conjunction with an onsite
visual reconnaissance to develop an optimum subsurface drilling, trenching,
and geophysical survey program.

The previously described site reconnaissance information will be used to
develop a preliminary exploration program plan. This plan will identify the
type, location, spacing, and depth of subsurface borings, test pits, and
trenches. The preliminary exploration program plan will also identify the
method and location of recommended geophysical surveys. Recommendations for
subsurface boring location, spacing, and depth are given in Hvorslev (1949),
and U.S. Army EM 1110-1-1804.

8.3.1.14.2.1.2 Activity: Preliminary exploration

Objectives

The primary objective of the preliminary explorations is to obtain
sufficient subsurface data to identify or verify the types, locations, and
principal dimensions of all major surface structures comprising the proposed
project. Preliminary designs based on these explorations will be suitable
for economic and technical feasibility reports and project planning reports.
The depth, thickness, and areal extent of all major soil and rock strata that
will influence or be influenced by the construction of the surface facilities
must be established in reasonable detail. In addition, disturbed and undis-
turbed samples must be obtained for laboratory testing to provide a basic
knowledge of the engineering properties of the various strata.

Parameters

The following data are required to fulfill the objectives of this
activity:

1. Depth, thickness, and areal extent of all major soil and rock strata
that will be within the zone of stress influence of surface facility
loads or that may influence the soil-structure interaction response
of the surface facilities under dynamic loading conditions.

2. Identification of existence of significant geologic structures.

3. Representative disturbed and undisturbed samples (undisturbed
sampling will be very difficult in a nonsaturated cohesionless soil
with cobbles).

4. Identification and classification of soil and rock types
encountered.

5. Blow count or penetration resistance with depth in soils (sounding
methods).

6. Schmidt impact hammer data for rock.
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7. Preliminary determination of physical, mechanical, and dynamic
properties developed from empirical methods related to material
classifications, blow count or penetration resistance, Schmidt
impact hammer data, and geophysical surveys and borehole logging.

Description

Field methods such as sounding, drilling, trenching, and test pits will
be used in conjunction with geophysical methods to characterize the depth,
thickness, and areal extent of all soil and rock strata that will be within
the zone of stress influence of surface facility loads or that may influence
the soil-structure interaction response of the surface facilities under
dynamic loading conditions. These same methods can also be used to identify
significant geologic structures such as faults in the vicinity of critical
surface facilities. However, trenching will be the most reliable method for
identifying faults in the alluvium at the site. The results of previous
preliminary exploration activities (Ho et al., 1986) that were used to
develop a conceptual design will be used in conjunction with the results of
the exploration program described in this activity to develop an advanced
conceptual design and provide the basis for developing a detailed exploration
program.

Representative disturbed samples and undisturbed samples (if possible)
of the soil and rock will be obtained from the drilling, trenching, and test
pit activities for identification, classification, and laboratory testing of
physical, mechanical, and dynamic properties. Undisturbed sampling of the
unsaturated and cohesionless silty gravels or poorly graded gravels with
cobbles at the site (Ho et al., 1986) will be difficult if not impossible.

Preliminary evaluations of the physical, mechanical, and dynamic soil
properties of the site will be developed from empirical methods related to
material classifications, blow count of penetration resistance, Schmidt
impact hammer data, and geophysical surveys and borehole logging. Sounding
methods such as the Standard Penetration Test (SPT) (ASTM, 1984b), the Dutch
cone penetration resistance (ASTM, 1984a) the Becker penetration resistance
(Harder and Seed, 1986) can be used to estimate the physical or mechanical
properties of soil. Established empirical relationships can be used to
correlate the soil classification and blow count or penetration resistance
data to density, Young's modulus, or friction angle (Winterkorn and Fang,
1975). It is recommended that the Becker penetration resistance method be
used for coarse gravels that are anticipated at the site. The use of sound-
ing methods such as the SPT blow count or the Dutch cone penetration resis-
tance in coarse gravels may provide unreliable data. If finer grained soil
conditions are encountered, then it is recommended to use the SPT blow count
method or the Dutch cone penetration resistance method.

Field methods can also be used to provide preliminary estimates of the
mechanical rock properties of the site. The point load test (Broch and
Franklin, 1972) is commonly used on rock core to estimate its unconfined
compressive strength. The Schmidt impact hammer can also be used on rock
core or surface outcrops to estimate unconfined compressive strength (ISRM,
1981). These are both very fast, inexpensive, but not necessarily reliable
field methods.
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Surface and borehole geophysical methods will be used to evaluate the
dynamic and physical properties of the subsurface strata. The use of geo-
physical borehole logging will only be considered below the depth of the
trenches or test pits. It will be used to correlate strata between boreholes
and provide very approximate values for density, moisture content, porosity,
wave velocities, and estimates of the degree of fracturing in rock.

The need for seismic geophysical methods is more apparent. Geophysical
methods such as seismic refraction, cross-hole seismic, and up/downhole seis-
mic are recommended for determining the compressive and shear wave velocities
of the subsurface strata. The wave velocities will then be used to calculate
the dynamic elastic parameters of the subsurface soil and rock. These field
parameters are expected to be more reliable than the same parameters measured
in the laboratory.

8.3.1.14.2.1.3 Activity: Detailed exploration

Objectives

The objective of the detailed exploration activity is to fill in any
gaps in the previous preliminary exploration activity and to make such addi-
tional explorations that are necessary to define adequately the subsurface
conditions. When the subsurface information from the preliminary and de-
tailed exploration activities are combined, the resulting information must be
adequate for preparation of bidding plans and specifications for construc-
tion.

Parameters

The detailed exploration will conduct activities to improve on the
understanding and confidence of the parameters and data identified in the
preliminary exploration activity. The soil or rock conditions encountered
during the preliminary exploration activities will determine which parameters
will require further investigations during the detailed exploration activi-
ties or which contingent parameters will require characterization. The
results of the preliminary exploration activities may indicate that certain
parameters will not require further characterization.

Description

This activity will be an extension of the preliminary exploration pro-
gram to better define a three-dimensional model or view of subsurface condi-
tions that will influence or be influenced by the construction of surface
facilities. Additional boreholes will be drilled or trenches dug at loca-
tions planned for critical surface structures or where subsurface conditions
are not adequately understood or are highly varied.

In this activity the precise location of each surface facility has been
set, and additional borings are made so that an adequate number of borings
are located at each surface facility site. During the preliminary explora-
tion, soil or rock conditions may have been encountered that will require
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different or modified detailed exploration methods. Otherwise, the type of
exploration methods used in this activity will be similar to the methods used
in the preliminary exploration activity.

Attempts may be made to obtain undisturbed samples; however, the undis-
turbed sampling of a dry cohesionless soil with cobbles may be difficult if
not impossible. The presence of cobbles will require larger samples so that
the characteristics of the soil mass will not be overshadowed by the presence
of cobbles.

Due to the probable difficulty that will be encountered when attempting
to obtain undisturbed samples, it may be necessary to obtain disturbed sam-
ples and recompact these samples to the in situ density before testing. The
testing of recompacted soil has two disadvantages. The first consideration
is that any effects of cementing or fabric will be destroyed by disturbing
the sample. The second consideration is that some potential collapse charac-
teristics of the soil sample, if present, may be lost due to the disturbance.

8.3.1.14.2.2 Study: Laboratory tests and material property measurements

The objective of this study is to conduct laboratory tests and material
property measurements on representative samples of soil and rock. These
tests and measurements are intended to determine physical, mechanical, and
dynamic properties. Additional tests and measurements will be conducted on
soils to determine index properties and moisture-density compaction curves
for potential fill material. Geotechnical information from this study will
contribute to the development of the geotechnical design parameters presented
in Table 8.3.1.14-1, which in turn will be used to address Design Issue 4.4
(Section 8.3.2.5).

8.3.1.14.2.2.1 Activity: Physical property and index laboratory tests

-tjectives

The objective of this activity is to measure the soil or rock weight and
volume components using physical property tests. Soils can be further char-
acterized by index tests such as gradation analysis and Atterberg limits
testing. The physical and index property test results are used to classify
soils and rocks, to group soils and rocks in major strata, and to extrapolate
results from a restricted number of mechanical and dynamic properties tests
to determine properties of other similar materials. Empirical methods can
also be used to relate the physical properties and soil or rock classifica-
tions to engineering parameters.

Parameters

The following soil and rock parameters will be collected, evaluated, or
both to fulfill the objectives of this activity.
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1. Soil parameters

a. Density.

b. Specific gravity.

c. Moisture content.

d. Soil classification.

i. Gradation analysis.

ii. Atterberg limits (this parameter will only be determined
if cohesive soils are encountered).

e. Moisture-density compaction curves for potential fill
material.

f. Relative density (cohesionless soils).

2. Rock parameters

a. Density.
b. Moisture content.
c. Porosity.
d. Specific gravity.

Description

A representative number of samples will be tested so that the variations
in physical and index properties throughout the reference conceptual site
will be adequately characterized. The laboratory soils tests can be con-
ducted on disturbed samples except for the density and porosity tests. These
two soil tests will require undisturbed samples. Because of the difficulty
in obtaining an undisturbed sample from a dry cohesionless soil with cobbles,

i-oil densities will have to be determined in situ using either field density
test methods, or empirical correlations with sounding methods such as the
Standard Penetration Test (SPT) blow count data (Winterkorn and Fang, 1975)
or Becker penetration resistance data (Harder and Seed, 1986).

Because of the very coarse nature of the soil, it may not be possible to
use the Standard Proctor or Modified Proctor compaction methods to develop
the moisture-dry density compaction curve relationships of the soil. For
gravelly soils, up to 3-in. maximum si6ze, it is recommended that the U.S.
Bureau of Reclamations E-38 procedure be used to develop compaction curves.

8.3.1.14.2.2.2 Activity: Mechanical and dynamic laboratory property tests

Objectives

The objective of this activity is to measure in the laboratory the
static and dynamic deformation and strength characteristics of soil and rock
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samples obtained from the exploratory program. The results of this testing
will be used to evaluate bearing capacity, earth pressures, shear strength
parameters, slope stability, settlement and swelling potentials, and the
dynamic characteristics of the soil and rock. This geotechnical information
will be used for locating and designing buildings, foundations, retaining
walls, backfills, roads, and slopes. Results from this activity will be the
major contributor for developing the geotechnical design parameters presented
in Table 8.3.1.14-1.

Parameters

The data and parameters listed in this section will be collected, evalu-
ated, or both, to fulfill the objectives of the activity.

1. Required static load derived parameters.

a. Mohr-Coulomb strength criteria parameters for soils
(cohesion and angle of friction). The type of strength
testing will depend on the type of soil, stress history, new
stress state, and rate of loading.

b. Peak and residual failure envelopes for rocks.

c. Young's modulus.

d. Poisson's ratio.

e. Shear modulus.

f. Rock discontinuity shear strength parameters in terms of
cohesion and angle of friction.

g. Plate load pressure versus settlement.

2. Contingent static load derived parameters.

a. Collapse potential (for relatively dry, low-density soils).

b. Coefficient of consolidation (for saturated, clayey soils).

c. Compression and swell index (for saturated, clayey soils).

d. Other failure criteria parameters such as Drucker-Prager or
Hoek and Brown.

e. Deformation modulus of soils in terms of stress-strain
Characteristics and confinement stress conditions.

f. Bulk modulus and constrained modulus of soils.
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3. Required dynamic load derived parameters.

a. Compressive wave velocities versus depth.

b. Shear wave velocities versus depth.

c. Damping versus depth.

4. Contingent dynamic load derived parameters.

a. Strength and stress-deformation characteristics of soil
under dynamic load conditions evaluated as a function of
stress rates, confinement stress, initial static stress
level, magnitude of pulsating stress, number of stress
cycles, and frequency of loading.

b. Dynamic shear modulus as a function of strain and
confinement stress.

c. Damping as a function of strain.

d. Shear wave velocities as a function of strain.

e. Liquefaction parameters--cyclic shearing stress ratio,
cyclic deformation, and pore-pressure response (applicable
for soils with perched-water tables near the surface).

The need for any contingent parameters will be determined by the soil or
rock conditions encountered, the function or design requirements of the sur-
face facilities, the types of foundations selected, and the type or sophisti-
cation of the analyses that are selected for the design or performance
studies. On the basis of the known site conditions and the design presented
in the SCP-CDR (SNL, 1987), these contingent parameters are not presently
required. The contingent parameters will be characterized if unexpected soil
and rock conditions are encountered, or if more sophisticated constitutive
models are required or used in the soil or rock-structure interaction numer-
ical codes.

Description

Standard laboratory tests for geotechnical engineering practice will be
performed. Testing will be conducted on undisturbed or recompacted samples
taken from soil and rock strata that will influence or is influenced by sur-
face facility construction. Selection of sample location, depth, and type of
test will be influenced by the surface structure function, loads (static or
dynamic), and foundation depths and widths. Testing will also be conducted
on all soils to be used for engineered fills. These soils must be compacted
to the appropriate dry density and moisture content before conducting labora-
tory tests to determine their mechanical and dynamic properties.

The static strength and deformability of cohesionless soils will be
determined in the laboratory from the results of triaxial compression tests
and direct shear tests. The results of this testing will be used to confirm
or validate the mechanical parameters determined in the field using empirical
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correlations with soil classification, density, and blow count data. Addi-
tionally, plate load bearing tests may be used if spread footings are rec-
ommended for the design. Unconfined compressive tests can also be conducted
if cohesive soils are encountered.

The type of test or method selected to determine the settlement charac-
teristics of the soil will depend on whether the soil is cohesionless or
cohesive. The immediate settlement characteristics of a cohesionless soil
will be determined by an analytical method developed by Schmertmann (1970)
based on the results of Standard Penetration blow count data or Dutch cone
penetration resistance data. The time-dependent settlement characteristics
of a saturated cohesive soil will be developed from the results of one-
dimensional consolidation tests, however, saturated cohesive soils are not
expected to be encountered.

The strength and deformability of rock will be determined in the labora-
tory from the results of triaxial compression tests, unconfined compression
tests, and Brazilian tensile tests. The strength parameters will be in the
form of peak and residual strength envelopes. These parameters will be used
to evaluate the allowable foundation bearing pressure of the rock (Goodman,
1980).

The direct shear testing method can be used in the laboratory to measure
the mechanical properties of the rock discontinuities. The discontinuity
strength parameters will be used in the stability evaluation of rock slopes
and will contribute to the evaluation of the allowable bearing pressure for a
foundation, especially for foundations on sloping topography.

The velocity characteristics of the propagation of elastic waves through
soil and rock can be determined in the laboratory using resonant methods.
High- and low-frequency ultrasonic pulse techniques can also be used for
rock. The resulting velocities from these tests can then be used to deter-
mine the elastic deformation parameters of the soil or rock. Elastic defor-
mation parameters derived from laboratory resonant test methods will only be
used to confirm or validate the elastic deformation parameters derived from
field geophysical seismic methods. However, the material damping charac-
teristics of the soil or rock will be determined in the laboratory using
resonant test methods.

Determination of the dynamic compression and shear moduli will depend
primarily on field geophysical seismic methods, such as, =ross hole and
up/downhole measurement techniques. Using these techniques, the maximum
dynamic shear modulus (low-strain) can be obtained. The nonlinearity of soil
can be considered by reducing the shear modulus with strain based on correla-
tions developed by Seed et al. (1984). It is also recommended that the
relationship developed by Seed et al. (1984) be adopted to determine the
maximum shear modulus of soil as a function of a density related factor, K2,
obtainable from the field measured shear wave velocities) and the mean effec-
tive confining stress. A method for reducing the shear modulus of rock as a
function of strain is addressed by Schnabel et al. (1971).

The determination of the strength and stress-deformation characteristics
of soils under dynamic load conditions evaluated as a function of stress
level, magnitude of pulsating stress, number of stress cycles, and frequency
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of loading can only be determined in the laboratory using a cyclic loaded
triaxial compression test. However, because of the difficulty in obtaining
undisturbed samples of the coarse cohesionless soils at the site and the
resulting unreliable nature of these samples or recompacted samples, it is
recommended that the cyclic loaded triaxial compression test not be conducted
if sufficient confidence can be acquired in the previously described field
and empirical methods for determining the dynamic mechanical characteristics
of the soil. Certain conditions may develop that will either require or
produce more of a need for cyclic loaded triaxial test data. These condi-
tions would include a lack of confidence in the previously described field
and empirical methods, therefore, requiring the cyclic loaded triaxial test
as a means of confirming or validating the parameters developed from the
field and empirical methods. In addition, this test would provide the design
engineer with more information to better assess the dynamic characteristics
of the soil (assuming the data are not totally invalidated due to sample
disturbance or questionable testing procedures). The need and validity of
the cyclic loaded triaxial test may increase if other soil conditions are
encountered such as saturated soils or finer grained soils. Other conditions
that may require the implementation of cyclic loaded triaxial test methods
are the use of more sophisticated constitutive models in the soil structure
interaction numerical codes.

8.3.1.14.2.3 Study: Field tests and characterization measurements

The objective of this study is to conduct field tests and characteriza-
tion measurements. These field tests are intended to determine the in situ
physical, mechanical, and dynamic properties of the soil and rock. Charac-
terization measurements will be conducted on the rock for the purpose of
classifying the rock and quantitatively describing the rock structure. Geo-
physical field measurements will help develop a three-dimensional model of
the subsurface soil and rock strata in addition to determining their dynamic
properties. Geotechnical information from this study will contribute to the
development of the geotechnical design parameters presented in Ta-
ble 8.3.1.14-1, which in turn will be used to address Design Issue 4.4
(Section 8.3.2.5).

8.3.1.14.2.3.1 Activity: Physical property field tests and characterization
measurements

Objectives

The objectives of this activity are to classify and describe the soil
and rock conditions in the field and to determine their physical properties.
The results of these tests and measurements will be used to develop prelim-
inary estimates of the engineering characteristics of the soils and rocks.
In addition, these properties and measurements will aid in the grouping of
oils and rocks into stratigraphic units and the extrapolation of results from
a restricted number of mechanical and dynamic properties tests to zones of
soil and rock with similar material properties.
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Parameters

The data and parameters that will be evaluated, collected, or both, to
fulfill the objectives of this activity are as follows:

1. Soil

a. Density.

b. Relative density (from standard penetration blow count data on
cohesionless soils).

1

2. Rocks

a. Rock mass classification.

i. Q-Norwegian Geotechnical Institute (NGI) Tunneling
Quality Index.

ii. RMR--rock mass rating from South African Council for
Scientific and Industrial Research (CSIR) Geomechanics
Classification.

b. Rock structure.

i. Quantitative description of faults.

(a) Location.
(b) Orientation.
(c) Aperture.
(d) Type of infilling.
(e) Moisture and seepage conditions.
(f) Waviness and roughness.

ii. Quantitative description of joints.

(a) Number of joint sets.

(b) Spacing of joints for each set.

(c) Orientation of each joint set.

(d) Type of infilling if any.

(e) Moisture and seepage conditions.

(f) Waviness and roughness.

(g) Persistence.

(h) Drill core (total core recovery, discontinuity
frequency, and rock quality designation (RQD)).
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Description

Standard geotechnical engineering field tests and characterization
activities will be conducted. A representative number of tests and charac-
terization activities will be conducted throughout the reference conceptual
site so that variations in physical properties and characteristics will be
adequately understood.

Soils density in the field can be determined by any one of the four
different methods described in the following "Methods and technical proce-
dures" section. However, the sand-cone method is the most commonly used
method for measuring density in the field. Estimates of relative density in
cohesionless soils can be made empirically from Standard Penetration Test
(SPT) blow count data. However, SPT blow count data are invalid for the
coarse grained gravels found during the previous exploratory activities of
the site (Ho et al., 1986). Therefore, the Becker penetration resistance
method will be used to obtain blow count data in the coarse gravels and then
correlated with equivalent SPT blow count data (Harder and Seed, 1986).

Rock mass classification data will be developed from two commonly used
methods. The first method is called the tunneling quality index (Q) method
and was developed by the Norwegian Geotechnical Institute, while the second
method is referred to as the rock mass rating (RMR) method and was developed
by the South African Council for Scientific and Industrial Research. Rock
mass classification data can be used to provide preliminary estimates of rock
strength and deformation characteristics. However, its primary purpose is to
evaluate the stability and required support or reinforcement for subsurface
excavations. This characterization data can contribute to locating and
designing surface facilities such as ramp portals and shaft collars.

Rock mass discontinuities will be quantitatively described using methods
recommended by the International Society for Rock Mechanics Commission on
Standardization of Laboratory and Field Tests. These data will be used in
conjunction with the rock mass classification data to evaluate the stability
of any potentially hazardous rock slopes and to contribute to a better under-
standing of the engineering characteristics of the rock mass.

8.3.1.14.2.3.2 Activity: Mechanical property field tests

Objectives

The objective of this activity is to measure the deformation and
strength characteristics of in situ soil and rock conditions. The results of
this testing will be used to evaluate bearing capacity, earth pressures,
settlement and swelling potentials, slope stability, and the dynamic response
of soil and rock for the design of foundations, retaining walls, backfills,
roads, and slopes.

Parameters

The data and parameters that will be collected, evaluated, or both, to
fulfill the objective of this activity are listed in this section.
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1. Required parameters for soil (these parameters will be developed
from empirical relationships using the following possible data:
Dutch cone penetration resistance, Standard Penetration Test (SPT)
blow count, Becker penetration resistance, relative density and soil
classification or gradation).

a. Indirect estimates of Mohr-Coulomb shear strength parameters.

b. Indirect estimates of stiffness or Young's modulus for use in
evaluating immediate settlement (compression).

2. Contingent parameters for soil.

a. Plate load bearing pressure versus settlement (this will be
applicable if spread footings are considered in the design).

b. Modulus of subgrade reaction from plate load test (static or
dynamic).

c. Pile load versus settlement (presently piles are not
considered in the SCP-CDR (SNL, 1987)).

3. Required parameters for rock (these parameters will be developed
from empirical relationships using rock mass classification data).

a. Indirect estimates of strength.

b. Indirect estimates of stiffness or Young's modulus.

4. Contingent parameters for rock.

a. Plate load bearing pressure vs. settlement (on the surface or
down a borehole).

b. In situ direct shear test to measure the peak and residual
shear strength of rock discontinuities.

The need for any contingent parameters will be determined by the soil or
rock conditions encountered, the function or design requirements of the sur-
face facilities, the types of foundations selected, and the type or sophisti-
cation of the analyses that are selected for the design or performance stud-
ies. On the basis of the known site conditions and the design presented in
the SCP-CDR (SNL, 1987), these contingent parameters are not presently
required. The contingent parameters will be characterized if unexpected soil
and rock conditions are encountered, or if more sophisticated constitutive
models are required or used in the soil or rock-structure interaction
numerical codes.

Description

Standard field tests for geotechnical engineering practice will be
conducted. Testing will be conducted only on soil and rock strata that will
influence or be influenced by construction at the reference conceptual site.
The type of test, location of test, and depth of test are dependent on
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factors like surface facility function, loads, type and depth of footings,
and subsurface soil or rock conditions. If plate bearing or pile loading
tests are conducted, they will be located in the immediate vicinity and in
the same soil or rock strata as that of the proposed spread footing or pile.
In addition, the confinement and moisture conditions of the test and the pro-
posed foundation will also be similar. The results of these in situ loading
tests will be extrapolated to estimate the bearing capacity or potential
settlement of the larger proposed foundations. However, the in situ loading
tests can be extrapolated only if properties of the soil or rock are uniform
both laterally and with depth, otherwise potential deep-seated settlement
resulting from the entire foundation loading will not be recognized from the
results of the in situ loading test.

Indirect in situ methods can be used to estimate strength and stiffness
in soils. The two most common methods are the Standard Penetration Test and
the Dutch Cone Test. Both of these in situ methods are penetration resis-
tance methods with the Standard Penetration Test applying an impact load and
the Dutch Cone applying a continuous load. Another method has recently been
developed called the Becker penetration resistance (Harder and Seed, 1986).
It is recommended that this method be used in the gravelly soils at the site.

Preliminary estimates of rock mass strength and deformability will be
made from empirical relationships with rock mass classification data. Hoek
and Brown (1980) have attempted to relate Q and RMR rock mass classification
values to failure criteria parameters they developed, which in turn can be
related to Mohr-Coulomb failure criteria parameters. Rock mass deformation
modulus was also empirically related to rock mass classification values by
Bieniawski (1978).

The peak and residual strength of rock discontinuities will be evaluated
in the field using in situ direct shear testing methods. This type of test
will only be conducted if the site reconnaissance or preliminary exploration
activities identify unfavorably oriented discontinuities in a potentially
unstable rock slope that could result in a hazard to a critical safety-
related structure like the waste handling facility.

8.3.1.14.2.3.3 Activity: Geophysical field measurements

Objectives

Geophysical methods will be used to measure in situ soil and rock
properties, profile the alluvium-bedrock contact, locate discontinuities or
other structural abnormalities, and determine the depth, thickness, and
lateral extent of soil and rock stratigraphic units. These geophysical
activities will be integrated with other geophysical studies discussed in
Section 8.3.1.4.2.1.6. Geophysical methods provide a rapid and economical
means of obtaining subsurface information and supplementing other facets of
the exploration program. Geophysical measurements can be used to help set up
detailed exploration programs (e.g., location, number, and depth of subsur-
face borings, trenches, and test pits), in addition to providing input for
the evaluation of ground motion response and soil-structure interaction
caused by earthquakes or underground nuclear events.
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Developing an understanding of the seismic response of the ground sur-
face and its interaction with surface facilities is important for siting and
designing earthquake-resistant structures. To develop this understanding, it
is necessary to first identify the principal parameters that will control the
seismic response of the ground surface. These parameters are the depth of
the alluvium, the angle between the ground surface and the bedrock-alluvium
interface, the seismic impedance contrast between the alluvium and bedrock,
and the seismic absorptivity of the alluvium (Harmsen and Harding, 1981;
Ohtsuke and Harumi, 1983; King and Tucker, 1984). These parameters will be
used in addressing the repository design Issue 4.4 (Section 8.3.2.5) and for
the preclosure tectonics investigation (Section 8.3.1.17.3) that evaluates
ground motion caused by man-made or natural seismic events.

Parameters

The following data and parameters will be evaluated, collected, or both,
to fulfill the objectives of this activity.

The measured or collected data for this activity are

1. Shear-wave velocities (three-dimensional model).
2. Compression-wave velocities (three-dimensional model).
3. Density (three-dimensional model).
4. Porosity.

The evaluated data for this activity are

1. Dynamic Young's modulus.

2. Dynamic shear modulus.

3. Dynamic Poisson's ratio.

4. Damping.

5. Alluvium-bedrock contact depth and angle between the surface and the
bedrock-alluvium interface.

6. Seismic impedance contrast between the alluvium and bedrock.

7. Location of changes in physical properties which may indicate a
geologic discontinuity.

8. Three-dimensional model of the soil and rock strata.

Description

Sufficient surface and borehole geophysical measurements will be con-
ducted at the reference conceptual site and its vicinity such that three-
dimensional models can be developed showing the subsurface geometry of the
soil and rock strata and their corresponding dynamic material properties.
Dynamic properties such as shear-wave and compression-wave velocities will be
determined for alluvial material and bedrock beneath the reference conceptual
site for the repository surface facilities and throughout Midway Valley, to a
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depth of 10 to 20 m below the alluvium-bedrock contract. Information on
subsurface seismic-wave transmission properties (velocities, densities, and
damping) of the site is required by the preclosure tectonics investigation
(Section 8.3.1.17.3) of potential ground motion caused by manmade or natural
seismic events. If it is determined that a soil-structure or rock-structure
interaction analysis will be required for facilities important to safety
(e.g., waste handling building), then the shear-wave and compression-wave
velocities will also be needed to determine the dynamic compression and shear
moduli, and Poisson's ratio of the subsurface strata beneath the facilities
important to safety.

Geophysical measurement methods can be categorized as either surface or
borehole methods. Surface methods that will be applicable to this site and
provide the required information consist of seismic refraction and possibly
electrical resistivity. Borehole methods will consist of seismic and logging
techniques. Borehole seismic methods include cross-hole seismic, up-hole
seismic, and down-hole seismic techniques. Borehole logging techniques
include neutron logging, gamma-gamma density logging, electrical logging, and
acoustic or sonic logging.

Shallow seismic refraction methods can be used to determine depth of
bedrock or the depth of a stratum with a substantially higher wave velocity.
These methods are generally limited to depths of 1,000 ft (300 m) or less.
Seismic refraction methods are most useful at sites where wave velocities in
successive layers become greater with depth. For depths greater than
1,000 ft (300 m) seismic reflection methods will be used.

Various methods can be used to produce a seismic energy source. These
methods can be categorized as impulse or steady-state seismic sources. The
most common of these is the impulse method using small charges as the energy
source. Mechanically generated energy impulses have also been successfully
used to generate seismic waves.

The use of steady-state or continuous vibration provides another seismic
energy source technique for characterizing the dynamic properties of the
subsurface strata. This technique has certain advantages for characterizing
--he dynamic properties of soil and rock. All the various energy source
techniques can be used to measure wave velocities, but the continuous
vibration technique provides another method to better quantify properties
such as the natural period of vibration, damping characteristics, and the
dynamic modulus of subgrade reaction. The compressive and shear wave
velocities can be used to infer the type of subsurface strata, its depth, and
its thickness, and will be used in the considerations for siting and
designing earthquake-resistant surface structures and foundations. The
natural period of vibration is an important factor in the design of
foundations subject to induced vibrations. Preliminary estimates of the
allowable bearing capacity of soils can be made on the basis of empirical
correlations (e.g., Terzaghi, 1943) with shear wave velocities or the natural
period of vibration. Caution should be taken when using these empirical
correlations especially in cases of exploration outside the region for which
the correlations have been made.
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For shallow geophysical exploration, electrical resistivity methods can
be used to help determine the horizontal extents and depths of subsurface
strata. These shallow methods are effective within the top 100 ft (30 m) of
subsurface strata. The effectiveness of these methods is influenced by the
moisture content and salinity of the pore water within the soil and rock.
The very low moisture content of the soils at the site may limit its effec-
tiveness. Electrical methods can be used for deeper geophysical exploration,
however, they require greater energy sources and greater electrode spacing.

The cross-hole seismic method can be used to measure compressional and
shear-wave velocities and damping characteristics of the subsurface strata.
This method appears to be the best method for measuring in situ dynamic soil
moduli (Woods, 1978). This method also allows for the measurement of veloc-
ity as a function of strain. Other advantages include the ability to iden-
tify and characterize lower velocity strata located below higher velocity
strata. The disadvantage of this method is that it is more costly, requiring
two or more boreholes that must be surveyed for vertical deviations. Con-
sidering the higher costs, the seismic refraction method may be preferred
unless there is a need for strain-dependent velocities or the site is found
to have lower velocity strata below higher velocity strata (e.g., a highly
cemented layer of soil (caliche) above an uncemented or lightly cemented
soil).

Up-hole and down-hole seismic methods can also be used to measure com-
pressional and shear-wave velocities. This method is cheaper than the cross-
hole seismic method because it requires only one borehole. The disadvantage
is that the properties of individual layers are determined with less cer-
tainty with this method because it measures average properties between the
source and the recorder.

Geophysical borehole logging will provide estimates of physical proper-
ties of the soil and rocks in addition to correlating strata between bore-
holes and locating strata transitions or contacts. Gamma-gamma logs will
provide estimates of the bulk density of the subsurface stratas. If used in
combination with neutron and acoustic logs, gamma-gamma logs will indicate
the presence and degree of fracturing in crystalline rock. Neutron logs can
be used to correlate strata between boreholes and to approximate water con-
tent. When used in combination with the gamma-ray log, the neutron log
provides a means for identifying lithologies and estimating porosity. Acous-
tic or sonic logs will be used to measure wave velocities and estimate poros-
ity. The attenuation characteristics of compressional and shear waves may be
correlated with the mechanical properties and degree of fracturing and fis-
suring of the formation.

For correlating strata between boreholes, data from electric logs
(electrical resistivity, spontaneous potential, and natural gamma) provide a
means for correlation. Data from other geophysical logs will supplement the
data from electric logs and will increase the confidence in correlating the
strata.
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8.3.1.15 Overview of thermal and mechanical rock properties program:
Description of thermal and mechanical rock properties required by
the performance and design issues

Summary of performance and design requirements for thermal and mechanical
rock properties information

This program provides all site information needed on thermal and mechan-
ical rock properties and on ambient stress and temperature conditions. The
issues specifically requesting information from this characterization program
are summarized in the following table. Other issues utilizing this infor-
mation are indirectly supported by this characterization program (e.g., 1.4,
1.7, 2.4, etc.)

Data required Issue Short title SCP section

Thermal properties of
host rock for
analyses related to
waste package design

Thermal/mechanical
properties of the
rock for repository
design and in
situ stress and
temperature
conditions for
initial and boundary
conditions for
design calculations

Thermal properties
of rock for
disturbed zone
analysis

Bulk properties
and radon
emanation rate
for radiologic
safety analysis

1.10 Waste package character-
istics (postclosure)

1.11 Configuration of underground
facilities (postclosure)

1.12 Seal characteristics

8.3.4.2

8.3.2.2

8.3.3.2

8.3.2.5

8.3.5.12

8.3.2.3

8.3.5.4

4.4

1.6

2.7

2.2

Preclosure design and tech-
nical feasibility

Ground-water travel time

Repository design criteria
for radiological safety

Worker radiological safety
(normal conditions)

Table 8.3.1.15-1 summarizes the required rock characteristics infor-
mation and outlines the tie to this section's site characterization activi-
ties, which describe how the data will be obtained. The parameters to be
measured may be different from those requested in the table. The reasons for
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6.3.1.15.1.1.3

Strati-

Spatial graphic
loca- loca-
tion tiong

( g) M S

(g) TSw2

(gi TSw2

1gi TSw249) Ns2

ESF TSw2

1g) TSw2

0
C)

.4

13W2 iiA .lin Meditum

TSu2

TSM2

i a 0.1.

i s 0.2i

NMdiu.

High

NS LO to
Riom

IS Lowto
sdium

See Table Low to
6-16 medim

Ur,

(9)

'Sr

(g)

TSw2

TSW2

TSw2

Thw I

C-)

C-.

9.4TSwI x I 0.2i Mdium See Table Low to
6-16 aediu

Rock 6 .T3.1.IS.I.6. S TSwl
"$a

t-
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Issue request-
ing parimter
ISCP section)

Performance
or doCig
porator

Naterial type
sad aatial

Locations

Strati-
graphic

loca-
t ion-

4request)
Tentative
go0l. -

Needed
conti-
danced

9
C)

-I-.

W-

ID-

Strati-
Current Parameter material SCP Spatial graphic

Current conti- to be type activity iocs- loca-
estimate dance' easrured tested nunbers tioa tioo

1.11 (6.3.2.2)
/coat inued

nSu3,
Mml

i I 0 2i

i * e.2i

diuM See Table Low to Thermal con-
4-14 mediou ductivity

of solids,
porosity

LOW Sne Table Low to Thermal con-
4-14 medium ductivity

of solids,
porosity

Intact 5.3.1.15.1.1.1

rock 0.3.1.15.1.1.3

Intact t.3.1.15.1.1.1

rock 3.1.1S 1.3

(g) SI3,
Canl

Malts
above

CM2

?3W2,
ClnlI

490 IhN

1.12 0.3.3.2) Thermal Rock mao;
conductivity primmry aff"

Xs Hadium IS Lou to Thermal con-
medium ductivity

of solids,
porosity

Intact *.3.1.15.I II 1(g(
rock S.3.1.15.1.13

C.n

Thermal con- Itock t.3.1.15.1.6.2 tSF
ductivity mace oS 3.1.15.1.i.3

6.3.1.15.1.4.5

TSw2,
Cmnl

TSY2

TSw2

S~W2

4.4 i6.3.2.5) Thermal Rock mess;
conductivity primary are

TSu2 i a O.2i adium i Lou to Thermal con-
ediu ductivity

of solids,
porosity

Thermal con-
ductivity

Intact 6.3.1,15.1.1.1 (9)
rock 8.3.1.15.1.1.3

Rock S.3.1151.42 ISV
&as 6.3.1.15.1...3

6.3.1.15.1.4. 5

Intact S.3.1.15.1.1.1 49)
cock 0.3.1.15.1.1.3

TSuI i t 0.2i UWm Low to Thermal con-
medium ductivity

of solids,
porosity

Thermal con-
dUctivity

i Low to Thermal con-
medium ductivity

of Solids,
porosity

Rock
"ass

S.3.1.1S.1.4.1 ur

Thermal Rock msa;
conductivity primary area

Ground i I 0.2i
surface
to base
of Tw2

LoW Intact tg3.1.15.1.1 1gi
tock *.3.1.15.1.1.3

TSwI

TSwI

Ailuviu,
TCw,
*TS,
MSuI,
TSu2

SuI,
TSw2

n

C)

CDH

.1~

(DI--

Thermal con- Rock 8.3.1.15.1..1 Isr
ductivity mags 6.3.1.IS.1..2

6.3.1. 15.1.4.3
6.3. 1 .15. 1 .4.5
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Issue request-
Lag parinter
tSCr sctioa)

Fertormance
at deelga
Paramter

Material type
and spatial
locatons

ttrati-
staplc
loco-.
tioe*

(request)

Strati-
Needed Current Psriter material SCP Spatial grapaic
coeti- Current coati- to be type activity loca- lc.-
d*cd4 estimate deAc64 nasured tested numers tion tioe

H2
H1

.4

tentative
gok id.

1.6 1.J.S.12) seat capacity tock most
Primary age

NS us Ns MS MS meat capacity Intact
ot solids, rock
grain density,
porosity

meat capacity Rock
mass

$.3.1.15.1.1.1 (91 MS'

6.3.115.1..2 U tSW2

1.10 (6.3.4.21 Meat capacity Intact teCka
primary are

TSV2 i * 0.2 i diu i Low to meat capacity
Nrdim oft solids,

grain density,
porosity

Meat capacity

Intact 5.3.1.15.1.1.1
cock 5.3.1.15.1.1.2

Rock 6.3.1.15.1.6.2
mass 6.3.1.15.1.6.3

6.3.1.15.1.6.5

TSWZ

TSW2

w'

I* 1.11 10.3.2.2) Meat capacity Rock mass;
prinery area
and *eten-
atoms

TSw2 i I Ot. I High See table Low to Meat capacity
6-16 aedii ot solids,

grain density,
porosity

MHat capacity

Intact *6.3.1I1.1.I.1 (I )
rock 6.3.1.15.1.1.2

Rock 5.3.1.15.1.6.2 (g)
mass 6.3.1.15.1.6.3

6.3.1.15.1.6.5

Intact 6.3.1.15.1.1.1 g
Cock 6.3.1.15.1.1.2

tSw2

tSu2

TSI i: a . 8Sedlu lee table Iow to Meat capacity
6-16 sadlmu of solids,

grain density,
porosity

Meat capacity

tnw3, a ia Nadlim See table LoM to meat capacity
coal 6-16 Suim ot solids,

grain den-

sity,
porosity

Rock
moos

6.3.1.15.1.6.1 uSr

T.51

TS.l

tSw3
Cmal

If)

Intact 9.3.1.15.1.1.1 (1
toCk t.].l.lS.1.1.2

Intact 6.3.1.15.1.1.1 49)
Rock 6.3.1.15.1.1.2All

units
above
'tSUI,
CMn2

tSw2,
Coll

i I 0.1 Low See table
6-16

Low Neat capacity
ot solids,
grain den-
sity,
porosity

2
4Z)

:1-

0
4

tP1.12 46.3.3.2) Meat capacity Sock mass;
primary are

Ns Nedim MS Low to meat capacity Intact
_adiu. Ot solids, rock

grain density,
poros ity

seat capacity Rock
"ass

6. 3. 1.15. 1.1 1 .2 t
8.3.1,15.1.1.2

8.3.1.15.1.6.2 tsr

6. 3. I. i. 1.6.5

TSw2,
CKll

tSw2



Table 8.3.1.15-1. Performance and design parameters, tentative goals, and characterization parameters
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St rat 1-
grxpbic St rxti-

Issue request- Pertortmnce material type loca- Nodded Current Faramter Haterial SCP Spatial graphic

in9sc, s 'e'k oat rer dad sp tial tions t ntoativ conti- Currtnt conti- to betypd tyt ctivity loct - toc
(SI section pa'_mt0' locatiomb 4osot gold 1'- deuced *ntimte d aci measured tont d nu'bes . tiom tionml

4.4 16.3.2.5) seat capacity
primary are

Ilul i * O. Ii adii. x Low to HBet capacity
mdio. of solids,

grain density,
poroaity

Heat capacity

Intact 6.3.1.15.1.1.1
rock *.3.1.15.1.1.2

mock 6.3.1.15.1.6.2
"mas .3.1.l5.1.6.3

6.3.1.15.11.6.5

tSu2

tSw2rSF

tWIl i I 0.lz Mmdii. x Low to Heot capacity
mediu. of solids,

grain density,
porosity

meat capacity

Intact 6.3.1.1S.1.1.
rock 6.3.1.15.1.1.2

'9'

Rock
mass

6.3.1.15.l.6. tESF

un

Li

?SWI

TSwl

IPTn,

TSwl,

TSw2

Meat capacity Sock Mass;
primary area

Ground x I O.1x
surfce
to base
of tuw2

LoW i Low to moet capacity
medium of solids.

grain density,
porosity

Intact *.3.1.15.1.1.1
rock 0.3.1.15.1.1.2

(9)

meat capacity Rock
wass

6.3.1. 15.1.6.1
6.3.1.15.1.6.2
6. 3.1 .15.1.6. 3
6.3.1.15.1.6.5

1.6 16.3.1.12) Coefficient Of
thermal
expeasio

lock mSes;
primary area

a6 us NS uS NS Coefficient
of thermal
expannion

Coefficient
of thermal
expansion

Intact
rock

Iock
mass

6.3.1.15.1.2.1 MS19 NS

6.3.1.15.1.6.2 3sr tSw2
6. 3. 1 .15.1 .6.3
6.3.1.15.1.6.4
6.3.1.15.1.6.5

1.11 10.3.2.2) Coefficient of Pock mag;
thermal primary area

xpaeniotm ad extensions

TSw2 x O .15x High Seo table
6-16

Madium Coefficient
of thermal
expansion

Coefficient
of therml
expansion

Intact
rock

Sock
"iss

6.3.1.15.1.2.1 (gI

6.3.1.15.1.6.2 ISV
6.3.1.15.1.6.3
6.3.1.15.1.6.4
6.3.1.15.1.6.5

tSw2

tSw2

tSul ; s 0.ISx Hedium See Table LOW to Coefficient
6-16 mdiui of thermal

e rpansion
Costticient

of thermal
expansion

Intact
rock

Rock
"Ss

6.3.1.15.1.2.1 (9)

6.3.1.15.1.6.1 1sr

tSwl

tSwl



Table 8.3.1.15-1. Performance and design parameters, tentative goals, and characterization parameters
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0

.4

Strati-
graphic Strati-

Issue rquost- lefoEMAce mterial tp laoce- hneeded Current faramater katerial SCr Spatial graphic
lag par"tat or design end spatial tion Tentative conti- Current conti- to be type activity loca- loca-
tSQC 6ctioal parter locations Irqest) gall" 1 deuce' estimate deacel measured tested aters tion tions

1.11 10.3.2.21
Icoetisued)

T"3,
oal

i * 0.11: medium Sea table Low to Coefficient
6-16 mediuc of thermal

e*pansion

Intact
rock

@ 3 1 151 2 1 (g TSw3,
CHal

All
units
above
TSuI,
Cal2

TSw2,
CMI

a * 0.1 Low See table
6-16

Low to Coefficient
medicu of thermal

expansion

Intact
rock

Intact
rock

Rock
"ofs

.I

I.

(31,dtb

1.12 15.3.3.2) Coefficient of Pock Mes;
thermal primary area
expansion

uS adiucs MS Low to Coefficient
mediu of thermal

expansion
Coefficient

of thermal
expansion

8.3.1.15.1.2.2 1SF

1.3.1.15.1.2.1 1

* 3 115 1* 2 sr

(h)

TSw2,
CHOnI

TSw2

4.4 (1.3.2.5) Coefficient of Rock Mes;
thermal primary area
eopansioa

TSU2 i * 0.15i Medics x Nedium Coefficient
of thearl
expansion

Coefficient
of thermal
espasao.

Intact
rock

lock
maos

5.3.1.15.1.6.2 cSF

8.3.1.15.1.6.3

TSw2

TSw2

TSui i * O.15i Mudisu Low to Coefficient
mediu of thermal

expansion
Coefficient

of thermal
expesaion

Intact
rock

Rock
"ass

*.3.1 1. 1.2.1 i9

B.3.1.15.1.6.1 SFr

TSUI

TSvl

1.11 (1.3.2.21 Ilastic propertica

Young'n Intact rock;
mOuluS primary area

and * tonions

TSw2 i t 0.1si High See Table
6-12

tSUI i a 0.11 Medium See table
6-12

Medicu Young's
modulus

Hedicm Young' s
modulus

L4o Young's
modulus

Intact
rock

Intact
rock

.3.1.15.1.3. 2

8.3.1.15.1.3.2

tSV2

TSwI

:3
0
0

E11

I--4

FH
TSw3,

CRnl

All
unitr
above
TSUI.
CHnZ

i t O.Ix Medium See Table
6-12

Intact *.3.11151.3.1 (9g
rock 6.3.1.15.1.3.2

Intact *.3 1.IS.I.3. I g)
rock 3.1151.3.2

TSw3,
Cml

1h)x a 0. 15x Low See table Low to Young's
6-12 Sodium modulus
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*trtati1-
graphic Strati-

luoun reuest- PFortorCe Uaterial type loca- Needed Current Frameter Matericl SCP Spatial graphic
ing par tar or design al spatial tion- tentative conti- Current conti- to be type activity loca- locn-

tSCF * Ction parter locatles (request go414. * d4nce U eatimate danced measured tested numbers tion tioae
45C =os)~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'

1.11 (S.3.2.2D
Icontinuedl

beforma- Rock meo;
tiom primary area
Modlua atm extei4"1

I02 x ta .15:t Nigh See Table LOW
8-14

Young', Intact S.3.I1IS 31 3 9I TSw2
modulus, rock 8.3.1.15.1.3.2
fracture and S.3.I.1 .1.4.1
stiftfnes frac- 5.3.1.15.1.4.2

tures 1.3.1.15.1.3.2
Deformetion Rock 8.3.I.15.1.6.3

modulus mass OF 11IS1.71 tSF YSw2

Young's Intact *.3. 115..3. I tSwI
modulus rock 5.3.1.15.1.3.2

fracture and 8.3.1.15.1.4.1
stiffnesaes frac- 8.3.1.15.1.4.2

tures
Deformation Rock 113II tSF TSwl

modulus "as

TSw1 i I 0.15i M edium See Table LOW
4-14

TSS3, i t 0.ISzx Mdium Sen Table Low
Call 6-14

1..

IF-
In
-.j

Young' a
modulus,
fracture
stiffness

Young's
modulus,
tracture
stiffness

All
units
&boW
"VI,
COM2

i t 0.15x LOW n Se Table LoW
8-14

Intact *3S.3.1.I.1.3.1 Ig) SW3,
rock 8.3.1.15.1.3.2 CHnl
and 1.3.1.15.1.4.1

frac- *.3.1.15.1.4.2
tures

Intact 8.3.1.15.1.3.1 g) (hi
rock 2.3.1.15.1.3.2

and S.3.1.15.1.4.1

frac- 8.3.1.15.1.4.2
tures

Intact 8.3.1.15.13.1 g9) TSw2
rock *.3.1.15.1.3.2

toisone's ratio Inttct rocks
primary are
faf extoesiona

tSu2 i I O. 2x iMdiu So. Table MeiM Poioson's
8-12 ratio

All
units
other
them
tS2

r a 0. 2 Lou Seo Table Low to Poilson's
*-12 _miu ratio

Intact S.3.1.ISI.3. Ig9) (hi
rock *.3.1.15.1.3.2

4.4 (8.3.25) Uiattic proper-
ties

Young's Intact rock;
modulus primary area

X

C)
F'

~1
(D
'4

TSw2 29-33 6Pm kadiun 31 GP& Madiun Young' s
modulus

Intact 8.3 1.1S 1.3.1 I q9 TSW2
rock 8.3.1.15.1.3.2

Intact 5.3.1I.1.3.1 EgE TSw1
jock *.3.1.15.1.3.2

t3wl Maclitbo-
pblesal;-
12-54
Gte

Nedium Nonlitho- lbdiud Young's
phynal: modulus
19-44
Gt&
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Itr ti- O-.

Issie request- rerformnace Mateglal tna loca- NOe4de Current Paramter Natorial SCP Spatial graphic
Lag parator or deaiga em atlal tion Tentative confi- Current conti- to be type activity loca- lace-
45c aectiose paramete lr eIcOKo t eti goels - dence' *cstimato deace meauzed tCsted nuers tiao tim

4.4 48.3.2.5)
4I-timue-

Lithophy-
eel:
14-17
Uia

Ibdium Lithophy- LoW
sal:
1S.S
CWe

Young' a
odulus

I-.

fefomaslom Sock 00505
nodalus Primary area

t112 11-19 Con Nadii= 11-19 CIo Low Young's intact 5.3I5lIl3.1 tgl Tiol
modulus, rock *.1115I1.2
fracture and 5.3.I.IS.I.4.I
stiftneasss frac- t.1.15.1.4.2

ture$
Deformation Rock 2 . T1S2

oduluc mas. 3.1.15.171
6.3.1. 15.2.1.2

Young's Intact 0.391.15 1 1 MSul
modulus, rock 8.3.1.15.1.3.2

fracture and 0.3.I.1S.I.4.1
stiffnesses frac- *.3.1.15.1.4.2

tuars
.

?Sul lonlitho-
physal:
12-20
CGt

Lithophy-
sel:
4-11 GIM

"odium Nonlitho- LoW
physil:
12-20
GPa

Mmdiu Lithophy- Low
gal:
4-11 GP&I

Deformation Rock
modulus mass

6.3.1.1S.1.3.1 U?~ 15,1

toLoae'S atio Intact rock;
Primacy am

s122 0.19-0.29

Ml N itbello-
physal:
0.20-
0. 30 GCP

Litho-
physal:
0.13-0.19

ediuam 0.19-0.29 Mldtium oisaon'c
rat io

14o Noalitbho- Lou to roisoe' a
physal: MdUM ratio
0.20-
0. 30 Ct

Lou Litho- Lox
physal:
0.13-0.19

Intact .3.1. 11 IS 1 I TSl
rock 0 3.1.15.1.3.2

intact . 31 .1. 31 4gb Mtl
cock 0.3.1.15.1.3.2

1.11 10.3.2.21 Compresive Intact rock;
streogtb primary area

aed extemalons

Czpressive Intact rocks
atrasgth primary area

md eatensions

".2 i I 0. 2i High Sec Table .4dium Coressivo
6-12 strength

15l i * 0.2i High See Table dium Compressive
6-12 strength

Intact .31.5.1.3 I .1 1 tol
rock ..1.15.1.1.2

Intact 6.3.1 1?S11 1 16.
rock 0 3.1.15.1 1.2

Intact 5.3.1.IS.1.3.1 19g hi
rock 5.3.1.15.1.3.2

C)
a-.

t.1

I-,

Cohecioa end Intact rock; Unita ; a 0.2i
angle of Primary area above
internal and extensions TSWI
friction and

hblow
TSu2

addam Seo Tablo Lou to Compressive
6-12 "dim strength
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Strati-
graphic Strati-

Issue request- tnrtormance Material type loco- Weeded Current Parameter Haterial SCP Spatial graphic
Ing parimter or design *" epatial tlon Tentative conti- Current Conti- to be type activity loca- locea-
ISCI a ctioca partem r locatLoeb (request) go 14 dancen estiat, danced masured tested numers tion tion'

00

(F
4

1.11 (6.3.2.21
(cont inued

Uncontined
compressive
atremgtk

cD

31

1.12 11.3.3.2) Uncoatined
cpressive
strength

Unconfined
cmpressive
st rength

Unconfined
coprssaive
strength

4.4 49.3.2.5) Compressive
strtngtb

Intact cock;
primary are
am Wrteeaoma

Rock mass:
thatt and co"
locatLons

Rock mos;
primary area

Rock "as;
primary &tre

Intact rock;
primary &rea

Units
above
TSwv
and
below
ISw2

TWe

CHni

TSw2

TSwI,
TSW2

TCu, PTa

WCs Pn

a a 0.15z

i a .2i

i I 0. 2x

i I 0. 2i

TSwl, non-
litho-

physal:
54-207

TSw1,
lithOPhy-
Bel:
13-19
Ws

TSw2: 121-
175 We

x 0. 2i

i t 0. 2i

LoW Seo Table Low to Unconfined
1-12 m udimi cpressive

strength

Medium See Table LoW Compressive
6-12 strength

aedium See Table Low Compressive
6-12 strength

Medium See Table Low Unconfined
6-12 compressive

strength

Hedium 67-172 Hadiuj Unconfined
HPa compressive

strength

Medium 16 Ma "odium Compressive
strength

Intact
cock

Intact
rock

Intact
rock

Intact
rock

Intact
rock

Intact
rock

Intact
rock

8.3.1.15.1.3.1

6.3. 1 .15.1.3.1
8.3.1.15.1.3.2

6.3.1.15.1.3.1
6.3.1.1S.1.3.2

6.3. 1 .15.1.3.1
6.3.1.15.1.3.2

6.3.1.15.1.3.1
6.3. 1 .15.1.3.2

49)

19)

1g)

tg)

it)

TCw

CHn I

TSw2

TSwl,
TSw2

Unconfined Intact rock;
comreasive primary area
strengtb

Cohesion and Intact rock;
angle of primary area
internal
frict ion

Medium

Medium

Medium

148 Ws

£

Hidiu.

Low to
mediua

Low to
medium

Uncontined
co preasive
strength

Uncontin ed
compresive
strength

Copressive
strength

8.3.1.15.1.3.1 (gI TCu, PTO
6.3.1. 15. 1.3.2

6.3.1.1S.1.13.1 gIg TCw, PTn,
8.3.1.15.1.3.2 TSwI

TSw2

$
x

:t'I
CD
C)
I.

F'l
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0

I-.
I-A

4

Strati-
graphic Statri-

losue request- fteormmnce 0atorial type loca- Needed Current Paramtter Hattrial SCP Spatial graphic
Ing paramter or desip od sptial tlon Tentative conti- Current conti- to be type activity loca- Wca-
(Kr soction paramter locations (request) goa I4- defca

4 estimate deaca
4 measured tonted numbers tioa tio.

5

1.11 46.3.2.2) Nachaaical pro-
pertles of
terctures

Coesomo and Fractutrse prI
coettictemt MCIy ate &
of friction eat*agioso

L_

Large-scale-
joist
trengrth

Normal and
shear stiff-
ae4eas

Fractures; pri-
mary area

Fractures; pri-
mary agea and
extansioes

I-.
LA

I

4.4 16.3.2.3) Mechanical pro-
pertiec of
fractures

Cohesion and Ftactutes: pri-
coefficient _q"y are
of tfiction

NoMI an fractagoal ptl-
sheer Stif I- am area

2.2 48.3.1.4) madee SEAn- Back "as;:
tion, Kate primary arms

2.I t6.3.2.3) &ado. _aation lock mast
rate primary are&

4.4 16.3.2.5) Sadon eamafttion lock "ass
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Table 8.3.1.15-1. Performance and design parameters, tentative goals, and characterization parameters
for thermal and mechanical properties program- (page 10 of 12)

St rat I-
graphic Strati-

Issue requst- Performance material type locn- Needed Current Parameter material ScU Spatial graphic

Lag parmtot or design sad spatial tione Tentative conti- Current confi- to be type activity loca- loca-

t5C *octioa3 parater locstlb Ireest) goal' 4 denco' estimate denced measured tested nuehers tion tion-

1n11 el.3.2.21 S5v1, See Table Low PS Low Joint wall Fracture MS I9) (h)
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I-.
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Joint roughness Fracture sur- TSw2
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6-15 coqpressive sur-
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See table
6-15
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8.3 .1 .15. 1 .7.1
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See Table
4-15
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co

i.,
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Table 8.3.1.15-1. Performance and design parameters, tentative goals, and characterization parameters
for thermal and mechanical properties programs (page 11 of 12)
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Bearting of

baeruag of

Initial
temeratures

initial
temeratures

Imitial
temeratures

Rock mas; pri-
Cry ate

Rock ass: pri-
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Table 8.3.1.15-1. Performance and design parameters, tentative goals, and characterization parameters
for thermal and mechanical properties programt (page 12 of 12)

Strati-
graphic - Strati-

Issue request- Performance Material type locv- Needed Current Parater Material SCP Spatial graphic

ing paracter or design and spatial tion Tentative confi- Current confi- to be type activity 19ca- locs-

(SCF section) parameter locationb 4rquest) goal
4 * dance' estimate dance' measured tested nuers tion tion

4.4 (6.3.2.5) Initial Rock mssa; pri- TSw2 * 2C Nadium Present Medium Initial Rock 0.3.1.15.2.2.1 1(g ?Sw2

icontinuedi temeratures mry area velues temperatures mean
t2C

Initial Rock macs: pri- Ground x2C Madium present Initial RTock 8.3.11IS.2.2.1 (g) Alluvium

teperatures mary ate surface values temrature "a TC

tO be"t t2C PTn
of tfw2 TSwl,

TSw2

aThis table stuiarizes requirmnts of both preclosueo and postclosure issues.
ODefinitions of the primary are& and extensions are provided in Chapter 6. Figure 6-67.

ehc thermal/mechanical stratigraphy at Yucca Mountain is shown in Figure 2-5 of Chapter 2. CHn - Calico Hills nonwelded unit; PTn - Paintbrush nonwelded unit;

TCw - tiva Canyon welded unit; S1w - topopah Spring welded unit; and US - not specified.
'The manner in which tentative goals and levela of confidence are umed in planning the characteritation program is discussed in the investigation for

Section 2.3.1.15.1.
x- mean value of existing mplo group.

'Tentative goal is that a proescribed percentage related to the needed confidence) of the data falla within the given interval. Failure to set the goal will

result in a need to reevaluate the existing design.
'Spatial locations will be a cobination of new boreholeo (location to be determined; s*e Investigation 8.3.1.4.1 for discussion) and the exploratory shaft and

associated underground excavations; tsr - exploratory shaft facility.
bStratigraphic locations will be in the units specified as required by pertinent issues if inasurents need to be made. for many parameters for which the required

confidence level is low, eisting date will be ut ficient to Satisfy the requirents.
a, - vertical in site struens ek - minia hotisontxl is situ stress; es - maximue horisontal in citu stroan.

1pgh indicates the product of esity to). gravitational acceleration 1g9 and height of overlying coluon of rock (hi.

C)

I.4

I-.I
WA

n

C)>
I".

V



YMp/Cm-0011, Rev.1 YMP/CM-0011, Rev. 1

the differences and the techniques to be used to produce required data from
measured data are described in later portions of Section 8.3.1.15. In addi-
tion, amplified discussions of the reasons for the selection of testing
techniques are provided in a number of study plans to be written in support
of the SCP. In some instances, a preferred test technique is to be proto-
typed before use in site characterization. If prototyping indicates that a
preferred technique will not produce satisfactory results, an alternative
technique will be selected.

The stratigraphic locations in Table 8.3.1.15-1 are thermal/mechanical
units rather than formal stratigraphic units. This approach has been taken
because the repository design process uses the thermal/mechanical units as
the stratigraphic framework for analysis. The relationship between formal
stratigraphic units and thermal/mechanical units is provided in Figure 2-5 in
the introduction to Chapter 2.

In addition to the parameter requirements listed in Table 8.3.1.15-1,
several additional requirements from design issues affect the characteriza-
tion program described in this section. Data on the multidimensional defor-
mations that may result from repository-induced stresses will be obtained
from the Yucca Mountain heated block experiment (Activity 8.3.1.15.1.6.3).
In addition, information on opening stability and ground support systems,
required by Issue 4.2 (Section 8.3.2.4) will be obtained as part of
Activities 8.3.1.15.1.5.2, 8.3.1.15.1.5.3, and 8.3.1.15.1.6.5, and Study
8.3.1.15.1.8.

Figure 8.3.1.15-1 shows the ties between the investigation for acquisi-
tion of data on thermal and mechanical rock properties (Investigation
8.3.1.15.1) and performance assessment and design issues. Detailed logic
diagrams are presented in Figure 8.3.1.15-2 (bulk, thermal, and mechanical
properties) and Figure 8.3.1.15-3 (ambient stress and temperature conditions)
as a supplement to the details in Table 8.3.1.15-1. These detailed diagrams
show the studies and activities planned to provide the site data required by
the performance and design issues.

Approach to satisfy performance and desian requirements

The performance allocation process as described in Section 8.2 requires
the definition of performance goals for design and performance assessment
issues. These performance goals then are used to define the data necessary
to address the issues. The necessary data are specified by the parameters
contained in the equations, analyses, relationships, etc. being considered
for evaluating whether the performance goals are met. The required thermal
and mechanical data are listed in Table 8.3.1.15-1. The characterization
goals in the table are quantitative estimates of the maximum variability in a
parameter that can be tolerated without necessitating a change in the
existing design. Required confidence levels are a measure of how important
it is that the specified limits are met. The characterization goals and
confidence levels reflect the sensitivity of a performance measure to
variations in the parameter (Appendix N of SNL, 1987). When more than one
issue requires a given parameter at the same location, the requirement that
poses the greatest constraint will be used in planning site studies and
activities to obtain values for the parameter. As site characterization
proceeds, some proportion of the site data values may be found to fall

8.3.1.15-14
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outside the specified limits. If this occurs, the portions of the design or
of the performance assessment programs affected by these data will be reeval-
uated to assess the impact. New limits to these data may be specified, and
additional data will be collected if necessary.

In addition to the iterative process outlined in the preceding para-
graph, the possibility exists that not all necessary data have been identi-
fied or that the specified limits are invalid because of the preliminary
nature of the supporting sensitivity studies. In these cases, additional
data may be requested or the specified limits for a parameter already
requested may be changed. Either situation might lead to a modification to
the investigations outlined in Sections 8.3.1.15.1 and 8.3.1.15.2.

Alternative conceptual models

As discussed in the overview of the site characterization program
(Section 8.3.1.1), hypothesis-testing tables have been constructed that sum-
marize (1) the current hypotheses regarding how the site can be modeled and
how modeling parameters can be estimated; (2) the uncertainty associated with
this current understanding, including alternative hypotheses which are also
consistent with available data and that may compose an alternative conceptual
model; (3) the significance of alternative hypotheses; and (4) the activities
or studies which are designed to discriminate between alternative hypotheses
or to reduce uncertainty. Table 8.3.1.15-2 is the hypothesis-testing table
for the site program on thermal and mechanical rock properties. Integration
of information from different disciplines is often necessary to comprehen-
sively evaluate alternative hypotheses. Accordingly, the hypothesis-testing
tables for each site program call for information from studies and activities
in other programs, as appropriate.

Hypotheses for modeling thermal and mechanical properties have been
categorized as pertaining to the process of heat transfer or to mechanical
constitutive models. These model elements are listed in column one.

The second column of the table lists the current representations for
each model element in the form of hypotheses that are based on currently
mvailable data.

The third column in Table 8.3.1.15-2 provides a judged level of uncer-
tainty designated "high," *moderate,' or 'low' associated with the current
representation for each element. A brief rationale for the judgment is also
given.

The fourth column describes alternative hypotheses to the current
representation that are consistent with currently available data. As site
characterization proceeds and more information becomes available, alternative
hypotheses may be deleted or added or the current hypothesis may be revised
and refined.

The fifth column indicates the performance measure or performance
parameter that could be affected by the selection of hypotheses related to
that element.

8.3.1.15-18



Table 8.3.1.15-2. Current representation and alternative hypotheses for modeling for the thermal and
mechanical rock properties program (page 1 of 3)

Studies of
activities

7ncertainty and Alternative to reduce
Current rePresentation rationale hypothesis Significance of alternative hypothesis uncertainty

Heeded con-
fidence in Sensitivity of

Performance measure, parameter or parameter or
Model Current design or perform- performance performance measure Need to reduce

element represnttAtion ance parameter measure to hypothesis uncertainty
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Saw as above Same as above Ilaboratory
Sam as above Sam as above thermal prop-
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Table 8.3.1.15-2. Current representation and alternative hypotheses for modeling for the thermal and
mechanical rock properties program (page 2 of 3)

Studies or
activities

Uncertainty and Alternative to reduce
Current representation rationale 'IS'S Significance of alternative hypothesis uncertaintY
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elinnt representation ance parameter measure to hypothesis uncertainty
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Table 8.3.1.15-2. Current representation and alternative hypotheses for modeling for the thermal and
mechanical rock properties program (page 3 of 3)
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Column six gives the needed confidence in the indicated performance
measure or performance parameters, as defined in the performance allocation
tables.

The seventh column presents a judgment of the sensitivity of performance
parameters in column five to the selection of hypotheses in columns two and
four for that element. The sensitivity is rated high if significant changes
in the values of the performance parameter might occur if an alternate hypo-
thesis were found to be the valid hypothesis for the system.

The eighth column presents a judgment on the need to reduce uncertainty
in the selection of hypotheses. This judgment is based on the uncertainty in
the current representation, the sensitivity of the performance parameters to
alternative hypotheses, the significance and needed confidence of affected
performance parameters, and the likelihood that feasible data-gathering
activities could significantly reduce uncertainty.

The final column identifies the characterization studies or activities
that will discriminate among alternative hypotheses or that will reduce un-
certainties associated with the current representation for each model ele-
ment.

Interrelationships of thermal and mechanical rock properties investigations

As shown on Figures 8.3.1.15-2 and 8.3.1.15-3, two investigations and
ten studies are planned to collect the required rock characteristics data.
The studies consist of those related to laboratory determination of thermal
and mechanical properties, to in situ experiments in the exploratory shaft,
and to characterization of ambient stress and thermal conditions. Studies
related to laboratory testing are grouped by parameters). In contrast, in
situ experiments are divided into four categories by type of experiment:
(1) experiments related to evaluation of the effects of excavation, (2) me-
chanical property experiments, (3) thermomechanical property experiments, and
(4) in situ design verification experiments. Characterization of ambient
stress and thermal conditions will include measurements of stress and temper-
ature in exploratory holes and in the exploratory shaft.

Data on thermal and mechanical rock properties will be needed for and/or
obtained from many of the coupled-interaction tests listed in Table 8.3.2.1-1
(Studies or activities for coupled interaction tests). This includes the
effects of thermal perturbations on near-field repository rocks in Study
1.10.4.2 (hydrologic properties of waste package environment).

8.3.1.15.1 Investigation: Studies to provide the required information for
spatial distribution of thermal and mechanical properties

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

Chapter 2 summarizes the available data relevant to thermal and mechan-
ical properties of the tuff units at Yucca Mountain.
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Parameters

Table 8.3.1.15-1 presented in the previous section summarizes the
thermal/mechanical properties required for resolution of performance assess-
ment and design issues. Table 8.3.1.15-3 summarizes the thermal and me-
chanical properties listed in Table 8.3.1.15-1. These properties will be
used with the other data on rock characteristics to develop the three-
dimensional thermal, mechanical, and thermomechanical models in
Section 8.3.1.4.3. Several additional parameters also are required to enable
estimates to be made for some of the parameters listed in Table 8.3.1.15-3.
These additional parameters include grain density, heat capacity and thermal
conductivity of zero-porosity material, lithophysal cavity abundance, and in
situ saturation state. The relevance of each of these parameters is dis-
cussed later. All are to be obtained in the studies contained in Investi-
gation 8.3.1.15.1 with the exception of lithophysal cavity abundance and
saturation state. Acquisition of data on cavity abundance is discussed in
Investigation 8.3.1.4.2 (geologic framework), whereas data acquisition for
saturation state is discussed in Investigations 8.3.1.2.2 and 8.3.1.2.3 (site
unsaturated and saturated zone hydrologic system). Information obtained from
mineralogic and petrologic studies discussed in Investigation 8.3.1.3.2
(mineralogy, petrology, and rock chemistry) will be used to help determine
the spatial distribution of thermal and mechanical properties.

Purpose and objectives of the investigation

The purpose of this investigation is to provide the information on
spatial distribution of thermal and mechanical properties requested by per-
formance and design issues. The performance allocation process identified
performance measures and goals. To determine whether the performance goals
can be met, data must be available on various site parameters, and the data
must have associated levels of confidence. The parameters and associated
confidence levels are identified in the performance assessment and design
issues, and serve as the basis for planning of a site characterization
program. The information required by performance assessment and design
issues on bulk, thermal, and mechanical properties is shown in
Table 8.3.1.'5-1 together with the activities planned to acquire site
characterization data on these properties. The general link between the site
characterization program and the issues requiring data was shown in Fig-
ure 8.3.1.15-1, and Figure 8.3.1.15-2 depicts the detailed logic for
completion of this investigation.

Technical rationale for the investigation

Completion of this investigation requires the acquisition of data for
each parameter listed in Table 8.3.1.15-3 as well as evaluation of the
spatial variation of each parameter. Preliminary data are available for most
of these parameters, as summarized in Chapter 2. However, additional data
are required to analyze spatial variability of properties and, for some
parameters, to obtain the required number of data. In addition, existing
data may be biased because of drillhole orientation or other sampling
limitations; the potential bias needs to be evaluated and recognized during
future work.
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Table 8.3.1.15-3. Thermal and mechanical properties required by other issues

Property Matrix Fractures Rock mass

Thermal

Thermal conductivity x
Heat capacity x

Thermomechanical

Coefficient of thermal expansion x

Mechanical

Poisson's ratio x
Young's modulus x
Deformation modulus x
Compressive strength x
Cohesion x
Angle of internal friction x
Fracture properties

Cohesion x
Coefficient of friction x
Normal stiffness x
Shear stiffness x
Joint wall compressive strength x
Roughness coefficient x

Miscellaneous

Bulk density x
Radon emanation x
Excavation observations x x

Of the parameters listed in Table 8.3.1.15-3, thermal expansion coeffi-
cients, Poisson's ratios, Young's moduli, and compressive strength (labora-
tory), will be obtained directly from laboratory measurements. Joint proper-
ties (normal and shear stiffnesses, cohesion, and friction coefficient) will
also be measured in the laboratory, but with the realization that it will be
necessary to scale the results to achieve relevance to in situ conditions.

Several of the parameters identified in Table 8.3.1.15-3 are intended to
be representative of the rock mass; they are included in the table in recog-
nition of the fact that the rock-mass behavior cannot be adequately charac-
terized by laboratory-determined parameter values alone. The approach taken
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in this section is to consider two categories of parameters in addressing the
question of whether the laboratory and field-obtained data are representative
of the rock mass.

In the first category, which includes parameters such as in situ bulk
density, heat capacity, and thermal conductivity, data applicable to the rock
mass will be calculated or estimated from other parameters not specifically
required by performance assessment or design issues, such as grain density,
mineral constituents, and porosity. Knowledge of laboratory-measured values
of these non-required parameters, and their variability in the laboratory or
in situ, will support the determination of rock-mass data for required param-
eters in the first category. Calculated data for the rock mass, together
with related laboratory data, can be compared with the corresponding param-
eter values obtained from field experiments. Historical evidence suggests
that there is likely to be good correlation between laboratory and field
results for this category of in situ parameters. Any discrepancies that may
arise between predicted in situ parameter values and the measured in situ
values will be assessed to ascertain the adequacy of the predictive algorithm
and of the measurement techniques used in field tests. If necessary, the
basis of any predictive algorithm used will be reevaluated and additional
laboratory or field tests may be performed. These additional tests could be
required because of a need to measure different parameters, a need to repeat
measurements under different test conditions, or a need to revise in situ
measurement techniques.

The second category of parameters that can be obtained from in situ
tests, including such parameters as rock-mass deformability and rock-mass
strength, will be treated differently. The parameters in this category are
not expected to be calculable using simple predictive equations and
laboratory-obtained parameter values. Rather, parameters in this category
are sensitive to the scale of the test (volume of rock material involved in
the test). It is expected that field measurements of parameters other than
the parameter of interest will be required to estimate the in situ value of
the parameter. For the rock-mass deformation properties identified in this
section, fracture geometry, characteristics, and properties are the most
likely additional required information. Differences between laboratory and
in situ measured values for parameters such as deformation modulus are
expected to be caused by the presence of fractures in the rock mass on a
scale that cannot be included in laboratory samples. Values for deformation
properties can be calculated by combining intact-rock properties and fracture
characteristics and properties in finite-element computations. Alterna-
tively, the rock-mass properties can be estimated by applying corrections
deduced from in situ fracture characteristics to intact-rock properties.
Historically, such corrections in the form of reduction factors have been de-
duced from fracture frequency, or such indices as rock quality designation.

It would be imprudent to plan numerous large-scale tests to measure
rock-mass deformation properties considering the time and expense required
for such tests. Furthermore, the data from these tests is potentially
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difficult to interpret. In the planned program, information about rock-mass
deformation properties will be obtained through a combination of empirical
approaches to rock-mass opening design, sequential instrument emplacement and
excavation, and analytical modeling of excavation behavior. The analytical
modeling described in Sections 6.4.8 and 8.3.2.8 of the SCP will make use of
both equivalent modulus and compliant joint approaches. The equivalent
modulus approach will use the reduced modulus values derived from laboratory
modulus tests, observed fracture characteristics, and measured in situ
deformation moduli. The compliant joint approach will use laboratory-
measured moduli and joint deformation properties such as stiffness, as well
as joint characteristics such as location, orientation, and spacing. The
results of both modeling approaches will be used to confirm the reduction
factor used to estimate in situ deformation moduli.

There are two additional considerations relevant to rock-mass defor-
mation and strength properties. Rock-mass strength can be considered in
terms of allowable movement on joints, of the strength of the intact rock, or
of a combination of the two. Modeling performed to date does not provide
confidence in predicting the rock-mass response because of the preliminary
nature of the physical models studied and of the data used. Some of the
different situations modeled should be examined further using refined codes
and a more complete and representative data set. Data to be obtained from
the rock-mass response experiment(s) (Section 8.3.1.15.1.7.2) will aid in
this modeling effort and in the characterization of rock-mass strength.

The second additional consideration relevant to rock-mass deformability
involves the estimation of in situ modulus of deformation. Estimation of in
situ modulus of deformation will involve a combined examination of spatial
variability in Young's modulus as determined through statistical analysis of
laboratory data, of limited field measurements, demonstration excavations,
modeling, and spatial variability of other in situ properties such as frac-
ture characteristics. This approach could be sensitive to significant
changes in rock-mass conditions such as fracture characteristics. The plan-
ned program should be sufficiently flexible to provide a methodology for
confirming estimated values of rock-mass modulus should significant changes
in fracture characteristics be encountered within the exploratory shaft
facility (ESF) or within the boundaries of the repository excavation. It
will not be known in advance of ESF excavation whether lateral variability in
fracture characteristics would be significant to the point of requiring
additional confirmatory testing of deformation modulus within the ESF beyond
the testing already planned.

Parameters that vary as a function of saturation (i.e., bulk density,
heat capacity, thermal conductivity, and the strength of intact rock) are
difficult to characterize for all possible saturation states. Estimates of
these parameters will be obtained from known parameters by following the
steps described below (bulk density will be used as an example):
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1. Calculate the mean value of the parameter to be estimated using the
mean values of the known parameters:

p6 = peil )-p,,S (8.3.1.15-1)

where

P - bulk density
Ps - grain density
0 - porosity (matrix porosity and lithophysal cavities)
P# - density of water
S - saturation.

2. Obtain the partial derivatives of Equation 8.3.1.15-1 (or the
appropriate equation for another parameter; such equations need not
be linear functions of saturation) with respect to the known param-
eters ( 8P Op6 a8p Pb)

e 8 PVd ' 8<jw ' OS ' ,

3. Calculate the standard deviation of the parameter to be estimated
(e.g., Pa ) using the partial derivatives from step 2 and the
standard deviations of the known parameters:

2#[ U ( OP )2 ( ) (BaS ) al. ( 8^ )3l (8.3.1.15-2)

where the partial derivatives are evaluated at the mean values of the known
parameters. Note that the implicit assumption is made in the use of Equation
8.3.1.15-2 that all variables on the right-hand side for which standard
deviations are given are independent random variables.

The assumption is often made that rock properties are monotonic func-
tions of saturation. This may not be true for thermal conductivity. The
thermal conductivity of partially saturated materials may be higher than that
of dry or fully saturated samples because of latent heat transfer (e.g.,
Pratt, 1969). Measurements are planned to evaluate the nature of this
saturation dependence (Section 8.3.1.15.1.1.3).

Use of statistics in design of characterization program. For most of
the parameters listed in Table 8.3.1.15-3, preliminary data are available
that can be used to estimate future testing requirements for satisfaction of
the information need. These preliminary data are the result either of
measurements in the laboratory or of the estimating procedure outlined above.
The parameters for which such preliminary data are not available are fracture
properties (cohesion, coefficient of friction, normal stiffness, and shear
stiffness). The logic for determining the fracture properties with the
required confidence is presented at the end of the following discussion.

The preliminary data comprise observations from a number of sample loca-
tions (boreholes). The data were statistically analyzed to evaluate whether
they represented a single unit, several units, or varied according to some
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spatial trend. For each parameter# a sample mean (i) and standard deviation
(s) were calculated. These quantities are estimates of the population mean
(u) and standard deviation (r). If the samples are from the same unit, the
population mean for each sample will be equal:

JA SIR, = , =3 =F

This hypothesis was tested by comparing the sample means statistically by an
analysis-of-variance technique. On the basis of these analyses, it was con-
cluded that the samples were from the same unit (i.e., spatial variability
over large distances is not present) and the statistics for the unit (z, s)
were calculated from all the observations.

The parameters discussed in this section are assumed to be normally dis-
tributed. The validity of this assumption will be checked for each parameter
during site characterization activities. The requirements imposed by per-
formance and design issues are that some proportion y of the interval i ± ks
will include 100(1 - a) percent or more of the true distribution, where a is
the level of significance (Bowker and Lieberman, 1972) and k is related to a,
7, and n, the number of samples. In this analysis, v is a preassigned proba-
bility that the interval between i - ks and i + ks includes at least a speci-
fied proportion (I - a) of the true distribution. The goals listed for the
parameters in Table 8.3.1.15-1 usually take the form of is F& where F is a
function of i. Comparison of Ft with ks, where * and s are calculated using
existing data, allows estimates of a value for k.

One of three qualitative levels of confidence has been associated with
each data request listed in Table 8.3.1.15-1 -- high, medium, or low. To
obtain initial estimates of sampling requirements, the following numerical
values of * are associated with each qualitative confidence level:

Specified confidence a

High 0.05

Medium 0.10

Low 0.25

The qualitative levels of confidence were assigned by different individuals,
all of whom have different problems to address. Thus, the values of a given
above may be more restrictive than is necessary for some applications. How-
ever, the values have been selected in an attempt to satisfy even the most
stringent of the qualitative requirements. For convenience, (1 - a) is as-
sumed to be the same as -. Given values of a, I, k, and an assumed statis-
tical distribution, statistical tables can be used to estimate n, the number
of samples to be tested in order to satisfy the specified requirements.
Depending on the structure of observed data, it may be appropriate to use
types of distribution functions other than the normal distribution for re-
vising the estimates of the required number of samples.

For example, to calculate the vertical in situ stress in unit TSw2 with
medium confidence, the in situ bulk density of unit TSw2 must be known with
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medium confidence. Thus, from the preceding discussion, 7 a (I - a) - 0.90.
If the range were required to be i ± 0.1*, then equating ks and 0.l (using
existing data to estimate £ and s for in situ bulk density) would give
k - 0.1t/s - 2.13. Entering the appropriate table in Bowker and Lieberman
(1972), the number of samples is found to be 22.

Two comments on this technique are necessary. First, the values of n
obtained are estimates based on the preliminary data currently available.
These values of n may need to be revised as site characterization data become
available because the possibility exists that statistical analysis of the
site characterization data may indicate spatial trends of i and r within a
unit.

Secondly, the values of n are for a specified set of conditions at which
preliminary data were obtained. No a priori assumptions have been made
about the variability in a parameter resulting from changes in the experiment
environment. If a parameter should vary as a function of sample size or ex-
periment conditions, then n measurements should be obtained at each set of
relevant experiment conditions. Because of the relatively large value of n
for unit TSw2 (discussed in subsequent text), fewer experiments will be per-
formed in the initial evaluation of the effects of experiment conditions.
More experiments will be performed if these initial experiments indicate the
need.

For the fracture properties, values of i and s are not available, so
that n cannot be estimated by the procedure discussed above. Instead, the
number of samples to be tested initially will be selected arbitrarily. The
data from these initial experiments then will be used to estimate n, and
additional experiments will be conducted if necessary.

Some parameters have preliminary data for which the variability is quite
large. Variability can result from a number of sources: natural, sampling,
preparation, and analytical. Present data are insufficient to determine the
magnitude of the contribution from each source. For parameters where the
existing value of 3 is too large to allow calculation of n using the toler-
ance limits requested by other issues, the initial value of n is arbitrarily
assumed as follows:

Specified confidence Number of samples

High 35

Medam 10

Low 5

Data obtained from these experiments then will be used to reassess whether
the requested tolerance limits can be met using the normal distribution
function or other distribution functions, as applicable. If not, either new
tolerance limits will be set, and the impact on repository design or perform-
ance will be evaluated, or additional experiments will be performed to deter-
mine whether an increased sample size will reduce the observed variability.
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Evaluation of data sufficiency after initial sampling and testing will be
used with other information to help decide if additional testing is
necessary.

The preceding discussion is based in part on the assumption that the
sample used to obtain z and s is a random sample of the total population.
Each thermal/mechanical unit is a three-dimensional body; the five existing
core holes comprise only a partially random sample of the units, as will the
exploratory shaft facility (ESF) excavations. In fact, a site
characterization program in which core holes and underground excavations are
designed to investigate specific areas or features of interest can be
considered to provide approximations rather than statistically representative
sampling.

In view of the limitations on the randomness of sampling, the next best
situation is one in which coverage of the repository area is maximized. The
existing core holes within and close to the area are situated near the north-
ern and southern limits. The ESF will allow expanded coverage of the
northern, central, and southern portions of the repository area. Coring of
several new core holes will be necessary for the determination of the spatial
variability of thermal and mechanical properties.

Preliminary data suggest that spatial variability of these properties is
small within TSwl and TSw2 (Nimick and Schwartz, 1987). However, additional
data are required for these and other units in the central and southern por-
tions of the repository area. Also, data for units lying below the top of
CHnlz must be obtained from at least one additional core hole in the northern
part of the area. As stated earlier, the estimated values of n for
individual parameters in individual thermal/mechanical units will apply for
each core hole and for the ESE.

As discussed previously, acquisition of thermal and mechanical proper-
ties with the confidences requested by performance and design issues requires
minimum numbers of experiments that vary with each property. The relatively
large number of laboratory tests will augment the data available from a
necessarily limited number of in situ tests. Values of rock-mass properties
that will be obtained from in situ thermal and mechanical tests will serve as
guideline properties and will be used to examine the validity of estimating
rock-mass properties using laboratory data combined with information about in
situ fracture characteristics.

In addition to providing estimates of rock-mass properties, in situ
experiments will serve other purposes. Some tests will be used to monitor
the behavior of underground excavations in units TSwl and TSw2. Both quali-
tative and quantitative information will be obtained from these observations.
Quantitative information for one experiment (sequential drift mining, Activ-
ity 8.3.1.15.1.5.3) will be used for code validation work on codes used to
calculate mechanical response to imposed stresses. Validation work also will
be performed for codes that calculate thermal, mechanical, or coupled thermal
and mechanical responses to imposed temperatures and stresses using data from
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the canister-scale heater and heated-block experiments. In general, the
codes to be validated will be used to contribute to the resolution of Issues
1.11 and 4.4 (Sections 8.3.2.2 and 8.3.2.5). Additional discussion of code-
validation work is presented in Section 8.3.2.1.4.

8.3.1.15.1.1 Study: Laboratory thermal properties

The objective of this study is to provide laboratory characterization of
thermal conductivity and heat capacity and the spatial variability thereof.
In order to do so, porosity, grain density, and the heat capacity and thermal
conductivity of zero-porosity material also must be characterized. The dis-
cussion for Activities 8.3.1.15.1.1.1, 8.3.1.15.1.1.2, and 8.3.1.15.1.1.3
applies for each new core hole selected for characterization and for the
exploratory shaft facility (ESF).

The validity of extrapolation of laboratory-determined thermal proper-
ties to in situ conditions will be examined by comparison of the properties
with data obtained from in situ heater tests in the ESF. Temperature fields
induced during the heater tests will be modeled using numerical techniques,
with values for thermal properties being varied until an optimum match of
predicted and actual temperatures is obtained. Additional discussion of the
heater tests is presented for Activities 8.3.1.15.1.6.1, 8.3.1.15.1.6.2,
8.3.1.15.1.6.3, and 8.3.1.15.1.6.5 under Study 8.3.1.15.1.6.

8.3.1.15.1.1.1 Activity: Density and porosity characterization

Objectives

The objective of this activity is to obtain data on density and porosity
and to evaluate the spatial variability thereof. Data will contribute to
determination of in situ thermal properties (porosity and grain density), to
vertical in situ stress (bulk density), and radiation-shielding properties
(bulk density).

Parameters

The parameters for this activity are matrix porosity, grain density, and
in situ bulk density. (Matrix porosity refers to the total void space, as
distinguished from the effective porosity that is available for hydrologic
flow.) Parameters required that are to be supplied by other investigations
are in situ saturation and lithophysal cavity abundance.

Description

The number of experiments necessary to characterize the density and
porosity of each thermal/mechanical unit in Activity 8.3.1.15.1.1.1 are given
in Table 8.3.1.15-4. These numbers have been obtained using available data
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Table 8.3.1.15-4. Experiments required for each location selected for characterization of spatial
variability of rock properties

.

ZO

tWI

Rock property and activity
Compressive

Density and Thermal Thermal mechanical
Bulk densityb porositya Heat capacity conductivity expansion properties

Unit- (8.3.1.15.1.1.1) (8.3.1.15.1.1.1) (8.3.1.15.1.1.2) (8.3.1.15.1.1.3) (8.3.1.15.1.2.1) (8.3.1.15.1.3)

TCw 10 10 5 5 5 10
PTn 10 10 5 5 5 10
TSwl 10 10 10 10 10 35 d
TSw2 35 35 35 35 35 35
TSw3 10 10 4 10 10 10
CHnlv 10 10 10 10 10 10
CHnM 10 10 10 10 10 10
CHn2v 5 6 5 6 5 5
CHn2z 5 6 5 6 5 5

'The relationship between thermal/mechanical units and formal stratigraphic units is provided in the
introduction to Chapter 2.

bNumbers of experiments for bulk density are calculated based on requirements for vertical in situ
stress or on requirements for TSw2 related to radon emanation rate.

0Kumber of experiments for density and porosity are related to the experiments required for bulk
density, characterization of heat capacity, and thermal conductivity indicated in this table.

dLithophysae-poor TSw1.
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as discussed under the technical rationale for this investigation. The num-
bers are based on the number of experiments estimated as necessary for bulk
density, volumetric heat capacity, and thermal conductivity (as needed for
this activity and for Activities 8.3.1.15.1.1.2 and 8.3.1.15.1.1.3). The
number of experiments applies to each new core hole selected for character-
ization and to the exploratory shaft facility. Each experiment will require
approximately 65 cm3 of material.

In addition to the experiments listed in Table 8.3.1.15-4, grain density
and porosity data will be gathered from other samples. Values will be ob-
tained for 5 to 10 samples of material taken from instrumentation holes in
the vicinity of in situ experiments in the exploratory shaft facility. These
site-specific values will aid in the interpretation of in situ experiment
results and will add to the data base for units TSwl and TSw2.

Also, density and porosity data will be obtained on samples tested for
thermal and mechanical properties by measurement of dry and saturated bulk
densities of the samples. These data will be somewhat less accurate than
those gathered by the more standardized techniques listed below but will be
specific to the individual test samples. This specificity will enhance the
ability to interpret mechanical and thermal test results.

Grain densities (Pa) and dry bulk densities (P) will be measured.
Matrix porosities then will be calculated by

} = l- PX ~~~(8.3.1.15-3)Pt

Data for grain density and matrix porosity will be combined with data on
lithophysal cavity abundance and in situ saturation state to calculate in
situ bulk densities. These bulk densities then will be used to calculate the
vertical component of in situ stress.

8.3.1.15.1.1.2 Activity: Volumetric heat capacity characterization

Objectives

The objectives of this activity are to obtain data for volumetric heat
capacity and to evaluate the spatial variability thereof. The data will be
used in calculations of the thermal response to the presence of heat-
producing waste in unit TSw2.

Parameters

The parameters for this activity are the estimated in situ values of
volumetric heat capacity. Parameters required from other investigations
include in situ saturation and lithophysal cavity abundance. Parameters
required from other activities within this investigation are matrix porosity
and grain density.
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Description

To estimate in situ values of volumetric heat capacity, data are re-
quired for grain density, matrix porosity, lithophysal cavity abundance, in
situ saturation, and the heat capacities (Ca) of air, water, and solids. All
of these, with the exception of the heat capacity of solids, will be avail-
able either in handbooks or as the result of other site characterization
activities.

The number of experiments or calculations from chemistry or mineralogy
to be performed in each new core hole selected for characterization to deter-
mine the heat capacity of solids for each thermal/mechanical unit in Activity
8.3.1.15.1.1.2 are given in Table 8.3.1.15-4. These numbers are the number
of experiments estimated as necessary for volumetric heat capacity. Each
experiment will require approximately 65 cm3 of material. Each experiment on
material from units TSwl, TSw2, TSw3, CHnlv, and CHnlz will include measure-
ments (or calculations) over the temperature range from 25 to 2750C. For
other units, the temperature range will be from 25 to 1000C. For some units
that will be outside the temperature field produced by a repository, data
from other units are assumed to be representative based on lithologic simi-
larity. The impact of this assumption is expected to be negligible.

In addition to the experiments listed in Table 8.3.1.15-4, heat capacity
data will be gathered from other samples. Values will be obtained for two to
three samples of material taken from instrumentation holes in the vicinity of
in situ experiments in the exploratory shaft facility. These site-specific
values will aid in the interpretation of in situ experiment results and will
add to the data base for units TSwl and TSw2. If heat capacities of solids
are calculated from chemical or mineralogic data, additional heat capacity
information can be obtained using the chemical and mineralogic information to
be gathered for the activities described in Section 8.3.1.3.2.1.

The data obtained from the measurements will be used to calculate volu-
metric heat capacity 1 (PC,)in st] using the following equation (Nimick and
Schwartz, 1987):

(PCp)r tug = pg(1 - ¢ -|omSpw C~ 0 t- i0m(1-S)+ sc;"p.. (8.3.1.15-4)

where'

Pe = grain density,

C; = heat capacity of solid material,

a = saturation,

O = matrix porosity,

OL = volume fraction of lithophysal cavities,

PW = density of water,
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Nor = density of air,

C;" = heat capacity of air,

C,"'0 = heat capacity of water.

Because the density of air is so low, the last term is usually dropped from
Equation 8.3.1.15-4. C; and C,"'0 and Pw are functions of temperature, so
that PCP also is a function of temperature. The temperature ranges for which
pCp will be obtained are the same as those specified earlier for c;.

8.3.1.15.1.1.3 Activity: Thermal conductivity characterization

Objectives

The objectives of this activity are to obtain data for thermal conduc-
tivity and to evaluate the spatial variability thereof. The data will be
used in calculations of the thermal response to the presence of heat-
producing waste in unit TSw2.

Parameters

The parameters for this activity are estimates of in situ thermal con-
ductivity. Parameters required from other investigations are in situ satu-
ration and lithophysal cavity abundance. A parameter required from another
activity in this investigation is matrix porosity. These parameters will be
combined in an appropriate model with the thermal conductivities of air,
water, and solids to estimate in situ thermal conductivity.

Description

To estimate in situ values of thermal conductivity, data are required
for the thermal conductivity of the solid material, air, and water and for
matrix porosity, lithophysal cavity abundance, and in situ saturation. All
of these, with the exception of the thermal conductivity of solids, will be
available either in handbooks or as the result of other site characterization
activities.

The number of experiments to be performed to determine the thermal con-
ductivity of solids for each thermal/mechanical unit included in this activ-
ity are given in Table 8.3.1.15-4. These numbers are those estimated as
necessary for thermal conductivity of the bulk material, using available data
and the procedures outlined earlier in the technical rationale discussion for
this investigation. For some units that will be outside the temperature
rield produced by a repository, data from other units are assumed to be
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representative based on lithologic similarity. Each experiment on material
from units TSwl, TSw2, TSw3, CHnlv, and CHnlz will include measurements over
the temperature range from 25 to 2751C. For other units, the temperature
interval will be 25 to 100°C. Each experiment will use a sample that is
equal to or smaller than 13 cm of NX (approximately 50 mm diameter) core;
actual size will depend on the final experimental technique.

In addition to the experiments listed in Table 8.3.1.15-4, thermal-
conductivity data will be gathered from other samples. The effects of frac-
tures, saturation state, lithophysae, and potential anisotropy on thermal
conductivity will be examined using measurements on appropriate samples from
units TSwl and TSw2 taken from the ESF. Values will be obtained for two to
three samples of material taken from instrumentation holes in the vicinity of
in situ experiments in the exploratory shaft facility. These site-specific
values will aid in the interpretation of in situ experiment results and will
add to the data base for units TSwl and TSw2.

Thermal conductivity of several samples of Yucca Mountain tuffs will be
measured in support of the activity related to determination of in situ
temperatures (Activity 8.3.1.15.2.2.1). Data from these measurements also
will contribute to the total data base on thermal properties.

The equation that has been used to date in analysis of the Yucca Moun-
tain Project thermal-conductivity data has been a geometric-mean equation
(Nimick and Lappin, 1985):

K = -K-) Ksd- KX I-S)m, (8.3.1.15-5)

where

K = bulk thermal conductivity
K. = thermal conductivity of solids,
K = thermal conductivity of water,
K. = thermal conductivity of air,
S = saturation,
XL = volume fraction of lithophysal cavities,
Ot = matrix porosity,
47 = total porosity _, o-)

This formulation will be reevaluated against other possible representations
(including the possibility that the thermal conductivity is not a monotonic
function of saturation); the actual equation that will be used to analyze
data for site characterization has not been selected. K,, K,, and K, are
functions of temperature, so that K is also a function of temperature. The
temperature ranges for which K will be obtained are the same as those
specified earlier for K..
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8.3.1.15.1.2 Study: Laboratory thermal expansion testing

The objective of this study is to provide laboratory characterization of
thermal-expansion behavior and the spatial variability thereof. The discus-
sion that follows applies for each new core hole and for the exploratory
shaft facility (ESF). Testing frequency at the main test level in the ESF
will depend on spatial variability.

8.3.1.15.1.2.1 Activity: Thermal expansion characterization

Objectives

The objective of this activity is to obtain data for thermal-expansion
behavior and to evaluate the spatial variability thereof. The data will be
used in calculations of thermal stress and deformation associated with the
temperature field produced by the presence of heat-producing waste in unit
TSw2.

Parameters

The parameter for this activity is the coefficient of thermal expansion.

Description

The number of experiments necessary to obtain the coefficient of thermal
expansion for each thermal/mechanical unit in Activity 8.3.1.15.1.2.1 is
given in Table 8.3.1.15-4. The numbers have been obtained using available
data and the procedure outlined in the technical rationale discussion for
this investigation. For some units that will be outside the temperature
field produced by a repository, data from other units are assumed to be
representative on the basis of lithologic similarity. The impact of this
assumption is expected to be negligible. Each experiment for units TSwl,
TSw2, TSw3, CHnlv, and CHnlz will include measurements over the temperature
range from 25 to 2756C. For other units, the temperature range will be 25 to
1000C. Sample size will be similar to that used in previous experiments
(Chapter 2), ranging from 25.4 by 25.4 by 3 mm up to cylinders 50.8 mm in
diameter and 101.6 mm in length.

Thermal-expansion experiments will be performed on initially saturated
samples under conditions that minimize dehydration at temperatures below
1004C. Samples will be allowed to dehydrate at approximately 1006C until a
stable length is achieved, then heating will continue if the experiment
includes heating to 2750C. Heating rates will be selected to minimize any
kinetic effects of dehydration or mineral transformations on the rates of
thermal expansion (or contraction).

For thermal/mechanical unit TSwl, data are necessary for both litho-
physae-rich and lithophysae-poor portions of the unit. Both portions of unit
TSwl will be characterized by the same method used for the units discussed in
the previous paragraph, although samples from the lithophysae-rich portions
will be significantly larger than the sizes mentioned earlier. For unit
TSw2, scoping experiments will be performed to assess the significance, if
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any, of anisotropy, fracturing, or sample size on the thermal expansion
behavior of unit TSw2.

In addition to the thermal-expansion experiments performed to examine
spatial variability of this property, experiments will be done on samples
collected from the vicinity of in situ experiments that involve elevated
temperatures. These thermal-expansion data will be used in the interpreta-
tion of in situ experiment results as well as to augment the data base on the
thermal expansion of units TSwl and TSw2.

8.3.1.15.1.3 Study: Laboratory determination of mechanical properties of
intact rock

The objective of this study is to provide laboratory characterization of
the mechanical properties of intact rock and the spatial variability thereof.
The discussion for Activity 8.3.1.15.1.3.1 applies for each new core hole and
for the ESF. Testing frequency at the main test level in the ESF will depend
on spatial variability.

8.3.1.15.1.3.1 Activity: Compressive mechanical properties of intact rock
at baseline experiment conditions

Objectives

The objective of this activity is to obtain data for the compressive
mechanical properties of intact rock, and the spatial variability thereof,
for baseline experiment conditions. These data will be used in mechanical
and thermomechanical calculations of stresses and deformations induced by the
presence of underground openings in unit TSw2 and overlying units and by the
presence of heat-producing waste in unit TSw2.

Parameters

The parameters for this activity include uniaxial compressive strength,
Young's modulus, and Poisson's ratio.

Description

As discussed in Chapter 2, the compressive strength of Yucca Mountain
tuffs is a function of various conditions, including strain rate, confining
pressure, temperature, sample size, and saturation state. To evaluate the
effects of these parameters, a set of baseline experiment conditions must be
defined for which compressive mechanical data will be obtained. These
conditions will be as follows:
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Sample diameter: 50.8 mm
Sample length to diameter ratio: 2.0
Saturation state: Saturated
Temperature: Room temperature (220C)
Confining pressure: Atmospheric (0.1 MPa)
Strain rate: 10-5 s-1

The number of experiments to be performed at these conditions for each
thermal/mechanical unit in Activity 8.3.1.15.1.3.1 are summarized in Table
8.3.1.15-4. The numbers have been obtained from available data using the
procedure outlined in the technical rationale discussion for this investi-
gation. For some far-field units, data from characterized units are assumed
to be representative based on lithologic similarity. Because the far-field
units are outside the regions of significantly altered stress and temper-
ature, the impact of this assumption is assumed to be negligible.

In addition to the experiments listed for this activity (8.3.1.15.1.3.1)
in Table 8.3.1.15-4, compressive experiments at the baseline conditions will
be performed on samples obtained in the vicinity of in situ experiments. The
data from these laboratory experiments will aid in the interpretation of in
situ experiment results as well as contributing to the data base for the
compressive mechanical properties of units TSwl and TSw2.

8.3.1.15.1.3.2 Activity: Effects of variable environmental conditions on
mechanical properties

Objectives

The objective of this activity is to evaluate the effects of varying
sample size, strain rate, temperature, confining pressure, lithophysal con-
tent, saturation state, and anisotropy on compressive mechanical properties.
In addition, the tensile strength of unit TSw2 will be measured. Data will
be used in mechanical and thermomechanical calculations of stresses and
deformations induced by the presence of underground openings in unit TSw2 and
overlying units and by the presence of heat-producing waste in unit TSw2.

Parameters

The parameters for this activity are unconfined compressive strength,
Young's modulus, Poisson's ratio, cohesion, and angle of internal friction.

Description

As discussed in Chapter 2 of the SCP, compressive mechanical properties
are a function of the sample characteristics and experimental conditions at
which the properties are measured. This activity will determine the effects
of sample size, strain rate, temperature, confining pressure, lithophysal
content, saturation state, and anisotropy on the compressive mechanical
properties of unit TSw2, the proposed repository horizon. In addition, the
effects of confining pressure on the mechanical properties of units TCw, PTn,
and lithophysae-poor portions of unit TSwl will be determined, as well as the
tensile strength of unit TSw2. Material for testing of unit TSw2 will be ob-
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tained from the walls of the excavations at the main test level in the ex-
ploratory shaft facility (ESF), whereas samples of other units will be
collected from the ESF ramps and drifts.

In addition to the testing just summarized, scoping experiments are
ongoing to determine whether creep deformation or deformation at very low
strain rates are of concern for unit TSw2. Samples taken from outcrop at
Busted Butte are being tested in compression at low strain rates (10-8 to
10-9 s-1), elevated temperature (2500C), and in creep experiments. Results
will be used to assess whether the experiment program mentioned in the
preceding paragraph should include additional experiments at these extreme
conditions.

8.3.1.15.1.4 Study: Laboratory determination of the mechanical properties
of fractures

The objective of this study is to provide laboratory characterization of
the mechanical properties of fractures and the spatial variability thereof.
The discussion applies for each new core hole and for the exploratory shaft
facility (ESF).

8.3.1.15.1.4.1 Activity: Mechanical properties of fractures at baseline
experiment conditions

Objectives

The objective of this activity is to obtain data for the mechanical
properties of fractures, and the spatial variability thereof, for baseline
experiment conditions. The data will be used in mechanical and thermo-
mechanical calculations of the stresses and deformations induced by the pre-
sence of underground openings in unit TSw2 and overlying units and by the
presence of heat-producing waste in unit TSw2.

Parameters

The parameters for this activity are cohesion, coefficient of friction,
shear stiffness, normal stiffness.

Description

As discussed in Chapter 2 of the SCP, the mechanical behavior of
fractures may be a function of various conditions, including normal stress,
displacement rate, temperature, mineralogy, sample size, fracture roughness,
and saturation state. To evaluate the effects of these parameters, a set of
baseline experimental conditions must be defined for which the parameters
listed in this section will be obtained. These conditions will be as
follows:
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Sample (fracture) area: 2.0 x 10-3 to 4.0 x 10-3 m2

Saturation state: Dry
Temperature: Room temperature (22°C)
Displacement rate (shear loading): 10 pm/s
Loading rate (normal loading): 0.03 MPa/s
Fracture: Artificial (ground sawcut)

No data are presently available with which to estimate the number of
fractures that must be tested. Scoping experiments are under way on samples
from unit TSw2 collected from Busted Butte. These experiments will provide
preliminary data that will be used to design the initial phase of fracture
testing in terms of sampling frequency.

8.3.1.15.1.4.2 Activity: Effects of variable environmental conditions on
mechanical properties of fractures

Objectives

The objective of this activity is to evaluate the effects of varying
normal stress, displacement rate, temperature, sample size, fracture rough-
ness, and saturation state on the mechanical properties of artificial and
natural fractures. The data will be used in mechanical and thermomechanical
calculations of stresses and deformations induced by the presence of under-
ground openings in unit TSw2 and overlying units and by the presence of
heat-producing waste in unit TSw2.

Parameters

The parameters of this activity are cohesion, coefficient of friction,
shear stiffness, and normal stiffness.

Description

Fracture properties are a function of the fracture surface character-
istics and the experimental conditions. This activity will determine the
effects of normal stress, displacement rate, temperature, sample size, frac-
ture roughness, and saturation state on the fracture properties. Approxi-
mately 20 experiments will be performed at each set of experiment conditions
for samples of unit TSw2, with fewer experiments on samples of adjacent units
if such experiments appear to be necessary. Tentative ranges in experiment
conditions are as follows:

Saturation state: Dry and saturated
Temperature: 22 to 200§C
Normal stress: 0.1 to 30 MPa
Displacement rate: 10-1 to 102 pm/s
sample area: 2 x 10-3 to 100 X 10-3 m2

In addition, several scoping experiments will be performed to examine
whether creep is a realistic deformation mechanism for fractures in unit
TSw2.
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The range in sample size (surface area) will depend on material avail-
ability. The range probably will extend from NX-core to fracture surfaces up
to 0.1 m2 in area. Sampling plans for this activity will take into account
the importance of scaling effects when extrapolating from laboratory results
to in situ fractures.

The range in roughness of fracture surfaces will depend on the results
of characterization of fracture sets and sensitivity calculations. All types
of fractures estimated to be of potential importance to the mechanical behav-
ior of the rock mass will be tested.

8.3.1.15.1.5 Study: Excavation investigations

The objective of this study is to obtain site-specific information con-
cerning the behavior of underground excavations in the proposed repository
horizon and overlying units. Most of the data will be used for testing of
computer codes that will be used to predict mechanical behavior of the rock
mass (Section 8.3.2.1.4). In addition, some of the information will serve as
direct demonstration of constructability with reasonably available technology
(relevant to resolution of Issue 4.4). All of the in situ experiments will

be conducted in the exploratory shaft facility (ESF). Interpretation of the
data to be obtained from the activities for this study (8.3.1.15.1.5) will
utilize information gathered for 8.3.1.4.2.2 (characterization of structural
features within the site area).

8.3.1.15.1.5.1 Activity: Shaft convergence

The shaft convergence test is to be deferred until after construction
and other prioritized ESF testing activities have been completed. The status
and scope of the test is currently being addressed for ESF ramp accesses to
be consistent with the reference ESF design concept described in Section 8.4.
The following discussion provides information on the shaft convergence test
as planned for the original ESF configuration (described in the SCP) with two
shafts in close proximity. The test, as described below, may be conducted to
augment characterization data obtained from the ramps in the event that an
optional shaft would be constructed.

Objectives

The objectives of this activity are to monitor rock-mass deformation
around a vertical shaft and to measure horizontal in situ stresses. In situ
stress data will contribute to definition of boundary and initial conditions
for mechanical and thermomechanical analyses, whereas observations of
rock-mass deformation also will contribute to empirical evaluations of
nonradiological health and safety (Issue 4.2 of the SCP).

Parameters

Information will be obtained concerning rock-mass deformation and hori-
zontal in situ stress. Both will be obtained in more than one location
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(vertically), so that some information regarding spatial variability of rock-
mass deformation and horizontal stresses will be obtained.

Description

The following description covers the monitoring of rock-mass defor-
mation.

Rock-mass deformation around the shaft will be monitored at three
measurement stations consisting of two levels separated by several meters,
using multiple-point borehole extensometers (NPBXs) placed at 1200 intervals
around the shaft circumference. The MPBXs will be installed as soon as prac-
ticable after excavation of the relevant level in the shaft. Deformations
will be measured across the shaft diameter and as a function of distance from
the shaft at multiple locations in the walls. The MPBX heads will not be
covered by the shaft liner, so that the deformations can be monitored as a
function of time. In addition to MPBX measurements, deformations will be
measured with rod extensometers at each of the three measurement stations.
Extensometer measurements will be made along diameters in the same plane as
the MPBXs at 600 from the MPBX heads.

8.3.1.15.1.5.2 Activity: Demonstration breakout rooms

Objectives

The major objective of this activity is to demonstrate constructability
and stability of underground rooms with cross-sectional dimensions equivalent
to those of a repository in both lithophysae-rich and lithophysae-poor
material. This demonstration will include an evaluation of the deformations
that occur around the openings. A secondary objective is to provide facili-
ties for other testing (e.g., heater tests and overcoring). Demonstration of
constructability and stability will contribute to empirical evaluations of
nonradiological health and safety (Issue 4.2 of the SCP).

Parameters

Data will be obtained concerning deformations caused by repository-sized
excavations in welded tuff. Information also will be obtained about the
extent of the zone of increased fracturing adjacent to the excavations, about
rock-bolt loading, and observations about excavation efficiency.

Description

A room in lithophysae-poor material (unit TSw2) with cross-sectional
dimensions equivalent to those of a repository will be excavated. The room
will be stabilized using rock bolts and wire mesh. Deformations will be
monitored using multiple-point borehole extensometers (MPBXs) at five
stations in the room, with six MPBXs at each station. The MPBXs will be
installed as soon as practicable after excavation of the relevant interval of
the room. Rod extensometer measurements will be made between drift
convergence anchors located in the room floor and back at eleven stations.
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In addition, rock bolt load cells will be used to monitor changes in the
stress-altered region.

A second room in lithophysae-rich tuff (TSwl) will be excavated. This
room, however, has been deferred until after construction and other
prioritized ESF testing activities have been completed.

8.3.1.15.1.5.3 Activity: Sequential drift mining

Objectives

The objectives of this activity are to obtain data on the deformation
response of drifts with cross-sectional dimensions equivalent to those of a
repository in welded tuff, to use the data in code evaluation activities, and
to demonstrate constructability and stability of repository-sized drifts in
lithophysae-poor material. Data will contribute to validation of computer
codes to be used to calculate mechanical responses, as well as contributing
to empirical evaluations related to nonradiological health and safety
(Issue 4.2 of the SCP).

Parameters

Data will be obtained concerning deformations caused by the presence of
multiple underground excavations in welded tuff (unit TSw2). Stress changes
also will be monitored.

Description

Although a final design for this experiment is not available, the con-
cept includes the following sequence:

1. Excavate observation drift with cross-sectional dimensions smaller
than or equivalent to those of a repository.

2. Instrument and characterize the rock mass between the observation
drifts using MPBXs, borehole stress meters, permeability and
cross-hole geophysical techniques before excavating the main
experiment drift.

3. Excavate the experiment drift and install NPBXs to monitor rock mass
deformation as excavation proceeds.

Deformations caused by the excavation of the main experiment drift in step 3
will be measured from the observation drift using borehole deflectometers and
multiple-point borehole extensometers (MPBXs), and within the experiment
drifts using rod extensometers and MPBXs. Instrumentation will be installed
for step 2 and also will be placed in the secondary excavation(s) in step 3
as mining progresses. Changes in near-field stresses around the drifts will
be monitored with borehole stressmeters.

Quantitative information from the measurements will be used to aid in
evaluation of computer codes to be used in calculation of the mechanical re-
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sponse of the rock-mass. Before this site characterization experiment
begins, some prototype experiments will be performed in G-tunnel. These
initial experiments are designed to aid in development of appropriate instru-
mentation. Emphasis will be placed on the development of appropriate instru-
ments to monitor ground motion (acceleration, velocity, and stress) asso-
ciated with blasting activities in welded tuff, with application to the
possible survivability of the full range of instrumentation to be used in
site characterization activities in the ESF.

8.3.1.15.1.6 Study: In situ thermomechanical properties

The objective of this study is to obtain data on in situ thermal and
thermomechanical properties for units TSwl and TSw2. Properties to be
obtained include heat capacity, thermal conductivity, and thermal expansion.
Deformation modulus, strain ratio, and radon emanation rates also will be
determined during some of the testing activities. In addition, the effects
of heating on in situ water content, deformation modulus, changes in
thermally induced stress, radon emanation, and the deformation response of
the rock around a heated room will be observed. Some of the data will be
used for testing computer codes used in heat transfer and thermomechanical
calculations. Additional heater experiments will be conducted to charac-
terize the waste container environment, as discussed in Section 8.3.4.2.4.

Interpretation of the data to be obtained from the activities for this
study will utilize information gathered for Study 8.3.1.4.2.2 (characteri-
zation of the structural features within the site area).

8.3.1.15.1.6.1 Activity: Heater experiment in unit TSwl

The heater experiment in unit TSwl has been proposed to be conducted in
the primary science ramp (north ramp). The test, however, will be deferred
until after construction and other prioritized ESF testing activities have
been completed.

Objectives

The objectives of this activity are to estimate the in situ thermo-
mechanical properties of lithophysae-rich tuff (unit TSwl) and to evaluate
the thermal and mechanical response of this tuff unit to elevated tempera-
tures. The data will be used to evaluate models during this and other
experiments.

Parameters

The parameters obtained for this activity are thermal conductivity, heat
capacity, and thermal expansion coefficient.
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Description

The design of this experiment, in terms of heater dimensions and power
output, has not been finalized. However, data to be measured will include
temperatures, deformations, and changes in moisture content regardless of the
heater used. Use of heater-induced temperature changes to estimate in situ
values of thermal conductivity and heat capacity is discussed for Study
8.3.1.15.1.1 (laboratory thermal properties). A neutron probe will be used
to evaluate changes in bulk moisture content near the heater; this informa-
tion will be used in calculation of in situ thermal properties and in quali-
tative evaluation of hydrothermal mechanisms. Estimates of thermal expansion
coefficients will be obtained through a combination of the measured temper-
atures and thermally induced deformations as measured with multiple-point
borehole extensometers.

8.3.1.15.1.6.2 Activity: Canister-scale heater experiment

Objectives

The objective of this activity is to obtain thermal and thermomechanical
rock-mass measurements of the effects of thermal inputs on a representative
(canister-scale) waste-emplacement borehole in lithophysae-poor tuff (unit
TSw2). The data will be used to evaluate the thermal and thermomechanical
models. Early testing will simulate heat fluxes expected during repository
operations to evaluate geomechanical models. The heat fluxes will be in-
creased subsequently during a thermal overdrive to determine the upper heat
limit for waste-emplacement borehole stability.

Parameters

The parameters to be obtained for this activity are thermal expansion
coefficient, thermal conductivity, and heat capacity.

Description

A canister-scale heater will be emplaced in unit TSw2, and temperatures,
deformations, and changes in moisture content and changes in stresses will be
monitored. Instruments will include thermocouples, multiple-point borehole
extensometers (MPBXs), borehole deformation gauges, and a neutron probe. The
use of heater-induced temperature changes to estimate in situ values of ther-
mal conductivity and heat capacity is discussed for Study 8.3.1.15.1.1
(laboratory thermal properties). Estimates of thermal expansion coefficients
will be obtained through a combination of the measured temperatures and
thermally induced deformations as measured with the thermocouples and MPBXs.
Data will be used to test computer codes intended to estimate the thermal and
thermomechanical behavior of the rock mass. Values for rock-mass thermal
properties will be obtained from evaluation of the response of the rock mass
and from estimates based on laboratory measurements of samples obtained from
the vicinity of the canister-scale heater. Additional discussion of code
evaluation activities is presented in Section 8.3.2.1.4. Qualitative infor-
mation concerning stability of the heater hole under conditions of elevated
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temperature will be made during a thermal overdrive and will contribute to an
evaluation of retrievability.

An additional activity associated with the canister-scale experiment is
the measurement of radon emissions in unit TSw2 as a function of temperature.
A borehole near the heater will be monitored for radon concentrations
throughout the duration of the canister-scale experiment. Results will be
used to help satisfy Issue 2.7 of the SCP (Section 8.3.2.3).

8.3.1.15.1.6.3 Activity: Yucca Mountain heated block

Objectives

The objectives of this activity are to estimate in situ mechanical and
thermomechanical properties of unit TSw2 and to test thermomechanical com-
puter models. Data on the properties will be used in mechanical and thermo-
mechanical calculations of stresses and deformations induced by the presence
of underground openings in unit TSw2 and overlying units and by the presence
of heat-producing waste in unit TSw2.

Parameters

The parameters of this activity are deformation modulus, thermal expan-
sion coefficient, thermal conductivity, heat capacity, joint wall compressive
strength, and joint roughness coefficient.

Description

Slots isolating a 2-m by 2-m block will be cut in an alcove at the main
test level in the exploratory shaft facility (ESF). Flatjacks will be set in
the slots adjacent to the block, enabling application of uniaxial or biaxial
stresses. Two rows of heaters outside opposite sides of the block will be
used to heat the block. Before and during the heated phases, stresses will
be applied and deformation will be monitored to obtain values for the
deformation modulus and the ratio of lateral strain to axial strain
(principal strain ratio), and the variation of these two properties with
temperature. Thermally induced deformation will be used to obtain estimates
of the thermal expansion coefficient. Use of heater-induced temperature
changes to estimate in situ values of thermal conductivity and heat capacity
is discussed for Study 8.3.1.15.1.1 (laboratory thermal properties). A
thermal probe also will be used as a transient-line heat source to measure in
situ thermal conductivity directly. In addition to the parameters mentioned
previously, changes in moisture content as a function of temperature and
position will be monitored with a neutron probe. Experience gained from the
G-tunnel heated block experiment (Zimmerman et al., 1986a) will guide the
experiment at Yucca Mountain.

After some portion of the experiment has been completed for this activ-
ity, the feasibility of cutting slots for a second block will be assessed.
If feasible, this block would be oriented in a manner allowing for measuring
shear and normal mechanical properties of in situ fractures.
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Instruments for measuring deformation for this activity may include set
pins, strain gage rosettes, horizontal extensometers, tiltmeters, and
multiple-point borehole extensometers. Stress changes during the experiment
will be monitored with borehole deformation gages. As mentioned earlier,
thermal and neutron probes also will be used.

To help interpret the data from this experiment, laboratory measurements
will be made using core from instrumentation holes in or near the block.
Thermal conductivity, heat capacity, and mechanical properties will be meas-
ured. In addition, measurements of joint wall compressive strength and joint
roughness coefficient (Barton and Choubey, 1977) will be made on joints
within or near the location of the block.

8.3.1.15.1.6.4 Activity: Thermal stress measurements

Objectives

The objective of this activity is to monitor changes in thermally
induced stress in jointed welded tuffs in an accelerated test. The data will
be used to evaluate thermally induced stresses calculated with thermo-
mechanical computer codes. The focus of this experiment is directed toward
evaluating drift stability as it might affect retrievability.

Parameters

Parameters for this activity are temperature, thermally induced
stresses, and displacement.

Description

A slot will be cut in the roof or a rib of a drift and a flatjack will
be inserted in the slot. Two rows of heaters parallel to and on either side
of the slot will be energized, and a new method for stress cancellation will
be used to measure the stresses induced by the temperature field. In addi-
tion, deformation in the surrounding heated volume (>36 m3) will be monitored
using MPBXs and long-gage surface extensometers. The combinations of meas-
ured deformation with measured temperatures will allow confirmation of in
situ thermal expansion coefficients measured in other in situ tests
(Activities 8.3.1.15.1.6.1, 8.3.1.15.1.6.2, and 8.3.1.15.1.6.3).

The specific number and location of these experiments has not yet been
defined. At a minimum, experiments in the roof and rib are envisioned.
Evaluation of the experiment design and prototype experiments are ongoing.
The prototype experiments include development of equipment (e.g., high-
pressure flatjacks) as well as the methodology.
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8.3.1.15.1.6.5 Activity: Heated room experiment

Objectives

The objectives of this activity are (1) to evaluate the thermomechanical
response of welded tuff around repository openings to expected repository
conditions during both construction and operation, (2) to develop a data base
for evaluating thermal and thermomechanical design analyses and methods
applicable for repository considerations, and (3) to use actual site data in
predicting drift response and support/rock interactions during construction,
operation, retrievability, and postclosure.

Parameters

The following parameters and information will be obtained during this
experiment: rock-mass deformation; estimate of the region in which the
stress state is changed by elevation of temperature; stress changes; thermal
conductivity and heat capacity; ground-support loading and deformation; and
the temperature dependence of measured parameters.

Description

The design of this experiment is in the preliminary stage. The experi-
ment will be conducted in unit TSw2. The experiment will consist of develop-
ing a representative room in a drift and heating the rock around it to ex-
pected repository operating temperatures. The length of the heated room and
geometrical placement of the heat sources will be determined by evaluating
the length and heat source placement with a reasonable number of heaters
required to generate repository-like conditions. Preliminary plans call for
the heated room to be paralleled by two drifts, which will serve as unheated
access drifts where the heaters originate. The three drifts would be in the
same horizontal plane. Distances between the drifts would be established to
facilitate the model testing process and an accelerated testing schedule. A
goal in the test planning is to develop sufficient heat for initial thermo-
mechanical evaluations during the site characterization phase and that ther-
mal stresses representative of repository operating conditions would be
generated as early as three years after starting the heating.

The heated room experiment serves as a demonstration of the capabilities
of welded tuff to sustain thermal stresses at a scale representing repository
conditions. The accelerated heating is designed to reach stress conditions
representative of 100 yr of emplacement. The measurements are to be used to
test empirical and opening-support design models. Additional discussion of
model validation activities is presented in Section 8.3.5.20.

Instrumentation will include thermocouples, multiple-point borehole
extensometers, long-gage surface extensometers, borehole deformation gages,
and possibly a neutron probe. If possible, flatjack-control system com-
ponents of the thermal stress measurements system (Section 8.3.1.15.1.6.4)
will be incorporated. Considerations will be made regarding the use of
acoustic emission techniques to monitor rock-mass emissions in a spatial
arrangement.
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8.3.1.15.1.7 Study: In situ mechanical properties

The objectives of this study are to obtain in situ measurements of the
mechanical properties of the rock mass for unit TSw2. Mechanical properties
include rock-mass deformability and evaluations of responses of single and
multiple joints to controlled loadings. The numbers of experiments to obtain
such properties will not fulfill requirements for confidence as expressed by
performance and design issues. Therefore, the data will be used as prelim-
inary indicators of rock-mass values and as checks of the validity of extra-
polation of laboratory-determined data to in situ conditions. In addition,
measurements of rock-mass deformation modulus in different locations will
provide an estimate of spatial variability of rock-mass mechanical proper-
ties. Necessary information about fractures that is relevant to individual
test locations (as well as to Yucca Mountain as a whole) will be gathered as
part of Study 8.3.1.4.2.2.

8.3.1.15.1.7.1 Activity: Plate loading tests

Objectives

The objectives of this activity are to measure the deformation modulus
of the rock mass and to evaluate the zone of increased fracturing adjacent to
underground openings. Modulus data are to be used in thermomechanical calcu-
lations of the stresses and deformations induced by the presence of under-
ground openings in unit TSw2 and overlying units and by the presence of heat-
producing waste in unit TSw2. Characterization of the zone of increased
fracturing will contribute to the definition of initial conditions, boundary
conditions, and properties to be used in the calculations.

Parameters

The parameters for this activity are rock-mass deformation modulus,
joint wall compressive strength, joint roughness coefficient, and spatial
variability thereof.

Description

Plate-loading experiments will be performed at numerous (10 to 20) loca-
tions in the exploratory shaft facility (ESF) and associated excavations both
in unit TSwl (upper demonstration breakout room) and in unit TSw2 at the main
test level. Individual experiments will be performed with vertical and hori-
zontal orientations at each location. Rock deformations will be measured
using a multiple-point borehole extensometer (MPBX) oriented parallel to the
load axis in the center of the plate area. Deformation of the loading column
will be monitored using rod extensometers. Values of the rock deformation
modulus will be calculated using the rock deformation and the applied stres-
ses. Moduli from different stations will be compared to evaluate spatial
variability within unit TSw2. These data primarily will be applicable to the
material around an opening that has been affected by the presence of the
opening and by the excavation process. As such, the moduli will represent
lower bounds on the modulus of the undisturbed rock mass.
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Borehole dilatometer measurements performed in association with over-
coring experiments (Activity 8.3.1.15.2.1.2) will be used to obtain data on
the borehole deformation modulus. These data will provide another measure of
the spatial variability of in situ moduli.

Acoustic emission techniques will be used to detect rock-mass responses
to the loadings with the goal of detecting spatial distributions of non-
uniform emissions. Emission data will be helpful in interpreting any irreg-
ular mechanical responses of the rock mass to the loadings. If possible,
rock bolt load cells will be attached to bolts in the nearby rock to serve
the same purpose.

To aid in the interpretation of data obtained from these experiments,
mechanical properties of the intact rock will be measured in the laboratory
using core from instrumentation holes at each experiment location. In addi-
tion, joint wall compressive strength and joint roughness coefficient (Barton
and Choubey, 1977) and joint geometry will be measured on joints near each
experiment location. Frictional and stiffness properties of the joints may
be used in the analysis of the plate-loading experiments. Such properties
will be measured on site-specific samples if samples can be obtained. If no
site-specific samples are available, data will be taken from the results of
Activities 8.3.1.15.1.4.1 and 8.3.1.15.1.4.2.

8.3.1.15.1.7.2 Activity: Rock-mass strength experiment

Objectives

The objective of this activity is to evaluate the mechanical behavior of
the rock mass or its components. Experiments will be performed to obtain
information with regards to the mechanical strength of single joints and
multiply jointed volumes of rock. It is envisaged that this experiment will
be conducted in several areas that are representative of the range of condi-
tions encountered in the exploratory shaft facility (ESF). The information
will be used to evaluate potential scale effects between laboratory and in
situ conditions, to provide data to evaluate empirical design criteria, and
to provide data to evaluate and validate jointed-rock models.

Parameters

The following parameters will be obtained during this experiment: joint
characteristics (including joint shear strength, joint wall compressive
strength, and joint roughness coefficient), joint normal and joint shear
deformation response, and rock mass deformation modulus.

Description

Rock-mass strength experiments will be conducted in drifts at the
Topopah Spring level and in the main test level core area of the ESF.
Specific areas have not yet been determined, but they will be chosen to be
representative of the range of geologic conditions expected in the reposi-
tory. Joint shear response will be measured on individual joints of a size
of 70 by 70 cm as suggested in the International Society of Rock Mechanics
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Suggested Methods (ISRM, 1981). The shear strength experiments will provide
data on the in situ joint shear strength as well as the normal and shear
displacement response on in situ joints. This information will be used to
evaluate jointed-rock models. The rock-mass strength portion of this experi-
ment will measure the uniaxial load-bearing capacity of large blocks (up to 1
by 1 by 2 m) of rock that include multiple joints. This will provide data on
the behavior of multiple joints to compressive loads and will be used to
evaluate jointed-rock models and to evaluate empirical rock-mass strength
relationships such as those developed by Hoek and Brown (1980). The rock-
mass strength portion of this experiment will be similar to other large-scale
in situ compression tests (Jahns, 1966; Bieniawski, 1968; Pratt et al., 1972;
Wagner, 1975). The block of rock will be cut using hydraulic chain saws
(Zimmerman and Finley, 1987) and the compressive loads will be applied
through high-pressure flatjacks being developed at Sandia National
Laboratories.

8.3.1.15.1.8 Study: In situ design verification

The objectives of this study are to (1) investigate the effects of the
spatial variability of the rock on drift stability, mining activities, and
ground supports; (2) evaluate techniques for underground excavation and
ground support, for selecting ground supports to be used in different rock
types, and for monitoring drift stability; (3) quantify the emanation of
radon into repository drifts and observe its dispersion with airflow, and
(4) measure parameters needed to design repository ventilation systems.

8.3.1.15.1.8.1 Activity: Evaluation of mining methods

Objectives

The objective of this experiment is to develop recommendations for min-
ing in the repository by monitoring and evaluating mining activities in the
exploratory shaft facility, and by conducting mining investigations.

Parameters

This activity does not include measurement of any geomechanical
parameters.

Description

Mining methods in the ramps and exploratory drifts will be monitored.
Particular attention will be given to the effects of the spatial variability
of the rock. Results of mining to be evaluated include characteristics of
the excavated spaces (including geologic mapping), rubble size distributions,
and effects of ramps and drift construction on the surrounding rock. Mining
investigations will be concentrated in the repository-scale portions of the
drifts and will include examination of ramp and drift construction-induced
damage in boreholes.
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8.3.1.15.1.8.2 Activity: Monitoring of ground-support systems

Objectives

The objective of this experiment is to develop recommendations for a
ground-support methodology to be used in drifts in the repository, based on
evaluations of the ground-support methodology used in the exploratory shaft
facility (ESF), and on experimentation with other ground-support configura-
tions. Recommendations will be made for support systems to be used, as well
as for methods of selection of supports that are appropriate for the ground
conditions encountered.

Parameters

This activity includes compiling parameters used to classify the rock
mass in order to select supports. These parameters might include rock
quality designation, joint orientation, spacing, and characteristics, intact
rock strength, and in situ stresses.

Description

Evaluation of ground-support systems will be carried out in the long
drifts to enhance the measurements made in the main test area (Activity
8.3.1.15.1.5.2 and 8.3.1.15.1.5.3). The selection, installation, and per-
formance of the support systems used will be monitored. Monitoring of the
selection of ground-support systems will involve cataloging the parameters
that are evaluated to classify the rock mass in order to select supports.
Monitoring of the installation process will include documenting materials and
equipment used, installation procedures and schedules, and support configura-
tions. The performance of the supports will be measured in terms of rock-
mass convergence, block movement and rock falls, required maintenance (all
measured as part of Activity 8.3.1.15.1.8.3), loads on rock bolts and steel
sets, and observed behavior of shotcrete or concrete. Results of other tests
describing the performance of ground supports in the upper breakout room and
around the main test area also will be considered in these evaluations.

Further experimentation with ground-supports in the long drifts will
include rock-bolt pull tests, observation of unsupported rock, strength
measurements on shotcrete cores, and trial deviations from the ESF-prescribed
ground-support systems.

Complete assessments of ground-support systems for use in the repository
must incorporate the results of this experiment with those of other experi-
ments and analyses (Activity 8.3.1.15.1.6.5), because the drifts to be moni-
tored will not be heated, and behavior must be predicted through the 100-yr
operational life of the underground facility.

8.3.1.15-53



YMP/CM-0011, Rev.1 YMP/CM-0011, Rev. 1

8.3.1.15.1.8.3 Activity: Monitoring drift stability

Objectives

The objectives of this experiment are to (1) provide confidence in pre-
dictions of usability of the repository underground facilities over their
100-yr operational life, (2) contribute to evaluations of the effectiveness
of mining methods and ground-supports (Activities 8.3.1.15.1.8.1 and
8.3.1.15.1.8.2), (3) calibrate and refine criteria for determining stability
of the openings, and (4) develop techniques for monitoring stability of the
repository drifts.

Parameters

Representative amounts and rates of closure around drifts in the repos-
itory horizon will be established.

Description

This activity involves monitoring drift convergence and drift main-
tenance activities at the main test level. Instrumentation will be con-
centrated in the long drifts, although a limited number of convergence points
may be set up in the main test area, and similar measurements that will be
taken in other tests will be included in final evaluations.

Convergence measurements will be taken throughout the long drifts, in a
continuous manner, if practical. Rock-mass relaxation will be investigated
in the repository-scale portions of the long drifts using multiple-point
borehole extensometers. Rock-mass performance will be considered in light of
results from geologic mapping activities (Activity 8.3.1.4.2.2.4). Rock
falls and maintenance activities will be documented through observations and
with photographs.

8.3.1.15.1.8.4 Activity: Air quality and ventilation experiment

Objectives

The objectives of this experiment are to (1) measure the rate of radon
emanation from the repository host rock and (2) evaluate parameters and
variables needed as input to or for testing of the models to be used for
design of the ventilation systems in the repository underground facility.

Parameters

The rate of radon emanation from the repository host rock will be eval-
uated. Air flow velocity, air pressures, air temperature, humidity, air
resistance factors, dust concentrations and dust characteristics will be
evaluated.
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De script ion

This activity consists of five separate items: (1) radon emanation
measurements, (2) surveys of airflow velocity and pressure and of temperature
and humidity, (3) determination of the heat transfer coefficient for the rock
to the air, (4) determination of air resistance factors, and (5) dust char-
acterization.

The radon emanation measurements will be made in a dead-end drift that
has been sealed with a bulkhead, allowing the radon gas to come into equilib-
rium with its short-lived daughter products. Measurements possibly will be
made in a borehole as well. The sealed drift will be repeatedly ventilated
and then allowed to return to equilibrium in order to establish relationships
between airflow and concentrations of radon and radon daughters.

Items 2, 4 and 5 in this activity will be performed with portable
instruments over periods of a few days each. They are not expected to inter-
fere significantly with other underground activities. Item 3 will be
performed either by estimating a value for the heat transfer coefficient
using information from literature sources or inferring a value based on the
data gathered from item 2.

8.3.1.15.2 Investigation: Studies to provide the required information for
spatial distribution of ambient stress and thermal conditions

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of the SCP provide a summary of available data
relevant to ambient stress and thermal conditions and identify areas of
insufficient or inconclusive information:

SCP section Subject

1.3.2.3

1.3.2.5

1.8.1

1.8.2

2.4.2

2.5.2

2.6.1

Existing stress regime

Geothermal regime

Summary of significant results (geology)

Relation to design (geology)

Thermal and thermomechanical properties of rock
at the site (intact rock)

Thermal and thermomechanical properties of rock
at the site (large scale)

Stress regime in region of the site

2.6.2 Stress regime at the site
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Parameters

Table 8.3.1.15-1 sumnarizes the information and parameters required for
resolution of design and performance assessment issues.

Purpose and objectives of the investigation

The performance allocation process as implemented by performance assess-
ment and design has identified performance measures and goals. To determine
whether the performance goals can be met, data must be available on various
site parameters, and the data must have associated levels of confidence. The
parameters and associated confidence levels are identified in the performance
assessment and design issues and serve as the basis for planning of a site
characterization program.

Table 8.3.1.15-1 provides a detailed comparison of the information re-
quired by performance assessment and design issues on ambient in situ stress
and temperature conditions with the activities planned to acquire site
characterization data on these conditions. Figure 8.3.1.15-1 shows the
general link between site characterization and the issues requiring data, and
Figure 8.3.1.15-3 depicts the detailed logic for completion of Investigation
8.3.1.15.2. Completion of the activities shown in Figure 8.3.1.15-3 and
discussed in the following pages will provide all required information on
ambient in situ stress and temperature conditions required by performance
assessment and design.

Technical rationale for the investigation

The data requirements summarized in Table 8.3.1.15-1 are straight-
forward. For ambient stress conditions, determination of the principal
stresses and the spatial variability thereof will provide the required
information. For ambient thermal conditions, measurement of the in situ
temperatures and the spatial variability thereof will satisfy the require-
ments. In addition, heat flow data may be used as a check on the internal
consistency of models of heat and water flow at Yucca Mountain.

8.3.1.15.2.1 Study: Characterization of the site ambient stress conditions

The objective of this study is to characterize the ambient (pre-
repository) state of stress of the Yucca Mountain host rock and surrounding
units for use as initial conditions for geomechanical models used in the
design and performance assessment of the repository underground facilities.

8.3.1.15.2.1.1 Activity: Anelastic strain recovery experiments in core
holes

Objectives

The objective of these experiments using samples from core holes is to
determine the horizontal stresses at Yucca Mountain and especially the spa-
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tial variability thereof. In situ stress data will contribute to definition
of initial and boundary conditions for mechanical and thermomechanical
analyses.

Parameters

The parameters to be determined during these experiments are the magni-
tude and orientation of the minimum and maximum horizontal stresses. In
addition, values of Young's modulus and Poisson's ratio will be obtained on
the samples to enable stresses to be calculated from measured strains.

Description

The anelastic strain recovery method of obtaining in situ stress data
involves measurement of biaxial strains on core immediately after the core is
removed from the core hole. Oriented core is used for the measurements. A
viscoelastic model is used with the magnitude and orientation of the measured
strains to calculate in situ stresses. The technique assumes that partial
recoverable strain is proportional to the total recoverable strain, that the
recovery behavior is linearly viscoelastic, and that the material is either
isotropic or transversely isotropic. A comparison of the technique with
hydraulic fracturing is presented in Teufel and Warpinski (1984).

This technique may be used in several of the new core holes at Yucca
Mountain. Suitable core (i.e., unfractured and with limited lithophysae)
will be measured, with the following experiment distribution in each hole:

Thermal/mechanical unit Number of experiments

TCw 1 (if feasible)

PTn 1 (if feasible)

TSwl 2-3

TSw2 2-3

TSw3 0

CHnlv 1

CHnlz 1

The number and distribution of experiments are designed to examine both
vertical and horizontal variability of in situ stress while minimizing the
total number of experiments. After strains are measured on a specific inter-
val, the core will be deformed in the laboratory to obtain Young's modulus
and Poisson's ratio data with which to calculate the stresses from the
measured strains.

The applicability of the technique to welded tuffs removed from rela-
tively shallow depths (<500 m) will be evaluated by prototype testing in the
Grouse Canyon Member in existing excavations in Rainier Mesa at the Nevada
Test Site. The experimental program just outlined will be conducted only if
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the experiment results in the Grouse Canyon Member indicate that useful data
are likely to be obtainable at Yucca Mountain.

8.3.1.15.2.1.2 Activity: Overcore stress experiments in the exploratory
shaft facility

Objectives

The primary objectives of these experiments are (1) to determine the in
situ state of stress above, within, and below the repository host rock in
that portion of the repository block penetrated by the exploratory shaft
facility (ESF) and (2) to evaluate the extent to which the ambient stress
conditions are redistributed adjacent to excavations. In situ stress data
will contribute to definition of initial and boundary conditions for
mechanical and thermomechanical analyses.

Parameters

The parameters of this activity are in situ stresses and spatial vari-
ability thereof.

Description

Overcoring tests to measure stresses in two dimensions will be done at
both the Topopah Spring and Calico Hills levels in the ESF. For each test, a |
10-m-long EX-size pilot hole will be drilled. At least three overcore stress
experiments using borehole deformation gages (BDG) will be conducted in each
pilot hole; overcoring will produce 14.6-cm diameter hollow core. Strain
measurements will be completed on the recovered core before it is tested in a
biaxial pressure chamber. This testing will be conducted to obtain a
deformation modulus with which to calculate stresses from the strain data
observed in situ.

A separate set of overcoring experiments, to measure stresses in three
dimensions, will be performed in lateral excavations. Holes will be drilled
laterally both at the upper breakout level and at the main test level and in
a drilling alcove excavated laterally from the ramp in the nonwelded and zeo-
litized tuffaceous beds of the Calico Hills (unit CHnlz). Three types of
core holes will be included in these experiments. First, 76-mm-diameter
(NX-size) holes will be cored to a depth of 15 m to examine fracture char-
acteristics in the vicinity of the overcoring experiments. Then, 38-mm-
diameter (EX-size) pilot holes will be cored beginning at or near the exca-
vation boundary, and 15.2-cm-diameter core barrels will be used to overcore
the pilot holes. Actual drillhole configurations and orientations may
change, depending on local geologic conditions (fracturing, lithophysal
content). At each location, overcoring will extend up to 15 m radially into
the rock mass from the edge of the excavation.

Each core hole involved in the overcoring work will be surveyed for
fractures by a borehole video camera. The fracture surveys are intended to
provide data on the location, distribution, orientation, spacing, apertures,
and infilling of the fractures at each location and to assist in placement of
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BDGs in the pilot holes. Borehole dilatometer experiments will be conducted
in the 76-mm (NX) core holes to obtain estimates of the rock-mass deformation
modulus and its variability along the length of each hole.

The number of locations at which overcoring will be performed at the
main test level will depend on spatial variability of in situ stress.

8.3.1.15.2.2 Study: Characterization of the site ambient thermal conditions

The objective of this study is to characterize the ambient (pre-
repository) temperature of the Yucca Mountain host rock and surrounding units
for use as initial conditions for thermomechanical models used in the design
and performance assessment of the repository underground facilities.

8.3.1.15.2.2.1 Activity: Surface-based evaluation of ambient thermal
conditions

Objectives

The objectives of this activity are (1) to measure in existing wells the
spatial variation of temperature with depth and to provide baseline tempera-
tures within the repository host rock and surrounding units, (2) to measure
thermal conductivity (near 250C) of core samples as a check on independent
thermal property determinations at various temperatures, and (3) to determine
heat flow at Yucca Mountain.

Parameters

The parameters of this activity are ambient temperature and spatial
variability thereof and thermal conductivity.

Description

Temperature logs will be obtained in all available wells at Yucca
Mountain and in the surrounding area. Temperatures will be logged at 0.3-m
depth intervals below the water table and in water-filled casing above the
water table. In air-filled casing above the water table, temperatures will
be measured at 30-m intervals because of long-time constants. In all
instances, calibrated thermistor probes will be used. Temperature profiles
and cross sections will be prepared.

Thermal conductivities will be measured on cores (in conjunction with
Activity 8.3.1.15.1.1.3) or drill cuttings. In addition, least-squares
analyses will be performed on nearly linear segments of temperature profiles
and combined with the thermal conductivities to determine the near-surface
heat flow and its variation, both vertically and laterally, within and around
the proposed repository location.
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8.3.1.16 Overview of preclosure hydrology program: Description of
preclosure hydrologic characteristics and conditions required by
the performance and design issues

Summary of performance and design requirements for hydrologY information

The preclosure hydrology test program addresses the requirements of
performance and design issues. The hydrologic conditions, which include the
potential for flooding, the availability of water for repository construction
and operation, and the subsurface hydrologic conditions both within and above
the repository horizon, must be examined to determine if engineering measures
that require excessive cost, or technology beyond that which is reasonably
available, will be needed.

The preclosure hydrology program (this section) and the geohydrology
program (Section 8.3.1.2) will obtain specific data required for the design
of the systems and components that are important to safety. The descriptions
and analyses will consider the margins of safety under conditions that may
result from expected operational occurrences, including those of natural
origin such as flooding. These analyses must also consider the adequacy of
structures provided for the prevention of accidents and mitigation of their
consequences, including natural phenomena. Thus, information on the flash
flood potential of the site is needed to aid in the design of the flood
control measures, should they be required.

Four issues (Issues 1.11, 1.12, 4.2, and 4.4) request data from the
preclosure hydrology program. The requests for hydrologic data can be
summarized as follows:

1. Information required for Issue 4.4 (technical feasibility, Sec-
tion 8.3.2.5) and Issue 4.2 (nonradiological health and safety,
Section 8.3.2.4) relates to the potential for surface flooding.
Flood frequency and magnitude data are needed for analyses being
performed to determine the impacts of potential flooding on the
design of the surface facilities.

2. The second type of data requested by Issue 4.4 are the parameters
required to locate adequate and alternative sources of water for the
repository. Current plans are to develop two new wells for reposi-
tory water supply. In the event of well failures, an alternative
source of water also must be available. Existing wells J-12 and
J-13 could be adequate for repository-related water needs and will
be considered in the evaluation for suitable alternative sources.
Characteristics of aquifers proximal to the site will be evaluated
to identify potentially suitable sources. Modeling studies in sup-
port of Activity 8.3.1.2.3.3.3 will determine the possible changes
to the flow system that might result from withdrawals made from the
wells supplying water for the repository and from the proposed
alternative sources.
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3. Issues 4.4 (technical feasibility, Section 8.3.2.5), 1.11 (configu-
ration of underground facilities, Section 8.3.2.2), and 1.12 (seal
characteristics, Section 8.3.3.2) require a description of the
hydrologic conditions within and above the repository horizon. This
information is needed to estimate moisture content, flux, and poten-
tial moisture influx above and within the host horizon, as well as
the potential for perched water zones, which will be used as input
for the design of the repository, shaft liners, and seals.

Approach to satisfy performance and design requirements

The strategy of the preclosure hydrology program is to satisfy the
requirements of design and performance issues. Three different types of pre-
closure hydrologic data have been identified by the design and performance
issues: (1) flood frequency and magnitude, (2) water supply for repository-
related water needs, and (3) subsurface hydrologic conditions at the site.
These data requirements form the basis for the three investigations. Ta-
bles 8.3.1.16-1 and 8.3.1.16-2 list the parameters to be collected by this
program, identify the issues that will use each parameter, and define the
activities under which each parameter is to be collected. Figure 8.3.1.16-1
illustrates how the investigations of the preclosure hydrology program and
the geohydrology program will obtain the data needed to satisfy the parameter
requests of the design and performance issues.

The different types of data required will be obtained from three differ-
ent investigations. Each investigation focuses on the specific type of data
to be collected. Investigation 8.3.1.16.1 addresses the aspects of surface
hydrology related to flood and debris hazards; Investigation 8.3.1.16.2
addresses the hydrologic and economic requirements of water supply; and
Investigation 8.3.1.16.3 describes the subsurface conditions of the unsatu-
rated zone that must be known to design the repository access ramps, under-
ground facilities, shafts, shaft liners and seals. These data are required
by the design issues to determine (1) the technical feasibility of con-
structing a repository in the unsaturated zone, (2) the compatibility of
repository-related activities with the geohydrologic setting, and (3) the
ability to construct the repository using available technology and at reason-
able cost.

Interrelationships of preclosure hydrology investigations

Three investigations have been developed to provide the necessary infor-
mation for the preclosure hydrology program. Investigation 8.3.1.16.1 (flood
recurrence intervals) will obtain data that will be used to define flood
recurrence intervals, flood levels, and the probable maximum flood at poten-
tial locations for the surface facilities.

Study 8.3.1.16.1.1 (flood potential of the Yucca Mountain site) will
evaluate flood potential by collecting peak streamflow data, assessing the
debris movement in drainages at or near the Yucca Mountain site, and investi-
gating geologic evidence of paleofloods. The character of selected channel
and floodplain deposits will be examined to determine the nature of the flu-
vial processes involved in deposition. Field judgments of the nature and

8.3.1.16-2
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hydrology program for System Element 1.1.1 (surface)
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Table 8.3.1.16-2. Data requirements of the design and performance issues satisfied by the preclosure
hydrology program for System Element 1.1.2 (subsurface)
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severity of debris transport by floods will be made to evaluate the charac-
teristics of debris hazards posed by the floods. Pertinent engineering ana-
lytical techniques, including standard flood-frequency analysis techniques,
will be applied to the data collected in the appropriate drainages. This
will yield an estimate of the magnitude and frequency of future flood events.
These standard flood-frequency analysis techniques will be used-to determine
design requirements for nonsensitive structures while more conservative
flood-hazard design requirements will be used for sensitive structures such
as shafts and waste-handling structures.

The specific parameters that have been defined for Study 8.3.1.16.1.1
are the maximum rates and quantities of precipitation, streamflow character-
istics, flood flow and debris transport conditions, and the recurrence for
runoff and flood events. By calculating flood recurrence intervals, and
quantifying the probable maximum flood level, adequate design measures can be
implemented to avoid and mitigate the hazards associated with flood events.

Investigation 8.3.1.16.2 (adequate water supplies) addresses the loca-
tion of adequate water supply for repository construction, operation, and
closure. Two subordinate concerns to this investigation are the location of
an alternative water supply and the possibility of using wells J-12 and J-13
as the alternative wells.

The second study, Study 8.3.1.16.2.1 (adequate water supply for the
mined geologic disposal system) consists of three activities. The parameters
that will be evaluated include the hydraulic characteristics of aquifers
located proximal to the site, the cost and feasibility of constructing new
water wells and a distribution system, and the identification of the possible
effects on the flow system that might result from water withdrawals made from
the proposed primary wells or from the proposed alternative wells.

Investigation 8.3.1.16.3 (ground-water conditions) involves characteriz-
ing the unsaturated zone above and within the repository horizon to define
the moisture conditions between the repository and the land surface.

Study 8.3.1.16.3.1 is primarily a synthesis activity. The character-
ization of the hydrologic conditions within and above the repository horizon
will be accomplished by studies being performed in support of Investigation
8.3.1.2.2. Although the bases for addressing the investigations are differ-
ent (repository design versus long-term performance assessment), the param-
eters that must be obtained to satisfy both of these investigations are the
same. Information on flux, moisture content, and potential influx will be
obtained from the geohydrology program (Section 8.3.1.2). The data collected
under the geohydrology program will be compiled, analyzed, and evaluated
under Activity 8.3.1.16.3.1.1, and will be used to define the moisture con-
ditions at the site that are needed for design.

8.3.1.16-6
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8.3.1.16.1 Investigation: Flood recurrence intervals and levels at
potential locations of surface facilities

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

Section 3.2 surmiarizes the current information regarding flood history,
the potential for future flooding, current and future studies of flood and
debris hazards, and flood protection. Local convective storms coupled with
the rugged terrain at Yucca Mountain can cause intense flash flooding to
occur sporadically in dry washes that drain the mountain. The meteorology
and climatology of the Yucca Mountain site and the region are discussed
further in Section 5.1. Further evaluation of the flood potential of these
washes is necessary to ensure adequate design of the surface facilities.
Flood protection design considerations are discussed in Sections 6.2.4 and
3.10.2.

Parameters

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

1. Precipitation quantities and rates.

2. Streamflow rates, quantities, and durations.

3. Peak flood discharges.

4. Quantity and character of debris moved during floods.

5. Character of fluids moved during flooding (relative proportions of
water and sediment).

6. Recurrence intervals for runoff and flooding.

Most of the data for these parameters are being, or will be, collected
through the following studies:

Study Subiect

8.3.1.2.1.2

8.3.1.5.2.1

8.3.1.12.2.1

Characterization of regional surface water (surface-water
runoff and fluvial transport of debris by floods)

Characterization of the Quaternary regional hydrology
(regional paleofloods)

Meteorological data collection at the Yucca Mountain site

8.3.1.16-7
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Purpose and objectives of the investigation

To meet the purpose of identifying the potential hazards associated with
floods and debris movement, three objectives must be met: (1) to determine
the magnitudes and frequencies of major flood events that can potentially
occur during the period of repository operation, (2) to identify all poten-
tial areas of inundation, and (3) to determine the quantities and size char-
acteristics of debris transported by flooding. Figure 8.3.1.16-2 illustrates
how the activities of Study 8.3.1.16.1.1, in conjunction with activities of
the geohydrology program, will obtain the required parameters.

Technical rationale for the investigation

Surface facilities such as roadways, building pads, and buildings to
serve as workshops, offices, laboratories, and living spaces, must be located
and designed for minimum natural disturbance during their intended life
(approximately 100 yr) largely for safety and economic reasons. It is also
critical that all surface sites for handling the waste packages, including
buildings, storage areas, and repository access facilities such as shaft
collar and hoisting structures, be located in an area where flood or debris-
flow events would not have serious effects on their stability during the
preclosure period. To accomplish this, flood and debris-hazard studies have
been designed to document flooding and severe sediment erosion, transport,
and deposition to aid in predicting the maximum flood intensities and recur-
rence intervals, which are necessary for the design of safe facilities.

In these studies, floods will be characterized by measuring the peak
streamflows and generally assessing associated debris movement in drainages
that are at or near the Yucca Mountain site. The surficial character of
selected channel and floodplain deposits in the numerous ephemeral drainages
will also be examined in an attempt to determine the nature of the fluvial
processes involved in the emplacement of the deposits. Field judgments of
the nature and severity of debris transport by floods will be made to evalu-
ate properly the characteristics of debris hazards posed by the floods. Per-
tinent engineering-analytical techniques, including standard-flood-frequency-
analysis techniques (e.g., the log-Pearson type III distribution), will be
applied to the data collected in the drainages in question to estimate the
magnitude and frequency of future floods. Using this approach, non-sensitive
structures can then be designed by standard engineering methods of flood
analysis, while the shaft and restricted-area facilities will use more con-
servative flood hazard design procedures.

Peak streamflow data at and around Yucca Mountain will be collected as
part of Activity 8.3.1.2.1.2.1 (surface-water runoff monitoring). The analy-
ses of these data will also incorporate data from nearby crest-stage gages
that have been operative since the 1960s as part of the U.S. Geological
Survey, Nevada Department of Transportation flood-study program. The field
judgments of the nature and severity of debris transport by flood flows will
be made as part of Activity 8.3.1.2.1.2.2 (transport of debris by severe run-
off). Pertinent information from Activity 8.3.1.5.2.1.1 (regional paleoflood
evaluation) will also be transferred to this activity for use in character-
izing the flood and debris hazards.

8.3.1. 16-8
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The techniques used to obtain this information will complement each
other and also will allow a comparison of data to decrease data uncertainty.
It is recognized that the short period of record for direct flow measurements
will be inadequate to derive confident estimates of flood recurrence inter-
vals larger than a few years. Therefore, this study will rely upon a combi-
nation of direct and indirect techniques. In areas where the flood recur-
rence and intensity analyses will have to be translated to surface facility
sites where actual data may not have been collected, the geologic record of
paleofloods will be used to temper the probability analyses for sensitive
surface facilities. Trench studies of ancient deposits and morphologic
studies of the area will be used to complement the peak streamflow measure-
ments for determining the characteristic depths of flooding, depths of scour,
characteristics of sediment load, and thickness of deposits formed in the
past.

Section 8.3.1.5.2 describes paleoflood studies that will be used to
augment this investigation. Initial trench studies suggest that paleoflood
techniques may not be adequate to fully assess flood and debris hazards
because of the lack of datable materials (e.g., organics, tephra, and soil
formation). Thus, a dual strategy will be maintained to determine flood and
debris hazards. Crest-stage data collection will continue indefinitely, and
flood events will be documented if and when they occur. Data from these
modern flood studies will be supplemented by information from paleoflood
reconstruction activities to be performed as part of the geohydrology program
(Section 8.3.1.2).

8.3.1.16.1.1 Study: Characterization of flood potential of the Yucca
Mountain site

This study contains one activity and evaluates the potential for flood-
ing in the many small, dry, desert washes that drain Yucca Mountain. This
evaluation will be used for designing the surface facilities for the proposed
repository. Proper design for flood potential is necessary to ensure the
safety of the workers and the surface facilities.

8.3.1.16.1.1.1 Activity: Site flood and debris hazards studies

Objectives

The objective of this activity is to assess the flood and debris hazards
at and near the potential repository surface facilities locations to allow
adequate design of facilities to prevent or reduce hazards to an acceptable
level.

Parameters

The parameters of this activity are

1. Precipitation quantities and rates.

8.3.1.16-10
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2. Streamf low rates, quantities, and durations.

3. Peak flood discharge.

4. Quantity and character of debris moved during severe floods.

5. Character of fluids moved during flooding (relative proportions of
water and sediment).

6. Recurrence intervals for runoff and flooding.

7. Channel morphology definition.

8. Surface topography.

Description

Floods will be characterized by measuring the peak streamflows and
assessing the debris movement in drainages that are at or near the Yucca
Mountain site. Streamflow measurements will be made as part of Act-
ivity 8.3.1.2.1.2.1 (surface-water runoff monitoring), which includes two
stream gage networks: one at the regional scale and one specific to Yucca
Mountain. Surface runoff monitoring at Yucca Mountain is needed to provide
detailed data for the study of natural infiltration (Activity 8.3.1.2.2.1.2
of Investigation 8.3.1.2.2, the unsaturated zone hydrologic system at the
site). Many stream gages, rain gages, and some automated fluvial-sediment
samplers situated at strategic locations will be used. Streamflow documented
by the stream gage networks will be incorporated into the pertinent flood-
prediction analyses. Twenty-five to fifty small drainages may be included in
this study effort. Pertinent flood data and precipitation data from drain-
ages throughout the southern Nevada region will be incorporated into analyses
of flooding at and around Yucca Mountain.

The surface character of selected channel and floodplain deposits in the
numerous ephemeral drainages in and around the proposed storage site will be
examined to determine the fluvial processes involved in the emplacement of
the deposits. If this reconnaissance discloses a variety of processes or
significant variations within any process, an attempt will be made to differ-
entiate the processes and degrees of differences. The results of this effort
may then determine whether the variations in the characteristics of the
deposits can or should be shown on surficial deposit maps of the drainages.

As part of Activity 8.3.1.2.2.2.2 (transport of debris by severe run-
off), field judgments of the nature and severity of debris transport by flood
flows will be evaluated to determine the characteristics of debris hazards
from flood flows. No standard techniques are available to sample moving
coarse-grained debris, which constitutes the major debris hazard, but flood
investigators will describe both qualitatively and somewhat quantitatively
(by careful field observations) the character of debris that has moved within
and through the drainage during severe runoff events. Also, some debris
movement characteristics will be deduced through analysis of the debris
deposits. Fresh erosion that has resulted from recent flooding will be noted
on maps to allow an assessment of potential slope instability. Assembling
this type of semiquantitative information will, with time and experience,
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form the bases for designating the degrees of debris hazards on different
types of slopes. Much of the debris hazard assessment is experimental at
this time, and more precise investigative plans cannot be formalized until
experience with debris movement during flooding increases.

After a reasonable amount of experiences and data are gained through
field investigations, laboratory experiments would seem to be the next logi-
cal step in the study process. However, laboratory efforts are not planned
at this time. Scaling problems associated with laboratory models may be
insurmountable, and the technology of physical modeling of debris movement is
not sufficiently advanced to be a reliable alternative or supplement to the
planned activities.

Pertinent engineering analytical techniques, including standard-flood-
frequency-analysis techniques, will be applied to the data collected in the
drainages in question to estimate future flood flows. Several computational
or graphic techniques are available to estimate probable peak flood flows.

In one graphic technique, a maximum envelope curve defines the largest
floods measured for variously sized drainage basins (Crippen and Bue, 1977).
Thus, for a given size of drainage, the curve predicts the largest flood that
would be expected on the basis of historical evidence of the largest observed
floods for drainages of comparable size within the same geographic region.

Another widely used technique in the nuclear industry is the computa-
tional determination of the probable maximum flood (PMF) (ANSI/ANS 2.8-1981).
This computational procedure is based on the U.S. National Weather Service
estimates of probable maximum precipitation that can be expected throughout a
specific geographical area. Neither of these techniques takes into account
debris transport that may pose a serious hazard associated with a flood.

A computational technique based on field evidence has been proposed
(Costa, 1983). In this technique, the average size of the five largest
boulders deposited in the channel by fluid flows is determined. A velocity
capable of moving particles of that size is computed, and physical surveys of
the stream channel in the reach of the deposits are used to help assess the
area of the flow section. Then the product of the velocity and the flow-
sectional area determines the discharge necessary to move the largest parti-
cles. Application of the technique thus yields an estimate of the peak flood
discharge that emplaced the largest debris fragments.

Flood frequencies and recurrence intervals may be evaluated with the
log-Pearson type III curve. The log-Pearson type III is a theoretical, flex-
ible frequency distribution computed by calculating the mean, standard devi-
ation, and skewness coefficient of the logs of peak annual discharge data. A
frequency factor is obtained from tables of skewness coefficients and exceed-
ance probabilities. Regional values of the skewness coefficients are avail-
able.

Other similar techniques, if available, will also be applied to the
drainages of concern. Flow predictions resulting from these applied tech-
niques can then be compared, and a prediction of peak flood flows can result
from the comparisons.

8.3.1.16-12
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8.3.1.16.2 Investigation: Location of adequate water supplies

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

Section 3.8 summarizes current information on the estimated quantity of
water needed to support a mined geologic disposal system at Yucca Mountain.

Parameters

Three sets of parameters will be measured or calculated as a result of
the site studies planned to obtain the information needed as follows:

1. Cost and feasibility of using wells J-12 and J-13 for repository-
related water use as an alternative source.

2. Identification of a primary source of water for repository-related
water needs.

3. Identification of an alternative source of water for repository-
related water needs.

4. Identification and evaluation of potential effects of repository-
related water withdrawals on the local flow system and water supply.

Purpose and objectives of the investigation

To meet the purpose of identifying the most suitable water supply and
alternative, the following objectives must be met: (1) determine the ade-
quacy of existing wells J-12 and J-13 in terms of available resource poten-
tial, total cost, and technologic feasibility as an alternative water supply
for a repository at Yucca Mountain (water rights are discussed in Sec-
tion 8.3.1.11), (2) identify and locate a primary source of water for a
repository at Yucca Mountain, (3) identify and locate potential alternative
sources of water, and (4) determine the potential effects of repository-
related water withdrawals on the local flow system at Yucca Mountain. Fig-
ure 8.3.1.16-3 illustrates how the activities of Study 8.3.1.16.2.1 will
obtain the parameters needed to satisfy the design requirements.

Technical rationale for the investigation

Current plans are to develop a primary source closer to the proposed
site than wells J-12 or J-13 to supply repository-related water needs. In
the event that a primary source cannot serve repository-related water needs
through decommissioning, an alternative source of water must be readily
available. Wells J-12 and J-13 (Figure 8.3.1.16-4) are under consideration
as sources to provide water during repository site preparation and the early
phases of construction if Yucca Mountain is selected. They are also being
considered as possible alternative sources. The hydrostratigraphic unit
source for wells J-12 and J-13, the Topopah Spring Member of the Paintbrush
Tuff, is presently considered capable of yielding water at a sufficient rate
to supply repository-related water needs through closure and decommissioning.

8.3.1.16-13
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An assessment of the expected future performance, estimated total cost, and
the feasibility of using these wells as alternative sources is needed to
demonstrate that the wells are adequate and can be used at a reasonable cost
with available technology.

The water that will be used to support repository construction, opera-
tion, and closure will cause an increase in local water use, which could
affect the local flow system at Yucca Mountain. Potential effects from
repository-related water withdrawals will be identified and assessed to
determine if any mitigating measures might be required.

The data required to satisfy the performance and design requirements
will be collected by the four activities of Investigation 8.3.1.16.2 and
other studies performed in support of Investigations 8.3.1.2.1, 8.3.1.2.3,
and 8.3.1.9.2.

8.3.1.16.2.1 Study: Location of adequate water supply for construction,
operation, closure, and decommissioning of a mined geologic
disposal system at Yucca Mountain, Nevada

This study includes four activities.

8.3.1.16.2.1.1 Activity: Assessment of the cost, feasibility, and adequacy
of wells J-12 and J-13 for use as the alternative water
supply for a mined geologic disposal system at Yucca
Mountain, Nevada

Objectives

The objective of this activity is to determine (1) the adequacy of wells
J-12 and J-13 in terms of available resource potential and (2) the total cost
and technical feasibility of supplying the water needed to support a reposi-
tory at Yucca Mountain. These wells will be evaluated for use as alternative
sources.

Parameters

The parameters required for this activity are the total time-phased
water demand through decommissioning, estimated peak annual water demand, the
maximum water resources available from wells J-12 and J-13 based on histori-
cal production capabilities and existing well and pumping-test data, the
estimated cost of water withdrawals (pumping, treatment, and distribution),
and the quantity of water appropriated by local water users through permits
and certifications.

Description

Several steps may be necessary to complete this activity. The actual
field work performed will depend on the type, quality, and amount of data
available. Thus, the first step will be to compile all data pertinent to the
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construction, operation, and performance of wells J-12 and J-13. These data
will be analyzed to determine their adequacy for predicting long-term well
performance. The data to be compiled include historical water levels, water
chemistries, aquifer test results, well test results, energy consumption
records, and well construction records.

After all existing data have been compiled, the following methods will
be applied. Hydrographs of water levels, ionic constituents, and pumping
rates will be prepared to evaluate the past performance of the subject wells.
Aquifer and other test results will be reanalyzed as necessary to meet the
quality assurance requirements of the Yucca Mountain Project. If the exist-
ing data are found inadequate for use in assessing long-term well perform-
ance, a well test plan will be developed.

The well test plan will identify any additional tests and analyses that
may be necessary to assess long-term well performance. Specific tests could
include step drawdown testing of both wells, sediment-content monitoring
during testing (if applicable), borehole videolog inspection of the casing
and open hole, and water chemistry analyses. Step drawdown test results will
be analyzed to determine well- and formation-loss coefficients, optimal and
maximum well yields, and operating efficiencies. Energy consumption will be
monitored during testing to aid in developing unit costs for ground-water
withdrawals. Pumping of sediment will be measured and the physical condition
of the wells will be described to ascertain whether the wells will require
excessive maintenance during long-term operation.

The final calculated repository water requirement will be obtained from
the Advanced Conceptual Design report and will be used as the baseline to
assess the adequacy and viability of wells J-12 and J-13 for use as an alter-
native water supply. All results will be compiled and evaluated to determine
the cost and technical feasibility of meeting the repository water demand.

8.3.1.16.2.1.2 Activity: Location of a primary water supply for a mined
geologic disposal system at Yucca Mountain, Nevada

Objectives

The objective of this activity is to identify and locate a primary
source of water for a repository at Yucca Mountain. Ideally, the primary
sources would be located nearer to the surface facilities than wells J-12 and
J-13, and at an elevation above the surface facilities, thereby reducing dis.-
tribution costs and total pumping lifts.

Parameters

This activity will rely heavily on input from Investigations 8.3.1.2.1
and 8.3.1.2.3. Values of aquifer storativity, transmissivity, thickness, and
depth to water will be provided by the hydrologic drilling and modeling ac-
tivities. Remote sensing information (i.e., satellite imagery) will be used
in performing lineament analyses to help identify potentially suitable well
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locations. The parameters that will be measured or calculated as a result of
this activity are the locations of, distances to, and relative elevations of
all potentially suitable aquifers.

Other parameters that will be obtained from this activity and Study
8.3.1.9.2.2 (ground-water resource assessment) include a compilation of local
water users, water uses, amounts of existing local appropriations, points of
diversion, and points of use.

Description

The first part of this activity will focus on identifying the amount of
unappropriated water available from sources other than wells J-12 and J-13.
Other sources may include other water wells located on the NTS, or other
unappropriated ground water in basins adjacent to the site. These data, in
conjunction with imagery analysis techniques described by Taranik and
Trautwein (1977), will be used to define the ground-water yield potential of
areas located proximal to the Yucca Mountain site. Subsequent to defining
the ground-water yield potential, options for a primary water source will be
identified. Once the location of the potential primary source has been iden-
tified, a test well will be developed and tested. The hydraulic character-
istics of the well will be determined to ensure that the source is capable of
producing adequate water to meet the repository-related water demand.

8.3.1.16.2.1.3 Activity: Location of alternative water supplies for a mined
geologic disposal system at Yucca Mountain, Nevada.

Objectives

The objective of this activity is to identify and locate an alternative
source of water for a repository at Yucca Mountain in the event that the pri-
mary source cannot meet the water demand.

Parameters

As with Activity 8.3.1.16.2.1.2, this activity will rely heavily on
input from Investigations 8.3.1.2.1, 8.3.1.2.3, and 8.3.1.9.2. Values of
aquifer storativity, transmissivity, thickness, and depth to water will be
provided by the hydrologic drilling and modeling activities. Remote sensing
information will be used in performing lineament analyses to help identify
potentially suitable well locations. The parameters that will be measured or
calculated as a result of this activity are the locations of, distances to,
and relative elevations of all potentially suitable aquifers.

Other parameters that will be obtained from this activity and Study
8.3.1.9.2.2 {water resource assessment) include a compilation of local water
users, water uses, amounts of existing local appropriations, points of
diversion, and points of use.
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Description

The first part of this activity will focus on identifying the amount of
unappropriated water available from potential alternative sources. These
sources may include other water wells located on the Nevada Test Site or
other unappropriated ground water in basins adjacent to the site. These
data, in conjunction with imagery analysis techniques described by Taranik
and Trautwein (1977) will be used to define the ground-water yield potential
of areas located proximal to the Yucca Mountain site. Subsequent to defining
the ground-water yield potential, options for alternative water sources will
be identified. A potential well location will be identified, and a test well
will be drilled and tested.

8.3.1.16.2.1.4 Activity: Identification and evaluation of potential effects
of repository related withdrawals on the local flow system at
Yucca Mountain, Nevada

Objectives

The objective of this activity is to determine the potential effects of
repository-related water withdrawals on the local flow system at Yucca
Mountain. The potential effects from water withdrawal include modifications
to the preclosure ground-water travel path and the lowering of the potentio-
metric surface. Such effects will be identified and quantified to establish
any mitigating measures that might be required.

Parameters

The parameters that will be collected from this activity are the effects
of the time-phased water withdrawals from the primary and alternative water
supply wells on the local flow system.

Description

Using the parameters and computer codes from Investigations 8.3.1.2.1
and 8.3.1.2.3, the effects of the time-phased water withdrawals on the local
flow system will be modeled. The results of these computer simulations will
be evaluated, and any effects on the flow system will be identified. If any
adverse effects on the flow path or potentiometric surface are identified,
plans to mitigate the effects will be developed. It is quite likely that any
effect on the potentiometric surface may be beneficial to waste isolation, as
the thickness of the unsaturated zone will increase in areas where drawdown
is induced due to pumping. This will be assessed and documented for further
evaluation of repository performance.
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8.3.1.16.3 Investigation: Ground-water conditions within and above the
potential host rock

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

The following sections of Chapter 3 provide a technical summary of
existing data relevant to this investigation:

Section Title

3.9.1.3 Hydrochemistry

3.9.2.1 Hydraulic characteristics of the unsaturated zone

3.9.3.2 Potentiometric levels and head relationships in the
unsaturated zone

Parameters

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

1. Subsurface moisture content above the repository horizon.
2. Flux above and within the repository horizon.
3. Moisture content of the repository horizon.
4. Locations and descriptions of perched water zones.
5. Potential influx to the repository and access shafts.

Purpose and objectives of the investigation

To meet the purpose of describing the baseline characteristics of the
unsaturated zone within and above the repository horizon, the following
objectives must be met: (1) determine the amount of water inflow to the
repository horizon including seasonal variations in inflow rate, (2) deter-
mine the existence of perched water, and (3) define the locations, depths,
thickness, lateral extent, seasonal variation, and degree of saturation of
perched water zones if any are identified. These data will be obtained from
the geohydrology program (8.3.1.2); the preclosure hydrology program will
synthesize the data to help resolve the design issues. Figure 8.3.1.16-5
illustrates the strategy that will be used to obtain and compile the required
parameters for the design issues.

Technical rationale for the investigation

Measurements of the subsurface hydrologic conditions both above and
within the repository horizon are required for design of the repository
shafts, and seals. Preliminary data presented in Chapter 3 indicate that no
special technology will be needed to construct and operate a repository at
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Yucca Mountain as a result of existing hydrologic conditions. Data obtained
from this investigation will provide the design bases required to construct
and operate a repository.

8.3.1.16.3.1 Study: Determination of the preclosure hydrologic conditions
of the unsaturated zone at Yucca Mountain, Nevada

This study includes one activity.

8.3.1.16.3.1.1 Activity: Synthesis of data from site program 8.3.1.2 to
determine the preclosure hydrologic characteristics of the
unsaturated zone at Yucca Mountain, Nevada

Objectives

The objectives of this activity are to compile the data collected under
geohydrology Investigation 8.3.1.2.2, in Study 8.3.1.2.2.4 (exploratory shaft
facilities investigations) for input to design Issue 4.4 (Section 8.3.2.5).

Parameters

Among the parameters that will be collected from Investigation 8.3.1.2.2
are flux, moisture content above and within the repository horizon, and
locations and descriptions of perched water zones.

Description

The parameters obtained from Study 8.3.1.2.2.4 will be compiled and
evaluated to ensure that data collected from the exploratory shaft is suffi-
cient to satisfy the objectives set by the design issues. The information
will then be passed to the design issues to be used as input.

8.3.2.16-22



YMP/CM-OO11, Rev. 1 YNP/CM-0011, Rev. 1

8.3.1.17 Overview of preclosure tectonics: Description of tectonic and
igneous events required by performance and design requirements

Summary of performance and design requirements for preclosure tectonics
information

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

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

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

The required characterization data are summarized in part a of Tables
8.3.1.17-1 through 8.3.1.17-6; part b of these tables provides summary
information on the characterization program designed to provide the required
data. The technical content of these tables is discussed in detail below.
The data requirements are organized by the type of potential tectonic event:
volcanic, including eruption and ashfall; faulting; and vibratory ground
motion from natural earthquakes and underground nuclear explosions. Two
tables are presented for each type of event, one for considerations of
surface facilities and one for underground facilities.

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

8.3.1.17-1
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8.3.1.17-la. Design and performance parameters related to surface facilities and preclosure
volcanic activity
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Design or performance Needed Characterization
parameter Goal confidence parameters

Probability of volcanic eruption Less than 1 chance in High Annual probability
that would disrupt surface 10,000 in 100 yr of volcanic dis-
facilities ruption at the

site

Design-basis ash-fall thickness Less than 1 chance in Low to medium Probability of ash fall
for facilities important to 10 of exceeding design- at the site as a
safety (FITS) ventilation basis ash-fall thick- function of ash-fall
systems ness in 100 yr thickness

11000-yr(+) ash-fall
thickness at the site

Ash-fall particle density and size TBDb Low to medium Potential density and
distribution distribution of ash-

fall particles

*These parameters are from Issue 4.4 (technical feasibility, Section 8.3.2.5), and corresponding
performance measures are given in that issue.

bTBD - to be determined.
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Table 8.3.1.17-lb. Characterization parameters related to surface facilities and preclosure volcanic
activity

0

0
I..

Testing basis
Current Confidence Needed con- Key studies/activ-

Characterization estimate in current fidence in ities supplying
parameters (range) estimate final values parameters

Annual probability of volcanic 10-7 to 10-9 Moderate Medium to 8.3.1.8.1.1.4--Probabil-
disruption at the site per yr high ity calculations (of

volcanic disruption)
and assessment

Probability of ash fall at the TBDO TBD Low to 8.3.1.17.1.1.2--Assess
site as a function of ash- medium potential ash-fall
fall thickness thickness at the site

l,000-yr(+) ash-fall thickness 0.1-2.0 cm Low Low to 8.3.1.17.1.1.2--Assess
at the site medium potential ash-fall

thickness at the site

Potential density and distri- TBD TBD Low to 8.3.1.17.1.1.3--Assess
bution of ash-fall particles medium potential density and

size distribution of
ash fall at the site

-4

aTBD - to be determined.



Table 8.3.1.17-2a. Design and performance parameters related to underground facilities and preclosure
volcanic activity 2

o
c
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Design or performance Needed Characterization
parameters Goal confidence parameters

Probability of volcanic eruption Less than 1 chance in High Annual probability of

through the underground 10,000 in 100 yr volcanic disruption

facilities of the underground
facilities

Design-basis ash-fall thickness Less than 1 chance in Low to medium Probability of ash fall

(at ventilation shaft locations) 10 of exceeding design- at the site as a
basis ash-fall thick- function of ash-fall
ness in 100 yr thickness

1,000-yr(4-) ash-fall
thickness at the site

Ash-fall particle density and size TBDb Low to medium Potential density and

distribution size distribution of
ash-fall particles

aThese parameters are from Issue 4.4 (technical feasibility, Section 8.3.2.5), and corresponding

performance measures are given in that issue.
bTBD - to be determined.
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Table 8.3.1.17-2b. Characterization parameters related to
volcanic activity

underground facilities and preclosure

Testing basis
Current Confidence Needed con- Key studies/activ-

Characterization estimate in current fidence in ities supplying
parameters (range) estimate final values parameters

Annual probability of volcanic 4.7 x 10-i to Medium Medium to 8.3.1.8.1.1.4--Probabil-
disruption of the under- 3.3 x 10-10 high ity calculations (of
ground facilities per yr volcanic disruption)

and assessment

Probability of ash fall at the TBDO TBD Low to 8.3.1.17.1.1.2--Assess
site as a function of ash- medium potential ash-fall
fall thickness thickness at the site

l,000-yr(+) ash-fall thickness 0.1-2.0 cm Low Low to 8.3.1.17.1.1.2--Assess
medium potential ash-fall

thickness at the site

Potential density and size TBD TBD Low to 8.3.1.8.1.1.3--Assess
distribution of ash-fall medium potential particulate
particles size distribution of

ash fall at the site

0.I

*TBD - to be determined.



Table 8.3.1.17-3a. Design and performance parameters related to surface facilities and preclosure
fault displacement (page 1 of 2)

Design or performance Needed Characterization
parameters Goal confidence parameters iD

I-.,

Identification of any fault within Determine existence
100 m of facilities important to
safety (FITS) with greater than
1 chance in 100 of producing more
than 5 cm of surface offset
during the preclosure period
(approximately 100 yr)

High Identification and char-
acterization of
potentially signifi-
cant Quaternary faults
within 5 km of FITS

I.

-J

.
.j

If existence is determined,
establish

Classification
Location at surface
Orientation at surface

Standard practice
±5 m
±10

High
High
High

Identification and char-
acterization of faults
within 100 m of FITS
that have apparent
Quaternary slip rates
>0.001 mm/yr or that
measurably offset
materials less than
100,000 yr old

-0

:,
:a)
IlI



Table 8.3.1.17-3a. Design and performance parameters related to surface facilities and preclosure
fault displacement (page 2 of 2) C

l
ICO

(D

Ib

Design or performance Needed Characterization
parameter" Goal confidence parameters

Total probability of exceeding Less than 1 chance in 100 High Estimate of total proba-
5 cm fault displacement at loca- of exceeding 5 cm dis- bility for >5 cm dis-
tions proposed for FITS placement beneath sur- placement beneath

face FITS in 100 yr FITS, considering
known and possibly
concealed faults and
tectonic interrela-
tionships among local
faults

j

.I-

"These parameters are from Issue 4.4 (technical feasibility, Section 8.3.2.5), and corresponding
performance measures are given in that issue.
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Table 8.3.1.17-3b. Characterization parameters related to surface facilities and preclosure fault

displacement

I-
%M

Testing basis
Current Confidence Needed con- Key studies/activ-

Characterization estimate in current fidence in ities supplying
parameters (range) estimate final values parameters

Identification and character- 4 such faults Low Medium to 8.3.1.17.4.6.1--Evaluate
ization of potentially sig- high Quaternary geology and
nificant Quaternary faults potential Quaternary
within 5 km of facilities faults at Yucca Mountain
important to safety (FITS)

Identification and character- No such faults Low High 8.3.1.17.4.2.2--Conduct
ization of faults within exploratory trenching in
100 m of FITS that have in Midway Valley
apparent Quaternary slip
rates > 0.001 mm/yr or that
measurably offset materials
less than 100,000 yr old

Estimate of total probability Less than 1 Low High 8.3.1.17.2.1.1--Assess
for >5 cm displacement chance in 100 the potential for sur-
beneath FITS, considering of exceeding face faulting at pros-
known and possibly concealed 5 cm displace- pective sites of surface
faults and tectonic inter- ment beneath FITS
relationships among local FITS in 100 yr
faults

>C)

C-,I.'
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Table 8.3.1.17-4a. Design and performance parameters related to underground facilities and preclosure
fault displacement (page 1 of 2)

Design or performance Needed Characterization
parametera Goal confidence parameters

Identification and characteriza-
tion of significant Quaternary
faults in the repository
block:

b-

.Lh
-Il

Classification
Location at surface
Orientation at surface

Identification and characteriza-
tion of any fault within the
waste emplacement area with
greater than 1 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)

Standard practice
±5 m
floe

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

High
High
High

High

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

Surface and subsurface
locations of faults
with Quaternary slip
rates > 0.005 mm/yr
that intersect under-
ground facilities



Table 8.3.1.17-4a. Design and performance parameters related to underground facilities and preclosure
fault displacement (page 2 of 2)

Design or performance Needed Characterization
parameters Goal confidence parameters

Total probability of exceeding Less than 1 chance in 10 Medium Estimated total proba-
7 cm fault displacement on any in 100 yr of exceeding bility of fault dis-
fault that intersects areas of 7 cm displacement on placement exceeding
waste emplacement any fault that inter- 7 cm in areas of

sects areas of waste emplaced waste, con-
emplacement sidering known and

possibly concealed
faults and tectonic
interrelationships
among local faults

aThese parameters are from Issue 4.4 (technical feasibility, Section 8.3.2.5), and corresponding
performance measures are given in that issue.
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Table 8.3.1.17-4b. Characterization parameters related to the underground facilities and preclosure
fault displacement

0

I-.I

C--Testing basis
Current Confidence Needed con- Key studies/activ-

Characterization estimate in current fidence in ities supplying
parameters (range) estimate final values parameters

Surface locations of faults in
the repository block with
>1 m offset of Quaternary
materials or with >100 m off-
set of Tertiary rocks

2 such faults
exist

Low to
medium

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

.4

I.

Surface and subsurface loca-
tions of faults with Quater-
nary slip rates >0.005 mm/yr
that intersect underground
facilities

No such faults
exist

Medium Medium to
high

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

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

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

Estimated total probability of
fault displacement exceeding
7 cm in areas of emplaced
waste, considering known and
possibly concealed faults and
tectonic interrelationships
among local faults

Less than I
chance in 100
in 100 yr of
exceeding 7 cm
displacement
in areas of
emplaced waste

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

C)

C)
II )

-X



Table 8.3.1.17-5a. Design and performance parameters related to surface facilities and preclosure
vibratory ground motion (page 1 of 3)

Design or performance Needed Characterization
parameter" Goal confidence parameters

Design-basis ground motion time
histories (minimum band width -
0.5 to 33 Hz) and corresponding
response spectra (at 1 Hz inter-
vals) for surface facilities
important to safety (FITS)

Representative of
10,000-yr cumulative
slip earthquakes on
nearby faults, or maxi-
mum potential under-
ground nuclear explo-
sions (UNEs) that would
control site ground
motion at any frequency
between 0.5 and 33 Hz
(including any effect
of local geology or
building embedment)

Medium to high

.

IO-J

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

Potential-ly relevant
earthquake sources in
the region (<100 km)

Magnitude of 10,000-yr
cumulative slip earth-
quakes on local
sources

Magnitude of 10,000-yr
cumulative slip
earthquakes on
regional sources

Maximum future under-
ground nuclear
explosion

Closest distance of
future UNEs

Ground motion attenua-
tion with distance

Spectral modification
due to local geology

Controlling ground
motion event(s)

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

0

IC,
C)
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Table 8.3.1.17-5a. Design and performance parameters related to _rface facilities and preclosure
vibratory ground motion (page 2 of 3)

Design or performance Needed Characterization
parameters Goal confidence parameters

Combined potential for vibratory
ground motion at FITS, con-
sidering all faults

Less than 1 chance in 10
of exceeding design-
basis ground motion in
100 yr

Medium to high Identification of poten-
tial earthquake
sources in the con-
trolled area

Potentially relevant
earthquake sources in
the region (clO0 km)

Earthquake recurrence
relationships for
local and regional
sources

Ground motion attenua-
tion with distance

Spectral modification
due to local geology

Ground motion exceedance
probabilities

L.

a-
I-

Probability versus peak accelera-
tion, peak velocity, and peak
velocity response at
selected frequencies, at 8ur-
face locations of FITS

Values estimated for
annual probabilities
ranging from 10-2 to
10-' per yr

Medium Identification of poten-
tial earthquake
sources in the con-
trolled area

Potentially relevant
earthquake sources in
the region (S100 km)

Earthquake recurrence
relationships for
local and regional
sources



Table 8.3.1.17-5a. Design and performance parameters related to surface facilities and preclosure
vibratory ground motion (page 3 of 3)

0

CD

Design or performance Needed Characterization

parameter" Goal confidence parameters

Probability versus peak accelera- Ground motion attenua-

tion, peak velocity, and peak tion with distance

velocity response at Spectral modification

selected frequencies, at our- due to local geology

face locations of FITS Ground motion exceedance

(continued) probabilities

S.-

I-
U'

6These parameters come from Issues 4.4 (technical feasibility, Section 8.3.2.5) and 1.12 (seal
characteristics, Section 8.3.3.2), and corresponding performance measures are given in those issues.
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Table 8.3.1.17-5b. Characterization parameters related to surface facilities and preclosure vibratory
ground motion (page 1 of 3)

Testing basis
Current Confidence Needed con- Key studies/activ-

Characterization estimate in current fidence in ities supplying
parameters (range) estimate final values parameters

0

I.Q

.4

VI-

Identification of potential
earthquake sources in the
controlled area

See Chapter 1 Medium Medium to
high

8.3.1.17.3.1.1--Identify
relevant earthquake
sources

Potentially relevant earth-
quake sources in the region
(<•100 km)

See Chapter 1 Low to
medium

Medium 8.3.1.17.3.1.1--Identify
relevant earthquake
sources

I--J

Magnitude of 10,000-year
cumulative slip earthquakes
on local sources

-6 1/2 Low to
medium

Medium to
high

8.3.1.17.3.1.2--Charac-
terize 10,000-year
cumulative slip earth-
quakes for relevant
seismogenic sources

Magnitude of 10,000-year
cumulative slip earthquakes
on regional sources

Maximum future underground
nuclear explosion (UNE)

Closest distance of future
future UNEs

6 1/2 to 8 1/2

150-750 kt

23 km (Buck-
board Mesa
area)

Low

Medium

Medium

Medium

Medium

Medium

8.3.1.17.3.1.2--Charac-
terize 10,000-year
cumulative slip earth-
quakes for relevant
seismogenic sources

8.3.1.17.3.2.2--Deter-
mine maximum UNE
source (s)

8.3.1.17.3.2.2--Deter-
mine maximum UNE
source (s)
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Table 8.3.1.17-5b. Characterization parameters related to surface facilities and preclosure vibratory
ground motion (page 2 of 3)

Testing basis
Current Confidence Needed con- Key studies/activ-

Characterization estimate in current fidence in ities supplying
parameters (range) estimate final values parameters

I--

Ground motion attenuation with
distance

Published
models for
California
and western
U.S.

Low to
medium

Medium 8.3.1.17.3.3--Ground
motion from earthquakes
and UNEs

L,

-I

-j

Spectral modification at
facilities important to
safety due to local geology

Controlling ground motion
event s)

Time histories and response
spectra representative of
controlling event(s)

1/2 to 4

-6 1/2 M
earthquake on
Paintbrush
Canyon

TBDa (0.4-0.6g
peak accel-
eration)

Low

Low to
medium

Low to
medium

Medium

Medium to
high

Medium to
high

8.3.1.17.3.4--Effects of
local site geology on
surface and subsurface
motions

8.3.1.17.3.5.1--Identify
controlling seismic
events

8.3.1.17.3.5.2--Charac-
terize ground motion
from controlling seismic
events

Earthquake recurrence rela-
tionships for local and
regional sources

See section
1.4.2

Low to
medium

Medium 8.3.1.17.3.6.1--Evaluate
earthquake sources

fi)

.1



Table 8.3.1.17-5b. Characterization parameters related to surface facilities and preclosure vibratory
ground motion (page 3 of 3)

Testing basis
Current Confidence Needed con- Key studies/activ-

Characterization estimate in current fidence in ities supplying
parameters (range) estimate final values parameters

Ground motion exceedance 1-5 x 10O4/yr Low to Medium 8.3.1.17.3.6.2--Evaluate
probabilities for 0.5g medium ground motion probabili-

ties

OTBD - to be determined.

L.

a.
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Table 8.3.1.17-6a. Design and performance parameters related to underground facilities and preclosure
vibratory ground motion (page 1 of 4)

Design or performance Needed Characterization
parametera Goal confidence parameters

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

Representative of
10,000-year cumulative
slip earthquakes or
nearby faults, or maxi-
mum potential under-
ground nuclear explo-
sions (UNEs) that would
control site ground
motion at any frequency
between 0.5 and 33 Hz
(including any effects
of local geology or
depth of burial)

Medium Identification of poten-
tial earthquake
sources in the con-
trolled area

I.

I.

%a

Potentially relevant
earthquake sources in
the region (S100 km)

Magnitude of 10,000-year
cumulative slip earth-
quakes on local
sources

Magnitude of
cumulative
quakes on
sources

10,000-year
slip earth-
regional

Future maximum UNE

Closest distance of
future UNEs

Ground motion attenua-
tion with distance



Table 8.3.1.17-6a. Design and performance parameters related to underground facilities and preclosure
vibratory ground motion (page 2 of 4)

Design or performance Needed Characterization
parameter Goal confidence parameters

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

Spectral modification
due to local geology
and depth of burial

Controlling ground
motion event(s)

Time histories and
response spectra
representative of
of controlling
event (s)

.

"II
-J

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

Less than 1 chance in 10
of exceeding design-
basis ground motion in
100 yr

Medium Identification of poten-
tial earthquake
sources in the con-
trolled area

Potentially relevant
earthquake sources in
the region (<100 km)

Earthquake recurrence
relationships for
local and regional
sources



Table 8.3.1.17-6a. Design and performance parameters related to underground facilities and preclosure
vibratory ground motion (page 3 of 4)

Design or performance Needed Characterization
parameter" Goal confidence parameters

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

Ground motion attenua-
tion with distance

Spectral modification
due to local geology
and depth of burial

Ground motion exceedance
probabilities

.

i
P-J

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

Values estimated for
annual probabilities
ranging from 10-2 to
10-6 per yr

Low to medium Identification of poten-
tial earthquake
sources in the con-
trolled area

Potentially relevant
earthquake sources in
the region ( 100 km)

Earthquake recurrence
relationships for
local and regional
sources



Table 8.3.1.17-6a. Design and performance parameters related to underground facilities and preclosure
vibratory ground motion (page 4 of 4)

Design or performance Needed Characterization
parameter- Goal confidence parameters

Probability versus peak accelera- Ground motion attenua-
tion, peak velocity, and peak tion with distance
velocity response at selected
frequencies at underground Spectral modification
facility locations due to local geology
(continued) and depth of burial

Ground motion exceedance
probabilities

H

I-

F '

toI OThese 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 performance measures are given in those issues.
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Table 8.3.1.17-6b. Characterization parameters related to underground facilities and preclosure
vibratory ground motion (page 1 of 3)

Testing basis
Current Confidence Needed con- Key studies/activ-

Characterization estimate in current fidence in ities supplying
parameters (range) estimate final values parameters

Identification of potential
earthquake sources in the
controlled area

Potentially relevant earth-
quake sources in the region
(Sl00 km)

See Chapter 1

See Chapter 1

Medium

Low to
medium

Medium

Medium

8.3.1.17.3.1.1--Identify
relevant earthquake
sources

8.3.1.17.3.1.1--Identify
relevant earthquake
sources

.

-4I
.tl

Magnitude of 10,000-yr
cumulative slip earthquakes
on local sources

-6.5 Low to
medium

Medium to
high

8.3.1.17.3.1.2--Charac-
terize 10,000-yr
cumulative slip earth-
quakes for relevant
seismogenic sources

Magnitude of 10,000-yr
cumulative slip earthquakes
on regional sources

6.5-8.5 Low Medium 8.3.1.17.3.1.2--Charac-
terize 10,000-yr
cumulative slip earth-
quakes for relevant
seismogenic sources

Maximum future underground
nuclear explosion (UNE)

Closest distance of future
future UNEs

150-750 kt

23 km (Buck-
board Mesa
area)

Medium

Medium

Medium

Medium

8.3.1.17.3.2.2--Deter-
mine maximum UNE
source(s)

8.3.1.17.3.2.2--Deter-
mine maximum UNE
source(s)



Table 8.3.1.17-6b. Characterization parameters related to underground facilities and preclosure
vibratory ground motion (page 2 of 3)

Testing basis
Current Confidence Needed con- Key studies/activ-

Characterization estimate in current fidence in ities supplying

parameters (range) estimate final values parameters

(II

CD

Ground motion attenuation with
distance

Spectral modification
due to local geology
and depth of burial

Ccritrolling ground motion
event(s)

CD

uJ
I-.
-.

t%

Published
models for
California
and western
U.S.

.25-1

-6.5 M
earthquake on
Paintbrush
Canyon fault

Low to
medium

Low

Low to
medium

Medium

Medium

Medium

8.3.1.17.3.3--Ground
motion from regional
earthquakes and UNEs

8.3.1.17.3.4--Effects of
local site geology on
surface and subsurface
motions

8.3.1.17.3.5.1--Identify
controlling seismic
events

Time-histories and response
spectra representative of
controlling event(s)

TBD& Low to
medium

Medium 8.3.1.17.3.5.2--Charac-
terize ground motion
from controlling seismic
events

Earthquake recurrence rela-
tionships for local and
regional sources

See Section
1.4.2

Low to
medium

Medium 8.3.1.17.3.6.1--Evaluate
earthquake sources

C)
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Table 8.3.1.17-6b. Characterization parameters related to underground facilities and preclosure
vibratory ground motion (page 3 of 3)

Testing basis
Current Confidence Needed con- Key studies/activ-

Characterization estimate in current fidence in ities supplying
parameters (range) estimate final values parameters

Ground motion exceedance 10 4/yr Low Low to 8.3.1.17.3.6.2--Evaluate
probabilities for 0.5g medium ground motion probabili-

ties

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

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

Approach to satisfying performance and design requirements

General methodology

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

For each data requirement presented in the tables, one or more char-
acterization 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-lb through 8.3.1.17-6b lists the
key studies or activities that will be providing results for each character-
ization parameter, and the corresponding section numbers where descriptions
of these studies and activities are provided. The technical considerations
summarized in these tables are discussed below.

8.3.1.17-26
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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 investi-
gations will use data from a variety of sources, including scientific lit-
erature, current and historical seismicity, geologic maps, logs from bore-
holes and surface trenches, gravity surveys, aeromagnetic and paleomagnetic
observations, seismic reflection and refraction profiles, and magnetotelluric
soundings.

The planned approach is to use both deterministic and probabilistic
methods for analyzing the effects of tectonic events during the preclosure
period. The deterministic approach will be used to model cause-and-effect
mechanisms and to develop particular tectonic event scenarios in greater
detail than is typically provided by probabilistic methods. In addition, all
final results for volcanic, faulting, and ground-motion events will be
evaluated using probabilistic methods (1) to ensure :hat adequate considera-
tion is given to the full range of potential tectonic processes and to their
associated uncertainties, and (2) to help identify those processes that are
key to characterizing the geologic hazards at the site.

Using the deterministic approach, results (e.g., ground motions) will be
determined for specific events that are postulated to occur (e.g., an earth-
quake or an underground nuclear explosion). Judgment is required for postu-
lating the specific source events to ensure adequate conservatism. The
deterministic approach will be used to establish ground-motion conditions to
be considered in the next phase of design (advanced conceptual design) and,
if appropriate, in the final design. This approach is suited to the
determination 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 constrained by contemporary
knowledge about the local tectonic framework, including uncertainties. In
addition to the cause-and-effect relationships basic to the deterministic
approach, the probabilistic approach facilitates consideration of the full
range of potential source events (e.g., earthquakes of va.-ying magnitude and
distance) in conjunction with probability estimates that the various source
events will occur (e.g., spatially varying recurrence relationships for
earthquakes of varying magnitude) and probability estimates that a particular
outcome will result from the various source events, assuming they do occur.
The probabilistic approach will explicitly quantify the effect of including
uncertainty in interpretations on the estimated seismic hazard.

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

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 displacement and vibratory ground
motions at the site of repository facilities. Fault data that are partic-
ularly 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 Quater-
nary movement on both the east and west side of Yucca Mountain. Midway
Valley, the proposed location of the waste handling facilities on the east
side of Yucca Mountain, is bounded to the east and west, respectively, by the
Paintbrush Canyon and Bow Ridge faults. The Solitario Canyon fault passes
just west of the proposed underground facilities, and the Windy Wash fault
lies a few kilometers farther to the west. The Ghost Dance fault, on the
east side of the repository block, may not have moved in the Quaternary, but
evidence confirming this has not yet been obtained.

It is possible that other faults in the site area have experienced
movement during the Quaternary period. (The site area is defined for this
section as the rectangular area 237 kM2 (91 mi2) encompassing the central
Yucca Mountain block and its structural and physiographic boundaries
(Fortymile Wash, Yucca Wash, Solitario Canyon, and the Stagecoach Road
fault.) These faults include the northeast-trending Stagecoach Road and Rock
Valley faults and postulated detachment faults (the Rock Valley fault,
outside the area shown in Figure 8.3.1.17-2, is discussed in Section
8.3.1.17.4.4). The approach discussed here for evaluating faulting and
ground motion potential is intended to include conservative characterizations
of such faults. As yet unidentified Quaternary faulting is particularly
likely at the southern extent of the site area, as discussed subsequently.

The Paintbrush Canyon, Bow Ridge, Solitario, and Windy Wash faults show
evidence of normal dip-slip movement along surfaces that dip steeply to the
west (see Figure 1-32 of Section 1.3.2.2.2). The lengths of these faults
have not been precisely determined, either because their projected trace is
obscured by late Quaternary deposits without recognized geomorphic expression
of the faults, or because potential linkages between discrete faults segments
have not been unambiguously established. However, on the basis of published
mapping, the length of the Paintbrush Canyon fault is inferred to be 17 to
31 km, the Bow Ridge fault 10 to 19 km, the Solitario Canyon fault 15 to
17 km, and the Windy Wash fault 6 to 19 km (Table 1-8, Section 1.3.2.2.2).
The Paintbrush Canyon fault could be longer than the estimate given above if
it links at its southern end to the Stagecoach Road fault (Fig-
ure 8.3.1.17-2).

Quaternary deposits are demonstrably 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
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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 new age dates become available. Lateral offset of Quaternary
deposits that indicate a strike-slip component of fault movement have not
been recognized but cannot be ruled out on the basis of available data.

The Paintbrush Canyon fault, which dips under Midway Valley, is partic-
ularly important for evaluating the potential for future vibratory ground
motion at the proposed site of the waste-handling facilities. Considering
the length and nature of this fault, it could have been the source of
moderate earthquakes (M 6.5) 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 6.5 earthquakes on this fault should be about
50,000 yr (Slemmons and Depolo, 1986). 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). Whitney et al. (1986) have estimated the recurrence interval
between faulting events on the Windy Wash fault to be about 70,000 yr.
Further investigations will be performed to test this conclusion.

The Bare Mountain fault, about 18 km west of Midway Valley, appears to
be a more likely source of a moderate earthquake than the local faults
(Section 1.4.2). Dated displacements presented in Table 1-8 indicate that
this fault appears to be over ten times as active as the local faults. Thus,
the Bare Mountain fault may be a significant contributor to probabilistic
assessments of future ground motions at the site. Also, this fault, which
dips eastward and southeastward (along its northern extent), 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 km thickness of the seismogenic zone found in this area (Section 1.4).
The close proximity of the local faults suggests the possibility of inter-
connections at depth, most notably between the Paintbrush Canyon and the Bow
..dge faults, which appear to converge near their southern extent. One
important hypothesis is that the local north-trending faults flatten with
depth and merge into a detachment fault that dips gently to the west (Sec-
tion 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
motion 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
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conducted under the postclosure tectonics program (Investigation 8.3.1.8.1)
to develop increased confidence in the probability estimates for a local
eruption.

Significant deposition of volcanic ash on the surface of the repository
could temporarily disrupt operations. However, the nearest silicic volcan-
ism during the Quaternary is at the margins of the Great Basin (Crowe et al.,
1983b). A thousand-year ash-fall 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-la and 8.3.1.17-2a show information on ash fall thick-
ness and particle size distribution for the design of ventilation systems for
the surface and underground facilities, respectively. Analyses will be con-
ducted using data already available in the literature (Investigation
8.3.1.17.1). Probabilistic methods will be used to characterize the results.

Consideration of fault displacement

As noted previously, faults with evidence of Quaternary displacement are
present in the site area, and the possibility exists that additional, unde-
tected faults may 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 8.3.1.17-3a) and at the location of the underground
facilities (Table 8.3.1.17-4a). Currently, the waste handling facilities are
the only surface facilities considered to be important to safety (Sec-
tion 6.2).

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

This goal, which establishes the maximum allowable annual probability
for exceeding 5 cm of fault displacement at 10- 4 /yr, appears to be consistent
with safety considerations for this and other types of facilities. For
example, comparable and higher annual probabilities have been found to be
acceptably conservative for the seismic designs of nuclear power plants to
withstand vibratory motions (Reiter and Jackson, 1983). While this compari-
son is not analogous in several respects, the risk resulting from fault dis-
placements in excess of 5 cm at the site of the waste handling facilities is
probably less than the risk resulting from vibratory ground motions that
exceed the design basis for a nuclear power plant, and, therefore, the
comparison does provide a useful check on the acceptance goal for faulting.
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Another useful comparison can be made with criteria used to identify
repository structures, systems, and components considered important to
safety. Importance to safety is established if the probability of failure is
greater than 10-5/yr and if the failure would lead to radiation exposures of
0.5 rem or greater at or beyond the restricted area (Laub and Jardine, 1987).
The annual probability that failure of this magnitude would result from
faulting is expected to be less than 10-5/yr for a site in which the annual
probability for 5 cm of displacement is less than 10-4/yr. This line of
reasoning indicates that the goal for siting the waste handling facilities
provides adequate safeguards to avoid areas of potentially significant
faulting.

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

Significant faulting is sometimes accompanied by sympathetic displace-
ment at other locations. The first consideration then is to identify and
characterize those faults within 5 km that could have significant impact on
faulting at the proposed site. 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 from the
proposed site.

The most important data for constraining the possibilities for faulting
at facilities important to safety are expected to come from extensive field
investigations in the immediate site vicinity. Geologists will work with
engineers in siting the waste-handling facilities to ensure that adequate
stability is provided with respect to the possibility of faulting. The
design parameter gives preliminary guidance on the distance (100 m) detailed
studies (continuous trenching) should extend from the location of facilities
important to safety and the accuracy that these studies should have in
recognizing faulting. The parameters were selected so that any significant
displacement resulting from faulting or deformation associated with main,
branch, or secondary faulting in the vicinity of the surface facilities
important to safety would be recognized and evaluated. Preliminary surveys
may include small test pits or trenches to evaluate the stratigraphy and the
possibility of previous local faulting. One or more trenches will be
excavated across the site (or adjacent to the site) and extended to the east
and the west beyond the proposed boundaries of the waste handling building.
While the exact length of these trenches is yet to be determined, it is
anticipated that at least one trench will be hundreds of meters long. 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)
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indicates that the alluvium of Midway Valley varies in thickness from zero
meters at Exile Hill on the west side of the valley, to an undetermined
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.

The assessment of the total probability of faulting beneath facilities
important to safety will consider the preliminary probability of significant
faulting, before the results of the detailed site (trenching) studies are
available, the probability that a normal or strike-slip fault capable of
producing significant offset could go undetected by the trenching program,
and the probability of new faulting. The preliminary probability of faulting
will be assessed considering such factors as the regional density and nature
of Quaternary faulting, concealed extensions of nearby Quaternary faults,
secondary faulting associated with rupture on nearby faults, tectonic inter-
relationships between local faults, and rates of regional seismic moment
release and regional crustal deformation. The exact methodology for inte-
grating the information discussed above and estimating the total probability
of faulting beneath facilities important to safety will be developed as part
of site characterization. Very likely a number of different approaches using
different types of information will be used and the results compared.

A final assessment of surface faulting probabilities at locations of
facilities important to safety (FITS) will be prepared when detailed site
studies are completed. Displacement amplitudes will be estimated for annual
probabilities ranging from 10-2 to 10-6 or less per year for use in risk
assessments.

Faulting conditions for underground facilities will also be evaluated.
The primary issue here is that significant fault displacement could disrupt
normal operations or impede execution of the option for waste retrieval.

The first requirement presented in Table 8.3.1.17-4a is to identify and
characterize late Quaternary faults within close proximity of the proposed
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 requirement is presented in Table 8.3.1.17-4a to identify,
characterize, and locate at the repository horizon any fault with greater
than a one-percent chance of displacing more than 7 cm in the area of waste
emplacement during the preclosure period. This requirement is to ensure
viability of the waste-retrieval option. Less than 7 cm of fault displace-
ment is not expected to significantly impact normal retrieval operations
because the diameter of the waste package will be about 7.6 cm smaller than
the diameter of the emplacement hole (See Section 8.3.2.5). Larger displace-
ments might bind or shear the waste packages thereby creating off-normal
conditions for waste retrieval.

Assuming a preclosure period of 100 yr, the requirement just discussed
is to identify, characterize, and locate at depth any fault passing through
the area of waste emplacement that has an annual probability greater than
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10-4/yr for displacing more than 7 cm. Assuming event recurrences are random
in time, the average rate of slip for such a fault would need to be consider-
ably larger than 7 cm per 104 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 8.3.1.17-4b for locating
faults in the underground, an average Quaternary slip rate greater than
0.005 mm/yr, provides considerable margin with respect to requirements pre-
sented in part a 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. However, assuming the rate of
activity is similar to other faults in the area, long recurrence intervals
between faulting events would be expected. For example, Whitney et al.
(1986) have identified four faulting sequences within about 270,000 yr on the
Windy Wash fault, giving an average recurrence interval of about 70,000 yr
between faulting events (Section 1.3.3.3.3). Preliminary estimates, assuming
the local Quaternary faults have a similar rate of activity, indicate that
the annual probability for exceeding 10 cm of displacement on faults such as
the Bow Ridge fault is about 1 x 10-5/yr (URS/Blume, 1987). Additional field
investigations will be conducted to develop more information about the
characteristics of this fault, particularly with respect to its Quaternary
rate of activity. Design measures are being implemented to minimize possible
fault-induced damage and to facilitate rapid repair in the unlikely event
that movement should occur on this fault during the preclosure period.

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

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

Consideration of vibratory ground motion

Repository facilities will be designed and constructed to withstand the
effects of vibratory ground motions. Conventional standards will be used for
most facilities; however, more conservative design measures will be used for
those facilities considered important to safety, specifically the waste
handling facilities. Thus, the requirement is to determine ground-motion
characteristics for consideration in the design of facilities important to
safety.
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Performance and design requirements for characterizing the potential for
vibratory ground motion are presented in Table 8.3.l.17-5a. The design-
basis ground motions are to be characterized for frequencies significant to
facilities important to safety such that there is less than a 10-percent
chance for being exceeded during 100 yr. Accordingly, the design-basis
motions are to have an annual exceedance probability less than 10-3/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-basis motions have been found to be on
the order of 10-3/yr to 10-4/yr for several operating plants (Reiter and
Jackson, 1983).

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,
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 from these
analyses will be used to help focus field investigations toward refinement of
those seismic parameters that most strongly influence ground-motion potential
at the site. In addition, probabilistic methods will be used as needed to
provide input for the assessment of risk of accidental release of radio-
nuclides.

Vibratory ground motions at the site can result from natural earthquakes
on local and regional faults, and from underground nuclear explosions (UNEs)
detonated at the Nevada Test Site. Much of the discussion to follow on the
current approach for developing design-basis ground motions focuses on issues
of natural earthquakes. The deterministic methods that will be applied for
analyzing ground motions from UNEs parallel, in most respects, those
described for dealing with natural earthquakes.

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

To adequately characterize the local earthquake hazards, some of the
terminology and procedures used in characterizing potential ground motions
elsewhere are being refined to meet the needs of a waste repository. For
example, in the determination of design ground motions for some types of
critical facilities, professional practice has been to define maximum earth-
quake magnitudes with the understanding that a larger earthquake magnitude
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may be possible, although very unlikely. This practice is being made more
explicit for characterizing this site. In particular, 10,000-yr cumulative
slip earthquakes will be identified for consideration in repository design.
A 10,000-yr cumulative slip earthquake is defined here to be an earthquake
that, occurring every 10,000 yr, would produce the observed or estimated
average Quaternary slip rate on a-fault. A detailed discussion of the
concept is provided in the description of Activity 8.3.1.17.3.1.2.

An important advantage of this refinement is that a 10,000-yr cumulative
slip earthquake magnitude, being associated with a particular recurrence
interval, can be determined with greater confidence than a true maximum
magnitude. Because large earthquakes occur infrequently, few observational
data are available for calibrating the maximum seismogenic potential of
individual faults. This is particularly true for faults of the type found in
the southern Great Basing where recurrence intervals for large earthquakes
appear to range from about 10,000 to 100,000 yr*<Section 1.4.2). Therefore,
conventional methods for determining maximum 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 conser-
vative assessments of the local seismogenic potential will be accomplished.

The planned procedure for characterizing potential ground motions at the
site is as follows: First, the active surface faults and potentially active
fracture zones at depth that could produce locally severe ground motions will
be identified. Second, 10,000-yr cumulative slip earthquakes, as defined
previously, will be determined. Third, controlling earthquakes will be
identified as those 10,000-yr cumulative slip earthquakes that produce the
most severe motions at the site. The resulting vibratory ground motions will
then be characterized by a suite of representative time histories and
response spectra that have been scaled to the magnitudes and distances of the
controlling earthquakes and modified, as needed, to account for the effects
of local site geology. A suite of representative strong-motion records may
be needed for more 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 Nevada Test Site will be identified. With this
information, the maximum UNEs with respect to generating ground motions at
the site will be determined. If the resulting site ground-motion estimates
are comparable to those for the controlling earthquake sources, the UNE
ground motions will be further characterized by a suite of representative
time histories and spectra.

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

Because the annual probability for the controlling earthquake is
expected to be low (less than about 10-4, assuming the Paintbrush Canyon
fault is controlling), and because the components required to contain
radioactive materials within the waste-handling building can be expected to
survive ground motions more severe than those used for design, ample
conservatism can be achieved by using the most probable motions from the
10,000-yr cumulative slip earthquake(s) on the controlling earthquake
source(s) as the basis for seismic design. Probabilistic calculations will
be performed to test and verify that the resulting ground motions exceed the
thousand-year estimate from the combined hazard from natural earthquakes and
underground nuclear explosions.

Alternative conceptual models

As discussed in the overview of the site characterization program
(Section 8.3.1.1), hypothesis-testing tables have been constructed that
summarize (1) the current hypotheses regarding how the site can be modeled
and how modeling parameters can be estimated; (2) the uncertainty associated
with this current understanding, including alternative hypotheses which are
also consistent with available data and that may compose an alternative
conceptual model; (3) the significance of alternative hypotheses; and
(4) activities or studies which are designed to discriminate between
alternative hypotheses or to reduce uncertainty. Tables 8.3.1.17-7 and
8.3.1.17-8 summarize current understanding in the modeling of local and
regional tectonics, respectively, that is being performed as part of the
preclosure tectonics site program. Integration of information from different
disciplines is often necessary to comprehensively evaluate alternative
hypotheses. Accordingly, the hypothesis-testing tables for each site program
call for information from studies and activities in other programs, as
appropriate.

To help ensure comprehensiveness of the hypotheses considered in Ta-
bles 8.3.1.17-7 and 8.3.1.17-8, hypotheses for preclosure tectonics modeling
have been divided into elements or components that describe the physical
domain defined by the model, the driving forces/processes that influence the
behavior of the model, the boundary conditions that affect the model, the
system geometry of the physical components of the model, tnd a series of
elements that describe the system response/dynamics of the model in response
to its driving forces, boundary conditions, and system geometry. These
elements are listed in column one.

The second column of the tables lists the current representations for
each model element in the form of hypotheses that are based on currently
available data.

The third column in Tables 8.3.1.17-7 and 8.3.1.17-8 provides a judged
level of uncertainty designated "high,' 'moderate," or 'low" associated with
the current representation for each element. A brief rationale for the
judgment is also given.
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The fourth column describes alternative hypotheses to the current
representation that are consistent with currently available data. As site
characterization proceeds and more information becomes available, alternative
hypotheses may be deleted or added or the current hypothesis may be revised
and refined.

The fifth column indicates the performance measure or performance
parameter that could be affected by the selection of hypotheses related to
that element.

Column six gives the needed confidence in the indicated performance
measure or performance parameter, as defined in the performance allocation
tables.

The seventh column presents a judgment of the sensitivity of the
performance parameters in column five to the selection of hypotheses in
columns two and four of that element. The sensitivity is rated high if
significant changes in the values of the performance parameter might occur if
an alternate hypothesis were found to be the valid hypothesis for the system.

The eighth column presents a judgment on the need to reduce uncertainty
in the selection of hypotheses. This judgment is based on the uncertainty in
the current representation, the sensitivity of the performance parameters to
alternative hypotheses, the significance and needed confidence of affected
performance parameters, and the likelihood that feasible data-gathering
activities could significantly reduce uncertainty.

The final column identifies the characterization studies or activities
that will discriminate between alternative hypotheses or that will reduce
uncertainties associated with the current representation for each model
element.

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
motion, respectively. These three investigations are designed to provide the
required characterization parameters. A fourth investigation comprises a
number of data collection and synthesis activities that support one or more
of the three analysis and assessment investigations.
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Table 8.3.1.17-8. Current representation and alternative hypotheses for the regional model for the
preclosure tectonics program (page 1 of 5)
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preclosure tectonics program (page 2 of 5) 0
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8.3.1.17.1 Investigation: Studies to provide required information on
volcanic activity that could affect repository design or
performance

Technical basis for obtaining the information

Link to technical data chapters and applicable support documents

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

SCP section Subiect

1.3.2.1 Volcanic history
1.5.1 Volcanism
1.8.1.3.1 Significant results
1.8.1.3.2 Discussion of significant results
1.8.1.5.1 Significant results

Parameters

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

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 period.

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
related to the potential for a basaltic volcanic eruption at the site (Ta-
ble 8.3.1.8-1):

1. Location and timing of volcanic events near the site.

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

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

4. Effects of Strombolian eruptions.

5. Effects of hydrovolcanic eruptions.

8.3.1.17-51
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Purpose and objectives of the investigation

Two types of volcanic hazards that could credibly affect preclosure
repository performance will be characterized: (1) ash fall from distal
silicic volcanic centers in the western Great Basin and (2) a basaltic
volcanic eruption at the site. ASh fall is being addressed under preclosure
tectonics because of its potential impact on surface and subsurface ventila-
tion systems (dust filters). However, the study of basaltic volcanism in the
site region will be conducted under the postclosure tectonics program
(Section 8.3.1.8), because the probability of basaltic volcanism at the site
is greater over the longer postclosure time frame. The probability of a
basaltic volcanic eruption at the site during the preclosure period will be
estimated there. No studies are planned of potential silicic 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 systems of the surface-facility and mining ventilation
systems can be designed to accommodate potential ash falls at the site. The
characterization parameters related to basaltic volcanism are intended to
provide assurance that the probability of a volcanic eruption at the site is
acceptably low (i.e., as interpreted here, less than one chance in 10,000 in
100 yr).

Technical rationale for the investigation

A logic diagram for the investigation of preclosure volcanic activity is
presented in Figure 8.3.1.17-3. The potential for ash falls at the site from
distal silicic volcanic centers will be addressed in Study 8.3.1.17.1.1.
Since much work has already been published on silicic volcanism in the
region, data will be compiled primarily through a literature survey in
Activity 8.3.1.17.1.1.1. For the western Great Basin, locations of silicic
volcanic center, 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.

The potential ash-fall thickness at the site will be assessed in
Activity 8.3.1.17.1.1.2 and expressed in terms of the characterization
parameters listed in Tables 8.3.1.17-la, -lb, -2a, and -2b. A probability-
versus-thickness function will be estimated, and a particular ash-fall
thickness that has less than one chance in 10 of occurring in 100 yr (i.e.,
a greater-than-, 000-yr ash fall) will be estimated for consideration in the
design of mining and surface ventilation systems. The potential particle
density and particle-size distribution of an ash fall at the site will be
assessed in Activity 8.3.1.17.1.1.3.

The potential for a basaltic volcanic eruption to directly disrupt the
repository is being addressed in Investigation 8.3.1.8.1, under postclosure
tectonics. The probability of a basaltic eruption penetrating the repository
will be estimated in Study 8.3.1.8.1.1, and the potential geologic effects of
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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 diagram for Investigation 8.3.1.8.1 (Figure 8.3.1.8-3).

8.3.1.17.1.1 Study: Potential for ash fall at-the site

Three activities are included in this study.

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

Objectives

The objective of this activity is to compile information on Quaternary
silicic volcanism in the western Great Basin, the reoccurrence of which might
produce an ash fall at the site.

Parameters

Information to be compiled includes locations of silicic volcanic
centers, rates of past eruptions, volumes of past eruptions, tephra dispersal
patterns in past eruptions, and tephra particle size distributions in past
eruptions.

Description

Required data will be gathered from the geological literature. Volcanic
fields of interest include the Coso field, the Big Pine field, Long Valley
caldera, and the Mono-Inyo Dome chain.

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

Objectives

The objective of this activity is to produce an approximate probability-
versus-thickness function for potential ash falls at the site and to estimate
a particular ash-fall thickness that has less than one chance in ten of
occurring in 100 yr. These hazard estimates will be considered in the design
of filters in the mining and surface-facility ventilation systems.

Parameters

The parameters required for this assessment activity include the
following:

1. Locations of Quaternary silizic volcanic centers in the western
Great Basin.

8.3.1.1.7-54
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2. Rates, volumes, and tephra dispersal patterns of Quaternary silicic
volcanic eruptions in the western Great Basin.

Description

The ash-fall hazard estimates will be produced by extrapolating the
observed Quaternary rates, volumes, and tephra dispersal patterns of silicic
volcanic eruptions in the western Great Basin into the future and by calcu-
lating the probabilities of experiencing different ash-fall thicknesses at
the site, considering the site location relative to the silicic volcanic
centers. These estimates will be based on the information compiled in
Activity 8.3.1.17.1.1.1.

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

Objectives

The objective of this aetivity is to estimate the potential particle
densities and particle-size distributions of ash falls at the site for
consideration in the design of filters in the mining- and surface-facility
ventilation systems.

Parameters

The parameters required for this assessment activity are historical
ash-fall particle densities from silicic volcanic eruptions and particle-size
distributions in ash beds corresponding to Quaternary silicic volcanic
eruptions in the western Great Basin.

Description

Potential ash-fall particle densities at the site will be assumed to be
comparable to particle densities that have been observed historically in ash
falls from silicic volcanic eruptions, at distances similar to those between
the site and the silicic volcanic centers in the western Great Basin. Poten-
tial particle size distributions at the site will be estimated on the basis
of observed size distributions in ash beds that correspond to Quaternary
silicic volcanic eruptions in the western Great Basin and that are at
distances comparable to that of the site from the volcanic centers. The
analyses will be based on information compiled in Activity 8.3.1.17.1.1.1.
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8.3.1.17.2 Investigation: Studies to provide required information on fault
displacement that could affect repository design or performance

Technical basis for obtaining the information

Link to the technical data chapters and applicable support documents

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

SCP section Subject

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

1.3 Structural geology and tectonics

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

Parameters

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

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

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

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

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

1. Surface locations of faults in the repository block that offset
Quaternary materials by more than 1 m or Tertiary rocks by more than
100 m.

2. Surface and subsurface locations of any faults that intersect
prospective underground facilities and that have average Quaternary
slip rates greater than 0.005 mm/yr.
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3. Estimated total probability of exceeding 7 cm displacement on any
fault in the the area of emplaced waste, considering known and
possibly concealed faults and the tectonic interrelationships among
local faults.

Purpose and objectives of investigation

The siting objective vis-a-vis potential surface faulting is to avoid
fault displacement in excess of a few inches beneath the structural founda-
tions of surface facilities considered important to safety. The corre-
sponding goal of this investigation, expressed in Table 8.3.1.17-3a, is to
demonstrate, with a high degree of confidence, that there is less than a one
percent chance of exceeding 5 cm of fault displacement beneath surface
facilities important to safety during the preclosure period (approximately
100 yr). (A discussion of the reasonableness of this goal is provided in the
overview of this section.)

The primary concern regarding faulting in the underground facilities
during preclosure is that waste packages might be sheared or become jammed in
their waste-emplacement boreholes, making retrieval more difficult and time
consuming than it otherwise would be. The corresponding goal (Tables
8.3.1.17-4a and -4b) 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 areas. (A displacement of 7 cm is the minimum value
at which the sides of a faulted waste-emplacement borehole would be expected
to contact a waste package.) No single fault with the potential to exceed
this goal is currently thought to exist, but if such a fault is identified,
an attempt will be made to determine its location underground for consider-
ation in the positioning of waste-emplacement boreholes.

Technical rationale for investigation

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

The potential for surface faulting at locations of surface facilities
important to safety (FITS) will be assessed in Activity 8.3.1.17.2.1.1 and
expressed in terms of the characterization parameters listed in Table
8.3.1.17-3b. The most important information pertaining to potential fault
displacement beneath FITS is expected to come from detailed geologic
mapping of alluvial deposits in Midway Valley and from exploratory trenching
in the immediate vicinity of prospective surface FITS. Exploratory trenches
are expected to intersect surficial units that are at least 100,000 yr old.
Any faults that measurably displace units less than 100,000 yr old and any
faults found to have Quaternary slip rates exceeding 0.001 mm/yr (10
cm/100,000 yr) will be identified.

Because significant faulting is sometimes accompanied by sympathetic
displacements in adjacent areas, information on fault-zone widths and
recurrence of movement on Quaternary faults within 5 km of surface FITS will
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.
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The probability of exceeding 5 cm displacement on any fault beneath
prospective surface FITS will be estimated in Activity 8.3.1.17.2.1.2,
considering, in addition to the information cited previously, the tectonic
interrelationships between local faults, the possible existence of concealed
faults, and the potential for the surface trace of a fault to change
locations from event to event. The goal is to locate the surface FITS in an
area where there is less than a one percent chance of exceeding 5 cm of net
(combined dip-slip and strike-slip) displacement in 100 yr, with high confi-
dence.

Any site without faults having apparent Quaternary slip rates greater
than 0.001 mm/yr and faults that measurably offset materials less than
100,000 yr old is expected to meet the above goal conservatively, even if an
undetected component of strike-slip motion exists that is as large as the
measured dip-slip components. This expectation is based in part on the
observation that main, branch, and secondary faulting generally recurs at the
same location. An example is the 1983 Borah Peak earthquake, where new
ruptures were found to coincide with older scarps that defined both the main
trace and graben-bounding antithetic faults (Crone et al., 1985; Schwartz and
Crone, 1985). The 1932 Cedar Mountain earthquake is another example where
trenches across the 1932 ruptures revealed many previous events (Bell, 1988).
The prior Cedar Mountain events coincide with the 1932 breaks even though the
general pattern of faulting was distributed. Data from these earthquakes and
others indicate that a trenching program of the type proposed here, if
conducted before the recent faulting, would have detected these faults and
accurately identified the locations of future ruptures.

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
8.3.1.17-4a and -4b.

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

A second design-parameter goal is to identify, characterize, and locate
within the waste-emplacement area any fault with more than a one percent
chance of producing displacement greater than 7 cm during the preclosure
period. Faults with slip rates less than 0.005 mm/yr would be very unlikely
to exceed this threshold (see overview discussion of the preclosure tectonics
site program in this section), and current data indicate that, with moderate
confidence, no faults with Quaternary slip rates greater than 0.005 mm/yr
exist in the repository block. Further work will be performed in Study
8.3.1.17.4.7 to achieve a moderate-to-high level of confidence in this
finding.
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Information on particular Quaternary faults in the repository block,
data on the regional spacing and rate of movement of Quaternary faults, and
interpretations of tectonic interrelationships among local faults will be
synthesized in Activity 8.3.1.17.2.1.2 to estimate a total probability of
exceeding 7 cm displacement on faults that intersect areas of emplaced waste.
This work is expected to corroborate the current assessment that, with
moderate confidence, the total probability of exceeding 7 cm displacement in
100 yr on any fault in the area proposed for waste emplacement is less than
one percent.

8.3.1.17.2.1 Study: Faulting potential at the repository

This study includes two activities.

8.3.1.17.2.1.1 Activity: Assess the potential for surface faulting at
prospective sites of surface facilities important to safety

Objectives

The objective of this activity is to assess the stability of the site
surface with respect to fault displacement, at locations proposed for
facilities important to safety (FITS). Particular objectives are to develop
the characterization parameters listed in Table 8.3.1.17-3b and discussed
previously with the indicated levels of confidence.

Parameters

The data required for this synthesis activity include the following:

1. Locations of faults within 100 m of locations proposed for FITS that
have apparent Quaternary slip rates greater than 0.001 mm/yr or that
measurably offset materials less than 100,000 yr old.

2. Fault-zone widths and recurrence of movement on potentially
significant faults within 5 km of locations proposed for FITS.

3. Tectonic interrelationships among local faults.

The key parameter to be produced by this activity is an estimate of the
total probability of exceeding 5 cm fault displacement at locations proposed
for FITS.

Description

This is a synthesis and assessment activity that draws on data collected
elsewhere, mostly from the Quaternary faulting studies in Investiga-
tion 8.3.1.17.4 and the studies of stratigraphy and structure in Investiga-
tion 8.3.1.4.2. The data sets that will be synthesized, the general approach
to the synthesis, and the required assessments are described previously in
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the discussion of the technical rationale for this investigation and in the
overview of the preclosure tectonics site program. A few more details on the
synthesis of the faulting potential are provided here.

The assessment of the probability of fault displacement beneath FITS may
benefit from a consideration of the fractal characteristics of local fault
systems and of the mechanical interactions between local faults.

Surface FITS will be sited where there is no evidence of substantial
Quaternary faulting, but concealed faults and the possibility of the surface
trace of a fault appearing at a new location cannot be ruled out and will be
evaluated. Since fault systems tend to have self-similar geometries (i.e.,
to have similar degrees of branching and complexity over a wide range of map
scales) an analysis of the fractal characteristics of local fault systems may
be useful for estimating the spatial density and lengths of subsidiary faults
that may lie concealed in the vicinity of FITS.

The reasonableness of postulated tectonic interrelationships among local
faults can be checked to some extent by analyzing the stresses generated by
the displacements that are assumed to be occurring; the local stress field
generated by assumed slip on one fault should not act to oppose the slip that
is assumed for other faults. If slip directions and magnitudes are
constrained by geologic data, stress analyses may indicate areas of stress
concentration that may be accommodated by concealed faults.

8.3.1.17.2.1.2 Activity: Assess the potential for displacement on faults
that intersect underground facilities

Objectives

The objective of this activity is to assess the potential for displace-
ment on faults that intersect underground facilities. Particular objectives
are to develop the characterization parameters listed in Table 8.3.1.17-4b
with the indicated levels of confidence.

Parameters

Data required for this synthesis activity include the following:

1. Locations of faults in the repository block that offset Quaternary
materials by more than 1 m or Tertiary rocks by more than 100 m.

2. Surface and subsurface locations of faults with Quaternary slip
rates greater than 0.005 mm/yr that intersect areas proposed for
waste emplacement.

3. Approximate regional spacing and rate of Quaternary faults.

4. Tectonic interrelationships among local faults.
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The key parameter to be provided by this activity is an estimate of the
total probability of exceeding 7 cm displacement in 100 yr on any fault that
intersects areas proposed for waste emplacement.

Description

This is a synthesis and assessment activity that draws on data collected
by other activities, as indicated in Figure 8.3.1.17-4. The data sets that
will be synthesized, the general approach to the synthesis, and the required
assessments are described previously in the discussion of the technical
rationale for this investigation and in the overview of the preclosure
tectonics site program. A few observations on the general approach are
presented here.

The assessment of faulting potential at depth will be predominantly
inferential, because the recency and amount of movement on a fault
encountered at depth while mining is nearly impossible to determine from the
limited exposure in the mine. Also, the subsurface projections of faults
that are expressed at the surface are often poorly constrained by surface
geophysical evidence. In the unexpected instance that a fault is found that
may project through proposed areas of emplaced waste and that has surface
evidence of a slip rate exceeding 0.005 mm/yr, the fault will be located
(perhaps by drilling and coring) in the underground.

The inference of faulting potential will be based in part on the average
spacing of Quaternary faults that is estimated for the structural domain that
encompasses the site. (A structural domain is a crustal block within which
faulting of a given genetic type generally occurs with uniform characteris-
tics.) Key information for defining the structural domain of the site will
come from Activity 8.3.1.17.4.3.5. The assessment of faulting potential will
also consider estimates of slip rates on Quaternary faults in the site area
(from Activity 8.3.1.17.4.6.2), the fractal geometry of local fault systems
(see description of Activity 8.3.1.17.2.1.1), interpreted tectonic (mechanis-
tic) interrelationships among local faults, and models for the accommodation
of regional strain by local faults.

8.3.1.17.3 Investigation: Studies to provide required information on
vibratory ground motion that could affect repository design or
performance

Technical basis for obtaining the information need

Link to the technical data chapters and applicable support documents

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

Parameters

This investigation will provide the following characterization
parameters related to potential vibratory ground motion at the site from
natural and man-made seismic sources (Tables 8.3.1.17-5a -5b, -6a, and -6b):
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1. Identification of potential earthquake sources in the controlled
area.

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

3. Magnitudes of 10,000-yr cumulative slip* earthquakes on local
earthquake sources.

4. Magnitudes of 10,000-yr cumulative slip* earthquakes on regional
earthquake sources.

5. Maximum potential yields of future underground nuclear explosions
(UNEs) at the Nevada Test Site (NTS).

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

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

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

9. Identification of controlling seismic events--those 10,000-yr
cumulative slip earthquakes and/or potential largest and closest
UNEs that would generate the most severe ground motions at the site
in any frequency band of engineering significance, taking into
account an local-geologic or depth effects on the ground motion.

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

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

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

'10,000-yr cumulative earthquakes are defined here to be earthquakes
that, occurring every 10,000 yr, would produce the observed or estimated
average Quaternary slip rate on a fault; see discussion in description of
Activity 8.3.1.17.3.1.2.
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Purpose and objectives of the investigation

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

The planned methodology for developing the seismic-design basis is, as
is discussed in detail below, intended to result in design levels such that
the probability of the design level being exceeded is comparable to typical
exceedance probabilities for the seismic-design bases of operating nuclear
power plants in the United States (i.e., annual probabilities of exceedance
on the order of 1 x 10-3 to 1 x 10-4).

Although this investigation is motivated by the need to develop a
seismic-design basis and other information related to the design of facili-
ties important to safety (FITS), the resulting design-basis ground-motion
descriptions also may be considered in the design of other repository
facilities. (Presently, only the shipping cask and certain components of the
waste-handling facilities are considered potentially important to safety
(Laub and Jardine, 1987). 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
seismic design basis is deterministic, meaning that the design-basis ground-
motion description will correspond to the postulated occurrence of a discrete
seismic event or events (e.g., the occurrence of an earthquake of specified
magnitude on a particular fault). This type of approach parallels that used
to develop the seismic design bases of all nuclear power plants in the United
States. In addition, probabilistic estimates of the seismic hazard at the
site will be developed that integrate individual contributions to the site's
ground-motion potential from earthquake sources at different distances and
with different earthquake recurrence characteristics. The probabilistic
seismic hazard estimates will be used to evaluate and constrain required
technical judgments in the deterministic approach, evaluate the adequacy of
the deterministic results, and help identify and focus efforts to refine
those parameters that are most important for the deterministic calculations.
The probabilistic hazard estimates will also provide input needed to deter-
mine credible accidents that are applicable to the repository (Information
Need 2.3.1, Section 8.3.5.5.1).

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

Ten-thousand year cumulative slip earthquakes are defined here to be
earthquakes that, occurring every ten-thousand years, would produce the
observed or estimated average Quaternary slip rate on a fault (see detailed
discussion in description of Activity 8.3.1.17.3.1.2). Controlling seismic
events are those exceptional earthquakes and/or potential largest and closest
UNEs that would generate the most severe ground motions at the site in any
frequency band of engineering significance. The seismic design basis for
FITS will be suites of ground-motion time histories and corresponding
response spectra that are representative of the controlling seismic events.

A logic diagram for this investigation is presented in
Figure 8.3.1.17-5.

Study 8.3.1.17.3.1 will identify and characterize earthquake sources
that could potentially be relevant to a deterministic seismic hazard analysis
of the site, i.e., sources that could conceivably produce exceptional earth-
quakes that would control the seismic-design basis in any frequency band of
engineering significance. Characterization -f earthquake sources for the
deterministic hazard assessment will include a determination of each source's
location, orientation, depth, likely style of faulting, and an evaluation of
the 10,000-yr cumulative slip earthquake magnitude. Here, and elsewhere,
uncertainty in the determination of input parameters will be estimated so
that the sensitivity of the final results to key assumptions can be
estimated.

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

Study 8.3.1.17.3;2 will determine the potential locations and maximum
yields of future UNEs at the NTS, considering constraints such as damage
thresholds in Las Vegas. The UNE(s) that would cause the most severe ground
motions at the site will then be identified using a predictive model for UNE
ground motions.

Models for predicting UNE ground motions and models for predicting
earthquake ground motions will be selected or developed in Study
8.3.1.17.3.3. Published ground-motion models for UNEs at NTS will be used
where appropriate. If published models are not available for all ground-
motion parameters needed, available data will be compiled and the needed
models will be developed through regression analyses. Earthquake ground-
motion data from the Great Basin and tectonically analogous areas will be
tested for statistically significant deviations from published earthquake
ground-motion models that have been developed for California and western
North America. If the deviations are not statistically significant, a
published model will be selected. If needed, new models will be developed
through regression analyses.
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Systematic effects on surface and subsurface ground motions resulting
from the local site geology will be identified and used to correct predic-
tions of the regional ground-motion models developed in Study 8.3.1.17.3.3.
These correction factors will be based, to the extent possible, on actual
ground-motion recordings obtained in Study 8.3.1.17.4.1. Theoretical models
based on the wave properties of the local geology will be developed to the
degree necessary to explain the observations to first order and then used to
extrapolate the observations to locations and depths where ground motions
must be predicted but where recordings are not available.

Identification of controlling seismic events and characterization of the
resulting ground motion at the site will be accomplished in Study
8.3.1.17.3.5. Identification of the controlling seismic events will follow
directly from the identification of 10,000-year cumulative slip earthquakes
on relevant sources in Study 8.3.1.17.3.1, the determination of potential
maximum future UNEs in Study 8.3.1.17.3.2, the earthquake and UNE
ground-motion models developed in Study 8.3.1.17.3.3, and the local site
correction factors developed in Study 8.3.1.17.3.4..

Controlling-event ground motions will be characterized by suites of
strong-motion time histories that are representative in terms of expected
amplitudes, frequency content, and duration. Methodologies for constructing
these time histories will be evaluated. Two different methodologies may be
implemented and the results compared to help assess the uncertainty in the
final results.

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

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

A probabilistic seismic hazard analysis of the site is expected to be
performed concurrently with the deterministic analysis and repeated one or
more times, with detail increasing as more data become available. The
sensitivity of estimated hazard to various input parameters is easy to assess
within the probabilistic framework, and the preliminary analyses will help to
identify the parameters of greatest importance to both the probabilistic and
deterministic analyses; this information will be used to redirect and focus
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the characterization activities. The calculated probabilistic hazard levels
will also be used to help assess the adequacy of the deterministically
derived design-basis ground motions. As was stated earlier, a measure of
adequacy that is adopted here is that the annual probability of the design-
basis ground motions being exceeded is between 10-3 and 10-4 per yr, 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.

8.3.1.17.3.1 Study: Relevant earthquake sources

The objectives of this study are to identify and characterize those
earthquake sources that are relevant to a deterministic seismic hazard
analysis of the site (i.e., those sources that could be active) and, if
active, could cause severe ground shaking at the site. Potential earthquake
sources include faults with surface geologic expression as well as concealed
faults. Each seismic source will be characterized by its location, depth,
orientation, likely style of faulting, and 10,000-yr cumulative slip earth-
quake magnitude.

8.3.1.17.3.1.1 Activity: Identify relevant earthquake sources

Objectives

The objective of this activity is to identify earthquake sources that
could generate severe ground motions at the site.

Parameters

The following types of information will be synthesized in this activity:

1. Maps and cross sections of historical earthquake locations.

2. Maps showing Quaternary faults with lengths greater than about 20 km
within 100 km of the site and Quaternary faults with lengths greater
than about 1 km within 10 km of the site.

3. Data on the style and rate of Quaternary faulting in the site
region.

4. Evidence of neotectonic deformation or stability in the site region.

5. Regional heat-flow anomaly maps and regional and local
magnetic-anomaly and gravity-anomaly maps.

6. Regional and local crustal seismic data.

7. Information on local and regional crustal stresses.

8. Local and regional tectonic models.
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These information items will be supplied mostly by the data-collection-
and-analysis activities in Investigation 8.3.1.17.4 (Figure 8.3.1.17-5).

Description

Relevant earthquake sources will be identified through a synthesis of
information of the types listed in the parameter section. Surface evidence
of Quaternary faulting and patterns of historical seismicity will be para-
mount considerations. Magnetic and gravity anomalies, crustal seismic data,
and heat-flow will be analyzed for indications of faulting at depth. The
assessment of whether a geophysical anomaly corresponds to a fault will
consider information on the local structural geology and surface geomor-
phology. The likelihood of a buried fault being active will be evaluated
considering the spatial correlation of the fault with historical seismicity,
the orientation of the feature with respect to measured or inferred crustal
stress orientations, potential tectonic interrelationships with other local
faults, and conceptual models of the regional tectonics.

The assessment of relevance of an identified seismic source requires an
assessment of the magnitude capability of the source. Hence, this activity
will be performed concurrently and iteratively with the effort to define
10,000-yr cumulative slip earthquakes for relevant earthquake sources in
Activity 8.3.1.17.3.1.2.

Relevance to a deterministic seismic hazard analysis of the site of
identified earthquake sources will be judged according to a preliminary
estimation of the 10,000-yr cumulative slip earthquake magnitude of the
source and the distance of the source from the site, using criteria similar
to the following:

Source distance (R) 10,000-year cumulative slip earthquake magnitude (M)

0 < R < 3 km M > 5
3 < R< 100 km M> 4 + 2 log1 0 R

Relevance to a deterministic seismic hazard analysis of identified
earthquake sources is determined by the potential for such sources to pos-
sibly control the severity of ground shaking at any frequency of engineering
significance. The determination of relevance involves the determination of
the 10,000-yr cumulative slip earthquake for each source and the prediction
of potential ground motion in different frequency bands. Attenuation rela-
tionships for frequency-specific measures of ground-motion severity (e.g.,
spectral ordinates of pseudo-relative velocity response) are thus required
for the relevancy determination.

The conceptual approach for identifying potentially relevant earthquake
sources is illustrated graphically in Figure 8.3.1.17-6. The curve in this
figure is based on preliminary professional judgment. No numerical calcula-
tions were performed to construct the curve; it is intended to be illustra-
tive only.

The curve drawn in Figure 8.3.1.17-6 reflects the expectation that local
faults will control potential high-frequency ground motion and that larger,
more distant faults could control lower frequency ground motions. The curve
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is not permitted to go below magnitude 5 because faults with cumulative-slip

earthquake magnitudes less than this value are probably too small to detect

with any confidence. (If it is determined that earthquakes smaller than

magnitude 5 could impact repository design or performance, their occurrence

will be considered to be spatially and temporally random and the associated

hazard will be modeled probablisti-cally as part of Study 8.3.1.17.3.6.)

The relevancy criteria will be refined through analysis of the earth-

quake ground-motion (attenuation) relationships that will be selected or

developed in Study 8.3.1.17.3.3 and considering any revisions to the param-

eters needed for seismic design (Section 8.3.2.5.1) and design analysis

(Section 8.3.2.5.7). Given the uncertainty in estimating magnitudes and

ground motions, any criteria developed will be applied conservatively to

avoid the premature screening of potentially relevant sources.

8.3.1.17.3.1.2 Activity: Characterize 10,000-yr cumulative slip earthquakes
for relevant seismogenic sources

Objectives

The objective of this activity is to characterize 10,000-yr cumulative

slip earthquakes for each of the relevant seismogenic sources identified in

the previous activity. The nature, size, and location of 10,000-yr cumula-

tive slip earthquakes are to be established based on the seismogenic proper-

ties of the potential sources.

Des criDt ion

The concept of 10,000-yr cumulative slip earthquakes is being estab-

lished to develop deterministic characterizations of potential severe vibra-

tory ground motion for consideration in the design of repository facilities

important to safety. Available data (Section 1.3) for faults in the site

region that have moved during the Quaternary suggest that recurrences inter-
vals may be on the order of 1 x 104 to 1 x 105 yr. Such low rates suggest

that the use of fault length or displacement to develop deterministic esti-

mates of magnitude for a given fault may be misleading in terms of the hazard

posed by the fault. The concept of the 10,000-yr cumulative slip earthquake

takes recurrence rates into account, in addition to the fault characteris-

tics, for determining a maximum magnitude for the purpose of estimating po-

tential severe vibratory ground motion at the site. 10,000-yr cumulative

slip earthquakes for Quaternary faults are defined as those earthquakes that,

occurring every 10,000 yr, would produce the observed or estimated average

Quaternary slip rate on a fault. The magnitude of a 10,000-yr cumulative

slip earthquake is a best estimate based on the equivalent 10,000-yr dis-

placement and available information on fault dimensions and geometry and

possible interactions with other faults. To ensure applicability of the

concept in cases where slip rates are such that major strain-releasing earth-

quakes are expected more often than every 10,000 yr (e.g., the San Andreas

fault), the 10,000-yr cumulative slip earthquake magnitude is constrained to

not exceed the best-estimate maximum magnitude. Finally, to ensure adequate
conservatism of the design vibratory ground motion, an additional constraint
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on the magnitude is that the resulting design-basis ground motion for facili-
ties important to safety have an annual probability of exceedance between
10-3 and 10-4 per yr.

Various types of data will be used to evaluate 10,000-yr cumulative slip
earthquakes, including estimated s.lip rates, mapped fault lengths, fault
displacement (per event if available), fault type, and other pertinent geo-
logic data. The following hypothetical calculation is presented to illus-
trate how data collected during site characterization studies will be used to
estimate the 10,000-yr cumulative slip earthquake for the ground motion
design of surface facilities.

Sample Calculation: A fault in the vicinity of the site is identified
by the procedures in Activity 8.3.1.17.3.1.1 as a potentially relevant
earthquake source. Mapping and trenching studies find that the fault is
30 km long and that it displaces a 740,000-yr-old layer 7.5 m vertically
and 1.5 m horizontally. Trenching at other localities along the fault
indicate that the above values are representative of the behavior of the
fault through the Quaternary. The above data are used to calculate a
net slip of 7.65 m over 740,000 yr and a Quaternary slip rate of
0.01 mm/yr. The average cumulative slip over 10,000 yr can then be
calculated as 0.1 m. The 10,000-yr cumulative slip earthquake assump-
tion is that all this displacement is released as a single event. The
magnitude of this event can be estimated using empirical regression
curves such as Bonilla et al. (1984) and Slemmons (1982). The published
regression curves use maximum displacement rather than average displace-
ment to estimate magnitude, so a maximum displacement must be estimated
for the 10,000-yr event. Bonilla (1982) found that the maximum dis-
placement is about 3 times the average displacement for most events.
Using this value, the maximum displacement for the 10,000-yr event is
about 0.3 m. When these calculations are conducted for the final eval-
uations, all published methods will be evaluated and compared. New re-
gression analyses may also be prepared for the Basin and Range province
comparing displacement with magnitude or moment. For the purposes of
this example, the results of Bonilla et al. (1984) will be used. Using
the wna.dm (western North American; displacement-magnitude) relation of
Bonilla et al. (1984), a 0.3 m displacement would indicate an earthquake
of MS 6.6. The rupture length of this event can be estimated using the
wna.dl (western North American; displacement-length) relation of Bonilla
et al. (1984) as 18.8 km. The reasonableness of these estimates can be
checked by calculating the percentage of the total fault length hypothe-
sized to rupture (63 percent) and comparing the results with historical
events in the province or with data on measured scarp lengths along the
subject fault. Any data on single event displacements and recurrence
intervals can also be compared with the design event to evaluate the
results.

Uncertainty in the estimation of the magnitude of the 10,000-yr
event can come from the statistical uncertainty associated with the use
of regression curves and the uncertainty in the estimate of average
displacement rates. The statistical uncertainty in the magnitude
estimates can be quantified using the techniques discussed in Bonilla
et al. (1984). The uncertainty in the slip rate estimates will be
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evaluated by reviewing the results from multiple locations along the
subject fault and the data on the accuracy of displacement and
age-dating measurements.

Earthquake magnitude-frequency relationships will be estimated (using
available data) considering characteristic-earthquake models or other rela-
tionships such as exponentially decaying models or maximum likelihood models.
A probability distribution for true maximum magnitude, Mmax, will be
estimated for the probabilistic seismic hazard analysis of the site--Activity
8.3.1.17.3.6.1. The magnitude-frequency relationship will be used to evalu-
ate the recurrence interval associated with M..X and will assist in determin-
ing whether the 10,000-yr cumulative slip earthquake magnitude should differ
from Mmax.

The 10,000-yr cumulative slip earthquakes for each relevant earthquake
source will be characterized by an expected depth or depth-range and earth-
quake magnitude.

The 10,000-yr cumulative slip earthquake methodology and the planned
adjunct probabilistic seismic hazard analysis provide a useful and sufficient
framework for scoping, organizing, and prioritizing seismic-hazard-related
site-characterization activities. Together the cumulative slip earthquake
methodology and the probabilistic analysis require, and the planned
site-characterization activities are designed to provide, all types of
information that are material to the characterization of seismic hazard,
including data on fault lengths and displacements, slip rates, faulting
styles, maximum-magnitude estimates, recurrence-rate estimates, attenuation
relationships, local and regional tectonic models, historical seismicity,
and the uncertainties associated with all these items. The cumulative slip
earthquake methodology may be revised or a different methodology may be used
to actually develop a design basis for the advanced conceptual design and the
license application design. In any instance, the data gathered will be
comprehensive and sufficient for application to any methodology.

8.3.1.17.3.2 Study: Underground nuclear explosion sources

The objective of this study is to characterize the potential future
underground nuclear explosions (UNEs) at the Nevada Test Site (NTS) that
region would result in the most severe motions at the repository site.

8.3.1.17.3.2.1 Activity: Determine the range of UNE sources

Objectives

The objective of this activity is to determine potential locations and
upper limits on the yield of future UNE tests within the NTS.
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Description

Previous work on potential UNE ground motions at the site has assumed
that a 700-kiloton explosion is detonated in the Buckboard Mesa area of the
NTS, at a distance of 23 km from the repository shaft (Vortman, 1986). This
activity will review the basis for these assumptions, in particular, the
constraints on maximum UNE yields, such as damage thresholds in Las Vegas.
(The current test-ban treaty threshold is 150 kiloton.) Factors that could
influence the locations of future UNEs, such as terrain and rock types at the
NTS, will be reviewed. Information on depth of burial as a function of yield
will be compiled. Information available in the open literature is expected
to adequately constrain the potential locations, depths, and maximum yields
of future UNEs at the NTS.

8.3.1.17.3.2.2 Activity: Determine maximum underground nuclear explosion
source(s)

Objectives

The objective of this activity is to identify the potential future
UNE(s) that would generate the most severe ground motions at the site.

Description

UNE ground-motion (attenuation) models (which will be developed or
selected in Activity 8.3.1.17.3.3.2) will be used to estimate site ground
motions that would result from the largest and/or closest potential future
UNEs, as identified in Activity 8.3.1.17.3.2.1. The UNE or UNEs that would
generate the most severe ground motions at the site, in any frequency band of
engineering significance, will be identified.

8.3.1.17.3.3 Study: Ground motion from regional earthquakes and underground
nuclear explosions

Objectives

The objective of this study is to select or develop ground-motion models
that are appropriate for estimating ground motion at the site from earth-
quakes and UNEs. These models will be used to determine the relevancy of
seismic sources to a deterministic seismic hazard analysis (Activity
8.3.1.17.3.1.1), identify controlling seismic events (Activity
8.3.1.17.3.5.1), constrain simulated ground motions from controlling seismic
events (Activity 8.3.1.17.3.5.2) and estimate the probabilities of exceeding
given ground-motion levels at the site (Activity 8.3.1.17.3.6.2).
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8.3.1.17.3.3.1 Activity: Select or develop empirical models for earthquake
ground motions

Objectives

The objective of this activity is to select or develop empirical ground-
motion models that are appropriate for estimating earthquake ground motion at
the site. The models will predict ground motion as a function of earthquake
magnitude and distance between the earthquake source and the site.

Parameters

Models will be determined for a number of ground-motion parameters,
including peak ground acceleration and velocity, duration, and spectral
amplitudes at frequencies sampled over the range of engineering significance.

Description

The approach here will be to test available ground-motion data from the
Great Basin and areas elsewhere that are tectonically analogous for statis-
tically significant deviations from published models that have been developed
for California and western North America. If the deviations are not statis-
tically significant, a published model will be selected. If the deviations
are statistically significant or if published models are not available for
any of the ground-motion parameters to be modeled, then new models will be
developed through regression analyses. Each model selected or developed will
include an explicit description of the uncertainty in the model predictions.

8.3.1.17.3.3.2 Activity: Select or develop empirical models for ground
motion from underground nuclear explosions

Objectives

The objective of this activity is to select or develop empirical ground-
motion models that are appropriate for estimating ground motion at the site
from UNEs at the NTS. The models will predict ground motion as a function of
the yield and distance of the UNE.

Parameters

As for earthquakes, models will be determined for a number of ground-
motion parameters, including peak ground acceleration and velocity, duration,
and spectral amplitudes sampled over the range of engineering significance.

Description

If possible, published ground-motion models for NTS explosions (Vortman,
1986) will be used. If appropriate published models are not available for
all ground-motion parameters needed, available data will be compiled and the
needed models will be developed through regression analyses.
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8.3.1.17.3.4 Study: Effects of local site geology on surface and subsurface
motions

Objectives

The objective of this study is to document systematic effects on surface
and subsurface ground motions resulting from the local site geology. Local
correction factors will be developed for application to predictions 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 instrumental
recordings of ground motion obtained in Study 8.3.1.17.4.1. Theoretical
models for the observed site effects will be developed to the extent
necessary to explain the observations to first order and then used to
extrapolate the observations to locations and depths where ground motions
must be predicted but where recordings are not available.

8.3.1.17.3.4.1 Activity: Determine site effects from ground-motion
recordings

Objectives

The objectives of this study are to determine, from ground-motion
recordings, systematic effects of the local site geology on surface and sub-
surface motions, and to identify any significant site-wide bias in ground-
motion levels, as compared with average levels for the southern Great Basin.
These empirical determinations will be used to calibrate theoretical site-
effects models in Activity 8.3.1.17.3.4.2.

Parameters

Ground-motion biases in the proximity of proposed locations of surface
facilities important to safety, as compared with area averages obtained on
rock sites, will be characterized using ratios of Fourier spectra and ratios
of peak ground-motion parameters (peak accelerations and peak velocities).
Corresponding ratios will be used to characterize reductions in ground
motions recorded at the approximate depth of underground facilities as
compared to area averages of surface recordings on rock sites.

Description

Recordings of teleseisms, regional earthquakes, local microearthquakes
(if any), and UNEs will be obtained at several (3 to 6) surface and two or

more borehole sites in Midway Valley, and at the proposed location of surface
facilities, as described in Activity 8.3.1.17.4.1.2. The recorded motions
will be examined for variation with position to identify any systematic
biases, particularly with respect to the depth of the valley sediments.
These recorded motions and the spatial variability will be used to help
calibrate theoretical models developed in Activity 8.3.1.17.3.4.2 and to
determine motion averages representative of proposed locations of surface
facilities important to safety.
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Spectral amplification functions will be estimated by forming ratios of
recorded earthquake spectra at individual locations on Midway Valley to
local-array-averaged spectra obtained on nearby rock stations. Amplification
factors for peak ground-motion parameters will be similarly determined. The
possibility of a site-wide bias in ground-motion levels will be checked by
comparing amplitudes recorded at site locations to amplitudes recorded at
sites elsewhere in the southern Great Basin, for earthquakes of similar size
and at comparable distances.

The spectral amplitudes of subsurface motions will be compared with the
spectral amplitudes for the corresponding surface motions and with the area
averages for surface motions at rock stations. Previously recorded relevant
NTS data will also be considered. These data will be used to quantify spec-
tral reductions in motion with depth as a function of frequency. Instruments
will be installed at two or more surface sites on Yucca Mountain, above pro-
posed underground facilities, and at several sites within the exploratory
shafts and drifts. The local array stations will be installed during the
first phase of a planned upgrade of the current regional seismic network.
These stations will digitally record and buffer incoming signals and then
telemeter them via a satellite link to Golden, Colorado. In addition, a
dense array of portable seismic event recorders will be temporarily deployed
at some point for the study of local site effects. This temporary array will
likely be deployed to take advantage of announced nuclear tests at the NTS.

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

Objectives

The objective of this activity is to develop a calibrated theoretical
site-effects model for use in extrapolating the observations documented in
Activity 8.3.1.17.3.4.1 to locations and depths where ground-motion
predictions are needed, but where instrumental recordings are not available.

Parameters

The product of this activity will be theoretical spectral amplification
functions. Corresponding amplification factors for peak-ground-motion param-
eters will be estimated from the spectral amplification functions, if needed.

Description

Theoretical site-effects models will be developed, based on measurements
of the wave properties (shear- and compressional-wave velocities, material
damping, and densities) as determined in the investigation of soil and bed-
rock properties (Section 8.3.1.14.2). As part of that investigation, the
seismic velocity structure of the site will be determined to a depth of at
least 1 km, particularly under Midway Valley.

The approach to modeling will be to construct the simplest model that
predicts the first-order features of the observed site-response functions.
The initial model will assume a one-dimensional velocity structure, linear
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soil response, and vertically incident body waves. More complexity (e.g.,
nonvertically incident body waves, surface waves, equivalent-linear soil
response, or two-dimensional velocity structure) will be introduced as
necessary.

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

The objectives of this study are to identify the controlling seismic
events and to characterize the resulting controlling ground motions.
Controlling seismic events are those UNEs or 10,000-yr cumulative slip
earthquakes that would generate the most severe ground motions at the site,
at frequencies of engineering significance.

Two activities are included in this study.

8.3.1.17.3.5.1 Activity: Identify controlling seismic events

Objectives

The objective of this activity is to identify those UNEs or 10,000-yr
cumulative slip earthquakes that would produce the most severe ground motions
at the site at frequencies of engineering significance. There may be more
than one controlling seismic event because different events may generate the
most severe ground motions in different frequency bands.

Parameters

The controlling earthquake(s) will be characterized by earthquake magni-
t_-.e and hypocentral location. Controlling earthquakes will be additionally
characterized by the fault strike and dip and expected slip direction. The
controlling UNE(s), if any, will be characterized by distance, azimuth,
depth, and yield.

Description

Identification of the controlling seismic events will follow directly
from the identification of 10,000-yr cumulative slip earthquakes on relevant
sources in Study 8.3.1.17.3.1, the identification of potential future UNEs in
Study 8.3.1.17.3.2, the earthquake and UNE ground-motion models developed in
Study 8.3.1.17.3.3, and the local site correction factors developed in Study
8.3.1.17.3.4. Site ground-motion parameters, including peak ground accelera-
tion and velocity, duration, and spectral ordinates at several frequencies,
will be calculated for the 10,000-yr cumulative slip earthquakes and for the
closest, largest potential UNEs. The seismic sources that produce the most
severe ground motions as indicated by the calculated ground-motion parameters
will be designated as controlling.
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8.3.1.17.3.5.2 Activity: Characterize ground motion from the controlling
seismic events

Objectives

The objective of this activity is to generate suites of strong-motion
time histories and corresponding response spectra that are representative in
amplitude, frequency content, and duration of site ground motions that could
be generated by the controlling seismic events.

Parameters

The parameters for this activity are identified in the previous section
on objectives.

Description

A number of methodologies are available for simulating strong ground
motions, and the first task in this activity will be to determine which
method or methods will be used. At present, two general approaches appear
promising.

The first approach is to scale selected instrumental strong-motion
records to the sizes (earthquake magnitudes or UNE yields) and distances of
the controlling seismic events. The advantage of this approach is that the
instrumental records can be chosen to minimize the necessary size and
distance scaling. The disadvantage of this approach is that the available
strong-motion records come from locations other than Yucca Mountain and
therefore reflect different site conditions and, for earthquakes, perhaps
different source characteristics.

The second approach is to model motion from a controlling seismic event
by a summation of motions recorded at the site for smaller events (i.e., to
use the small-event records as Green's functions in the simulation of the
larger, controlling event (Hartzell, 1985; Spudich, 1985)). The advantage of
the Green's function summation method is that propagation-path and local-
geologic effects on site ground motions are inherently accounted for. The
disadvantage (for earthquakes) is the uncertainty associated with scaling
source characteristics of small events to those of large events.

The feasibility of both approaches described above, and possibly others,
will be evaluated for application to Yucca Mountain. It may be appropriate
to implement more than one approach and compare the results to help assess
the uncertainty in the final results.

The peak ground-motion parameters, durations, and spectral ordinates of
the resulting time histories will be checked for consistency with the re-
gional ground-motion models developed in Study 8.3.1.17.3.3 and any necessary
corrections will be made. The spectral content of the time histories will be
corrected for local site effects, as necessary, using the spectral amplifica-
tion functions developed in Study 8.3.1.17.3.4.
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8.3.1.17.3.6 Study: Probabilistic seismic hazards analyses

The primary objective of this study is to quantify the probability for
experiencing ground motions of varying degrees of severity that might result
from earthquakes of varying magnitude and distance from the site. Results
from this study will be used to evaluate and constrain required technical
judgments in the deterministic evaluation of design-basis ground motions
(such as the determination of exceptional earthquake magnitudes), evaluate
the adequacy of the deterministic results, and help identify and focus
efforts to refine those parameters that are most important for the deter-
ministic calculations. The probabilistic hazard estimates will also provide
information needed to assess the credibility of postulated accidents at the
repository that might lead to releases of radioactive materials (Information
Need 2.3.1, Section 8.3.5.5.1).

8.3.1.17.3.6.1 Activity: Evaluate earthquake sources

Objectives

The objective of this activity is to determine average rates for earth-
quake recurrence as a function of magnitude for the southern Great Basin to a
distance of about 100 km from the site, and then to apportion these rates
onto active faults and subregional seismic source zones.

Parameters

Earthquake sources will be characterized by location, shape, depth, and
earthquake-recurrence rates as a function of magnitude, including the speci-
fication of a maximum magnitude or probability distribution for maximum
magnitude.

The following types of information will be synthesized in this activity:

1. Maps and cross sections of historical earthquake locations.

2. Maps showing Quaternary faults with lengths greater than about 20 km
within 100 km of the site and Quaternary faults with lengths greater
than about 1 km within 10 km of the site.

3. Data on the style and rate of Quaternary faulting in the site
region.

4. Evidence of neotectonic deformation or stability in the site region.

5. Regional and local magnetic-anomaly and gravity-anomaly maps.

6. Regional and local crustal seismic data.

7. Information on local and regional crustal stresses.

8. Local and regional tectonic models.
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Description

The earthquake catalog developed in Study 8.3.1.17.4.1 will be used to
determine the rate that earthquakes have occurred in the region surrounding
the site during historical time as a function of magnitude. The completeness
of the historical earthquake record in different areas and time intervals
will be evaluated considering the number of events reported in the catalog as
a function of magnitude and time, past human population distributions, and
past distributions of recording instruments. Different types of magnitudes
reported in the catalog will be converted to a uniform magnitude measure,
possibly ML, moment-magnitude, or both. (Statistical uncertainty in the
conversions will be carried through the hazard analysis.) Additional checks
will be made to reconcile the gross rates of crustal deformation for the
southern Great Basin with deformation rates implied from observations of
seismic-moment release rates. Estimates of the upper-magnitude limits for
earthquakes in this area will be required to translate rates of earthquake
occurrences to rates of crustal deformations. From these investigations,
best estimates, accompanied by estimates of uncertainty, will be developed
for characterizing the regional rate of earthquake occurrences.

This regional rate of earthquake occurrences will then be apportioned
onto active faults and subregional source zones according to models of the
local and regional tectonics. More than one model will likely be required
for apportioning the earthquake activity in order to express the uncertainty
in current scientific interpretations and to focus efforts to refine those
source representations that have the greatest impact on the site.

In this activity, seismologic and geologic data will be used to
interpret earthquake sources that contribute to the probability of exceeding
given ground-motion levels at the site in essentially the same manner as they
will be used in Study 8.3.1.17.3.1 to interpret earthquake sources that might
control site ground motions in a deterministic hazard analysis. See the
description sections of Activities 8.3.1.17.3.1.1 and 8.3.1.17.3.1.2. The
scope of this activity is more comprehensive in that more seismic sources
will be characterized, multiple interpretations of seismic sources will most
likely be retained and their relative likelihoods judged, any dependencies in
the interpreted existence of source zones (e.g., perfect dependence or mutual
exclusiveness of some sources) must be specified, and maximum magnitudes must
be estimated explicitly.

Source-zone maps will be produced by this activity to indicate the
earthquake probability as a function of magnitude and location within the
southern Great Basin.

8.3.1.17.3.6.2 Activity: Evaluate ground motion probabilities

Objectives

The objectives of this activity are (1) to estimate the probability of
exceeding given ground-motion levels at the site and (2) to integrate the
contributions to that probability from all identified earthquake sources that
could generate potentially damaging ground motion at the site.
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Parameters

The basic information items needed for a probabilistic seismic hazard
analysis are as follows:

1. Boundaries of seismic source zones, including, if warranted,
alternative interpretations and corresponding judgments of the
relative likelihood that each interpretation is correct.

2. Earthquake-magnitude recurrence rates for each source zone,
including estimates of maximum magnitudes and assessments of
uncertainty.

3. Specification of any dependencies in the interpreted existence or
activity of source zones (e.g., perfect dependence or mutual
exclusiveness of some sources).

4. Ground-motion (attenuation) models for predicting expected values
and variances of required ground-motion parameters (e.g., peak
velocity) as a function of distance and source size.

Description

There are a number of software packages available for computing
probabilistic seismic hazard estimates given the information listed in the
parameters section (e.g., codes developed by the Electric Power Research
Institute (EPRI, 1986) and Lawrence Livermore National Laboratory (Bernreuter
et al., 1986)). Some codes embody different means of propagating uncer-
tainties through the analysis to the final results, and the alternative
approaches will be evaluated. It may be appropriate to calculate hazard
levels using different codes for comparison.

As stated previously, the probabilistic seismic hazard analysis will be
performed iteratively, in parallel with the deterministic hazard analysis.
The sensitivity of calculated hazard to different input parameters will be
tested to identify what interpretations impact the site the most and may,
therefore, warrant refinement. The final hazard estimates will be compared
with the deterministically derived design-basis ground motions to verify that
they correspond to annual exceedance probabilities of 10-3 to 10-4 per year.

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

SCP section . Subect

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

Parameters

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

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

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

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

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

5. Analysis of the seismogenic potential of detachment faults in the
site area.

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

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

8. Geodetic 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 the investigation

The primary purpose of this investigation is to provide data and
analyses that are required by Investigation 8.3.1.17.2, assessment of fault
displacement that could affect repository design or performance, and
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Investigation 8.3.1.17.3, assessment of vibratory ground motion that could
affect repository design or performance (refer to logic diagrams for these
two investigations, Figures 8.3.1.17-4 and 8.3.1.17-5). The limited data
collection and analysis that is required by Investigation 8.3.1.17.1,
volcanic activity that could impact the repository, will be performed within
that investigation (Figure 8.3.1.17-3).

Technical rationale for the investigation

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

8.3.1.17.4.1 Study: Historical and current seismicity

The objective of this study is to compile information on reported and
instrumentally recorded earthquakes that characterize the earthquake poten-
tial near Yucca Mountain. This information will be used (1) to help identify
and characterize potentially relevant earthquake sources for the determinis-
tic hazard analysis (Study 8.3.1.17.3.1) and potentially contributing earth-
quake sources for the probabilistic hazard analysis (Study 8.3.1.17.3.6),
(2) to develop regional earthquake ground-motion models (Activity
8.3.1.17.3.3.1), and (3) to determine local-geologic and depth-of-burial
effects on ground motion at the site (Activity 8.3.1.17.3.4.1).

8.3.1.17.4.1.1 Activity: Compile historical earthquake record

Objectives

The objective of this activity is to compile a record of historical
seismic events in the southern Great Basin or within 100 km of Yucca
Mountain. The record will be as complete and accurate as is reasonably
achievable, and will indicate whether each cataloged seismic event is thought
to be a natural earthquake, induced earthquake, underground nuclear explosion
(UNE), cavity collapse, or blast. For potentially damaging earthquakes
(M > 5.5) in the study region, available information will be compiled on
ground-motion intensity, availability of strong-motion records, and extent
and style of faulting.
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Parameters

Parameters to be compiled for recorded seismic events include the
following:

1. Date.

2. Origin time.

3. Hypocentral location.

4. Hypocenter uncertainty estimate.

5. Magnitude (and magnitude type).

6. Magnitude uncertainty estimate.

7. Annotation of whether the event is an earthquake, UNE, cavity
collapse, etc.

Additional parameters to be compiled as available for the larger
(M > 5.5) earthquakes include the following:

1. Focal mechanism (dip, strike, and rake).
2. Seismic moment.
3. Stress drop.
4. Extent of surface rupture.
5. Epicentral intensity.
6. Epicentral intensity uncertainty estimate.
7. Total felt area.
8. Falloff of intensity with distance.
9. Peak ground accelerations.

10. Peak ground velocities.
11. Durations.
12. Selected spectral amplitudes.

Description

The required parameters will be obtained primarily through a literature
survey. Meremonte and Rogers (1987) have compiled a catalog of historical
earthquakes in the southern Great Basin that provides most of the needed
information. The catalog will be updated periodically to add new informa-
tion, and the geographic coverage of the catalog may need to be extended
somewhat to cover all areas of interest. Also, uncertainty estimates for
magnitudes and epicentral intensities need to be added to the catalog. Most
of the additional parameters for the larger earthquakes will also be obtained
from the literature. If source parameters (focal mechanism, seismic moment,
and stress drop) have not been published for any of the larger earthquakes in
the record and sufficient data are available to determine them, these data
will be obtained and the source parameters will be determined.
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8.3.1.17.4.1.2 Activity: Monitor current seismicity

Objectives

The objective of this activity is to provide empirical information on
how often earthquakes are currently occurring in the southern Great Basin;
what the orientation, depth, and style of faulting are; how seismic wave
amplitudes scale with magnitude and attenuate with distance in the region;
and how ground motions vary with depth and with surface geology in the site
area. The information on faulting and earthquake location and recurrence
will be used to identify potentially relevant earthquake sources for the
deterministic hazard analysis (Study 8.3.1.17.3.1) and potentially contrib-
uting earthquake sources for the probabilistic hazard analysis (Study
8.3.1.17.3.6). The information on magnitude and distance scaling will be
used to develop regional ground-motion models (Study 8.3.1.17.3.3). The data
on ground-motion variations at the site will be used to develop site
correction factors and response functions (Study 8.3.1.17.3.4). Recordings
obtained at Yucca Mountain of small earthquakes may be used as Green's
functions in the simulation of controlling earthquake motions (Activity
8.3.1.17.3.5.2).

Parameters

Parameters to be compiled for recorded seismic events include the
following:

1. Date.

2. Origin time.

3. Hypocentral location.

4. Hypocenter uncertainty estimate.

5. Magnitude (and magnitude type).

6. Magnitude uncertainty estimate.

7. Annotation of whether the event is a earthquake, UNE, cavity
collapse, etc.

For the larger (M > 5.5) earthquakes, available information will be
compiled as follows:

1. Focal mechanism (strike, dip, and rake).
2. Seismic moment.
3. Stress drop.
4. Extent of surface rupture.
5. Epicentral intensity.
6. Epicentral intensity uncertainty estimate.
7. Total felt area.
8. Falloff of intensity with distance.
9. Peak ground accelerations.
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10. Peak ground velocities.
11. Durations.
12. Spectral amplitudes.

Descriotion

Current seismicity will be monitored by a regional seismograph network,
a local accelerograph array, and a portable array of digital seismic event
recorders that can be deployed with seismometers, accelerometers, or both.
The southern Great Basin (SGB) regional seismograph network has been in
operation since 1978 (Rogers et al., 1981; 1983) and will continue to be
operated and maintained. The SGB network consists of 49 high-gain
seismograph stations within a 150-km radius of Yucca Mountain and an
additional subnet of six seismometers on Yucca Mountain, providing a local
detection threshold of about local magnitude (ML) 0.0, and a regional
detection threshold of about ML 1.0.

The output of each seismometer in the SGB network is converted to an FM
radio signal and telemetered via microwave links and telephone lines to
Golden, Colorado. The bandwidth and dynamic range of the current
seismometer-telemetry system is somewhat limited. For example, the usable
dynamic range (of about 40 dB) is such that a local earthquake that is
recorded with good fidelity in one area of the network will likely be in the
noise or off-scale in another area of the network because of the attenuation
of earthquake ground motion with distance. It may, therefore, be appropriate
to upgrade the network recording capability. A subtask of this activity is
to assess what enhancements of recording capability are needed, if any, to
provide the required data parameters. If warranted, available options for
enhancing network performance will be evaluated and an appropriate option
will be implemented.

A local accelerograph array will be installed at the site as described
in Activity 8.3.1.17.4.1.2, with about a half-dozen three-component trans-
ducers located on Yucca Mountain and in Midway Valley. The primary purpose
of this array will be to record, on scale, strong ground motions from a
nearby moderate-to-large earthquake should one occur.

A portable array of digital seismic event recorders with about a
30-channel capacity will be used for special studies, such as obtaining
high-dynamic-range data that are suitable for calculating earthquake source
parameters (e.g., stress drop and moment), obtaining accurate aftershock
locations, monitoring microseismicity in the vicinity of suspect tectonic
features, or measuring local site effects on ground motion.

It will be useful to record with good fidelity a number of UNEs from the
Nevada Test Site at surface and subsurface locations on Yucca Mountain and
near the sites of prospective surface facilities in Midway Valley. Such
records will enable regression relations for UNE ground motions to be cali-
brated against actual observations at the site and will provide important in-
formation on the local variability of surface ground motion and on the vari-
ation of ground motion with depth. These data could be obtained by adding
seismometers and higher- gain channels to the local accelerograph array (in
which case digital recording for the array would be indicated) or by a
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several-year deployment of portable digital event recorders. The costs and
benefits of each approach will be evaluated and the most cost-effective ap-
proach will be implemented.

8.3.1.17.4.1.3 Activity: Evaluate potential for induced seismicity at the
site

Objectives

The objective of this activity is to evaluate the potential for human
activities to significantly perturb the natural seismic hazard at the site by
inducing seismicity at or near the site. To date, the human activities that
have been identified as having a potential to induce seismicity in the site
region are the impoundment of Lake Mead, the testing of nuclear devices at
Nevada Test Site (NTS), and the mining of the repository itself. The
information developed in this activity will be used in estimating of
magnitude-recurrence relationships for earthquake sources that are relevant
to the deterministic hazard analysis (Activity 8.3.1.17.3.1.1) and for
earthquake sources that contribute to the probabilistic seismic hazard at the
site (Activity 8.3.1.17.3.6.1).

Parameters

Data needed for this activity include

1. Historical catalog of southern Great Basin earthquakes.

2. Locations, times, and yields of UNEs at the NTS.

3. Survey of literature on seismicity induced by the impoundment of
Lake Mead.

4. Survey of literature on mining-induced seismicity (rock bursts).

Information to be provided by this activity includes

1. Correlation between earthquake occurrences and UNE occurrences.

2. Correlation between earthquake occurrences and the impoundment of
Lake Mead.

3. Identification of induced earthquakes in the historical catalog.

4. Assessment of likelihood of mining induced seismicity.

Description

The catalog of southern Great Basin earthquakes will be examined to
determine if significant changes in rates of occurrence of earthquakes are
detectable following nuclear tests at the NTS. An estimate of background
levels of seismicity in various annuli surrounding Pahute Mesa and Yucca
Flats will be compared with seismicity levels in those annuli for short time
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spans (on the order of several hours to several weeks) following nuclear
tests. A search for significant differences in rates will be conducted. If
a statistically significant increase in earthquake activity (after-shocks)
following nuclear tests is found, the correlation between earthquake rates
and UNEs will be evaluated as a function of distance form the test, time
after the test, and yield of the test. The feasibility of correcting
historical earthquake-recurrence rates for bias from nuclear-event after
shocks will be explored, as will the means of identifying individual induced
events in the historical catalog.

Because Lake Mead is about 120 mi from the site, it is not expected that
reservoir-induced seismicity will impact the site. A survey of the litera-
ture on Lake Mead-induced earthquakes.will be performed to confirm this
expectation. Should the literature survey prove inconclusive, a statistical
analysis will be performed of the correlation between earthquake occurrences,
distance from the lake, time since impoundment, and fluctuations in water
level.

Mining-induced earthquakes (rock bursts) are believed to occur when
relatively small local cavity stresses trigger failure in a much larger
volume of highly prestressed rock. This type of failure has occurred mostly
in deep mines (McGarr, 1984) under conditions where rock sample testing shows
the rock to be both very strong and very brittle (McGarr et al., 1975).
Sudden exfoliation has accompanied excavation at shallow depths in granite
quarries (Suppe, 1985). The failure is apparently associated with a 'buck-
ling beam" instability as slabs of rock flex upward as the load is removed.
This is associated with large horizontal compressive stresses.

Of particular relevance to the planned excavations in Yucca Mountain is
experience from coal mines in the eastern Wasatch Plateau. Earthquake-like
activity, clearly related to mining, extends from near the base of the mine
to some depth (Williams, 1987). However, the activity is associated with the
removal of massive amounts of material (several million tons per year) that
is then transported far from the site.

Considerable mining experience exists at the NTS (e.g., Zimmerman and
Finley, 1987), and no reports of mine-induced catastrophic failure are known.
The prospective Yucca Mountain mine excavation will not be much greater in
size and no deeper than other cavities on the test site and will be tiny when
compared with the Utah coal workings. Also, the material mined will be left
on the surface to minimize the change of loading.

No examples of explosive catastrophe associated with conditions of
extensional tectonics similar to those found in Yucca Mountain have been
found in a limited survey of the literature. A more comprehensive review of
the literature will be performed to increase the confidence in this finding.
In the improbable event that seismic activity does appear when excavation
starts, its study will, at least in the first instance, be covered by the
standard needs of the seismology prcgram.
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Procedures to invert for earthquake parameters, such as origin time and
hypocentral location, will take into account, when appropriate, the struc-
tural velocity models developed in Activity 8.3.1.17.4.1.2. In addition, a
variety of algorithms will be used to model P- and S-wave propagation through
homogenous plane layers, and layers with velocity gradients.

8.3.1.17.4.2 Study: Location and recency of faulting near prospective
surface facilities

Two activities are included in this study.

8.3.1.17.4.2.1 Activity: Identify appropriate trench locations in Midway
Valley

Oblectives

The objective of this activity is to identify appropriate trench loca-
tions at proposed locations for repository surface facilities that are
important to safety through detailed geologic mapping and remote sensing
studies. The recommended locations will be used in trenching investigations
in Activity 8.3.1.17.4.2.2.

Parameters

The parameters for this activity include

1. Displacement history on mappable faults in bedrock and alluvium.

2. Distribution of mappable surficial deposits (1:5000 scale) based on
regional geomorphic categorization.

3. Ages of units in item 2; absolute where possible and relative
otherwise.

4. Topographic features or lineaments that may be expressions of
previous fault rupture.

5. Potential for surface rupture from underlying structural features.

Description

The alluvial area in Midway Valley and adjacent bedrock on Exile Hill
will be mapped geologically at a scale of 1:5000. The bedrock units are to
be identified according to attitude, distribution, age, and salient features,
e.g., weathering, fracturing, composition, and texture (size of particles and
mineral components). The surficial deposits will be mapped using geomorphic
expression, degree of carbonate cementation, and lithology. The mapping will
be supplemented by small test pits, coupled with subsurface data obtained
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from existing boreholes and geophysical profiles. The mapping will be
carried out using existing color aerial photography and observations from
field traversing.

Tiva Canyon units of the Paintbrush Tuff are the only bedrock expected;
preliminary mapping has identified caprock, upper cliff, and upper litho-
physal units. Only minor faults have been observed on the east side of Exile
Hill, and a geologic map and accompanying geologic cross sections (Scott and
Bonk, 1984) are inconclusive regarding extent of faulting. Neal (1986)
indicates that closely spaced faults (<50 m) occur beneath the surficial
deposits, but not necessarily on the exposed part of the east flank of Exile
Hill. Q1, Q2, and QTa deposits are known to occur, based on preliminary
mapping by Swadley et al. (1984). Faults are not believed to penetrate
alluvial units; surface expression is not evident.

The mapping will use commonly recognized chronology for Quaternary
units, i.e., Holocene (Q1), intermediate (Q2), and older (QTa). Age assign-
ments will be based on chronostratigraphic correlation (e.g., relative to
known, dated units such as the Bishop ash (738,000 yr)), on dating of de-
posits using applicable soil techniques where possible, and on correlations
based on geomorphic expression and lithology.

The dating of stratigraphic or soil horizons frequently depends on
extrapolation of mapped units and generally must be grouped within broad age
categories. Dating by almost any method is subject to limitations inherent
in the methods (Szabo et al., 1981; Rosholt, 1985). Several appropriate
dating methods are possible for use at Yucca Mountain and more than one
method of dating may be required to establish confidence at a given location.

The siting approach for the waste handling building is to position it
where there is no evidence of faults with Quaternary slip rates exceeding
0.001 mm/yr or faults that measurably offset materials less than 100,000 yr
old (refer to discussion of purpose and objectives of Investigation
8.3.1.17.2, studies to provide information on fault displacement that could
affect repository design or performance). Possible areas of Quaternary
faulting will be identified by interpreting aerial photography of various
scales and sun-angles in addition to the geologic mapping. Remote sensing
studies will identify linear topographic breaks, alignment of drainages, or
vegetation changes that could be related to Quaternary faulting. Any
lineaments that are found will be investigated on the ground during the
geologic mapping. Areas of suspected Quaternary faulting may also be
investigated using topographic profiling or shallow geophysical techniques
(e.g., seismic refraction and reflection).

8.3.1.17.4.2.2 Activity: Conduct exploratory trenching in Midway Valley

Objectives

The objective of this activity is to investigate the possible occurrence
of late Quaternary surface fault rupture in the vicinity of planned surface
facility locations important to safety and to identify sites without evidence
of significant late Quaternary faulting. This activity will provide input
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into the location and design of surface facilities important to safety,
particularly those associated with waste handling.

Parameters

The characterization parameters for this activity are the identification
and characterization of faults that have apparent Quaternary slip rates
greater than 0.001 rnm/yr or that measurably offset materials less than
100,000 yr old, within 100 m of proposed locations of facilities important to
safety (FITS).

Note that the 100 m distance is not intended to represent an appropriate
standoff distance for FITS from faults that have a potential for displace-
ment. Should the faulting investigations identify a fault within 100 m of
proposed FITS locations, the appropriate standoff distance and/or mitigative
engineering measures will be assessed.

Description

The potential for Quaternary faulting in the immediate vicinity of pro-
posed sites for waste-handling facilities will be evaluated by excavating a
trench across the site, in the surficial deposits of Midway Valley. The pro-
posed sites of any other surface facilities identified as being important to
safety will be explored by excavating similar trenches.

The trenching pattern to be used will either be a cross centered on the
proposed site with arms extending in a north-south and east-west direction or
a perimeter trench around the waste-handling facility. The trenches will
extend at least 100 m from the proposed facility site and will be excavated
to a depth that exposes material at least 100,000 yr old and preferably
substantially older (including QTa deposits). Older deposits are preferred
because of the added potential for detecting cumulative displacements on
minor faults. The trenches will also be excavated deep enough to expose
bedded material that can be reliably used to detect displacements.

One wall of the trenches will be logged in sufficient detail to demon-
strate the continuity of bedding and the absence of displacement. More de-
tailed investigations will be conducted in areas where faulting is suspected
or cannot be disproved. The deposits exposed by the trenches will be dated
using applicable techniques or by correlation with nearby dated deposits.
Credible demonstration of the absence of faulting during the late Quaternary
and the estimation of slip rates on observed faults will rely on the accuracy
of measured or extrapolated ages of deposits.

Additional trenching across Midway Valley will be considered, pending
the results of the above trenching.

8.3.1.17.4.3 Study: Quaternary faulting within 100 km of Yucca Mountain,
including the Walker Lane

The objectives of this study are (1) to identify Quaternary faults
within 100 km of Yucca Mountain and (2) to characterize those faults capable
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of future earthquakes with magnitude such that associated ground shaking
could impact design or affect performance of the waste facility. This study
is complemented by more specialized studies of faults at and proximal to the
site. These studies are 8.3.1.17.4.2 (faulting potential near prospective
surface facilities); 8.3.1.17.4.6.(Quaternary faulting within the site area);
8.3.1.17.4.4 (Quaternary faulting proximal to the site within northeast-
trending fault zones); 8.3.1.17.4.5 (detachment faults at or proximal to
Yucca Mountain).

The existing geologic and geophysical data base for Yucca Mountain and
areas to the north and east is substantial. That area (Figure 8.3.1.17-7) is
covered in its entirety by modern geologic maps of bedrock at a scale of
1:24,000 or larger, and the information contained therein is supplemented by
numerous specialized geologic and geophysical studies. Figure 8.3.1.17-8
shows areas to the south (Amargosa Desert) and west (Crater Flat, Bare
Mountain, Beatty area) that are less well known. Mapping of Quaternary
geology, including distribution of Quaternary geologic materials, and
analysis of Quaternary geomorphic evolution is not yet complete.

Yucca Mountain lies within a northwest-trending zone of structural
transition between parts of south-central Nevada characterized by north-
trending basins and ranges, and the Inyo-Mono area of eastern California,
characterized by northwest-trending basins and ranges. This zone of
transition was referred to as the Walker Belt by Stewart (1980). The
northeastern boundary of the zone is diffuse; the southwestern boundary is
formed by the Death Valley-Furnace Creek fault zone (Carr, 1984), a right-
lateral wrench fault that cuts Holocene deposits over much of its extent.
The Walker Belt contains within it zones of wrench faulting, including the
Las Vegas Valley shear zone on the southeast and the shear zone near Cedar
Mountain on the northwest (Gianella and Callaghan, 1934b). These shear zones
were thought to be elements of a continuous zone of right-lateral shearing
that was named the Walker Lane by Locke et al. (1940) (Figure 8.3.1.17-9).

The Walker Belt, then, is the zone of structural transition between
adjacent structural provinces, and the Walker Lane is the postulated
through-going zone of right-lateral faulting located within the Walker Belt.
The Walker Lane is not a continuous linear fault, at least at the surface.
Near Cedar Mountain, site of the M = 7.2 to 7.3 earthquake of 1932, the shear
zone is interpreted to be structurally overlain by a detached upper plate of
Tertiary volcanic and sedimentary rocks (Molinari, 1984). According to
Molinari (1984), right-lateral movement on the subsurface shear zone during
the 1932 earthquake was expressed by movement of small, en echelon faults in
the overlying upper plate.

At the Nevada Test Site, the Las Vegas Valley shear zone, which forms
the southeastern element of the Walker Lane, as defined by Gianella and
Callaghan (1934b) and Locke et al. (1940), cuts Paleozoic rocks and is
overlain by Oligocene-Miocene sedimentary deposits and Miocene ash flows
(Ekren, 1968).
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The Oligocene-Miocene rocks are thought to be part of an upper plate (Fig-
ure 8.3.1.17-10) that is structurally detached from subjacent basement blocks
bounding either side of the subsurface extension of the Las Vegas Valley
shear zone (Burchfiel, 1965). An alternative interpretation is that the Las
Vegas Valley shear zone curves westward and, concealed below the upper plate,
connects with the Furnace Creek fault, rather than with other elements of the
Walker Lane to the northwest (Burchfiel, 1965).

Northwest-trending lineaments and right-lateral strike-slip faults
exposed at Yucca Mountain and vicinity could be surface expressions of the
Walker Lane. These include faults at Yucca Wash (Carr, 1984), Drill Hole
Wash (Spengler and Rosenbaum, 1980), and the Yucca-Frenchman shear zone
(Carr, 1974). Quaternary movement on these faults has not been recognized.
As shown in Section 1.4, current seismicity is not identified with these
faults, and focal mechanisms of earthquakes within and proximal to the site
do not show northwest-trending fault planes. This may suggest that this part
of the Walker Lane has not been seismically active since records have been
kept.

In addition to the change in orientation of basins and ranges that
occurs within the Walker Belt, the structural grain of certain structural
blocks within the belt is sharply deflected from the regional trend. These
blocks appear to have been rotated about a vertical axis forming an oroflex
(Albers, 1967). Recent paleomagnetic and structural studies of Miocene ash
flows suggest that Yucca Mountain has been bent into an oroflex since middle
Miocene time, with the southern part of the mountain apparently rotated
clockwise up to 30 degrees relative to the northern part (Scott and
Rosenbaum, 1986); thus, it appears to have been deformed within a right-
lateral couple, as have other parts of the Walker Belt.

In summary, two potential seismic source zones within a 100-km radius of
the site are the Walker Lane, whose postulated subsurface continuation passes
below the Miocene volcanic and volcaniclastic rocks of the NTS (Ekren, 1968;
Burchfiel, 1965), and the Death Valley-Furnace Creek fault zone, which at its
closest approach lies 52 km southwest of the site. Both of these structures
are right-lateral wrench zones. The Death Valley-Furnace Creek fault zone
offsets Holocene deposits in its central and southern segments and is long
enough to generate a great earthquake; hence the zone is thought to be the
most significant potential source of ground shaking outside a 50-km radius of
the site.

The Walker Lane is approximately 600 km long, shows substantial (25 to
30 km) post-Miocene right-lateral displacement, and is seismically active in
its northern and central parts. The Cedar Mountain earthquake of 1932
(M = 7.2 to 7.3) was located on the central part of the Walker Lane, approxi-
mately 175 km northwest of the site. Post-Miocene right-lateral displacement
is not obvious on the part of the Walker Lane within 100 km of the site.
Thus, either the southern part of the Walker Lane is pre-Quaternary in age,
Quaternary movement has not been translated through the overlying Miocene
volcanic rocks of Yucca Mountain and the Nevada Test Site, or Quaternary
movement has occurred but has not yet been recognized.
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Figure S.3.1.17-1S. Idealized models of upper crustal deformation involving right-laterol shear on through-

going wrench fault and displacement on overlying detachment fault, as postulated for Cedar Mountain area by

Molinari (1984) and southern Nevada Test Site by Burchfiel (1965).
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Although the principal focus of this study is on the Walker Lane and the
Death Valley-Furnace Creek fault zone, other potentially significant Quater-
nary faults within a 100-km radius of the site will be identified through a
search of the existing data, supplemented by examination of air photos and
ground reconnaissance. Features that could be significant sources of ground
motion include the Beatty scarp (if it is a fault) and the Bare Mountain
fault zone.

Because of the geologic investigations at and near the site area, the
density of known Quaternary faults in that area (Figure 8.3.1.17-11) now
substantially exceeds that of much of the surrounding region. (The site area
is defined here as the rectangular 237 km2 (91 mi2) area encompassing the
central Yucca Mountain block and its structural and physiographic boundaries
(Fortymile Wash, Yucca Wash, Solitario Canyon, and the Stagecoach Road
fault.) Mapping of Quaternary faults and surficial deposits within the
Beatty 1:100,000 quadrangle should clarify whether this concentration is real
or is simply an artifact of the focusing of effort on the Yucca Mountain
area. In any instance, to evaluate the likelihood of future faulting within
the site area (an objective of Study 8.3.1.17.4.6--Quaternary faulting within
the site area) the boundaries of the structural domain, including Yucca
Mountain, within which Quaternary faults have a uniform density and common
genesis will be defined. Structural domains within 100 km of Yucca Mountain
will be delineated on the basis of regional variation in fracture density and
fracture pattern as observed on Landsat V Thematic Mapper imagery. The
Landsat V imagery will also provide information on distribution of desert
varnish, which is related to the presence of stable geomorphic surfaces
(whose definition is an objective of Study 8.3.1.17.4.9--tectonic
geomorphology of the Yucca Mountain region). -

Activities planned for this study are (1) an evaluation of crustal
structure and subsurface expression of Quaternary faults in an east-west
transect crossing the Furnace Creek fault zone, Yucca Mountain, and the
Walker Lane; (2) an evaluation of surface expression of Quaternary faults
within a 100-km radius of the site iYucca Mountain); (3) an evaluation of the
Cedar Mountain earthquake of 1932 and its bearing on wrench tectonics of the
Walker Lane; (4) an evaluation of the Bare Mountain fault; and (5) an
evaluation of structural domains and characterization of the Yucca MCUntain
region with respect to regional patterns of faults and fractures.

8.3.1.17.4.3.1 Activity: Conduct and evaluate deep geophysical surveys in
an east-west transect crossing the Furnace Creek fault zone,
Yucca Mountain, and the Walker Lane

Objectives

The objectives of this activity are

1. To help identify and locate potentially significant seismic source
zones, including possible through-going extensions of the Walker
Lane, beneath the Oligocene-Miocene cover of the Yucca Mountain
area; to determine the width and subsurface geometry of such
extensions and of the Furnace Creek fault zone and the relation of
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these features to detachment faults and to Quaternary faults; and to
evaluate the postulated incipient rift zone at Crater Flat.

2. To characterize the crustal velocity structure and define lateral
inhomogeneities in that structure in the Yucca Mountain area.

3. To trace the 5- and 10-s events found on Death Valley Consortium for
Continental Reflection Profiling (COCORP) profiles through the Yucca
Mountain region and, if possible, to trace reflections from the
upper and lower carbonate aquifers, the Precambrian-Cambrian Pahrump
Group and Noonday Dolomite, and the Proterozoic basement across the
Furnace Creek fault and through the area of the projected northwest
continuation in the subsurface of the Las Vegas Valley shear zone.

4. To identify differences in mass caused by variation in source
lithology in the upper few kilometers of the crust, and correlate
those sources with reflections obtained in the seismic reflection
survey, or with conductivity features obtained in the magneto-
telluric survey.

5. To identify differences in magnetic field caused by sources in the
upper few kilometers of the crust and correlate those sources with
reflections obtained in the seismic reflection survey, or with
conductivity features obtained in the magnetotelluric survey.

6. To characterize the conductivity structure of the crust in the Yucca
Mountain region, focusing in particular on the conductivity
signature of the Walker Lane and Walker Belt, and if possible,
tracing the signature into the subsurface of conductive units such
as the Eleana Formation or nonconductive units such as the lineated
and mylonitized gneisses (lower plate?) of the northern Amargosa
Desert, and to correlate these features or their offsets with
Quaternary faults.

7. To provide data for analysis to determine if buried magma bodies are
present in the vicinity of Yucca Mountain. These data and analyses
will be used to address the objective of Activity 8.3.1.8.1.1.3,
(presence of magma bodies in the vicinity of the site).

Parameters

The parameters for this activity are

1. Lateral discontinuities in seismic refraction profiles.

2. Lateral discontinuities in seismic reflection profiles.

3. Gravity anomalies.

4. Magnetic anomalies.

5. Lateral and vertical discontinuities in crustal conductivity
structure.
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Description

Geophysical methods may be useful for locating possible subsurface
extensions of surface or near-surface geologic structures of interest. At
Yucca Mountain, this includes the subsurface geometry of postulated
detachment faults, interconnections between northeast-trending and north-
trending faults, and possible through going extensions of the Walker Lane
beneath the Oligocene-Miocene cover.

Proposed geophysical studies are summarized in Tables 8.3.1.17-9
and -10. As indicated in the tables, a variety of geophysical studies are
planned at different locations and scales, to address a number of questions.
Planned studies include deep and shallow seismic refraction; deep, inter-
mediate, and shallow seismic reflection; gravity and magnetic surveys of the
region and the site; gravity surveys coincident with the deep-seismic
reflection surveys; magnetic surveys coincident with the deep and shallow
reflection surveys; electrical conductivity surveys; radiometric and
remote-sensing investigations; and paleomagnetic investigations.

In general, the shallow studies will focus on individual geologic
structures, such as a specific Quaternary fault, and the deep studies will
examine regional structures that may play a part in Quaternary tectonic
processes in the southern Great Basin.

The geophysical studies will be conducted under Activity 8.3.1.17.4.3.1,
described in this section, and in Study 8.3.1.17.4.7. The studies in
Activity 8.3.1.17.4.3.1 are directed at deep, regional geologic features,
whereas Study 8.3.1.17.4.7 addresses the subsurface geometry and possible
concealed extensions of specific Quaternary faults at and near Yucca Mountain
through intermediate- and shallow-depth geophysical surveys.

The geophysics program is designed to obtain different types of data
that, when analyzed as a whole, will aid in the interpretation of recorded
seismicity and surface geologic data. The simultaneous interpretation of
geophysical, seismological and geologic data may help resolve such issues as
the width, dip, and geometry of north-trending Quaternary normal faults at
and near the site and whether there are subsurface structures that are
related to known Quaternary structures.

Planned locations of geophysical surveys, as described below, may
change. Activity 8.3.1.4.2.1.6 will be responsible for reviewing and
integrating the planned geophysical data-gathering activities for all studies
and programs. Several surveys involve feasibility tests and decision points
before implementation. Before any planned geophysical surveys are conducted,
Activity 8.3.1.4.2.1.6 will review the results of any feasibility tests or
past surveys to estimate the likelihood that useful data will be generated by
the planned effort. Activity 8.3.1.4.2.1.6 will also review the location,
scheduling, techniques, and objectives of the planned survey to determine if
the objectives of this activity and activities in other programs (such as
8.3.1.8.1.1.3) that also require this data are being met. Locations of
surveys and data collection techniques will not be finalized until the review
by Activity 8.3.1.4.2.1.6 is complete. Final plans and changes will be
reported in SCP progress reports and study plans.
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Table 8.3.1.17-9. Swmmary of geophysical studies in preclosure and postclosure tectonics (Sections
8.3.1.17 and 8.3.1.8) (page 1 of 4)

~0

-.,Mt hod Activity
Decision
pointsLocation Scope Corment s

SEISMOLOGY

Deep refraction 8.3.1.17.4.3.1 3-1 Transect Indian
Springs-Stovepipe
wells (Figure
1.3.1.17-12)

Reversed profiles and
cross-prof les, shot-
points 8 to 20 km
spacing

Hone Existing surveys shown in Figure
8.3.I.17-12. See Pankratr (1982),
Mooney et al., 11982), Hoffman and
Mooney (19831, Hoover et al. (1982),
Monfort and tvans (1982). and Sutton
(19841

.

Shallow Ibison) refraction
and shear wave reattC-
%ion nd reflection

Evaluation of proposed deep
reflection survey

and others

6.31.1 7.4.3.1

II.
C>
WA

guaternary faults,
Yucca Mountain and
vicinity

Proposed survey crosses
Yucca Mountain and
Crater flat; 15 km
test line to be loca-
ted south ot Amargosa
Valley or southwest of
hatty

Site-controlled area,
Yucca Mountain
Ifigure 0.3.1.17-11)

250 to 500 P traverses,
portable instruments
sledgehammer energy
source. Shear wave
method uses 12 (or
more) geophones, 3 o
spac ing

To be determined

Number and location
to be decided on the
basis of geological
and geophysical
mapping

Decision to proceed
IDTPI after *valua-
tion of preliminary
tests (15 km recon-
naissance line) and
peer review

Maximum depth of penetration 100 m.
Used to detect offset in sutficial
deposits. Shear wave method capable
of detecting 30 cM offset.

COCORP survey extending northward into
southern Death Valley produced
marginal quality data, although data
in the upper one second are locally
good. Six second reflections were
imaged with local continuity. See de
Voogd et al. 1986).

This is a planning activity only.
Previous reflection survey using
Vibroseis at Yucca Mountain failed
(McGovern, 1983). More recent
surveys using air gun at Hid Valley
produced useful results I(cArthur and
Burkhard, 1966). See also Hoover et
al. 11982).

Maximum depth of penetration 1 km. Used
to Map shallow structural and
stratigraphic features.

Intermediate reflection and
intermediate retractiom

1.3.1.17.4.7.1 Evaluate previous
results, &ssess

potential for appli-
cation of this method
to Yucca Mountain,
plan new application
if appropriate

None

Shallow (mini-sosie)
reftlction

6.3.1.17.4.7.6
ad others

Yucca Mountain, Crater
frat, Jackass flats
(figure 6.3.1.4-8)

I to 15 profiles, I to
5 km in long, hand
carried instruments.
Energy from battery
of hand-operated
tampers

DTP after evaluation
of two preliminary
profiles (.3

(I.-

C'>.

!:1

I .

Regional maps 8.3.1.17.4.12.1 Yucca Mountain and
vicinity

GRAVITY INVESTIGATIONS

Beatty 1:100,000 quad-
rangle, Pahute Mesa
1:100,000 quadrangle,
Nevada Test Site
1:100,000 map area,
Yucca Mountain
1:48,000 map area

None Field work complete, compilation com-
plete. preliminary drafts available.
See Snyder and Oliver 1981), Kane
et al (1981), Ponce (19811, Ponce and
Oliver (1981), Hoover et al.
(1982), Ponce and Hanna (1982),
JansM et al. (1982), Ponce (1984),
end Snyder and Carr (1984).



Table 8.3.1.17-9. Summary of geophysical studies in preclosure and postclosure tectonics (Sections
8.3.1.17 and 8.3.1.8) (page 2 of 4)

althod Activity Locat ion Scope
Decision
points Coiment s

GRAVITY INVESTIGATIONS continued)

Site area map 8.3.1.17.4.7.2 Yucca Mountain (Figure
8.3.1.17-111

1:24,000 sap of site
and vicinity, 200 ft
spacing of stations
along C-N lines spaced
500 ft apart 4where
topography permits)

None Will require additional 7,500 stations.
Useful for establishing stratigraphic
variability of repository host rock
and fault location and offset. See
Snyder (1981), Snyder and Carr (1982),
Jansma et al. (1982), Kane at al.
(1982), Ponce et al. (1985)

Assists interpretation of seismic
results.

I.-

Detailed surveys, deep
reflection profiles

6.3.1.17.4.3.1 Stovepipe wells, Yucca
Mountain, Indian
Springs. Precise
location to be deter-
mined.

Gravity determinations
along profiles at
500 ft 3pacing

DTP only if seismic
surveys run

I
Regional aercmagnetic maps

Site area eceomagnetic Mp

1.3.1.17.4.12.1

8.3.1.17.4.7.3

Yucca Mountain and
vicinity

Yucca Mountain (Figure
8.3.1.17-11)

MAGNEtIC METHODS

Beatty-, Pahute Mesa-,
Indian Springs-, and
Pahrangat 1:100,000
quadrangles to be com-
piled from existing
surveys

1:12.000 scale sap of
site and vicinity,
continuous aecomag-
natic survey along
E-W flight lines
spaced 1/16 mile
apart.

Magnetic determinations
along profiles at 10-
to 20-ft spacing where
accessible by truck,
50 to 100 ft spacing
elsewhere

None

None

Field investigations complete, compila-
tion 80% (?) complete. See Kane at
al. (1981), Hoover et al (1982), Ponce
and Manna 41982), Kane and Bracken
(1983), U.S. Geological Survey
(1984), Ponce (1984).

1:62.500 scale map complete IU.S. Geo-
logical Survey, 1984). See also
Jansma et al. (1982). Bath at al.
(1982), Kane at al. (1982), Kane and
Bracken (1983), and Bath and Jahren
(1964)

Ground magnetic survey, deep 8.3.1.17.4.3.1
reflection profiles Md
shallow reflection
profiles

Stovepipe Wells, Yucca
Mountaln, Indian
Springs. Precise
location to be deter-
mined

DtP only if seisiic
surveys run

Assists interpretation of seismic
results.

C)

I-

:2'

CD

I .



Table 8.3.1.17-9. Summary of geophysical studies in preclosure and postclosure tectonics (Sections
8.3.1.17 and 8.3.1.8) (page 3 of 4)

I-9I
(D
(D

1-_
I

Decision
poi nt sMethod Activity Location Scope (omment s

MAGNETIC METHODS (continued)

Site ground magnetic Survey*

OD

t-' Curie isotherm

_I3

tn

6.3.1.17.4.7.4 Yucca Iountain (figure
6.3.1.4-11)

Ground magnetic surveys
at (1) known and
interred structures,
121 vicinity of drill-
holes (3) vicinity of
shaft and surface
facilities, (4) anom-
alies detected in
site aeromagnetic map
(described previously).

Surveys to be aemicon-
tinuous 110 to 20 ft
spacing)

Niumber and location
to be determined
through evaluation
of geologic and
geophysical mapping

Primary purpose is to locate concealed
extensions of taults. See Bath and
Jahren (1984; 1985), Scott et al.
41984)

8.3.1.8.5.2.1 Yucca mountain Region Analysis of existing
regional aeromagnetic
data

None Purpose is to map configuration of Curse
isothermal surtace, and to
compare areas of shallow isotherma
with areas of high heat flow and
recent volcanism. See Connard et
al. (1983).

megional magnetotelluric (kT) *.3.1.17.4.3.1 Yucca mountain, Crater
flat, Jackass iats,
astgosa Desert,
Death Valley (Figure
S.3.1.17-6)

ELECTRICAL METHODS

Detailed survey with
stations at 3 to S km
spacing of Yucca
mountain, Crater flat,
and northern Amargosa
Desert, reconnaissance
survey with stations
at 10-km spacing in
remainder of area

Assess potential for
application of these
methods, evaluate pre-
vious results, plan
new applications if
appropriate, conduct
prototype tests

Previous survey by Furgerson (1982)
shows mappable conductivity contrasts
in 1-15 km depth range. See also
Rauahikaua (1981), Hoover et al.
(1982).

Surface gecelectric investi-
gations (&irbourne electro-
magnetic slinggra_, very
low frequency, dc resistiv-
ity, electromagnetic sound-
ings. tensor audio magneto-
tellurica. and telluric
Profiling$

6.3.1.17.4.7.5 Yucca mountain DSP with full scale
application of
selected methods
only if warranted
by results of pco-
totype testing

Applied to structural and stratigraphic
problems at the site by
Flanigan (1981), Soith and Ross
(1982). Fitterman (1982), Hoover
at al. (1982), Senterfit et al
(1982), Scott et al. (1984).
Frischknecht and Raab 11984)

Other studies in region include
Zablocki (1979), Anderson (1982),
Smith et al. (1981), Greenhaus
and Zablocki (1982)

I,

'A'
(D



Table 8.3.1.17-9. Summary of geophysical studies in preclosure and postclosure tectonics (Sections
8.3.1.17 and 8.3.1.8) (page 4 of 4)

9

(D

I-

Method Activity Location
Decision
pointsScope Co ents

RADICnETRIC AND REI()TE SENSING HETHODS

Surface and airbourne gas
ray investigationa

Thermal infrared investiga-
tions

Thematic Napper Satellite
Lmge ry

8.3.1.17.4 7.6

0.3.1.17.4.7.7

8.3.1.17.4.3.5

Yucca Mountain

Yucca mountain

Yucca Mountain and
vicinity

Assess potential for
application of these
methods with prelim-
inary survey over
known faults using
atatic ground measure-
wants

Assess potential for
application of air-
craft and satellite
thermal infrared
imagery in mapping
of fracture network

DTP with full-scale
application of air-
bourne methods only
if warranted by
results of prelim-
&nary survey

DTP based on evalua-
tion of cost and
expected results

Could detect percolation of radon
through fault zones.

Method depends on detection of surface
temperature variation, which is
largely dependent on soil moisture
content, which in turn is in part
related to infiltration along
fractures.

Used to define structural doains,
areas of well-developed desert
varnish, and areas of hydrothermal
alteration.

LI)

I.HZ

H

F'

Tapes of the four Them- None
atic Napper V scenes
encompassing the
Yucca Mountain Region
lbeatty, Indian
Springs, rehute
Mesa, and Pahrangat
Range 1:100,000 quad-
rangles) to be used to
produce spectral and
spectral ratio maps,
froa which areas con-
taining distinctive
patterns Of linestions
will be delineated

Regios 1.3.1.17.4.3.2 Yucca Mountain, Little
Skull Hountain, Crater
Plot, Skull Mountain,
southern Yucca moun-
tain, "eatern Yucca
flat

PALEMAGNETISM

S to 6 sites at Yucca
Mountain will be *ae-
pled. If useful
results are obtained,
other sites as listed
may be Sampled

DTP only it useful
results obtained at
Yucca Mountain, and
if suitable strata
are present

Prelimiary results at Yucca Mountain
suggest 30' rotation (Scott and
Rosenbaui, 19061.

0

C)

C)I-

ED4COCO - ConSortim for Conttinntal Reflection Profiling.



Table 8.3.1.17-10. Summary of other geophysical studies contributing to preclosure and postclosure
tectonics (Sections 8.3.1.17 and 8.3.1.8) (page 1 of 4)

Decision

Itethod Activity Location Scope points Comrents

SEISHDLOCY
.4

Vertical Seimic profilieg/ *.3.1.4.2.2.5
tinogrephy

Repository block and
vicinity

IS-2S geotomographic
profiles, 0.2 to 2 km
in length, cross-hole
and surface down-hole
surveys. Directional
shear- and compres-
slion-energy sources

TBD&

Decision to proceed
(DTPI after proto-
type of feasibility

DSP after calibration
in shaft and drifts

Used to map 3-dimensional network of
rock mass fractures. 20 m pixel
geoet ry.

Shallow seidic refractiou

Intermediate depth
sciamic czfrectioo

8.3.1.14.2.3.3

8.3.1.4.2.1.2

Vicinity of surface
facilities

Z-V line ecross Yucca
mountain, 1 of
block

None Will provide data for modeling soil-
structure interaction and local site
effects on vibratory ground motion.

See Sutton (1985).

-J

Explosive sources;
shotholes

None

Site .3.1.4.215 Yucca Iountain

PALEOMAGNETI SH

Orient drill core as it
becomes available.
Establish reference
orientation through
study of outcrop
samples. Determine
magnetic character of
outcrop samples to aid
in interpretation of
aeromagnetic data.

None See Rosenbaum (1983), Rosenbaum and
Rivers (1984), Rosenbaum and Snyder
(1985l, Rosenbaum (1985)

BOREHOLE GEOPHYSICKL HtThDDS

Ceophysical logging

lorehole gravimetty 8.3.1.4.2.1.3 Yucca Hountain 15 water-table drill-
holes, existing deep
holes that can be Made
available, and all new
holes that reach the
base of the Topopsh
Spring Member

None klready have data in drillholes H-1l
P-i, G-l, G-3, and G-4. Data will be
used to model structure in the
iinedlate vicinity of each borehole,
to study lithophysal tones, and to
model the Paleoxoic surface beneath
Yucca Hountaln. Sue Pobbins St aI.
(19821, Healey et al. (19841, and
Healey et al. (1986).

C)
-I

(II
I.

I.



Table 8.3.1.17-10. Suunary of other geophysical studies contributing to preclosure and postclosure
tectonics (Sections 8.3.1.17 and 8.3.1.8) (page 2 of 4)

0

0

ID

Decision
Hoethod Activity Location Scope points Cojuents

8OSHOLE GOPHYSICAL NETHODS Icontinued)

borehole magnetic logo 8.1.L4.2.1.3 Yucca mountain 15 water-table drill-
holes, and new drill-
holes prior to casing
operations

lone

Induced potential loge 8.3.1.4.2.1.3 Yucca Mountain Test in one or two
driliholes

Evaluate for effec-
tiveness after I
or 2 drillhole.

None
L.,

co

Comercially available
loge

8.3.1.4.2.1.1 Yucca mountain All esisting unlogged
drillholes, all new
boles, and relog
selected holes

Used to determine mappable eagnetic
events for studying structural
integrity of Yucca hountain, and to
supplement paleomagnetic and litho-
physal studies. See Hagstrum at al.
119803

Feasibility study to determine if the
method can be used to map zeolitised
rock.

To obtain parameters for hydrologic,
geologic, and geophysical models, and
to determine uniformity and
lateral distribution of rock prop-
erties within the stratigraphic
units. Refer to Spengler at al.
(1979), Maldonado et al. (19793,
Daniels and Scott (19813, Nagstrum
et al. (19803, Daniel, et a1.
(1981), Huller (19821. huller and
Kibler (1964), Spengler and
Chornack (1984), Muller (19853,
and Huller and Kibler (1985)

Primarily used for fracture detection
or to demonstrate the absence of
fractures in the unsaturated tone.

For fracture and fault wone detection,
and stratigraphic and lithologic
correlation. See Healy et a1.
(1984), Stock et al. (1984), Stock

and Healy (19843, Stock at al.
(1985).

To determine accurate large volume in
situ values for studying fracture and
lithophysal sones, and for
interpretating anomalies detected
with surface and borehole data.

IF.

zoreiole radat logs 8.3.1.4.2.1.3 Yucca Mountain Driliholos that pene-
trate the base of the
Topopah Spring Ieaber

All Yucca mountain
drillholes

Evaluate for effec-
tivenese after I or
2 drillhole9

NonAcoustic televiewr
logo aNd TV meP
logs

8.3.1.4.2.2.) Yucca mountain

Large spacing electro-
magnetic am resiati-
vity logs

8.3.1.4.2.1.3 Yucca mountain Selected driliholeS After evaluation of
surface and borehole
data

C1

C)
I-.

(D

F .



Table 8.3.1.17-10. Summary of other geophysical studies contributing to preclosure and postclosure
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0

.l

F-IF-I

r
Deci Sion

Nothod Activity Location Scope points Comments

KIREHOLE TO SURFACE METHODS

Resistivity and OleC- 8.3.1.4.2.1.3
tringnetic methods

Yucca Mountain Selected drillholes After evaluation of
surface and borehole
data

;-I

tC>

High resolution P and
S wave seismic

Sutface-to-hole Sala-
sic refraction

Up-hole and down-bole
seismic

6.3.1.4.2.1.3

6.3.1.4.2.1.3

8.3.1.14.2.3.3

Yucca mountein

Yucca Hountain

Vicinity of surface
facilities

Selected driliholes

Selected drillholes

TSD

After evaluation of
surface and borehole
surveys

After evaluation of
surface and borehole
surveys

After evaluation of
shallow seismic
refraction survey

For fracture studies in the unsaturated
zone, to obtain detailed struc-
ture in areas of anoalous surface
geophysical data and in critical
locations such as the shaft site
and surface facilities locations,
and to verity projected faults at
critical locations. See Daniels
and Scott (1981).

Same as previously, and to obtain
parameters tor designing effective
deeper-penetrating seismic surveys.

Same as two previous, and for critical
fault location and bed tracing.

will provide data for modeling soil-
structure interaction and local site
affects on vibratory ground
notion

orehole to borehole
methods

8.3.1.4.2.2.5

BOREHOLE TO BOREHOLE METH0DS

Yucca mountain clogs- Selected drillholes
spaced boles for
hydrologic testing and
for surface facilities
Studios

None Geotcography to map fractures and
demonstrate mappability of features
that intersect the driliholes using
revistivity, electroagnetic radar,
and high resolution P and S seismic
(Yo Yol methods.

Vill provide data for modeling soil-
structure interaction and local site
effects on vibratory ground motion

Cross-bole seimmic 6.3.1.14.2.3.3 Vicinity of surface
facilities

TBD After evaluation of
shalkow seismic
refraction survey
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properties that are not or cannot be
mNesured in situ, and to model and
interpret surface geophysical
studies.
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The seismic reflection studies will be preceded by a preliminary test to
determine if the results of the technicue will be useful for evaluating sub-
surface structure in the Yucca Mountain reaion. A reer-review panel con-
ducted as part of Activity 8.3.1.4.2.1.6 will review the initial results and
will determine if further work is warranted.

A detailed description of the planned geophysical studies follows.

Seismic refraction methods have been used to characterize the general
velocity structure of the upper crust in the Yucca Mountain area (Figure
8.3.1.17-12), and to establish the location and nature of major disconti-
nuities in that velocity structure (Hoffman and Mooney, 1983) . When used in
conjunction with gravity and magnetic surveys, the method is useful in
limiting applicable structural models (Snyder and Carr, 1984), although
resolving power is low. The refraction survey will include an east-west
profile spanning the transect, and three shorter cross-profiles (Figure
8.3.1.17-12).

Seismic reflection methods are used where clear resolution of upper
crustal stratigraphy and structure is required. A seismic reflection survey
across the northern Walker Lane successfully imaged strands of northwest-
trending faults within the zone (Knuepfer et al., 1987). The Walker Lane in
that area appears to be the surface expression of a southwest dipping (450)
fault that soles into a midcrustal detachment (Knuepfer al., 1987).
Analogous features in the Yucca Mountain region include major structures such
as a 6-s (two-way sonic travel time) reflection in Death Valley that may be
interpreted as a mid-crustal brittle-ductile transition zone (de Voogd et
al., 1986), the Furnace Creek fault zone and the Walker Lane, and the
mylonitic detachment-bounded upper surface of the Precambrian, exposed in the
northern Amargosa Desert. Other potential reflectors in the Yucca Mountain
region include the upper and lower carbonate aquifers within the Paleozoic
sequence (Winograd and Thordarson, 1975), and the Miocene-Paleozoic contact.

If good quality reflections can be obtained in this area, then high-
resolution reflection seismology, supplemented by gravity and magnetic
surveys, could define the width, continuity, and depth of these features,
thus constraining the location and character of potential sources of ground
motion and rupture within 100 km of the site. This possibility will be
evaluated through testing of a preliminary seismic reflection survey.

Magnetotelluric (MT) soundings (Furguson, 1982) in the Yucca Mountain
region indicate the presence of substantial conductivity contrast between
Precambrian crystalline rocks, Paleozoic aquifers and aquitards, argillaceous
units of the Paleozoic such as the Eleana Formation, Miocene volcanic rocks,
and Quaternary basin fill deposits. Furguson's (1982) soundings are too
widely spaced to permit reliable interpretation of structure. Additional
soundings, planned as part of this study, should help constrain the location
of fault zones, the identity of deep reflectors observed on the high-
precision seismic reflection profiles, and in addition will help distinguish
deep-seated bodies of molten rock.

The MT survey will include a detailed net with stations spaced at 3 to
5 km, and a reconnaissance net with stations spaced at 8 to 10 km. The
detailed net will extend from Stovepipe Wells eastward to Mercury, Nevada,
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* Figure 8.3.1.17.12. Location of seismic refraction and magnetotelluric sounding traverses.
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with additional offline stations in the northern Amargosa Desert and in
Crater Flat. The reconnaissance net will include north-south lines designed
to tie the Yucca Mountain area to the Consortium for Continental Reflection
Profiling (COCORP) reflection surveys to the south. The MT survey and
refraction survey will provide a gross characterization of crustal structure
at low cost.

Seismic refraction survey (Death Valley-Beattv Junction-Sheep Range).
Four seismic refraction profi-es are tentatively planned. As presently
conceived, a 160-km long east-west profile centered on Yucca Mountain will
consist of two 80-km deployments, each using 120 instruments spaced at 0.7 to
1.0 km and recording seven 900- to 1,800-kg shots spaced at 8 to 20 km.
Three cross-profiles, potentially including an 80-km profile extending south-
ward from the northern end of Crater Flat, a 110-km profile extending south-
westward from the northern end of Crater Flat, and a 70-km northwest-south-
east profile centered on Stovepipe Wells, will consist of one to two
deployments of 120 instruments recording two to three 900- to 1800-kg shots
per deployment. Field work for the central and eastern part of the survey is
currently under way, and completion is planned in 1987 or early 1988. The
full extent of the survey will be determined after further consideration of
the applicability of the expected results to Project needs.

Evaluation of proposed deep seismic reflection survey. A proposal to
conduct a seismic reflection survey crossing Yucca Mountain and possibly
extending across the Furnace Creek fault and the Walker Lane will be
evaluated through preliminary testing and peer review.

The preliminary test will consist of a field survey of one line at a
location to be determined, 15 km long, plus noise tests. The preliminary
survey will use 10-km spreads, 24 geophones per group, 50-m group interval,
240 groups per spread, Vibroseis energy source, 100-m vibrator interval,
54,000-kg minimum peak vibrator force, and 240 channel floating-point digital
recording. This configuration will be varied to optimize shallow and
midcrustal reflections. Results of the preliminary tests and the design,
scope, and potential application of the proposed survey to Yucca Mountain
Project needs will be evaluated by a panel convened for that purpose. Two
alternative locations for the test line have been proposed, including (1) an
east-west line located in the Amargosa Valley, approximately 5 km south of
the town of Amargosa Valley and (2) a northeast-trending line located about
10 km southwest of Beatty (Figure 8.3.1.17-12). Desired features of the
proposed location include good access, low noise levels, and presence of
alluvial cover.

Gravity survey (Stovepipe Wells-Death Valley-Beatty-Mercury-Indian
Springs). If the proposed deep seismic reflection survey is implemented, a
detailed gravity survey (using the La Costa Romberg gravimeter) will be
conducted along a traverse coincident with the seismic reflection survey,
possibly from Stovepipe Wells northeastward to Beatty, thence eastward to the
northern Specter Range, thence northward to the northeast corner of the
Nevada Test Site (NTS) through Yucca Flat. Gravity measurements will be made
using portable devices, and surveying will use standard field methods.
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Low-level magnetic survey (Stovepipe Wells-Death Valley-Beatty-Amargosa
Valley-Indian Springs). If the proposed deep seismic reflection survey is
implemented, a detailed low-level magnetic survey will be conducted along a
traverse coincident with the seismic reflection survey, possibly from
Stovepipe Wells northeastward to Beatty, thence eastward to the northern
Specter Range, thence northward to the northeast corner of the NTS through
Yucca Flat. Magnetometer measurements will be made using portable devices
and surveying will use standard field methods.

Magnetotelluric survey (Stovepipe Wells-Death Valley-Beatty-Crater Flat-
Mercury). Natural ambient magnetic fields and their induced electric fields
at oscillations between 0.003 and 10 Hz will be measured using: high-
precision voltage measurements across 150-m long electrode spreads; high-
sensitivity induction coils; four-matched-channel, band-passed filtering with
amplification; and real-time, floating-point, digital processing, and
recording.

A 100-km long east-west line crossing the southern part of the NTS and
the suspected subsurface extension of the Walker Lane (Las Vegas Valley shear
zone) was surveyed in 1986 using close-spaced (3 to 6 ki) field stations.
The line included a 25-km traverse from Beatty, northeastward to northern
Crater Flat, thence southwestward between Big Cone and Red Cone and across
Bare Mountain to Highway 95, and thence eastward through the southern part of
Yucca Mountain. The location and scope of additional traverse lines to be
surveyed in 1988 and beyond will be based on application of expected results
to Project needs.

8.3.1.17.4.3.2 Activity: Evaluate Quaternary faults within 100 km of Yucca
Mountain

Objectives

The objectives of this activity are

1. To establish the abundance, distribution, and geographic orientation
of known and suspected Quaternary faults within 100 km of the site.

2. To characterize the Quaternary and Holocene fault and fracture
pattern within 100 km of the site and, if feasible, to relate that
pattern to regionally important wrench fault systems, including the
Walker Lane, the Death Valley-Furnace Creek fault zone, and the Mine
Mountain-Pahranagat shear zone.

3. To characterize those Quaternary faults within 100 km of the site
whose apparent length or recurrence rate indicate potential for
future earthquakes of magnitude sufficient to affect design or
performance of the waste facility.

4. To evaluate the recurrence history of that part of the Death Valley-
Furnace Creek fault zone within 100 km of the site.
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5. To identify fault scarps within 100 km of the site that may have
been overlooked during conventional geologic field surveys and that
may not have been apparent on conventional vertical aerial
photography.

6. To verify the existence and age of scarps in the NTS area that were
detected by low-sun-angle photogeologic interpretation.

7. To determine whether the Beatty scarp originated through tectonic or
fluvial processes, or both; the nature of movement along the scarp,
if tectonic; and the age of the scarp.

8. To ascertain the amount of post-middle Miocene horizontal rotation
of bedrock alongside wrench faults and of bedrock suspected to be
part of upper plate above subsurface wrench faults.

Parameters

The parameters of this activity are

1. Location, orientation, patterns, displacement, age and nature of
Quaternary faults.

2. Fault scarp morphology and offset of Quaternary deposits.

3. Relative and absolute ages of Quaternary faults.

4. Abundance, dimensions, and orientations of Quaternary ruptures in
the path of suspected subsurface wrench fault.

5. Rotation of upper-plate rock in Yucca Mountain region as defined by
deflections of paleomagnetic pole declinations.

6. Quaternary rate of fault movement.

Description

This activity will supply information on the nature and rate of faulting
during the Quaternary within 100 km of the site, and identify and charac-
terize any faults whose length or recurrence rate indicate potential for
earthquakes of magnitude sufficient to affect design or performances of the
waste facility. The abundance of mapped Quaternary faults within the NTS and
vicinity is substantially greater than that elsewhere within any part of the
Walker Lane southeast of Monte Cristo Valley. This contrast is at least in
part an artifact of the lack of detailed mapping outside of the Nevada Test
Site (NTS) (Figure 8.3.1.17-7).

As an initial step, a map of Quaternary faults within 100 km of the site
will be compiled from published and unpublished sources. Vertical aerial
photographs of the same area will then be examined and a photogeologic map
prepared to illustrate suspected Quaternary scarps and faults. A selected
proportion of the suspected faults will be verified and examined in the
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field, and the age and amount of movement estimated. The relation of the
fault pattern to major regional structures, including the Walker Lane, will
also be evaluated.

This map will define the source regions of major earthquakes that have
produced surface faulting during late Quaternary time and, thus, provide an
estimate of regional variations in the long-term rates of occurrence of large
magnitude earthquakes.

Conventional vertical photography has been carried out for the Yucca
Mountain area. To minimize the number of scarps that have been overlooked,
low-sun-angle vertical photographs covering selected areas will be procured
and photogeologic maps of suspected Quaternary scarps will be prepared and
verified in the field.

As originally conceived by Gianella and Callaghan (1934b), the Walker
Lane includes a curvilinear fault near Beatty, Nevada, defined by a prominent
Quaternary scarp. If real, the fault could be a potential source of future
ground motion at the site. However, the origin of the scarp is somewhat
uncertain. It could have originated through fluvial processes (as postulated
by Swadley et al., 1988), tectonic processes, or some combination of the two.
To address this problem and the potential significance to design or perform-
ance issues, the scarp will be dated by a variety of methods, mapped, and its
relation to faults at depth investigated.

The Walker Lane is commonly believed to be a zone of oroclinal or
oroflexural bending because the structural grain of bedrock terranes curve
abruptly as it intersects the zone forming a reverse S-shaped pattern
indicating right-lateral wrenching. The structural grain in the vicinity of
Yucca Mountain is obscured by the intersection of the Walker Lane with the
left-lateral faults of the Mine Mountain-Spotted Range belt. To ascertain
the degree to which oroflexural bending affects the Miocene volcanic cover at
Yucca Mountain, paleomagnetic poles of selected ash flows will be measured at
various locations from one side of the zone to the other. Comparison of the
declination of these poles should provide a measure of the oroflexural
bending since middle Miocene time.

Development of map of Quaternary faults within 100 km of the site (Las
Vegas to Cedar Mountain). Known and suspected Quaternary faults within
100 km of the site will be identified from published and unpublished
literature. A map showing the distribution of these faults will be compiled
at a scale of 1:500,000. This subactivity is 50 percent complete. The
duration of future work is three months.

Development of photogeologic map of Quaternary scarps within 100 km of
the site. Quaternary scarps will be identified within 100 km of the site
through photogeologic interpretation of existing 1:20,000- to 1:80,000-scale
black-and-white, vertical aerial photographs. Photographs have been or will
be obtained from Federal, State, and County archives. Study of potentially
significant Quaternary faults will be augmented through analysis of low-sun-
angle photographs. Scarps are to be compiled on 1:100,000- to 1:200,000-
scale base maps. This effort is estimated to be 25 percent complete. The
duration of future work is eighteen months.
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Field verification of Quaternary scarps within 100 km of the site.
Scarps identified through photogeologic interpretation will be selectively
examined in the field. The age of these scarps will be estimated from scarp
morphology and bracketed by ages of units judged to be offset by or
overlapping the scarps. Trenching will be done at scarps whose age would
significantly constrain age of the Walker Lane or other large faults with
potential for significant future ground motion. As yet, no scarps of this
character have been identified.

Development of low-sun-angle photogeologic Quaternary scarp map (Yucca
Mountain area). Medium-scale vertical aerial photographs taken during
periods of low-sun-angle will be procured for that part of the Walker Lane,
proximal to Yucca Mountain, focusing on Jackass Flats, Crater Flat, and
northern Amargosa Desert. Photographs will be interpreted using conventional
procedures and scarps compiled on 1:100,000 scale base maps of the Yucca
Mountain area. Estimated duration of this subactivity is one year.

Field verification of low-sun-anale photogeologic Quaternary scarps
(Yucca Mountain area). Scarps that are identified through low-sun-angle
photogeology will be examined in the field, their age estimated from scarp
morphology and bracketed by ages of units judged to be offset by or over-
lapping the scarp. Trenching will be done at scarps whose age would
significantly constrain age of faults with potential for significant future
ground motion. The estimated duration of this subactivity is six months.

Mapping of Quaternary faults and deposits of the Beatty 1:100,000
quadrangle. Quaternary deposits and faults displacing those deposits will be
mapped, using standard field methods, including annotating contacts on
1:20,000-scale aerial photographs, and compiling at 1:24,000 and 1:100,000
scales. Local stratigraphic type localities and sections will be estab-
lished. Deposits will be dated using soil development, cation ratio (desert
varnish), uranium-trend, and uranium-series, ash fingerprinting, as appro-
priate. Approximately 50 percent of the quadrangle has been completed. The
estimated duration of future work is three years.

Evaluation of nature of Beatty scarp and relation to geologic boundary.
The Beatty scarp and its southeastern extension was considered a segment of
the Walker Lane by Gianella and Callahan (1934b). The apparent length of the
scarp, including its poorly defined southeastern extension, is 15 to 25 km.
Detailed mapping of Quaternary deposits of the Beatty scarp will be supple-
mented by mapping of Quaternary datums in trenches crossing the scarp. Ages
of the datums will be determined by analysis of soil development, uranium-
series and uranium-trend analyses, radiocarbon dating, and cation-ratio
(desert varnish) dating. Shallow seismic reflection (mini-sosie) and seismic
refraction (Bison-type) surveys along traverses crossing the scarp and
extending for 1 to 2 km (0.6 to 1.2 mi) to either side of the scarp will be
performed to investigate the relation of the scarp to faults at depth. The
duration of future work is three to six months.

Quaternary recurrence rate of the Death Valley-Furnace Creek fault zone.
The Quaternary recurrence rate of this fault zone will be evaluated, using
published and unpublished data, supplemented by limited field reconnaissance.
The field investigation will focus on scarp morphology and age of surficial
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deposits intersected by or overlapping the fault. No excavations are
planned. The estimated duration of this subactivity is 6 to 12 months.

Analysis of rotation (drag) of bedrock alongside or over suspected
wrench faults based on rotation of paleomagnetic poles. Paleomagnetic
orientations of samples collected from localities within the Tiva Canyon
Member of the Paintbrush Tuff suggest that the Yucca Mountain area has been
oroflexurally bent. Bending is clockwise and preliminary data suggest that
the amount of bending relative to the north end of the mountain progressively
increases through the central part and then increases sharply across the
Stagecoach Road fault, reaching approximately 30 degrees at the south end
(Scott and Rosenbaum, 1986). Bending could be related to right-lateral
wrench faulting along the Walker Lane or, more speculatively, to detachment
faulting in which a horizontal rotation of the detached plate is combined
with dip-slip motion. The rotation occurred after 12.5 million years ago,
the age of the Tiva Canyon Member.

This subactivity is designed to evaluate the preliminary results of
paleomagnetic sampling at Yucca Mountain cited above through sampling of
five to six additional localities to be selected from within the Tiva Canyon
Member. If the rotation at Yucca Mountain is confirmed, then (1) the
eastward extent of rotation and the possible influence of left-lateral
faulting within the Mine Mountain-Spotted Range belt will be evaluated
through sampling of two to five sites to be selected from within the Tiva
Canyon Member at Little Skull Mountain or Skull Mountain, provided suitable
localities are present, and (2) the age of rotation will be evaluated through
sampling of late Miocene and Pliocene basalt flows in Jackass Flats and
southeastern Crater Flat, provided suitable volcanic units are present.

Individual Miocene ash flows will be cored using hand-held drills at
localities to be selected. Eight to ten oriented specimens will be obtained
per site. After thermal demagnetization (Activity 8.3.1.4.2.1.5) the orien-
tation of the magnetic pole for each specimen will be measured and corrected
for inclination of the strata at the sample site. Comparison of declination
from site-to-site will provide a measure of relative horizontal tectonic
rotation. The estimated duration of future work is one to two years.

8.3.1.17.4.3.3 Activity: Evaluate the Cedar Mountain earthquake of 1932 and
its bearing on wrench tectonics of the WAlker Lane within
100 km of the site

Objectives

The objective of this activity is to evaluate the relevance of the Cedar
Mountain earthquake of 1932 to potential sources of ground shaking and
rupture in that part of the Walker Lane within 100 km of Yucca Mountain.
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Parameters

The parameters for this activity are

1. Geologic structure and stratigraphy of Stewart and Monte Cristo
valleys.

2. Stewart and Monte Cristo Valley faults and their relation to the
Walker Lane.

3. Surface ruptures formed during 1932 Cedar Mountain earthquake.

4. Focal mechanism of the 1932 Cedar Mountain earthquake.

Description

This activity will entail a review of the published geologic literature
concerning the Cedar Mountain earthquake, photogeologic interpretation,
limited fieldwork, and evaluation of concurrent research by investigators not
affiliated with the Project. Emphasis will be on the tectonic setting (is it
part of Walker Lane, Churchill Arc, or both?), continuity with Quaternary
faults of Stewart Valley and with through-going shears mapped by Ekren and
Byers (1985), distribution and character of surface breaks, and recurrence
history.

Ruptures will be classified according to style and length measured by
scaling from maps by Molinari (1984), and Gianella and Callaghan (1934a,b).
Selected ruptures will be examined in the field. The width of the rupture
zone, the width of individual ruptures, and other attributes (length, offset,
aperture, fissure-fillings, brecciation) will be noted. The rupture zone has
been trenched by investigators not affiliated with the Yucca Mountain Pro-
ject. Additional trenching is not anticipated. This activity is estimated
to be 50 percent complete. The estimated duration of future work is 6 to 12
months.

8.3.1.17.4.3.4 Activity: Evaluate the Bare Mountain fault zone

Objectives

The objectives of this activity are to

1. Evaluate the potential for ground shaking associated with future
movement along the Bare Mountain fault zone.

2. Estimate the age of the most recent faulting on the Bare Mountain
frontal fault.

3. Estimate the recurrence intervals of faulting.

4. Determine the nature and age of faulting within the fault complex
east of the frontal zone, and to determine nature of tectonic
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control of the location and orientation of the main wash in Crater
Flat.

5. Determine the subsurface configuration of fault zones.

Parameters

The parameters for this activity are

1. Age of datums.
2. Amount and direction of offset of datums.
3. Geologic structure and stratigraphy, seismic reflections.

Description

Bare Mountain has a steep, curvilinear eastern range front, the config-
uration of which is controlled by a complex of steeply eastward and
moderately southeastward-dipping faults having Quaternary displacement. This
complex is referred to as the Bare Mountain fault zone.

This activity consists of (1) geologic mapping of the fault zone and
(2) trenching and dating of deposits cut by the fault zone.

Alluvial fans and stream deposits within Crater Flat along the eastern
flank of Bare Mountain (Bare Mountain 15-min quadrangle (USGS, 1954)) will be
mapped and deposits dated through soil development, uranium-series, and
uranium-trend analysis, thermoluminescence, and cation ratios (desert
varnish). Trenches intersecting the trace of the frontal fault will be
excavated and mapped. Deposits offset by and overlapping the rupture zones
exposed in the trenches will be dated.

Two new trenches are planned, and two existing prospect pits are to be
enlarged, as follows:

1. Bulldozer trench, south side Tarantula Canyon, existing road. SW/4,
NE/4, sec. 29, T.12S., R.48E. Estimated depth 3 to 4 m, width 5 m,
length 15 to 20 m.

2. Backhoe trench, no existing road. SE/4, NW/4, sec. 24, T.13S.,
R47-1/2E. Estimated depth 2 to 3 m, width 2 to 3 m, length 5 m.

3. Enlargement of two existing adjacent prospect pits using backhoe,
existing road. SW/4, SW/4, sec. 25, T.13S., R.47-1/2E. Estimate
increase depth from 3 to 5 m, enlarge slightly.

This activity is 75 percent complete, and one report has been published
(Reheis, 1986). Information derived from this activity will be integrated
with information on bedrock geology (Activity 8.3.1.17.4.5.2), geomorphology
(Activity 8.3.1.17.4.9.3), and geophysics in an integrating and synthesis
activity (Activity 8.3.1.17.4.12.1, evaluate tectonic processes and tectonic
stability at the site). The duration of the future work is 6 to 12 months.
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8.3.1.17.4.3.5 Activity: Evaluate structural domains and characterize the
Yucca Mountain region with respect to regional patterns of
faults and fractures

Objectives

The objectives of this activity are to

1. Map faults and lineaments within a 100 km radius of the site and to
identify those with geomorphic expression indicative of Quaternary
faulting.

2. Classify the area into subareas (domains) containing relatively
homogeneous fault and lineament populations (prominent geomorphic
expression, density, and orientation) suggestive of Quaternary
faulting. This information will be used in Activity 8.3.1.17.2.1.2
to help assess the faulting potential in areas of emplaced waste.

3. Map the areal extent of desert varnish coatings. This information
will be used in Activity 8.3.1.17.4.9.1 to help establish the areal
extent of tectonically stable areas near Yucca Mountain.

4. Identify areas of suspected hydrothermal alteration. This informa-
tion will be used in Study 8.3.1.9.2.1 (natural resource assessment)
to evaluate the relationship of the suspected hydrothermal
alteration to potential mineralization in Activity 8.3.1.5.2.1.5
(calcite- and opaline-vein deposits) to aid in evaluating the
possible origin of calcite-silica deposits and in Study 8.3.1.8.5.2
to aid in evaluating local heat flow anomalies.

Parameters

The parameters for this activity are

1. Fracture orientation, length, distribution.
2. Optical reflectance and absorption for selected wavelengths.
3. Age and distribution of desert varnish.
4. Distribution of hydrothermal alteration.

Description

High-quality Landsat V Thematic Mapper (TM) data provide a uniform set
of data for the region and can be applied to numerous geologic problems. In
this activity, a variety of remote sensing techniques will be applied to
geologic problems being investigated in the region, including (1) analysis of
linear features detectable with the high-resolution TM data, and character-
ization of regional fracture patterns, (2) mapping of the distribution of
hydrothermal alteration related to near-surface igneous processes based on
the spectral reflectance characteristics of alteration-associated minerals by
using computer-enhanced TM data supplemented by field evaluations, and (3)
mapping of surfaces with a substantial coating of desert varnish to aid in
defining areas of tectonic stability.
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The area under study comprises most of four 1:100,000-scale quadrangles
--Beatty, Indian Springs, Pahute Mesa, and Pahranagat Range. Tapes of the
four Thematic Mapper V scenes encompassing this area will be purchased, and
spectral and spectral ratio maps will be prepared including bands sensitive
to hydroxyl-containing minerals in the ultraviolet part of the spectrum.
Computer-enhanced images will be interpreted, linear features identified, and
their length and orientation measured. Domains containing distinctive
patterns of fractures and lineaments will be delineated.

Color-ratio composite TM images will be used to identify areas of
alteration. These areas will be reconnoitered in the field to determine the
type of alteration and the nature of the causal volcanic or igneous
processes. The estimated duration of the future work is two years.

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

Objectives

The primary objective of this study is to evaluate the potential for
ground motion resulting from future movement on Quaternary left-lateral(?)
strike-slip faults east and south of the site-area.

The left-lateral(?) strike-slip faults in that area strike to the north-
east~ or east-northeast, and form an en echelon pattern within the Mine
Mountain-Spotted Range structural zone (Carr, 1974), cutting across the
northwestern extension of the Las Vegas Valley shear zone. The belt is
aligned with the Pahranagat shear zone to the east-northeast, and the Garlock
fault to the west-southwest (Figure 8.3.1.17-9). Four of the left-lateral(?)
faults show evidence of significant Quaternary displacement. From northwest
to southeast, they are the Stagecoach Road fault, the Mine Mountain fault,
the Cane Spring fault zone, and the Rock Valley fault zone (Fig-
ure 8.3.1.17-13).

The Stagecoach Road fault cuts across the southern end of Yucca Moun-
tain. It could connect to the northeast with the Paintbrush Canyon fault (to
be studied as part of Activity 8.3.1.17.4.6.2 (evaluate age and recurrence of
movement on suspected and known Quaternary faults) or alternatively, continue
northeastward across western Jackass Flats into the Calico Hills, as shown by
Maldanado (1985a). The Mine Mountain fault zone (not to be confused with the
Mine Mountain thrust fault) trends northeast, with mapped extent of approxi-
mately 27 km (scaled from Figure 7 of Carr, 1984), and extends from Jackass
Flat through Mid Valley to Yucca Flat. The Rock Valley fault zone trends
east-northeast, with mapped extent of approximately 68 km (scaled from
Figure 7 of Carr, 1984), if discontinuous segments are included, and extends
from Amargosa Desert through Rock Valley to Frenchman Flat. The Cane Spring
fault zone trends northeast, with mapped extent of 23 km (scaled from
Figure 7 of Carr, 1984).

The part of the Mine Mountain-Spotted Range structural zone in the area
between and adjacent to the Mine Mountain and Rock Valley fault zones is
marked by above average seismic activity. However, focal mechanism solutions
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Figure 8.3.1.17-13. Map showing relation of proposed repository area to Mine Mountain. Cone Spring. Rock
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generally indicate right-lateral movement on north-trending faults, rather
than left-lateral movement parallel to the northeast to east-northeast-
trending faults.

Activities planned for this study are (1) an evaluation of the Rock
Valley fault system, (2) an evaluation of the Mine Mountain fault system,
(3) an evaluation of the Stagecoach Road fault zone, and (4) an evaluation of
the Cane Spring fault zone.

8.3.1.17.4.4.1 Activity: Evaluate the Rock Valley fault system

Oblectives

The objective of this activity is to determine the location, spatial
orientation, length, width, Quaternary recurrence rate, and the location,
amount, and nature of Quaternary movement of the Rock Valley fault system.
An objective of the trenching is to estimate the total displacement, in-
cluding strike-slip and dip-slip components, of Quaternary datums. Accord-
ingly, trenching will use methods designed to facilitate measurement of these
components, as described in Section 8.3.1.17.4.6.2.

Parameters

The parameters for the activity are

1. Length, location, and spatial orientation of the fault system.

2. Segmentation within the fault system.

3. Width of the fault system.

4. Age and nature of Quaternary deposits and Quaternary surfaces
displaced by or covering Quaternary strands within the fault system.

5. Location, amount, and direction of displacement of Quaternary
deposits and Quaternary surfaces.

6. Age, lateral extent, and height of fault scarps.

Description

This activity focuses on estimating the Quaternary rate of activity on
the Rock Valley fault through trenching and mapping and dating of strata cut
by the fault. Traces of the main strands of the fault will be examined and
mapped, and the subsurface expression of the fault zone will be investigated
through shallow seismic refraction and reflection surveys.

Evaluation of Quaternary displacement along main trace of the Rock
Valley fault system as established by trenching and very shallow seismic
refraction (Bison-type) and seismic reflection (mini-sosie). Two to four
trenches will be excavated across fault scarps and fault lines, and the
Quaternary stratigraphy exposed in trench walls and floor mapped. Areas of
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lateral disruption and discontinuity of Quaternary datums will be identified,
and the age of disrupted Quaternary datums and overlying undisrupted
Quaternary datums established, if present. The age of datums will be
established through stratigraphic correlation, chemical fingerprinting, soil
development analysis, radiocarbon dating, uranium-trend and uranium-series
analysis, cation ratio dating, and-other methods, as appropriate. The
orientation of clast fabric in zones of rupture will be measured. Fracture-
filling minerals will be identified and dated. The orientation of all
fractures cutting the Quaternary deposits will be measured. By using
portable seismic refraction apparatus (Bison-type), velocity profiles within
very shallow (to depth of 100 m) deposits along selected traverses crossing
known and suspected fault traces will be established. The subsurface
configuration of the fault zone will be examined using shallow seismic
reflection (mini-sosie) along a 1.5-km (0.9 mi) long traverse orthogonal to
the fault. This subactivity is 95 percent complete.

Evaluation of Quaternary displacement along the southern extension of
the Rock Valley fault system, south of Amargosa Valley. Faults cutting
fine-grained sands and muds approximately 12 km (7 mi) south of Amargosa
Valley appear to represent an extension of the Rock Valley fault system.
Mapping, trenching, and shallow (Bison) seismic refraction will be undertaken
to determine fault width, the horizontal and vertical components of slip
along these faults, and the age of the deposits cut by the faults. Where
applicable, all techniques described in the evaluation of the main trace of
the Rock Valley fault will be used. One or two trenches at locations to be
determined are planned. The estimated duration of this work is one year.

8.3.1.17.4.4.2 Activity: Evaluate the Mine Mountain fault system

Objectives

The objective of this activity is to determine the location, spatial
orientation, length, width, Quaternary recurrence rate, and the location,
amount, and nature of Quaternary movement of the Mine Mountain fault system.

Parameters

The parameters for this activity are

1. Length, location, and spatial orientation of the fault system.

2. Segmentation within the fault system.

3. Width of the fault system.

4. Age and nature of Quaternary deposits and Quaternary surfaces
displaced by or covering Quaternary strands within the fault system.

5. Location, amount and direction of displacement of Quaternary
deposits and Quaternary surfaces.

6. Age, lateral extent, and height of fault scarps.
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Description

A substantial body of data on the Mine Mountain fault system at Mid
Valley, 25 to 30 km east-northeast of Yucca Mountain, has been collected,
indicating that the fault is a wide zone with substantial dip-slip displace-
ment, possibly merging with or terminating at a low-angle extensional fault
at depth (McArthur and Birkhard, 1986). McArthur and Birkhard (1986) citing
Orkild (personal communication), state that older alluvium is disturbed along
the trace of the fault and conclude on this basis that some movement occurred
within the last one million years.

The fault zone projects below alluvial cover southwestward from Mid
Valley into jackass Flats (Maldonado, 1985b), thus possibly approaching to
within 15 km of Yucca Mountain (Figure 8.3.1.17-13). However, no displace-
ment of Quaternary deposits along the trace of the fault within Jackass Flats
has been recognized.

In this activity, published data (cited above) will be reviewed and
interpreted. The reported disturbance of older alluvium in Mid Valley will
be verified and evaluated. In addition, Quaternary deposits in Jackass Flats
along the projected trace of the fault will be examined for evidence of
faulting. Any scarps and lineaments indicative of Quaternary faulting will
be evaluated and, if necessary, trenched to determine slip rate and style of
faulting. Supporting data on subsurface geometry of the possible projection
of the fault into Jackass Flats will be provided by Activity 8.3.1.17.4.7.8
(evaluate shallow seismic reflection (mini-sosie) methods and, if appro-
priate, conduct surveys of selected structures at and proximal to the site
area). Additional data on Quaternary expression of faults in Jackass Flats
will be gathered by Activity 8.3.1.17.4.3.2 (evaluate Quaternary faults
within 100 km of Yucca Mountain).

8.3.1.17.4.4.3 Activity: Evaluate the Stagecoach Road fault zone

Objectives

The objectives of this activity are to

1. Determine the location, spatial orientation, length, width, Quater-
nary recurrence rate, and the location, amount, and nature of
Quaternary movement of the Stagecoach Road fault system.

2. Evaluate the possibility that the Stagecoach Road fault zone is a
continuation of the Paintbrush Canyon fault.

3. Evaluate the geometry of the intersection in the subsurface of the
Paintbrush Canyon fault and hypothesized shallow detachment faults.

Parameters

The parameters for this activity are

1. Length, location, and spatial orientation of the fault system.
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2. Segmentation within the fault system.

3. Width of the fault system.

4. Age and nature of Quaternary deposits and Quaternary surfaces dis-
placed by or younger than-Quaternary strands within the fault
system.

5. Location, amount and direction of displacement of Quaternary
deposits and Quaternary surfaces.

6. Age, lateral extent, and height of fault scarps.

7. Subsurface geometry of the fault zone.

8. Geometry of intersection with Paintbrush Canyon fault.

9. Continuity in subsurface between southern Yucca Mountain and Calico
Hills.

Description

This activity focuses on (1) estimating the Quaternary rate of activity
on the Stagecoach fault through trenching, mapping, and dating of strata and
geomorphic features cut by the fault and (2) determining the chronologic and
tectonic relationship between the Stagecoach fault and the Paintbrush Canyon-
Busted Butte fault system. In addition, the subsurface expression of the
fault zone will be investigated through shallow seismic refraction surveys
and possibly reflection surveys. An objective of the trenching is to
estimate the total displacement, including strike-slip and dip-slip
components, of Quaternary datums. Accordingly, trenching will use methods
designed to facilitate measurement of these components, as described in
Section 8.3.1.17.4.6.2.

Surficial deposits and geomorphic features will be mapped in detail to
determine the apparent strike-slip component of fault movement. Two to four
trenches will be excavated across fault scarps and fault lines at locations
to be determined, and the Quaternary stratigraphy exposed in trench walls and
floor mapped. Areas of lateral disruption and discontinuity of Quaternary
datums will be identified, and the age of disrupted datums and overlying
undisrupted Quaternary datums established, if present. The age of the datums
will be established through stratigraphic correlation, chemical finger-
printing, soil development analysis, radiocarbon dating, uranium-trend and
uranium-series analysis, cation-ratio dating, and other methods, as
appropriate. The orientation of clast fabric in zones of rupture will be
measured. Fracture-filling minerals will be identified and dated. The
orientation of all fractures cutting the Quaternary deposits will be
measured. Scarps and lineaments will be mapped, and the subsurface geometry
investigated using shallow seismic refraction methods. A shallow seismic
reflection profile (mini-sosie) will be surveyed as part of Activity
8.3.1.17.4.7.8 (evaluate shallow seismic reflection (mini-sosie) methods)
provided that method proves to be effective. Information on the subsurface
geometry will also be provided through application of other geophysical
methods, as described in Activity 8.3.1.17.4.3.1 (evaluate crustal structure
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and subsurface expression of Quaternary faults in an east-west transect
crossing the Furnace Creek fault zone, Yucca Mountain, and the Walker Lane).
Expected duration of this activity is two years.

8.3.1.17.4.4.4 Activity: Evaluate the Cane Spring fault system

Objectives

The objective of this activity is to determine the location, spatial
orientation, length, width, Quaternary recurrence rate, and the location,
amount, and nature of Quaternary movement of the Cane Spring fault system.

Parameters

The parameters for this activity are

1. Length, location, and spatial orientation of the fault system.

2. Segmentation within the fault system.

3. Width of the fault system.

4. Age and nature of Quaternary deposits and Quaternary surfaces
displaced by or covering Quaternary strands within the fault system.

5. Location, amount, and direction of displacement of Quaternary
deposits and Quaternary surfaces.

6. Age, lateral extent, and height of fault scarps.

Description

This activity focuses on evaluation of the potential of the Cane Springs
fault system to produce moderate to large earthquakes. The Cane Spring fault
system trends northeast between Skull Mountain and Frenchman Flat, bisecting
the region lying between the Rock Valley fault zone and the Mine Mountain
fault zone. Offset of bedrock by the fault indicates significant left-
lateral movement in later Tertiary. Distinct alinements of brush and physio-
graphic features in Quaternary material along the fault mrace suggests that
movement has continued into the Quaternary, particularly at the northeast end
of the fault system. Detailed mapping of surficial deposits along the fault
trace, including soil description and shallow seismic (Bison) refraction is
planned to evaluate the possibility that the lineaments are caused by
faulting of Quaternary deposits. If strong indications of faulting are
found, then selected fault traces will be trenched, and the age of faulted
and unfaulted units intersected by the fault will be determined. The
expected duration of this activity is six months.
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8.3.1.17.4.5 Study: Detachment faults at or proximal to Yucca Mountain

Objectives

The objective of this study is to supply information pertaining to the
distribution, displacement rate, and age of detachment faults proximal to
Yucca Mountain. The key questions regarding detachment faults are
(1) whether they represent a significant earthquake source and (2) whether
they conceal a significant earthquake source at depth. To resolve both
questions, activities are focused on resolving the Quaternary behavior of
postulated detachment faults.

Review of detailed (1:24,000 to 1:62,500 scale) maps of the Nevada Test
Site and adjacent areas to the west (Bare Mountain and Beatty areas), using
current concepts of structural geology, suggests that some features mapped as
depositional contacts or thrust faults are in fact detachment faults. In
particular, the basal contact of Oligocene-Miocene sedimentary rocks or
Miocene volcanic rocks on Paleozoic rocks in the Mercury, Calico Hills, and
Bare Mountain areas appears at several localities to be a detachment fault of
moderate (perhaps one to several kilometers) displacement. Recent mapping
south and west of Beatty shows that the basal contact of the Miocene volcanic
rocks is a detachment fault with substantial displacement (Maldanado, 1985b).

Structural analysis of deformed and faulted Miocene ash-flows suggests
that the entire area of Yucca Mountain, including the area of the proposed
repository, is underlain at unknown depth by one or more detachment faults
(Scott, 1986; Scott and Whitney, 1987). This possibility has not been con-
firmed, nor has the depth, attitude, and total extent of the postulated de-
tachment(s) been determined. Conjecturing that the uppermost detachment
fault corresponds to the contact between Miocene volcanic rocks and subjacent
Paleozoic rocks, preliminary reinterpretation of published gravity data
(Synder and Carr, 1984), suggests that this detachment(?) surface slopes
moderately in a N.600W. direction, which is the direction of least horizontal
stress (Stock et al., 1985). That surface, or a high-angle fault offsetting
it (M. D. Carr et al., 1986) was intersected in drillhole UE-25p#1 at a depth
of about 1,200 m.

If detachment faults exist at depth below the site, their relevance to
repository design and performance as potential sources of ground motion,
rupture, or hydrologic conduits or barriers hinges on their age, depth, and
nature of the intersection of the detachment faults with the steeply dipping
Quaternary normal faults within the site area. This study focuses on exami-
nation of suspected detachment faults where they are exposed in areas adja-
cent to Yucca Mountain. Information on the potential subsurface extent and
geometry of detachment faults and their possible connection to listric Qua-
ternary faults at Yucca Mountain is derived through geophysical studies de-
scribed in Activity 8.3.1.17.4.3.1 (evaluate crustal structure and subsurface
expression of Quaternary faults in an East-West transect crossing the Furnace
Creek fault zone, Yucca Mountain, and the Walker Lane) and Study 8.3.1.17.4.7
(subsurface geometry and concealed extensions of Quaternary faults at Yucca
Mountain).
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Yucca Mountain Project strategy for investigating the age and displace-
ment rate of detachment faults includes five elements:

1. Observation of contact relations of detachment faults and Quaternary
deposits at the outcrop and measurements of the radiometric age of
detachment surfaces, to be undertaken as part of this study.

2. Evaluation of the subsurface geometric relationship of detachment
faults (as deduced from geophysical studies described above and
hydrologic and site-geology drillhole data) to Quaternary high-angle
faults, such as the Bare Mountain fault, the Windy Wash fault, and
the Paintbrush Canyon fault.

3. Evaluation of the recurrence rate and displacement history of
Quaternary high-angle faults that could merge with detachment faults
in the subsurface, to be undertaken as part of Study 8.3.1.17.4.6
(Quaternary faulting within the site area) and other studies of
faulting.

4. Evaluation of in situ stress data developed within Study
8.3.1.17.4.8 (stress field within and proximal to the site area).

5. Evaluation of focal mechanism solutions developed in Study
8.3.1.17.4.1 (historical and current seismicity).

This information is to be synthesized in Study 8.3.1.17.4.12 (tectonic
models and synthesis), which will (1) evaluate the possibility that one or
more detachment faults are present in the subsurface below or in the vicinity
of the proposed repository site, and (2) if considered to be present, evalu-
ate the direction and rate of movement of the upper plate, the depth and
configuration of the fault surfaces, and the nature of the association, if
any, between the detachment fault(s) and the normal faults in the upper
plate.

Activities planned for this study are to evaluate (1) the significance
of the Miocene-Paleozoic contact in the Calico Hills area to detachment
faulting within the site area, (2) postulated detachment faults in the
Beatty-Bare Mountain area, (3) the potential relationship of megabreccia
within and south of Crater Flat to detachment faulting, (4) postulated
detachment faults in the Specter Range and Camp Desert Rock areas, and
(5) the age of detachment faults by using radiometric ages.

8.3.1.17.4.5.1 Activity: Evaluate the significance of the Miocene-Paleozoic
contact in the Calico Hills area to detachment faulting
within the site area

Objectives

The objectives of this activity are (1) to determine whether the contact
of Miocene volcanic rocks on Paleozoic strata is tectonic or depositional,
(2) if tectonic, to determine the Quaternary activity, if any, of the pos-
sible detachment fault, and (3) if Quaternary, the direction and age of move-
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ment, attitude of fault plane, and nature of deformation of the Miocene
(upper plate?) sequence.

Parameters

The parameters for this activity are geologic structure and
stratigraphy.

Description

The contact between Miocene volcanic (and volcaniclastic) rocks and sub-
jacent Paleozoic strata, which lies a kilometer or more below the surface at
the site of the proposed repository at Yucca Mountain, surfaces a few kilo-
meters to the northeast in the Calico Hills. The volcanic rocks are broken
by faults, some with displacement in excess of 200 m, and locally are
moderately to steeply tilted. This activity is designed to establish whether
the contact with Paleozoic strata is tectonic or depositional, and if tec-
tonic, whether the Miocene volcanic rocks are part of a detachment-bounded
upper plate or not. The activity calls for conventional geologic mapping.

The suspected tectonic contact between Miocene rocks and Paleozoic rocks
in the Calico Hills area will be mapped in detail with particular attention
to evidence bearing on age of movement and displacement rate, including
apparent offset of the Miocene-Paleozoic contact by pre-Quaternary faults.
The Calico Hills area and vicinity will be mapped using conventional field
methods, including annotation of field observations on large-scale (1:12,000)
aerial photographs (color or false color, where available), and compiled at
1:24,000 scale. This activity is estimated to be 75 percent complete. The
expected duration of the future work is six months.

8.3.1.17.4.5.2 Activity: Evaluate postulated detachment faults in the
Beatty-Bare Mountain area

Objectives

The objectives of this activity are

1. To determine if postulated detachment faults in the Beatty-Bare
Mountain have been active in the Quaternary.

2. If Quaternary, to

a. Establish the displacement rate, location, and nature of the
low-angle imbricate fault zones between lineated and mylonitized
and variably recrystallized gneiss of the northern Amargosa
Desert and the Paleozoic and Miocene rocks of the Beatty area,
and to ascertain the nature of deformation of the Miocene (upper
plate?) rocks.

b. Establish the displacement rate, location, and nature of the
low-angle fault zone between Paleozoic rocks of Bare Mountain
and the Miocene volcanic rocks north of Bare Mountain, and to
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ascertain the nature of deformation of the Miocene (upper
plate?) rocks.

c. Ascertain the nature of internal deformation of Paleozoic rocks,
their degree of metamorphism, the nature of suspected low-angle
tectonic contact with the lineated and mylonitized gneiss of the
northern Amargosa Desert, and the nature of the suspected
low-angle tectonic contact with Miocene rocks at the northern
end of Bare Mountain.

Parameters

The parameters for this activity are geologic structure and stratig-
raphy, age of datums, and amount and direction of offset of datums.

Description

The Beatty-Bare Mountain area, centered about 27 km west of the proposed
repository at Yucca Mountain, is interpreted as an eroded and beveled stack
of imbricated detachment-fault-bounded plates. The lowest exposed plate,
cropping out in the northern Amargosa Desert southwest of Beatty, consists of
lineated and mylonitized crystalline rocks, schist, and semischist. It is
structurally overlain by one or more intermediate plates, consisting of
moderately to weakly metamorphosed Precambrian and Paleozoic strata that form
the Bare Mountain massif. The Bare Mountain massif is in turn structurally
overlain by an upper plate, which west of Beatty, consists of Miocene vol-
canic and volcaniclastic strata. Older geologic maps have been reinterpreted
and this reinterpretation suggests that the detachment between the inter-
mediate (Bare Mountain) plates and the upper plate extends east of Beatty,
curving around the north side of Bare Mountain, and is cut off by the Bare
Mountain frontal fault.

This activity is designed to work out the structural geology of this
detachment complex through conventional geologic mapping.

Detailed mapping and analysis of Beatty-Bare Mountain area--Bullfrog
N.E. 7.5-min quadrangle. The Miocene rocks and their contact with subjacent
units will be mapped using conventional field methods, including annotation
of field observations on medium-scale (1:20,000) black-and-white and color-
aerial photographs, and compilation at 1:24,000 scale. This subactivity is
95 percent complete. A map-report describing results of this mapping is in
review.

Detailed mapping and analysis of Beatty-Bare Mountain area--Bare
Mountain N.W. 7.5-min quadrangle. The Miocene rocks and their contact with
subjacent units will be mapped using conventional field methods, including
annotating field observations on medium-scale (1:20,000) black-and-white and
color aerial photographs, and compiling at 1:24,000 scale. Estimated
duration of work is one year.

Detailed mapping and analysis of Bare Mountain area--Bare Mountain S.W.
7.5-min quadrangle, plus parts of adjoining quadrangles. The Paleozoic rocks
and their contact with overlying Miocene units and with subjacent units will
be mapped using conventional field methods, including annotating field
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observations on medium-scale (1:20,000) black-and-white and color aerial
photographs, and compiling at 1:24,000 scale. This subactivity is estimated
to be 75 percent complete. The duration of the future work is six months.

8.3.1.17.4.5.3 Activity: Evaluate the potential relationship of breccia
within and south of Crater Flat to detachment faulting

Objectives

The objective of this activity is to determine whether breccias
tectonically emplaced on low-angle surfaces beveled across Paleozoic and
younger strata are slide masses or near-surface parts of a detached upper
plate; and if either, how they relate to postulated Quaternary detachment
faulting.

Parameters

The parameters for this activity are

1. Distribution of breccia in the subsurface below Crater Flat.

2. Nature of fragmentation of the breccia.

3. Nature of basal contact of the breccia, including indicators of
direction of relative movement.

Description

Breccias intersected in VH-2 (Carr and Parrish, 1985), located in the
central part of Crater Flat between Red Cone and Black Cone, could be the
lateral extension of similar material cropping out above Miocene volcanic
rocks along the southern rim of Crater Flat. The breccias appear to be
monolithologic, composed chiefly of Paleozoic carbonate rock, possibly
derived from Bare Mountain, or from now-concealed outcrops of correlative
strata east or south of Crater Flat. In this activity, recently completed
detailed maps of the area within which the breccia crops out will be
reviewed, as will cores from USW VH-1 and USW VH-2. Field work, limited to
examination of outcrops along the southern rim of Crater Flat, will focus on
evaluation of the internal character and nature of the basal contact of the
breccia, and evaluation of potential sources of the breccia. The expected
duration of this work is six months.

8.3.1.17.4.5.4 Activity: Evaluate postulated detachment faults in the
Specter Range and Camp Desert Rock areas

Objectives

The objective of this activity is to determine whether the basal contact
of the Horse Spring Formation is depositional or tectonic; and if tectonic,
to determine whether movement was Quaternary or older and, if Quaternary, to
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determine the direction and amount of offset, the amount of extension, and
the style of internal deformation of the upper plate.

Parameters

The parameters of this activity are geologic structure and stratigraphy.

Description

The contact between Miocene strata and Paleozoic strata crops out in the
Specter Range and Camp Desert Rock areas. Preliminary reconnaissance indi-
cates that in places the contact is tectonic and that the Miocene rocks
locally form a detachment-fault-bounded upper plate. In this area, the basal
Miocene (possible partly Oligocene) strata are dominantly lacustrine and
fluvial deposits that become progressively more volcanogenic up-section.
This activity includes conventional geologic mapping, with emphasis on
structure of the Paleozoic-Miocene contact and on stratigraphy and basin
analysis of the Miocene sedimentary deposits. Ashes intercalated in the
section will be dated using potassium-argon dating methods. Although the
primary area of interest is the Specter Range and Camp Desert Rock area,
Miocene (Oligocene?) stratigraphy in other areas, including the Funeral
Mountains and the Sheep Mountains, will be studied for purposes of
comparison.

The stratigraphy and structure of the Horse Springs-Pavits Spring
sequence in the Specter Range and Camp Desert Rock areas will be evaluated.
The basal contact of the Horse Springs will be mapped in detail using
conventional field methods, with field mapping annotated on 1:20,000 scale
vertical black-and-white or color aerial photographs, and then compiled at
1:24,000 scale. Internal structure, stratigraphy, provenance, and age of the
Horse Springs-Pavits Spring sequence will be investigated using conventional
procedures. This activity is approximately 50 percent complete. The
estimated duration of the remaining work is two years.

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

Objectives

The objectives of this activity are to

1. Determine if the subdetachment basement and the Bare Mountain massif
cooled through the blocking temperatures of zircon and appetite
during the Quaternary period.

2. Determine if the Northern Amargosa core complex cooled through the
blocking temperatures of muscovite and biotite during the Quaternary
period.
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Parameters

The parameters of this activity are

1. Fission-track ages of zircon and apatite.
2. Location of dated samples with respect to detachment surfaces.
3. Potassium-argon dating method ages of muscovite and biotite.

Description

Rocks forming the Northern Amargosa core complex include lineated and
mylonitized crystalline rocks, schist, and semi-schist. These rocks were
probably deformed at or below the ductile-brittle transition zone (i.e., at
crustal depths in excess of 5 km). Exposure of these rocks requires
substantial tectonic denudation. The rate and timing of this denudation is
not known. Structurally higher detachment faults cut volcanic rocks as young
as 7.5 million years; possibly all the denudation took place since that time.
The detachment faults are also possibly in part rejuvenated Mesozoic
features; if so, much of the denudation is pre-Neogene. This activity is
designed to determine if the mid-crustal rocks of the core complex cooled
through the blocking temperatures of zircon or apatite during the Quaternary.
The Precambrian and Paleozoic rocks of the Bare Mountain massif may form a
detached plate structurally overlying the Northern Amargosa rocks. Fission-
track dating of zircon and apatite from these rocks should constrain the age
of denudation and cooling.

Fission-track dating of the northern Amargosa Desert core complex (area
of high-grade lineated and mylonitized gneiss, schist, and semi-schist
constituting the subdetachment basement) and the Bare Mountain massif
(deformed Precambrian and Paleozoic strata). Samples will be collected from
the central part of the northern Amargosa Desert core complex, from the shear
zones marking the detachment surfaces between the core complex and the
overlying plate of Paleozoic rocks, and from between that plate and the
uppermost plate of Miocene volcanic rocks. At Bare Mountain, samples will be
collected at low elevation from the deeply disected central part of the
massif, from the shear zone marking the detachment at the northern end of the
massif, and from the shear zone exposed at low elevation along the eastern
front of the range. Zircon and apatite separated from these samples will be
dated using standard fission-track dating procedures. This subactivity is
approximately 25 percent complete. The estimated duration of this work is
two years.

Potassium-argon dating of the northern Amargosa core complex (area of
high-grade lineated and mylonitized gneiss, schist, and semi-schist
constituting the subdetachment basement). Samples will be collected from the
central part of the core complex, from suitable targets nearest the shear
zone marking the detachment surface separating the core complex from
structurally overlying plate of Paleozoic rocks, and from dike rocks within
the uppermost plate that are truncated by the basal detachment of that plate.
Suitable minerals (muscovite and biotite) will be separated from these
samples and their age determined using standard potassium-argon dating
techniques. This subactivity is currently under way and approximately 25
percent complete. The estimated duration of this work is two years.
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8.3.1.17.4.6 Study: Quaternary faulting within the site area

Objectives

The objectives of this study are (1) to identify and characterize
Quaternary faults that intersect or project toward the surface facility, the
repository, or the controlled area and (2) to identify and characterize
Quaternary faults at the site whose length or recurrence rate suggest a
potential for future earthquakes with magnitude such that associated ground
shaking could impact design or affect performance of the waste facility.

The site area is defined here as the rectangular 237 km2 (91 mi2) area
encompassing the central Yucca Mountain block and its structural and physio-
graphic boundaries (Fortvmile Wash, Yucca Wash, Solitario Canyon, and the
Stagecoach Road fault) (Figure 8.3.1.17-11). Except for the southwest-
striking, possibly left-lateral Stagecoach Road fault at the south boundary
of the site, Quaternary faults within the site are predominantly north-
trending, west-dipping normal- or oblique-slip faults. Potentially signifi-
cant representatives of this group include the Paintbrush Canyon, the Bow
Ridge, the Windy Wash, and the Solitario Canyon faults. Northwest-trending
lineaments and faults are also present, but no Quaternary movement on them
has been recognized.

Activities planned for this study are to (1) evaluate Quaternary geology
and potential Quaternary faults at Yucca Mountain and (2) evaluate age and
recurrence of movement on suspected and known Quaternary faults.

Knowledge of the age, length, width, displacement rate, and recurrence
interval of the Quaternary faults is required to establish the rate of
faulting within the site area during the Quaternary, and the potential for
ground shaking and rupture. Included in this study are investigations of
known faults, relying primarily on mapping and trenching of Quaternary
materials intersected by the faults to establish which datums are cut, and
the direction and amount of offset. Also included are investigations of the
precise age of Quaternary datums using direct dating methods and mapping to
establish relative ages.

Information from this study will be useful in estimating the probability
of future rupture or ground shaking. Knowledge of the age, recurrence
interval, and length of faults are required for this estimate; this
information will be provided through parallel investigations described
previously, and other studies of faulting.

Faulting at the surface facility is the subject of a separate study
(Study 8.3.1.17.4.2, location and recency of faulting near prospective
surface facilities). The Stagecoach Road fault, which intersects the
southeastern boundary of the site area, is to be evaluated as part of Study
8.3.1.17.4.4 (Quaternary faulting proximal to the site within northeast-
trending fault zones). Other geologic studies contributing to the evaluation
of faults at the site include Study 8.3.1.17.4.3 (Quaternary faulting within
100 km of Yucca Mountain) and Study 8.3.1.17.4.5 (detachment faults at or
proximal to Yucca Mountain).
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Geophysical methods, including gravity surveys, magnetic surveys, and
shallow reflection seismic surveys, will be used to establish continuity in
the subsurface of fault segments observed at the surface at Yucca Mountain
and vicinity and to evaluate the geometric relation of high-angle faults
exposed at the surface to postulated detachment faults at depth. The
geophysical work will be done as part of Study 8.3.1.17.4.7 (subsurface
geometry and concealed extension of Quaternary faults at Yucca Mountain) and
Activity 8.3.1.17.4.3.1 (evaluate crustal structure and subsurface expression
of Quaternary faults in an east-west transect crossing the Furnace Creek
fault zone, Yucca Mountain, and the Walker Lane).

The characteristics to be evaluated include (1) fault length, (2) scarp
height, (3) scarp morphology, (4) datums cut by fault and datums overlapping
fault, (5) age of datums, (6) width of fault zone (including subsidiary
fractures), (7) width and character of rupture zones, (8) fabric of sheared
material within rupture zones, (9) age and character of mineral coatings and
fracture fillings, (10) character of fracture surfaces, (11) gravity and
magnetic expression of fault zones, (12) fault orientation at surface and at
depth, (13) areal fault pattern, and (14) seismic expression of faults.

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

Objectives

The objectives of this activity are to

1. Synthesize and evaluate data pertaining to the location, spatial
orientation, length, width, Quaternary recurrence rate, and the
location, amount, and nature of Quaternary movement of faults within
the site area.

2. Identify hitherto unrecognized Quaternary faults within the site
area.

Parameters

The parameters for this activity are

1. Length, location, and spatial orientation of faults.

2. Segmentation within individual faults.

3. Width of faults.

4. Age and nature of Quaternary deposits and Quaternary surfaces
displaced by or covering Quaternary faults within the site area.

5. Location, amount, and direction of displacement of Quaternary
deposits and Quaternary surfaces.
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6. Age, lateral extent, and height of fault scarps.

7. Lineaments with expression in surficial deposits.

Description

This activity focuses on the (1) synthesis and evaluation of data per-
taining to the length, age, recurrence rate, and displacement rate of faults
within the site area; (2) search of the site area for hitherto unrecognized
Quaternary faults; and (3) determination of the distribution of surficial
deposits within the site area. The principal vehicle for accomplishing these
objectives is through the preparation of 1:24,000-scale maps of the site
area, one with emphasis on Quaternary faults (to be compiled in this activ-
ity), and the other with emphasis on surficial deposits (to be compiled in
Activity 8.3.1.5.1.4.2). The fault map will depict the location and extent
of faults, as well as the amount and timing of displacement of Quaternary
datums.

Calculation of rates of faulting requires delineation of areas within
which recognition of pre-Holocene faulting would not be possible because of
cover by Holocene deposits. To satisfy this requirement, Holocene deposits
of Yucca Mountain will be mapped in detail at 1:24,000 scale.

Surficial deposits mapping of Yucca Mountain. In Activity
8.3.1.5.1.4.2, existing unpublished maps of surficial deposits at Yucca
Mountain will be reviewed and upgraded, then compiled at a scale of 1:24,000.
Surficial deposits along known Quaternary faults extending outside the site
area will be mapped in conjunction with investigations of those specific
faults. This subactivity is 25 percent complete. Duration of future work is
estimated to be two years.

Quaternary fault map of Yucca Mountain. In this activity, Quaternary
faults will be mapped at a scale of 1:24,000. Information will be compiled
from existing geologic mapping (Scott and Bonk, 1984) and all Quaternary
faults will be examined in the field to determine the age of youngest offset
Quaternary deposits. Information on the age and recurrence intervals of
individual faults will be added to the map from detailed trench studies
described in Activity 8.3.1.17.4.6.2 (evaluate age and recurrence of movement
on suspected and known Quaternary faults). The map will be periodically
updated as other studies of faults are completed and released in final form
when site characterization is completed.

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

Objectives

The objectives of this activity are to

1. Determine, through trenching and mapping, the location, spatial
orientation, length, width, Quaternary recurrence rate, interconnec-
tions at the surface, and the location, amount, and nature of Qua-
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ternary movement of the Paintbrush Canyon, Solitario Canyon, Windy
Wash, and Ghost Dance faults, and other suspected or possible
Quaternary faults within the site area.

2. Determine through trenching and dating, the age, amount and nature
of offset, and the recurrence history of the Bow Ridge fault system
and to evaluate that information in context with data contributed by
other studies on the age, nature, and origin of fracture coatings
and fissure fillings deposited within that zone.

Parameters

The parameters for this activity are

1. Length, location, and spatial orientation of faults.

2. Segmentation within individual faults.

3. Width of faults.

4. Age and nature of Quaternary deposits and Quaternary surfaces dis-
placed by or covering Quaternary faults within the site area.

5. Location, amount, and direction of displacement of Quaternary
deposits and Quaternary surfaces.

6. Age, lateral extent, and height of fault scarps.

7. Age of soils overlapping or displaced by faults.

8. Age of volcanic ashes intercalated in surficial deposits that
overlap or are displaced by faults, or that have filled fissures
within the fault zones.

Description

This activity is designed (1) to characterize, through geologic mapping
and trenching, potentially significant Quaternary faults in the Yucca Moun-
tain area and (2) to define interconnections between these faults at the
surface. The Paintbrush Canyon, Bow Ridge, Windy Wash, and Solitario Canyon
fault zones are zones where multiple episodes of Quaternazy movement are sus-
pected, hence have been singled out for special attention. Other suspected
or possible Quaternary faults will be examined and their potential signif-
icance to design or performance issues will be evaluated. Trenching at
locations to be determined may be required to assess the significance of
these faults.

Large-scale (approximately 1:6000 scale), low-sun aerial photographs of
suspected or known fault traces will be examined for evidence of ponded
alluvium, shutterridges, brushlines, scarps, lineaments, and offset
drainages. Recognition of these and other geomorphic features commonly
associated with Quaternary faults will assist in focusing field studies on
likely locations of faults and in locating trenches intended to intersect
faults.
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Determination of direction and amount of fault slip depends on
identification of Quaternary datums and measurement of the displacement or
offset of those datums by faults. Suitable datums include depositional
contacts between distinctive soils, paleosols, debris flows, and alluvial
deposits. These units are typically thin (0.1 to 2 m thick), subplanar and
subhorizontal, thus the vertical component of displacement is in general
easily recognized and measured in trenches excavated through these deposits
where they are intersected by faults. Because the lateral extent of these
deposits is commonly large, direct measurement of the strike-slip component
of displacement is more difficult. Direct measurement is feasible, however,
if intersections of faults with lateral boundaries or with clearly
identifiable linear features (i.e., channels) within the surficial deposits
can be found.

An objective of trench mapping planned as part of this and other studies
of Quaternary faults is to determine the direction, amount, and age of slip
on faults. Accordingly, at each trench locality, one or more trenches 20 to
50 m in length and 2 to 5 m in depth will be excavated across the fault zone.
The location of fault(s) will be pinpointed, and the age and amount of the
dip-slip component of displacement determined.

Where feasible, the direction and amount of the strike-slip component of
slip will be established through mapping of Quaternary datums exposed in
walls and floors of smaller subsidiary trenches excavated along the fault
trace. These trenches will be progressively deepened and mapped, thus
enabling development of a detailed three-dimensional representation of
Quaternary structure and stratigraphy within the dimensions of each trench.
If suitable markers are found, the direction and amount of fault slip can
then be calculated.

Alternative procedures will also be used where circumstances dictate.
These procedures allow calculation of total displacement, including the
strike-slip component, provided that both the dip-slip component and the
direction of fault slip are known. The direction can in rare cases be
inferred from orientation of slickensides or, less precisely, from
orientation of elongate pebbles and cobbles that have been rotated by shear
within the fault zone., Slickensides are commonly present on bedrock fault
surfaces, but their age can seldom be determined. Slickensides are rarely
present on fault surfaces within the surficial deposits. These approaches to
determination of total displacement are thus of limited utility. Offset of
small stream channels and other geomorphic features intersected by Quaternary
faults may also provide a measure of strike-slip displacement.

Determination of total fault displacement depends on exposing concealed
intersections of faults with Quaternary datums. Because these features are
irregularly distributed, their discovery is to a degree fortuitous. Thus, it
is not expected that all trenches will reveal Quaternary datums or strati-
graphic features that would permit calculation or measurement of total fault
displacement. It thus may be necessary to excavate additional trenches at
certain localities.

Dating of fault movement depends on accurate determination of the age of
soils and other deposits cut by the fault and the age of vein materials
deposited in fissures along the fault surface. These materials are to be
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dated by uranium-trend, uranium-series, and varnish cation ratio methods, and
the methods themselves will be calibrated by dating deposits of known age
elsewhexre within the immediate region. The ages of soils are to be
established through quantitative chemical and physical comparison with soil
development indexes established within Activity 8.3.1.5.1.4.1 (modeling of
soil properties in the Yucca Mountain region).

Where exact ages are difficult to measure, relative ages can commonly be
determined through stratigraphic correlation of deposits involved in the
faulting. Stratigraphic correlation is planned at two scales; large-scale,
detailed stratigraphic mapping of surficial deposits of Yucca Mountain (to be
contributed by Activity 8.3.1.17.4.6.1--evaluate Quaternary geology and
potential Quaternary faults at Yucca Mountain), and medium-scale regional
stratigraphic mapping of surficial deposits of the Beatty 1:100,000 quad-
rangle (to be contributed by Activity 8.3.1.17.4.3.2--evaluate Quaternary
faults within 100 km of Yucca Mountain).

Volcanic ashes are commonly intercalated within the Quaternary deposits,
as at Busted Butte. Their identification, correlation, and dating depends on
chemical fingerprinting and recognition of the source eruptions of the ash,
which typically are volcanic centers in the eastern Sierra Nevada, Yellow-
stone, or Cascades. Volcanic ashes from the Yucca Mountain area will be
collected and chemically analyzed, and the analyses compared with analyses of
reference samples from the western United States.

Mapping and analysis of offset of Quaternary datums in trenches and
outcrop (Paintbrush Canyon fault zone). Quaternary deposits and faults
within and proximal to the Paintbrush Canyon fault zone, including the Busted
Butte area will be mapped using conventional field methods. Existing
trenches (see Figure 8.3.1.17-11 for location) across fault traces and scarps
will be supplemented with two to four additional trenches in the Busted Butte
area. The distribution of Quaternary datums, rupture zones, fracture zones,
and fracture fillings in trenches will be mapped. Datums will be sampled and
their age determined through appropriate procedures, including uranium-trend,
uranium-series, soil development, and ash correlation. The work is 25 per-
cent completed, and the duration of the future work is estimated to be two
years.

Analysis of offset of Quaternary datums in trenches (Bow Ridge fault
system, Yucca Mountain area). The distribution of Quaternary datums, rupture
zones, fracture zones, and fracture and fissure fillings will be mapped at
large scale in trenches excavated across the fault zone. The orientation of
fractures and slickensides for paleostress determination will be recorded.
Age of datums, fracture coatings and fissure fillings will be determined
through appropriate procedures, including uranium-trend, uranium-series, and
soil development. Vein material and fracture coatings will be identified
using standard petrographic techniques, x-ray diffraction, x-ray fluores-
cence, and wet-chemical analyses. Information on the carbon and oxygen
isotopes in the carbonate in these materials will be provided by Activity
8.3.1.5.2.1.5 (studies of calcite and opaline-silica vein deposits). The
fault has been trenched at two locations (Figure 8.3.1.17-11), and logging of
these trenches is 50 percent completed. Provided suitable locations can be
found, one or two additional trenches may be excavated. The duration of the
future work is estimated to be one year.
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Mapping and analysis of offset of Quaternary datums in trenches and out-
crop (Windy Wash fault zone). Quaternary deposits and faults within and
proximal to the Windy Wash fault zone will be mapped using conventional field
methods. Fault traces and scarps will be trenched. The distribution of Qua-
ternary datums, rupture zones, fracture zones, and fracture fillings in tren-
ches will be mapped. Datums will be sampled and their age determined through
appropriate procedures, including uranium-trend:, uranium-series, thermolumi-
nescence, soil development, and ash correlation. Two trenches have been
excavated and logged (Figure 8.3.1.17-11).. Additional trenching at these
same locations is planned to define the strike-slip component of offset. The
duration of the future work is estimated to be one year.

Mapping and analysis of offset of Quaternarv datums in trenches and out-
crop (Ghost Dance fault zone). Quaternary deposits and faults within and
proximal to the Ghost Dance fault zone will be mapped using conventional
field methods.

The distribution of Quaternary datums, rupture zones, fracture zones,
and fracture and fissure fillings will be mapped at large scale in trenches
excavated across the fault zone. The orientation of fractures and slicken-
sides for paleostress determination will be recorded. Age of datums, frac-
ture coatings, and fissure fillings will be determined through appropriate
procedures, including uranium-trend, uranium-series, soil development, and
thermoluminescence. Five trenches have been excavated along or near the
fault zone without revealing definitive data on Quaternary movement. Pro-
vided suitable locations can be found, two additional trenches are planned.
The duration of the future work is estimated to be one year.

Mapping and analysis of offset of Quaternary datums in trenches and out-
crop (Solitario Canyon fault zone). Quaternary deposits and faults within
and proximal to the Solitario Canyon fault zone will be mapped using con-
ventional field methods.

The distribution of Quaternary datums, rupture zones, fracture zones,
and fracture and fissure fillings will be mapped at large scale in trenches
excavated across the fault zone. The orientation of fractures and slicken-
sides for paleostress determination will be recorded. Age of datums, frac-
ture coatings, and fissure fillings will be determined through appropriate
procedures, including uranium-trend, uranium-series, soil development, and
thermoluminescence. Six trenches have been excavated across the trace of the
fault (Figure 8.3.1.17-11). Provided suitable locations can be found, one to
two additional trenches will be excavated. The duration of the future work
is estimated to be six months.

Uranium-trend, uranium-series, and varnish cation ratio dating of
Quaternary datums and fracture fillings. Samples of alluvium, colluvium,
eolian deposits, and fracture fillings will be collected. Uranium-trend
(open-system) methods will be used to date sediments. Carbonate-rich
fracture fillings will be dated by uranium-series (closed-system) methods.
Rock varnish will be dated by the cation-ratio method.

The dating effort will be focused on (1) collecting and analyzing sam-
ples of units of unknown age at Yucca Mountain and vicinity that are cut by
or overlap faults and also are key marker beds within the Beatty 1:100,000
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quadrangle and (2) collecting and analyzing samples of units of known age
within the region to calibrate the method. This subactivity will be
conducted on an as-needed basis to support the analyses in this activity.

Quaternary volcanic ash correlation and dating. Glass shards from bulk
samples of ash intercalated in Quaternary deposits cut by or overlapping
Quaternary faults will be separated. The glass will be chemically analyzed
using microprobe neutron activation and x-ray fluorescence procedures.
Analytical data will be compared with that of known and well-dated ashes
within the region. Biotite, muscovite, and zircon from bulk samples of ashes
intercalated in Quaternary and older deposits will be dated with potassium-
argon dating method or fission-track techniques, as appropriate, where these
minerals are present in the sample. This subactivity will be conducted on an
as-needed basis to support the analyses in this activity.

8.3.1.17.4.7 Study: Subsurface geometry and concealed extensions of Quater-
nary faults at Yucca Mountain

The objectives of this study are to (1) provide data on distribution of
mass, magnetic gradients, geoelectric features, and seismic velocities and
reflections that will aid in evaluating the continuity of Quaternary faults
where concealed by Holocene and late Pleistocene surficial deposits;
(2) evaluate that data and its limitations; and (3) evaluate the possibility
that Quaternary faults exposed as high-angle faults at the site continue to
depth as planar, high-angle faults, or alternatively, flatten at depth and
merge with one or more low-angle faults. The geophysical methods used in
this study measure rock properties (mass, magnetism, electrical resistivity,
gammna radiation), sensing faults as discontinuities in those properties. The
same methods are therefore useful in solving the converse problem, determina-
tion of continuity of rock units at the site. A third objective, then, is to
provide information on continuity of rock units within the repository and
controlled area to assist the investigation of site geology (Section
8.3.1.4).

Activities planned for this study include (1) evaluation of intermediate
depth (2 to 3 km) reflection and refraction methods and planning of potential
application of tpese methods at the site; (2) detailed gravity survey of the
site; (3) detailed aeromagnetic survey of the site; (4) detailed ground mag-
netic surveys of specific features at the site; (5) evaluation of surface
geoelectric methods and planning of potential applications of these methods
at the site; (6) evaluation of methods to detect buried faults using gamma
ray measurements, and conduct an airborne gamma-ray survey of the site;
(7) evaluation of thermal infrared methods and planning for potential appli-
cations of these methods at the site; and (8) shallow seismic reflection
(mini-sosie) survey of selected structures at and proximal to the site.
These and other geophysical methods being applied in other studies that
contribute to site and regional tectonic and geologic problems are listed in
Tables 8.3.1.17-7 and -8. Synthesis of the geophysical data is to be done in
Study 8.3.1.17.4.12 (tectonic models and synthesis).
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The activities planned as part of this study will be reviewed by
Activity 8.3.1.4.2.1.6 before any surveys are started. Activity
8.3.1.4.2.1.6 will be responsible for reviewing and integrating the planned
geophysical data gathering activities for all studies and programs. Some
surveys involve feasibility tests and decision points before implementation.
Before planned geophysical surveys are conducted, Activity 8.3.1.4.2.1.6 will
review the results of any feasibility tests or past surveys to estimate the
likelihood that useful data will be generated by the planned effort.
Activity 8.3.1.4.2.1.6 will also review the location, scheduling, techniques,
and objectives of the planned survey to determine if the objectives of this
activity and activities in other programs that also require this data are
being met. Locations of surveys and data collection techniques will not be
finalized until the review by Activity 8.3.1.4.2.1.6 is complete. Final
plans and changes will be reported in SCP progress reports and study plans.

8.3.1.17.4.7.1 Activity: Evaluate intermediate depth (2 to 3 km) reflection
and refraction methods and plan potential application of
these methods within the site area

Objectives

The objectives of this activity are to (1) evaluate previous attempts to
use seismic refraction and reflection methods at the site, (2) evaluate tech-
nology currently available, (3) evaluate potential contribution to informa-
tion on velocity structure and on subsurface geometry of faults, (4) review
potential applications of these methods to Yucca Mountain Project needs, and
(5) if appropriate, plan applications of these methods at the site.

Parameters

Parameters for this activity are

1. Seismologic reflections and discontinuities.
2. Seismic velocity structure.

Description

A previous attempt to apply reflection seismology using Vibroseis energy
source at Yucca Mountain failed to produce useful results (McGovern, 1983).
More recent surveys at Mid Valley using an air gun energy source produced
excellent reflections to 1.5 s (two-way travel time), resulting in satis-
factory resolution of faults and thickness and inclination of subsurface
units. These results will be reviewed and their potential application to the
site evaluated. If appropriate, a reflection and refraction survey of the
site will be planned. The expected duration of this activity is three
months.

This is a planning activity only. Decision to proceed with actual
application of these methods is contingent on results of the evaluation,
technical peer review and review of potential applications to Yucca Mountain
Project needs.
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8.3.1.17.4.7.2 Activity: Detailed gravity survey of the site area

Objectives

The objectives of this activity are to measure variations in mass of
near-surface strata and surficial deposits, and to infer from this informa-
tion the location of faults and continuity of rock units within the site.

Parameters

The parameters for this activity are gravity gradients and anomalies at
the site.

Description

The gravity maps of the site currently available are based on gravity
observations that are too widely spaced to be useful in discrimination of
faults or demonstration of continuity of rock units. In this activity, a
1:24,000-scale map of the site will be constructed from gravity observation
at stations spaced 200 ft apart along east-west lines spaced 500 ft apart
(where topography permits). The expected duration of this activity is one
year.

8.3.1.17.4.7.3 Activity: Detailed aeromagnetic survey of the site area

Objectives

The objectives of this activity are to measure variations in rock
magnetism of surface strata and surficial deposits and to infer from this
information the location of faults and continuity of rock units within the
site.

Parameters

The parameters for this activity are magnetic gradients and anomalies at
Zhe site.

Description

The aeromagnetic maps of the site currently available are based on
measurement of magnetic field along flight lines at one-fourth-mile spacing.
These observations are too widely spaced to resolve ambiguities in fault
continuity or to demonstrate the continuity of rock units. In this activity,
a 1:12,000-scale map of the site will be constructed from measurement of the
magnetic field along east-west flight lines spaced one-sixteenth mile apart.
The survey will be draped over topography, maintaining a nominal terrain
clearance of 400 ft. The expected duration of this activity is one year.
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8.3.1.17.4.7.4 Activity: Detailed ground magnetic survey of specific
features within the site area

Objectives

The objectives of this activity are (1) to measure variations in rock
magnetism of surface strata and surficial deposits in the vicinity of
specific faults, the shaft and surface facilities, drillholes, and aero-
magnetic anomalies and (2) to infer from this information the location of
faults and continuity of rock units at these locations.

Parameters

The parameters for this activity are magnetic gradients and anomalies at
specified locations.

Description

In this activity, the magnetic field in the vicinity of specific
features (Figure 8.3.1.4-9) will be measured from truck-mounted or hand-
carried magnetometers. Observations will be semicontiniious (10- to 20-ft
intervals). The classes of features at which these measurements will be made
include (1) known and inferred structures, (2) vicinity of drillholes,
(3) vicinity of shaft and surface facilities, and (4) vicinity of anomalies
detected through aeromagnetic surveying (Activity 8.3.1.17.4.7.3). Not all
such features will be surveyed. The number and location of those selected
for investigation using this method will be determined by principal investi-
gators as the need arises through evaluation of geologic and geophysical -

mapping.

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

Objectives

The objectives of this activity are to (1)evaluate previous attempts to
use surface geoelectric methods at the site, (2) evaluate technology cur-
rently available, (3) evaluate the potential contribution of these methods to
definition of subsurface geometry of faults, (4) review potential applica-
tions of these methods to Yucca Mountain Project needs, and (5) if appropri-
ate, plan future applications of these methods at the site.

Parameters

The parameters for this activity are

1. Sensitivity and resolution of geoelectric field measurements.

2. Correlation of geoelectric measurements with faults and rock
properties.
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Description

Surface-based geoelectric investigations, including airborne electro-
magetic slingram, VLF, DC resistivity, electromagnetic soundings, tensor
audio magnetotellurics, and telluric profiling have been applied to site and
regional geologic problems (refer-to the references in Table 8.3.1.17-7 and
-8). Results of these investigations and the status of current technology
will be reviewed and their potential application to structural and strati-
graphic problems at the site evaluated. If appropriate, surface-based
geoelectric investigations at site will be planned. Expected duration of
this activity is three months.

This is a planning activity only. The decision to proceed with actual
application of these methods is contingent on the results of the evaluation
and a review of potential applications to Yucca Mountain Project needs.

8.3.1.17.4.7.6 Activity: Evaluate methods to detect buried faults using
gamma-ray measurements, and plan potential application of
these methods within the site area

Objectives

The objectives of this activity are (l)to evaluate the feasibility of
using surface and airborne gamma-ray measurements to detect and discriminate
faults at the site, (2) to review potential applications of these methods to
Project needs, and (3) if appropriate, conduct an airborne radiometric survey
for that purpose as an adjunct to the aeromagnetic survey of the site.

Parameters

The parameters for this activity are

1. Sensitivity and resolution of surface and airborne gamma-ray
measurements.

2. Correlation of gamma-ray gradients and anomalies with faults and
rock properties.

Description

The principal natural sources of gamma radiation are uranium, thorium,
potassium, and radon gas. Because gamma-ray measurements (aerial or ground)
detect gamma rays from the uppermost 50 am of rock and soil, to be detectable
buried faults must have a near-surface expression that is reflected in the
near-surface distribution of the natural radioelements. In the site area,
the Tiva Canyon and Topopah Spring members are potassium- and thorium-rich
volcanic rocks. Gamma-ray spectral logs show typically 4 percent potassium,
6 ppm uranium and 30 ppm thorium for these rock units. Reconnaissance
airborne gamma-ray surveys show that colluvium derived from these volcanic
rocks, as along Fortymile Wash, has essentially the same signature as the
rocks themselves.
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To be detectable, buried faults must be reflected by near-surface
radioelement distributions, perhaps arising through migration of uranium or
potassium along the fault zone through percolation of meteoric water, or
through percolation of radon from the fault to the surface in sufficient
quantities to be detected by gamma-ray measurements.

In this activity, the possibility that buried faults can be detected
will be evaluated through measurement of gamma rays using portable quantita-
tively calibrated gamma-ray spectrometers along several short (100 m long)
traverses crossing buried extensions of the Paintbrush Canyon, Bow Ridge,
Windy Wash, and Stagecoach Road faults. If results of these tests so
warrant, an airborne radiometric survey will be conducted as an adjunct to
the detailed aeromagnetic survey. Expected duration of this activity is
three months.

This is a planning activity only. The decision to proceed with actual
application of these methods is contingent on the results of the evaluation
and a review of potential applications to Yucca Mountain Project needs.

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

Objectives

The objectives of this activity are to evaluate current thermal infrared
survey technology, evaluate its potential application to remote mapping of
fractures and faults at Yucca Mountain, review potential applications of
these methods to Project needs, and if appropriate, plan future applications
of these methods at the site.

Parameters

The parameters for this activity are

1. Sensitivity and resolution of remote thermal infrared survey
methods.

2. Correlation of thermal infrared signature with faults and fractures.

Description

Fractures and faults at Yucca Mountain are potential conduits for
percolation of meteoric waters. Surface temperature variation associated
with differing moisture content of near-surface material is detectable
through thermal imaging from aircraft or satellites, and hence it may be
possible to map the fault and fracture network at Yucca Mountain using remote
thermal infrared sensing methods. In this activity, existing technology and
its application to detection of faults and fractures, and water percolation
pattern at the site will be evaluated. If appropriate, application of remote
thermal infrared techniques to these problems will be planned. The expected
duration of this activity is three months.
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This is a planning activity only. The decision to proceed with the
actual application of these methods is contingent on results of the
evaluation and review of potential applications to Yucca Mountain Project
needs.

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

Objectives

The objectives of this activity are to evaluate the subsurface
configuration of selected Quaternary faults and the lateral continuity and
inclination of key beds within the Miocene volcanic sequence at the
northeastern, eastern, and southwestern parts of the site area.

Parameters

The parameters for this activity are

1. Seismic reflections in the vicinity of selected faults.

2. Seismic reflections in the northeastern, eastern, and southwestern
parts of the site.

3. Seismic velocity structure at and proximal to the site.

Description

Shallow seismic reflection (mini-sosie) has proved to be a rapid and
economical method of defining subsurface geometry within the uppermost 1 km
of the crust in some areas. However, previous attempts to use the method in
the vicinity of the site have produced somewhat ambiguous results. The
method has previously been used in defining the subsurface extent of the
Beatty scarp and the Rock Valley fault, and field work has been completed on
traverses crossing the Bare Mountain range front fault, and the central part
of Crater Flat (Figure 8.3.1.4-8).

Nine additional profiles have been proposed (Figure 8.3.1.4-8), all but
one of which are within the site area. Two of these (Jackass Flats and Fran
Ridge traverses) are designated as preliminary traverses. Each begins and
ends at drillholes, providing opportunity to tie the reflections to known
beds. If acceptable results are achieved in the preliminary tests, the
remaining profiles will be run.

The method uses portable instruments, 9.1-m source point (data stacked
at common midpoints every 4.6 m at 12-fold, or every 9.1 m at 24-fold) with
12 geophones per group. The energy source is a battery of hand-held
construction tampers.
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This is an activity to evaluate the suitability of the technique. The
expected duration of this activity is three months. The decision to proceed
with full-scale application of the method is contingent on results of the
evaluation.

8.3.1.17.4.8 Study: Stress field within and proximal to the site area

Objectives

The primary objective of this study is to provide data on the ambient
stress at the site and its immediate vicinity that will aid in evaluating
(1) the most favored orientation and nature of future movement on faults
within the site area, (2) the stability of potential pathways for radio-
nuclide travel controlled by or related to fracture aperture, (3) the
stability of mined excavations, (4) the response of the rock mass to thermal
loading, and (5) the applicability of tectonic models. A secondary objective
is to evaluate the potential relevance of paleostress data to prediction of
future stress orientations.

For convenience, the larger and smaller components of the principal
stresses in the horizontal plane are referred to as S. and Sh, respectively,
and the component of the principal stresses in the vertical plane as S,. At
Yucca Mountain, the average direction Sh is approximately N.60 0W., on the
basis of in situ stress determinations (Stock et al., 1985). This direction
is in reasonable agreement with the average orientation of the stress field
in the Yucca Mountain region based on focal plane solutions of recent earth-
quakes and on in situ stress determinations at Rainier Mesa. However, to the
west, in the Coso Volcanic Field, the average direction of Sh is approxi-
mately east-west (Walter and Weaver, 1980). The exact location and nature of
the transition from N.600W. at Yucca Mountain to east-west in the area west
of Death Valley is unknown.

The in situ measurements at Yucca Mountain indicate the Sh < S, < S,
with the magnitude of Sb near the failure criterion for dip-slip failure on
N.300E.-trending faults and so low that the aperture of favorably oriented
fractures is sensitive to hydrostatic pressure of the fluid column in bore-
holes (Ellis and Swolfs, 1983). However, most of the focal-plane solutions
of recent earthquakes within the immediate region of Yucca Mountain indicate
predominantly strike-slip movement on north-trending faults, suggesting that
Sh < Sv < So. Additional study is required to verify the compatibility or
lack of it for these two data sets and to evaluate their potentially
conflicting implications pertaining to rupture, ground motion, and tectonic
effects on hydrology.

Possibly the in situ measurements are only characteristic of a shallow
part of the lithospheric crust, a part that is decoupled from deeper parts by
one or more detachment faults. Such a zone of decoupling may distinguish
active from inactive detachment faults. It follows that subsurface exten-
sions of detachment faults forming the contact between Miocene and Paleozoic
rocks north of Mercury, and at the northern flank of Bare Mountain, and at
the southern edge of the Bullfrog Hills may be zones of mechanical decoupling
between upper plate and lower plates. If so, stress regimes above and below
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such zones may be quite distinct; this possibility will be evaluated in
Activity 8.3.1.17.4.8.4

In addition to the possible complications of the regional stress pattern
arising from the potential presence of detached plates, other complications
may result from the apparent organization of the upper crust as a mosaic of
structurally distinct blocks. The Yucca Mountain region appears to be an
aggregation of such blocks, including for example, the blocks corresponding
to the northern Amargosa Desert, the Bare Mountain, the Yucca Mountain, and
the Little Skull Mountain areas. The orientation and degree of development
of Neogene and Quaternary structures appear to vary from block to block.

The structural grain of some blocks, such as Little Skull Mountain,
appears to be rotated 30 degrees clockwise from the regional trend, a feature
known to be characteristic of bedrock terranes adjacent to the Walker Lane.
The appearance of rotation probably reflects both a physical rotation about a
vertical axis (the oroflexural bending of Albers, 1967) and, during the time
the blocks were actively rotating, sharp curvature of stress trajectories
crossing or curving into the Walker Lane. Investigation of ambient stress
and paleostress at Yucca Mountain and vicinity should help evaluate the
applicability of these and other tectonic models to the neotectonics of the
site.

Activities planned for this study include (1) an evaluation of the
effectiveness of shallow borehole hydrofrac and triaxial strain recovery
methods for the determination of in situ stress and their potential appli-
cation to determination of the stress field proximal to the site, (2) an
evaluation of the present stress field at the site, (3) an evaluation of the
published and unpublished data on paleostress orientation at and proximal to
the site and an assessment of the relevance of this data to future stress
orientations, and (4) an evaluation of theoretical stress distributions asso-
ciated with potential tectonic settings (e.g., wrench fault, normal fault,
and detachment fault setting) of the site.

Rationalization of the stress and stain at the site in relation to the
plate-tectonic setting and applicable tectonic models will be performed in
Study 8.3.1.17.4.12 (regional tectonic models and synthesis). In situ stress
determinations will also be made in the exploratory shaft facility. Refer to
Activity 8.3.1.4.3.1.1 for a description of these tests. Paleostress indi-
cators in the form of fractures and slickenside lineations will also be
evaluated in the exploratory shaft facility. Refer to Activity 8.3.1.4.2.2.4
for a description of this activity.

8.3.1.17.4.8.1 Activity: Evaluate present stress field within the site area

Objectives

The objective of this activity is to measure the vertical and lateral
variation of in situ stress at the site. These measurements will include the
variation of in situ stress within the vicinity of the steep hydrologic
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gradient in the northwestern section of the site area, and in one borehole
that is expected to intersect a postulated detachment fault and subjacent
Paleozoic rocks below Yucca Mountain.

Parameters

The parameters for this procedure are

1. The magnitude of in situ stress.
2. The orientation of induced fractures and borehole breakouts.

DescriDtion

In situ stress measurements at the site have previously been made in
drillholes USW G-1, USW G-2, USW G-3, and UE-25p#l (Figure 8.3.1.4-5). These
measurements suggest that the least principal horizontal stress (Sh) is
oriented about N.600 W., and that at depths up to one kilometer Sh < SE < S,
indicating a normal faulting stress regime. On the basis of focal plane
solutions for recent earthquakes, however, the deep (greater than 1-km depth)
stress field in the region encompassing the site is believed to be character-
ized by strike-slip faulting. This is contrary to the general observation,
reported in Chapter 1, that the stress field in the Great Basin province is
characterized by a strike-slip regime near the surface and a normal faulting
regime at depth (Vetter and Ryall, 1983).

This activity is designed to contribute to the characterization of in
situ stress at the site through hydrofrac measurements and analysis of
borehole breakouts in three boreholes (USW G-5, USW G-6 and USW G-7, Figure
8.3.1.4-5) to be drilled for other purposes. It is expected that borehole
G-7 will pass through a postulated detachment and terminate in subjacent
Paleozoic rocks. The in situ stress will also be measured in a fourth
borehole, to be drilled for other purposes within the area of the steep
hydrologic gradient in the northwestern sector of the site area, provided
that these measurements will not compromise proposed hydrologic tests within
this borehole. The duration is contingent on drilling schedule for these
holes, but is estimated to be one to two years. Vertical variation of in
situ stress will be evaluated through collection of hydrofrac measurements at
6 to 10 depth intervals within each well including, if feasible, one or more
intervals within Paleozoic rocks.

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

Objectives

The objectives of this activity are to

1. Evaluate the usefulness of shallow borehole hydrofrac and triaxial
strain recovery methods for the determination of in situ stress.
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2. Measure the lateral variation of in situ stress in areas proximal to
the site.

3. Measure vertical variation in stress above and below the possible
detachment between Miocene and Paleozoic rocks east of Yucca
Mountain in :he Little Skull Mountain or Striped Hills area.

Parameters

The parameters of this activity are

1. Magnitude of in situ stress.
2. Orientation of induced fractures and borehole breakouts.
3. Triaxial strain in oriented samples of drill core.

Description

The orientation and magnitude of the principal stresses at any partic-
ular place are apt to vary from the regional average as a result of location
with respect to boundaries of structural blocks, zones of active dislocation,
and possible differences in end loads and tractive forces at the base of the
crustal blocks. For this reason, it is possible that in situ stress deter-
minations could contain considerable information about the manner in which
the upper crust in the vicinity of the site is deforming. However, the in
situ stress at any point is also influenced by local elastic properties,
topographic effects, local discontinuities, and previous history of deforma-
tion. The hydrofrac measurements must therefore be interpreted with caution,
and several measurements at varying depth must be made to be confident of the
result.

This activity is designed to examine the vertical variation in stress at
two drillholes, one within the site area, the other east of the site in the
Little Skull Mountain or Striped Hills area. Measurements at the site, using
a shallow borehole (drilled for other purposes) will help evaluate existing
hydrofrac measurements of in situ stress. Measurements at a location in the
Little Skull Mountain or Striped Hills areas, using a shallow borehole (to be
drilled for this purpose) will help evaluate vertical variation in stress
near a possible detachment fault that projects toward Yucca Mountain in the
subsurface. Locations of the two drillholes will be determined considering
the structural and Quaternary tectonic setting of Yucca Mountain.

The two drillholes, 500 to 800 ft (165 to 260 m) deep, are to be
continuously cored. Hydrofrac measurements will use standard procedures.
The cores will be sampled at regular intervals, and elastic constants of the
samples measured. In addition, the in situ stress in the cored intervals
will be evaluated using the three-axis strain recovery technique. These
measurements are intended to test the utility of the technique in the Yucca
Mountain environment and evaluate whether additional in situ stress
measurements are necessary to meet programmatic needs.

If the evaluation is favorable, a program to use these techniques to
evaluate in situ stress in the structural blocks adjacent to the site will be
planned.
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This is an evaluation and planning activity only. Expected duration is
six months. Larger scale application of the methods will depend on the
results of the evaluation.

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

Objectives

The objective of this activity is to establish successive orientations
of principal horizontal components of stress in the vicinity of Yucca
Mountain to evaluate the stability of stress through time and to provide a
partial basis for determining the duration of the contemporary tectonic
framework.

Parameters

The parameters of this activity are the orientation and age of paleo-
stress indicators.

Description

Statistical siumaries of movement directions of conjugate fault sets may
be uniquely related to orientation and relative magnitude of principal
stresses at the time of faulting. By noting relative ages of different fault
sets, a sequential picture of changing stress orientation with time may be
developed for a given area. The method has utility where ages of fault sets
may be established within narrow limits, as is generally possible for faults
cutting the Miocene and younger rocks at Yucca Mountain and vicinity. This
activity seeks to relate these faults to the stress regime in which they were
formed and to compare that stress regime with the present in situ stress
field.

The orientation of fractures and associated slickensides in Miocene or
.-unger rock has been studied in the south-central and southeastern parts of

the Nevada Test Site by Frizzell and Zoback (1987) and by Dockery Ander
(1984). These data will be merged with data being produced as a byproduct of
shaft and mapping activities and the orientation of paleostress deduced using
computer analysis.

Surface expressions of fracture displacements will be integrated w -h
similar determinations obtained in subsurface core and exploratory shaf
facility evaluations (Activity 8.3.1.4.2.2.4). Duration of this activity is
expected to be three to six months.
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8.3.1.17.4.8.4 Activity: Evaluate theoretical stress distributions
associated with potential tectonic settings wrench fault,
normal fault, detachment fault setting, etc.) of the site

Objectives

The objectives of this activity are (1) to evaluate possible three-
dimensional orientations of stress trajectories associated with potential
tectonic settings of Yucca Mountain, including wrench fault, normal fault,
and detachment fault tectonic models; (2) to evaluate the degree to which in
situ stress data from Yucca Mountain and vicinity constrains applicability of
these tectonic models to neotectonics of the site; and (3) to evaluate the
potential relation between fracture aperture and in situ stress at Yucca
Mountain.

Parameters

The parameters for this activity are

1. Measured magnitudes of principal stresses.
2. Measured orientation of stress trajectories.
3. Measured orientation and aperture of fractures at Yucca Mountain.

Description

Crustal stress measurements at Yucca Mountain will be compared with
theoretical patterns, such as stress trajectory maps, unique to wrench-fault,
detachment-fault, and normal-fault tectonic models to help assess the
applicability of these models or their various permutations to the site.
This activity will evaluate possible theoretical stress patterns associated
with these and other tectonic models. The theoretical patterns will be
chiefly drawn from published sources (e.g., Berger and Johnson, 1980; 1982;
Savage and Smith, 1986) but modified where feasible to parallel potential
geologic settings of the site. For example, stress distribution within the
upper plate of a detachment fault is somewhat analogous to stress distri-
bution within a glacier or a landslide. Mathematical solutions worked out
for the case of landslide by Savage and Smith (1986) will be modified to fit
a detachment analogue.

This activity will also evaluate the degree to which the data on stress
distribution at Yucca Mountain and vicinity can be rationalized with one or
more of the theoretical stress patterns. As part of this evaluation, con-
sideration will be given to the inherent uncertainties in the degree to which
the in situ measurements and focal plane solutions represent actual in situ
stress at the point of measurement, and the degree to which that point repre-
sents some larger volume of rock. Consideration will also be given to poten-
tial effects of nontectonic factors, including topography and anisotropic
elastic constants. The relation between fracture aperture, orientation, and
in situ stress at Yucca Mountain will also be evaluated using either
theoretical or empirical methods, as appropriate. Data on fracture aperture
and orientation will be supplied by other activities (e.g., Activity
8.3.1.4.2.2.2). Results of this evaluation will be used by Activity
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8.3.1.8.3.3.3 (assessment of the effects of stress or strain on hyrologic
properties of the rock mass). The estimated duration of this activity is six
months.

8.3.1.17.4.9 Study: Tectonic geomorphology of the Yucca Mountain region

Objectives

The objectives of this study are (1) to document the magnitude of Qua-
ternary uplift and subsidence within the Yucca Mountain region and (2) to
evaluate regional variation in the nature and intensity of Quaternary fault-
ing.

The major premise of this study is that certain tectonic processes
operating during the Quaternary have influenced the development of contem-
porary geomorphic features; hence, those features record information on the
nature, rate, and localization of those processes. Those processes include
faulting, uplift, and subsidence. Consideration of regional topography
indicates that some areas within the Yucca Mountain region appear to be in
the youthful stage of geomorphic development, with deeply incised drainages,
V-shaped canyons, and steep mountain fronts. Other areas, in contrast, are
characterized by worn-down remnants of old mountains, that are laced with
alluviated washes reaching nearly to their summits. This could imply that
some areas were, and perhaps still are, actively rising and others subsiding
during late Pliocene and Quaternary time.

Planned investigations focus on evaluation of relative rates and loca-
tion of uplift and subsidence (1) through definition of surfaces of long-
lived stability, as gauged by age and degree of development of desert var-
nish; (2) through identification of subregional variation in range sinuosity
and fan development; and (3) through evaluation of the development of the
Amargosa drainage system. Variation in the nature and intensity of Quater-
nary faulting in the area within 100 km of Yucca Mountain will be evaluated
through morphometric and morphologic analysis.

The data derived through this study will assist in evaluating the degree
to which certain potentially adverse conditions are or are not present at the
site and its immediate vicinity, including structural deformation such as
uplift, subsidence, folding, or faulting during the Quaternary Period. The
data will also be used to assist in formulation and validation of tectonic
models (Study 8.3.1.17.4.12). Validation includes reconciling structural de-
formation within the site area with that outside the area, but within 100 km
of the site.

The activities of this study are to (1) evaluate age and extent of
tectonically stable areas at and near Yucca Mountain, (2) evaluate extent of
areas of late Pleistocene and Holocene uplift and subsidence at and near
Yucca Mountain, and (3) evaluate variation in the nature and intensity of
Quaternary faulting in the area within 100 km of Yucca Mountain through
morphometric and morphologic analysis.
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8.3.1.17.4.9.1 Activity: Evaluate age and extent of tectonically stable
areas at and near Yucca Mountain

Objectives

The objective of this activity is to evaluate the age and areal distri-
bution of surfaces that appear to have been tectonically stable at and near
Yucca Mountain through determination of the distribution and age of surfaces
with substantial coatings of desert varnish.

Parameters

The parameters for this activity are the age and distribution of desert
varnish.

Description

The age and thickness of coatings of desert varnish are a measure of
prolonged exposure, which in itself is a measure of stability. The rock-
varnish dating technique has recently been applied to dating of Late Cenozoic
rocks, surficial deposits, and geologic surfaces in the Yucca Mountain
region. Research at Los Alamos National Laboratory has shown that energy
dispersive analysis by the scanning electron microscope is a very effective
technique to determine the relative abundances of minor elements in rock
varnish.

The age of rock varnish has been shown to influence strongly the ratio
between soluble and insoluble cations (Dorn, 1983). The rock-varnish dating
curve for the Nevada Test Site (NTS) has been extended to include older
deposits and calibrated to several independently dated deposits. Yet to be
completed are direct comparisons with the Dorn technique, study of chemical
variations in varnish, and variation of cation ratios with varnish depth, and
study of significance of varnish color (red versus black) on cation ratio.

The technique will be used to date surficial deposits and materials at
Yucca Mountain and vicinity that are not datable by conventional isotopic
techniques, including faulted surfaces, alluvial fans, stream terraces,
pediment surfaces, bedrock surfaces, and hillslope deposits.

The application planned in this activity uses the cation-ratio dating
technique to date Oold" surfaces coated with desert varnish. Such surfaces
are thought to be tectonically more stable than other areas where accumula-
tion of desert varnish is precluded or interrupted because of rapid dissec-
tion or alluviation. Desert varnish has been shown to be highly reflective,
producing bright spots in Thematic Mapper V satellite imagery. Hence, it is
feasible to map such surfaces using the satellite imagery produced as a by-
product of another activity (Activity 8.3.1.17.4.3.5).

Calibration of the cation-ratio dating technique (diffused-beam scanning
electron microscope procedure) will be achieved by measuring cation ratios of
rock varnish at well-dated localities in the NTS region. Cation ratios of
samples from within the NTS will be compared with curves showing regional
correlation of age with cation ratio. Surfaces with substantial coatings of
desert varnish, as shown by maps produced from Thematic Mapper V satellite
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imagery, will be dated. Desert varnish dates on geomorphic surfaces will be
compared with the geomorphic development of each surface as determined
through morphometric analysis (Dohrenwand, 1987). This activity is estimated
to be 10 percent complete. The estimated future duration is two years.

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

Objectives

The objectives of this activity are to

1. Identify areas of rapid uplift by comparing volume of fan with the
area of the associated drainage basin.

2. Identify areas of Quaternary subsidence and uplift, including
Amargosa Desert, Crater Flat, Fortymile Wash, Rock Valley, and Ash
Meadows, through an analysis of fluvial history of the Amargosa
drainage system.

3. Complete a study of average or general rates of erosion and
dissection in the southern Great Basin province.

Parameters

The parameters for this activity are the area of drainage basins, the
volume of fans, the drainage pattern, the stream profiles, and the rates of
degradation of constructional (volcanic) landforms.

Description

In this activity, areas of Quaternary uplift or subsidence will be
defined through identification of basins and ranges within the Yucca Mountain
region that show anomalously high rates of erosion or sedimentation, compared
with adjoining areas and with province-wide averages. Regional rates of ero-
sion will be documented through completion of a study of degradation and
erosion of well-dated Quaternary constructional landforms. Local erosional
or depositional anomalies will be determined through comparison of fan volume
and drainage basin area, and through analysis of the fluvial history of the
Amargosa River and its tributaries.

Alluvial fans and drainage basins will be correlated and delineated on
maps. Area of fans and drainage basins in the area will be defined and
measured using medium-scale (1:20,000) aerial photographs and topographic
maps. Age of material in the fans will be established using Quaternary geo-
logic maps and by field examination, supplemented by dating of fan deposits
where required.

The Quaternary history of the Amargosa drainage system will be
evaluated. Newly active areas of ponding or incision will be mapped as a
means of identifying areas of Quaternary subsidence or uplift. Terraces,
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shorelines, stream captures, and stream diversions within the Amargosa River
drainage basin will be identified, mapped, and interpreted in terms of
Quaternary tectonics.

The regional rate of erosion and dissection will be measured through
analysis of erosion and degradation of well-dated constructional landforms
and volcanic deposits at volcanic centers in the southern Great Basin. This
activity is estimated to be 90 percent complete; the remaining work is
primarily report publication.

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

Objectives

The objectives of this activity are to

1. Define morphotectonic domains in the area within 100 km of Yucca
Mountain and relate them to areal variation in intensity or nature
of faulting.

2. Improve the definition of morphologic indicators of shallow
detachment faulting, wrench faulting, and basin-range type normal
faulting, and to use those indicators to characterize the nature of
faulting in morphotectonic domains within 100 km of Yucca Mountain.

3. Constrain tectonic models applicable to the site through evaluation
of regional patterns of Quaternary deformation as expressed by
distribution of morphotectonic domains.

Parameters

The parameters for this activity are

1. Structural and stratigraphic indicators, location, and timing of
detachment faulting, basin-range faulting, and strike-slip faulting.

2. Regional morphometry of that part of the southwest Basin and Range
within 100 km of the site; range spacing relief; total relief; range
lengths, widths, and areas; basin lengths, widths, and areas;
pediment widths and slopes; range-to-basin width ratios; depths of
basin closure range front sinuosity.

Description

The planned activity will be divided into two phases: data gathering and
comparative analysis, and interpretation. Data gathering and preliminary
analyses will require about one half man-year. Interpretative work will
begin late in the first year and progressively expand during succeeding
years. Because the activity will provide a useful regional context for
geologic and geophysical investigations, it is likely that much of the
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interpretative work would be carried out in coordination with other investi-
gations (perhaps as a predictive reconnaissance tool). This activity compli-
ments Activity 8.3.1.17.4.3.2 (evaluate Quaternary faults within 100 km of
Yucca Mountain) and Activity 8.3.1.17.4.6.1 (evaluate Quaternary geology and
potential Quaternary faults at Yucca Mountain).

At present, the relationships between geomorphology and tectonic activ-
ity are, at best, imperfectly understood. The most successful work to date
has involved the use of range.front morphometry and morphology to interpret
general vertical tectonic activity (Bull and McFadden, 1977; Wallace, 1978;
Bull, 1984). These approaches, however, do not clearly resolve differences
between the timing and rate of differential vertical movement, and they are
of relatively little use in assessing horizontal tectonic activity (e.g.,
strike-slip faulting, detachment faulting). Moreover, the timing, distribu-
tion, and relations between late Cenozoic shallow detachment faulting and
basin-range faulting in the Basin and Range are also imperfectly understood.
Analysis of the tectonic geomorphology of the area within 100 km of the site,
therefore, will require improvement of existing indicators of vertical tec-
tonic activity, identification and definition of new indicators of horizontal
tectonic activity (particularly detachment faulting), and at least a general
synthesis of what is presently known about the Quaternary tectonics of the
region.. To evaluate the relation between nature and intensity of Quaternary
faulting and morphologic features this activity will

1. Compile available Quaternary structural, stratigraphic, and tectonic
data for the southwest Basin and Range using existing summaries and
reviews.

2. Describe the regional morphometry of the area within 100 km of the
site.

3. Develop reconnaissance maps of piedmonts and Quaternary piedmont
deposits for the area within 100 km of the site.

4. Develop and refine a suite of geomorphic indicators of shallow
detachment faulting, wrench faulting, and normal faulting.

5. Synthesize and relate morphometric and morphologic characteristics
to Quaternary tectonic development of the area within 100 km of the
site.

This activity is estimated to be 30 percent complete. The expected
duration of the remaining work is two years.

8.3.1.17.4.10 Study: Geodetic leveling

The primary objective of this study is to evaluate possible historical
and contemporary vertical displacements across potentially significant
Quaternary faults within 100 km of Yucca Mountain. A secondary objective is
to characterize the historical rate of uplift and subsidence in the Yucca
Mountain region, and evaluate the possible existence of tectonic boundaries,
coinciding perhaps with the Walker Lane or with the Furnace Creek fault zone,
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that separate domains with differing rates of uplift and subsidence. Geo-
logic evidence suggests that a boundary of such a domain, however diffuse,
lies somewhere toward the western edge of the region.

For the purposes of this study, the region is defined as the area
bounded by Death Valley on the west, Crystal Springs Valley on the east, Warm
Springs on the north, and Las Vegas on the south.

Three activities are planned: (1) releveling of base station network,
Yucca Mountain and vicinity; (2) global positioning satellite survey of
selected base stations, Yucca Mountain and vicinity; and (3) analysis of
existing releveling data, Yucca Mountain and vicinity.

In evaluating the potential effectiveness of these activities, some
consideration should be given tc uncertainties in the measurements and the
ability of the measuring techniques to resolve contemporary deformation. The
magnitudes of potential displacements are likely to be proportional to the
length of time between surveys. For periods of several years the displace-
ments are likely to be difficult to detect with confidence. For example,
repeated levelings across the Furnace Creek fault between 1970 and 1985 show
no detectable offset, although levelings over this same time period across
probable strands of the Death Valley fault indicate possibly 2 mm of vertical
displacement across one strand (Artists Drive fault), and possibly 7 mm
across another (Sylvester and Bie, 1986). Suitable baselines must be estab-
lished, however, for possible periodic resurveying during the preclosure time
period or for measurement of displacements after large earthquakes, should
they occur.

Data developed in this study will be used in Study 8.3.1.17.4.12
(tectonic models and synthesis) to limit estimates of strain rates and
contemporary fault displacements within 100 km of Yucca Mountain.

8.3.1.17.4.10.1 Activity: Relevel base-station network, Yucca Mountain and
vicinity

Objectives

The objectives of this activity are (1) to evaluate the historic verti-
cal displacement across potentially significant Quaternary faults and (2) to
establish the locations and rates of uplift during historical times through
measurement of the change in altitude of benchmarks since the last survey.

Parameters

The parameters for this activity are to determine the altitude of
benchmarks.

Description

This activity includes biennial resurvey of existing first-order level
lines across Yucca Mountain. The existing lines extend westward from
Mercury, Nevada, crossing the Paintbrush Canyon, Bow Ridge, Solitario Canyon,

8.3.1.17-161



YMP/CM-0011, Rev. 1 YMP/CM-0011, Rev. 1

and Windy Wash faults at Yucca Mountain, thence through Crater Flat to the
western terminus approximately 25 km west of Amargosa Valley. This line,
plus quadrilateral nets across each of the faults listed above, was
established in 1982-83.

The desirability of adding two additional surveys is to be evaluated
with respect to potential contributions to site characterization and with
respect to land access matters. The first of these includes two relatively
short lines, one extending from Stovepipe Wells southeast to Death Valley
Junction, the other from Death Valley southward along the Amargosa River and
thence eastward through Jubilee Pass to Shoshone. This survey provides
releveling across the Furnace Creek and southern Death Valley fault zones.
The second survey includes the releveling of several earlier first and
second-order lines north and east of the Nevada Test Site (NTS), forming a
small circuit that immediately surrounds the NTS. The proposed route extends
along an older first-order survey from Warm Springs southeastward along
Nevada Highway 375 to Crystal Springs, southward along several older
second-order lines along U.S. Highway 93 to about 15 km south of Alamo, and
southwestward along a dirt road to Corn Creek Springs. This route crosses
several Quaternary features of regional importance, including the northern
part of the Death Valley-Pancake Range volcanic belt, the Pahranagat Range
shear zone, and the Las Vegas Valley shear zone, and the Walker Lane belt.
Decision to proceed with the two additional surveys is contingent on the
results of the evaluation, and review of potential application to Project
needs. Baseline surveys are to be completed within one year.

8.3.1.17.4.10.2 Activity: Survey selected base stations, Yucca Mountain and
vicinity, using global positioning satellite

Objectives

The objective of this activity is to evaluate contemporary vertical
displacement across potentially significant Quaternary faults and the
contemporary rate of uplift and subsidence within 100 km of the site on the
basis of altitude and position of selected base stations.

Parameters

The parameters for this activity are elevation and location of base
stations.

Descriotion

To more fully benefit from the relevelings undertaken as part of
Activity 8.3.1.17.4.10.1, junction points and selected benchmarks will be
observed periodically (annually and biannually) using the global positioning
satellite (GPS). The observations will either be made as part of the
National Geodetic Survey GPS program, or alternatively, using recently
acquired USGS receivers. GPS vertical measurement precision (replication
capability) scales linearly as a function of distance, and is currently on
the order of 80 mm over a 50-km line. Comparisons with terrestrial measure-
ments are indirect in the sense that GPS measures a geometrically defined
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quantity, whereas leveling measures a geopotential difference between points.
Accordingly, a gravity dependent correction will be made to bring
terrestrial-based height differences into conformity with the GPS-based
height differences. Baseline surveys are to be completed within one year.

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

Objectives

The objective of this activity is to evaluate historical vertical dis-
placement across potentially significant Quaternary faults, and possible
historic uplift and subsidence within 100 km of Yucca Mountain through
detection of changes in altitude as recorded by existing leveling data.

Parameters

The parameter for this activity is the altitude of base stations.

Description

This activity will review the results of releveling of the network of
benchmarks in the Yucca Mountain region. The activity involves search of
archives, and the collection, collation, and analysis of leveling data. No
field work is planned. This activity is estimated to be 50 percent complete.
The duration of the remaining work is six months.

8.3.1.17.4.11 Study: Characterization of regional lateral crustal movement

The objective of this study is to evaluate rates and orientations of
historical and current lateral crustal movement based on analysis of existing
data on seismicity, historical fault offset, and creep in the Basin and Range
province.

Results of the evaluation will be used in Study 8.3.1.17.4.12 (tectonic
models and synthesis) to constrain tectonic models applicable to Quaternary
tectonics of the site, and in Study 8.3.1.17.4.1 (historical and current
seismicity) to constrain probabilistic models of seismicity within 100 km of
Yucca Mountain.

The characteristics to be evaluated include historical fault displace-
ments, creep, historical seismicity, focal plane solutions, and seismic
energy release.
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8.3.1.17.4.11.1 Activity: Analyze lateral component of crustal movement
based on historical faulting, seismicity, and trilateration
surveys

Objectives

The objective of this activity is to evaluate rates and orientation of
historical and current crustal strain in the Basin and Range province and the
Yucca Mountain region.

Parameters

The parameters for this activity are historical fault displacements,
creep, historical seismicity, focal mechanisms, seismic energy release,
historical crustal strain, and changes in distances between benchmarks in the
Yucca Mountain region.

Description

Data pertaining to historical seismicity, focal mechanisms, and seismic
energy release will be supplied by Study 8.3.1.17.4.1 (historical and current
seismicity). Data pertaining to fault displacements, creep, and crustal
strain as measured by strain gauges and land surveys will be compiled.
Surveys of the trilateration network at Yucca Mountain and vicinity will be
repeated.

8.3.1.17.4.12 Study: Tectonic models and synthesis

The objectives of this study are (1) to synthesize data relevant to
tectonics, (2) to develop a model or range of models that establishes the
causal relation between application of tectonic forces and formation of
structures observed at Yucca Mountain and vicinity, (3) to link observed
rates of formation of those structures with regional rates of crustal strain,
(4) to forecast changes in tectonic setting and the manner in which those
-hanges will affect both the regional crustal strain rate and tectonic
stability in the Yucca Mountain region, (5) to estimate the effect of those
changes on rate and nature of crustal strain at Yucca Mountain and vicinity,
and (6) to estimate the future rate of tectonic processes at Yucca Mountain.

A tectonic model or range of models will be developed or compiled to
satisfy this investigation. Tectonic model is used here to mean a system of
postulates, data, and inferences that explains the deformation of the earth's
crust in the vicinity of the site, the forces involved in or producing such
deformation, and the resulting geologic structures. Data relevant to
faulting, magmatic activity, folding, and uplift and subsidence will be
synthesized, including data on gravity residuals, magnetic residuals, seismic
velocities, in situ stress, geologic structure and stratigraphy, and tectonic
geomorphology.

The compilation or development of regional tectonic models will serve
two purposes. The first purpose is to ensure that assumptions that are made
about the local manifestation of tectonic processes are consistent with
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current scientific understanding of tectonic processes acting in the region.
For example, the determination of slip rate on the Paintbrush Canyon fault,
from age dating of offset strata, will be checked for consistency with
interpretive tectonic models that account for the style and rate of faulting
throughout the site region. The second purpose of regional tectonic models
is to document scientific uncertainty in the characterization of tectonic
hazards so that it can be accounted for in evaluations of repository design
and performance. This will be accomplished by developing or compiling a
range of alternative models that represent the range of current scientific
thinking about the tectonic processes that might affect the site.

Regional tectonic models are expected to be most germane to the
characterization of the site's ground-motion potential (Investigation
8.3.1.17.3) because earthquake sources at regional distances can contribute
to the ground-motion hazard at the site. Alternative tectonic models will be
interpreted in terms of alternative, judgmentally weighted seismic source
zones in a probabilistic seismic hazard analysis of the site (Study
8.3.1.17.3.6) . In addition, tectonic models will provide context for
interpretations of the local, preclosure surface faulting potential
(Investigation 8.3.1.17.2) and the potential for faulting, folding, uplift,
or subsidence to affect postclosure repository performance (Investigation
8.3.1.8.2).

The activities planned for this study are to (1) evaluate tectonic
processes and tectonic stability at the site, (2) evaluate tectonic models,
and (3) evaluate tectonic disruption sequences.

8.3.1.17.4.12.1 Activity: Evaluate tectonic processes and tectonic
stability at the site

Objectives

The objectives of this activity are to

1. Synthesize gravity studies at Yucca Mountain and vicinity, and
define regional variations in mass, and attribute them, as
appropriate, to variations in crustal thickness, degree of melting,
shallow intrusions, distribution of specific stratigraphic units,
and faults.

2. Synthesize magnetic studies at Yucca Mountain and vicinity, and
define areal variations in magnetic field, and relate them as
appropriate to distribution of specific stratigraphic units, shallow
intrusions, and subsurface configuration of faults.

3. Evaluate the regional extent of detachment faults, wrench faults,
volcanic rocks belonging to the Death Valley-Pancake Range belt,
evaluate the regional pattern of oroclinal bending (oroflexing),
evaluate the regional extent of Miocene ash-flow tuffs and
associated pyroclastic and epiclastic rocks, and evaluate regional
extent of Paleozoic rocks known to be aquifers, aquitards, or to
provide favored surfaces of detachment or thrusting.
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4. Synthesize and evaluate information pertaining to Quaternary wrench
faulting in the Walker Lane (Las Vegas to Cedar Mountain), con-
strain, if possible, the rate of offset and recurrence interval of
potentially significant faults (including the Bare Mountain fault
and faults analogous to those near Cedar Mountain), and evaluate the
applicability of this information to geologic hazards at the site.

5. Synthesize and evaluate information pertaining to detachment faults
at Yucca Mountain and vicinity, and constrain, if possible, the rate
of displacement, subsurface configuration, and character of risk
posed by this class of faults.

6. Synthesize and evaluate information pertaining to normal (and
north-trending oblique and strike-slip faults) at the site and
vicinity, and constrain, if possible, aggregate strain rate,
subsurface configuration, recurrence interval, and character of risk
posed by this class of faults.

7. Synthesize and evaluate information pertaining to the northeast-
trending left-lateral strike-slip faults at the Nevada Test Site and
vicinity, and constrain, if possible, slip rate, recurrence
interval, and character of risk posed by this class of fault.

Parameters

The parameters for this activity are gravitational force, geomagnetic
field, geologic structure, and stratigraphy.

Description

This activity includes compilation and interpretation of geologic,
gravity, and magnetic maps of the Beatty 1:100,000 quadrangle, synthesis of
geologic and geophysical studies, and preparation of topical reports on
Quaternary wrench faulting, detachment faulting, normal faulting, and
left-lateral strike-slip faulting. Information and interpretations supplied
by these syntheses will form the basis for formulation of a tectonic model or
models describing the way in which forces and bodies in the Yucca Mountain
region interact to produce the geologic and tectonic framework of the
proposed repository.

Maps (1:100,000 scale) of Bouguer gravity, residual gravity, and iso-
static gravity will be compiled and amplified where necessary with additional
gravity surveys. Data on density of geologic units will be collected and
compiled. Filtered gravity maps (nominal passing wavelengths of 240 km) will
be produced. Maxi spot or a comparable computer program will be used to
identify and quantify gradient changes. Crustal models based on gravity and
seismic velocity will be produced.

Maps (1:100,000 scale) of aeromagnetic data of the Nevada Test Site and
vicinity will be compiled. Source models combining gravity data with
magnetic signature of relevant anomalies will be calculated and compared.
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Geologic maps (1:100,000 scale) of the Beatty 1 by 1/2° quadrangle will
be compiled from published sources. Geologic cross sections showing inferred
subsurface structural and stratigraphic geometry will be prepared. This
activity is estimated to be 50 percent complete. The duration of the future
work is estimated to be four years.

8.3.1.17.4.12.2 Activity: Evaluate tectonic models

Objectives

The objectives of this activity are to

1. Formulate a range of tectonic models that relate the nature and
estimated rates (including bounding values of those estimated rates)
of Quaternary processes (volcanism, faulting, uplift and subsidence,
lateral strain, and possibly folding) of potential significance to
design and performance of the repository at Yucca Mountain.

2. Evaluate temporal changes in tectonic activity and resulting changes
in fractures and other structural features of potential hydrologic
significance at and in the vicinity of Yucca Mountain. Relate
tectonic cycle, if it exists, to tectonic model(s).

3. Ensure that assumptions, inferences, and conclusions concerning
tectonic processes that are important to design and performance of
the repository are consistent with tectonic models applicable to the
site.

4. Ensure that uncertainty in the data, assumptions, and inferences
concerning rates and nature of those tectonic processes that are
important to design or performance of the repository is adequately
reflected in conclusions about those processes.

Parameters

The parameters for this activity are recurrence rates, strain rates,
ambient stress, boundary conditions, structural geology of the site area,
structural geology of the area within 100 km of Yucca Mountain, location and
geometry of Quaternary faults, fracture distributions and age of fracture-
filling minerals in the site area, and age and location of basaltic volcanism
within 25 km of Yucca Mountain.

Description

The various tectonic hypotheses that are potentially applicable to the
neotectonics of Yucca Mountain include as end members the following: (1) the
wrench fault hypothesis, which explains deformation at Yucca Mountain as
resulting from right-lateral transform movement on an intracontinental shear
zone (the Walker Lane) passing through or near the site area; (2) the
detachment fault hypothesis, which explains deformation at Yucca Mountain as
resulting from extension on subsurface detachment faults and the set of
listric normal faults which merge with the detachment faults; and (3) the
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basin-range normal fault hypothesis, which explains the Quaternary normal
faults at Yucca Mountain as planar rotational faults extending to great
depth. Quaternary volcanism in and south of Crater Flat could be attributed
to (1; volcanism along a north-northeast-trending incipient rift zone (Death
Valley-Pancake Range zone) or (2) volcanism at zones of extension developed
between en echelon segments of northwest-trending wrench faults (leaky
transform hypothesis). These and other potentially applicable tectonic
hypotheses are listed in Tables 8.3.1.17-7 and -8. Each of these hypotheses,
as stated, is consistent with some data and inconsistent with other data.
There probably are, however, a set of models that include various elements of
these hypotheses and that satisfactorily explain all or most of the data.

In this activity, data pertaining to tectonic cycles, including timing
and localization of faulting, fracturing, and basaltic volcanism will be
synthesized. Alternative conceptual tectonic models will be formulated, and
the degree to which those models qualitatively and quantitatively incorporate
and reconcile information on the parameters just listed will be evaluated.
That information includes that gathered by other studies in tectonics and
site geology. The tectonic models are expected to evolve as additional data
are gathered, and hence this activity is expected to continue for the
duration of the site characterization process. Preliminary models will be
produced for use during site characterization.

8.3.1.17.4.12.3 Activity: Evaluate tectonic disruption sequences

Objectives

The objective of this activity is to evaluate disruption sequences
involving faulting, folding, uplift and subsidence, and volcanism that are of
potential significance to design or performance of the repository.

Parameters

The parameters for this activity are tectonic models, processes, and
rates; probabilities of tectonic events; and physical consequences at the
proposed repository site.

Description

The purpose of this activity is to evaluate disruption sequences
involving faulting, folding, uplift and subsidence, and volcanism, acting
either individually or in concert. Where possible, the probability of each
sequence actually occurring in the future will be estimated and the range of
geologic consequences described.
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8.3.2 REPOSITORY PROGRAM

This section summarizes the repository program and provides an overview
of the research, development, and engineering activities required to ensure
that the repository is capable of satisfying applicable technical criteria.
Issue resolution strategies for Issue 1.11 (configuration of underground
facilities), Issue 2.7 (repository design criteria for radiological safety),
Issue 4.2 (nonradiological health and safety), and Issue 4.4 (preclosure
design and technical feasibility) are presented in this section. Plans for
the future work are based in large part on the current designs and the results
of analyses completed to date; the current designs and analyses are presented
in Chapter 6 (conceptual design of a repository).
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8.3.2.1 Overview of repository program

The primary purpose of Section 8.3.2 is to describe the plans for
completing the repository design work as it progresses through the sequence
of design phases leading to construction of the repository. Those aspects of
the design concerned specifically with site characteristics are discussed
fully in this document. Other aspects, such as certain equipment designs and
operations plan development (and supporting analyses and demonstrations),
that do not rely heavily on site data are not discussed in detail. Rather,
only enough information on these aspects is provided to define their role in
issue resolution. A complete treatment of such aspects will be provided in
the repository design plan RDP). Thus, the RDP will describe fully all
plans for completing the repository design work as it progresses through the
sequence of design phases leading to construction of the repository, includ-
ing work that relies directly on site data and that that does not. For
example, substantially more detail will be provided in the RDP than in the
SCP regarding the equipment development program and the nonsite-related
aspects of radiological safety.

The plans described here in Section 8.3.2 are organized under four
repository design issues that are part of the issues hierarchy. (Sec-
tions 8.1 and 8.2 list the issues and describe the general strategy and
methodology for resolving them). Plans for completing the work necessary to
resolve these four issues are discussed in the following four subsections:

Subsection Issue Issue short title

8.3.2.2 1.11 Configuration of underground facilities (postclosure)
8.3.2.3 2.7 Repository design criteria for radiological safety
8.3.2.4 4.2 Nonradiological health and safety
8.3.2.5 4.4 Preclosure design and technical feasibility

The work planned to resolve the four design issues is interrelated.
Further, work described under several issues in other subsections of Sec-
tion 8.3 is also tied closely to the work planned to be done under the four
issues discussed here. Figure 8.3.2.1-1 graphically depicts the relation-
ships between design-related issues by showing pathways along which informa-
tion will be passed between the issues. Details about the information passed
between issues are presented in the SCP sections in which the specific issues
are discussed. As seen in the figure, the related issues include some per-
formance issues as well as other design issues.

Numerous requirements and constraints are imposed on the overall repos-
itory design (i.e., on the work to be done under the repository design
issues) because of the necessity for the repository to meet certain preclo-
sure and postclosure performance requirements (i.e., by performance issues
found in Section 8.3.5). For example, from the preclosure perspective, the
repository must be designed, constructed, and operated in a manner that
(1) preserves the option to retrieve waste until the license amendment for
permanent closure is granted and (2) meets the requirements of radiological
health and safety. Performance requirements involving retrievability
(Section 8.3.5.2) and radiological health and safety (Sections 8.3.5.3
through 8.3.5.5) are developed in the preclosure subsections of Section 8.3.5
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(performance assessment program) and communicated to the repository design
issues. Also, for preclosure operations, the repository facilities must be
designed to handle the waste and waste packages and to accommodate the waste
package design requirements and constraints described under the waste package
issues in Section 8.3.4 (waste package program). The requirements and
constraints placed on the design issues by performance issues (and even other
design issues) are usually accompanied by requests of the design to prepare
certain specific products, the primary use of which is to help resolve the
issue specifying the requirements. The output of many of the issues identi-
fied in Figure 8.3.2.1-1 consists of items like design activity and evalua-
tion reports, equipment demonstration reports, design drawings and supporting
analyses, operations plans, etc. These are often called products in the
issues under which they are developed. These products may be requested by
other issues (perhaps along with site parameters) as input to perform
required tasks. The products are called 'input items' by the requesting
issue, to distinguish them from the products of that same issue (Fig-
ure 8.3.2.1-2). The input items needed by an issue are generally listed
along with the site parameters in the appropriate tables within that issue.

From the postclosure perspective, the repository facilities must be
designed to accommodate the performance requirements and constraints
developed and described under the waste package, engineered barrier system,
and total system performance issues in Section 8.3.5. In addition, the
repository design must accommodate the emplacement of seals for the shafts,
ramps, exploratory boreholes, and underground facilities, as described under
Issue 1.12 in Section 8.3.3 (seal program).

In addition to the general relationships between issues indicated by the
above discussion, there is an additional division of responsibility among the
design-related issues shown in Figure 8.3.2.1-1. The following example
concerning the topic of mined openings will serve to describe this division
of responsibility. Issue 4.2 (Section 8.3.2.4) is concerned with the
stability of mined openings as it relates to the nonradiological health and
safety of workers. Issue 2.4 (Section 8.3.5.2) is concerned with maintaining
stable openings for the entire period of retrievability in order to preserve
access to the waste. Radiological safety issues 2.3 and 2.7 (Sec-
tions 8.3.5.5 and 8.3.2.3) are concerned with opening stability as it relates
to potential initiating events for release of radionuclides into the environ-
ment of the workers and public. Issue 1.11 (Section 8.3.2.2) is concerned
with the stability of those same openings after closure, because their long-
term instability might create preferred pathways for water migration toward
waste packages and compromise containment of the waste within the waste pack-
age. Finally, Issue 4.4 (Section 8.3.2.5) is concerned with providing stable
mined openings large enough for moving equipment, personnel, materials, and
ventilation air. With this spectrum of interest in the topic, it would be
easy to perform duplicate work in resolving the different issues. To avoid
such duplication, a careful division of responsibility between issues has
been adopted. Issue 4.4 has been assigned the responsibility for the design
of mined openings and for conducting the necessary stability analyses in
support of the design. Other issues will impose design requirements or con-
straints upon Issue 4.4 pertinent to their needs, and will receive the design
and other input items (e.g., supporting analyses) back from Issue 4.4. Under
each issue the design and the supporting analyses will be evaluated to judge
hether the requirements for mined opening stability have been satisfied.
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In a like manner, where Issue 4.4 shares similar design requirements
with another issue on a particular facet of the repository design, Issue 4.4
has been assigned the responsibility for developing the design and providing
the other three parts of the four-part design package (namely, the operating
plan, supporting analyses, and any necessary demonstrations). The related
issue(s) provide requirements and constraints (and requests for other input
items) to Issue 4.4 and receive the design package in return from Issue 4.4.
The logic diagram for Issue 4.4 illustrates these relationships. With this
division of responsibility, Issue 4.4 is the issue that requests most of the
data on site characteristics. This division of responsibility is also
indicated in the logic diagrams and the supporting text and tables that
discuss the design-related issues shown in Figure 8.3.2.1-1.

Figure 8.3.2.1-1 illustrates the interfaces by which design and
performance issues exchange information. As the figure caption indicates,
the specific design and performance issues portrayed in the figure are those
that were used directly in the performance allocation process. Two general
aspects of the figure are worth emphasizing. First, the figure was prepared
primarily to illustrate the exchange of design criteria and design products
between design issues. Accordingly, the figure does not provide specific
detail about how the performance issues exchange information. The second
general aspect of the figure worth noting is that not all of the design and
performance issues in the issues hierarchy are portrayed on the figure.

Three of the issues absent from the figure are concerned with the
higher level findings required by 10 CFR Part 960. These are Issues 1.9
(higher level findings--postclosure, Section 8.3.5.18), 2.5 (higher level
findings--preclosure radiological safety, Section 8.3.5.6), and 4.1 (higher
level findings--ease and cost of construction, Section 8.3.5.7). The primary
reason for excluding higher level finding issues from the figure is that, at
the current time, the resolution strategies for these issues do not require
any data other than that requested for the resolution of the other design or
performance issues. This is not expected to change, but if it should, an SCP
progress report would be the vehicle to convey changes in the interrelation-
ship diagram as well as changes to the preliminary performance allocation.

Issue 1.7 (performance confirmation, Section 8.3.5.16) is also absent
-rom the figure because it is not considered possible at this time to develop
a detailed, site-specific issue resolution strategy for performance confir-
mation. As site characterization progresses, however, the performance
allocation for the Yucca Mountain site may change in response to a defined
issue resolution strategy for performance confirmation. This information
would also be reported in SCP progress reports.

The conceptual design of the repository is presented in Chapter 6 (and
described in detail in the SCP Conceptual Design Report (SCP-CDR)) (SNL,
1987), along with extensive discussions that synopsize the analyses completed
in support of the conceptual design. In Section 6.4 of this document, the
analyses are discussed in the context of resolving the design issues and
design-related performance issues (i.e., it provides a status of the work
done to resolve the issues). Section 6.4 also provides background informa-
tion for the additional work necessary to complete resolution of issues, as
described in various subsections of Section 8.3. Site information used in
the conceptual design and supporting analyses is reported in Chapters 1
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through 5 of this SCP. (Those chapters also contain data that in some
instances supersedes or postdates data used in the SCP-CDR.) Additional site
data needed to support the design efforts will be acquired under the site
program described previously in Section 8.3.1. Figure 8.3.2.1-1, however,
does not show any ties to the site program; these ties were omitted in the
interest of clarity in showing the-ties between the design-related issues.
The issue resolution logic diagrams, presented in each 8.3 issue-related
section, however, do show the specific calls for data from the site program.

Before proceeding to the four design issues to be discussed in this
section, the repository design phases are described, followed by a discussion
of four specific subject areas:

1. Host rock environment (Section 8.3.2.1.1).
2. Coupled interaction tests (Section 8.3.2.1.2).
3. Design optimization activities and tests (Section 8.3.2.1.3).
4. Repository modeling (Section 8.3.2.1.4).

The design of the systems, components, excavations, structures, and
barriers necessary to establish and demonstrate compliance with the
performance objectives of 10 CFR Part 60 should be substantially completed at
the time the license application is submitted to the NRC. To accomplish
this, the DOE has divided the design of the repository as follows (DOE,
1985b):

1. Conceptual design phase.
a. Conceptual design for the site characterization plan.
b. Advanced conceptual design.

2. Title I and II design.
a. License application design.
b. Final procurement and construction design.

Design phases

Conceptual design for the site characterization plan

The SCP conceptual design phase is complete. This design phase
concentrated on the surface and underground system, structure, and component
designs that require site characterization data and provide the information
to ensure that data-gathering plans relative to design will be adequate.
Known site-specific data have been incorporated to help identify additional
data needs, and sufficient design de-ail was developed to ensure that site
data needs are identified and site-specific licensing issues related to site
characterization have been identified. In addition, where available, data
accuracy requirements have been identified. This design has been extensively
referenced in Chapter 6.

Advanced conceptual design

The advanced conceptual design phase will be used to explore design
alternatives and will firmly fix and refine the design criteria and concepts
to be used in later design efforts. The project feasibility will be
demonstrated, the life-cycle cost estimated, preliminary drawings prepared,
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and a construction schedule developed as required in DOE Order 4700.1 (DOE,
1987d). The design will be developed with Project and configuration control
as required by the DOE procedures for major system acquisitions and will
comply with the configuration control program requirements of 10 CFR Part 50,
Appendix B. This design will also identify any remaining design-related
licensing issues not defined in the SCP conceptual design.

During the advanced conceptual design phase, the DOE objective is to
develop appropriate solutions to all identified design-related licensing
issues through consultation with the NRC as established by the Procedural
Agreement between the U.S. Nuclear Regulatory Commission and the DOE identi-
fying guiding principles for interface during site investigation and site
characterization (NRC/DOE, 1983).

License application design

The license application (LA) portion of the Title I and Title II design
phases will start after the completion of the advanced conceptual design
(ACD) report; it will conclude with the development of an LA design report.
The LA design phase will support the resolution of design and licensing
issues identified and assessed in earlier design phases and will develop the
design of the items necessary to demonstrate compliance with the design
requirements and performance objectives of 10 CFR Part 60. Therefore,
sufficient design information will be developed during the LA design phase to
meet the requirements of 10 CFR 60.21 for the license application. Design
requirements resulting from detailed safety and reliability analyses will be
fully integrated into the LA design and will form the basis for information
required in the safety analysis report. The design of nonlicensing-related
ancillary systems will be developed only to the extent necessary to ensure
their proper function and adequate cost and schedule planning.

Final procurement and construction design

This portion of the Title I and II phases will develop the final
(working) drawings and specifications for procurement and construction. The
completion of this design phase will match the completion of the Title II
design effort for the entire repository. This design phase will emphasize
the completion of the design of ancillary support items, final design refine-
ment for the items necessary to demonstrate compliance with the design cri-
teria and performance objectives of 10 CFR Part 60, the development of con-
struction bid packages for all systems, and the development of final con-
struction and procurement schedules.

The DOE is currently initiating an effort to combine several program
activities under a single System Engineering Development and Management
(SEDM) contractor. In this approach, the SEDM contractor would prepare the
ACD. Detailed plans for the design sequence under the SEDM contractor have
not been developed. It is expected, however, that the design work to be
accomplished under the plan described in this SCP will be the same, in total,
as that performed under an SEDM contractor.
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8.3.2.1.1 Verification or measurement of host-rock environment

Information from site explorations before the site characterization
phase have permitted an understanding to be developed of the host-rock
environment within which the underground facilities will be constructed.
This understanding is described in detail in Chapters 1 through 7, in
particular, (1) the geology, geophysics, seismicity, and tectonics of the
site and surrounding area are described in Chapter 1 (geology); (2) the
mechanical and thermal properties of the rock and soils at the site are
described in Chapter 2 (geoengineering); (3) the hydrologic conditions and
properties are described in Chapter 3 (geohydrology); and (4) the geochemical
conditions and properties are described in Chapter 4 (geochemistry).

Plans to verify the current understanding and acquire necessary addi-
tional information about the host-rock environment are described here in
Chapter 8. Section 8.3.1 (site program) describes the site investigations
(studies, tests, and analyses) that will be conducted to acquire the addi-
tional site data. For convenience, the descriptions of the site investiga-
tions are grouped according to topical areas (e.g., geology program, rock
characteristics program, and hydrology program).

Plans for completing the design of the repository facilities, the seals,
and the waste packages are found in Section 8.3.2 (repository program), 8.3.3
(seal program), and 8.3.4 (waste package program), respectively. Similarly,
plans for conducting assessments of the performance of the total mined geo-
logic disposal system (MGDS) and the appropriate components are described in
Section 8.3.5 (performance assessment program). These design and performance
assessment plans are organized in accordance with the issues hierarchy
described in Section 8.2. The site data needed to resolve each design and
performance issue is defined within the discussion of the plans for resolu-
tion of the respective issue. The need for site data is then transmitted to
the appropriate site program where the detailed plans for acquiring the data
are described. No plans for acquiring site data are described within the
design or performance issues themselves. These issues simply describe how
the site data and other items of information will be used to resolve the
issue. Correspondingly, only site data that are required to resolve a design
or performance issue, or are needed to support another characterization
program are acquired under the site program.

It is within this context that the topic of this section, verification
or measurement of the host-rock environment, is addressed for design issues.
The site data identified in the data chapters noted previously have been used
to develop conceptual models of the host-rock environment within which the
repository facilities will be constructed. These conceptual models and their
influence on the conceptual design of the repository facilities are described
in Chapter 6 (conceptual design of the repository). This conceptual design,
the existing site data, the conceptual models, and the understanding they
convey, taken together with the regulatory and other requirements upon the
MGDS, form the basis for the plans for resolution of the design issues.

The role of the host-rock environment in the process can be divided into
three phases or conditions: (1) pre-waste-emplacement environment (the host-
rock conditions in the pre-excavation, pristine, in situ state); (2) post-
subsurface-excavation environment (e.g., the conditions of rock stress and
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deformation as a result of excavation); and (3) post-waste-emplacement
environment (e.g., the conditions resulting from the combined effects of
excavation and added heat from the emplaced waste). In the subsections that
follow, topics of concern during each of the phases will be identified, and
the reader will be directed to those design issues (and their respective SCP
subsections) in which the topics are addressed. In addition, the specific
site program will be identified from which site data are requested in order
to resolve host-rock environment questions in the respective design issues.

8.3.2.1.1.1 Pre-waste-emplacement environment

Current knowledge of the pre-waste-emplacement geologic, geotechnical,
hydrologic, and geochemical environment of the host rock has been used to
develop models or descriptions of characteristics of the site in its pristine
state. As noted in the previous section, the current description of the
host-rock environment, together with some descriptive models, is found in
Chapters 1 through 4. These data and models have assisted in identifying the
site location, repository elevation, usable area, boundary conditions, and
predicted response of the host rock to excavation and thermally induced
loads. Further, during the site exploration phase of the characterization
program, conceptual models were developed to assist in repository conceptual
design as presented in Chapter 6 (preliminary performance assessments were
also developed--refer to Section 8.3.5).

To conduct the design analyses and activities necessary to resolve the
four design issues included in this section (8.3.2, repository program),
additional site data pertaining to pre-waste-emplacement and preexcavation
conditions are needed to

1. Confirm the three-dimensional model of the thermal and mechanical
stratigraphy and structure of Yucca Mountain.

2. Develop a three-dimensional model for estimating the in situ stress
state at Yucca Mountain.

3. Develop a three-dimensional model of the in situ temperature field
at Yucca Mountain.

4. Evaluate mineability, fragmentation characteristics, dust charac-
teristics, and potential excavation methods of the host rock.

5. Design and evaluate a ground support system for the underground
facility and egresses.

6. Determine rock-mass deformation and estimate strength properties.

7. Determine the effects of confining pressure upon intact rock
strength and fracture slip such that a strength and slip criterion,
respectively, may be developed.

8. Determine the effects of time (the strain rate effect) upon intact
rock strength.
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9. Determine the sample size effect upon intact rock strength.

10. Determine the sensitivity of potential designs of system elements to
material properties and their variability.

11. Provide pretest support of all mechanical, thermal, and thermo-
mechanical experiments planned for the exploratory shaft facility.

12. Design a ventilation system for the repository facilities.

13. Evaluate the effects of radon gas emanation.

14. Evaluate the effect of structural features for standoff and special
construction considerations.

15. Evaluate the potential for water inflow into the underground
facilities.

Site data required to conduct these design analyses and activities will
be acquired under the following specific site programs:

SCP section Site ptogram

8.3.1.4 Rock characteristics
8.3.1.6 Erosion
8.3.1.14 Surface characteristics
8.3.1.15 Thermal and mechanical properties
8.3.1.16 Preclosure hydrology

Further, to resolve Issue 4.4 (preclosure design and technical feasibil-
ity), additional site data are needed to

1. Validate predictive equations of ground motion at any point in the
target horizon.

2. Validate methodology for predicting seismic hazards due to natural
earthquakes for ground motion and surface rupture.

3. Determine fault activities at the site including total displace-
ments, displacement rates, evidence of surface rupture, type, and
orientation and age of recent activity of the faults in the site
area.

4. Determine the attenuation of ground motion with depth (both for
acceleration and frequency) as it applies to surface and subsurface
facility design.

5. Determine the effects of wave propagation, amplitude, and direction
upon surface and subsurface facility design.

Site data required to resolve these seismotectonic design questions will
be acquired under the tectonics programs described in Sections 8.3.1.8 and
8.3.1.17.
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8.3.2.1.1.2 Post-subsurface-excavation environment

The post-subsurface-excavation geologic and geotechnical environment
considers the host-rock environment that reflects, for example, rock stress
as a result of rock excavation. Models conceptualized and developed from the
standpoint of pre-waste-emplacemeit, including material response, boundary -

conditions, and usable area, will be confirmed or modified to assist in
resolving the issues identified previously. Certain of the analyses and
tests identified for the post-subsurface-excavation condition are meant to
continue through development and monitoring programs during the post-waste-
emplacement phase (Section 8.3.2.1.1.3) of repository development in order to
supplement or confirm earlier concepts.

To conduct the design analyses and activities necessary to resolve the
four design issues included in this section (8.3.2, repository program),
additional site data pertaining to post-subsurface-excavation conditions are
needed to

1. Validate models that are intended to predict the response of the
fractured rock mass to excavation loads.

2. Assess the state of stress and deformation at the emplacement
borehole scale, drift scale, and repository scale as a result of
excavation.

3. Assess the potential impact of rock mass creep upon state of stress
and deformations around opening.

4. Evaluate potential excavation methods based on application of
candidate methods during the underground exploration program.

5. Evaluate the planned ground support methods based on application of
candidate methods to underground openings in the exploratory shaft
facility.

6. Evaluate the mechanical response of the rock mass.

Site data required to conduct these design analyses and activities will
also be acquired under the following specific site programs:

SCP section SCP program

8.3.1.4 - Rock characteristics
8.3.1.6 Erosion
8.3.1.14 Surface characteristics
8.3.1.15 Thermal and mechanical properties
8.3.1.16 Preclosure hydrology
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8.3.2.1.1.3 Post-waste-emplacement environment

The post-waste-emplacement geologic and geotechnical environment
considers the host-rock environment that reflects, for example, the combined
effects of excavation and heat (from heat-generating waste). For this condi-
tion certain of the analyses and tests identified in Sections 8.3.2.1.1.1
(pre-waste-emplacement environment) and 8.3.2.1.1.2 (post-subsurface-
excavation environment) are meant to continue through development and moni-
toring programs during this phase of repository development in order to
supplement or confirm earlier results.

To conduct the design analyses and activities necessary to resolve the
four design issues included in this section (8.3.2, repository program) and
to resolve Issue 2.4 (waste retrievability, Section 8.3.5.2), additional site
data pertaining to post-waste-emplacement conditions are needed to

1. Validate models that are intended to predict the response of the
fractured rock mass to excavation and thermal loads.

2. Assess the temperature distributionr.as a function of time and
position as a result of thermal loads from heat-generating waste.
Analyses will be performed at the emplacement borehole scale, drift
scale, and repository scale.

3. Assess the state of stress and deformation as a result of excavation
and superposed thermal loads. Response will be predicted at the
emplacement borehole scale, the drift scale, and the repository
scale.

4. Assess the potential impact of rock creep (time-dependent
deformation) upon state of stress and deformations around mined
openings.

5. Determine the potential impact of changes in the orientation of the
principal stress components upon the intact rock and rock-mass
response (deformation and strength behavior).

6. Determine the thermomechanical response of intact samples and
representative volumes of the rock mass.

Site data required to conduct these design analyses and activities will also
be acquired under the following specific site programs:

SCP section SCP program

8.3.1.4 Rock characteristics
8.3.1.6 Erosion
8.3.1.14 Surface characteristics
8.3.1.15 Thermal and mechanical properties
8.3.1.16 Preclosure hydrology
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8.3.2.1.2 Coupled interaction tests

The design, construction, operation, and assessment of the future per-
formance of a geologic repository must consider five general classes of
phenomena. These are thermal, hydrologic, mechanical, chemical, and
radiological phenomena. These phenomena may occur individually at a
particular time or spatial location without affecting the other phenomena;
often, however, the occurrence of one phenomenon may affect the behavior of
another phenomenon and, therefore, couple the phenomena and the processes of
which they are a part. The number of coupled processes that could exist
under the various combinations of coupling the five general classes of
phenomena is very large. It is not feasible to perform multivariable tests
(i.e., coupled interaction tests) covering all these combinations. Testing
will, therefore, occur only if it is relevant to licensing arguments.

Performing multivariable interaction tests is relevant to licensing
arguments only if performing those tests is necessary to characterize
behavior to show compliance with regulatory criteria. If the investigation
of any particular combination of processes does not aid in showing compliance
with at least one regulatory criterion, then that investigation is not
relevant, and testing to determine the behavior and effects of those coupled
processes is not necessary.

Regulatory criteria that must be satisfactorily addressed to receive a
construction authorization are addressed within the issues hierarchy
incorporated into this document (Section 8.2). Strategies to resolve all
issues within the hierarchy, and thereby determine the level of compliance
with the regulatory criteria, are addressed in Section 8.3.5 The approach
used to determine the relevance of coupled behavior (as well as uncoupled
behavior) follows the fundamental issue resolution strategy presented in
Section 8.2 and used throughout Section 8.3.5. As a part of that strategy,
those licensing arguments and concomitant tests that involve multivariable
(i.e., coupled) effects are defined under the issues as information required
to resolve those issues. To determine whether the consequences of certain
coupled processes are significant, the performance allocated to the various
system components is of major importance. It is inherent within the planning
approach for site characterization that prior estimates be made to determine
what parameters are important in showing regulatory compliance. These
estimates of importance have been based upon previous laboratory and field
data, performance analyses, and professional judgment.

From the performance allocation, parameters are derived that must be
investigated during site characterization. No distinction within the issues
is made among parameters that involve coupled interactions and those that do
not; all are simply information required to resolve the issue using the
approach stated under the particular issue. All the requirements for the
parameters (whether involving coupled interactions or not), as well as the
rationale for determining that the set of parameters are necessary and
sufficient to show regulatory compliance, are discussed for each issue.
Therefore, this section does not discuss a particular subset of tests (i.e.,
coupled interaction tests) or how the results of those tests are necessary
and sufficient. In other words, the strategy for the approach to coupled
interaction tests is to let the individual issues specify the parameters
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necessary for resolving the issue and for showing compliance with the related
regulatory criteria. The investigation of coupled interactions considers
them not as a specific subset of data requirements, but merely as part of all
the information needed to address the regulatory criteria. The tests (some
with multivariable interactions and some without) that meet the parameter
requirements are described under the appropriate characterization program.

Although no detailed description of coupled interaction tests is
provided here, Table 8.3.2.1-1 shows the title of the study or activity
involving investigation of multivariable effects, study or activity
designation number, and an indication of the processes that will be
investigated within the test or tests. The first three numbers of the study
or activity designation number reflect the issue and information need under
which the coupled interaction test is described.

Although the identification of which tests are considered as coupled
interaction tests is somewhat subjective, Table 8.3.2.1-1 attempts to list
all of the tests to be performed during site characterization that have a
specific objective of investigating one or more processes that are directly
interacting with another process. The tests listed in the table either are
designed to test the interactions between two or more processes or to provide
information to support evaluation of the effects of interactions between two
or more processes. The reader should refer to the specific study or activity
descriptions within the SCP, as well as the associated study plans and test
procedures, for further details on the tests. There are other tests that
have not yet been completely defined that will also investigate coupled
interactions. These tests will be described in future SCP progress reports
when the scopes of the tests are more completely defined.

Many processes involving multivariable phenomena are expected to be
shown to be of secondary importance through analyses of their significance to
determining the level of compliance with regulatory criteria. Those analyses
must be performed under the individual issues because of the variety of
regulatory criteria addressed by the issues and the subsequent variety of
approaches used to determine the level of compliance. Like the strategy for
dealing with multivariable interaction tests, the approach to multivariable
.nteraction analyses is for each performance and design issue to call for the
analyses it needs for its resolution. In this document, therefore, those
analyses are described under the issues that call for them.

8.3.2.1.3 Design improvement activities and tests

Optimization implies improving or refining the design to better meet the
goals or objectives of a system for a given set of conditions. This is
achieved by defining the project as a system with components that meet spe-
cific objectives, appraising the performance of the system, and feeding back
the information gained through the evaluation to improve the design and its
performance. Successive iterations lead to an optimum design.
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Table 8.3.2.1-1. Studies or activities for coupled interaction tests

Study or
activity Processes
designation Study or activity title investigated'

1.5.2.1.1 Dissolution and leaching of
spent fuel
(Section 8.3.5.10.2.1.1)

1.5.2.1.2 Oxidation of spent fuel
(Section 8.3.5.10.2.1.2)

1.5.2.1.3 Corrosion of Zircaloy
(Section 8.3.5.10.2.1.3)

1.5.2.1.4 Corrosion of and radionuclide
release from other materials
in the spent fuel waste form
(Section 8.3.5.10.2.1.4)

1.5.2.1.5

1.10.4.1.1

Evaluation of the inventory and
release of carbon-14 from
Zircaloy cladding
(Section 8.3.5.10.2.1.5)

C-R-T

C-R-T

C-H-R-T

C-H-R-T

C-R-T

C-T

C-T

C-R-T

C-T

C-H-T

Rock-water interaction at
elevated temperatures
(Section 8.3.4.2.4.1.1)

1.10.4.1.4

.10.4.1.5

1.10.4.1.6

Dissolution of phases in the
waste package environment
(Section 8.3.4.2.4.1.4)

Effects of radiation on water
chemistry
(Section 8.3.4.2.4.1.5)

Effects of container and
borehole liner corrosion
products on water chemistry
(Section 8.3.4.2.4.1.6)

1.10.4.2.1 Single-phase fluid system
properties
(Section 8.3.4.2.4.2.1)
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Table 8.3.2.1-1. Studies or activities for coupled interaction tests
(continued)

Study or
activity Processes

designation Study or activity title investigated

1.10.4.2.2

1.10.4.4.1

1.10.4.4.2

1.12.2.1.1

8.3.1.2.2.4.1

8.3.1.2.2.4.4

8.3.1.2.2.4.5

8.3.1.2.2.4.8

8.3.1.2.2.7.1

8.3.1.2.2.7.2

8.3.1.2.3.1.5

8.3.1.2.3.1.6

Two-phase fluid system
properties
(Section 8.3.4.2.4.2.2)

Repository horizon near-field
hydrologic properties
(Section 8.3.4.2.4.4.1)

Repository horizon rock-water
interaction
(Section 8.3.4.2.4.4.2)

Detailed property determination
of cementitious-based material
suitable for a tuffaceous
environment
(Section 8.3.3.2.2.1.1)

Intact-fracture test in the
exploratory shaft facility

Radial-borehole tests in the
exploratory shaft facility

Excavation-effects test in the
exploratory shaft facility

Hydrochemistry tests in the
exploratory shaft facility

Gaseous-phase chemical
investigations

Aqueous-phase chemical
investigations

Testing at the C-hole sites
with conservative tracers

Well testing with conservative
tracers throughout the site

C-H-T

H-M-T

C-H-T

C-H-M-T

C-H-M

H-M

H-M

C-H

C-H

C-H

C-H

C-H
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Table 8.3.2.1-1. Studies or activities for coupled interaction tests
(continued)

Study or
activity Processes

designation Study or activity title investigated'

8.3.1.2.3.1.7

8.3.1.2.3.1.8

8.3.1.3.2.2.2

8.3.1.3.3.2.1

8.3.1.3.4.1.3

8.3.1.3.5.1.1

8.3.1.3.5.1.2

8.3.1.3.6.1.1

8.3.1.3.6.1.2

8.3.1.3.6.1.3

8.3.1.3.6.1.4

8.3.1.15.1.3.2

8.3.1.15.1.4..2

8.3.1.15.1.6.1

8.3.1.15.1.6.2

8.3.1.15.1.6.3

Testing at the C-hole sites with
reactive tracers

Well testing with reactive
tracers throughout the site

Smectite, zeolite, and glass
dehydration and transformation

Kinetic studies of zeolite and
related framework silicates

Sorption as a function of
ground-water composition

Solubility measurements

Speciation measurements

Crushed tuff column experiments

Mass transfer kinetics

Unsaturated tuff columns

Fractured tuff column studies

Effects of variable environmental
conditions on compressive
mechanical properties

Effects of variable environ-
mental conditions on mechani-
cal properties of fractures

Heater experiment in unit TSWjb

Canister-scale heater experiment

Yucca Mountain heated block
experiment

C-H

C-H

C-H-T

C-T

C-H

C-H-R-T

C-H-R-T

C-H

C-H

C-H

C-H

H-M-T

H-M-T

H-M-T

H-M-R-T

H-M-T
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Table 8.3.2.1-1. Studies or activities for coupled interaction tests
(continued)

Study or
activity Processes
designation Study or activity title investigated

8.3.1.15.1.6.4 Thermal stress measurements M-T

8.3.1.15.1.6.5 Heated room experiment M-T

aThe general classes of processes to be investigated include chemical
(C), hydrologic (H), mechanical (M), radiation (R), and thermal (T). No
degree of importance or test emphasis is implied by the listed order.

bTSwl is the lithophysal portion of the Topopah Spring Member located
above the potential repository horizon. In general tests at the site are in
TSw2, the proposed repository horizon, unless otherwise indicated.

As the design changes, only a snapshot of it is available at any time
before construction; hence, this document reflects that fact, and only the
current design is presented. Improvements to the design will follow. Both
the design and its detailing are refined as the design progresses through its
various phases. The present design phase is conceptual, which includes the
SCP conceptual design that accompanies this SCP and the advanced conceptual
design (ACD). Future phases are the license application design, which is
required to accompany license application to the NRC; the final procurement
and construction design; and design revisions required during construction.

For large projects or systems requiring multiple interactions, the
design progresses toward an optimum solution, but does not accomplish it in
the mathematical sense. Therefore, the goal of the Yucca Mountain Project is
not an optimum design solution, but a design that has been optimized to the
point of providing an acceptable solution emphasizing certain characteris-
tics. The desired characteristics or attributes of the system are discussed
in the following paragraph.

The repository design and operation must be licensable by the NRC and be
safe and cost effective according to the DOE. To facilitate addressing
these overall system requirements, the design should be as simple as
possible. Simple designs, the performance and reliability of which can be
most readily predicted, will facilitate review and expedite licensing. The
system will be described in the systems description document. The current
repository design is discussed in Chapter 6. The requirements, by which the
system will be evaluated, will be provided in the systems requirement and
repository design requirement documents. These repository-specific documents
will be useful in assessing the degree to which the desirable attributes are
present in the Yucca Mountain mined geologic disposal system.
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In arriving at a design with the preceding attributes, many tradeoff
analyses will be required. The role of tradeoff analyses is to assess
alternatives and provide the technical basis for making decisions that will
improve the design and hence, system performance. Such studies are required
when two or more design alternatives are considered and the most beneficial
one is not obvious. The tradeoff analyses determine which design will be
most favorable for meeting the system requirements. For example, technical
feasibility or the probability of successfully constructing the design and
achieving design goals may be tradeoffs in some design choices. Cost and
performance may also be traded off for each of the design choices. The
choice between alternatives may not always be clearly defined as the impact
on each of the system elements must be assessed along with the resulting
interactions. In Table 8.3.2.1-2, the ongoing and planned tradeoff analyses
are listed along with their related issue. No special site data are required
for design resolution other than that needed for the general underground
facility design. Only those that significantly impact the design and
performance of the system are listed. The many other analyses of less
significant impact are not mentioned.

8.3.2.1.4 Repository modeling

This section identifies and describes the needs for numerical of models
and codes for repository design analyses. These numerical models are derived
from conceptual models of system and subsystem response of the host rock to
excavation and waste emplacement.

The need for a particular conceptual model results from goals
established through the issue resolution strategy. From these conceptual
models, numerical models are developed.

This section addresses the models and codes intended to be applied to
geomechanical, ventilation, seismic, and safety analyses. The testing and
evaluation of these models and codes, including verification and validation,
are discussed in Section 8.3.5.20.

For geomechanical analyses, loads imposed upon the rock mass from
excavation and heat generating waste will be evaluated (Issue 1.11,
configuration of underground facilities, Section 8.3.2.2). For ventilation
analyses, design of the ventilation system will include equipment and worker
health and safety considerations (Issue 4.2, nonradiological health and
safety, Section 8.3.2.4). For seismic considerations, hazards due to ground
and fault motion will be analyzed to determine the potential effects of
underground nuclear events and earthquakes upon surface and subsurface
facilities (Issues 4.4, technical feasibility Section 8.3.2.5, and 1.11).
Safety analyses include both radiological concerns (Issue 2.7, repository
design criteria for radiological safety, Section 8.3.2.3) and nonradiological
concerns (Issue 4.2).

8.3.2.1-19



YMP/CM-OO11, Rev. 1 YMP/CM-0011, Rev. 1

Table 8.3.2.1-2. Nevada Nuclear Waste Storage Investigations Project design
tradeoff analyses

Design tradeoff analyses Related issue

Horizontal versus vertical waste emplacement orientation
(includes separate cost, performance, and technical
feasibility analyses, as well as single-package short-
hole and multipackage long-hole variants)

Underground ventilation reversibility (use or not use)

Selection of material handling method, hoist type, and
waste transporter

Selection of repository orientation

4.4
(Section 8.3.2.5)

4.2
(Section 8.3.2.4)

4.4

1.11
(Section 8.3.2.2)

Underground emplacement of backfill

Selection of areal power density of emplaced waste

Selection of borehole spacing and length and waste standoff

1.11

1.11

1.11

Selection of excavating technique(s) 1.11, 4.4

Selection of excavation geometry and dimensions

Selection of underground rock support systems

4.4

4.4

8.3.2.1.4.1 Geomechanical analyses

Geomechanical analyses consider mechanical, thermal, and thermo-
mechanical response of the rock mass through the emplacement and retrieval
periods. Within the geomechanical area, the goals cited indicate the need to
understand the response of the host rock to excavation and thermally induced
loads. Excavation-induced loads depend primarily on the in situ stress field
with additional stresses resulting from the geometry of the opening con-
sidered. Thermal loads depend primarily on magnitude of individual or
combined heat sources. Heat is transmitted through the rock mass by con-
sidering the thermal properties of the rock and the heat transfer mechanism;
thus, these loads vary with time and position. The effects of excavation-
induced loads are first evaluated and then the effects of thermal loads are
evaluated.
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The current understanding of mechanical response is that, in general,
the fractured rock mass can be treated as an elastic, elastic-plastic, or
compliant-jointed medium (Section 6.4.2). Additionally, quasi-discrete and
distinct-element models will be considered to evaluate the behavior of iso-
lated joints, intersecting joints, and possibly rock-mass response. The
current understandings of the mechanical response of the fractured tuff have
been based on and supplemented by three integrated sources of data:
(1) field studies of the local and regional geology of the site (Chapter 1),
(2) laboratory and field data indicative of the mechanical and thermal
response of the rock from Yucca Mountain (Chapter 2, Introduction), and
(3) laboratory and field experiments data collected in situ at nearby Rainier

Mesa (Section 2.3.3). The mechanical response considered in a given analysis
or set of analyses may depend on the scale, loading, and boundary conditions
of the problem or the purpose of the analyses.

The approach to understanding and predicting mechanical response has
been to use progressively more complex models through the course of design,
performance, and safety analyses. For example, standard engineering
practices are often applied at the onset to provide initial guidance to
developing repository design. This practice is qualified by data available
before site characterization. The resultant preliminary design warrants
evaluation and confirmation through use of boundary element and finite
element methods.

Three types of analytical tools are being developed to provide perspec-
tives of the rock mass mechanical response. These tools will be applied to
address concerns of Issues 1.11 (configuration of underground facilities
(postclosure), Section 8.3.2.2); 2.4 (retrievability, Section 8.3.5.2); 4.2
(nonradiological health and safety, Section 8.3.2.4), and 4.4 (preclosure
design and technical feasibility, Section 8.3.2.5). The analytical tools are

1. Tunnel index methods (Barton et al., 1974a; Bieniawski, 1974) that
are empirical methods that permit conclusions to be made regarding
ground support requirements. As yet, these methods do not account
for the effects of heat.

2. Calculations using boundary element techniques (numerical methods
that treat the rock mass as an elastic media) will be used for an
initial degree of confirmation or qualification to be placed on
ground support requirements determined by the tunnel indexing
methods. The effects of excavation and heat may be included in the
analysis. Rock strength may be used to interpret results. These
methods allow efficient parametric studies to be undertaken in which
design tradeoffs and potential effects of parameter sensitivities to
design can be evaluated through the predictions of deformations and
stress at specific locations as a function of time. The usefulness
of boundary element methods will be tested through comparison with
closed-form analytic solutions, finite-element codes, and
underground exploration.

3. The predominant calculational tool for planned license application
analyses will probably be the finite-element method. Thus far, this
method allows for modeling the most complex combinations of geom-
etries, boundary conditions, and material behavior. Calculations by

8.3.2.1-21



YMP/CM-OO11, Rev. 1 YMP/CM-0011, Rev. 1

this method, which treats the rock mass as an elastic, elastic-
plastic, or compliant-jointed medium, will attempt to confirm or
qualify the conclusions drawn from tunnel indexing and boundary-
element methods based on the effects of excavation and heat
predicted throughout the area of interest as a function of time.
The finite-element method.has the potential to consider rock
strength, fracture slip, and fracture deformability either as part
of the computation or as useful to interpret results. Also,
ground-support (rock-support interactions including thermal effects)
can be modeled using this method. Finite-element codes will be
tested through comparison with closed-form analytic solutions,
boundary-element codes, underground exploration, and laboratory and
field testing.

Our current understanding is that the dominant heat transfer mechanism
in the unsaturated tuff is temperature-dependent conduction. These under-
standings are based on a data base of laboratory and field tests and analyses
(Section 2.5.3, relationship between intact rock and large-scale properties).

The types of analytical tools being developed to provide perspectives of the
rock mass thermal response to address Issues 1.11 (configuration of under-
ground facilities (postclosure), Section 8.3.2.2), 4.2 (nonradiological
health and safety, Section 8.3.2.4), and 4.4, (preclosure design and
technical feasibility, Section 8.3.2.5), include

1. An analytic solution for heat conduction for finite cylinder heat
sources with a decaying exponential source term with time and linear
superposition of sources. This analytical tool will serve the
purpose of making preliminary design assessments for the.repository.
This method will be tested using closed-form analytic solutions.

2. An analytic solution for the heat conduction for infinite line heat
sources that may be constant or exponentially decaying with time.
This analytical method is an integral part of the boundary-element
method used to perform design and sensitivity analyses. This method
will be tested using closed-form analytic solutions.

3. A numerical model capable of steady and transient linear and non-
linear thermal conduction analyses i at least two dimensions. Pos-
sible boundary conditions include constant temperature at a node,
constant or time-dependent temperature along a side, adiabatic sur-
face, forced convection, natural convection, and thermal radiation.
Material properties (densities, specific heats, and conductivity
tensors) may be dependent on temperature. This method will be
tested using closed-form analytic solutions, benchmarking activities
(Section 8.3.5.20), and laboratory and field experiments. Heat
transfer codes similar to the ones being considered have been
successfully applied to analyses of heat transfer in salt (Waste
Isolation Pilot Plant and Project Salt Vault), granite Stripa and
Spent Fuel Test-Climax), and tuff (SCP Sections 2.5.2.1.1 and
2.5.3). These codes will be tested to show their applicability to
partially saturated tuff at the repository horizon because the cur-
rently existing studies are not sufficient. The results of these
analyses are used as input for thermomechanical analyses.
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Our current understanding of the combined contributions of the exca-
vation and thermal effects upon rock-mass response (termed the thermo-
mechanical response) is based on laboratory and field investigations of the
thermomechanical response of rocks at the site (Section 2.5, thermal and
thermomechanical properties--large scale). Based on this understanding, two
methods are currently being applied to predict thermomechanical response. In
the first, using boundary-element techniques, thermal stresses and displace-
ments are calculated by treating the thermal stress and the initial stress as
a time-varying boundary condition. In the second, using finite-element
techniques, mechanical responses from excavation and thermal responses from
the heat source are separately analyzed, and then the thermal results are
input to the mechanical analysis to determine the thermomechanical response.

The types and scales of analyses being considered to address Issues
1.11, 4.2, and 4.4 include the following:

1. The state of stress and deformation in the vicinity of boreholes,
rooms, access ways, shafts, ramps, and the repository will be -
studied to determine short- and long-term stability through analyses
in which the thermomechanical response resulting from excavation and
subsequent thermal loading is assessed.

2. Surface uplift and subsidence will be studied to determine reposi-
tory scale manifestations of short- and long-term thermomechanical
response resulting from excavation and subsequent thermal loading
(e.g., to aid in establishing acceptable areal power densities).

3. The state of stress and deformation resulting from excavations and
construction of the surface facilities will be studied to ensure
structural integrity and safety of the facilities throughout the
course of operations.

4. Rock-mass deformation properties (anisotropic elastic properties)
will be calculated by applying state-of-the-art numerical techniques
(compliant joint models) to the current data base of intact rock and
fracture characteristics. Such anisotropic properties will be
included in stability analyses as warranted.

8.3.2.1.4.2 Seismic analyses

For seismic considerations, hazards due to vibratory ground motion and
surface fault rupture will be analyzed to determine the potential effects of
underground nuclear events and earthquakes upon surface and subsurface
facilities. Currently, to satisfy site characterization information needs
for Design Issues 1.11 (configuration of underground facilities, Sec-
tion 8.3.2.2) and 4.4 (preclosure design and technical feasibility, Sec-
tion 8.3.2.5), as well as for Investigations 8.3.1.17.2 (fault movement) and
8.3.1.17.3 (seismicity); the phenomena being considered for analyses include

1. The attenuation of ground motion with depth (both for acceleration
and frequency) as it applies to surface and subsurface facilities.
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2. The effect of local geology upon seismic wave propagation and
direction.

3. Fault activities at the site including total displacements, dis-
placement rates, evidence of surface rupture, type and orientation,
and age of recent activity of the faults in the site area.

4. Seismic hazards related to ground motion and surface rupture
resulting from natural earthquakes.

5. Ground motion at any point in the repository horizon as a result of
seismic loads, its effect on the state of stress and deformation,
and the stability of underground openings.

8.3.2.1.4.3 Ventilation analyses

Ventilation analyses will be conducted initially to size and design the
ventilation system and to assess its performance during the course of
operations. Even in the unsaturated environment, removal of some water in
the form of humidity will be accomplished by the ventilation system. The
codes being considered for this work will be ones that have been used
extensively in the past. Analyses may be attempted that could qualify these
codes based on current applications of these codes at underground operations.
Since the use of these codes in the past has not routinely included thermal
effects to the extent expected for the repository, the codes should be
qualified for that purpose. The types of analyses being considered to help
address Issues 1.11 (configuration of underground facilities, Sec-
tion 8.3.2.2), 2.7 (repository design criteria for radiological safety,
Section 8.3.2.3), 4.2 (nonradiological health and safety, Section 8.3.2.4),
and 4.4 (technical feasibility, Section 8.3.2.5), include

1. Analyses to ensure worker safety in the context of maintaining
appropriate air quality for dust, humidity, radon daughter products,
and temperature considerations.

2. Analyses to ensure that requirements for equipment operations are
met.

8.3.2.1.4.4 Safety analyses

Safety analyses will be conducted in addressing Issues 2.7, repository
design criteria for radiological safety, and 4.2, (nonradiological health and
safety). For Issue 2.7, analyses will ensure that limits of radiological
exposure of workers and the public are met. Important to these analyses are
the source terms and configurations of.the underground and surface facilities
coupled with the operations plan for the facilities. Codes being considered
for this work will be ones that have been proven through extensive past use
in the nuclear industry.
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For Issue 4.2, analyses will be used to ensure worker health and safety

in the daily course of operations. These analyses are similar to those

listed in Sections 8.3.2.1.4.1 and 8.3.2.1.4.3.
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8.3.2.2 Issue resolution strategy for Issue 1.11: Have the characteristics
and configurations of the repository and repository engineered
barriers been adequately established to (a) show compliance with the
postclosure design criteria of 10 CFR 60.133 and (b) provide
information for the resolution of the performance issues?

The postclosure design criteria of 10 CFR 60.133 addressed by this issue
require that the underground facility and engineered barrier system be
designed to

1. Contribute to containment and isolation.

2. Assist the geologic setting in meeting performance objectives.

3. Take into account the thermal and thermomechanical response and the
need for sufficient flexibility to accommodate site-specific
conditions.

This postclosure design issue provides the mechanism for identifying
repository design characteristics and configurations important to the resolu-
tion of Key Issue 1, quantifying how these characteristics and configurations
are in compliance with 10 CFR 60.133, and incorporating postclosure perform-
ance concerns into the design. Characteristics and configurations considered
in developing the approach to this issue include repository depth, dip, ori-
entation, geometry, layout, access location, thermal loading, drainage or
moisture control, construction materials, backfill, excavation techniques,
and opening stability.

The approach to resolving this issue will be to establish tentative per-
formance goals through the issue resolution process and to develop reference
postclosure designs of the repository that are in compliance with these
goals. The impact of design characteristics and configurations on the post-
closure performance of the repository will be documented in a series of topi-
cal reports. The reference postclosure design will be documented in the
reference information base (RIB) (together with other components of the over-
all design) and in major design documents for use in postclosure performance
assessments.

In practice, this issue will be resolved in step with the planned design
stages. Specifically, preliminary assessments and design concepts are an
integral part of the conceptual design summarized in Chapter 6. Updating of
this information will continue through the advanced conceptual design and the
license application design. Advancing from one step to the next in the
design process requires that the goals of the issue be met or that there be
reasonable expectancy that they will be met as detailed studies are completed
in succeeding phases of the design.

The general approach used to determine compliance with 10 CFR 60.133 and
to provide adequate information to support resolution of performance issues,
which is summarized in Figure 8.3.2.2-1, is to

1. Apply the issue resolution process as a means of establishing the
overall logic of Figure 8.3.2.2-1, specifically identifying the
performance goals of the issue.
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2. Perform technical studies (design activities) to evaluate compliance
with the goals, complete reference calculations for use by other
issues and perform sensitivity studies that evaluate data needed for
design (middle part of Figure 8.3.2.2-1).

3. Establish data requirements (accuracy and confidence) as guidance to
data gathering, assimilate site and waste package data, and estab-
lish RIB inputs (data request and inputs on Figure 8.3.2.2-1).

4. Establish reference postclosure design as the basis for postclosure
performance assessment of the repository.

The goals may be modified, extended, or eliminated as more detailed evalua-
tions are completed.

A significant part of the role of this issue (1.11) in resolving Key
Issue 1 is to provide the interface between postclosure performance and
design (Figure 8.3.2.2-1). The design is produced by Issue 4.4 (Sec-
tion 8.3.2.5). This issue provides the interface to postclosure performance
issues by taking their performance goals and converting them into design
requirements that can be used by Issue 4.4 to control the design through the
repository design requirements document. Figure 8.3.2.2-1 shows Issue 1.11
as the bridge between the total system and Issue 4.4. The relationship
between performance issues, this issue, and the design is embodied in the
logic of Figure 8.3.2.2-1.

Regulatory basis for the issue

The parts of 10 CFR 60.133 that apply to postclosure performance and are
addressed by this issue are listed in the following discussion. All parts of
10 CFR 60.133 not listed in the following discussion are considered preclo-
sure criteria and are therefore addressed by other issues, specifically
Issues 2.3 (accidental radiological releases, Section 8.3.5.4); 2.7 (reposi-
tory design criteria for radiological safety, Section 8.3.2.3); 4.2 (non-
radiological health and safety, Section 8.3.2.4); and 4.4 (preclosure design
and technical feasibility, Section 8.3.2.5).

10 CFR 60
section Subject applicable to Issue 1.11

133(a)(1) Design layout and engineered barriers to contribute to
performance

133(b) Accommodate site-specific conditions

133(e)(2) Design to reduce deleterious rock movement

133(f) Select excavation methods that limit preferential pathways

133(h) Assist performance of geologic setting in meeting the
postclosure performance objectives

133(i) Predict thermal and thermomechanical response
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The general standard required for compliance with these regulations is
'A reasonable assurance . . . that the objectives and criteria will be met'
(10 CFR 60.101(a)(2)) based on predictive models" supported by using an
appropriate combination of such methods' (10 CFR 60.21(c)(l)(ii)(F)) (Sec-
tion 8.3.2.2.4).

To understand the scope of these regulations and how they apply to this
issue, some discussion is provided below on the work to be conducted under
this and related issues.

The characteristics and configurations of the waste package and its
interaction in the near-field environment are governed by 10 CR 60.135,
which is addressed by Issue 1.10 (waste package characteristics (post-
closure) (Section 8.3.4.2), and hence is considered an interface to this
issue. As such, Issue 1.10 places requirements on this issue that are
reflected in the choice of processes, performance measures, and performance
goals of this issue.

The NRC definition of the underground facility excludes ramps, shafts,
boreholes, and seals for ramps, shafts, and boreholes but does not
specifically exclude drift seals. Drift seals could be considered part of
the underground facility, and, in turn, part of the engineered barrier
system. However, they are explicitly addressed by Issue 1.12 (seals
characteristics, Section 8.3.3.2), and governed by 10 CFR 60.134 and
10 CFR 60.112. Both their function and time of emplacement are very closely
allied with the seals. Issue 1.12 established the requirements for sealing
and how sealing will be accomplished. Thus, seals, including drift seals are
considered to be an interface to this issue rather than a part of this issue.
As such, Issue 1.12 places requirements on this issue that are reflected in
the choice for processes, performance measures, and performance goals of this
issue.

To provide the technical basis for meeting the higher level findings
(Issue 1.9, Section 8.3.5.18), this design issue (1.11) must, in addition to
compliance with 10 CFR Part 60, address the requirements of 10 CFR Part 960.
This is done by using 10 CFR Part 60 to organize the issue resolution strat-
egy while ensuring that the- goals determined by the issue resolution approach
include 10 CFR Part 960 requirements. Specific applicable parts of 10 CFR
Part 960 include Subpart C, Sections 4-2-3 (Rock Characteristics) and 4-2-5
(Erosion).

Approach to resolving the issue

The issue resolution strategy for this issue started from the regula-
tions and applied four steps: (1) functions, (2) processes, (3) performance
measures, and (4) performance goals and confidence.

The function" step is an expression of what must be done by the System
Element 2.0, postclosure waste disposal system (Section 8.2.1). The func-
tions for this issue were derived directly from 10 CFR 60.133 and provide the
means for compliance of the design of the underground facility with the regu-
lations. All the subsections of 10 CFR 60.133 noted under the regulatory
basis are important to resolving this issue and are contained within these
functions.
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The processO step describes how the function will be accomplished.
Processes were assigned so that each function would be complete in its con-
tribution to resolution of the issue. The processes identified for Issue
1.11 are closely related to the design activities for the issue. Because the
system elements listed in the System Element 2.0 (postclosure waste disposal
system) requirements are not currently defined to the level of detail of
characteristics and configurations of the underground facility required by
this issue, a separate checklist of such characteristics and configurations
was prepared. This list was then used to guide selection of processes and
was used in workshops on this issue to ensure that the list of processes was
reasonable and essentially complete.

The performance measures" step identifies the measure that will allow a
determination of whether the process is being performed as required by the
function. That is, to resolve the issue, the performance measure will serve
as the indicator in determining how well the function is performed.

Each performance measure has an associated goal and level of con-
fidencew step. The goal is the value for the performance measure that will
be adequate for the issue to be favorably resolved, and the level of confi-
dence is an indication of the importance assigned to meeting the goal.

The assignment of these performance measures and associated performance
goals and levels of confidence was based on professional judgment and peer
reviewed in a series of workshops held in Albuquerque, New Mexico, in the
spring of 1986. Completing this issue resolution completes the approach to
resolving Issue 1.11 (configuration of underground facilities (postclosure)).

The results of the issue resolution approach for Issue 1.11, including
each process, performance measure, and performance goal and associated con-
fidence required, are discussed by function in the following paragraphs.

The four functions that the postclosure waste disposal System Element
2.0 postclosure waste disposal system) must perform to resolve this issue
are given in the following list together with the regulatory section they
address. These functions were selected so that there is a direct correlation
between the functions and the postclosure design criteria as expressed in
10 CFR 60.133.

1. Select orientation, geometry, layout, and depth of the underground
facility to contribute to containment and isolation, taking into
account flexibility to accommodate site specific conditions
(10 CFR 60.133(a)(1) and 10 CFR 60.133(b)).

2. Limit water usage and potential chemical changes during construction
and operations of underground facility so as to not adversely afect
performance of natural and engineered barriers following permanent
closure (10 CFR 60.133(a) (1) and 10 CFR 60.133(h)).

3. Limit potential for excavation-induced changes in rock mass perme-
ability during construction of the underground facility so as to not
adversely affect performance of natural and engineered barriers
following permanent closure (10 CFR 60.133 (f)).

8.3.2.2-6
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4. Design thermal loading taking into account performance objectives
and thermomechanical response of host rock (10 CFR 60.133(i),
10 CFR 60.133(e)(2), and 10 CFR 60.133(h)).

In this section, the specific processes contributing to each of the four
functions are identified. Subsequently, one or more performance measures and
corresponding performance goals are selected for each of the processes. The
link between the processes, performance measures, and performance goals is
illustrated by use of a series of tables in which the performance goals are
expressed quantitatively whenever possible and appropriate. The tables are
supported by descriptive text intended to provide a brief background and
rationale for the tabulated material. The text and tables also identify
interfaces with other issues. Such interfaces exist either when resolution
of this issue contributes to resolution of another, or when resolution of
another issue automatically satisfies performance measures identified here.

The tables identify two types of processes; namely, those upon which
reliance is placed and those that provide additional, or backup, assurance
that the function of the repository and its engineered components meet the
postclosure performance criteria. The confidence with which the performance
goals associated with each process need to be met at the license application
stage are designated as high, medium, or low. Those designated as high are
considered to be critical to providing reasonable assurance that the reposi-
tory system will comply with the performance criteria. Definition of the
approach to be used to meet the goals, with appropriate level of confidence,
will ensure identification of the type and quality of the data required to
support resolution of the performance issue.

Function 1: Select orientation, geometry, layout, and depth of the under-
ground facility to contribute to containment and isolation,
taking into account flexibility to accommodate site-specific
conditions

To meet the requirements of 10 CFR 60.133(a)(1) and 10 CFR 60.133(b),
the repository will be configured so that its orientation, layout, geometry,
and depth contribute to or do not adversely affect containment and isolation.
The primary system elements affected by function 1 are the disturbed zone
(System Element 2.1.1) and the repository engineered barriers (System Element
2.2.2). Processes that contribute to meeting the function, and the related
performance measures and goals are listed in Table 8.3.2.2-1. The following
discussion treats the processes in three groups, which deal with the reposi-
tory configuration, the environment for the waste containers, and the need
for flexibility.

Repository configuration

The NWPA (1983) requires that there be sufficient space within the
repository to accommodate the equivalent of 70,000 metric tons of uranium.
As indicated in Table 8.3.2.2-1, this criterion must be met subject to goals
relating to depth of overburden and an objective to stay above the water
table in unsaturated, welded tuff of the Topopah Spring Member. Those goals
were established to ensure compliance with containment and isolation perform-
ance criteria for the facility. They must be met during design through
appropriate selection of the depth, dip, orientation, and lateral extent of

8.3.2.2-7



Table 8.3.2.2-L. Performance measures, goals, and needed confidence for selecting orientation,
gecetry, layout and depth of underground facility (postclosure design function 1)'
(page 1 of 3)

0

0

4?roEWSS Needed
Possible "oled on Performance measure Tentative goal confidence

,.,

D

Vary depth, dip, orientation
and lateral extant of
underground acility to
provide boat rock with
favorable contaime t and
isolation characteristics

Select emplacement borehole
orientation and design to
limit potential tot
adverse effect$

Limit the ount of water a
contact with coatainer to
provide favorable isola.
tioa and Contaiment
enviro at

Skip and isolate unfavorable
Ago"s

tog Usable area: Is usable area
adequate for 70,000 metric
tons o uranium (hU of
waste?

backup Performance measures as defined
by Issues 11, 1.6, and 1.10
will be used as part of
choosing borehole orientation

Too mogons of dehydration or Condon-
stie a"d drainage pattern

So Ground quality (technical feasi-
bility performne measure)

1-Ab Area available >> area needed
- >200 a overburdea
- stay in TSw20
- hav, disturbed one stay

>70 a above water table4

- stay in primary area
- areal power density (APD)

<allowable far-field APD
- probability <0.1 in 1,000 yr

that >0.S0 of waste pack-
ages will be breached by
tectonic processes or events

- offset fron exploratory bore-
holes >15 a (cf. Issue 112)

1-t Performance goals as defined
by Issues 1.1, 1.6, and 1.10
will be used as part of
choosing borehole orientation

High
High

Medium

High

Msdium
High

High

High

Modt=

1-C Design subsurface facility
so that convection and
natural drainage is away
trom containers and so that
goals of Isus 110 and
1.12 can be _et

1-D Goals for determining techni-
cal feasibility of uader-
ground development considering
local variability will be set
by Issue 4.4

Nigh

nigh

0

C)
I-.
F-.

:XI
0



Table 8.3.2.2-1. Performance measures, goals, and needed confidence for selecting orientation,
geoetry, layout and depth of underground facility (postcloaure design function 1)-
(page 2 of 3)

I-

14

u>

Needed
lossible MR 114on ferformance easure Tentative goal confidence

Skip and isolate unfavtable atent of chang in 1-t Ewlace in ground that stisfies
*rs (Zontinued)

- saturation - average saturation: 75%@ High
- local saturation <90%' Low

- water chemistry - water chemistry requirements Medium
established in Issue 1 1 0h

Distance from ground with unfav- i-r Stay tar enough away to satisfy hadium
orable properties goals of 1- above1

Adjust thermal load to ccom- Yes TeSrature (to limit potential 1-G Goals (4-0, 4-?, 4-R, 4-U, and High
modate local conditions for adverse gochemical, etc. 4-V) for determining allowable

effects on the host rock) teseratures are et as part
of function 4 (Table .3.2.2-4)
of this issue

Postclosure rock movements within 1-N Goals (4-Q and 4-M) for determin- Nedium
acceptable limits uder thermal ing if ock moets postclosure
loads the mchanical criteria

will be set by function 4
(Table .3.2.2-4) ot this
issue

*nhe issues refereoed in this table and its footnotes are addressed in the following sections: Issue 1.1 (total system
performance, Section .3.5.13), Issue 1.6 (ground-wter travel time, Section .3.5.12), Issue 1.10 (waste package characteristics-
postclosure, Section .3.4.2), Issue 1.12 (seal characteristics, Section 6.3.3.2), and the climate program (Section 8.3.1.5).

bl- indicates fwctio 1 a goal A. This designator s carried over to Table .3.2.2-5 to associate data ot that table with
goals of this table.

*Coal is to stay i the TSw2 unit (low lithophysal Topopah Spring ember), but TSwl (lithophysal opopah Spring) may be
considered. See Chapter 2 for coaplete description of units.

dhe distance from the disturbed one to the water table should be 70 a or ore preferably this should be 70 a of Cn (Calico
ills nonwelded unit).

*Design factors that will be considered in performance review of borehole orientation include drift size, extraction ratio,
standoff distance, potential fault/tracture effects, borehole hydrology, liner effects, potential abnormal conditions, etc.

0

40
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Table 8.3.2.2-1. Performance measures, goals, and needed confidence for selecting orientation, I
geometry, layout and depth of underground facility (postclosure design function 1)- C
(page 3 of 3) o

footnotes (continued)

'Specific requiremts of ls 1.12 nclude (1) locate surface portals in nonflood prone areas: (2) restrict the nueber of
shafts and rp 3) rotals CJpability to emplace seals at base of shafts; 4) provide adequate storage capacity at base of
shafts; (5) grade drifts to drain aay trom *PlCicnt areas; (6) ensure drift floors can be reconditioned to enhance drainage:
(7) provide adequate storae at low point of subsurface facilities beore water enters eplcmnt drifts; and 8) establish
drainage of shops, etc , toward explotatory shaft 1 -1) and mn nd material () shafts and of eplacement areas away from
3-1 nd M shafts. Specific requirmnts of Issue 1.10 include keeping containers dry through drainage and mintaining

CD te p ratures greater than the boiling point of water for ore than 300 yr.
Goal is to place wasto n aroes consistent with Issue 1.1 by requiring average mplacemnt saturation to be about 75 or

less and local saturation round emplacement boreholes to be less than 90%. Intent of goal is to assure that perturbations to the
site due to construction, operations, and the addition of hat will not cause saturated conditions.

buater chemistry goals as set by Issue 1.10. Conditions should not be disturbed from predevelopmnt conditions by more than a
> specified amount.

'Actual standoff is detecined by conditions round the ground with unfavorable properties by requiring that goal 1-t be nt.
raults are explicitly incorporated into the design through goals 1-A, however, the anomalous conditions of concern in goal 1-K
(saturation and gcohmisttry) are most likely to occur near fults. During conceptual design the offset of Ghost Dance (approxi-
mately 14 ) was used to estimate bow much bigger the layout would be if such a standoff were incorporated (SCP-CDR Appendix N
(SUL, 1907)). It ground with unfavorable properties is found within the 3Sr, better estimate (than offset) of appropriate
stadoff can be md.
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the underground facility. Postclosure considerations are important to that
design process because the areal power density (APD) must be selected so as
to meet temperature, stress, and displacement criteria discussed under this
issue. In addition, the repository layout and dip must be selected so as to
assist drainage and contribute to maintaining the container environment goals
established under Issue 1.10 (Section 8.3.4.2), waste package characteristics
(postclosure).

The APD is an average figure for the repository. The thermal output of
individual containers and their spacing and orientation become important when
considering near-field performance criteria. Preliminary evaluations indi-
cate that the orientations of the underground openings relative to the in
situ stress and fracture geometry may not be primary design considerations
(Section 6.4.2 of the Site Characterization Plan-Conceptual Design Report
(SCP-CDR) (SNL, 1987). However, potential performance differences between
the horizontal and vertical emplacement options will be evaluated. The
selected option must meet isolation and containment requirements, and con-
tribute to meeting the requirements of other issues, namely, Issues 1.1
(total system performance, Section 8.3.5.13), 1.6 (ground-water travel time,
Section 8.3.5.12), 1.10 (waste package characteristics (postclosure), Sec-
tion 8.3.4.2), and 4.4 (technical feasibility, Section 8.3.2.5). The final
recomendation regarding the disposition of the waste will be documented in
the reference postclosure design.

Container environment

A goal to limit the amount of water that will come in contact with the
waste container is established in Issue 1.10 (Section 8.3.4.2), which is _
concerned with waste package design. Measures taken to meet this goal and
thereby contribute to containment and isolation include location of the
repository in an unsaturated host rock; development of an underground layout
that enhances natural drainage away from the containers; and selection of a
design basis thermal loading (APD) that maintains temperatures above the in
situ boiling temperature of water at the container surface for the first
300 yr after repository closure. The use of seals to reduce the entry of
water into the underground facility will also affect container environment;
seals are addressed in Issue 1.12 (seals characteristics, Section 8.3.3.2).

In Table 8.3.2.2-1, a general requirement to define the regions of dehy-
dration and condensation and the pattern of drainage within the underground
facility is identified. The amount of moisture that is anticipated to come
in contact with the containers during the postclosure period will be consid-
ered during design and will be the subject of performance assessment. Per-
formance measures and goals relating to thermal environment of the canister
are discussed further under function 4.

Flexibility

The design of the repository will be sufficiently flexible that there
will be freedom to respond to conditions encountered underground during con-
struction and emplacement. Two possible options for responding to adverse
ground conditions are identified in Table 8.3.2.2-1. These are either to
skip and isolate unfavorable areas or to adjust the thermal load locally.

8.3.2.2-11
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Function 2: Limit water usage and potential chemical changes.

In conformance with the regulatory requirements stated in 10 CFR
60.133(a) (1) and 10 CFR 60.133(h), the engineered barriers will contribute to
isolation and containment and will assist the geologic setting in meeting
performance objectives. Two processes are identified as important to
assuring that the engineered barriers (System Element 2.2.2) adequately
satisfy those requirements. These are concerned with avoiding potentially
adverse changes in the chemical environment and the degree of saturation of
the host rock. These two processes and their related performance measures
and performance goals and confidence are listed in Table 8.3.2.2-2.

Limit adverse chemical changes

Potentially adverse chemical effects may arise, either directly or indi-
rectly, as a result of materials introduced to the site during construction,
operation, and decommissioning. Primary factors in meeting this functional
requirement are the control of materials entering the repository.

In Table 8.3.2.2-2, cement and organics are identified as materials that
may need to be controlled, because they may adversely affect the pH and chem-
istry of the natural ground water. Goals with respect to pH and chemistry
changes as they impact the waste package and waste isolation have been estab-
lished by Issue 1.10 (Section 8.3.4.2), and Issue 1.1 (Section 8.3.5.13).
This issue (1.11) (Section 8.3.2.2) will establish the allowable postclosure
material quantities and impose these constraints on Issue 4.4 (Sec-
tion 8.3.2.5). During design, particular attention has focused on the amount
of cement used for all construction and operations, and in particular for the
preparation of the emplacement boreholes, and any organics in the flushing
fluid used during drilling. The goals of controlling the quantities of
cement and organics, which are identified in Table 8.3.2.2-2, can be met with
the required confidence by development and implementation of operating proce-
dures for the underground facility.

Limit and control water used during construction

Control of water used during construction of the shafts, access ramps,
and the excavations of the underground facility is identified as a process in
Table 8.3.2.2-2, because of the desire to limit the changes in the degree of
saturation of the host rock and the water reaching the containers. The
degree of saturation of the rock in the immediate vicinity of the waste con-
tainers is a concern. As a result, it will also be important to limit and
control the nature and quantity of the flushing medium used during drilling
holes and the water used for drilling and dust control during construction of
the other excavations of the repository.

The present design basis is that the emplacement boreholes will be
drilled dry, using a vacuum chip removal system, and that criteria will be
developed for control of any water used during construction, operation, and
decommissioning. Other measures to be taken to control the amount of water
that will come in contact with the containers are discussed under functions
1 and 4. These include, respectively, planning the repository so the natural
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Table 8.3.2.2-2. Performance measures, goals, and needed confidences for limiting water usage and
potential chemical changes (postclosure design function 2)

0
-.

.4

Process Needed
Possible Relied on Performance measure Tentative goal confidence

Limit adverse chemical Too Type, quantity, and location 2-I Requirements specified by
changes by using accept- of materials including Issues 1.10 and 1.12 (Sections
able materials and fluids materials for seals): 8.3.4.2 and 0.3.3.2) applied

bere

Quantity of concrete Limit cement in eplacement Medium
boreholes and drifts to

-0 that required for proper
construction'

Quantity of shotcrete Limit shotcrete in drift and Medium
access linings to that

1'3 required for proper con-

Quantity of grout for bolt Li it grout used for bolt Hedium
anchors anchors to that required

for proper construction
Quantity of organics Limit organics in drilling High

fluids and explosive
residues from blasting

Limit the mount of water Yes Net water from operations that 2-J Mater usage should be limited so High
used in construction, remains in bost ock at that saturation at mplacement
operation, * lacsnnt of epnlacment does not violate goal 1-t,
seals, and decommission- Table .3.2.2-1
ing to provide favorable
contaiament and Isolation Limit water to that required
environ ent for dust control and proper

equipeent function
Remove all excess wter

*2-I indicates function 2 and goal I. This indicator is carried oer to Table 8.3.2.2-5 to ssociate data of that table with
goals of this table.

bQuantities and chemical co position may be impacted by rquiremants related to postclosuro performance objectiv, for the
waste package.

C)
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drainage is away from the waste containers, using seals to reduce the quan-
tity of water that enters the repository, and maintaining container tempera-
tures sufficiently high to maintain dry conditions around the waste contain-
ers during the first 300 yr following closure.

Function 3: Limit potential for excavation-induced changes in rock mass
permeability

In conformance with requirements stated in 10 CFR 60.133(f) and
10 CFR 60.133(e)(2), the excavation method and the design of the underground
openings of the repository will be selected so as to limit the potential for
creation of preferential pathways to the accessible environment, particularly
through deleterious rock movement and creation of new fractures in the rock
mass. The system element contributing to satisfying this function is the
disturbed zone (System Element 2.1.2). The disturbed zone is defined under
Issue 1.6 (ground-water travel time, Section 8.3.5.12), as the region of the
host rock in which there might be potentially adverse changes in the hydro-
logic properties (matrix permeability and porosity). Processes considered
important to this function are identified in Table 8.3.2.2-3. Those proc-
esses are discussed individually in the following sections.

In addition to the potential for excavation-induced changes in rock mass
permeability, thermal stresses can change fracture apertures and hence, frac-
ture permeability. Goals controlling the potential for deleterious rock
movement and preferential pathways that might result from thermal stresses
have been established by performance allocation under function 4 (design
thermal loading taking into account performance objectives and thermomechani-
cal response of the host rock). Section 6.4.1 of the SCP-CDR (SNL, 1987)
discusses the relationship of the current understanding of hydrologic proc-
esses in the unsaturated zone at Yucca Mountain to the goals established
under function 4.

Permeability modification associated with excavation process

Damage to the rock mass that is associated with blasting can be limited
through the use of appropriate blast control methods. Such procedures are
important design concerns since they potentially impact support and mainte-
nance (Issues 4.2 (Section 8.3.2.4), nonradiological health and safety, and
4.4 (Section 8.3.2.5), technical feasibility). Analyses in the SCP-CDR
suggest that they are less important to postclosure performance concerns
because movement of ground water is generally expected to be through the
matrix rather than along fractures (see the Section 6.4.1 of SCP-CDR (SNL,
1987) for a complete discussion), and blast-induced fracturing typically
extends only a short distance from an excavation compared with the distance
to emplaced waste. Similarly, the use of drilling as the emplacement bore-
hole construction method is important to preserving stability of the bore-
holes. Stable boreholes are important to maintaining the retrieval option
during the preclosure period (Issue 2.4 (waste retrievability, Sec-
tion 8.3.5.2)) and to meeting waste package criteria (Issue 1.10 (waste
package characteristics--postclosure, Section 8.3.4.2)), as well as to
minimizing block motion (caving) above the borehole that might result in
adverse effects on waste package containment (Issue 1.10).
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Table 8.3.2.2-3. Performance measures, goals, and needed confidences for limiting potential for
excavation-induced changes in rock ass permeability (postclosure design
function 3)

CD

i.

Proceos Nedd
Possible Relied on Performance asuro Tentative goal confid nce

Li it mugnitud nd extent Backup Rerme*bility change due to 3-KI Permeability ch nge beyond 3 Medium

of blast-induced p r oa- blasting hould not cuse should be less than one order
bility c nge by blast a change in disturbed one of agnitudeb (cf. ssue 16
control boundary or unnecessarily (Section 83.S 12))

co plic te sel *evaluation
and emplacement

LU it potential for subsi- Backup Extraction ratio 3-L Current design bsis 
dence by limiting extrac- ;- Horizontal eplacement <10% High
tion ratio and dritt size - Vertical eplacement 301 High

Drift spans 3-H <11 High

Backfill drifts t Backup Amount of ill 3-N Backfill to within O. a M edium
decommissioning of roof

a3-K ndicates unction 3 nd 9oa1 R. hi dsignator i c rtied ov r to Table 3.2.2-5 to associate dta o that table with
goal o this table.

bDrlfts an lc _ smt boreboles: or dscriptio o constraints on hfts or seal rea a" Iou 112 (Sect ion 3.3.32).
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Limit potential for surface subsidence

Subsidence of the ground surface is observed to occur above mining
excavations when a high proportion of the rock on a particular horizon is
extracted. The possibility of subsidence can be reduced with a high degree
of confidence, provided the span of any excavations is small and the pillars
between excavations are large, and chiefly by minimizing the extraction
ratio. For the repository, the requirements for containment and preservation
of the retrieval option would be inconsistent with allowing significant roof
falls or pillar damage. Hence, the potential for surface subsidence during
the preclosure period must be excluded. In the longer term, the potential
for subsidence will be limited by conservative pillar design and maintaining
reasonably low extraction ratio. The role of backfilling is currently being
investigated in subsidence control and creation of preferential pathways for
water migration.

Limit postclosure drift collapse by backfilling

If the excavations of a repository are not backfilled before decommis-
sioning, there is a potential for progressive collapse of at least portions
of the underground excavations as the ground support system deteriorates.
Whether such collapse constitutes a potentially adverse condition is
addressed by this issue, by assessing if the potential for such collapse
would cause the goals of performance issues to be violated (see function 4).
The present design basis is that the underground excavations will be back-
filled before closure of the underground facility.

Function 4: Design thermal loading, taking into account performance
objectives and thermomechanical response of the host rock

As required by 10 CFR 60.133(i), the thermal loading of the repository
will be selected so that the postclosure performance objectives will be met,
taking into account the thermal and thermal-mechanical response of the host
rock. In addition, there are performance objectives relating to environ-
mental impacts at the ground surface above the repository. Because these are
postclosure requirements, the repository engineered barriers (System Element
2.2.2) and the far-field (System Element 2.1.2) are identified as the most
important to ensuring that these performance objectives are satisfied.

Table 8.3.2.2-4 identifies six processes that contribute to meeting this
functional requirement. Of these six, three are directly concerned with the
thermal field in the immediate vicinity of the waste package and below the
underground facility, and two are related to potentially deleterious rock
movement. The remaining process is concerned with surficial effects.

Limit temperature change in adjacent strata

The most credible path to the accessible environment is via the ground-
water system. Because the repository is to be constructed in partially
saturated material, this implies that the material between the underground
facility and the water table below is important to the site performance.
Some of the units below unit TSw2 (including the Calico Hills unit) are sub-
ject to mineralogic changes when they dehydrate. This may cause chemical and
physical effects that could be detrimental to waste isolation. Accordingly,
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Table 8.3.2.2-4. Performance measures, goals, and needed confidences for designing thermal loading
taking into account performance objectives and thermomechanical response of host rock
(postclosure design function 4) (page 1 of 2)

0

14

co
LIj

,. 

"I

-J

Process Needed
Possible Glelid 'on Performance masure Tentative goal Contidence

Lit teratze chamgs ln backup Tmerature 4-0 Limit tperature of CHn to NediM
elctd barriers <115Cb

4-P Limit temperature of TSw3 to Medium

Lilit deleterious rock move- backup Potential for significant dis- 4-Q Relative motion <1 a at the Mediu
ment or prterred pathways placement (see Issue 1.1) top of TSW1

- No intact rock failure8

- No continuous joint lip*

Limit impact on urface backup Tperature 4-ft RisC in surface temperature less LOW
enviroment than CO9

Surface uplift 4-S Surface uplift less than 0.5 co Low
per year'

Vary borehole and drift Ses Thermal loading 4-S Design basis thermal loading High
spacing to control theml less than llowable thermal
loading and container loadingh
to prature

orehole wall temperature1 4-U TeSperature <275iC High

ock mas temperatur J 4-V Tp erature at 1 from bore- Nigh
hole <200Ck

Llit potential tor borehole TS Stress, deformation, factor of 4-* boreboles that do not load High
collapse safety, and potential rock container beyond limits

tall imposed under Issue 110
(Section .3.4.2)k

Limit corrosiveness of co- Yes Time container is above boiling 4-X ajority of borehole "as above High
tamer environmeat temperature of water boiling temperature of water

(Issue 1.10) for 300 yrn

C)I

I-

t,

4X
M-

*4-0 indicates function 4 and goal
goals of this table.

bCalculated with mea poperties.
goals.

0. This designator is carried over to Table .3.2.2-5 to associate data of that table with

See Issue 1.4 (Section 6.3.5.12) for a discussion of disturbed zone and basis for these



Table 8.3.2.2-4. Performance measures, goals, and needed confidences for designing thermal loading
taking into account performance objectives and thermomechanical response of host rock
(postclosure design function 4) (page 2 of 2) 0

footnotes (continued) 

*Issue 1.1 equirement is that the relative motion of the rock be less than 1 a (Section 8.3.5.13). To provide confidence
that the goal is met Iu 1.11 provides the additional constraints under goal 1-0.

*unconsolidated mterial and disturbed one excluded from intact rock failure criteria.
*continuous joint slip from surface to disturbed zone or from disturbed on to water table.
90nit evaluation goal retained ia performe allocation process. urther evaluation of this goal is planned.
9Unit evaluation natural analogue goal retained and converted to rate in performance allocation process.
bAllowabl tionl loadi tD) will be determined by goals (o) through (). Current design basis is Oequivalont energy

density through 2,000 yr to 10 yr old "ra barnp spent fuel soplaced at 57 k/acre (as per unit evaluation).
* t horehole wall tperature chosen so that spent fuel wast terature will not xceed 3S0C using current canister designs
* (cf.. Issue 1.10).

ST. ensure as-built facility does not violate bounds of properties investigated in license application and to limit the
j<, potential for adverse ttess conditions due to high tperature thermal expansion of the rock.
* k2000C at 1- my be replaced with am other masure of the volus of rock that my exceed the bounds of temperature for
' ewhich the rook properties wero investigated for license application.

1 Goal is that borehole calculations using average properties rock and waste) and design basis gcstry will rsult in
stresses, deformations, and factors of safety that are indicative of stable conditions for the average package. This will imply
reasonable confidence that the goal is mt.

*OGl is that borehole calculations using &werge properties (rock nd water) and design basis geometry will result in the
majority of to boteholo well being above boilLg or ore then 300 yr. This will imply reasonable confidence that the goal is
met.
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a tentative performance goal of limiting the extent of those units that may
be subject to dehydration due to increased temperature has been set. That
goal, which is intended to minimize the extent of potentially adverse
effects, should be dictated by performance assessment considerations, which
are addressed under Issue 1.6 (ground-water travel time, Section 8.3.5.12).

Limit potential for deleterious rock movement or creating preferential
pathways

During the postclosure period primary concern over deleterious rock
movement or preferred pathways rests with maintaining the integrity of the
natural barriers.

The thermomechanical effect most likely to affect natural barrier per-
formance is permeability change. Away from the excavations, permeability
change should be limited and occur primarily in existing fractures. Fracture
permeability is not believed to be an important process in natural barrier
performance (Section 6.4.1 of SCP-CDR) (SNL, 1987). The largest permeability
changes will most likely be associated with rock movement around the emplace-
ment boreholes, the emplacement drifts, or along faults. If the effects of
such disturbances do not result in an extension of the disturbed zone, as
described under Issue 1.6 (ground-water travel time), this should not impact
the ability of the natural barrier to isolate the waste. Accordingly,
limiting the potential for permeability changes is identified as a backup
process.

An explanation of the relationship of thermomechanical effects to the
current understanding of hydrologic processes in the unsaturated zone at
Yucca Mountain is given in Section 6.4.1 of the SCP-CDR. Determination of
the system performance goal (<1 m of relative motion of the rock) has been
set by Issue 1.1 (total system performance, Section 8.3.5.13). If the goal
does not adequately maintain the natural hydrologic processes at the site,
then the potential exists to adversely affect system performance or releases
to the accessible environment. This would most likely be associated with
rock movement around the emplacement boreholes and drifts. Table 8.3.2.2-4
considers, as part of designing the thermal load, limiting the potential for
deleterious rock movement and creating preferred pathways through controlling
intact rock failure and continuous joint slip.

Limit surface impact

Temperature change and uplift are the plausible effects of the reposi-
tory that may be detectable at the ground surface above the underground
facility. A limit on the temperature change at the surface of 6 degrees
Celsius has been selected. The performance goal for surface uplift, namely,
that it should be comparable with natural analogues, is set so an analogy to
naturally occurring rates of surface erosion can be made.

Limit near-field temperature changes

The temperature in the vicinity of the waste package is controllable,
because it is dependent upon individual canister power generation and spacing
and on overall thermal loading (areal power density (APD)). The spacing and
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APD, which are in turn functions of the emplacement borehole spacing and the
emplacement drift spacing, will be selected to satisfy the performance goals
identified in Table 8.3.2.2-4.

For the immediate vicinity of the container, two performance goals are
specified. These are the peak emplacement borehole wall rock temperature,
which should be less than 2750C if the peak temperature criterion for the
waste form is to be met (see also Issue 1.10, Section 8.3.4.2), and the volu-
metric limit on temperature rise, which ensures the design of the facility
does not exceed the limits of properties measured. These goals are to be met
subject to the additional constraint that the containers should be suffi-
ciently hot, for the first 300 yr after emplacement, that the borehole walls
should remain substantially dry. This constraint derives from a goal,
defined under Issue 1.10, that the corrosiveness of the container environment
be limited by ensuring that the containers remain dry.

Limit potential for borehole collapse

During the postclosure period, primary concern rests with the integrity
of the waste package. The waste package is being designed considering loads
during the preclosure and postclosure periods (Issue 1.10). The provisions
for assurance that the design basis is not exceeded are discussed under func-
tion 1 and include skipping and isolating and locally adjusting the thermal
load in regions that do not meet performance criteria. Such adjustments must
be within the range of effects considered in the NRC license. If such
measures do not adequately isolate the ground not meeting those criteria,
then the potential exists for breaching containment. This would most likely
be associated with rock movement around the emplacement boreholes. If the
effects of such disturbances do not result in excessive loads on the waste
package, this will not impact the ability of the repository to meet perform-
ance criteria.

Limit corrosiveness of container environment

This process is not derived directly from 10 CFR 60.133. Instead, it is
a requirement placed on underground facility design by waste package design
(Issue 1.10). The rationale for this requirement is discussed under that
issue.

Interrelationships of the information needs

The seven information needs under this issue are

Information
need Subject

1.11.1 Site characterization information needed for design
(Section 8.3.2.2.1)

1.11.2 Characteristics of waste package needed for design of
the underground facility (Section 8.3.2.2.2)
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Information
need Subiect

1.11.3 Design concepts for orientation, geometry, layout, and
depth of the underground facility that contribute to
waste containment and isolation including flexibility to
accommodate site specific conditions (Section 8.3.2.2.3)

1.11.4 Design constraints to limit water usage and potential
chemical changes (Section 8.3.2.2.4)

1.11.5 Design constraints to limit excavation-induced changes in
rock mass permeability (Section 8.3.2.2.5)

1.11.6 Repository thermal loading and predicted thermal and
thermomechanical response of the host rock (Sec-
tion 8.3.2.2.6)

1.11.7 Reference postclosure repository designs (Sec-
tion 8.3.2.2.7)

As is shown on Figure 8.3.2.2-2, there is a direct relationship between
the logic for issue resolution shown on Figure 8.3.2.2-1 and the information
needs because the information needs were derived from what must be done for
this issue to demonstrate compliance with 10 CFR 60.133. The information
needs can be categorized as follows:

1. The first two (Information Needs 1.11.1 and 1.11.2) are collections
of the information needed to resolve this issue and hence are
closely related to the parameter' step of performance allocation
(Figure 8.3.2.2-2).

2. The next four (Information Needs 1.11.3 through 1.11.6) correspond
to an issue resolution function of this issue (Figure 8.3.2.2-2).

3. The last (Information Need 1.11.7) is a summary of design informa-
tion that will be provided by this issue to resolve performance
assessment issues.

Data and analytical requirements for this issue are discussed in detail
under the information needs. The data required to resolve this issue basi-
cally fall into one of three categories: (1) information from other issues,
(2) site geologic data, and (3) rock properties data. The last two are
discussed under the first information need in Section 8.3.2.2.1.

The first information need is satisfied by compiling all the site data
requirements identified by Information Needs 1.11.3 through 1.11.6, address-
ing the question of how well these data need to be known and passing it to
the site characterization issues.

The second information need (similar to the first) compiles a list of
waste package data needed to resolve this issue. This information need
interfaces with Issue 1.10 (waste package characteristics (postclosure)).
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Information Needs 1.11.3 through 1.11.6 discuss (1) the approaches
(design activities) that will be used to ensure that performance goals are
met with the appropriate level of confidence and (2) the data required by
these approaches. The analytic techniques required to resolve this issue
fall into one of two types: (1) the interactive graphics model or (2) geo-
mechanical models. The first of these types is discussed in Information
Need 1.11.3 and the second in Information Need 1.11.6.

The final information need under this issue documents the reference
postclosure design and thereby provides the basis for satisfying Part b (pro-
vide information to support resolution of the performance issues) of the
Issue (1.11).

The schedule information for Issue 1.11 (configuration of underground
facilities) is presented in Section 8.3.2.2.8.

8.3.2.2.1 Information Need 1.11.1: Site characterization information needed
for design

This information need does not correspond to an issue resolution func-
tion identified in the approach to resolving the issue discussion under Sec-
tion 8.3.2.2. Rather, it summarizes the data requirements of other infor-
mation needs of this issue and transmits these data requirements to the
appropriate site characterization issues. This information need receives the
experimental data from the characterization issues and then these data are
properly converted from site measurements into reference information base
(RIB) values that can be used by the other information needs of this issue
and other issues. This information need will be satisfied by the following
three products:

1. Data requirements list--identify site data needed from character-
ization issues (including how well data is needed to be known) to
design the underground facility to contribute to containment and
isolation.

2. Reference thermal/mechanical stratigraphy--document the three-
dimensional thermal and mechanical stratigraphy of Yucca Mountain as
contained in the interactive graphics information system as the ref-
erence basis for design and performance assessment.

3. Reference thermomechanical rock properties--conversion of measured
data to reference data and transmission to the RIB for rock prop-
erties required by this issue.

Technical basis for addressing the information need

In the following subsections a link is established between this infor-
mation need and the SCP technical data chapters and supporting documents.
Specific site characterization parameters and the logic used in identifying
how well they need to be known for resolution of this issue (1.11) are iden-
tified in this information need. Technical details of why a specific data
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Link to the technical data chapters and applicable support documents

Existing design activities and results, which are the basis for the
approaches proposed in the logic subsection, are discussed in Section 6.4.2
of this document and in Chapters 7 nd 8 of the Site Characterization Plan-
Conceptual Design Report (SCP-CDR) (SNL, 1987). The current design data base
used in existing design activities and used for comparison to the data needs
given in the parameters subsection is given in SCP Section 6.1.2. A more
complete discussion of current data is found in Chapter 2 for site data and
in Chapter 7 for waste package data. Test plans for gathering additional
site data needed by this issue (1.11) can be found under the rock character-
istics program (Section 8.3.1.4), the thermal and mechanical properties
program (Section 8.3.1.15), the geohydrology program (Section 8.3.1.2), the
geochemistry program (Section 8.3.1.3), the postclosure and preclosure tec-
tonics programs (Section 8.3.1.8 and 8.3.1.17), and the climate program
(Section 8.3.1.5).

Parameters

Data needs given in this section are listed by the performance alloca-
tion function and performance goal for which they are required. The ration-
ale behind the required site data is given in the subsequent logic section
and in the individual information needs. The data required are numbered by
the function number followed by a dash and the goal letter. For example, 4-W
indicates a data need for function "4" to satisfy goal W.' Where appropri-
ate the data needs of individual functions and goals are grouped.

The data required for the design activities that determine if the goals
of this issue are met are given in Table 8.3.2.2-5.

Logic

Inputs received from the other information needs of Issue 1.11 are used
to compile an integrated list of site information and data to resolve this
issue. The completeness of site information requirements needed to resolve
Issue 1.11 will be checked by reviewing its processes and goals and by iden-
tifying the interactions and response of the site to the design (e.g., site-
specific effects of excavation and release of heat by the waste); once the
response of Yucca Mountain to the design is adequately described using site-
specific data, the site information items needed to resolve this interaction
will be deemed complete.

In the subsequent discussion, the logic behind the data needs is organ-
ized by products.

The area-needed determination (product 1.11.3-1) depends on site data
through the allowable areal power density. Information Need 1.11.6 (Sec-
tion 8.3.2.2.6) discusses the site data related to that parameter.

The usable area and flexibility evaluation (product 1.11.3-2) requires
the use of the interactive graphics information system (IGIS). Information
Need 1.11.3 (Section 8.3.2.2.3) explains how these data contribute to the
product. Data required for the use of the IGIS include
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TUble 8.3.2.2-5. Performance parameters and tentative goals for Issue 1.11, configuration of underground
facilities (postclosure)a (page 1 of 12)

0
10

I-

ir

telated
function nd Obtined
performance Performance Tentative Needed Expected Current from SCP

go9b1 a parameter odifier goald confidence value confidence section

1-A Layout

Topography

Drawing of underground
facility location

Contour map of primary
area and extensions

Dimensions accurate
to 3 a

Contours accurate
to 7.5 a

Medium Dimensions accurate
to 20.5 e

Medium Contours accurate
to ±3 -

Medium 8.3.2.5

Medium 8.3.1.14

Contour Map of areas
with minim over-
burden

uln3

Contours accurate
to ±3 M

Contours accurate
to ±30 a

Nigh Contours accurate
to t3 a

Mediu Contours accurate
to 30 a

Medium 8 3.1.14

Elevation of unit
contacts for
positioning
underground
facility'

Structure contour maps
on upper and lower
contact of TSw2 in
pzimry area and
extensions

Low 8.3.1. 4

Structure contour map
on lower contact of
TSw2 in areas of min-
imas overburden

Structure contour map
on upper contact of
TSw2 in areas of mn-
im groundwater
travel time

Contours accurate
to 10 a

Contours accurate
to 10 -

High Contours accurate
to 10 me

Medium Contours accurate
to 10 o

Low

Low

8.3.1.4

8.3.1.4

Water table
elevation

contour Map of water
table in primary
area and extensions

Contours accurate
to 7.5 a

Mediuu Contours accurate
to ±7.5 *

Medium 8.3.1.2
0

.

I-t



Table 83.2.2-5. Performance parameters and tentative goals for Issue 1.11, configuration of underground
facilities (postclosure)6 (page 2 of 12) 0

Related Otie
function and Obtained
performance Performance Tentative Needed Expected Current from SCP

goalb,0 parameter Modifier goald value confidence section

1-A
(continued)

Contour map of water
table in areas with
minimu ground-water
travel time

Contours accurate
to 10 a

High Contours accurate
to 10 o

Medium 8.3.1.2

N1)

.)
wh

Fault descrip-
tions for
positioning
underground
facility

map of fault locations
showing dip and dis-
plae ent for primary
area and extensions

Locations accurate
to 30 g

Actual strike and
dip t10 for
each fault

High Locations accurate
to 30 

High Average strike and
dip 100 for
each faults

Medium Displacement mea-
surements accu-
rate to ±2 0!

Medium 8.3.1.4

Medium 8.3.1.4

Displacement mea-
suremeats accu-
rate to ±2 a

Low 8.3.1.4

Classification Standard practice LoW Standard practice Low 8.3.1.4

Recurrence time for
5 co displacement

>1,000 yr High (h) Low 8.3.1.8

Eploratory bore-
hole locations

Coordinates of position Coordinates accu-
of boreholes rate to 3 

High Coordinates accu-
rate to 1 s

Medium 8.3.3.2

1-3 Goals of Issues
1.1, 1.6, and
1.10

?ertormance objectives
affected by emplace-
ment borehole design

See Issues 1.1,
1.6, and 1.10

Not
appli-
cable

Not applicable Not
appli-
cable

8 .3 .5. 13,
8.3.2.12,
8.3.4.2

1-C Hydrothermal
model
describing bow
moisture os
in host rock

Data of Issue 1.1 See Issue 1.1 High (h) Low 8.3.5.13

C)
0~

0Xl
M-



Table 8.3.2.2-5. Performance parameters and tentative goals for Issue 1.11, configuration of underground
facilities postclosure)l (page 3 of 12)

0

:0
D
.4

3-

Related
function and Obtained

performance Performance Tentative Needed Expected Current from SCP
goulb-* parameter Modifier goald confidence value confidence section

1-D Results of rock
mas classifi-
cation work
of Issue 4.4

Identification of
acceptable rock mass
classifications

See Issue 4.4 High See Issue 4.4 Low 8. 3.2.5

1-E
1-r

Saturation

;.

t.,

I

During development
around the excava-
tions

During developoent
around the excava-
tions

<90% High 65 to 85% Low

Geochesistry

1-C See function 4
for data
required

1-N See function 4
for data
required

See Issue 1.10 Medium See Issue 1.10 Low

8.3.1.2,
8.3.5.16

8.3.1.3,
8 .3.5. 16

8.3.2.2

8.3.2.2

Goal 1-C requires results of thermal calculations of function 4. Hence, data
required (heat capacity, initial temperature, container output, etc.) are
called for under that issue.

Coal 1-N requires results of thermal calculations of function 4. Hence, data
required (thermal properties, initial stress, trength, etc.) are called
for under that issue.

2-I Material inven-
tory

Geochmical
effets

2-J Planned water
useg

Water usage is
zsr

Proposed inventory See Issue 4.4 High () Low 8.3.2.5

Cffect of inventory It) Mediue

High

(h) Low 8.3.4.2

For mining operations See Issue 4.4 (h) Low 8. 3.2. 5

8.3.1.2

0

,..
.4 

I
For aining operations See Section 8.3.1.2 Oedium Ih) LOW



Table 8.3.2.2-5. Performance parameter. and tentative goals for Issue 1.11, configuration of underground
facilities (postclosure)a (page 4 of 12)

0

:0

(P

.4

I-

Related
function nd

9C

t.3

lormance erfommeace
oa1b. parnmeter

Goals of las
1.1

3-K zzcavatioa
etbod

Disturbed oo

Blast-induced
permeability

dLL y u

3-L Layout

3-H Laou

3-1 Proposed backfill

4-1 teak ground
acceleration
from probabi-
Ity "tes
ground .otioo

4-X Topogtpy

-

hodif ier

Allowable aturations

Proposed method

Definition

Around xcavations

Drawings of layout
of underground
facility

excavation dimansions

Ieight of fill

For Sw2 in primary
atr and xtonsions

Contour asp of location
of ground surface in
primary aea and
etensions for use
in tbel modeling

-

Tentative
90o1a

See Section
8.3.5.13

See Issue 4.4

See Section
8.3.5.12

t50% of in situ
permeability

uwaaensions accurate
to *0.5 a

Dimensions accurate
to 10.5 a

Nonasite data

0.5 to 0.79 with
>10,000-yr return
period

Contours accurate
to t30 a

-

Needed
confidenci

Medium

Mediun

Medium

Kedium

High

High

Mediuo

"edim

Expected Current
value confidence

Not applicable Not
appli-
cable

See Issue 4.4 Mediu

Not applicable Not
appli-
cable

Wb) Low

Dimensions accurate Medium
to *0.5 a

Dimensions accurate Mediu
to 0.5 a

Nonsite data MA

(h) Low

Obtained
from SCr
section

8.3.5.13

8.3.2.5

8.3.5.12

8.3.1.15

8.3.2.5

8.3.2.5

8.3.2.5

8.3.1.17

Hediu Contours accurate
to 30 a

Medium 8.3.1.4
4-S
4-0
4-P
4-0
4-R
4-S



Table 8.3.2.2-5. Performance,parameters and tentative goals
facilities (postclosure)* (page of 12)

for Issue 1.11, configuration of underground

Related
function and Obtained
performance Performace Tentative Needed Expected Current from SCP

goajbu prter Fodifier goald confidence value confidence section

4-X
4-T
4-0
4-?
4-0
4-R

cD 4-3

Geologic tru
ture to wat
table (locatiom
of faults for
thenl
moling)

Geologic strati-
grapby to water
table location
of unit con-
tacts for thor-
"I modling)

I

4-X
4-S
4-0
4-P
4-Q
4-R
4-S

Map of location of
faults ln primary
area ad extensions
tor se n tbermal
modelin

Structure contour maps
on upper and lower
contacts of ?Sw2 in
primary area and
extensions

Structure contour map
on lower contact of
Su2 in areas witb
minia overburden

Location accurate
to 150 a

Contours accurate
to 30 a

Contours accurate
to 10 

Medium Location accurate
to 150RO

Fedium Contours accurate
to 30 a

Mediun Contours ccurate
to 10 no

Low

LOW

Low

8.3.1.4

8.3.1.4

8.3.1.4

Structure ctour map
on upper contact of
TSw2 ln areas witb
miniasm ground-water
travel tim

Structure oontour map
on upper and lower
contacts of other
units in primary
area and extensions

Contours accurate
to 10 a

Contours accurate
to 6so -

Hedium Contours accurate
to t10 me

Nudiun Contours accurate
to ±60 *

Low

LOW

8.3.1.4

5.3.1.4



Table 8.3.2.2-5. Performance parameters and tentative goals for Issue 1.11, configuration of underground
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Related
function and Obtained
performance Performance Tentative Needed Expected Current from SCP

goalb o parameter Modifier goald confidence value confidence section

4-U
4-V
4-v
4-X

C plac ee eot go- Drawing locating bore-
_ try holes and containers

Drawing locating drifts

Dimensions accurate
to ±30 co

Dimensions accurate
to 3 

High Dimensions accurate
to 30 cm

Medium Dimensions accurate
to 3 

Medium

Medium

8. 3 2.5

8.3.2.5

4-U
4-S

U) 4-V

bJ4-X

ra 4-W
I1 4-0

CD 4-P
4-Q
4-T
4-R

Container thermal
output

Container dimen-
sions

Waste inventory

Thermal output as a
function of aste
age and bdrnup

(k)

(k)

Nonsite data&Jk

Nonsite datak

Nonsite datak

Not
appli-
cable

Not
appli-
cable

Not
appli-
cable

Nonsite data

Nonsite data

Nonsite data

Not
appli-
cable

Not
appli-
cable

Not
appli-
cable

8.3.4.2

8.3.4.2

8. 3 4.2

4-U
4-S
4-V
4-X
4-U
4-0
4-P
4-Q
4-T
4-R

Initial tpera-
ture for
thermal model-
ing

Of TSw2 in primary
area and extensions

Mean annual air temper-
ature for primary
area

Temperature accu-
rate to 36CI

Temperature accu-
rate to 30C

Hedium Temperature - 234C
to 266C t l.56C-

Medium Temperature - 16 C
to t1 C-

Medium 8.3.1.15

Medium 8.3.1.12

4-W
4-Q
4-S

Initial stress
state for pri-
mary area and
extensions

Vertical stress and
magnitude and direc-
tion of minimum and
maximum horizontal
stream

Vertical stress
accurate to
± 1 MP&

Medium Vertical stress -
weight of over-
burden

Low to
medium

8.3. 1 15



Table 8.3.2.2-5. Performance parameters and tentative goals for Isue 1.11, configuration of underground
facilities (postclosure)- (page 7 of 12)

Related
function and Obtained
performance Performance Tentative Needed Expected Current from SCP

goalbO parameter Hodifier goald confidence value confidence section

4-U
4-S

co 4-V
4-X
4-V
4-0

rs.) 4-P
I11 4-Q
1-1 4-T

4-R

4-U
4-S
4-V
4-X
4-V
4-0
4-P
4-0
4-T
4-R

Heat capacity

Thermal conduc-
tivity

TSW2 <275*C

TSv3 and Cnl <15C

8elow CHnlP <100C

TSvW <275C

Above TSvlP <50C

TSw2 <275C

TSw3 and Cn <1151C

below CHn1P 100*C

TSwl <2756C

Above T Svw <SOC

Horizontal treass
accurate to
t2 Pa

Current ean t10%

Current ean° t10%

Current mean° t10%

Current mean 10%

Current mean°

Current mean°

Current mean°

Current *eane

Current *nan-

Current mean-

tlO

±20§

±20%

±20%

t20%

±20%

Low Horizonal/vertical

High

Medium

Low

Medium

Low

High

Medium

Low

Medium

Low

stress ratio -
0.3 to 1 for TSw2

See Table 6-16

See Table 6-16

See Table 6-16

See Table 6-16

See Table 6-16

See Table 6-16

See Table 6-16

See Table 6-16

See Table 6-16

See Table 6-16

Low

Low to
medium

Low to
medium

Low

Low to
medium

Low

Low to
medium

Low to
medium

Low to
medium

Low to
medium

Low to
mdium

8. 3. 1. 15

8. 3. 1. 15

8.3.1.15

8. 3. 1. 15

8.3. 1.15

8.3. 1. 15

8.3. 1. 15

8.3. 1. 15

8.3. 1.15

8.3.1 15

.3. 1 15



Table 8.3.2.2-5. Performance parameters and tentative goals for Issue 1.11, configuration of underground
facilities postclosure)a (page 8 of 12)

Related
function and Obtained
performance Perfornce Tentative Needed Expected Current from SCP

goalb.a paraeter odifier goald confidence value confidence section
I-

4-W Coefficlet of
4-0 tberal eupam-
4-S los

.Sw2 275C

11.3 and Cnl 115*C

Dlow Ca <100C

Current Mean 15%

Current Mean 15%

Current manO ±15%

Current Man 15%

Current Mean lS

Nigh

medium

See Table 6-16

See Table 6-16

.
OD

r' )
I

TSw1 275C

Above TSw1 <501C

TSw2 for 0-100 HWa

T3w3 and Cnl

below Calq

Low See Table 6-16

Medium See Table 6-16

Low See Table 6-16

4-V
4-S
4-S

Young's modulus Current man

Current mean

Current Maen

l15%

±15%

*15%

N w1 for 0-100 We

Abov Tw1C

Current ean 15

Current ean 15S

High

Medium

Low

Medium

Low

High

Medium

LoW

Medium

LoW

See Table

See Table

See Table

6-12

6-12

6-12

See Table 6-12

See Table 6-12
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Lo to
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8.3.1. 15
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4-V
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TSw1 for 0-100 Wa
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See

See

See
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Table 8.3.2.2-5. Performance parameters and tentative goals for Isue 1.11, configuration of underground
facilities (postclosure)* (page 9 of 12)

?erfozmanceRelated
function and
performance

901b, 0

4-V
4-Q
4-S

Pertos unce
parmter

Poisson'a ratio

Modifier

15.2 for 0-100 Wa

1W3 an Clq

S"low Cftlq

15.1 for 0-100 Wa

Above ISW

In itu conditions and
repres ntative strain
rate'

Curwe

Currei

curt..

Curral

Cutrei

Currei

Tentative
goal'

it mean* 12

nt mean- t2

nt mean' *A

it mean* t2

it oean t:

nt mean 2

to,

to%

lt

lt

t020%

Needed
confidence

kediu See

LOW Sea

Low See

Low See

LOW Soo

Low See

Hediuo SeH

Expected
value

Table 6-12

Table 6-12

Table 6-12

Table 6-12

Table 6-12

Table 6-12

OD

(A)

ILI

WA

Current
confidence

Medium

Low to
medium

Low to
medium

Low to
medium

Low

Low to
medium

Low to
medium

Low to
medium

Obtained
from SCP
section

8.3.1.15

*8.3.1.15

8.3.1.15

8.3.1.15

8.3.1.15

8.3.1.15

8.3.1.15

8.3.1.15

4-K Matrix unconfined
4-Q cmpressive
4-S strength tor

units other
tba, 15w2 and
1w

4-V Matrix angle of
4-0 interona tric-
4-S tion for unitc

otber tn 15.2
and TS11

4-U Matrix cobesion
4-Q tor snits otber
4-S than 152 and

15.1

In situ conditions and Current mean' 20 Medium Seo Table 6-12
representative strain
tatee

In situ conditions and Current mean 20% Medium See Table 6-12
representative strain
rate'



Table 8.3.2.2-5. Performance parameters and tentative goals for Issue 1.11, configuration of underground
facilitiea postclosure)' (page 10 of 12)

Related
function and Obtained
performance Performance Tentative Needed Expected Current from SC?

goalbe parmeter Modifier goald confidence value confidence section

:U

.4

V,

4-V Rock capresaiwe
4-Q *trength to
4-S TSW1 am 1.2

4-V Joint angle of
4-0 internal fric-
4-S tion for units

other than 1.2
and TS1

0-100 We and repre-
sentative strain
rate

Current an* t20% High (h) Medium 8.3.1.15

co

.,

.9

In situ conditions and
representative *train
rate

In situ conditions and
representative atrain
rate

Current mean' 15%

Current ean 15%

Medium See Table 6-13

Medium See Table 6-13

Low 8.3.1.15

4-V
4-0
4-S

Joint cohesion
for units other
than TSw2 and
TS11

Low 8.3.1.15

4-V
4-Q
4-S

Large-scale
joint strength
for TS1 ad
T5w2

0-30 Ia normal stress
and representative
strain rate

Current wan' 20% High (h) Low 8.3.1.15

4-0 Joint normal
4-V stiffness

TSw2 See Table 6-13' Medium See Table 6-13t

LOW See Table 6-13t

Low

Low

8.3.1.15

8.3.1.1S13.1, TSw3, and CHal See Table 6-130

Joint sheer
stiffness

TSW2 See Table 6-13' Medium See Table 6-13t

Low See Table 6-13t

Low

Low

8.3.1.15

8.3.1.15TSw1, 5M3, ad CHnl See Table 6-130

Joint spatial
oriestatias

T5w2 See Table 6-15' Medium See Table 6-15 Low 8.3.1.4

T341, T33, d Cl Se Table 6-15' LOW See Table 6-15 Low 8.3.1.4



Table 8.3.2.2-5. Performance parameters and tentative goals for Issue 1.11, configuration of underground

facilities (postclosure)l (page 11 of 12)
H

I

0
D

c~I

.

n1

Related
function and Obtained
performance Performance Tentative Needed Expected Current from SCP

goalb,. parameter Modifier goald confidence value confidence section

Joint abundance TSw2 See Table 6-15 Medium See Table 6-15 Low 8.3.1.4

TSw1, Sw3, and CHnl Set Table 6-15 Low See Table 6-15 Low 8.3.1.4

Joint persis- TSw2 See Table 6-15 Medium See Table 6-15 Low 8.3.1.4

tence
TSwl, TSw3, and CHnl See Table 6-15 Low See Table 6-15 Low 8.3.1.4

Joint wall com- TSw2 See Table 6-15 Medium See Table 6-13 Low 8.3.1.15
pressive
strength TSwl, Sw3, and Cnl See Table 6-150 Low See Table 6-13 Low 8.3.1.15

Joint roughness TSw2 See Table 6-150 Medium See Table 6-13 Low 8.3.1.15
co fficient

TSwl, TSw3, and Cnl See Table 6-150 Low See Table 6-13 Low 8.3.1.15

aAbbreviations used in this table art defined as follows: ESF - eploratory shaft facility; TSwl - lithophysal portion of
Sopopah Spring welded unit; Sw2 low lithophysal portion of Topopab Spring welded unit preferred thermomechanical emplacement
unit); TSw3 basal vitrophyre Topopah Spring; CHnl - tuffaceous beds of Calico Hills. See Chapter 2 for more complete description
of units.

bwals are ranked in judged order of importance of data item to issue resolution.
*1-A indicates function and goal A. This designator is used to associate data requirements of this table with goals of

Tables 8.3.2.2-1 through 8.3.2.2-4.
dCurrent man is value given in current reference information (Tables 6-11 through 6-16).

Expected value based on judgement.
ft levation of the contacts of the thermal/mechanical unit Sw2 determined using data that already exists plus data to establish

the top and bottom of unit Sw2 at the following approximate locations: (1) Midpoint of western ridge; (2) Northern extension of
primary area: a) 775000 - 559000, b N772500 - 560500, c) 773500 - 563500; and (3) Southeast xtension of primary area:
a) N760500 - 563000, b) X758500 - 561000, c) 757000 - 560000; and also by reevaluating existing borehole data: (1) Drill Hole
wash series; (2) Role series. Further lateral drifting from exploratory shaft will be used to (1) confirm contact between TSwl
and TSw2; (2) confirm fault locations at underground facility depth (for 2 or 3 faults, as intersected by lateral drifts): (3)
confirm fault offsets in current structural model; and (4) provide drifting construction experience in faulted welded tuff.

t

1
C)
I.,.

H0

CD



Table 8.3.2.2-5. Performance parameters and tentative goals for Issue 1.11, configuration of underground
facilities poatclosure)' (page 12 of 12)

footnotes (continued)

'Averaged across the site, not accuracy at a given point.
hinadequate information exists to establish expected value, but it is anticipated that a value satisfying the goal will be

obtained.
1Accuracy determined by Issue 1.10 (Section 8.3.4.2).
SCalculations done to resolve this issue are based on power as a function of time (initial power and normalized decay

function). As long as standard deviations of initial value and decay coefficients are no more than ten percent, calculations done
to determine if goals of this issue are met should be valid.

kSee Information Need 1.11.2 Section 8.3.2.2.2) for details and accuracy.
O I'Existing data should be sufficient. Teperature could be a function of position in unit TSw2.
W 'Calculations are based on a vertical stress determined from the weight of the overburden and a horizontal to vertical stress

ratio (, - 0.3 to 08). Calculations done to determine if the goals of this issue are met should be valid if the stresses so
o calculated are within the tentative goal specified for the in situ stress. Note: the tentative goal specified for the in situ

stress is an estimate; if it can be shown with reasonable assurance that the minimu K is greater than 0.2, a lower accuracy for
the tentative goal would be acceptable.

*Oean and standard deviation as a function of saturation.
*If the in situ rock t representative conditions has a distribution of property values which have the required confidences

such that an adequate portion of the samples fall within the range prescribed by the current mean and percentage (percentage given
in the table), then the calculations done to determine if the goals are met should be valid. If the distribution of property
values does not meet this condition, then () the calculations will have to b reevaluated, (2) the calculations will have to be
redone with new property values, (3) the design will have to be changed, (4) the accuracy of the data will have to be improved, or
(5) the goal will not be met. Representative conditions are ppropriate values of one or more of the following: saturation,
stress, temperature, fracture, or jointing characteristics, etc., averaged over a representative volue.

PMean and standard deviation rpresentative at in situ saturation.
'At in situ conditions.
tProperty representative of the volume o rock between dominate jointing.
"Sensitivity studies evaluating parameter range and goal have not yet been performed.
'These parameters can be calculated fro values in Table 6-l3. 
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1. Stratigraphic data including strike, dip, thickness, and geographi-
cal location of distinct intervals (isopach data) and densities,
orientations, and apertures of stratigraphically controlled frac-
tures and lithophysae.

2. Structural data including locations, offsets, and widths of faults
and fault zones; densities; orientations, and apertures of tectonic
fractures.

3. Hydrologic model of Yucca Mountain including hydrologic flow paths,
location of water table, and potential for perched water.

4. The potential for ground movement, which will be determined as
described in Section 8.3.1.8.

How well the data that are input into this model need to be known has
been determined by interactively using this model or by geometric figures
representing the intersection of surfaces in this model to determine how much
error in the data would result in a violation of the goal. For example,
fault dips were varied to determine how much angular error in dip would
result in unacceptable impacts on positioning of the underground facility and
usable area.

The horizontal-versus-vertical emplacement decision (product 1.11.3-3)
requires no site data beyond that required for the design of either mode
(e.g., host rock physical and geomechanical properties, in situ principal
stresses, fracture and fault geometry, and stratigraphy). This product draws
on other issues (principally, Issue 4.4--preclosure design and technical
feasibility) and depends on site data through those issues.

The drainage and moisture control plan (product 1.11.3-4) approach is
still under development. For the design of the underground facility to con-
tribute to waste containment and isolation, the drainage and moisture control
plan will be based upon the performance assessment approach to system per-
formance (Issue 1.1, Section 8.3.5.13). This performance assessment approach
is still being documented. The approach to developing the drainage and mois-
ture control plan is expected to apply basic engineering practice supple-
mented by simple thermal calculations (heat transfer by conduction) to iden-
tify regions of vaporization and condensation. This approach would require
the same site data as that used for Information Need 1.11.6 (8.3.2.2.6) of
this issue. However, computer codes that model how moisture migrates through
the host rock under hydrothermal conditions would be useful to verify that
this approach is correct. These models are being developed for performance
assessment (see Issues 1.1, total system performance (Section 8.3.5.13), and
1.4, containment by waste package (Section 8.3.5.9)), and the site data
required for these models is identified as part of those issues.

The criteria for the contingency plan (product 1.11.3-5) approach is
still under development. For the design of the underground facility to con-
tribute to waste containment and isolation, the contingency plan must be
based on the performance assessment approach to system performance (Is-
sue 1.1, total system performance (Section 8.3.5.13), and take into account
the functions of each system element (e.g., the disturbed zone). The cri-
teria for the contingency plan will consider ground quality and saturation
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(Table 8.3.2.2-1). Ground quality will be determined by tunnel indexing
methods discussed in Issue 4.4, technical feasibility (preclosure) (Sec-
tion 8.3.2.5); the site data for those empirical engineering techniques are
identified by that issue. The determination of the hydrologic processes
important in the unsaturated zone at Yucca Mountain and the site data re-
quired to verify these processes are identified in Issue 1.4, containment by
waste package (Section 8.3.5.9).

The material inventory criteria (product 1.11.4-1) and water usage cri-
teria (product 1.11.4-2) do not depend directly on site: instead they depend
on work for other issues. The Information Need 1.11.4 (Section 8.3.2.2.4)
discusses these interfaces.

The extraction methods criteria (product 1.11.5-1) and long-term subsi-
dence control strategy (product 1.11.5-2) require that the intrinsic perme-
ability change be measured around the drifts to determine the extent of the
blast-induced modified permeability zone. This requirement is needed to
verify that the excavation technique (such as blast control) does not cause
sufficient formation damage to extend the disturbed zone boundary. On the
basis of Issue 1.6, ground-water travel time (Section 8.3.5.12), an order-
of-magnitude permeability change and a factor-of-two porosity change have
been chosen as significant. To satisfy the design performance goals, the
permeability change beyond 75 percent of the distance to the boundary of the
disturbed zone should be less than one order of magnitude (Section 8.3.5.12).

Thermal and thermomechanical modeling requires the following products:

1.11.6-1 Allowable areal power density.
1.11.6-2 Borehole spacing strategy.
1.11.6-3 Sensitivity studies.
1.11.6-4 Strategy for containment enhancement.
1.11.6-5 Reference calculations.

How well the data for thermal and thermomechanical modeling need to .be
known has been determined in a preliminary fashion by combining scoping sen-
sitivity studies (included in Appendix N of the SCP-CDR (SNL, 1987)) and
judgment. Properly controlled and documented sensitivity studies have been
completed for the near-field (Ehgartner, 1987). When corresponding far-field
work is completed, how well these data need to be known will be reviewed and
possibly revised.

These sensitivity studies have evaluated the system response (tempera-
ture, stress, deformation, and factor of safety) to one standard deviation
changes in model input parameters. By comparing system response to goals or
failure criteria (unconfined compressive strength), the model input parameter
value that results in unacceptable system performance was determined. Engi-
neering judgment was then used to choose the acceptable range and confidence
for each parameter.

Data are required to validate the models; however, that activity is
conducted by Issue 4.4 (Section 8.3.2.5) and the validated models made avail-
able to this issue. Hence, this issue does not call for data to validate
models.
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8.3.2.2.1.1 Design Activity 1.11.1.1: Compile a comprehensive list of all
the information required from site characterization to resolve
this issue

Objectives

This activity summarizes in one place ll the information requirements
needed to resolve this issue. These requirements are given in the logic sec-
tion of this information need. Subsequent revisions will include applicable
statistical requirements for each item (e.g., acceptable error and level of
uncertainty).

8.3.2.2.1.2 Design Activity 1.11.1.2: Determine adequacy of existing site
data

Objectives

If existing site data are not sufficient for licensing, a determination
will be made whether additional site data should be gathered or changes be
made in design to accommodate the existing data base. This activity will use
statistical methods to evaluate site data and compare them to data require-
ments. Based on the results, recommendations for further data acquisition or
trade-off studies to determine if the underground facility should be rede-
signed to accommodate the updated data base will be made.

8.3.2.2.1.3 Design Activity 1.11.1.3: Document reference three-dimensional
thermal/mechanical stratigraphy of Yucca Mountain

Objectives -

Topical reports will be produced that describe the three-dimensional
thermal and mechanical stratigraphy of Yucca Mountain. The description will
rely on data collected from the site that will be analyzed using the inter-
active graphics information system (IGIS) and be recorded in the reference
information base (RIB) to be used for subsequent analyses and studies.

8.3.2.2.1.4 Design Activity 1.11.1.4: Preparation of reference properties
for the reference information base

Objectives

Topical reports will be produced giving properties and describing how
these were determined from field and lab measurements. These reports will be
compared to the requirements of this issue to assure the RIB contains the
required data. This work includes rock characteristics, initial conditions
(in situ stress and temperature), geology (stratigraphy and structure as
reported in the three-dimensional graphics model of Yucca Mountain), and
design data (e.g., areal power density and borehole spacing).
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8.3.2.2.2 Information Need 1.11.2: Characteristics of waste package needed
for design of the underground facility

This information need exists

1. To identify waste package information items needed in the reference
information base by this issue (1.11).

2. To design the underground facility to contribute to containment and
isolation and thus contribute to the resolution of this issue and
Key Issue 1 (postclosure performance).

3. To decide how well each waste package input item needs to be known
to provide reasonable assurance of compliance with any regulation
addressed by this information need.

The waste package information stipulated in this information need is not
provided by site characterization. The information is identified here
because it (1) has a major impact on design of the underground facility and
(2) is a major stimulus affecting the long-term response of the repository.
These factors combine to make waste package characteristics a key element in
the resolution of this issue.

This information need does not correspond to an issue resolution func-
tion identified in the overview of this section (8.3.2.2). Rather, the data
needs smarized in this information need are derived from the approaches to
satisfying the goals of the other information needs of this issue. This
information need will be satisfied by the following product:

1.11.2-1 waste package characteristics for design of underground
facility.

These data will be obtained from Issue 1.10 (Section 8.3.4.2) and recorded in
the subsystem design requirements document.

Technical basis for addressing the information need

In the following subsections, a link is established between this infor-
mation need and the SCP technical data chapters and supporting documents.
Specific waste package parameters and the logic used in identifying how well
they need to be known for resolution of this issue (1.11) (Section 8.3.2.2)
are identified in this information need. Technical details of why a specific
data item is needed are documented in the information need that identifies
the information item. Where appropriate, the means of obtaining those
parameters is then addressed.

Link to the technical data chapters and applicable support documents

Existing design activities, which are the bases for the needed waste
package data items identified in the subsequent logic subsection, are dis-
cussed in the SCP Sections 6.3 and 6.4 and in Chapters 3, 4, and 8 of the
Site Characterization Plan-Conceptual Design Report (SCP-CDR) SNL, 1987).
The current design data base, used in existing activities and for comparison
to the data needs given in the parameters section, is given in SCP Sec-
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tion 6.1.2 and SCP-CDR Chapter 2. A complete discussion of current waste
package data is found in SCP Chapter 7. The waste package data needed by
this issue will be defined and transmitted to the reference information base
by Issue 1.10, waste package characteristics (postclosure) (Section 8.3.4.2).

Parameters

The following waste package
this issue (1.11):

characteristics will be needed to resolve

Waste or waste package
characteristics

Specific
information needed

Accuracy or
range

Thermal decay
characteristics

Waste type
Waste age
Thermal power output as a

function of burnup

Not applicable
±1 yr
±10 % for
0 to 5,000 yr
after reactor

Waste package size

Waste package temperature
constraints

Waste inventory

Length, overall
Diameter

Maximum allowable
temperature of
waste package
surface

Metric tons uranium (MTU)
per waste type

MTU per assembly or
container as a function
of enrichment

±1%
±1%

t±1C

±5%

±5%

Receipt schedule (MTU each
year by wastage and
burnup)

Age ±1 yr
Burnup ±5,000
MWd

Logic

Like Information Need 1.11.1, inputs received from the other information
needs of this issue are used to compile an integrated list of waste package
input items to resolve Issue 1.11. The completeness of input items needed to
resolve this issue will be checked by reviewing the processes and goals of
this issue and by identifying the interactions and predicted response of the
site to the design (e.g., site-specific effects of excavation and release of
heat by the waste). Once the response of Yucca Mountain to the design is
adequately described, the waste package information items needed to resolve
this interaction will be deemed complete.
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The thermal decay characteristics of the waste affect the allowed areal
power density for waste emplacement, the host rock thermal response, and the
placement of the waste. This information is needed as a function of waste
type, age, and burnup to

1. Determine the total area required for the projected waste inventory
and to develop the layouts for the underground waste emplacement
area (Information Need 1.11.3, Section 8.3.2.2.3). The use of
current information and status in resolving Issue 1.11 is described
in Section 6.4.2.

2. Predict the thermal response of the host rock (Information
Need 1.11.6, Section 8.3.2.2.6) for use in establishing the areal
power density and borehole spacing. This prediction will depend on
the time-dependent power output of the waste.

3. Calculate thermal history of the rock mass for input into analysis
codes used for long-term opening stability analysis. The status of
opening stability analysis is described in Section 6.4.2.

Waste package size will be needed to define the emplacement envelope and
thermal loading of the host rock and to design the boreholes (Information
Need 1.11.3). -

Waste package temperature limits will be needed to determine the-
emplacement borehole spacing. Spacing determined by consideration of waste
package temperature will be used to develop the underground repository lay-
out. These temperature limits will be used to perform the analysis for reso-
lution of Information Needs 1.11.3, design concepts for orientation, geome-
try, layout, and depth of the underground facility that contribute to waste
containment and isolation, including flexibility to accomodate site-specific
conditions, and 1.11.6, repository thermal loading and predicted thermal and
thermomechanical response of host rock. The methods for using this infor-
mation to address these information needs are discussed in Chapter 6.

The following methods will be used to determine this information:

1. The thermal decay and thermal output of the waste will be calculated
using codes like the Oak Ridge ORIGEN2 code, which is an isotope
generation code that follows the decay-chain of each specimen pro-
duced in the fission of uranium. This information will be used to
define the specific decay and thermal characteristics for all waste
types. Calculations will include the effect of fuel burnup.

2. The information needs pertaining to the waste package size and
design will be based on the waste package functional criteria.

3. Waste package temperature will be limited by the maximum fuel-
cladding temperature of spent fuel and the temperature of
devitrification in defense high-level waste (DHLW).
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8.3.2.2.2.1 Design Activity 1.11.2.1: Compile waste package information
needed for repository design

Objectives

The objective of this activityis to determine what waste package
information is needed for design of underground facility, obtain such data
from Issue 1.10 (Section 8.3.4.2), and document it in the repository design
requirements document.

8.3.2.2.3 Information Need 1.11.3: Design concepts for orientation,
geometry, layout, and depth of the underground facility that
contribute to waste containment and isolation including
flexibility to accommodate site-specific conditions

The discussion under this information need extends the discussion of
function 1, which was presented in the issue resolution strategy section for
this issue (1.11). The approaches or methods to be used to calculate or
otherwise establish that the anticipated or actual performance will meet the
performance goals stated in Table 8.3.2.2-1 are described here. In many
instances, the approaches, which follow in the logic section, require site
data, performance information, or design information to make such an evalu-
ation. The site data needs of this information need (1.11.3) are identified
in the following parameters subsection. These needs are passed to the site
characterization programs. Performance and design information needs are also
identified in the following parameters subsection. In many instances, these
performance and design information needs are the results or conclusions of
work that depends on site data. The call for such site data is in the issue
where the work is done and is not repeated here.

Table 8.3.2.2-1 identified five processes as contributing to meeting
function 1. Each of these processes was related to one or more performance
measures and their associated performance goals and desired confidences. The
approaches and data needs discussed here are an extension of the horizontal
relationships evident in that table.

This information need will be satisfied through five products that will
be used to demonstrate that the performance goals of function 1 have been
met. The products are the results of the design activities performed under
this information need. The relationship of the five products to the five
processes of function 1 is shown in Table 8.3.2.2-6.

These products may be delivered to other information needs under this
issue or under other design or performance issues. In the following logic
section, the products are used to group the approach and methods that will be
used to show that the goals of this issue are met. Products are the results
of the design activities and milestones identified later in this section.
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Technical basis for addressing the information need

In the following subsection, the information needed by planned
approaches for demonstrating that goals are satisfied is linked to data
already available and plans for future data gathering. Specific parameters
and the logic used to identify their importance to the resolution of Infor-
mation Need 1.11.3 are then identified in subsequent subsections. The accu-
racy with which the parameters must be obtained is discussed under Informa-
tion Needs 1.11.1 and 1.11.2 (Sections 8.3.2.2.1 and 8.3.2.2.2) where the
site and waste package data needed to resolve this issue are consolidated.

Link to the technical data chapters and applicable support documents

The current design data base that has been used for existing design
activities, and for comparison with data needs given in the following
parameters subsection, is presented in the reference design data base in
Section 6.1.2. A more detailed discussion of the current data in the
reference design data base may be found in the data Chapters 1 through 5, and
current waste package data are found in Chapter 7.

Data needed to resolve this issue already available are presented in
Section 6.4.2. Section 6.4.2 provides the status of resolution of Issue 1.11
and also forms some of the bases for the approaches discussed in the follow-
ing logic subsection.

Finally, Information Need 1.11.1 (Section 8.3.2.2.1) lists in detail the
site data needs established in this information need, as well as for all
other information needs under this issue. It also defines how well they need
to be known to resolve the issue and identifies the site characterization
issues under which the test plans for obtaining each site date need will be
discussed.

Table 8.3.2.2-6. Relationship of Information Need 1.11.3 products to
the processes associated with function 1 given in Ta-
ble 8.3.2.2-1

Product Process

1.11.3-1 Area needed determination Vary depth, dip, orientation, and
lateral extent of underground

1.11.3-2 Usable area and flexibility facility to provide host rock
evaluation with favorable isolation charac-

teristics

1.11.3-3 Vertical or horizontal emplace- Select emplacement borehole
ment orientation decision orientation that limits

potential adverse effects
and considers retrievability
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Table 8.3.2.2-6. Relationship of Information Need 1.11.3 products to
the processes associated with function 1 given in Ta-
ble 8.3.2.2-1 (continued)

Product Process

1.11.3-4 Drainage and moisture control Limit the amount of water in con-
tact with container to provide
favorable containment and
isolation environment

1.11.3-5 Criteria for contingency Skip and isolate unfavorable areas
plan&

Adjust thermal load to accommodate
local conditions

aContingency plan will be developed in Issue 4.4, technical feasibility
(Section 8.3.2.5). Criteria developed here will relate to postclosure
performance (e.g., fault standoff and thermal load adjustments).

Parameters

Parameters are those data and other information items listed in this
section in Table 8.3.2.2-7 that are required to complete the activities and
analyses necessary to develop the products identified in Table 8.3.2.2-6.
Those activities and analyses will establish that the goals defined in Ta-
ble 8.3.2.2-1 are met with the required level of confidence. The logic for
identification of the products as being necessary to satisfy the information
need, as well as the basis for identification of specific parameters and in-
formation items, is provided by the following subsection.

Table 8.3.2.2-7. Parameters and information required to satisfy Information
Need 1.11.3

Product Parameters and input items

1.11.3-1 Area needed Geometrical requirements
determination Minimum allowable spacing between emplacement

boreholes for equipment operation (Issue 4.4,
Section 8.3.2.5)
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Table 8.3.2.2-7. Parameters and information required to satisfy Information
Need 1.11.3

Product Parameters and input items

Minimum allowable spacing between emplacement
boreholes for meeting thermal response
constraints (Information Need 1.11.6, Sec-
tion 8.3.2.2.6)

Waste handling equipment requirements placed on
drift layout and design (Issue 4.4)-

Ventilation requirements placed on drift layout
and design (Issue 4.4)

Inventory of waste to be emplaced in the repository
Total metric tons of uranium (MTU) and number

of containers
Thermal output per MTU as function of waste

type, age, and burnup (Issue 1.10, Sec-
tion 8.3.4.2)

Sealing program requirements for underground layout
(Issue 1.12, Section 8.3.3.2)

Area requirements for nonwaste emplacement areas,
including underground area for the exploratory
shaft test facility (Issue 4.4)

Typical panel layout, with borehole spacing and
drift separations for all waste types, that will
ensure waste and rock mass temperature criteria
are met (Information Need 1.11.6)

Allowable thermal loading of the underground
facility (areal power density) by waste type
(Information Need 1.11.6)

1.11.3-2 Usable area
and flexi-
bility
evaluation

1.11.3-2 Usable area
and flexi-
bility
evaluation

Site geologic data
Stratigraphic data, including dip, thickness,

and geographic locations of distinct
intervals; densities, orientations, and
apertures of stratigraphic controlled
fractures and lithophysae

Structural data, including location, offsets, and
widths of faults and fault zones; spatial

frequencies, orientations, and apertures of
tectonic fractures
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Table 8.3.2.2-7. Parameters and information required to satisfy Information
Need 1.12.3 (continued)

Product Parameters and input items

Hydrologic model of Yucca Mountain, including
hydrologic flow paths, location of water table,
and potential for perched water Topographic data

Contingency plan for accommodating unsuitable
areas for development and/or waste emplacement
(Issue 4.4)

Anticipated occurrence of conditions necessitating
implementation of the contingency plan

1.11.3-3 Vertical vs.
horizontal
emplacement
orientation
decision

Performance criteria identified in Issues 1.4
(Section 8.3.5.9), 1.5 (Section 8.3.5.10), 1.10
(Section 8.3.4.2), and 2.4 (Section 8.3.5.2)

Near-field thermomechanical analyses of bore-
holes and emplacement drifts (completed under
Information Need 1.11.6)

Results of field demonstrations of borehole
construction methods (Issue 4.4)

Total system performance assessment (Issue 1.1,
Section 8.3.5.13)

1.11.3-4 Drainage and
moisture
control plan

Proposed panel layout, for alternate waste types
characteristics

Near-field thermal analyses of borehole (completed
under Information Need 1.11.6)

Criteria from Issues 1.1, 1.4, and 1.10

Propose ventilation system for the repository,
including distribution, flow rates, temperature,
and moisture content (Issue 4.4)

Total system performance assessment (Issue 1.1)

1.11.3-5 Criteria
for contin-
gency plan

Criteria for ground quality that will satisfy
Issues 1.1, 1.10, and 1.12 (Section 8.3.3.2).

Criteria for technical feasibility of construction
(Issue 4.4) retrieval (Issue 2.4)
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Table 8.3.2.2-7. Parameters and information required to satisfy Information
Need 1.12.3 (continued)

Product Parameters and input items

Standoff distance from ground with unfavorable
properties, as constrained by Issue 1.1

Thermal and thermomechanical analyses of
excavations under normal and off-normal
conditions (Information Need 1.11.6)

Logic

The major purpose of this information need is to identify underground
facility design options and related decisions important to containment and
isolation, and to describe the approaches and methods to be used to develop
the products that satisfy the information need. The logic used in developing
these approaches and methods is described in this subsection, which also
provides the basis for the needed site data and other information listed
previously. Specific activities that will be performed are identified in the
following material. If such activities have been initiated already, their
status is discussed in Section 6.4.2.

To satisfy the information need, it is necessary to determine the area
needed for disposal of the waste (product 1.11.3-1) and the usable area
(product 1.11.3-2). The usable area product must consider the necessity of
incorporating sufficient flexibility in the design to allow adjustments to
accommodate specific site conditions that may be identified through in situ
monitoring, testing, or excavation. Design concepts that contribute to per-
formance and flexibility may be impacted by the decision between vertical and
horizontal boreholes for waste emplacement (product 1.11.3-3); thus, this
decision must be made to satisfy this information need. Water drainage con-
trol requirements may also impact the design concepts that contribute to per-
formance and flexibility, so an evaluation of such requirements is necessary
to satisfy this information need (product 1.11.3-4). Criteria that will be
used to establish whether actual site conditions are consistent with the
design bases, as well as the measures that will be taken to accommodate any
such departures, are discussed in the contingency plan (product 1.11.3-5).

Product 1.11.3-1: Area needed determination

For the waste emplacement areas, the area needed is the total thermal
output of the waste divided by the allowable thermal load. In turn, the
total thermal output is determined from the inventory of waste to be dis-
posed, including the thermal output per metric ton of uranium as a function
of waste type, age, burnup, and enrichment.
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At present, it is expected that the actual thermal output of individual
waste packages may vary as much as one order of magnitude. Such variations
will be dealt with on a local basis by possibly skipping some holes and, in
the case of horizontal emplacement, flexibility in spacing of waste packages
within an individual borehole. These adjustments would be made subject to
other geometrical constraints, including such items as minimum spacing
between boreholes to ensure proper shielding during emplacement and noninter-
ference at borehole collars for the transporter. In addition, constraints
imposed by retrieval, decommissioning, and performance requirements must also
be accommodated.

A preliminary determination of the area requirement has been made
(Mansure, 1985). Data needs identified in the parameters section are based
upon the information actually used in that study.

Product 1.11.3-2: Usable area and flexibility evaluation

The usable area and amount of flexibility will be evaluated using an
interactive graphics information system. This system uses a data base
established from field data to produce a three-dimensional graphics model of
Yucca Mountain. Displays of this model will then be used to identify areas
of the mountain that satisfy all the performance goals identified in Ta-
ble 8.3.2.2-1. Boundaries of the waste emplacement areas are thereby estab-
lished. The boundaries are required to design a functional layout of the
underground facilities and its relation with the surface facilities. -Loca-
tion of the waste emplacement area within the site permits a site-specific
(location dependent) performance assessment of the underground facility to be
undertaken.

A preliminary evaluation of subsurface waste emplacement areas and a
preliminary location and shape for the underground facility has been deter-
mined (Mansure and Ortiz, 1984). Data needs identified in the parameters
subsection are based upon the information used in that study.

Product 1.11.3-3: Vertical or horizontal emplacement orientation decision

Vertical emplacement uses boreholes drilled in the floor of the emplace-
ment drifts, with one waste package placed in each borehole. This mode
requires a relatively high mining extraction ratio compared to the horizontal
emplacement mode. The design basis for horizontal emplacement boreholes
allows multiple waste packages per borehole. Equipment development and
proof-of-concept demonstrations for horizontal drilling and waste emplacement
are described under Issue 4;4, technical feasibility (Section 8.3.2.5).

The selection of one of the two alternative emplacement modes will be
based on performance considerations discussed under Information Need 1.11.6,
(Section 8.3.2.2.6) as well as Issues 1.1, total system performance
(Section 8.3.5.13), 1.10, waste package characteristics (postclosure)
(Section 8.3.4.2), and 4.2, nonradiological health and safety (Sec-
tion 8.3.2.4).
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Product 1.11.3-4: Drainage and moisture control plan

The approach for meeting this goal is still under development since the
approach to demonstrate performance by Issues 1.1, total system performance
(Section 8.3.5.13) and 1.10, waste package characteristics (postclosure)
(Section 8.3.4.2) is still being documented; however, it is expected that the
approach of this information need will apply engineering practice supple-
mented with simple thermal calculations (heat transfer by conduction) to
identify regions of vaporization and condensation so that the emplacement
drifts and boreholes can be designed to control water migration. Seals will
also be designed to control water migration (see Issue 1.12, Sec-
tion 8.3.3.2). The system will be designed to promote the migration of
moisture away from the containers.

Site data required to conduct these near-field thermal calculations are
anticipated to be identical to the data required under Information
Need 1.11.6 (Section 8.3.2.2.6) to calculate the thermomechanical response.

Product 1.11.3-5: Criteria for contingency plan

In siting and constructing shafts, ramps, drifts, or boreholes within
Yucca Mountain, unexpected conditions such as small zones of perched water,
localized heavy fractured zones, water recharge pathways, or localized
heavily lithophysae-rich zones may be encountered. A contingency plan for
the layout must be established to deal with these possibilities and to pro-
vide confidence that the repository, as constructed, will provide waste con-
tainment and isolation for the required repository capacity. The contingency
plan must also establish the methods and related criteria that will be used
to initiate its implementation. Aministration of the contingency plan will
be the responsibility of performance confirmation (Issue 1.7, performance
confirmation (Section 8.3.5.16)).

Development of the contingency plan will begin with the assumption that
all the target area will be considered acceptable, except for local regions
identified as being unacceptable during the site characterization phase.
Such known and similar anticipated regions will have been subtracted from the
available area during the determination of the usable area, as discussed pre-
viously under product 1.11.3-2. An additional contingency will be provided
to accommodate regions where specific local site conditions found during
development of the underground facility are not within the ranges assumed in
licensing review. The contingency plan will establish procedures to accommo-
date regions where specific site conditions are found to be off normal during
development of the underground facility. The licensing of this plan will
include the establishment of parameter ranges that will be used to decide
what course of action will be implemented.

The repository design will be based on certain anticipated ranges of
parameters and conditions. These ranges will be clearly defined for the
licensing review. Since many of the parameters and conditions cannot be
easily measured over the total site during site characterization, a set of
simple procedures must be established for determining if the site conforms to
the ranges defined in the licensing review. These procedures will have asso-
ciated quantitative criteria to determine whether development can continue
without modification. Failure to meet these criteria at any location would
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result in a requirement for more detailed evaluation of the condition encoun-
tered. If such evaluation indicates that local conditions are not consistent
with meeting performance objectives and regulatory requirements using the
baseline design, then design modifications would be required. The procedures
for implementing such modifications would be licensed as part of the contin-
gency plan, implemented by the performance confirmation program, and reported
to and reviewed with NRC. These might include

1. Continued development but with design revisions such as increased
ground support and reduced thermal loading.

2. Skipping and isolating an area unfavorable for development.

In this approach, parameters that describe site conditions encountered
can be considered to be in one of three ranges: (1) the range for which the
baseline design applies, (2) the range for which the contingency plan de-
scribes how modifications must be made to the design, or (3) the range that
falls outside that approved in licensing. It is the function of the contin-
gency plan to reduce the potential for the last range resulting in adverse
effects on isolation, containment, and cost.

That faults and other discontinuities will be encountered is implicit in
the preceding discussion. By design, the major faults (e.g., Solitario
Canyon fault) will be worked around. Minor faults and other discontinuities
cannot all be avoided entirely and some will have to be crossed. Most are
not expected to have undesirable characteristics and will not affect the
repository design or layout; others may have associated characteristics that
trigger implementation of the contingency measures such as those suggested
previously.

Specific procedures for establishing the need to adopt contingency
measures have not yet been defined. However, it is anticipated that exten-
sive use will be made of existing empirical engineering procedures. For
example, Rock Mass Quality Designation (Barton et al., 1974b) and Geomechan-
ical Classification (Bieniawski, 1974) indices will be used to determine if
the ground could be assigned an appropriate degree of ground support for
preclosure operation. Based upon these indices, the ground support system
may be changed or an area may be skipped. (Actual application of these
tunnel indexing methods will be in Issue 4.4, technical feasibility (Sec-
tion 8.3.2.5)). The postclosure implications of such actions, and other site
conditions that might trigger remedial action, will be evaluated according to
the criteria established in Issues 1.1, total system performance (Sec-
tion 8.3.5.13) and 1.10, waste package characteristics (postclosure) (Sec-
tion 8.3.4.2). This issue is concerned solely with ensuring that postclosure
considerations are appropriately addressed in the contingency plan. This
will involve establishing nonacceptance criteria and practical methods for
identifying unacceptable conditions.

Development of the contingency plan requires that system performance of
off-normal conditions be performed. Site data required to perform such
assessments are the same as defined under product 1.11.3-1. In addition, a
set of reasonable off-normal conditions that are consistent with the geologic
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setting need to be developed. These may be as simple as extreme variations
on material properties, but may include extensive brecciated zones, large
pockets of lithophysal material, and perched water tables.

However, it is anticipated that part of the contingency plan will
consider the mechanical stability of the rock mass and will use existing, and
later modified (to account for thermal loading and site-specific conditions),
empirical engineering procedures to initially qualify the stability of
underground openings.

8.3.2.2.3.1 Design Activity 1.11.3.1: Area needed determination

The objective of this activity is to determine the area required for the
underground facility (product 1.11.3-1). This determination will be revised
as input data change (particularly data on waste inventory and allowable
thermal loading). The technical basis part of the previous section discusses
the approach for determining the area needed and Section 8.3.2.2.1 discusses
the data requirements for this activity.

8.3.2.2.3.2 Design Activity 1.11.3.2: Usable area and flexibility
evaluation

The objectives of this activity are to

1. Analyze the three-dimensional structure and stratigraphy of Yucca
Mountain to identify usable areas and ensure sufficient area is
characterized to allow flexibility in design.

2. Produce graphic cross sections and maps that can be used to layout
the drift arrangements.

3. Compare drift arrangements to ensure they fit the geology and
structure.

4. Identify site geologic data requirements.

This work will result in a series of graphic products in the reference
information base, inputs into the data requirements (Information Need 1.11.1,
(Section 8.3.2.2.1)) and topical reports. The technical basis part of
Section 8.3.2.2.3 discusses the approach for this evaluation and Sec-
tion 8.3.2.2.1 discusses the data requirement for the activity.
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8.3.2.2.3.3 Design Activity 1.11.3.3: vertical and horizontal emplacement
orientation decision

The objective of this activity is to provide the performance evaluation
necessary to document this decision. The technical basis part of Sec-
tion 8.3.2.2.3 discusses the approach to the orientation decision and Sec-
tion 8.3.2.2.1 discusses the data requirements for this activity.

8.3.2.2.3.4 Design Activity 1.11.3.4: Drainage and moisture control plan

The objective of this activity is to provide postclosure design require-
ments for the layout of the underground facility to be used in Issue 4.4,
preclosure design and technical feasibility (Section 8.3.2.5). The design
requirements will limit the amount of water in contact with the container so
as to provide a favorable containment and isolation environment. The tech-
nical basis part of Section 8.3.2.2.1 discusses the approach to develop this
plan and the models and data requirements for this plan.

8.3.2.2.3.5 Design Activity 1.11.3.5: Criteria for contingency plan

The objective of this activity is to provide criteria for the contin-
gency plan developed by Issue 4.4, technical feasibility (Section 8.3.2.5).
The technical basis part of Section 8.3.2.2.3 discusses the approach to
developing the contingency plan and Section 8.3.2.2.1 gives the data
requirements for this plan.

8.3.2.2.4 Information Need 1.11.4: Design constraints to limit water usage
and potential chemical changes

The discussion under this information need extends the discussion of
function 2, presented earlier in the issue resolution strategy section for
the issue (1.11). The approaches or methods to be used to calculate or
otherwise establish that the anticipated or actual performance will meet the
performance goals stated in Table 8.3.2.2-2 are described here. In many
instances, the approaches which follow in the logic subsection require site
data, performance information, or design information to make such an evalu-
ation. The site data needs of this information need (1.11.4) are identified
in the following parameters section. These needs are passed to the site
characterization programs. Performance and design information needs are also
identified in the following parameters subsection. In many instances, the
performance and design information needs are the results or conclusions of
work that depends on site data. The call for such site data is in the issue
where the work is done and is not repeated here.

Table 8.3.2.2-2 identified two processes necessary for meeting func-
tion 2. Each of these processes was related to one or more performance
measures, and their associated performance goals and desired confidences.
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The approaches and data needs discussed here are an extension of the hori-
zontal relationship evident in Table 8.3.2.2-2.

This information need will be satisfied through two products that will
be used to demonstrate that the performance goals of function 2 have been
met. The products are the results of the design activities performed under
this information need. The relationship of the two products to the two proc-
esses of function 2 is shown in Table 8.3.2.2-8.

These products will be delivered to other information needs under this
issue, and to Issue 4.4, technical feasibility (Section 8.3.2.5) and Is-
sue 1.1, total system performance (Section 8.3.5.13) . In the following logic
subsection, the products are used to group the approach and methods that will
be used to show that the goals of this issue are met. Products are the re-
sults of the design activities and milestones identified later in this sec-
tion.

Technical basis for addressing the information need

In the following subsection, the information needed by planned
approaches for demonstrating that goals are satisfied is linked to data
already available and to plans for future data gathering. Specific param-
eters and the logic used in identifying that they are important to resolution
of Information Need 1.11.4 are then identified in subsequent subsections.
The accuracy with which the parameters must be obtained is discussed under
Information Needs 1.11.1 (Section 8.3.2.2.1) and 1.11.2 (Section 8.3.2.2.2)
where the site and waste package data needed to resolve this issue are
consolidated.

Link to the technical data chapters and applicable support documents

The current design data base that has been used for existing design
activities and for comparison with data needs given in the following param-
eters subsection, is presented in the reference design data base Sec-
tion 6.1.2. A more detailed discussion of the current data in the reference
design data base may be found in the data Chapters 1 through 5, and current
waste package data are found in Chapter 7.

The data needed to resolve this issue that are already available are
presented in Section 6.4.2. Section 6.4.2 provides the status of resolution
of Issue 1.11 and also forms some of the bases for the approaches discussed
under the logic subsection.

Finally, Information Need 1.11.1 (Section 8.3.2.2.1), lists in detail
the site data needs established in this information need, as well as for all
other information needs under Issue 1.11. That information need also defines
how well they need to be known to resolve the issue and identifies the site
characterization issues under which the test plans for obtaining each site
data need will be discussed.

Parameters

Parameters listed in this subsection (Table 8.3.2.2-9) are those site
data and other input items required t complete the activities and analyses
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Table 8.3.2.2-8. Relationship of Information Need 1.11.4 products to the
processes associated with function 2 (Table 8.3.2.2-2)

Product Process

1.11.4-1 Material inventory criteria Limit adverse chemical effects by
(total quantity, type, and using acceptable materials
location within the
repository)

1.11.4-2 Water usage criteria Limit the amount of water used in
(total and individual construction, operation, emplace-
requirements) ment of seals, and decommission-

ing to provide favorable contain-
ment and isolation environment

Table 8.3.2.2-9. Parameters and information items required to satisfy
Information Need 1.11.4

Product Parameters and input items

1.11.4-1 Material inventory Inventory of materials to be introduced
criteria into the repository site (from Site

Characterization Plan-Conceptual Design
Report and Issue 4.4, Section 8.3.2.5)

Waste package environment constraints
(from Issue 1.10, Section 8.3.4.2)

Total system performance analysis (from
Issue 1.1, Section 8.3.5.13)

1.11.4-2 Water usage Planned water usage (from Issue 4.4)
criteria

Waste package environment constraints (from
Issue 1.10)

Total system performance analysis (from
Issue 1.1)
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necessary to develop the products that are identified in Table 8.3.2.2-8.
Those activities and analyses will be performed so as to establish that the
goals defined in Table 8.3.2.2-2 are met with the required level of confi-
dence. The logic for identification of the products as being necessary to
satisfy the information need, as well as the basis for identification of
specific parameters and information items, is provided in the following sub-
section. For this particular information need none of the data identified in
the table are site data.

Logic

To satisfy the information need, two sets of criteria will be developed
for use in control of the repository design, construction, operation, and
closure. The first set of criteria concerns the modification of the post-
closure geochemical environment of the waste package as a result of all pre-
closure activities (product 1.11.4-1). The constraints on modification of
that environment will be received from Issue 1.10 (Section 8.3.4.2) for waste
package containment requirements and from Issue 1.1 (Section 8.3.5.13) for
waste isolation requirements. The second set of criteria concerns changes in
degree of saturation of the host rock as a result of all preclosure
activities (product 1.11.4-2). Other criteria are established under
Information Needs 1.11.3 and 1.11.5 (Sections 8.3.2.2.3 and 8.3.2.2.5).

Product 1.11.4-1: Material inventory criteria. Specific performance
requirements are placed on the containment life of the waste packages.
Design of a waste package that meets those performance requirements is based
on assumptions regarding the geochemical environment to which it will be
exposed during the preclosure and postclosure periods. Verification of the
site performance, including any geochemical changes, is based on performance
assessment analyses, requiring an accurate description of the chemistry of
the host rock and the ground water. The extent to which the construction and
operation of the repository will modify the geochemistry of the host rock and
the ground water is, therefore, an important data need.

Issue 1.10, (Section 8.3.4.2) identifies changes in the pH and organic
content of the ground water that might interact with the waste package, and
influence containment and isolation. Further, Issue 1.10 specifies limits on
these changes as constraints on the postclosure repository design. Potential
causes of such changes have been identified, for example, as cement used for
repository construction and operation (especially for the emplacement hole
construction and preparation), in organic materials contained in any flushing
medium during borehole construction (if the emplacement boreholes are not
drilled dry as currently planned), shotcrete used for lining openings, and
rock bolt anchor grouts or epoxies. Performance goals responsive to those
concerns were set in Table 8.3.2.32-2. Repository design criteria and con-
struction and operating procedures must be developed that will ensure all
such goals are met.

Other changes to the geochemical environment, beyond those identified
here, are identified in Issue 1.10, waste package characteristics (post-
closure) (Section 8.3.4.2). Accordingly, the complete data need is identi-
fied as an inventory and distribution of all materials introduced into the
site during repository construction and operation.
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The responsibility of this information need is to establish design
criteria for both the preclosure and postclosure periods based on the per-
formance goals of Issues 1.1, total system performance (Section 8.3.5.13),
and 1.10, waste package characteristics (postclosure) (Section 8.3.4.2). To
do this (1) the potential impacts (pH changes, etc.) of a given quantity of
materials must be assessed and (2) a plan must be developed to control the
materials in the postclosure system so as to reasonably assure that perform-
ance goals will be met. The plan can meet the goals either by controlling
the materials used during preclosure or by requiring the removal of materials
during decommissioning. The design criteria will be an input into the
decommissioning plan to be developed by Information Need 4.4.9 (Sec-
tion 8.3.2.5.9).

Total system performance (Issue 1.1) should then analyze the plan to
ensure that the repository would meet all performance requirements, given the
proposed design and corresponding modification of the geochemical environ-
ment. Methods to control the materials inventory during construction and
operation of the facility will be defined as part of the repository design,
under Issue 4.4.7 (Section 8.3.2.5.7).

Product 1.11.4-2: Water management criteria. The current design basis
for the waste container is that the surface of the container should remain
substantially dry for at least 300 yr after closure. Measures taken to
ensure that the design basis will be met include (1) location of the reposi-
tory in unsaturated host rock, (2) design of an underground layout that will -

enhance the drainage of any free water away from the containers, and
(3) maintaining of a near-container temperature that will be sufficient to
evaporate most free water. Drainage and evaporation, as means to control
the amount of water to which the waste containers will be exposed, are
discussed under Information Needs 1.11.3 (Section 8.3.2.2.3) and 1.11.6 (Sec-
tion 8.3.2.2.6). Under this information need the potential for significantly
changing the degree of saturation of the low lithophysal portion of the
Topopah Spring Member unit during construction, operation, and closure of the
repository is addressed.

The most probable source of a sufficient quantity of water to cause a
long-term change in the degree of saturation of the low lithophysal portion
of the Topopah Spring Member unit would be water used as a flushing medium
during drilling of emplacement boreholes. Accordingly, the current design
basis is that an air flushing system should be used for borehole drilling.
The appropriateness of this approach will be evaluated considering such
factors as cost, worker safety, and available technology.

As for the materials inventory discussed previously, the responsibility
under this information need is to establish realistic design criteria that,
if met, would ensure that the postclosure performance goals will be met.
Such criteria should be developed through analyses that consider the expected
interactions, including fluid penetration, changes in the saturation level,
and chemical interactions between the flushing medium and the rock mass.

The method of drilling the emplacement boreholes is particularly impor-
tant because of the direct connection to the container environment. The
design basis for construction of the ramps, shafts, access drifts, and
emplacement drifts is that conventional mechanical mining methods will be
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used. Appropriate amounts of water will be used during this construction for
dust suppression. Measures for controlling the movement of such water
through layout are discussed under Information Need 1.11.3 (Sec-
tion 8.3.2.2.3). However, some water will enter the host rock. The quantity
and distribution (e.g., points of application and method of application) of
that water used in construction and.operations will be investigated by this
information need, and a water balance for the entire facility will be
established. Associated operating procedures must then be developed to
ensure that water entering the repository is managed appropriately. The
responsibility under this information need is to determine reasonable water
usage amounts, to develop tentative criteria for the repository design, and
to define the performance assessment analyses needed to demonstrate com-
pliance with postclosure performance goals.

8.3.2.2.4.1 Design Activity 1.11.4.1: Chemical changes resulting from the
use of construction materials

The objective of this activity is to quantify the chemical changes
(e.g., change in pH) that result from the use of a given quantity of
construction material (e.g., cement). The technical basis part of the
previous section discusses the role of this activity in Information
Need 1.11.4, and Section 8.3.2.2.1 discusses the data requirements for this
activity.

8.3.2.2.4.2 Design Activity 1.11.4.2: Material inventory criteria

The objective of this activity is to establish appropriate limits on the
inventory of the materials that will be used in construction and operation of
the underground facility and write criteria for the appropriate limits on the
inventory of materials that will be left in the openings after decommission-
ing including backfill. The technical basis part of the previous section
discusses the role of this activity in Information Need 1.11.4, and Sec-
tion 8.3.2.2.1 discusses the data requirements for this activity.

8.3.2.2.4.3 Design Activity 1.11.4.3: Water management criteria

The objective of this activity is to establish appropriate limits on the
amount of water that will be used for underground facility construction and
operation, indicating amounts and locations for individual operations, and to
convey hose limits to Issue 4.4 (Section 8.3.2.2.5). The technical basis
part of Section 8.3.2.4 discusses the role of these criteria in resolving
Information Need 1.11.4, and Section 8.3.2.2.1 discusses the data require-
ments for this activity.
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8.3.2.2.5 Information Need 1.11.5: Design constraints to limit excavation-
induced changes in rock mass permeability

The discussion under this information need extends the discussion of
function 3, presented in the issue resolution strategy section for this issue
(1.11). The approaches or methods to be used to calculate or otherwise
establish that the anticipated or actual performance will meet the perform-
ance goals stated in Table 8.3.2.2-3 are described here. In many instances,
the approaches, which follow in the logic section, require site data, per-
formance information, or design information to make such an evaluation. The
site data needs of this information need (1.11.5) are identified in the
following parameters subsection. These needs are passed to the site charac-
terization programs. Performance and design information needs are also iden-
tified in the following parameters subsection. In many instances, these per-
formance and design information needs are the results or conclusions of work
that depends on site data. The call for such data is in the issue where the
work is done and is not repeated here.

Table 8.3.2.2-3 identified two processes as contributing to meeting
function 3. Both of these processes were related to one or more performance
measures and their associated performance goals and desired confidences. The
approaches and data needs discussed are an extension of the relationships
evident in Table 8.3.2.2-3.

This information need will be satisfied through two products that will
be used to demonstrate that the performance goals of function 3 have been
met. The products are the results of the design activities performed under
this information need. The relationships of the two products to the three
processes of function 3 are shown in Table 8.3.2.2-10.

These products will be delivered to Design Issue 4.4, technical feasi-
bility (Section 8.3.2.5) and Performance Issue 1.1, total system performance
(Section 8.3.5.13). In the logic subsection for this information need, the
products are used to group the approach and methods that will be used to show
that the goals of this issue are met. The products are the results of the
design activities and milestones identified later in the section.

Technical basis for addressing the information need

In the following section, the information needed by planned approaches
for demonstrating that goals are satisfied is linked to data already avail-
able and plans for future data'gathering. Specific parameters and the logic
used in identifying that they are important to resolution of this information
need (1.11.5) are then identified in subsequent subsections. The accuracy
with which the parameters must be obtained is discussed under Information
Needs 1.11.1 and 1.11.2 (Sections 8.3.2.2.1 and 8.3.2.2.2) where the site and
waste package data needed to resolve this issue are consolidated.

Link to the technical data chapters and applicable support documents

The current design data base that has been used for existing design
activities, and for comparison with data needs given in the following param-
eters subsection, is presented in the reference design data base in Sec-
tion 6.1.2. A more detailed discussion of the current data in the reference
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Table 8.3.2.2-10. Relationship of Information Need 1.11.5 products to the
processes associated with function 3 (refer to Ta-
ble 8.3.2.2-3)

Product Process

1.11.5-1 Excavation methods criteria Limit magnitude and extent of
blast-induced permeability
change by blast control

1.11.5-2 Long-term subsidence control Limit potential for subsidence
strategy by limiting extraction ratio

and drift size. Backfill
drifts at decommissioning

design data base may be found in the data Chapters 1 through 5; current waste
package data are found in Chapter 7.

Data needed to resolve this issue that are already completed are-pre-
sented in Section 6.4.2. Section 6.4.2 provides the status of resolution of
Issue 1.11 and also forms some of the bases for the approaches discussed
under the following logic subsection.

Finally, Information Need 1.11.1, Section 8.3.2.2.1, lists in detail the
site data needs established in this information need, as well as for all
other information needs under Issue 1.11. Information Need 1.11.1 also
defines how well they need to be known to resolve the issue and identifies
the site characterization issues under which the test plans for obtaining
each site data need will be discussed.

Parameters

Parameters are those data and other information items, listed in Ta-
ble 8.3.2.2-11, that are required to complete the activities and analyses
necessary to develop the products that were identified in Table 8.3.2.2-10.
Those activities and analyses will be performed so as to establish that the
goals defined in Table 8.3.2-2-3 are met with the required level of confi-
dence. The logic for identification of products as being necessary to
satisfy the information need, as well as the basis for identification of
specific parameters and information items, is provided by the-following sec-
tion.

Logic

The main purpose of this information need is to ensure that appropriate
criteria are provided as guidelines for repository design. These criteria
will initially be developed with regard to present design concepts and on the
basis of constraints developed under Issue 1.10, waste package character-
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Table 8.3.2.2-11. Parameters and information required to satisfy Information
Need 1.11.5

Product Parameters and input items

1.11.5-1 Excavation Proposed design of boreholes and drifts
methods (Issue 4.4, Section 8.3.2.5)
criteria

Description of proposed excavation methods
(Issue 4.4)

Estimates of the range of parameters defining
damage due to excavation (Section 8.3.1.4)

1.11.5-2 Long-term Repository layout (Information Need 1.11.3,
subsidence Section 8.3.2.2.3)
control
strategy Drift and pillar stability analyses (Information

Need 1.11.6, Section 8.3.2.2.6)

Preliminary description of backfill
(Issue 4.4)

Extent of disturbed zone (Issue 1.6,
Section 8.3.5.12)

istics (postclosure) (Section 8.3.4.2), and Issue 1.6, ground-water travel
time (Section 8.3.5.12). The need to perform a total system performance
assessment of a proposed design that conforms to these criteria is passed to
Issue 1.1, total system performance (Section 8.3.5.13).

To satisfy the information need, two products that are driven by post-
closure performance requirements will be developed. The first product will
have limited and boundable postclosure affects. The second product will
identify any measures that need to be taken to limit the potential for
surface subsidence during the postclosure period. Other design criteria are
established under Information Needs 1.11.3 and 1.11.4 (Sections 8.3.2.2.3 and
8.3.2.2.4).

Product 1.11.5-1: Excavation methods criteria. The process of creation
of an underground excavation, whether a drift or borehole, involves the use
of energy to fracture and comminute the rock mass to be removed. Some of
this energy results in mechanical damage to the surrounding rock mass. This
damage takes the form of opening of preexisting fractures, creation of new
fractures, and movements, rotation, and loosening of structurally defined
blocks of rock around the excavation. This damage can result in modification
of the hydrologic environment of the host rock in the vicinity of the waste
package or in the general underground facility area.
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The current design basis for selection of excavation methods has been
developed from the position that the potential for any modification of the
properties of the host rock mass should be limited, as far as is reasonable,
with currently available technology (Issue 4.4, technical feasibility
(Section 8.3.2.5). On that basis, the current design of the repository
incorporates construction of drifts using drill and blast methods (con-
tinuous mining is being considered, but has not yet been proved practical for
welded tuff) and construction of emplacement holes using drilling methods.

Realistic criteria for establishing the suitability of these proposed
construction methods must be developed based on performance assessment
requirements. The current design, which is documented in the SCP-CDR
(SNL, 1987), incorporates excavation techniques considering retrievability
and worker health and safety concerns and meets the criteria for techno-
logical availability. Data requirements for incorporating such requirements
are discussed under Issue 4.4. To perform the studies necessary to establish
design criteria, it may be necessary to assume a range of characteristics of
the damaged zone (not to be confused with the disturbed zone defined by the
NRC): the extent and nature of new fracturing; the changes in permeability;
and the shielding characteristics of the damaged zone.

Product 1.11.5-2: Long-term subsidence control strategy. Worker health
and safety requirements, discussed under Issue 4.2, nonradiological health
and safety (Section 8.3.2.4), and retrievability requirements, discussed
under Issue 2.4, waste retrievability (Section 8.3.5.2), dictate that the
excavation of the repository be usable throughout the operational period.
These requirements preclude the possibility of subsidence before closure
beyond that associated with predominantly elastic compression of the pillars
between excavations. The responsibility under this information need is to
ensure that ground movements in the vicinity of the excavations of the repos-
itory will not result in significant postclosure surface subsidence or the
creation of preferred pathways for water migration.

Development of the long-term subsidence control strategy will be based
on the results of drift and pillar stability analyses that are discussed
under Information Need 1.11.6 (Section 8.3.2.2.6). Simple analyses will be
used to estimate the possible extent and magnitude of loosening of the rock
mass above a backfilled drift. Such analyses are expected to demonstrate
with a high level of confidence that the potential for surface subsidence can
be limited if current repository design concepts are implemented. Whether
rock movements after closure may impact the system performance will be judged
relative to the extent of the disturbed zone. If appropriate, the need for
total system performance assessment analyses incorporating nonconservative
estimates of permeability changes after closure will be defined.

8.3.2.2.5.1 Design Activity 1.11.5.1: Excavation methods criteria

The objective of this design activity is to identify any constraints to
be placed on excavation methods because of postclosure performance con-
siderations. The technical basis part of the previous section discusses the
role of this activity in Information Need 1.11.5, and Section 8.3.2.2.1
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discusses the requirements for excavation relative to induced permeability
and porosity changes. Table 8.3.2.2-11 presents the excavation parameters
and input required to satisfy this information need for this activity.

8.3.2.2.5.2 Design Activity 1.11.5.2: Long-term subsidence control strategy

The objectives of this design activity are to (1) develop a position
regarding the potential for postclosure surface subsidence and the impact of
postclosure ground movement on containment and isolation and (2) determine if
current goals are adequate to limit potential for subsidence. The technical
basis part of Section 8.3.2.2.5 discusses the role of this activity in Infor-
mation Need 1.11.5, and Section 8.3.2.2.1 discuss the data requirements for
this activity. Table 8.3.2.2-11 gives the long-term subsidence parameters
and input required to satisfy this information need.

8.3.2.2.6 Information Need 1.11.6: Repository thermal loading and predicted
thermal and thermomechanical response of the host rock

The discussion under this information need extends the discussion of
function 4, which was presented in the issue resolution strategy section for
this issue (1.11). The approaches or methods to be used to calculate or
otherwise establish that the anticipated or actual performance will meet the
performance goals stated in Table 8.3.2.2-4. In many instances, the approa-
ches, which follow in the logic subsection for this information need, require
site data, performance information, or design information to make such an
evaluation. The site data needs of this information need (1.11.6) are
identified in the following parameters section. These needs are passed to
the site characterization programs. Performance and design information needs
are also identified in the following parameters section. In many instances,
these performance and design information needs are the results or conclusions
of work that depends on site data. The call for such site data is in the
issue where the work is done and is not repeated here.

Table 8.3.2.2-4 identifies six processes necessary for meeting func-
tion 4. Each of these processes was related to one or more performance
measures and their associated performance goals and desired confidences. The
approaches and data needs discussed here are an extension of the relation-
ships evident in that table.

This information need will be satisfied through five products that will
be used to demonstrate that the performance goals of function 4 have been
met. The products are the results of the design activities performed under
this information need. The relationship of the five products to the six
processes of function 4 is shown in Table 8.3.2.2-12.

These products may be delivered to other information needs under this
issue or under other design or performance issues. In the following logic
subsection, the products are used to group the approach and methods that will
be used to show that the goals of this issue are met. Products are the
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Table 8.3.2.2-12. Relationship of Information Need 1.11.6 products to the
processes associated with function 4 (Table 8.3.2.2-4).
(Asterisks indicate direct relationship between products
and processes.)

Product

Borehole Strategy for
Allowable spacing Sensitivity containment Reference

Process APDS strategy studies enhancement calculationsb

Limit temperature * * *
changes in
selected
barriers

Limit deleterious * * *
rock movement
or preferred
pathways

Limit impact on *
surface
environment

Vary borehole and * * * * *
drift spacing to
control thermal
loading and con-
tainer temperature

Limit potential for * * * *
borehole collapse

Limit corrosiveness * *
of container
environment

AAPD - areal power density.
bThermomechanical calculations in the reference information base for

general Project reference and use.

results of the design activities and milestones identified later in the sec-
tion.
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Technical basis for addressing the information need

In the following subsection, the information needed by planned approa-
ches for demonstrating that goals are satisfied is linked to data already
available and plans for future data gathering. Specific parameters and the
logic used in identifying their importance to resolution of this information
need (1.11.6) are then identified in subsequent subsections. The accuracy
with which the parameters must be obtained is discussed under Information
Needs 1.11.1 and 1.11.2 (Sections 8.3.2.2.1 and 8.3.2.2.2) where the site and
waste package data needed to resolve this issue are consolidated.
Link to the technical data chapters and applicable support documents

The current design data base that has been used for existing design
activities, and for comparison with data needs given in the following param-
eters subsection, is presented in the reference design data base in Sec-
tion 6.1.2. A more detailed discussion of the current data in the reference
design data base may be found in the data chapters (1 through 5), and current
waste package data are found in Chapter 7.

Data that are needed to resolve this issue and that are already com-
pleted are presented in Section 6.4.2. This section provides the status of
resolution of this issue (1.11), and also forms some of the bases for the
approaches discussed under the following logic subsection.

Finally, Information Need 1.11.1 (Section 8.3.2.2.1) lists in detail the
site data needs established in this information need, as well as those for
all other information needs under this issue. That information need also
defines how well the data must be known to resolve the issue and identifies
the site characterization issues under which the test plans for obtaining
each site data need will be discussed.

Parameters

Parameters defined in this section are treated at two levels. At
the first level (Table 8.3.2.2-13) the analyses and input items required
to address this information need are identified. Specific parameters
required to complete the analyses are identified at the second level (Ta-
ble 8.3.2.2-14). This method of presentation has been adopted because there
is considerable overlap between the types of analyses that will be performed
to develop the five products identified under this information need. The
iterative nature of the design process is also evident; for example, the
borehole spacing documents require the use of container scale thermal
analyses and those analyses require initial estimates of the borehole
spacing. The analyses will be used to ensure that goals identified in Ta-
ble 8.3.2.2-4 are met with an appropriate level of confidence. The logic for
the identification of the products and the analyses required to prepare them
are provided by the following subsection. Site parameters required to
complete the analyses are determined by the input needs of the computer
models and other analytical tools to be used.
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Table 8.3.2.2-13. Analyses and input items required to resolve
Information Need 1.11.6

Product Parameters and input items

1.11.6-1 Areal power
density
(APD)

1.11.6-2 Borehole
spacing

1.11.6-3 Sensitivity
studies

1.11.6-4 Strategy
for con-
tainment
enhance-
ment

1.11.6-5 Reference
calcula-
tion

Drift stability criteria (Issues 2.4 and 4.4, Sec-
tions 8.3.5.2 and 8.3.2.5)

Constraints established by sealing program (Is-
sue 1.12, Section 8.3.3.2) .

Far-field performance criteria, including limits on
temperature change and permeability changes on
adjacent strata

Surface temperature change, and surface uplift limits
Near-field limits on host rock temperature, as it

influences container environment (Issue 1.10,
Section 8.3.4.2)

Far-field thermal and thermomechanical analyses
(Table 8.3.2.2-14)

Near-field thermal and thermomechanical analyses
(Table 8.3.2.2-14)

Borehole stability criteria (Issues 2.4 and 4.4)
APD
Container and container environment constraints

(Issue 1.10)
Container scale thermal and thermomechanical

analyses (Table 8.3.2.2-14)

Container scale thermal and thermomechanical
analyses (Table 8.3.2.2-14)

Drift scale thermal and thermomechanical analyses
(Table 8.3.2.2-14)

Far-field thermal and thermomechanical analyses
(Table 8.3.2.2-14)

Ranges of feasible parameters defined in Ta-
ble 8.3.2.2-14

Off-normal conditions scenario

Proposed water usage (Issue 4.4)
APD and borehole spacing
Waste package characteristics (postclosure)

(Issue 1.10)

Repository design
Container thermal and thermomechanical scale analyses
Drift thermal and thermomechanical analyses
Far-field thermal and thermomechanical analyses
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Table 8.3.2.2-14. Parameters for thermal and thermomechanical analyses

Product Parameters and input items

Container scale
analyses

Borehole dimensions and spacing
Waste package description

Container dimensions
Container thermal output
Container thermal decay characteristics
Liner and overpack specification

Geologic description of site
Stratigraphy
Jointing orientation, frequency, distribution

Rock mass thermal and thermomechanical properties
TSw2 and adjacent units
Saturation
Thermal conductivity
Heat capacity
Thermal expansion coefficient
Rock mass deformation modulus
Rock mass strength
In situ stress
Rock matrix elastic modulus
Rock matrix Poisson's ratio
Rock matrix strength
Joint orientation
Joint spacing
Joint strength
Joint normal stiffness
Joint shear stiffness

Drift scale
analyses

Areal power density
Waste decay characteristics (See listing under con-

tainer scale analyses)
Drift dimensions and spacing
Waste emplacement configuration
Geologic description of site

Stratigraphy
Rock mass thermal and thermomechanical properties

of TSw2 and adjacent units
(see listing under container scale analyses)

Rock support measures
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Table 8.3.2.2-14. Parameters for thermal and thermomechanical analyses
(continued)

Product Parameters and input items

Far-field
analyses

Areal power density
Waste decay characteristics (see listing under con-

tainer scale analyses)
Repository layout
Geologic description of site

Stratigraphy
Topography
Fault locations and properties
Jointing orientation, frequency, distribution

Rock mass thermal and thermomechanical properties
of all units, including overburden
(see listing under container scale analyses)

Logic

The burden of ensuring that the repository facilities will meet all
applicable performance objectives lies with this information need. Other
information needs under this issue are primarily concerned with establishing
the design bases (such as available space) and constraints that must be
placed upon the design as a consequence of postclosure performance concerns.
This information need is also concerned with the development of reference
calculations that provide a consistent set of predictions of the behavior of
the repository for performance assessment.

Five products have been identified as needed to satisfy this information
need: (1) the areal power density, (2) the emplacement borehole spacing,
(3) sensitivity studies, (4) strategy for containment enhancement, and
(5) reference calculations. Developing these products involves consideration
of multiple processes (Table 8.3.2.2-12) and the application of the appropri-
ate analyses (identified in Table 8.3.2.2-13). The following discussion
treats first the products and then the analyses upon which they rely.

Product 1.11.6-1: Areal power density. The areal power density (APD)
is the single most important characteristic of the repository since it can be
directly related to the capacity of the site, the repository layout, and the
extent to which the original characteristics of the site are modified as a
consequence of waste emplacement. The method of development of the APD
involves performing thermal and thermomechanical analyses. The results of
those analyses are compared with constraints or goals established under other
design issues and the performance issues. Given waste with a particular set
of characteristics, the average thermal loading is varied until the larger
scale performance criteria are met. Analyses of drifts, and possibly of
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boreholes, are then performed to ensure that near-field criteria are also
satisfied for the selected APD and the given thermal power decay character-
istics of the waste form.

Product 1.11.6-2: Borehole spacing. The borehole spacing is very
closely related to the areal power density APD), and when the APD is being
determined it may be necessary to perform drift or borehole scale calcula-
tions that assume a particular spacing. Borehole spacing is an important
design factor because (1) there may be several different arrangements of
waste (different borehole spacings), each with the same APD, that meet con-
straints; and (2) the considerable variability of the thermal output of the
waste will require that the borehole spacing be a variable. This product
must develop the strategy for selecting borehole spacing based on an approach
that considers thermomechanical interaction between boreholes and between
drifts and boreholes, and equipment constraints on borehole construction or
waste emplacement. These analyses will provide detailed assessment of the
temperatures near the emplacement boreholes. These assessments will be com-
pared to criteria established under Issues 1.10, waste package character-
istics (postclosure) (Section 8.3.4.2); 2.4, waste retrievability (Sec-
tion 8.3.5.2); and 4.4, technical feasibility (Section 8.3.2.5).

Product 1.11.6-3: Sensitivity studies. Sensitivity studies will be
performed to evaluate the effects of uncertainty in the description of the
waste form and the geologic setting. At present it is assumed that such
studies will rely on repeated analyses incorporating realistic parameter
variations. The results of these analyses may be expressed quantitatively as
sensitivity coefficients and incorporated within a finalized methodology of
uncertainty analysis.

Product 1.11.6-4: Strateqy for containment enhancement. Under the
discussion of the borehole spacing product, it was noted that more than one
spacing may meet all constraints; however, these different ways to distribute
the waste may not all perform equally. This product will document what has
been done to make sure that the significant alternatives or ways of enhancing
performance have not been overlooked. For example, one goal is to keep the
container dry by maintaining temperatures above boiling for 300 yr; however,
at the edges of the underground facility, temperatures will not be as high as
at the middle. This product will investigate increasing the waste loading at
the edges of the underground facility to maintain higher temperatures there.
This product will rely primarily on container scale thermal calculations and
is intended to respond to the requirements of Issue 1.10, waste package
characteristics (postclosure) (Section 8.3.4.2).

Product 1.11.6-5: Reference calculations. The repository design as
shown in Chapter 6 was developed in support of the site characterization
plan. The design is expected to be refined as the site investigation
proceeds, and after field evaluation at the exploratory shaft facility.
These refinements will be documented as part of the advanced conceptual
design and license application design activities. At every stage it is
important to have a complete set of referenceable predictions of the behavior
of the repository system. Such predictions provide a basis on which to
assess the suitability of the proposed design and are important
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considerations when developing the needs for supporting laboratory and field
investigations. These predictions (or reference calculations) will be based
on progressively better designs and site data of improving quality.

Analvsis of thermal and thermomechanical response. Before discussing
the specifics of analyses it is important to emphasize an assumption upon
which the subsequent discussion relies. The assumption is that responsi-
bility for ensuring that the retrieval option is maintained until the time of
closure rests with Issues 4.4, technical feasibility (Section 8.3.2.5), and
2.4, waste retrievability (Section 8.3.5.2). Accordingly, it is assumed that
necessary steps will be taken to validate the approach used to ensure that
reasonable maintenance requirements and retrieval will be met under those
issues. Achieving that assurance will necessarily require that the damaged
zone around the boreholes and drifts, as it exists at the time of closure,
will be reasonably characterized. For the postclosure period it remains to
be demonstrated that the container integrity will not be violated and that
the disturbed zone is not extended as a consequence of the changing thermal
stress field.

The terms near-field and far-field are often used when discussing analy-
ses on different scales. Here it is more convenient to subdivide the near-
field into the container scale and the drift scale, on the basis that analy-
ses on those two scales may be conducted independently. (That is likely to
be true for horizontal emplacement, but it may be more difficult to separate
the two for the vertical emplacement option.) The following paragraphs dis-
cuss the scope of the analyses anticipated to be performed on these three
scales and the types of models to be used. Further, the need for supporting
activities and field studies to validate these models is addressed.

Validation of the computer models to be used to verify the design of the
waste emplacement configuration is discussed under Issue 4.4, technical
feasibility (Section 8.3.2.5). No additional validation of the finite-
element models discussed there is considered necessary, because there will be
no significant change in the conditions that they seek to analyze. As such,
this issue does not call for site data to validate the models.

Container scale analyses. In Table 8.3.2.2-5 performance goals are
defined for the waste container and the adjacent rock. Thermal and thermo-
mechanical modeling will be used to ensure that these goals continue to be
met beyond closure of the underground facility. The design parameters that
may be selected to ensure that the goals are met are the waste package
spacing and the areal power density. In general, the analyses will be iden-
tical to those performed for the preclosure period. Namely, either two- or
three-dimensional analyses will be performed using finite-element models that
incorporate a description of jointed rock behavior. Selection of a three-
dimensional idealization, as opposed to two-dimensional, will be based on the
geometry of the waste emplacement configuration. However, two-dimensional
analyses are expected to be adequate for evaluation of horizontal emplacement
boreholes, while three-dimensional analyses may be required for vertical
boreholes. (For vertical emplacement, the waste packages may be too close to
the emplacement drift to allow the assumption of symmetry necessary to use
two-dimensional analysis techniques.)

8.3.2.2-70



YMP/CM-0011, Rev. 1 YMP/CM-0O11, Rev. 1

Because the emplacement borehole liner is expected to have a limited
life, the analyses should not include the possible beneficial effect of rock
support during the early postclosure period. In the absence of any such sup-
port it is possible that blocks of rock will become detached from the bore-
hole wall and come in contact with the waste container. Prediction of the
size of those blocks and the loads that could be imposed on the container are
considered important in view of load constraints defined under Issue 1.10,
waste package characteristics (postclosure) (Section 8.3.4.2). The finite-
element models currently under development within the Yucca Mountain Project
do not address block failure. Hence, it will be necessary to apply other
techniques to evaluate the loading, such as wedge analysis, key block
analysis, and use of models based on application of the distinct element
method. These other methods should incorporate realistic descriptions of the
geometry of the rock surrounding the emplacement borehole and include the
effects of thermal loading. The thermal load history (boundary condition)
used in the wedge or key block analysis may be obtained from thermomechanical
analyses performed to evaluate goals for the waste container and adjacent
rock.

Drift scale analyses. The objective of drift-scale analyses of the
postclosure period is to ensure that no new paths to the accessible environ-
ment, or extension of the disturbed zone, will occur. The potential for such
effects can be mitigated by backfilling the emplacement drifts before clo-
sure. Good drift maintenance performed during the preclosure period, the
amount of void space around the drift, the compaction characteristics -of the
backfill, and the bulking factor of the host rock will limit the amount of
rockfall in the case of localized rock failure. The possible implications of
such disturbance can be evaluated using performance assessment models based
on assumptions about the distribution of void space around the drift. It is
also recommended that such evaluations be supported by thermal and thermome-
chanical analyses intended to evaluate the behavior under the applied thermal
loading.

Data for the postclosure drift analyses will include a description of
the drift at the time of closure, with particular emphasis placed on defini-
tion of the extent of damage and a description of the backfill. The finite-
element models described under Issue 4.4, technical feasibility (Sec-
tion 8.3.2.5), will be used to perform analyses. The only additional
component of the models will be the backfill. Because primary reliance will
be placed on performance assessment to evaluate the acceptability of the
system, detailed validation of thermomechanical models of the backfilled
drifts is not considered necessary.

Far-field analyses. Far-field thermal and thermomechanical analyses of
the postclosure repository configuration will be performed to confirm that
the far-field performance goals continue to be met. The tools for these
analyses will be the same as those used for container and drift-scale analy-
ses, namely, finite-element, thermomechanical analyses of representative
cross sections of the repository. There are no new physical processes to be
analyzed and there are no additional bases for evaluating the potential for
deleterious rock movements or creation of preferred pathways other than the
potential effects of faulting. Faulting should be included in the far-field
thermomechanical models to assess their potential effects. The far-field
analyses of the repository system require the same data and techniques as
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other thermomechanical analyses. Temperature-induced displacements in the
rock mass will be examined and will consider the Possibility of movement
along preexisting features such as faults. If movement on features that
intersect the repository facility is possible, the analyses described in
Section 8.3.2.5 will be extended to examine possible effects. Seismically
induced movements will be considered in conjunction with temperature-induced
effects.

8.3.2.2.6.1 Design Activity 1.11.6.1: Thermal loading for underground
facility

The objective of this design activity is to establish the allowable
thermal loading as a function of waste age and burnup. Determination will
start with far-field calculations and consider near-field effects to ensure
practical waste distribution exists that meets near-field constraints. The
technical basis part of the previous section discusses the approach to deter-
mining the allowable APD, and Section 8.3.2.2.1 discusses the data require-
ments for this activity.

8.3.2.2.6.2 Design Activity 1.11.6.2: Borehole spacing strategy

The objective of this design activity is to establish strategy for
choosing borehole spacings as a function of waste thermal output as affected
by waste type, age, and burnup. Strategy will be designed to ensure that
spacings chosen will satisfy all near-field constraints. The technical basis
part of Section 8.3.2.2.6 discusses the approach to establishing a borehole
spacing strategy, and Section 8.3.2.2.1 discusses the data requirements for
this activity.

8.3.2.2.6.3 Design Activity 1.11.6.3: Sensitivity studies

The objective of this design activity is to determine predicted reposi-
tory thermal and thermomechanical response to variations in model input data.
This information will be used to evaluate adequacy of data gathered and to
determine goals have been met with proper confidence. The technical basis
part of Section 8.3.2.2.6 discusses this approach to sensitivity studies, and
Section 8.3.2.2.1 discusses the data requirements for this activity.

8.3.2.2.6.4 Design Activity 1.11.6.4: Strategy for containment enhancement

The objective of this design activity is to document how design of
underground facility has taken into account containment, in particular, the
goal for Issue 1.10 (Section 8.3.4.2) of keeping the containers dry for 300
yr. The technical basis part of Section 8.3.2.2.6 discusses the approach to
this strategy, and Section 8.3.2.2.1 discusses the data requirements for this
activity.
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8.3.2.2.6.5 Design Activity 1.11.6.5: Reference calculations

The objective of this design activity is to provide a consistent set of
calculations with proper quality assurance of thermal and thermomechanical
response of host rock that can be used by performance assessment issues. The
technical basis part of Section 8.3.2.2.6 discusses the approach to these
calculations, and Section 8.3.2.2.1 discusses the data requirements for this
activity.

8.3.2.2.7 Information Need 1.11.7: Reference postclosure repository design

This information need does not correspond to an issue resolution
function identified in the issue resolution strategy (Section 8.3.2.2) for
this issue (1.11). Nor does it require the acquisition of site data.
Rather, this information need will be satisfied using data acquired under
other information needs, as well as results of analyses conducted under other
information needs.

This information need will be satisfied by two products:

1. Reference postclosure design provides the reference postclosure
design of the repository, which will form part of the basis for the
postclosure performance assessment of the repository (to satisfy
part 2 of this issue).

2. Documentation of compliance will demonstrate compliance of the
postclosure design with the requirements of 10 CFR 60.133 (satis-
fying part 1 of this issue). This product will be documented in the
advanced conceptual design and license application design reports.

Technical basis for addressing the information need

In the subsequent subsections a link is provided to other sections of
the SCP and supporting documents, including reference to documentation of the
current status of satisfying this information need as found in Section 6.4.
The reference postclosure design will be documented in the reference infor-
mation base. An explanation of the logic of what is required to satisfy this
information need is also given.

Link to the technical data chapters and applicable support documents

The current design concepts and drawings are documented in Section 6.2
and in Chapters 3 and 4 of the SCP-CDR (SNL,1987). The reference design
drawings that result from this information need will be part of the basis for
postclosure performance assessment of the repository by the following issues:
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Issue Short title SC section

1.1 Total system performance 8.3.5.13
1.3 Ground-water protection 8.3.5.15
1.4 Containment by waste package 8.3.5.9
1.5 Engineered barrier system release rates 8.3.5.10
1.6 Ground-water travel time 8.3.5.12
1.8 NRC siting criteria 8.3.5.17
1.9 Higher level findings--postclosure 8.3.5.18

Parameters

The following information needs or investigations will furnish informa-
tion necessary to develop the postclosure design of the underground facility:

Information need
or investigation Subject

1.11.3 Underground facility orientation and layout (Sec-
tion 8.3.2.2.3)

1.11.4 Design constraints to limit water usage
(Section 8.3.2.2.4)

1.11.6 Thermomechanical effects on postclosure design (Sec-
tion 8.3.2.2.6)

1.12.2 Seal materials (Section 8.3.3.2.2)

1.12.3 Emplacement methods for seals (Section 8.3.3.2.3)

1.12.4 Reference seal designs (Section 8.3.3.2.4)

4.4.7 Design analyses for technical feasibility (Sec-
tion 8.3.2.5.7)

8.3.1.4.1 Integrated drilling program (stratigraphy, structure, rock
properties)

8.3.1.9.1 Degradation of surface markers and monuents

Logic

This information need will evaluate criteria for reference design and
construction drawings and transmit these criteria to Issue 4.4, technical
feasibility (Section 8.3.2.5). Specific drawings that result will be sup-
plied, as they are available, to the reference information base during the
advanced conceptual design and license application design phases.

The information that must be documented as part of the reference post-
closure underground facility design s as follows:
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1. The location of underground openings including their preclosure size
and shape and their drainage pattern.

2. The anticipated postclosure state of the openings including backfill
and reasonable degradation. The boreholes on the average are
expected to be stable and meet containment requirements; however,
drifts that will remain stable for some period after repository
closure will not be relied on to be open and may be backfilled.

3. The documentation of location, function, and design of the seals for
ramps, shafts, drifts, and exploratory drill holes. This
documentation will be produced by Issue 1.12, seal characteristics
(Section 8.3.3.2). Documentation of this information will be
included in the reference postclosure design.

4. The criteria for dismantling of the underground structures and
facilities including statement of materials that will be left in
place (plan for decommissioning will be in Issue 4.4, technical
feasibility, Section 8.3.2.5).

5. Documentation of surface monuments, if any (Issue 1.12).

8.3.2.2.7.1 Design Activity 1.11.7.1: Reference postclosure repository
design

The objective of this design activity is to establish what information
will constitute the reference postclosure design for use in performance
assessment and document this information in the advanced conceptual design
and license application design reports. The previous section discusses the
role of the activity in resolving Issue 1.11.

8.3.2.2.7.2 Design Activity 1.11.7.2: Documentation of compliance

The objective of this design activity is to document that the issue has
been resolved by determining if the postclosure design complies with the
design goals of this issue and to document this compliance in the advanced
conceptual design and license application design reports.
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8.3.2.3 Issue resolution strategy for Issue 2.7: Have the characteristics
and configurations of the repository been adequately established to
(a) show compliance with the preclosure design criteria of 10 CFR
60.130 through 60.133 and (b) provide information for the resolution
of the performance issues?

This issue is concerned with the features (i.e., characteristics and
configurations) of the repository that relate to radiological safety. These
features consist of a subset of the total-set of engineered systems and com-
ponents that make up the repository. The features also address some aspects
of the natural setting (i.e., the site) by accounting for the impact of these
aspects on the engineered systems and components. For example, the shielding
properties of the host rock and their effect on radiation levels in areas
occupied by workers should be considered in the design of equipment for han-
dling the waste package in the underground facility.

The role of this issue in addressing the features of the repository
related to radiological safety must be placed in context with the roles of
other issues. Figure 8.3.2.1-1, Section 8.3.2.1, shows the relationships
between several design and performance assessment issues. To be more speci-
fic about the relationship of Issue 2.7 to the other issues with which it is
directly tied, only Issues 2.7 (this issue), 4.4 (Section 8.3.2.5), and 2.1
through 2.3 (Sections 8.3.5.3 through 8.3.5.5) are shown in Figure 8.3.2.3-1.
The figure defines the ties between these issues by indicating what major
items of information are passed between them. The figure also illustrates
the connection of all these issues with the site characterization program.
The scope of an issue is indicated by its size with respect to other issues
in this figure. Note that Issue 4.4 is the largest in scope, and the other
issues, including this issue branch out from Issue 4.4, reducing the scope to
more specific areas. A strong tie between Issue 2.7-and Issue 4.4 is indi-
cated and, in particular, the reliance of this issue upon Issue 4.4 for
development of the design and supporting analyses.

In the discussion that follows in this section, the regulatory basis for
addressing Issue 2.7 is described, the approach to resolving the issue is
defined, and the relationship of this approach with the information needs
within this issue is discussed.

Regulatory basis for the issue

As indicated in this issue statement, the regulatory bases for this
issue arise primarily from two sources. First, 10 CR Part 60 provides the
repository design criteria in Sections 60.131 through 60.133. In addition,
10 CFR 60.111(a) and 10 CFR Part 20 are pertinent to this issue. Performance
Issues 2.1, 2.2, and 2.3, which address radiological exposures to the workers
and public under normal and accident conditions, impose criteria upon the
design of the repository as a result of EPA and NRC imposed limits on the
exposures to the public and workers. These two bases for Issue 2.7 will be
treated individually and in detail in the discussions that follow.

In 10 CFR Part 60 the NRC has laid out design criteria for the geologic
repository and the waste package. These criteria are found in Sections
60.130 through 60.135. In addition to the brief statement of the general
scope of the design criteria given in section 60.130, the sections of
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particular importance to repository design aspects of radiological safety are
60.131 through 60.133. (Section 60.134 addresses seals and is treated in
Section 8.3.3, seals systems. Section 60.135 is treated in Section 8.3.4
under Issue 2.6, waste package characteristics--preclosure.) General design
criteria for the geologic repository operations area (GROA) are given in 10
CFR 60.131. This section contains two main topics: (1) methods of radio-
logical protection and (2) systems, structures, and components important to
safety. Additional design criteria for the surface facilities are given in
60.132, and additional design criteria for the underground facilities are
given in 60.133.

Not all the design criteria spelled out in these sections are related to
radiological safety; therefore, not all these design criteria are addressed
in Issue 2.7. The division of responsibility and relationships between the
design issues are described in Section 8.3.2.1 (Figure 8.3.2.1-1), and the
specific issue responsible for addressing each criterion stated in 10 CFR
60.131 through 60.133 is presented in Table 8.3.2.3-1. In addition, the
table also indicates which of the criteria result in the need for site param-
eters in order to accomplish the design and analyses necessary to address the
criteria. Only those criteria that result in the need for site data will be
addressed in detail in the SCP. All criteria, as well as the plans to
account for those criteria in the design of the repository, will be addressed
in the plans for repository design.

Approach to resolving the issue

Licensing strategy overview

This issue requires that the repository design incorporate the general
design criteria specified in 10 CFR 60.131 through 60.133 such that the pre-
closure performance objectives identified in 10 CFR 60.111 can be met. The
general objective of these criteria is to ensure that the geologic repository
operations area (GROA) is designed in such a way that the general public and
repository workers are adequately protected from both routine and accidental
releases of radioactive material during repository operation, including
retrieval operations. The primary means of resolving this issue is by
reflecting the preclosure design criteria of 10 CFR 60.131 through 60.133 in
the design of the GROA and by performing analyses that will demonstrate that
the performance objectives of 10 CFR 60.111 will be met.

As stated in 10 CFR 60.130, the design criteria specified in 10 CFR
60.131 through 60.133 are a minimm set. Other design criteria may be speci-
fied that are consistent with and complement the criteria in 10 CFR 60.131
through 60.133. As can be seen in Table 8.3.2.3-1, the information needed to
resolve this issue is primarily design related. Site data that are required
pertain mainly to the identification of design-basis accidents and to the use
of the site properties to help design features enhance radiological safety.
The resolution of Issue 2.7 will be complete when it has been demonstrated
that each item listed in 10 CFR 60.131 through 60.133 has been adequately
addressed in the license application design. The analysis of additional
design features will provide added assurance of radiological safety beyond
the regulatory requirements. It is important to note that under this issue,
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Table 8.3.2.3-1. Design criteria for the geologic repository operations area (page 1 of 8)

Issue that Are the site data
addresses the needed to address

Design criteria of 10 CFR 60.131 through 60.133 criterionb the criterion?

60.131 GENERAL DESIGN CRITERIA FOR THE GEOLOGIC REPOSITORY OPERATIONS AREA

(a) Radiological protection. The geologic repository operations area shall be
designed to maintain radiation doses, levels, and concentrations of radio-
active material in ir in restricted areas within the limits specified in
Part 20 of this chapter. Design shall include -

(1) leans to limit concentrations of radioactive material in air; 2.7 Yes

°° (2) Means to llmit-the time required to perform work in the vicinity of 2.7 No
U-) radioactive materials, including, as appropriate, designing equip-

ment for eas of repair and replacccnt and providing adequate space
for ease of operation;

(3) Suitable shielding; 2.7 Yes

(4) Means to monitor and control the dispersal of radioactive contamination; 2.7 Yes

(5) Means to control access to high radiation areas or airborne radio- 2.7 No
activity areas; and

(6) A radiation alarm system to warn of significant increases in radiation 2.7 Yes
levels, concentrations of radioactive material in air, and of
increased radioactivity released in effluents. The larm system
shall be designed with provisions for calibration and for testing
its operability.

(b) Structures, systems, and components important to safety.

(1) frotection against natural phenooena and nvironmental conditions. 2 7 Yes

The structures, systom, and components important to safety shall be
designed so that natural phenonena and environmental conditions
anticipated at the geologic rpository operations area will not
interfere with necessary safety functions.



Table 8.3.2.3-1. Design criteria for the geologic repository operations area (page 2 of 8)

Issue that Are the site data
addresses the needed to address

Design criteria of 10 CFR 60.131 through 60.133 criterionb the criterion?

60.131 GENERAL DESIGN CRITERIA FOR THE GEOLOGIC REPOSITORY OPERATIONS AREA continued)

(2) Protection against dynamic effects of equipment failure and similar events. 2.7 No

Tb. structures, systems, nd components important to safety shall be designed
to withstand dynamic effects such as missile impacts, that could result
from equipment failure, and similar events and conditions that could lead
to loss of their safety functions.

(3) Protection against fires and explosions.

U() The structures, systems, and components important to safety shall be 2.7 Yes
designed to perform their safety functions during and after credible
fires or explosions in the geologic repository operations area.

(ii) To the extent practicable, the geologic repository operations rea 4.4 No
shall be dsigned to noorporate the use of noncombustible and heat
resistant materials.

(iLL) The geologic repository operations area shall be designed to include 2.7 Yes
explosion and fire detection alarm systems and appropriate
suppression systems with sufficient capacity and capability to
reduce the adverse effects of fires and xplosions on structures,
systems, and cponents important to safety.

(iv) The geologic repository operations area shall be dsigned to include 2.7 No
means to protect systems, structures, and components important to
safety against the adverse effects of either the operation or
failure of the fire suppression systems.

(4) nergency capability.

(i) The structures, systems, and components important to safety shall be 2.7 No
designed to maintain control of radioactive waste and radioactive
effuieats, and permit prompt teriastion of operations and evacu-
atio of personnel during an _mrgency.



Table 8.3.2.3-1. Design criteria for the geologic repository operations area (page 3 of 8)

Issue that Are the alte data
addresses the needed to address

Design criteria of 10 CrR 60.131 through 60.133 criterionb tne criterion?

50.131 CU3UL DSIGN CRITERIA rOR THE GEOLOGIC REPOSITORY OPERATIONS AREA (continued)

(ii) Te geologic repository operations area shall be designed to include 4.4 No
onaite facilities and services that ensure a safe and timely
response to emergeny conditions and that facilitate the use of
available offsite rtices (such as fire, police, medical, and
abulance service) that y aid in rcovery from emergencies.

co 1S) Utility sertices.

(i) ech utility service system that s important to safety shall b 2.7 Yes
designed so that essential safety functions can be performed
under both normal and ccident conditions.

(ii) The utility services Important to safety shall include redundant 2.7 No
systems to the extent necessary to m*intain, with adequate
capacity, the ability to perfom their safety functions.

(iii) ?rovisioes shall be made so that, if there is a loss of the primary 2.7 No
electric power source or circuit, reliable and timely emergency
power cn be provided to Instruments, utility service systems, and
operating systme, including alac systems, important to safety.

(53 Inspection, testing, and maintenance. 2.7 No

The structures, system, and components important to safety shall be designed
to permit periodic inspection, testing, and mainteance, ncessary, to
ensurO their continued functioning and readiness.

(7) Criticality control. 2.7 Yes

All systems for processing, transporting, handling, storage, retrieval , emplace-
meat, and isolation of radioactive waste shall be designed to ensure that a
nuclear criticality accident is not possible unless at least two unlikely,
independent, and concurrent or sequential changes have occurred in the condl-
tions essentil to uclear criticality safety. ach system shall be designed
fot criticality safety uma roml and accident condition. The calculated



Table 8.3.2.3-1. Design criteria for the geologic repository operations area (page 4 of 8)

Issue that Are the ite data
addresses the needed to address

Design criteria of 10 Cr 60.131 through 60.133 criterionO the criterion?

60.131 DIZUML DESIGb CRITRIA roR THE GEOLOGIC REPOSITORY OPERATIONS AREA (continued)

*f fective ltiplication factor k*gg) must be sufficiently below unity to
show at least a St margin, after allowance for the bias in the method of
calcuation and the uncertainty n the eperiments used to validate the
met of calculation.

IC) nstrumentation and control systems. 2.7 Yes

The design shall include provisions for instruentation and control systems
to mnitor and control the behavior of system important to safety over

"3 anticipated ranges for normal operations and for accident conditions.

(9) Cplianae with mining regulations. 2.7, 4.2 Yes

To the etent that DOS is not subject to the ederal Kine Safety and Health
Act of 1977, as to the construction and operation of the geologic rpository
operations are, the design of the geologic repository operations area shall
nevertheless Lnclude sch provisions for worker protection as my be
necessary to provide reasonable assurance that all structures, systems, and
cpoats important to safety can perform their intended functions. Any
deviation f ron relevant design requirmnts Ln 30 CfR, Chapter 1, Sub-
chapters D, , and X will give ria to a rebuttable presumption that this
reqirnsat baa mot been mt.

(10) Shaft _onvejances used l radioactive waste handling. NAb - all waste Ka
will be trans-

(1) Mists important to safety shall be designed to preclude cage free ported under-
fall. ground usinq

IL) Moists Important to safety shall be designed with a reliable cage A
location system.

(iii) Loading and unloading systems for hoists important to safety shall VA KA
be designd with a reliable system of interlocks that will fall
afely Upon malfunction.

I



Table 8.3.2.3-1. Design criteria for the geologic repository operations area (page 5 of 8)

Issue that Are the site data
addresses the needed to address

Design criteria of 10 cri 60.131 through 60.133 criterionb the criterion?

60.131 GKURU DESIGN CITERIA fOR THE GEOLOGIC REPOSITORY OPERATIONS AREA (continued)

(1w) loists important to safety shall be designed to include two independent MA MA
Indicators to dicato when waste packages are in place and ready for
transfer.

60.132 ADDITIONUL DSIGN CRITERIA OR SURrACE FACILITIES IN THE GEOLOGIC REPOSITORY OPERATIONS AREA

(a) Facilities for receipt and retrieval of waste. 2.7 Yes

Surface facilities in the geologic repository operations area shall be designed to
allow safe handling and storage of wastes at the geologic repository operations
area, whether thes wastes are on the surface before emplacement or as a result

00 of retrieval row the underground fcility.

(b) Surface facility ventilation. 2 Yes

Surface fcility ventilation systems supporting waste transfer, inspection, decon-
tamination, processing, or packaging shall b designed to provide protection
against radiation esposure and offsite releases as provided ln 60.111(a).

(a) Radiation control and monitoring.

(1) fflu ot natrol. 2.7 Yes

The surface facilities shll be designed to control the release of radio-
active materials l effluents during normal operations so as to met the
parfomace objectives of 60.111(a).

(2) effluent onitoring. 2.7 No

The effluent monitoring systems shall be designed to measure the amount and
concentration of radionuclides in any effluent with sufficient precision to
dotermino whether releases conform to the design rquirmnt for effluent
control. The monitoring systems shall b designed to include alarms that
can e periodically tested.



Table 8.3.2.3-1. Design criteria for the geologic repository operations area (page 6 of 8)

CO

Issue that Are the site data
addresses the needed to address

Design criteria of 10 CR 60.131 through 60.133 criterioz* the criterion?

60.132 ADDlTIOU*L DCSI=h CRITIRIA OR SURFACE FACILITIES IN THE GEOLOGIC REPOSITORY OPERATIONS AREA continued)

(d) waste treatment* 2.7 No

Radioactive waste treatment facilities shall be designed to process any radio-
ctive wastes generated at the geologic repository operations area into a form

suitable to permit sta disposal at the geologic repository operations area or
to permit safe transportation and conversion to a form suitable for disposal at
an alternative site in accordance with any regulations that are applicable.

OD

le) Consideration of decomissioning. 4.4 No

The surface facility hall be designed to facilitate decontamination or dismantle-
ment to the same extent a would be required, under other parts o this chapter,
with respect to equivalent activities licensed thereunder.

60.133 ADDITIONAL DESIGI CRITERIA FOR THE UNDERGROUND FACILITY

(a) Geneal criteria for the underground facility.

(1) The orientation, geometry, layout, and depth of the underground facility, 1.11 Yes
and the design of any engineered barriers that are part of the underground
facility shall contribute to the containent and isolation of. radionuclides.

(2) The underground facility shall be designed so that the, effects of credible 4.4 No
disruptive events during the period of operations, such as flooding, fires,
and explosioos will ot spread through the facility..

Ib) flexibility of design.

The underground facility shall be designed with sufficient flexibility to allow 1.11 Yes
adjustments where necessary to accoodate specific site conditions dentified
through i sits monitoring, testing, or excavation.



Table 8.3.2.3-1. Design criteria for the geologic repository operations area (page 7 of 8)

Issue that Are the site data
addresses the needed to address

Design criteria of 10 crR 60.131 through 60.133 criterionb the criterion?

60.133 AWITIONAL DESIGN CRITERIA FOR THE UNDERGROUND FACILITY continued)

(c) Retrieval of wate. 2.4, 4.4 Yes

Th underground facility shall be designed to permit retrieval of waste in
accordsne with the pecrfomne objectives of 60.111.

(t) Contzol of water an g". 4.4 Yes

The design of the underground facility shall provide for control of water or
gas intrusion.

te) underground openings.

1) Openings in the underground facility shall be designed so that operations can 2.4, 4.2, Yes
be carried out safely and the rtrievability option maintained. 4.4

(2) Openings i the underground facility shall be designed to reduce the potential 1.11 Yes
for deleterious ntoc eat or fracturing of overlying or surrounding rock.

(f) ock excavation. 1.11 Yes

Th design of the underground fcility shall incorporate excavation methods that
will limit the potential for creating a preferential pathway for ground water
o¢ radioactiv waste migration to the ccossible environment.

(gi ederground facility vntilation.

b ventilation system shall be designed to -

(11) Control the transport of radioactive particulates and gases within and 2.7 Yes
releases from the underground facility in accordance with the performance
objectives of 60. IIIla)

12) Assure continued function during normal operations and under accident 2.7, 4.2, Yoa
conditions. 4.4

(0
.4

(3) Separate the ventilation of excavation and waste placment areas. 2.7 44 190



Table 8.3.2.3-1. Design criteria for the geologic repository operations area (page 8 of 8)

Issue that Are the site data
addresses the needed to address

Design criteria of 10 crR 60.131 through 60.133 criterionb the criterion?

*0.133 DDII0AL DESIGN CRITERIA FOR THE UNDERGROUND FACILITY (continued)

lh) Engineered barriers 1.11 Yes

Engineered barriers shall be designed to assist the geologic setting in meting
the perfomanc objectives for the period following permanent closure.

i) Thermal loads. 111 Yes

The underground facility shall be designed so that the performance objectives
will be mt taking into account the predicted thermal and thermomechanical
response of the host rock, and surrounding strata, ground-water system.

*The SC? sections addressing the issues listed in this column are as follows: Issue 1.11, configuration of underground facil-
ities (postclosuro) (Section .3.2.2); Issue 2.4, waste retrievability (Section 8.3.5.2); Issue 2.7 (this section); Issue 4.2,
noaradiological b1th and safety (Section 6.3.2.4); and Issue 4.4, preclosure design and technical feasibility (Section 8.3.2.5).

bVA * not applicable.
The Yucca Hbuntain Project has rp instead of a hoist, which will be used to transport waste underground in transporters.

Accidents Lnvolving the transport of waste underground, such as runaway transporter, are being investigated.

I.,

I.i.
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assurance will be provided that radiation safety design criteria are met
while Performance Issues 2.1 through 2.3 will address compliance with regula-
tory limits. (Note that there are currently no regulatory dose limits for
repository accidents.)

Application of the issue resolution strategy

The logic to be used in the resolution of this issue is illustrated in
the logic diagram shown in Figure 8.3.2.3-2. This diagram depicts how the
generic approach to issue resolution described in Section 8.1 and 8.2 is to
be applied to this issue. The first step of this process, identifying regu-
latory requirements, has already been discussed previously under regulatory
basis for the issue.w The following discussions will explain each of the
remaining steps shown in the logic diagram for the resolution of this issue.

Identification of functional requirements. To allocate performance to
the engineered systems of the Yucca Mountain mined geological disposal system
(MGDS), the functions of the MGDS with respect to this issue must be identi-
fied. These functions of the MGDS may be taken from Table 8.3.2.3-1. These
functions and what might be called subfunctions are listed below with some
elaboration on each. The portion of 10 CFR 60.131 through 60.133 that the
function or subfunction is intended to address is also listed in parentheses.

Function 1: Radiological protection. The first function of the
repository is to maintain radiation doses, levels, and concentrations-of
radioactive material in restricted areas within the limits specified in 10
CFR Part 20. This function is intended to produce a design that will protect
the radiological health and safety of both the repository workers and the
public. Radiological protection involves many activities; therefore, it has
been subdivided into 11 subfunctions. These subfunctions are labeled with
letters that correspond to the designators used in the performance goal and
parameters tables presented later in this section and are as follows:

A. Limit concentration of radioactive materials in air
(10 CFR 60.131(a)(1)).

B. Limit time required to perform work in the vicinity of radioactive
materials (10 CFR 60.131(a)(2)).

C. Provide suitable shielding where necessary (10 CFR 60.131 (a)(3)).

D. Monitor and control the dispersal of radioactive contamination
(10 CFR 60.131(a)(4)).

E. Control access to high radiation areas (10 CFR 60.131(a) (5)).

F. Provide radiation alarm systems for worker protection (10 CFR
60.131(a)(6)).

G. Monitor and control radioactive materials in repository effluents
(10 CFR 60.132(c)).

H. Provide radiation alarm systems for repository effluents (10 CFR
60.131(a)(6)).

8.3.2.3-12
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I. Provide safe handling and storage of waste whether awaiting
emplacement or being retrieved (10 CFR 60.132 (a)).

J. Provide repository facility ventilation systems that will protect
against radiation exposure (10 CFR 60.132 (b) and 10 CFR
60.133 (g)).

K. Assure the continued function and separation of ventilation systems
during normal operations and under accidents conditions (10 CFR
60.132(b) and 10 CFR 60.133(g)).

Function 2: Design and protection of structures, systems, and
components (SS&C) important to safety (ITS). This function is intended to
produce a design that provides assurance that radiation safety design
features will operate effectively when they are needed. This function also
involves many activities and has been subdivided into eight subfunctions.
These eight subfunctions are also labeled with the letter designators used
later in this section and are as follows:

L. Protect structures, systems, and components important to safety
against natural phenomena and environmental conditions (e.g.,
rockburst) (10 CFR 60.131(b)(1)).

M. Protect structures, systems, and components important to safety
against dynamic effects of equipment failure and similar events
(10 CFR 60.131(b)(2)).

N. Protect structures, systems, and components important to safety
against fires and explosions (10 CFR 60.131(b)(3)).

0. Ensure that structures, systems, and components important to safety
will maintain control of radioactive materials, permit prompt ter-
mination of operations, and allow evacuation of personnel during an
emergency (10 CFR 60.131(b)(4)(i)).

P. Ensure that utilities important to safety will continue their safety
functions during emergencies (10 CFR 60.131(b)(5)).

Q. Ensure that structures, systems, and components important to safety
will facilitate inspection, testing, and maintenance (10 CFR
60.131(b)(6)).

R. Provide timely backup power when needed and during emergencies
(10 CFR 60.131(b)(5)).

S. Provide instrumentation and control systems to monitor and control
structures, systems, and components important to safety for all
anticipated ranges of operation (10 CFR 60.131(b)(8)).

Function 3: Criticality control. This function will provide assur-
ance that all systems for processing, transporting, handling, storage,
retrieval, emplacement, and isolation of radioactive material are designed to
ensure that a criticality accident is not credible (10 CFR 60.131(b)(7)).

8.3.2.3-15
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Function 4: Compliance with mining regulations. This function will
ensure that requirements of 30 CFR Chapter , subchapters D, E, and N that
are applicable to protection of workers who perform a safety function will be
incorporated into the design of the repository (10 CFR 60.131(b)(9)).

Function 5: Waste treatment. This function will ensure that waste
treatment facilities are designed to permit safe offsite-disposal of site-
generated waste in accordance with applicable regulations (10 CFR 60.132(d)).

Allocation of performance. The next four steps after the identification
of functional requirements include the bulk of the performance allocation
process. In these steps, performance measures, performance goals, and needed
parameters are developed. The results of these steps are in Tables 8.3.2.3-2
and 8.3.2.3-3.

The functions that organize these tables were derived directly from
10 CFR 60.131 through 60.133. Performance measures developed for each func-
tion provide the means to measure success in performing the required func-
tions. Performance goals were developed such that if the goals are met, the
function is satisfactorily completed. The parameters listed in Ta-
ble 8.3.2.3-3 for each performance goal are those site data needed to calcu-
late the performance measure to be compared with the performance goal.

Development of design criteria and constraints. This issue develops
design objectives and criteria to be used by Issue 4.4 (preclosure design and-
technical feasibility) in designing the repository. These design objectives
are listed as performance goals in Table 8.3.2.3-2. In general, the basis
for developing numerical performance goals has been to assume one-fifth of
the limits specified in DOE Order 5480.1, Chapter XI DOE, 1980). Of all
these performance goals, a few stand out as the major design objectives for
radiological safety. The first of these comes out of the shielding function
and establishes that radiation fields in all normally occupied areas (or
areas to which workers have free access) shall be less than 0.5 mem/h. Any
areas of the repository with radiation fields that cannot be reduced to below
0.5 mrem/h shall have controlled access and other procedural controls to
limit doses to workers. Another design objective is that concentrations of
airborne radionuclides (including radon and short-lived radon daughters)
shall be as low as reasonably achievable (ALARA) below a design objective of
one-fifth the values listed in 10 CFR 20, Appendix B, Table I, Column I.
(Since radon is a naturally occurring radionuclide, it is not strictly within
the scope of 10 CFR Part 20 or Subpart A of 40 CFR Part 191; however, radon
releases are considered within the scope of this issue.) A third important
design objective is the requirement to maintain releases of radioactive
materials in repository effluents below levels that would result in offsite
individual 50-yr whole-body dose equivalents of 25 mrem/yr (40 CFR 191.03).
This value is considered to embody the ALARA principle (Kathren et al.,
1980). A final design objective is to maintain combined annual individual
worker doses from all sources of radiation to less than 1 rem if consistent
with NRC ALARA requirements. To be consistent with the ALARA principle,
lower levels of radiation will be achieved if it is reasonable to do so. It
should be noted that based on International Committee on Radiation
Protection, Publications 26 and 30 (ICRP, 1977; 1978), current regulations
are undergoing changes that may require changes in these design criteria.

8.3.2.3-16



Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository
design criteria for radiological safety) (page 1 of 13)

trocess or Needed Site
Subtunction activity Performance measure Tentative goal confidence data?

PADIPLOGICAL PROTCCTION (FUNCTION 1)
I.-

A Limit concentrations of
radioactive matetials
in air

Moitor concentra-
tlon of radio-
active materials
in repository air-
stre

Concentrations of radio-
active materials in
repository airstrams

Al Concentrations of radioactive
materials in normally
occupied areas do not exceed
200 of the values listed in
in 10 CFR 20, Appendix B.
Table 1, Column 1

(a) No

OD

Z.

.

s-
-J

A2 Concentrations of non-natur-
ally occurring radioactive
materials in Controlled
access areas do not exceed
the values listed in
10 CFR 20, Appendix 5,
Table 1, Column 1

A3 Concentrations of naturally
occurring radon and short-
lived radon daughters such
that annual exposure is
less than 4 Working Level
Months as defined Is
30 CFR 57.2

High

High

Yes

Yes

Vilter exhaust air
from potentially
contaminated areas

Maintain gaseous
radionuclides in
repository air-
streams below
*coeptable levels

Concentrations of
radioactive materials
in repository air-
strebam

Concentrations of
radioactive materials
in repository air-
stre s

See Al, A2, and A3 above

See Al, A2, and A3 above

High Yes

High Yes



Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository
design criteria for radiological safety) (page 2 of 13)

Process or Needed Site
Subfunction activity Performance measure Tentative goal confidence data?

RADIOLOGICAL PROTECTION (FUNCTION 1) (continued) 0-

B Limit time required to
perform work in the
vicinity of radsc-
tive materials

i'3

I.
tn

Limit time of occu-
pancy for tasks in
radiation fields
greater than
0.5 aWrh

Provide remote hand-
ling capability
for long-tero task
in radiation fields
greater than
0.5 *rm/h

Provide shielding to
reduce radiation
fields to below
0.5 arm/h in nor-
mally occupied
work areas

Time required to perform
tasks in radiation
fields greater than
0.5 are/b

Dose reduction due to
use of remote
handling equipment

Radiation fields in
normally occupied
work areas

51 Time limited such that the as
low as reasonably achieva-
ble (ALARA) principle is met

B2 Combined annual individual
worker dose less than
1 rem by as much as
reasonable

B3 Dose reduction enough to
justify use of remote
handling quipment

C1 Radiation fields lss than
0.5 arm/h by as much as
is reasonable

(a) No

(a) No

(a) No

(a) NoC Provide suitable shield-
ing materials

Utilize shielding
properties of the
bost rock in
limiting eposure
of workers to
direct radiation

Dose reduction factor
attributable to host
rock shielding pro-
perties

C2 Dose reduction factor prop-
erties similar to
concrete

Medium yes

D Mnitor And control the
dispersal of radio-
active contamination

Monitor contamina-
tion by using

- Stationary radia-
tion Monitoring
system

Contamination levels
outside contamination
areas

D1 Doses due to contamination
insignificant

(a) No



Table 8.3.2.3-2. functions, performance measures, and performance goals for Issue 2.7
design criteria for radiological safety) (page 3 of 13)

(repository
0

40

V-

:0
Process or Needed Site

Subfunction activity Performance measure ; Tentative goal confidence data?

RAMIOLOGICAL PROTECTION (FUNCTION 1) (continued)

0 Monitor and control the
dispersal of radio-
active contnmnatiom
(continued)

'.J

- Portable radiation
monitors

- Personnel
dosimetry

Control dispersal
of contamination
by

- Providing access
control to
potential con-
tamination
areas

- Providing venti-
lation control
aod cleanup of
airatrems

- Decontamination
of contaminated
ite*u and

- Collection of
site-generated
waste

Contamination levels
outside contamination
areaS

Contmination on
personnel

D2 Doses due to contamination
insignificant

D3 Doses due to contamination
insignificant

High Yes

(a) No

See subfunction E,
performance measures

See subfunction J,
performance measures

Residual contamination

Residual contamination
due to site-genetated
Waste

D4 See subfunction , goals

DS See subfunction J, goals

D6 Use Regulatory Guide 1.16
(NRC, 1974), methods and
meet goals

D7 No residual contamination

(a) No

High Yes

(a) No

(a) No

I'



Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository
design criteria for radiological safety) (page 4 of 13)

Process or Needed Site
Subfluction activity Performance measure Tentative goal confidence data?

RADIOLOGICAL PROTECTION FUNCTION 1) (coant nuedI

t Control access to higb
radiation areas

Provide signs and
personnel barriers
to prevent access
by unauthorized
personnel

Visibility of signs El Compliance with 10 CFR 20.203 (a) No

Distribution nd location
of signs

Effectiveness of per-
sonnel barriers

.I

C1

E2 Adequate visibility

E3 Compliance with 10 CFR 20.203

E4 Adequate distribution

ES Adequate barrier ffective-
ness

E6 No uauthorized ccess

E7 Adequate procedures to
control access

Hedium No

(a) No

la) No

(a) No

(a) No

(a) No

If necessary, pro-
vide guards to
prevent access by
unauthorized per-
sonal

Provide procedural
requirements to
control access to
high radiation
areas

Effectiveness of guard

Effectiveness of pro-
cedurts

r rovide radiation slazm
systems tor worker
protection

Provide visual alarm
systems to alert
workers it radia-
tion levels exceed
establisaed design
levels

Visibility of alam
system

Accuracy and rliability
of alarn system

rl Adequate visibility

F2 Adequate accuracy and relia-
bility of *lam system

(A) No

la) No



Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository
design criteria for radiological safety) (page 5 of 13)

Process or Needed ite

Subfunction activity Performance measure Tentative goal confidence data?

RADIOLOGICAL PROTECTION (FUNCTION 1) (continued)

F Provide radiation larm
systms for worker
protection continued)

G onitor and control
radioactive materials
in repository Wfiu-
ante

Provide audible
alarm systems to
alert workers if
radiation levels
xced established

design levels

Detect radioactive
materials In
repository efflu-
ents stream,

Loudness and noticea-
ability of alarm
system

Accuracy and reliability
of alarm system

Ability to detect radio-
active material in
repository effluent
strams

4..

.)

F3 Consistency with Regulatory
Guide 8.5 NRC, 1981b)

F4 Adequate accuracy and relia-
bility of alarm system

GI Adequate detection of signi-
ficant radionuclides in
repository effluents

G2 Detection precision consis-
tent with industry standard
and adequate to demonstrate
compliance with goals

(a) No

la) No

(. No

(a) NO

Control radioactive
materials in
repository *fflu-
*et stream

Ability to control
radioactive materials
ia repository *fflu-
ent stream

G3 Adequate control of signifi-
cant radionuclides in
repository effluents

G4 Maintain releases of radio-
active materials at or
below levels that would
result in offsite indi-
vidual 50-yr dose equiva-
lents of 25 ren/yr (see
page 8. 10 of ALARA guide;
Kathren at al., 1980)

Ml Se subfunction F, goals

(a) No

High Yes

* Provide rediation alarm
systse tor repository
effluents

Provide visual alarm See subfunction r,
system to alert performance _asures
workers if radia-
tion levels in
effluents *ee
established design
level

(a) No

0



Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7
design criteria for radiological safety) (page 6 of 13)

(repository

Process or Needed Site
Subtunction activity Performance measure Tentative goal confidence data?

RADIOLOGICAL PROTECTION (FUNCTION 1) (continued)

N Provide rdiation larm
systems for repository
effluents (continued)

I Provide safe handling
and teporary storage
of waste hether
awaiting eplacmnt
or being retrieved

Provide audible
alam system to
alert workers it
radiation levels
in effluents
exceed established
design levels

See subfunction 3,
limit work tine
in vicinity of
radioactive mater-
ials

See ubfunction F,
performance measures

See subfunction B,
performance measures

H2 See subtunction F goals

Il See subfunction B. goals

(a) No

la) No
t'-)

"I

See subfunction C,
provide suitable
shielding

Maintain combined
individual worker
doses from all
sources of radia-
tion below annual
design objective

maintain airflow in
direction from
areas of lower
contamination
potential to areas
of higher con-
tamiation poten-
tial

See subfunction C,
performance measures

Combined annual individ-
ual worker doses from
all sources of radia-
tion

I2 See subfunction C, goals

13 Combined annual individual
worker doses from all
Sources of radiation 1*ss
than 1 ro- and aLAM

High Yes

(a) No

J Provide repository
facility ventilation
systems that will pro-
tect against radia-
tio eapour

Pressure differentials
between radiation
Zones

Potential for accidental
flow reversals

Flow rate in highly
contaminated areas

Jl Between 0.1 and 0.5 in. G

J2 Accidental flow reversal pre-
cluded

J3 Adequate room changes per hour
in areas of highest contami-
nation per hour (e.g., isola-
tion zones and hot cells)

High Yes

(a) No

(a) No 0



Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7
design criteria for radiological safety) (page 7 of 13)

(repository
0I
CD

Process or Needed Site
Subfunction activity Performance measure Tentative goal confidence data?

RADIOLOGICAL PROTECTION FUNCTION 1) (continued)

J Provide repository
facility ventilation
systems that will pro-
tect against radiation
exposure continued)

Separate ventilation
systas of surface
waste-handling
areas from other
surface areas

Leakage between systems

Pressure differential
between separate
system

J4 Very low leakage

Js Between 0.1 and 0.5 in. WG

la) No

(a) No

w
I.

1.

Separate vntilation
systems of under-
ground waste-
handling nd
emlacement areas
from mining
development areas

Leakage between systems

Pressure differential
between separate
system

J6 Very low leakage

J7 Between 0.1 and 0.5 in. WG

(ai

(a) No

No

Provide close-cap-
ture ventilation
exhaust yst s
when necessary

System capture effi-
ciency

JO Adequate capture efficiency (a) No

Filter arstream
and xhausts when
necessary

Decontamination factor

Number of filter banks

J9 Adequate decontamination fac-
tor

J10 Single stage available for
normally clean areas

Jll Two stage in service for
expected contamination areas

High Yes

High Yes

(a) No

Flow pattern of
ventilation should
direct potential
contamination away
froem prsonnel

Flow patterns of venti- J12
lotion systems

Potential contamination always
directed away from personnel
and to filterable exhausts

(a) so

I.-.



Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository
design criteria for radiological safety) (page 8 of 13)

Process or Needed Site
Subfunctioa activity Performance measure Tentativ goal confidence data?

DESIGN IO PROTUCTION Or STRUCTURES, SYSTEMS, AND CPONENTS IMPORTANT TO SAFETY FUNCTION 2)

K rotect structure,
systems, and com-
ponents important to
safety against natural
phenoena and environ-
mental conditions

oun structures,
systems, and com-
ponents important
to safety in
buildings designed
to withstand
credible natural
phenomena and
environmental con-
ditions

Effects of credible
natural phenomena and
natural conditions on
structures, systems,
and components impor-
tant to safety

KI Structures, system, and
components function as
designed to meet radio-
logical dose limits

High Yes

;.)

I .1

L Protect structures, sys-
tems, and conents
important to safety
against dynJ c
effects of equipment
failure and similar
events

X Protect tructures, sys-
tems, and coqponents
important to safety
against fires and
explosions

House structures,
systems, and com-
ponents important
to safety in
structures
designed to with-
stand dynamic
effects of equip-
mnt failures and
similar events

House structures,
systems, and com-
ponents important
to safety in
structures with
fire and explosion
detection/suppres-
Sion equint

Response of structures,
systems, and compon-
ents important to
safety to dynamic
effects of equipment
failure and similar
events

Effects of fires, explo-
sions, and suppression
systems on structures,
systems, and compon-
ents important to
safety

LI Structures, systems, and com-
ponents function as designed
to meet radiological dose
limits

MI Structures, systs, and com-
ponents function s designed
to met radiological dose
limits

(a) No

(a) No



Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository
design criteria for radiological safety) (page 9 of 13)

?rocess or Needed Site
Subtunctiom activity Performance measure Tentative goal confidence data?

DESICN AS POTSCTION 01 STRUCTURS, SYSTEMS, AND COMPONENTS IMPORTANT TO SAFETY (FUNCTION 2) (continued)

Y nsure that structures,
system, and compo-
ents iportant to
safety will maintain
control of radioactive
aterials, permit

prompt termination of
operations, and allow
evacuation of person-
nel during emergencies

CD

(-n

Design structures,
systems, and con-
ponents important
to safety to
maintain control
of radioactive
aterial during

emergencies

Design structures,
systems, and com-
ponents important
to safety to,per-

mit prompt shut-
down of nonsafety
related operations
during an emer-
gency

Design structures,
systems, nd com-
ponents important
to safety so that
they facilitate
the evacuation of
the repository
during emergencies

Design utilities
important to
safety to continue
their safety func-
tions during con-
ditions antici-
pated during an

_1100 c y

Maintenance of control
of radioactive
material during design-
basis accidents

Time to shutdown non-
safety related opera-
tions during design-
basis accidents

N1 Control of radioactive
material aintained uch
that dose limits are met

N2 Prompt shutdown of non-
safety related operations
during design-basis acci-
dents

(a) No

(a) No

Effects of structures,
syst ems, and compon-
*nts important to
safety on evacuation
during an emergency

N3 Minimal effect of structures,
systems, and components
important to safety on
evacuation of personnel

(a) No

O nsure that utilities
important to safety
will continue their
safety function during
emergencies

Ability of utilities
important to safety
to continue to per-
form safety functions
during design-basis
accidents

01 Utilities important to safety
continue to perform safety
functions during design-
basis accidents

High Yes



Table 8.3.2.3-2. Functions, performance measures, and performance goals for Isue 2.7 (repository
design criteria for radiological safety) (page 10 of 13)

Process or Needed Site
Subfunction activity Performance measure Tentative goal confidence data?

DESIGI AD PtNCTICS Or STRUCTURES, SYSTS, AND COMPONENTS IMPORTANT TO SAFETY (FUNCTION 2) (continued)

;I

I

cm)

P nsure that tructures,
systems, and compon-
ents important to
safety will facilitate
inspection, testing,
and maintenance

Q Provide timely backup
power to structures,
systems, Ad omposr
auto important to
safety when needed and
during emgewties

Design structures,
systems, and com-
poments iportant
to safety to
facilitate inspec-
tion, testing, and
maintenance

Design power systems
with backup power
capability dlsel
generators or other
suitable means)

Complexity of inspection
operations for struc-
tures, systems, and
components important
to safety

Complexity of testing.
operations for struc-
tures, systems, and
components important
to safety

Complexity of maintenance
operations for struc-
tures, systems, and
components important
to safety

Capacity of backup
power supply

Time for backup power
supply to become
operable

P1 Inspection of structures, sys-
tens, and components impor-
tant to safety relatively
simple

P2 Testing of structures,
systems, and components
important to safety
relatively simple

P3 Maintenance of structures,
systems, and components
important to safety
relatively simple

Q1 Sufficient capacity to operate
all structures, systems, and
components important to
safety

Q2 Response tim_ adequat to
serve tructures, systems,
and components important to
safety

(a) No

(a) No

(a) No

la) No

(a) No

a Provide instruntation
and control system
to monitor and ontrol
structures, system,
and components impor-
tant to safety for all
anticipated ranges
of operation

Design structures,
system, and com-
ponents with
instru mntation
and control
system

Range of operation of
monitoring instrumsn-
tation

Rang of operation of
control instruo ntation

R1 onitors operable for antici-
pated ranges of system opera-
tion, including design-
basis accident conditions

R2 Control systems operable
for anticipated ranges of
system operation, including
design-basis accidents

High

High

Yes

Yes



Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository
design criteria for radiological safety) (page 11 of 13)

Process or Needed Site
Subfunction activity Performance measure Tentative goal confidence data?

DSIQ JID PITZCTIOX Or STRMUC1RLS, SYSTEMS, AbND COHPONENTS IMPORTANT TO SAFETY (FUNCTION 2) (continued)

R Provide instrufntation
and control syst 
to monitor and control
structures system,
and components ipor-
tant to safety for all
anticipated ranges of
operation (ontinued)

Ability to control struc- R3 Adequate control of esential
tures, systems, and functions of structures,
couponents important systems, and components
to safety important to safety

High Yes

.

.' CRITICALITY CONTROL (FUNCTION 3)
'-'

I. 5
-3

Criticality ontrol maintain control of
geo Ftry of waste
configurations in
all phases of
waste handling and
disposal

Geometry of waste storage
arrays

Geometry of waste package
configurations

Geometry of emplaced
waste

SI Geometries unfavorable to
nuclear criticality

S2 Geometries unfavorable to
nuclear criticality

S3 Geometries unfavorabl to
nuclear criticality

54 Very low probability

(a)

(a)

No

No

(a) No

Maintain suberitical
assblies and
Mses of fissile
material in all
phases of waste
handling and dis-
posal

Possibility of acci-
dental disruption of
waste geometry leading
to unfavorable con-
figurations

lass and issile content
of aste storage
arrays

mass and fissile ontent
of waste package con-
figurations

mass and fissile content
of _ placed waste

S5 Masses and fiasile contents
subcritical (see goal S13)

S6 Masses and fissile contents
subcritical see goal S13)

High Ya

(a) No

(a) No

57 Masses and fissile contents
subcritical (see goal S13)

(a) No
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Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository
design criteria for radiological safety) (page 12 of 13)

Process or Needed Site
Subfunction activity Performance measure Tentative goal confidence data?

CRITICALITY CONMOL IUNCTION 3) continued)

S Criticality control
(continued)

OD

;)LI

.~'

.o

Control the intro-
duction of any
neutron moderating
materials to waste
containing areas

Possibility of acciden- So
tal disruption of waste
leading to unfavorable
coocentration of
fissil* materials

Moderating materials in S9
or around waste
storage arrays

Moderating aterials in S10
or around waste
package configurations

Moderating aterials in Sll
or around emplaced
waste

Very low probability

No significant moderating
materials

No significant moderating
materials

No significant moderating
materials

High Yes

(a) No

(a) No

High Yes

Possibility of cci-
dental introduction
of moderating matori-
als into areas con-
taiing waste

S12 Very low probability High Yes

Neutron multiplica-
tio

%et of fissilo mater-
ials

S13 K.f <0.95 as specified in
10 CFR 60.131(b)(7)

High Yos

COMPLIAKS WITH MINING RGULATIONS (FUNCTION 4)

S Co ply with aming
regulations

protection of
workers who per-
form assigned
safety function

Ability of workers to
perform assigned
safety functions

S1 orkers perform their assigned
safety functions

(a) No



Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository
design criteria for radiological safety) (page 13 of 13)

Process or Needed Site
Subfunction activity Performance measure Tentative goal confidence data?

NUAST ?uuMMsT (FUNCTIO 5)

U Treat waste Collect secondary Fraction of site-gener- U1 Site-generated waste collected (a) No
site-geerated ated waste collected
radioactive waste
frm waste hand-
lug areas

Treat and stabilize Fraction of site-gener- U2 Site-generated waste treated (a) No
or recycle secon- ated waste treated and and stabilized or recycled
dary site-gener- stabilized or recycled
atod waste collec-
ted

Package treated and Fraction of treated and U3 Treated and stabilized site- (a) No
stabilized secon- stabilized ite-gen- generated waste packaged
dary site-gener- erated waste packaged
ated waste for dis-
posal offsite

Meeded confidence for nonsite related date will be provided in the plans for rpository design.

CMt
"ci

0x

..

r*>



Table 8.3.2.3-3. Parameters required for Is3ue 2.7 (repository design criteria for radiological

safety) (page 1 of 6)

Related
pert ormm

goals

Al, D2, G2, 
J9, J1O

A3

i..

co

C2,

C2,

12, S13

12, S11i

C2, I2, S11,

G4

G4

G4

G4

M Performsnce or
design Parameter

J1, Dust and particle
sizs diatribe-
tions

Radon manation
rate from tuff

Bulk density of
host rock

S13 Elemental co posi-
tion of host rock

S13 Water content of
host ock as a
function of
teeratur an
time

wind speeds

Wind direction

Atmospheric sta-
bility

Mixing layer dpth

Parameter
descriptor

Underground
And at site

ISV2 unitb

TSw2 unit

TSw2 unit

TSv2 unit

60 km radius

60 km radius

80 km radius

60 km rdius

Tentative
parameter

goal

1 to 10 icron,
normal

Id)

(d)

Normal composi-
tion for tuffs

(d)

(d)

Cd)

Id)

(d)

Needed
confidence

High

High

High

High

High

High

High

medium

Medium

Expected

parameter
value

Data not
available

0.48 pCi per
square meter
per second

2.26 to 2.32
g/cc

Normal compo-
sition for
tuffs

651 satura-
t ion

See Figures
5-3 to 5-7,
and Tables
5-6 and -7

See Figures
5-3 to 5-7,
and Tables
5-6 and 5-7

See Table
5-11

(e)

Current
confidenc

Data not
available

Low

Medium

Medium

Medium

Medium

Medium

lidium

Medium

SCP section
providing

e parameter

Ic)

8.3.1.15, (c)

8.3.1.15

8.3.1.3

8.3.1.2

8.3.1.12

8.3.1.12

..8.3.1.12

8.3.1.12



Table 8.3.2.3-3. Parameters required for Issue 2.7 repository design criteria for radiological
safety) (page 2 of 6)

Parameter 
Current

.

1I

.

Related
per foruance

goal&

64

64

64

64

G4

G4

64

04

C4

G4

G4

Performance or
design parameter

Average bient
temperature

Atmospheric mois-
ture

Precipitation
type, amount,
intensity, etc.

Barometric pres-
sure

Sit* and distance
of topographic
features fro
release points

ioaccumulation of
radionuclides in
terrestrial flora

bioaccualation of
radioauclides in
terrestrial fauna

Types of crops
raised

Amounts of crops
raised

Types of crops
consumed

-

Pae neter
descriptor

0 km radius

S0 km radius

80 km radius

80 km radius

*0 ka radius

80 km radius

80 km radius

80 km radius

80 km radius

80 km radius

Tentative
parameter

goal

id)

Id)

Id)

Id)

Topographic
features
beneficial
to dispersion

(d)

Ed)

Id)

Id)

(d)

Expected
Needed parameter

confidence value

Medium See ables
5-2 and 5-3

Medium See Tables
5-2 and 5-5

Medium See ables
5-2 and 5-4

Medium See Table
5-2

Medium See U.S. Geo-
logical Survey
topographic
mps

Mediu 1 x 1 0-2 to
I 10-14

Ci/kgf

Medium 1 s 1O-2 to
1 I 10-Is
Ci/kg'

Medium lb)

Medium 1 104 to
1 x l07
kg/yr1

Medium j)

Current
confidence

Medium

Medium

Medium

Medium

High

Medium

Medium

Medium

Medium

Medium

SCP section
providing
parameter

8.3.1.12

8.3.1.12

8.3.1.12

8.3.1.12

Literature

(c)

(C)

(c)

(C)

(C)



Table 8.3.2.3-3. Parameters required for Issue 2.7 (repository design criteria for radiological
safety) (page 3 of 6)

Parameter Current

co
.I

.,

wI~

Related
performance

04

G4

G4

G4

G4

G4

G4

G4

C4

Performance or
design parameter

Amounts of crops

Types of animals
raised

Amounts of animals
raised

Types of animals
consumed

Amounts of animals
consusd

Animal consu ption
of forage

rorage storage time

Grazing yield and
period

Radius of crop and
animal area

Foramete
descriptor

t0 km radius

00 km rdius

80 km radius

80 km radius

80 km radius

00 km radius

60 km radius

60 km rdius

80 km radius

Tentative
parameter
goal

Id)

Id)

Id)

Id)

(d)

Id)

Goal is values
given in
keg. guide
1.109 (NRC,
1977a)

id)

(d)

4

Expected
Needed parameter
confidence value

Medium 1 x 10 to
1 x l0o
kg/yr

Medium (k)

Medium 1 x 10 to
1 x 105
kg/yr

Medium (l)

Medium 1 x 10 to
1 x 106
kg/yr

Medium 1 x 101 to
1 X 104
kg/yr

Medium Data not
available

Current
confidence

Medium

Medium

Medium

Medium

Medium

Medium

Data not
available

High

High

SCP section
providing
parameter

IC)

(C)

Ic)

(C)

(C)

(c)

(C)

(C)

(c)

.4

Medium

Medium

15 to 100%
of the year

50 km to bulk
of cropland
and tarns
(U to Su)



Table 8.3.2.3-3. Parameters required for Issue 2.7 (repository design criteria for radiological
safety) (page 4 of 6)

Related Tentative Expected SCP section
performance Performance or Parameter parameter Needed parameter Current providing

goala design parameter descriptor goal confidence value confidence parameter

F-.

G4 Volmetric flow of
surface water to
water bodies

80 k radius Little or no
surface run-
off

Medium Environmental
assessment,
Section
3.3.1 (DOE,
1986b)

Hediuw Ic)

G4
co

I.,

t)
r-

Recreational uses
of water bodies

Repository design
ventilation
pressure drop
conditions

80 km radius

Underground

Very little
recreational
use of water

See Section
6.3.2.5

Low

High

(i)

See Section
8.3.2.5

in)

See Section
8.3.2.5

Ic)

8.3.2.5J

D5, J9, J10, 1,
01, R, 2. R3,
54, S, 512

rrequency and mag-
nitudes of

- Tornadoes At facility (d) High See Section
5.1.1.6-

Medium 8.3.1.12

- Cloud-to-ground
lightning
strikes

At facility (d) Hedim About 18 per
year, magni-
tude un-
known

8.3.1.12

- 3andstorms/wind-
stom

At facility (d) High See Table
5-8, and
Section
5.1.1.6

Hediu 8.3.1.12

- Swfll/ice
atoms

At facility Rare, low
magnitude

High Rare, low
magnitude

PHFO

MediUa

Medium

8.3.1.12

8.3.1.16- Repository sur-
face flooding

At facility High



Table 8.3.2.3-3. Parameters required for
safety) (page 5 of 6)

Issue 2.7 (repository design criteria for radiological

.

.g.,

Related Tentative Expected SCP section
performance Performance or Parameter parameter Needed parameter Current providing

goal- design parameter descriptor goal confidence value confidence parameter

- Surface and ub- In region (d) High (p) Ip) 8.3.1.17
surface "i-
mic *ns

- rault osei nt Surface and (d) High See Section Medium 8.3.1.17
within the subsurface 1.52
repository

DS, J9, JO, K1, - Drift roof fall/ Underground (q) Hedium Data not Data not 8.3.2.4
01, R1, R2, 3, collapse/ available available
S4, S, S12 failure

- Landslides At facility (q) Mediu Data not Data not 8.3.1.14
available available

- Volcanic ash At facility (q) Medium Data not Data not 8.3.1.17
fall available available

- Nearby brush Near facili- 4q) Low Data not Data not 8.3.1.13
fireJ ties available available

- kircrtaft crashes At facility (q) High 1 x 10-5 to Medium 8.3.1.13
1 10-7
per year

- Criticality In surface and Criticality High Not credible Highr 8.3.5.5
events subsurface events pre-

facilities cluded

- Other potential Natural or (s) High (a) () PRAM Programe
accidents site-related

*Sb letters i this colm key the performance parameters to the tentative goals in Table 8.3.2.3-2.
bTSw2 unit is the onliltopysal topopah Spring unit (repository horizon).

(T?



Table 8.3.2.3-3. Parameters required for Issue 2.7 (repository design criteria for radiological
safety) (page 6 of 6)

Footnote (continued

*Collection of these data are part of the environmental program planned activities and is addressed in the Radiological
Monitoring Plan discussed in Section 8.3.1.13 (offsite installations).

dTentative goal is to have further measurements of this parameter verify the range of expected values listed here.
*See Quiring (968).
tThis range covers all flora for which data is now available, specific values are flora and radionuclide specific.
VThis range covers all fauna for which data is now available, specific values are fauna and radionuclide specific.
bCrops include wheat/grains, corn, apples, potatoes, alfalfa, alfalfa seed, hay, silage, peppers, melons, berries, pecans,

14afy vegetables, and honey.
rspecific values depend on available crops, crop areas, nd crop densities.
includes all crops listed in footnote h except alfalfa, hay, and silage.
klncludes beef cattle, dairy cattle, goats, hogs, sheep, and poultry.
lIncludes quail, freshwater fish, duck, geese, rabbit, and deer, plus those listed in footnote k.

aVery limited use of Crystal Reservoir; 'swiming pool data not yet available.
aProbability at Yucca Mountain is approximately 7.5 x 10- in any given year; magnitude is F-O on Fujita tornado scale (very

Ln We")

oPm - probable uuimmuo flood; the P is still under investigation
Pinfoomation on seiisic events my be found in Section 8.3.1.17.
qParameter goal to be evaluated in terms of frequency and consequence.
rDesign will preclude criticality accidents per 10 CFR 60.131(b)(7).
*Other accident-specific goals to be evaluated as appropriate under preclosure risk assessment methodology (PRAM).
tPRAK - preclosure risk asses nt methodology.

C>1
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Specific design products from Issue 4.4 required as input items for this
issue are also transmitted from this issue; however, at this time no specific
design products or input items other than the repository reference design,
operating plan, and supporting analyses have been identified. After design
criteria and requests for specific products have been transmitted to Issue
4.4, the repository design is created or updated and placed in the reference
information base. The repository reference design, operating plan, and sup-
porting analyses are then available to Issue 2.7 and the performance issues
for evaluation.

Test that all goals are met. Once the repository reference design,
operating plan, and supporting analyses are ready for evaluation, an assess-
ment will begin of the design against its design objectives. This issue will
use the most current site data to perform its assessment of the design;
therefore, if site data in the reference information base has been updated
since the repository design for the current phase was completed, it is
possible that the design of the repository may need to be updated on the
basis of the assessment under Issue 2.7. Issues 2.1, 2.2, and 2.3 will
perform performance assessments of the repository design against applicable
performance criteria after the design evaluation.

The design evaluation consists of a comparison of the design with the
design criteria and objectives. If any objectives are not satisfied, both
the design and the unsatisfied objectives will be examined to develop the
appropriate solution. The solution may involve (1) changing the design of
the repository or (2) changing a radiation safety design objective that has
been shown to be unreasonable or unattainable. Necessary and reasonable
objectives will not be altered. If the design cannot be corrected to meet
necessary and reasonable objectives, then an unfavorable resolution of this
issue has occurred. If the design can be corrected, then the corrected
design is reassessed against the design objectives.

Part of the design assessment is an evaluation of whether the ALARA
principle has been satisfied. This will require cost-benefit analyses and
tradeoff studies. Most of these studies will have been performed before
taking the design into the advanced conceptual design phase; however, it may
prove necessary to perform more of these analyses if new alternatives are
developed after the design is substantially complete.

Upon satisfactory completion of the design assessment by this issue
(i.e., all design objectives have been met and the ALARA principle has been
adequately addressed), the final question to be asked is: Is the design
sufficient for license application? If the answer to this question is no,
then another iteration of the design process is performed and the design is
improved and more details are developed. If the answer to the question is
yes, then a favorable resolution of Issue 2.7 has been achieved.

Interrelationships of information needs

The question asked by this issue addresses the design criteria listed in
10 CFR 60.131 through 60.133. These design criteria cover a wide range of
topics; however, this issue is only concerned with those design criteria that
have radiological protection as their basis. In the preceding discussion,
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those design criteria that have radiological protection as their basis were
grouped into five functions. Those five functions form the basis for the
following information needs:

Information
need Subiect

2.7.1 Determination that the design criteria in 10 CFR 60.131
through 60.133 and any appropriate additional design objec-
tives pertaining to radiological protection have been met.

2.7.2 Determination that the design criteria in 10 CFR 60.131
through 60.133 and any appropriate additional design objec-
tives pertaining to the design and protection of structures,
systems, and components important to safety have been met.

2.7.3 Determination that the design criteria in 10 CFR 60.131
through 60.133 and any appropriate additional design objec-
tives pertaining to criticality control have been met.

2.7.4 Determination that the design criteria in 10 CFR 60.131
through 60.133 and any appropriate additional design objec-
tives pertaining to compliance with mining regulations have
been met. (This issue does not require site data and so is
not discussed in the SCP).

2.7.5 Determination that the design criteria in 10 CFR 60.131
through 60.133 and any appropriate additional design objec-
tives pertaining to waste treatment have been met. (This
issue does not require site data and so is not discussed in
the SCP).

Information Need 2.7.1 calls for a determination that the design cri-
teria in 10 CFR 60.131 through 60.133 and any appropriate additional design
objectives pertaining to radiological protection have been met. This might
be misleading because all the criteria (performance goals) under this issue
pertain to radiological protection in one way or another. In this instance,
those criteria pertaining to radiological protection are those that arise in
the performance allocation for this issue under the function radiological
protection." These are shown in Table 8.3.2.3-2. This information need will
evaluate the reference repository design, operating plan, and supporting
analyses to assess compliance with these design criteria and objectives.

Information Need 2.7.2 calls for a determination that the design cri-
teria in 10 CFR 60.131 through 60.133 and any appropriate additional design
objectives pertaining to the design and protection of structures, systems,
and components important to safety have been met. The additional design
objectives (performance goals) for this information need are in Table
8.3.2.3-2 under the function design and protection of structures, systems,
and components important to safety.' The evaluation will involve the analy-
sis of design-basis accidents and other less severe accidents that might
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affect structures, systems, and components important to safety. Many of
these analyses will have been performed as part of the design process; these
will be available for use in the Issue 2.7 evaluation.

Information Need 2.7.3 calls for a determination that the design cri-
teria in 10 CFR 60.131 through 60.1.3 and any appropriate additional design
objectives pertaining to criticality control have been met. The additional
design objectives (performance goals) for this information need are in Table
8.3.2.3-2 under the function 'criticality control.' Evaluation of these
design criteria and design objectives will entail the assessment of operating
plans as well as repository equipment. When suggesting corrections to any
problems that may be discovered, major emphasis will be placed on using sim-
ple design features rather than operating procedures to control criticality.

Information Need 2.7.4 calls for a determination that the design cri-
teria in 10 CFR 60.131 through 60.133 and any appropriate additional design
objectives pertaining to the required compliance with mining regulations have
been met. The additional design objectives (performance goals) for this
information need are in Table 8.3.2.3-2 under the function "compliance with
mining regulations. Compliance with the mining regulations is required for
those design criteria in 30 CFR Chapter I, Subchapters D, E, and N relevant
to the design of structures, systems, and components important to safety.
This information need will evaluate the reference repository design, oper-
ating plan, and supporting analyses to assess compliance with those design
criteria in 30 CFR that are relevant to this issue.

Information Need 2.7.5 calls for a determination that the design cri-
teria in 10 CFR 60.131 through 60.133 and any appropriate additional design
objectives pertaining to the waste treatment have been met. The additional
design objectives for this information need are in Table 8.3.2.3-2 under the
function waste treatment.' The only regulatory design objective for waste
treatment in 10 CFR Part 60 is for site-generated waste to be treated and
packaged in a form suitable for onsite or offsite disposal. The current
design basis is for offsite disposal. All additional design objectives (per-
formance goals) are based on this choice. This information need will evalu-
ate the reference repository design, operating plan, and supporting analyses
to assess compliance with those design criteria and objectives.

These evaluations performed under Information Needs 2.7.1 through 2.7.5
will be performed in conjunction with each other. No single information need
performs the final resolution of this issue. The final product of all the
above information needs is a report that addresses each of the design cri-
teria and design objectives and discusses the compliance or noncompliance of
the repository design. This report will constitute the resolution of Issue
2.7 in the final design stages.

To answer the information needs, both design and site information is
needed; however, only three of the information needs require site data:
Information Needs 2.7.1, 2.7.2, and 2.7.3. Information Need 2.7.1 requires
site data to evaluate the design against design criteria and performance
goals dealing with concentrations of radon and daughter products, use of host
rock properties in providing shielding, and releases of radioactive materials
to the environment. Information Need 2.7.2 requires site data to evaluate
the design of structures, systems, and components important to safety with
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respect to protection from site-related accidents. Finally, to evaluate
criticality control, Information Need 2.7.3 requires the same site data as
Information Need 2.7.2. In the following sections discussing the information
needs (i.e., Information Needs 2.7.1 in Section 8.3.2.3.1, and 2.7.2 and
2.7.3 in Section 8.3.2.3.2), only those information needs that require site
data are addressed, and only those aspects of the information needs concern-
ing site data are discussed.

8.3.2.3.1 Information Need 2.7.1: Determination that the design criteria in
10 CFR 60.131 through 60.133 and anv appropriate additional desian
objectives pertaining to radiological protection have been met

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

Chapter 3 contains discussions about the present state of the knowledge
on the site hydrology, including uses of surface water and ground water.
Section 4.1.2.6 (background radioactivity of repository ground water) dis-
cusses what is known about the radionuclide content of repository ground
water to date. Chapter 5 contains discussions about the present state of
knowledge on the meteorology of the site and surrounding region. Background
radiation levels are discussed in Section 3.4.7 of the environmental assess-
ment (DOE, 1986b). Further discussions on the subject of radiological
protection of the public and the workers may be found in Sections 6.1.1.4.1
(radiological protection design requirements), 6.4.4 (Issue 2.1: public
radiological exposures--normal conditions), 6.4.5 (Issue 2.2: worker
radiological safety--normal conditions), 6.4.6 (Issue 2.3: accidental
radiological releases), and 6.4.7 (Issue 2.7: repository design radiological
criteria for safety. Section 8.3.5.1 contains discussions of the preclosure
risk assessment methodology (PRAM) program. The PRAM program includes
radiological risk to the workers during normal operations as part of its
scope. Sections 2.5 (radiological protection), 6.1 (radioactive releases
during normal operations), and 6.2 (releases under abnormal conditions) of
the Site Characterization Plan Conceptual Design Report (SCP-CDR) (SNL, 1987)
also contain discussions relevant to this issue.

Parameters

As can be seen in Table 8.3.2.3-2, this information need requires mostly
design information; therefore, the discussions here related to site data will
be brief. The site parameters required by this information need are those
needed to (1) determine concentrations of naturally occurring radon and
short-lived daughters in the repository airstreams, (2) make use of the
shielding properties of the host rock, and (3) quantify the transport of
radioactive materials to the workers and to the public. The site data
required by this information need along with the SCP section providing the
information are listed in the following table.
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Data requirement SCP section

REPOSITORY ROCK AND GROUND-WATER DATA

Radon emanation rate from the tuff

Elemental composition of the host rock

Bulk density of the host rock

Water content and saturation of the host rock
as a function of temperature and time

METEOROLOGICAL DATA

8.3.1.15.1

8.3.1.3.2

8.3.1. 15.1

8.3.1.2.3

Wind speeds in the region

Prevalent wind directions

Atmospheric stability of the area

Atmospheric mixing layer depth of the area

Average ambient temperature of the area

Atmospheric moisture of the area

Area precipitation, including type, amount,
intensity, etc.

Dust and particle size distributions underground
and on the site

Size and distance of major topographic features
from release points

8.3.1.12.2

8.3.1.12.2

8.3.1.12.2

8.3.1. 12.2

8.3.1.12.2

8.3.1.12.2

8.3.1.12.2

(a)

8.3.1.14.1

AGRICULTURAL AND CULTURAL DATA

Bioaccumulation of radionuclides in the
terrestrial flora

Bioaccumulation of radionuclides in the
terrestrial fauna

Types and amounts of crops raised

Types and amounts of crops consumed

Types and amounts of animals raised

(a)

(a)

(a)

(a)

(a)
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Data requirement SCP section

Types and amounts of animals consumed (a)

Animal consumption of forage (a)

Forage storage time (a)

Grazing yield and period (a)

Radius of the crop and animal area (a)

Volumetric flow of surface water to water bodies (a)

Recreational uses of area water bodies (a)

aCollection of these data is part of the environmental program planned
activities and is addressed in the Radiological Monitoring Plan, which is
discussed in Section 8.3.1.13.

Logic

Among the design objectives developed for this issue is a performance
goal limiting the concentration of naturally occurring radon, a performance
goal for the shielding properties of the host rock, and a performance goal
limiting releases of radioactive materials based on eventual exposure of the
workers and public. Site data that characterizes the radon source term is
needed both for the creation of the design and for the evaluation of the
effectiveness of the design in limiting the radon concentration. This data
is listed in the previous table. To evaluate the shielding properties of the
host rock, site data is needed that will-allow the computation of neutron and
Zamma cross sections. Data of this type are composition, density, and satu-
ration data and are also listed in the previous table. These data should
reflect the rock properties before, during, and after emplacement. To eval-
uate the effectiveness of the repository in limiting releases of radioactive
materials to acceptable levels, data are needed that will characterize the
transport of any released radionuclides in the environment. These data in-
clude information on the short- and long-term pathways. In this instance,
the short-term pathways are dominated by atmospheric transport. The meteoro-
logical data needed to characterize the atmospheric transport of radionuc-
lides are listed in the table above. Long-term pathways include ingestion of
radionuclides deposited on plants, contained in drinking and recreation
waters, and deposited in animals that are consumed. Again, the data needed
to assess these pathways are listed above.

The only activities under this issue are evaluations of the design at
each design phase. This is actually supporting design by providing feedback
to the designers to be used in the next phase of design or in modifying the
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current design. Section 8.3.2.5 (preclosure design and technical feasibil-
ity) contains a complete listing of design activities, including those to be
performed in support of radiological safety.

8.3.2.3.1.1 Design Activity 2.7.1.1: Design evaluation for compliance with
radiological safety design riteria and performance goals

Objectives

The objective of this activity is to evaluate the repository design
against the radiological safety design criteria and performance goals at each
phase of the design and provide feedback to the designers on needed correc-
tions or modifications.

Parameters

The site parameters needed to perform this activity are all those listed
in the technical basis section for this information need.

Description

This activity will consist of a complete radiological safety design
analysis and performance goal assessment of the reference repository design,
operating plan, and supporting analyses at each phase of design. Much of the
analysis for this evaluation will be performed as part of the design process
and will be supplied for review as part of the supporting analyses. Other
analyses required for this evaluation will be performed in parallel with per-
formance assessment analyses required by Issues 2.1, 2.2, and 2.3 (Sec-
tions 8.3.5.3 through 8.3.5.5). These issues will supply their results to
Issue 2.7 for a determination that design criteria and performance goals have
been met.

8.3.2.3.2 Information Needs 2.7.2 and 2.7.3: (1) Determination that the
design criteria in 10 CFR 60.131 through 60.133 and any appropri-
ate additional design objectives pertaining to the design and
protection of structures, systems, and components important to
safety have been met, and (2) Determination that the design
criteria in 10 CFR 60.131 through 60.133 and any appropriate
additional design objectives pertaining to criticality control
have been met

Technical basis for addressing the information need

Link to the technical data chapters and other support documents

The only site data that these two information needs require are data
that characterize site-related accidents. This information is needed to
assess the performance of structures, systems, and components important to
safety. Most of this information is related to meteorology or seismic con-
cerns. Chapter 5 contains discussions about the present state of the know-
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ledge on the meteorology of the site and surrounding region. Discussions of
the site seismology are contained in Section 8.3.1.17. Further discussions
of the subject of radiological protection of the public and workers may be
found in Section 6.1.1.4.1 (radiological protection design requirements),
6.4.4 (Issue 2.1: public radiological exposures--normal conditions), 6.4.5
(Issue 2.2: worker radiological safety--normal conditions), 6.4.6 (Issue
2.3: accidental radiological releases), and 6.4.7 (Issue 2.7: repository
designation for radiological safety). Section 8.3.5.1 contains discussions
on the preclosure risk assessment methodology (PRAM) program. Sections 2.5
(radiological protection), 6.1 (radiological releases during normal opera-
tions), and 6.2 (releases under abnormal conditions) of the Site Characteri-
zation Plan-Conceptual Design Report (SCP-CDR) (SNL, 1987) also contain dis-
cussions relevant to this information need. Finally, two appendices of the
SCP-CDR have information especially relevant to this information need. These
are Appendix F (preciosure radiological safety analysis), which is a prelimi-
nary analysis of accidents at the Yucca Mountain repository prepared to sup-
port the development of the preliminary Yucca Mountain Project Q-list, and
Appendix L (items important to safety and retrievability), which contains a
discussion of the method used and results of the preliminary Q-list.

Parameters

As can be seen in Table 8.3.2.3-2, this information need requires mostly
design information. The site parameters required by this information need
are those required to determine the characteristics and frequencies of site-
related accidents. Below is a list of site data required by this information
need along with the SCP section providing the information.

Data requirement SCP section

Frequency and characteristics of

Tornadoes 8.3.1.12 .4

Cloud-to-ground lightning strikes 8.3. 1. 12. 4

Sandstorms 8.3. 1.12. 4

Snow fall 8.3.1.12.4

Ice storms 8.3.1.12.4

Repository surface flooding 8.3.1.16.1,
8.3.1.16.3

Repository flooding from ground-water inflow

Surface and subsurface seismic events

8.3.1.16.1,
8.3.1.16.3

8.3.1.17.3
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Data requirement SCP section

Fault movement within the repository

Drift roof fall, collapse, or failure

Surface landslides

Volcanic ash fall

Nearby forest or brush fires

Aircraft and helicopter crashes in the area
of the surface facilities

Other potential accidents

8.3.1.17.2

8.3.2.4.1

8.3.1.14.1

8.3.1.17.1

8.3.1 .13 .1

8.3 .1.13 .1

Preclosure risk
assessment
methodology
(PRAM) program
8.3.1.13.2

Logic

Both of the information needs included in this section involve the
protection of structures, systems, and components important to safety.
Information Need 2.7.2 addresses the design of such items, and Information
Need 2.7.3 addresses compliance with mining regulations concerning such
items. The only site data needed to design structures, systems, and compo-
nents important to safety or to assess the design of these items are data
concerning site-related accidents against which these items are to be pro-
tected. These are listed in the previous parameters subsection.

There are no specific activities planned under these information needs;
however, there are activities planned for the issue as a whole. These
activities are discussed in the logic section for Information Need 2.7.1
(Section 8.3.2.3.1).

8 .3 .2. 3-44



YMP/CM-0011, Rev. 1 YMP/CM-0011, Rev. 1

8.3.2.4 Issue resolution strateQv for Issue 4.2: Are the repository desihn
and operating procedures developed to ensure nonradiclocical health
and safety of workers adequately established for the resolution of
the performance issues?

Regulatory basis for the issue

In addition to the radiological safety requirements for workers, the NRC
also specifies that DOE should comply with mining regulations (10 CFR
60.131(b)(9)). The NRC points out that the design of the geologic repository
operations area should include provisions for worker protection adequate to
ensure that structures, systems, and components important to safety can
perform their intended functions.

Resolution of this issue requires that designs and operating procedures
that ensure worker nonradiological health and safety during the preclosure
period be selected and implemented. Certain aspects of the designs must also
be demonstrated to verify that the design approach produces designs that are
safe. Design aspects that must be demonstrated are related to the designs of
the underground system elements located within the underground areas heated
by the emplaced waste; this heating presents a unique design environment.
The overall design process is described in Issue 4.4, preclosure design and
technical feasibility (Section 8.3.2.5). The relationship of Issue 4.2 to
Issue 4.4 is graphically described in Figure 8.3.2.1-1 of Section 8.3.2.1.
The role of this issue is to define these aspects of the overall design that
impact worker health and safety, to prescribe design requirements necessary
tc meet the regulatory requirements and to transmit the design requirements
to Issue 4.4 for incorporation into the overall design. When each phase of
the design process, advanced conceptual design, license application design,
etc., is completed, the design package developed under Issue 4.4 is reviewed
by this issue to evaluate whether all of its goals are met. The logic of
this process, from the viewpoint of Issue 4.2 is depicted in the diagram of
Figure 8.3.2.4-1.

The goal of Issue 4.4 is to ensure that the design, construction, and
operation of the repository can be accomplished with reasonably available
technology. The implication of Issue 4.4 is that the repository will be able
to draw upon an existing experience base in the design and the development of
procedures for ensuring worker nonradiological health and safety. To this
end, this issue will draw upon regulatory requirements to establish goals for
the design and operation to ensure worker health and safety. These goals
will be imposed on Issue 4.4 in the form of requirements and constraints on
the overall design and operating procedures. In the SCP, the goals are
generally restricted to those that may require data from site
characterization.

From the standpoint of worker nonradiological health and safety, the
designs and procedures for the repository must consider at least the
following factors:

1. The ability to identify unacceptable or marginal areas of ground.

2. The ability of the repository construction to adapt to constraints
imposed by rock characteristics (Section 8.3.1.15).
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Figure 83.2.4-1a. Logic diagram for Issue 4.2 nonradiological health and safety). See Figure 8.3.2.4-lb for
legend. Section 8.3.2.1 describes the relationships end interfaces between design and performance issues.
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3. Use of reasonably available technology (Issue 4.4, Section 8.3.2.5).

4. Maintenance of underground openings during repository operation and
closure (Issue 2.4, Section 8.3.5.2).

5. The development of rigorous maintenance procedures and schedules for
all repository facilities and operating equipment.

6. Phenomena such as thermally induced fracturing, hydration, or
dehydration.

7. Stratigraphic or structural features that could compromise worker
safety.

8. Potential for roof falls (drift and access stability during
construction and repository operation).

9. Rock support requirements.

10. Air quality (potential for natural gases such as radon or methane,
high concentrations of equipment exhaust gases, and harmful dusts).

11. Working temperature.

12. Potential for equipment-related accidents. (This is not a site-
related factor unless site conditions restrict the size of openings
or corner radii.)

The major factors that impact worker safety are associated with the
underground facilities. These factors are opening stability and ventilation.
At the Yucca Mountain site, ground-water inflow sufficient to cause a worker
safety problem is not anticipated (Section 8.3.1.16). The natural rock
temperature at Yucca Mountain does not present a concern, but the rock
temperatures and hence the worker environment during retrieval could be of
concern. Equipment-related accidents are not expected to be caused by
restrictive site conditions. Accesses and drifts will be sized to allow
adequate room for maneuvering of equipment without endangering personnel.
Rock stability requires that the characteristics of the rock be known and
that a design procedure is established to accommodate conditions expected in
construction, waste emplacement, and waste retrieval.

Approach to resolving the issue

The approach used to resolve this issue is graphically depicted in
Figure 8.3.2.4-1 and is briefly described by the following steps:

1. The system elements' pertinent to the issue are identified; only
the preclosure system elements as presented in DOE 1986c) are
considered since workers are present only during the preclosure
period of the repository. Additionally, it is judged that worker
nonradiological health and safety is imperiled only by operational
or construction activities. Applying this criteria eliminates the
waste emplacement package and the site elements. The remaining
element is the repository. The subelements under the repository
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element that are considered are mining, waste handling, decommis-
sioning, and support. The elements under each repository subelement
are evaluated individually to determine if (1) they are pertinent to
the nonradiological health and safety of the repository workers and
(2) they will require site data for analysis.

For the purpose of resolving this issue, the activities presented in
SNL (1987, Appendix P) are replaced by the physical facilities in
which the activities are performed, (e.g., access construction
(System Element 1.2.1.1) is considered to be the accesses' to the
underground facilities of the repository).

Note: Those system elements not requiring site data for design and
assessment of nonradiological health and safety will not be
considered beyond the system element identification step.
These elements will be addressed in the plans for repository
design.

2. The functions that are performed within the system elements identi-
fied as pertinent to worker nonradiological health and safety are
specified. The functions are selected using the following criteria:
(1) is there a potential for failure of the structure in which the
function is performed and (2) is there a potential for failure of
the equipment used to perform the function? An example function is
"ventilation supply and exhaust" for System Element 1.2.1.1 (access
construction).

3. The processes or activities accomplished within the system elements
selected are listed in conjunction with the functions. The listing
is not all inclusive, but it does note those significant processes
that can impact worker nonradiological health and safety.

4. The required performance (performance measure) of the system element
in accomplishing its functions is specified. Under System Element
1.2.1.1, access construction, an example of a performance measure is
"usable access over 100 years."

5. The final step of the issue resolution strategy specifies the tenta-
tive performance goals and needed confidence. Performance goals are
a statement of what the system element must do or provide to ensure
worker safety. Needed confidence is a measure of the importance
assigned to achieving the goal set for the system element. An exam-
ple of a performance goal and confidence assignment from System
Element 1.2.1.1, access construction, for the function of ventila-
tion supply and exhaust is a goal of at least 60 ft/min for air
velocity during construction; this goal has been established by
industry as adequate to ensure a safe working environment. This
minimum air flow velocity is set to ensure good mixing and sweeping
to avoid stagnant air pockets. A needed confidence assignment of
"highw implies that the ability to supply adequate air to the under-
ground is essential for worker health and safety.
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Reasonable assurance that the repository design and operating procedures
will ensure worker nonradiological health and safety (i.e., the resolution of
this issue) will result from the following:

1. Assignment and implementation of appropriate design safety factors.

2. Establishment of design criteria that mandate compliance with
regulations governing health and safety requirements.

3. Evaluation of design to assure compliance with the required
regulations.

4. Establishment of training and safety programs.

The types of design analyses that will be used to design the system
elements identified are specified in Information Need 4.2.1 (Sec-
tion 8.3.2.4.1). Implementation of these analyses requires both site and
nonsite information (data). The types of site information required are
specified in Information Need 4.2.1. Detailed descriptions of the site in-
formation required are provided in Section 8.3.2.5, Tables 8.3.2.5-1 through
8.3.2.5-12.

The Yucca Mountain mined geologic disposal system elements and sub-
elements that have an impact on the nonradiological health and safety of the
work force and visitors include System Elements 1.2.1 (mining), 1.2.2 (waste
handling), 1.2.4 (decommissioning), and 1.2.5 (support). The system sub-
elements that require site-specific data for design and the development of
operational procedures to ensure worker nonradiological health and safety are
the following:

Svstem subelement Subject

1.2.1.1 Access construction

1.2.1.2 Drift construction

1.2.1.3 Borehole construction

1.2.1.6 Mining ventilation

1.2.2.5 Retrieval

1.2.2.7 Waste ventilation

1.2.4.1 Underground closure

1.2.5.6 Maintenance

1.2.5.9.2 Nonradiological monitoring
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Those subelements of the Yucca Mountain mined geologic disposal system
that affect worker nonradiological health and safety but do not require site
data for analysis or design are the following:

Svstem subelement Subject

1.2.1.4 Rock handling

1.2.2.1 Receiving

1.2.2.2 Preparation

1.2.2.3 Storage

1.2.2.4 Emplacement

1.2.2.6 Shipping

1.2.4.2 Surface facility
decommissioning

1.2.5.2 Administration

Note that construction and inspection are included under the System
Element 1.2.1.3, borehole construction, and, therefore, are not included
under System Element 1.2.2.4, emplacement. Thus, no site data are needed for
emplacement.

The functions, processes performed, performance measures, performance
goals, and needed confidence for achieving the stated performance goals for
each system element identified as pertinent to Issue 4.2 are given in Ta-
bles 8.3.2.4-1 through 8.3.2.4-9. Those elements selected that do not re-
quire site data as input to determine that worker health and safety are
achieved are not included.
Interrelationships of information needs

The information needs subsidiary to this issue are as follows:

Information
need Subject

4.2.1 Site and performance information needed for
design (Section 8.3.2.4.1)

4.2.2 Potential nonradiological hazards to personnel
(not addressed in the SCP)

4.2.3 Design measures for avoiding or mitigating
hazards to personnel (not addressed in the
SCP)
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Table 8.3.2.4-1. Performance masures, goals, and needed confidences for System Element 1.2.1.1
(access construction) pertinent to Issue 4.2, nonradiological health and safety
(page 1 of 4)

I

I-

Io

VO

Performance Needed

Function/process measure Tentative goala confidence

Underground facility
access and egress

Safe access to underground
facilities usable
access for 100 yr)

Limit rock damage

- Overbreak <6 in. average Medium

- Blast-induced fracture extent into
intact rock <3 m average

Medium

.

4�-
I

Access closure (combined
performance of rock
and opening support)

Access closure

- Closure rate <1 mm/yr in shafts and
ramps

Medium

- Total closure in ramps <6 in. in
100 yr

- Total closure in shafts <3 in. in
100 yr

Rockfall

- <5 ton average/l,000 ft/yr (ramps)

- Maximum rock or slab size <2 tons

- Rockfall in ramps contained by
support system

- Rockfall or average liner spall
<1/2 ton/1,000 ft/yr (shafts)

Medium

Medium

Medium

Medium

Medium

0
0
I-

w
MI-

Medium



Table 8.3.2.4-1. Performance measures, goals, and needed confidences for System Element 1.2.1.1
(access construction) pertinent to Issue 4.2, nonradiological health and safety
(page 2 of 4)

Performance Needed
Function/process measure Tentative goala confidence

Underground facility
access and egress
(continued)

- All rockfall or liner spall to be
retained (by supplemental support
or liner system) (shafts)

Medium

Acceptable maintenance
frequencies

Maintenance

- Inspection and minor maintenance
will be done on a continuing
basis

Medium
.

.1.

- Major maintenance frequency >25 yr Medium

Access sizes and grades
compatible with require-
ments for personnel,
material transport,
and utility routing

Grades

- Waste ramp grade <10%

- Tuff ramp grade <20%

High

High

Size

- Men and materials shaft 20 ft
minimum diameter

- Waste transport ramp roadway width
5 ft greater than waste trans-
porter (minimum clearance between
and ramp or ramp equipment
equipment >2 ft)

Medium

Medium

so

ID



Table 8.3.2.4-1. Performance measures, goals, and needed confidences for System Element 1.2.1.1
(access construction) pertinent to Issue 4.2, nonradiological health and safety
(page 3 of 4)

Performance Needed
Function/process measure Tentative goala confidence

Underground facility
access and egress
(continued)

- Tuff ramp diameter adequate for tuff
conveyor movement of major
construction equipment and utili-
ties (20 ft)

Medium

CD

.,

I

Removal of broken
rock

Compliance with 30 CFR
Part 57

Adequate clearance for rock removal equip-
ment

Medium

HighSafety systems (conveyors)

- Barriers and guards

- Heat sensors

- Slack sensors

- Back run preventers

Dust suppression High

Ventilation supply
and exhaust

Pressure drops in accesses Accesses sized to limit air velocities and
to accommodate future changes in air
demands

I-.

- <3,000 ft/min in shafts

- <1,500 ft/min in ramps

Medium

Medium

- >60 ft/min in all accesses Medium



Table 8.3.2.4-1. Performance measures, goals, and needed confidences for System Element 1.2.1.1
(access construction) pertinent to Issue 4.2, nonradiological health and safety
(page 4 of 4)

C)

I.Performance Needed

Function/process measure Tentative goal' confidence

Emergency egress Compliance with 30 CFR Accesses designed to provide safe egress High
Part 57 during emergencies

*These goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure

00 design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-
related design or performance parameters, their goals, and confidences are also established in these

tables.

C)
I,-.
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Table 8.3.2.4-2. Performance measures, goals, and needed confidences for System Element 1.2.1.2
(drift construction) pertinent to Issue 4.2, nonradiological health and safety
(page 1 of 3)

Performance Needed
Function/process measure Tentative goal- confidence

Underground facility
access

Safe and usable access
for 100 yr

Limit rock damage

- Overbreak <6 in. average Medium

- Blast induced fracture extent into
intact rock <3 m average

Medium

WA

II

Drift closure (combined
performance of rock
and opening support
system)

Drift closure

- Rate of closure <1 mm/yr in main
and access drifts

Medium

Medium

- Rate of closure <3 mm/yr in waste
emplacement drifts

- Total closure <6 in. in 100 yr

Medium

Medium

Rockfall quantity and
retention

Rockfall retention

- <5 ton/1,000 ft/yr

Medium

- Maximum rock or slab size <2 tons

- Rockfall retained by support system Medium

$
0

I-

(

ID

.

Acceptable maintenance
frequencies

Maintenance

- Inspection and minor maintenance will
be performed on a continuing basis

Medium



Table 8.3.2.4-2. Performance measures, goals, and needed confidences for System Element 1.2.1.2
(drift construction) pertinent to Issue 4.2, nonradiological health and safety
(page 2 of 3)

Performance Needed
Function/process measure Tentative goal' confidence

Underground facility
access (continued)

- Major maintenance frequencies >25 yr Medium

High

00
;1

:t.
IIW

Drift size and grades for
personnel and material
transport and utility
routing

Compliance with 30 CFR
Part 57

Drift size 6 ft wider than equipment size

Drift grades <8%

Adequate clearance

Safety systems (conveyors)

High

Removal of broken
rock

High

High
I

- Barriers and guards

- Heat sensors

- Slack sensors

Dust control and suppression High

Ventilation supply
and exhaust

Pressure drop in drifts Drifts adequately sized to limit air
velocities and to cover changes in
future air needs

- Velocities in supply mains
2,000 ft/min

- Velocities in returns <2,000 ft/min

Medium

Medium

- >60 ft/min in all occupied drifts High



Table 8.3.2.4-2. Performance measures, goals, and needed confidences for System Element 1.2.1.2
(drift construction) pertinent to Issue 4.2, nonradiological health and safety
(page 3 of 3)

0

I-
I-

Performance Needed
Function/process measure Tentative goala confidence

Emergency egress Compliance with 30 CFR Ventilated emergency escapeways High
Part 57 e

Ow

.N)

*These goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure
design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-
related design or performance parameters, their goals, and confidences are also established in these
tables.

I

0

40

I-.



Table 8.3.2.4-3. Performance measures, goals, and needed confidences for System Element 1.2.1.3
(borehole construction) pertinent to Issue 4.2, nonradiological health and safety

Performance Needed
Function/proceas measure Tentative goala confidence

Construct borehole Compliance with 30 CFR Air quality requirements same as specified High
Part 57 and ACGIH'b for System Element 1.2.1.6 (mining

(1986) ventilation)

.I

(-n

&These goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure
design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-
related design or performance parameters, their goals, and confidences are also established in these
tables.

bACGIH - American Conference of Governmental Industrial Hygienists.



Table 8.3.2.4-4. Performance measures, goals, and needed confidences for System Element 1.2.1.6
(mining ventilation) pertinent to Issue 4.2, nonradiological health and safety

.

F'J

as.II

Performance Needed

Function/process measure Tentative goal" confidence

Provide adequate Air quality, compliance 125 CFM/horsepower of diesel equipment High

quantity of air with 30 CFR Part 57 used for mining and mining support

to all work areas
210 CFM/underground worker High

Minimum air velocity of 60 ftmin in all High
active work areas

Provide quality air Air quality, compliance SiO2 <0.1 mg/M3 High

to all work areas with 30 CFR Part 57 and
Threshold Limit Values 02 concentration >19.5 volt
(TLVs) and bioindices
specified in ACGIHb CO <50 ppm time weighted average (TWA); High
(1986) short term exposure limit (STEL)

<400 ppm

Radon daughter concentration <1.0 working High
level WL) in active work areas

Personnel exposure to radon <4 working High
level months (L) annually

Air cooling power >300 watts/m2 at 450C High
(dry bulb) 

*These goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure

design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-

related design or performance parameters, their goals, and confidences are also established in these

tables.
bACGIH - American Conference of Governmental Industrial Hygienists.
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Table 8.3.2.4-5. Performance measures, goals, and needed confidences for System Element 1.2.2.5
(retrieval) pertinent to Issue 4.2, nonradiological health and safety (page 1 of 2)

. .
'i

4

"I

Performance Needed
Function/process measure Tentative goal' confidence

Provide access to
emplacement bore-
hole

Temperature in retrieval
area

Rock movement

Surface rock temperature in shafts and
ramps <350C

Temperature in access drifts 50*C (SRT)b

Air temperature during retrieval 401C

Rock/support movement in accesses <1 mm/yr

Rock movement in access drifts <1 mm/yr
I.-
-I

High

High

High

Medium

Medium

Medium

Medium

Medium

Rock movement in emplacement drifts
<3 mm/yr

Total closure in shafts <3 in. in 100 yr

Total closure in ramps and drifts <6 in.
in 100 yr

Rockfall in ramps and drifts <5 ton/
1,000 ft/yr

Maximum rock or slab size <2 ton

Rockfall in shaft <1/2 ton/1,000 ft/yr

All rockfall (accesses and drifts) to be
retained by support system (rock size
>2 in. diameter)

Medium

Medium

Medium

High

0
01
I-.

I-.



Table .3.2.4-5. Performance measures, goals, and needed confidences for System Element 1.2.2.5
(retrieval) pertinent to Issue 4.2, nonradiological health and safety (page 2 of 2)

Performance Needed
Function/process measure Tentative goal- confidence

Provide access to Maintenance Inspection and minor maintenance will be Medium
emplacement done on a continuing basis
boreholes

Major maintenance frequency >25 yr Medium

.

*These goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure
design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-
related design or performance parameters, their goals, and confidences are also established in these
tables.

bSRT - Standard room temperature.



Table 8.3.2.4-6. Performance measures, goals, and needed confidences for System Element 1.2.2.7
(waste ventilation) pertinent to Issue 4.2, nonradiological health and safety

Performance Needed
Function/process measure Tentative goals confidence

I-.

Functions/processes and goals for waste ventilation are the same as those specified for System Element
1.2.1.6 (mining ventilation) except for the requirements for air cooling power and drift cooldown, which
are specified below.

Air quality Air cooling power Air cooling power required for inspection
or light maintenance in waste emplacement
area to be 300 watts/m2 at 450C (dry
bulb)

W--

I-,
'.0 Air cooling power required for heavy

maintenance or retrieval (emplacement
drifts) to be 500 watts/m2 at 401C (dry
bulb)

Cooldown of rock for Rock surface temperature
reentry of emplace-
ment drifts to
perform heavy
maintenance or
retrieval

Surface rock temperature <50*C

*These goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure
design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-
related design or performance parameters, their goals, and confidences are alao established in these
tables.

I
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Table 8.3.2.4-7. Performance measures, goals, and needed confidences for System Element 1.2.4.1

(underground closure) pertinent to Issue 4.2, nonradiological health and safety
0

I-

:0

I.-

OD

t"CD

Performance Needed

Function/process measure Tentative goal- confidence

Backfill of drifts Temerature Air cooling power >500 watts/m2 at 400C High

and installation (dry bulb)

of postclosure
seals Rock surface temperature <50*C Medium

Air temperature <401C High

Compliance with 30 CFR SiO2 concentration <0.1 mg/m3 High

Part 57 and ACGIHb
(1986) 02 concentration >19.5 volt

CO <50 ppm time weighted average (TWA); High
short term exposure limit (STEL)
<400 ppm

Radon daughter concentration <1.0 working High
level month (LM) in active work areas

Personnel exposure to radon <4 working High

level months (WLH) annually

*These goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure

design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-

related design or performance parameters, their goals, and confidences are also established in these

tables.
bACGIH - American Conference of Governmental Industrial Hygienists.
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Table 8.3.2.4-8. Performance measures, goals, and needed confidences for System Element 1.2.5.6
(maintenance) pertinent to Isue 4.2, nonradiological health and safety

.A

.'

Performance Needed
Function/process measure Tentative goal' confidence

Access (shaft and Closure and rockfall Rock movement
ramps) maintenance

- <1 rn/yr Medium

- <3 in. total in shaft (100 yr) Medium

Rockfall

- <5 ton/l,000 ft/yr (ramp) Medium

- Maximum rock or slab size <2 tons Medium

- <1/2 ton/l,000 ft/yr (shaft) Medium

All rockfall >2 in. diameter retained by Medium
support system

Drift maintenance Usability for 100 yr Inspection and maintenance will be done Medium
on a continuing basis

Major maintenance frequency >25 yr Medium

I

These goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure
design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-
related design or performance parameters, their goals, and confidences are also established in these
tables.



Table 8.3.2.4-9. Performance measures, goals, and needed confidences for System Element 1.2.5.9.2
(nonradiological monitoring) pertinent to Issue 4.2, nonradiological health and
safety

I
C)
I-.

F'

*.r.

')

Performance Needed
Function/process measure Tentative goal' confidence

Monitor usability of Items important to opera- Continuous monitoring of High
shafts, ramps, and tional safety monitored
drifts during con- and displayed in reposi- - Temperature
struction, opera- tory control center
tion, retrieval, - Rock movement
closure, and
decomissioning - Rock support system (visual)

- Air quality

- Water inflow

- Seismic activity

aThese goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure
design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-
related design or performance parameters, their goals, and confidences are also established in these
tables.

Q
CO

I-



YMP/CM-OO11, Rev. 1 YMP/CM-00ill Rev I

Information Needs 4.2.2 and 4.2.3 do not result in the need for site
data because they directly place constraints on Issue 4.4 where the data is
collected (Section 8.3.2.5), and consequently, only the role of Information
Need 4.2.1 will be addressed in the site characterization plan. The informa-
tion specified as required by Information Need 4.2.1 will be used to resolve
the issue of personnel safety related to design features and procedures that
depend on site characteristics for analysis and assessment. Information Need
4.2.1 identifies the elements of the repository that present a potential
safety hazard and outlines the analysis required to develop designs that will
eliminate the potential hazard. The design techniques and the resulting
designs are evaluated to determine that the goals specified by the issue
resolution strategy are met. If the goals are met, then the issue is
resolved.

8.3.2.4.1 Information Need 4.2.1: Site and Performance assessment
information needed for desicn

Technical basis for addressing the information need

Issue 4.2 requires that the design and operating procedures be developed
and demonstrated and that these procedures support resolution of the perfor-
mance issue. Information Need 4.2.1 requires that the information needed to
implement those procedures and develop the design be identified. To satisfy
both the issue and information need, a two-part approach is proposed. Part 1
will address the issue of development and documentation of the design and
operating procedures that are unique to repository design and require site-
specific demonstration. Part 2 will identify the information needed to
implement those procedures for the repository design, construction, and
operation.

For Part 1, the development and documentation of the design and operat-
ing procedures, the following activities will be completed before license
application: (1) initial designs and operating procedures will be developed
and documented concurrently with the construction of the exploratory shaft
facility (ESF), (2) the construction of the ESF will be monitored, (3) field
experience and data collected during construction will be compared with
design predictions for the range of conditions encountered in the ESF, and
(4) the adequacy of the designs and operating procedures will be investi-
gated. There will be some aspects of the repository design and operating
procedures, particularly those related to worker health and safety during the
potential retrieval, the closure, and the decommissioning phases, that cannot
be demonstrated in the ESF; full-scale demonstrations of these aspects will
be deferred to the performance confirmation area of the repository. The
critical thermomechanical aspects of the design will be demonstrated by
phenomenological and scaled tests in the ESF. The demonstrations and tests
planned to verify the adequacy of the design and operating procedures will be
addressed in the planned design activities section that follows the
parameters section.

8.3.2.4-23
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For Part 2, the information needed to implement the design and operating
procedures is presented in the parameters section. Many of these parameters
are the same as those identified for Issue 4.4, (preclosure design and
technical feasibility, Section 8.3.2.5).

Link to the technical data chapters and applicable support documents

Chapter 6 describes the current repository conceptual design including
excavation, development, and ground support (Section 6.2.6.1); ventilation
(Section 6.2.6.3); and summarizes the status of this issue in Section 6.4.7.
The information needed to address preclosure health and safety for the
license application design (LAD) is identified in this section and in Issue
4.4 (Section 8.3.2.5). The establishment of the repository design and
operating procedures will depend on observations and measurements made at the
ESF. Performance Issue 4.1 (Section 8.3.5.7) dictates performance goals that
must be addressed in this issue. Characterization programs 8.3.1.14,
8.3.1.15, 8.3.1.16, and 8.3.1.17 provide the parameter values required to
address this issue.

Parameters

The parameters for this information need are as follows:

1. Information needed to design ground support in accessways and
drifts. Parameters used to design the accessways and drifts and the
design methods that use these parameters are presented in Informa-
tion Need 4.4.7 (Section 8.3.2.5.7). Issue 4.4, Tables 8.3.2.5-1
through 12 indicate how well we need to know these parameters, which
will be acquired from the ESF as well as other locations at the
site. The ranges for parameter values listed in Issue 4.4 are
compatible with the ranges required to resolve this issue. To
ensure usability of the accesses and drifts during the potential
retrievable phase and during decommissioning, an inspection and
maintenance program will be maintained. Parameters listed in Issue
4.4 that relate to this issue include thermal, mechanical and ther-
momechanical properties of the intact rock, the joints and the rock
mass, as well as the parameters for application of the empirical
methods (such as rock quality designation, joint set number, joint
roughness). The areal power density (APD) of the installed waste as
well as the waste emplacement configuration will have a significant
impact on the required maintenance program and consequently on
worker safety. The information on APD and installed configuration
of the waste will be obtained from Information Needs 1.11.3 and
1.11.6 (Sections 8.3.2.2.3 and 8.3.2.2.6), and the referenced
preclosure design Information Need 4.4.5 (Section 8.3.2.5.5).

2. Information needed to design access ramps and drifts for safe move-
ment of equipment, material, and personnel. A major consideration
in safe movement of equipment, material, and personnel is the grades
that must be negotiated. The following parameters are used in the
determination of the repository design and hence the grades in the
access ramps, main haulageways, access drifts, and emplacement
drifts:

8.3.2.4-24



YMP/CM-0011, Rev. 1 YMp/cM-ooll, Rev. 

a. Site surface topography in the vicinity where surface facilities
will be located.

b. Location of the upper and lower contacts for candidate disposal
horizon. The location of the upper and lower contacts of the
candidate disposal horizon should be established in areas where
uncertainty exists that the thickness of the densely welded
Topopah Spring Member (unit TSw2) is sufficient for safe con-
struction and operation. The thickness of the unit TSw2
necessary to provide sufficient flexibility in selecting the
depth of the underground facility has-been established as 50 m.
Consideration must also be given to the 200-m overburden
requirement; the location of the unsaturated tuffs above the
water table; the location of the contact between the relatively
lithophysae-free and lithophysae-abundant tuff; stratigraphic
zones of poor rock quality; and the location of the lower
contact between the densely welded tuff and the basal
vitrophyre.

c. Disposal horizon orientation (effective strike and dip). The
disposal horizon effective strike and dip will be determined
from the upper and lower contacts obtained from borehole data
and data gathered during construction of the ESF.

d. Site surface geology. The site surface geology will be used to
locate the portal for access shafts and ramps. The principal
data needed is the location of exposed or near surface rock.

e. Location of site geologic structures. The geologic structures
need to be identified for use in determining the location of
shaft and ramp portals.

3. Information needed to plan safe construction techniques. The
construction techniques and procedures to be used at the repository
will be based on the characteristics of the repository site (e.g.,
the construction of drifts can be by conventional drill and blast
methods or by mechanical mining machines); the method chosen will
impact the procedures required to ensure worker safety. The infor-
mation needed, with the required quality requirements, follows:

a. Rock properties needed to select mining methods, to size open-
ings, and to design tunnel support. The properties required
have already been identified under the design parameters needed
for design of accessways and drifts (Issue 4.4, Sec-
tion 8.3.2.5).

b. Formation water quantities. The presence of perched water
reservoirs within the stratigraphic column penetrated by the
shafts and ramps and within the disposal horizon could be a
concern for worker safety. The site geology and existing data
base do not suggest that significant perched reservoirs are
located within the repository site at Yucca Mountain.

8.3.2. 4-25
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c. Potential for generation of hazardous respirable particulates.
Actual types of particulates (e.g., silicates and asbestos form
fibers) must be determined. Particulate sizes and quantities
produced by various activities such as mining, crushing,
drilling, and conveying must be determined. Size determination
must quantify particulates that are equal to or smaller than the
maximum size that can be carried or entrained by the repository
ventilation flows.

4. Information needed to design the ventilation system (including data
quality requirements) for dilution of natural, toxic, or hazardous
gases. Gases in the mining horizons should be analyzed qualita-
tively and the actual gas types that may be encountered such as
radon and methane should be determined. Worker safety information
needs associated with radon are addressed in Issue 2.2 (worker
radiological safety--normal conditions, Section 8.3.5.4). Existing
data suggest that the occurrence of methane or other naturally
occurring hazardous gases is unlikely and so no parameters specific
to this need are identified.

The occurrence of hazardous gases from underground operating equip-
ment will impact the ventilation system. The qualification and
typing of these gases does not require site data; thus, no param-
eters are required from the site.

5. Information needed to design the ventilation to provide adequate
cooling to allow drift inspection, maintenance, waste retrieval, and
decommissioning. A major worker safety concern during potential
retrieval is the temperature of the working environment. In some
instances it may be necessary to cool the drifts before retrieval or
decommissioning operations to ensure a safe environment. The data
required to design the necessary cooling system along with the
requirement for data quality are as follows:

a. Thermal conductivity of the rock.

b. In situ temperature in the disposal horizon.

c. Site meteorology. The diurnal and seasonal variations of the
site relative humidity and temperature at the ventilation inlet
and outlet locations are required.

d. Moisture release rate from the drift and accessway surfaces.

e. Ventilation airstream pressure loss as a function of drift
length.

Logic

At this time it is possible to identify but not fully quantify all pa-
rameters needed to develop designs and operating procedures that will ensure
worker nonradiological safety. Quantifying these parameters is an iterative
process that begins with information g:ained from preliminary investigations
at the site. This preliminary information will be verified or revised as

8.3.2.4-26
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dictated by new information obtained from tests conducted in the ESF. The
information obtained from the ESF will be adjusted as required during con-
struction of the repository to include additional data obtained on conditions
not encountered in the limited extent of the ESF.

The following sections identify the subsurface activities that will be
conducted during construction and subsequently in the repository to verify
that the adopted design and operating procedures are adequate to protect
worker health and to provide safe working conditions.

Two categories of tests and studies are identified: (1) those related
to access and drift usability and (2) those related to ventilation and air
quality. These two categories cover the major site data requirements related
to nonradiological worker health and safety.

8.3.2.4.1.1 Design activity to verify access and drift usability

The methods and data used to develop the conceptual design of the
repository are preliminary. The ESF offers an opportunity to verify these
design techniques and to substantiate or provide the basis for adjustment of
the design techniques used. The lateral extent of the ESF is expected to be
sufficient to ensure that the demonstrated design techniques, the data
obtained, and the test results will generally be applicable throughout the
subsurface facilities with only minor modifications.

To demonstrate in the ESF that the design and operating procedures are
adequate for repository design, the following demonstrations and tests will
be conducted:

1. Demonstration of construction methods for accesses and drifts in
tuff with emphasis on different lithophysae abundance, vitrifica-
tion, and structural characteristics.

2. Characterization of the exposed rock. This characterization will be
done to gain experience in the characterization methods proposed and
to develop a data base that can be used to classify visually the
rock encountered in the construction of the repository. The clas-
sification of the rock is the basis on which a particular ground
support system will be specified during repository construction.

3. Demonstration of ground support installation for the various types
of ground support proposed. The design of the ground support
systems will include a number of types (e.g., rock bolts, rock bolts
with wire mesh, shotcrete, and reinforced concrete). The types of
support planned, based on currently available information, will be
demonstrated.

4. Rock and support monitoring. Measurements of drift closure and
support system loads will be made for the various rock types
encountered and for the different support systems used. These
measurements in the exploratory shaft test facility will, in addi-
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tion to providing beneficial data, be used to develop the measure-
ments techniques and select instrumentation systems for use in the
repository.

5. Test to compare ground support performance with performance
predictions.

6. Test to simulate thermal/mechanical interactions to evaluate
long-term ground support behavior.

7. Tests to validate the design models used to predict the performance
of accessways and drifts.

The first five tests or demonstrations will verify the adequacy of the
design and operating procedures for the construction of the repository; the
last two tests address long-term considerations for. ground support during
waste emplacement, monitoring, maintenance, retrieval, closure, and decom-
missioning. These long-term considerations are difficult to evaluate by
full-scale demonstration in the ESF; consequently, they may require a com-
bination of laboratory tests, scaled field tests, model validation tests, and
monitoring in the repository.

Additional details of the seven demonstrations and tests proposed for
verification of the design and operating procedures are provided in the
following:

1. Demonstration of construction methods. An evaluation of the
influence of construction methods on worker safety and ground
support requirements will be made. The evaluation will assess the
effects of the selected and other candidate mining methods such as
smooth-wall blasting and mechanical mining on the extent of the
damaged zone, over-break, and support requirements. Tests will
include the evaluation of the effects of blast hole pattern design,
powder loading, and blasting agent type on safety and ground
stability. Results of the blasting tests will be used to develop
specifications and operating procedures for blasting in the
repository. Monitoring of vibration effects due to blasting and the
effect of the vibration on the ground support system will also be
needed. The evaluation of the excavation techniques will be
repeated for each significantly different ground classification.

2. Characterization of rock. Characterization of the rock will be
performed in areas of the ESF where ground support system perform-
ance is monitored and where construction methods are evaluated.
Characterization includes rock-quality designation, fracture
spacing, fracture orientation, roughness, infill characteristics,
intact rock compressive strength, internal-friction angle, tensile
strength, moisture condition, permeability, and in situ stress as a
function of distance from the excavated surfaces. These parameters
will be evaluated for the various rock types encountered (provided
the rock type dictates a revised support requirement). This
information will be used to develop a catalog of rock types versus
the required support for use in repository construction.
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3. Support installation. The procedures for assessing ground condi-
tions and selecting and installing the required ground support
should be demonstrated during ESF construction. Those ground
conditions for which the timing of ground support installation is
critical should be identified.

4. Evaluation of the ground support system performance. The ground
support systems should be monitored by observation, passive methods,
and active instrumentation to evaluate performance. Rock bolt load
history, shotcrete and concrete stress development, rock displace-
ment, and rock stress changes should be monitored. Regions of rock
stress relaxation and joint slip should be identified to assess the
loads carried by the support system. The support systems should be
monitored for all rock types encountered that dictate different
support designs.

5. Comparison of ground support performance and design predictions.
Design predictions will be based on empirical, analytical, and
numerical techniques. Comparison of support performance and design
predictions will involve site-specific modeling and the development
of criteria for comparison and acceptance for both the analytical
and empirical methods.

6. Simulation of thermal and mechanical interactions to evaluate long-
term support behavior. Tests will be required to evaluate corrosion
of ground support hardware, bolt anchor capacities at high tempera-
tures, bonding characteristics between concrete or shotcrete and
rock at high temperatures, and life expectancy of ground support
systems for projection of maintenance requirements. A number of
these tests could be conducted in a testing laboratory, while others
will need to be done in scaled or full-sized test chambers in the
ESF.

7. Tests to validate design models. Many aspects of the preclosure
repository design associated with worker safety, specifically drift
usability before closure, are based on the level of thermally
induced stresses around the openings. Real-time demonstration of
the design adequacy based on thermal effects in the repository will
not be practical in the ESF. The fundamental basis for the design
model, however, can be demonstrated by controlled full-size or
scaled tests. Such tests would include

a. Determination of the equivalent rock mass modulus, thermal
expansion coefficient, and rock mass strength for the range of
expected rock qualities.

b. Determination of the influence of temperature on the rock mass
properties in item a.

c. Evaluation of large-scale joint properties such as joint
stiffness (shear and normal), joint strengths (cohesion and
friction angle), and the evaluation of the effects of
temperature on these properties.
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d. Demonstration of thermally induced rock deformation around
canister and room configurations. These tests would be
conducted in all significantly different rock types. The data
from these tests would be compared with the results from the
calculations based on the design models to develop confidence
that the design procedures are correct.

8.3.2.4.1.2 Design activity to verify air quality and ventilation

Studies are required to assess the impact of site characteristics on the
ventilation requirements necessary to provide a safe working environment.
Site characteristics will determine dust quantities produced during construc-
tion, in situ gas types and quantities, and the wall roughness required for
the ventilation flow calculations.

The influence of the construction method on dust generation and dust
control methods can be evaluated during construction of the ESF. The drift
roughness can be a function of the construction method, the rock quality, and
the support system. Worker safety would be impaired if the factors contrib-
uting to surface roughness prevent the delivery of sufficient air to the
working areas of the repository. Excessive roughness factors could dictate
the need for larger drifts and the need for additional or larger ventilation
supply and exhaust shafts. The parameters needed to properly design the
ventilation system are as follows:

1. Air resistance factors as a function of wall roughness for the
different rock types, construction methods, and support systems.

2. The in situ moisture in the rock. This will determine the water
burden imposed on the ventilation system. The potential for
dewatering versus temperature and the heat and moisture transfer
into the ventilation system should be evaluated. The dehydration
temperatures for the various rock types should be evaluated.

3. Formation gas types should be identified. Surface emission rates
for the various types of gases present should be determined as a
function of time after emission surface exposure and temperature.

4. Dust generation rates need to be determined for the different
construction methods used and for the different types and qualities
of rock encountered.
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8.3.2.5 Issue resolution strateov for Issue 4.4: Are the technologies of
repository construction, operation, closure, and decommissioning
adequately established for the resolution of the erformance issues?

Reculatorv basis for the issue

Issue 4.4 (preclosure design and technical feasibility) questions
whether the repository can be designed, constructed, operated, and closed
using reasonably available or proven technology or if it will be necessary to
extrapolate beyond current technologies in order to. perform the functions
identified by this issue. Many other constraints are imposed on this issue
by other design or performance issues, including retrieval, postclosure
design, and nonradiological health and safety concerns. Figure 8.3.2.1-1 in
the overview section (8.3.2.1) depicts the relationship between this issue
and the other design-related issues.

To avoid duplication, a careful division of responsibility between
issues has been adopted. Issue 4.4 has been assigned the responsibility for
the design of surface facilities and mined openings. Other issues will
impose design requirements or constraints upon Issue 4.4 pertinent to their
needs, and will receive the design and other input items (e.g., supporting
analyses) back from Issue 4.4.

In a like manner, where it shares similar design requirements with
another issue on a particular facet of the repository design, Issue 4.4 has
been assigned the responsibility for developing the design, and providing the
other three parts of the four-part design package (namely, the operating
plan, supporting analyses, and any necessary demonstrations--see Fig-
ure 8.3.2.5-1). The related issue(s) provide requirements and constraints
(and requests for other input items) to Issue 4.4 and receive the design
package in return from Issue 4.4. Note that with this division of
responsibility, Issue 4.4 requests most of the data on site characteristics.
This division of responsibility is indicated in the logic diagrams and the
supporting text and tables of the SCP sections discussing the design-related
issues shown in Figure 8.3.2.1-1.

The regulatory basis for addressing this issue and the subsidiary infor-
mation needs is contained in 10 CFR 60.133 and 10 CFR Part 960. Most of the
parts of 10 CFR 60.133 that relate to the repository location, layout, and
postclosure performance are addressed directly in Issue 1.11 (configuration
of underground facilities (postclosure), Section 8.3.2.2). Some provisions
of 10 CFR 60.133 relate to preclosure concerns, however. For example,
10 CFR 60.133(b) states that "the underground facility shall be designed with
sufficient flexibility to allow adjustments when necessary to accommodate
site-specific conditions identified through in situ monitoring, testing or
excavation.' Some of the "adjustments" might be required because of technol-
ogy limitations such as the ability to predict rock behavior over the long
life of the repository. Such limitations might result in a preclosure con-
straint from a postclosure criterion. Similarly, 10 CFR 60.133(f) states
that 'the design of the underground facility shall incorporate excavation
methods that will limit the potential for creating a preferential path for
ground water or radioactive waste migration to the accessible environment."
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Figure *.3.2.5-1. Logic diagram for Issue 4.4 (preciosure design and technical feasibility). See Figure
8.3.2.5-lb for legend. Section 8 3.2.1 describes the relationships and interfaces between design and performances
issues.
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Figure .3.2.S-lb. Legend for Figure 8.3.2.5-1.
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This requirement places a potential constraint on the construction methods
and could impact this issue. The viability of these potential limitations
and constraints will be determined during construction and subsequent testing
in the exploratory shaft facility.

Other regulatory bases are contained in 10 CFR 60.131(b)(10), which
applies to shaft conveyances used for waste transportation. These require-
ments will be applied as appropriate to features in the waste transport ramp
that will be used to enhance safety.

The preclosure siting guidelines in 10 CFR Part 960 identify the poten-
tially adverse condition, In situ characteristics and conditions that could
require engineering measures beyond reasonably available technology in the
construction of the shafts and underground facility.' This condition is
addressed directly in this issue. This issue also covers the design ques-
tions related to the preclosure technical guidelines for surface and rock
characteristics, hydrology, and tectonics.

Approach to resolving the issue

The approach used in resolving this issue is shown graphically in Fig-
ure 8.3.2.5-1. The approach, as it is applied to this issue, follows these
steps:

1. The "system elements" of the Yucca Mountain mined geologic disposal
system (MGDS) that are pertinent to the issue are selected from the
total list of system elements given in Section 8.2. For Issue 4.4,
only the preclosure elements are considered pertinent. Issue 4.3
(Section 8.3.4.4) addresses the technology requirements for waste
package production, and so this element will not be considered in
this issue. The site elements, surface and subsurface, could poten-
tially require the use of advanced technology; consequently, they
are considered in this issue. The elements, mining, waste handling,
and decommissioning, are considered as potential candidates for the
use of advanced technology in that they contain the bulk of the con-
struction and operational activities. The performance confirmation
and support system elements of the repository are not considered to
require advanced technology; thus, they are not considered in this
issue.

Only System Elements 1.1.1 (surface) and 1.1.2 (subsurface) are
physical items; the remaining system elements are activities. For
this section, the remaining elements will be replaced by physical
eatures in which the identified activities are performed (e.g.,
drift will be substituted for drift construction). For system
elements such as retrieval the system element is used to identify
limitations or goals for the performance of repository elements such
as drifts and boreholes.

2. The functions and processes of the elements considered pertinent to
design and to assessment of technical feasibility are identified.
For these elements, the functions listed are those things that the
element must do or provide for the repository to meet its required
operational and functional goals. The list of functions is not all-
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inclusive. Only those functions that establish the technology
requirements within the specific system elements and require site-
specific data to assess the need for new technology or technology
development are identified. The criteria for whether a function
plays a role in establishing technology requirements are as follows:
(1) has the function been repeatedly demonstrated in normal indus-
trial practices, (2) does the function depend only on engineered
structures and equipment of predictable capabilities, and (3) does
the function have a potential impact on worker health and safety?

3. The performance measure step identifies the required performance for
the system element. Typical performance measures are temperature,
rock movement, air flow, and maintenance frequency.

4. This step in the issue resolution strategy specifies the tentative
performance goals and confidence needed in order to meet the per-
formance measures. Performance goals are established to provide
design guidelines. The goals are not always regulatory require-
ments; they are, however, based on meeting the applicable
regulations.

5. The last step identifies the parameters needed to perform the
analyses to determine if the performance goals can be met. It
includes a tentative goal and an indication of expected values,
needed confidence, and direct confidence.

The information needed to resolve this issue will be derived from the
site or will be based on nonsite performance requirements. The criteria
applied to distinguish those elements, and their included functions and
processes, that require site data for the analysis of technology requirements
are as follows:

1. Does the performance of the element depend on site environmental
inputs (e.g., seismic and meteorological)?

2. Does the design of the element depend on site physical
characteristics (e.g., topography, soil and rock strengths, and
hydrology)?

Those elements that may require technology development but do not
require site-specific data will be addressed in the repository design plan.
The site data required for the analysis of the level of technology required
will be defined in the information needs under this issue. These information
needs will also establish the data quality requirements.

System elements

The Yucca Mountain mined geologic disposal system elements that were
selected from the total set of elements listed in Section 8.2, as pertinent
to this issue, are given in the following list. The elements that will be
evaluated before the conclusion can be made that the repository can be
constructed, operated, closed, and decommissioned using currently available
technology are as follows:
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System element Name

1.1 Site
1.1.1 Surface
1.1.2 Subsurface

1.2 Repository
1.2.1 Mining
1.2.1.1 Access construction
1.2.1.2 Drift construction
1.2.1.3 Borehole construction
1.2.1.4 Rock handling
1.2.1.5 Water removal
1.2.1.6 Mining ventilation
1.2.2 Waste Handling
1.2.2.1 Receiving
1.2.2.2 Preparation
1.2.2.3 Storage
1.2.2.4 Emplacement
1.2.2.5 Retrieval
1.2.2.6 Shipping
1.2.2.7 Waste handling ventilation
1.2.2.8 Contamination control
1.2.4 Decommissioning
1.2.4.1 Underground closure
1.2.4.2 Surface facility decommissioning

The functions or processes for each of these elements are given in Ta-
bles 8.3.2.5-1 through 8.3.2.5-12. System elements 1.2.2.1 (receiving),
1.2.2.2 (preparation), 1.2.2.3 (storage), 1.2.2.6 (shipping), 1.2.2.8
(contamination control), and 1.2.4.2 (surface facility decommissioning) are
not represented in tables but will be discussed in the repository design
plan. These tables also include the performance measures used to evaluate
performance in each element, the tentative performance goals, the needed
confidences, and the performance or design parameters required to evaluate
the technology requirements. Tentative goals, current confidences, needed
confidences, and expected values are also provided for each performance or
design parameter.

Interrelationships of information needs

The information needs for this issue identify the site parameters and
the approach to integrating these parameters into designs and studies that
demonstrate reasonable assurance of compliance with the performance goals and
the regulatory requirements. Table 8.3.2.5-13 lists the information needs
associated with this issue and the system elements addressed in each
information need. Information Need 4.4.1 (Section 8.3.2.5.1) generally
describes the parameter requirements developed in the other information needs
under this issue.
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Table 8.3.2.5-1. Preliminary performance allocation for System Element 1.1.1, surface (page 1 of 6)

Heeded

Function
Of proces

Provide sufficient
area tot surtace
facilities

Provide usable
access for waste
delivery vehicles

ao trovide facility
sites including
und rground

N) accesses that
are not jeopard-

tnl rced by natural or
manmade phenomena

Performance mature

Space to ccdate
surface facilities
twith contingency)

Grades for rail and
truck delivery

Location relative to
floodplain

Locations for sur-
face facilities

Tentative goal

>100 acres for
central surface
facility

>50 acres for mined
material storage

>10 acres for each
underground access
location

kinim, cut and fill

<6 road grades
<2% road grades

bove floodplain

Facilities impor-
tent to satety
IFITS) not loca-
ted over pote-
tially active
geological ttuc-
turo

con
leeded Performance or
nfidence design parameter

High Surface topography at
facility locations

High Surface topography at
candidate ined
material storage area

ediu Topography at under-
ground access loca-
tions

edium Topograpy of surface
facility ites

High Surface topography on
access routes

High Topography at facility

locations

Surface hydrology for
5 25. 0, 100, 500,
yr flood and probable
maximum flood (PKH)

Area of inundation

Tentative goal'

Topographic maps
with I contours

Topographic maps
with 2 contours

Topographic maps
with I contours

Topographic maps
with I m contours

Topographic aps
with 2 contours

Topographic maps
with I contours

Inundation maps
with levation of
inundation aroa
to within 12 m

Secondary quanti-
ties used to
derive are of
inundation

Topography of
drainage area
2 a contours

Debris quantity
and category

Determine esistence

Needed
confidence

Medium

Medium

medium

Medium

Medium

High

High

mediuim

Low

High

Cur rent
cunt idence

Medium

Medium

Medium

Medium

Medium

L;pected
value

I contours

2 m contours

I m contours

I contours

I contours

~1

(D

Medium I m contours

Low Area map with
elevation of
inundated aa
within 2 a

Mediu 2 contours

Low Cannot be *sti-
mated with
currently
available dta

Low Ho such faults
are expected
to be found

High Identification of any
fault within 100 
of FITS with greater
than I chance in 100
of producing mote
than S ce of surface
displacement in 100 yr



Table 8.3.2.5-1. Preliminary performance allocation for System Element 1.1.1, surface (page 2 of 6)

Function Needed Performance or Needed Current Expectej
or process Performance measure Tentative goal confidence design parameter Tentative goal' confidence cuinfidence value

Provide tacility
sites including
underground
accsases that
are not eopard-
ited by natural ox
manade pe n
Icoatinued)

It dterained to xist,
establish

Location at surface

Orientation at ur-
face

Actual location to
accuracy of 5 

Actual orientation
to accuracy of
tl1

Probability of Sco
displacement
under FITS <.01
in 100 yE

High

High

Low Location within
5 

Low Orientation to
10

Probability of
exceeding cm
displacement under
FITS

High Low Probability <.01
in 100 yr

Acceptable poten-
tial for ibra-
tory ground
notion

High Design basis ground
motion time histoties
and corresponding
response spectraco

I

Tim histories and medium to
response spectra high
representative
for exceptional
earthquakes on
nearby faults and
underground nuc-
lear explosions
lfor frequencies
between 0.5 and
33 HE)

Low 0.4-0.69 peak
acceleration

Potential tor exceed-
ing design basis
ground motion at
FITS

Probability vs. peak
ground acceleration,
peak ground velocity,
and peak velocity
response at selected
frequencies at Sur-
face FITS locations

Probability of volcanic
eruption that would
disrupt surface
facilities

Design basis ash fall
thickness

<0.1 probability
in 100 Yr

Medium to
high

Low to
medium

Probability 0.1
in 100 yr

Values estimated Medium to
for annual proba- high
bilaty ranging
from 1O- to 10-'
per yr

Low Cannot be sti-
mated based n
current data

0-
0Acceptable potential

for volcanic
eruption at urface
facilities

Design basis ash all
thickness at our-
race facility loca-
tione (including
shaft and rp
portals)

High

Nedium

Probability <.0001 High Medium to Probability
in 100 yr high <.0001 in

100 yr

<0.1 probability of Low to Low Probability <0.1
exceeding design madium in 100 yr
basis ash tall
in 100 yE



Table 8.3.2.5-1. Preliminary performance allocation for System Element 1.1.1, surface (page 3 of 6) 9I
C)

V
WM

I.-

Function
or process Performance measure Tentative goal

Needed
cont idence

Performance or
design parameter

Needed Cu rent Expected
confidence colidence valueTentative goal

Provide facility
sites fincluding
underground
accemeas) that
have acceptable
soil and rock
conditions

Soil and rock condi-
tioma

Stable foundations
on soil and rock
under static load
condit ions

Kedium Allowable foundation
bearing load pessure
for soil considering
shear failure and
ettlement total

and differential)

Allowable bearing
pressure >0.2 Pa

Medium Low to
medium

0.2-0.4 MPe

.o

Stable retaining
walla on soil nd
rock under static
load conditions

Allowable foundation
bearing load pressure
for rock considering
shear ailure and
settlement (total
and differential)

medium Active and passive
soil pressures for
flexible and rigid
structural alls

Active and passive
rock pressure for
flexible and rigid
structural walls

Allowable bearing
pressure >14 MP&

Medium Low to
medium

(r

to

Stable slopes for Medium to
static and dynamic high
loading conditions

21 Pa

factor of safety for
an identified mch-
anim of potential
slope failure in
soil for static and
dynamic loading con-
dit ions

Earth pressure
coefficient
active >0.25
passive >3.4

Earth pressure
coefficient
active >.25
passive >3.4

For slopes poten-
tially impacting
FITS

F.S.b >.5
(static)

f.S. >1.2
idynamic)

tor slopes poten-
tially impacting
other structures

r.S. 1.3
(static)

For slopes poten-
tially impacting
FITS

r.S. >.
Istatic)

*.s. >1.2
(dynamic)

Medium Low

0.27
3.70

medium Low

0.2'
3.70

Hligh Low Cannot be sti-
mated based on
current data

Medium Low Cannot be esti-
mated based on
current data

factor of safety for
an identified mech-
anim ot potential
slope failure in
rock for static nd
dynamic loading cn-
ditions

High Low Cannot be *eSti-
mated based on
current dte

0
(l

-.

<~

.

F'



Table 8.3.2.5-1. Preliminary performance allocation for System Element 1.1.1, surface (page 4 of 6)

Function Needed Performance or leeded Current txpected
or process Performance manure Tentative goal confidence design parameter Tentative goale confidence confidence value

Provide facility
sites including
underground
accesses) that
have acceptable
soil and rock
conditions
Icontinued)

;11

Z.
I-I
(:0

Suitable hydraulic
related soil con-
ditions consider-
ing infiltration/
runoff character-
istics and ro-
sion potential

Stable foundations
on soil and rock
for dynamic load-
ing conditions
Ifor FITS)

Stable retaining
walls on soil and
rock under
dynamic loading
conditions (for
FITS)

Medium Favorable infiltration:
runoff ratio

Favorable hydraulic
induced soil rosion
characteristics

High Favorable soil-struc-
ture interaction
considering displace-
ments and degree of
yielding in soil
beneath base of
building

Fvorable rock-struc-
ture interaction
considering displace-
louts and degree of
yielding in soil
beneath base of
building

High Favorable soil-struc-
ture interaction
considering displace"
mnts and degree of
yielding in soil
bensath base of
building

For slopes poten-
tially impacting
other structures

r.S. >1.3
(static)

See Section .3.1.2
tgeohydrology)

Scour around
bridge piers
<13 in 100 yr

Bed erosion <S 
in 100 yr

Sheet erosion
<1 m in 100 yr

Total displacement
<3 in.

PerCentaqe of soil
that hs yielded
beneath bes of
building <101

Total displacement
<3 in.

Percentage of rock
that has yielded
beneath base of
building (101

Total displacement
<6 in.

Percentage of oil
that has yielded
beneath base of
building 10%

High

Ie di u

Hedim

Medium

High

High

High

High

High

High

Low See .3.1.2

Low See 3.1.6

Low Cannot be esti-
mated based on
current dte

Loe Cannot be esti-
mated beaed on
current dte

Low Cannot be esti-
mated beed on
current dato

Low Cannot be esti-
mated based on
current data

Low Cannot be *ti-
mated based on
current dt

Low Cannot be esti-
mated based on
current data

Low Cannot be esti-
mated based on
current data

Low Cannot be esti-
sated based on
current data

Hedirsu Law Cannot be esti-
mated based on
current data



Table 8.3.2.5-1. Preliminary performance allocation for System Element 1.1.1, surface (page 5 of 6)

0
0
I.

C>.

Function
or process Purforence measure Tentative go*l

Needed
confidence

ertoruance or
design parameter -Tentative goal'

Needed Current
confidence cnt idence

Expected
v.lue

Provide facility
sites including
underground
acceases\ that
have acceptable
soil and rock
condit ions
(continued)

Soils not subject
excssive volum
chane

Favorable rock-struc-
ture interaction
considering displace-
ments and degree of
yielding in soil
beneath base of
building

Medium Magnitude and rate of
time dpendant
settlement in soils
below earthfillsd

Magnitude of swell in
subgrade soils below
roads'

magnitude of soil
collapse below sur-
face facilities
(foundations, earth-
fills, and roads)
due to saturation
and/or loading'

Favorable soil liqui-
faction potential
for saturated low
density soils under
dynamic loading con-
ditionad

Total displacement
<2 in.

Percentage of rock
that has yielded
beneath base of
building <10

Total settlement
<4 in.

High

H igh

Low Cannot be esti-
mated based on
current data

Low Cannot be esti-
Odted based on
current data

Medium Low Settlement <4
in.

.A

Total swell <1 in.

Total collape <2%

In situ density
>90% of maxim
dry density

Medium Low * Swell <1 in.

Medium Low Cannot be sti-
mated based on
current data

Medium Low to Cannot be esti-
medium mated based on

current data
t77

In situ density
>5% of maximus
dry density

Well graded soil

Medium Low to
medium

Density >93.5%

Medium Low to Poorly graded
medium gravel or

silty gravel

Medium Medium 80 mphProtection and con-
finament of opera-
*ion l activities

facilities adequate
to withstand
natural weather
phewumena without
damage to func-
tional capability

Facilities not dam-
aged by weather
extr s

High Design wind load at
surface facility
locations (normal
windse

Design basis tornado
Probability of
occurrence

Maximum wind speed

80 mph

<1 10-7 per yr

160 mph (combined
translational and
rotational
velocity)

0.7 psi

Medium

High

Low <I 10-7 per yr

Medium <180 mph

Maximum atmospheric
pressure drop

High Low 0.7 psi



Table 8.3.2.5-1. Preliminary performance allocation for System Element 1.1.1, surface (page 6 of 6)

runction Needed Performance or Needed Current Expected C
or process Paettormusa nasure tentative goal confidence design parameter Tentative gal* confidence conitdence value

Protection and con- Design snow load at 10-16 in. High Hediuo 14 in.
finemont and opera- surface acility
tional activities locations
(continued) Design precipitation 2-4 in./h High medium 3 in./h

rate at surface
facilities

Provide proper Proper environt Nbeting and cooling High Heating and air con- No site characterization data is required. Existing data
environat fo or for persosnel &ad design values ditioning design from near icinity locations is adequate it normalized to
personnel and equimat uder values Yucca mountain sites. Values will be developed and
equipment normal weather presented in the repository design plan.

etr4Wa

Site location Hediuo Site locations Coordinates of Hedium High . Coordinates
facility loca- within tS 
tions

Site elevation Nedium Site elevation Elevations of ur- Hediun High Elevations
4,.) face facilities within S a

L11*Tantative goals, including ranges, for performance or design parameters are based on current reference values used to repository conceptual design and supporting
.. analyses (Tables -ll trough 6-141, and limited sensitivity analyses rported in Appendi I of the Site Characterization Plan-Concenptual Design Report (SNL, 1987) and
p,..~ its references and in 9bgartaer 1986).

bF.S. factor of safety.
oIt the alluviun o rock adjacent to the foundation as shear velocities greater than 3,500 t/s, then a moil-structure interaction analysis will probably not be

necosary.
dThe need tor these design and performace parreore or charactarisation parters is contingent on the soil and ock onditions encountered. On the basis of the

proliminary oil ad tek data ta the site, these parmtors are not currently required.



Table 8.3.2.5-2. Preliminary performance allocation for System Element 1.1.2, subsurface (page 1 of 5)

Function Needed Performance or 0eeded Current Expected
or process Performance measure Tentative goal confidence design parameter Tentative goal- confidence confidence valueb

0011

Provide adequate
area for distribu-
ting waste (with
contingency) and
required over-
burden

Area for 70,000 mat-
fic ton of waste
and overburden
>200 

Goal for needed
area established
in Issue 1.11
1see Section
S.3.2.2 for
needed site
patsmteral

Underground facili-
ties not located
Is areas with a
high probability
of disruption by
faulting

High See Issue 111, Section 8.3.2.2

I-..

Provide underground
sites including
accesees that are
not jeopardised by
natural or maneade
phenoena

Ability to continue
preclosure opera-
tiona Sd retrieve
waste

High Identification and
Chatacterization of
significant Quater-
nary faults in the
repository block

Determine exis-
tenee

High Low No such faults
are expected
to be found
in repository,
but two such
faults bound
block

CA)

4

It determined to
exist, esteblish

Location at reposi-
tory level pro-
jected f rom sur-
face data

Orientation
istrike and dip)

Probability of
exceeding 7 m
displacement in
areas of waste
emplacement

Design basis ground
motion time his-
tories, and corre-
sponding spectra at
underground facility

Actual location to
accuracy of t20 a

Actual orientation
to accuracy of
±10

Probability of 7 m
displacement in
waste eplacement
area 1 chance in
10 in 100 yr

High

High

Medium

Low Cannot be esti-
mated based on
currant data

Low Cannot be st-
maeted based on
current data

Low Probability <0.1
in 100 yr

Accotable poten-
tial for vibra-
tory ground
notion

High Time histories and Medium to
response spectra high
representative of
10.000-yr cou-
lative-slip earth-
quakes on nearby
faults and under-
ground nuclear
explosiona Ifor
frequencies
between 0.5 and
33 Hz)

Low 0.2-0.39 peak
acceleration
43ubaurtace) 

C)
:3:

I.
V

Nigh Combined potential
for vibretory ground
motion at under-
ground facility
locations

<1 chance in 10 of Medium to Medium to Probability (0.1
exceeding design high low in 100 yr
basis ground
motion in 100 yr



Table 8.3.2.5-2. Preliminary performance allocation for System Element 1.1.2, subsurface (page 2 of 5)

Function Needed Performance or Needed Current Expected
or process Perotumce measure Tentative goal confidence design paater Tentative goal- confidence confidence valueb

0

I.-

:4

I-..

Provide adequate
area for distribu-
ting waste with
contingency) and
required over-
burden continued)

Provide host rock
thickness for drift
construction and
waste emplaceaeat

CD

Provide physical
properties adequate

I. for constructioa
and operation of
stable safel
underground
accesses, drift$,
emplacement bore-
boles. and support
facilities for
aomal nd credible
abnormal conditiona

Acceptable poten-
tial for ol-
canic eruption
through under-
ground facility

High Probability of vol-
canic euption
through area of
waste eplacement

Probability
<I X 10-
per yr

High Low Probabilit~

Thickness for drift
costructio asd
waste mplac"at

Usable openings of
required sites

most ock thick-
mess >50 a

Accessways and
drifts usable
for 100 r

High Stratigraphic con-
tacts for top and
and bottom of the
?Sw2 formation
within candidete
areas for repository

High Rock properties in
primary ares
Poisson's ratio

(intact rock)

In situ stress
(rock mass)

Initial temperature
frock mass)

Coefficient of
therul *xpansion
(rock mass)

Determine eleva-
of tratigraphic
contacts at selec-
ted points within
candidate reposi-
tory area to
accuracy of 10 
(Note: goal is to
determine poten-
tial usable extent
of acceptable area
based on this and
other criteria)

TSw 020-0.30 WIWL)

0.13-0.19 (LI'
Tsw2 0.19-0.29

Vertical 6.3-7.7
MP& laverage)
value for 300 )

Minimum horizontal
stress ratio
0.3-0.6

maximum horizontal
stress ratio
0.3-1.0

nearing of ini-un
horizontal stress
between SO -
N 5 C

Bearing of maxiaue
horizontal stress
between 25 E-
N 40 

TSw2 23-25-C

High

LoW

Low
Medium

medium

Low Thickness of
TSw2 within
area meeting
other selected
guidelines for
repository
horizon
defined in
Isasue 1.11
(Section
8.3.2.2)

Low to
isedium

Low
medium

Low to
medium

0.20-0.30

0.13-0.19
0.19-0.29

6. 3-7. 7

ledium LOW 0.3-0.6

Medium Low 0.3-1.0

Medium Medium N 50- H-
N 65' N

Medium medium N 25 E-
N 40 

10
I-'
S.-.

0

I-.

medium medium 23-25-C

TSwl current mea
t15t I. and L)

TSv2 current man
t15

Medium Low to 12 x 10-6tx
madi um

medium Medium 9 10- /t



Table 8.3.2.5-2. Preliminary performance allocation for System Element 1.1.2, subsurface (page 3 of 5)

Function Needed Pertormnce or Needed Current txpected
or process Ferfor measure TentatIve goal confidence design parameter Tentative goal. confidence confidence V&1aue

0

I-

.-

Provide physical
properties adequate
for construction
and operation of
stable est)
underground
accesses. drift,
_placment bore-
holes, and support
facilities for
normal nd credi-
ble bnormal
conditions
Icontinued

Thermal conductivity
(rock MAss)

Young's modulus
(intact ock)

Deformation modulus
trock mass)

Heat capacity

i.

I.,

C'

TSwl current mean
120t (ML) (Dry)

TSwI current mean
120% L) (Dry)

TSw2 current "an
±20% Dry)

TSwl 12-54 GPa (ML)
14-17 CPa IL)

tSw2 29-33 GP&

TSwl 12-20 GP& (ML)
4-11 GP& IL)

TSw2 11-19 GPx

TSwl current mean
t10% (NL)
(satureted)
current mean 10%
JUL) dry)
current mean t10%
EL) (saturated)
current an 10%
(LI dry)

TSw2 current mean
±10t saturated)
(dry)

TCw current mean
t20%

Ptn current mean
±20%

TSwI 54-207 HP
(ML)
13-19 We L)

TSw2 121-175 MPx

TCw cohesion,
current mean
±20%

Angle of internal
friction, current
"an 20t

PTn cohesion, cur-
rent mean t208

Angle of internal
friction, current
mean 20t

Medium

Medium

Hedium

Medium
Medi u
Medium

Medi um
Medium
Medium

Medi u

Medium

Medi um

Medium

Hedi um

Medium

Medium
Medium

Medium

Low to
mediuw

Low

Low to
medium

Medium
Low

Mediut

Low
medium

Low

Low to
medium

Low to
medium

Low o
medio

Low to
medium

Low to
oedi u

1. 2 M/a-I

0.8 /0-I

1.4 /m-I

19-44 Pa
15.5 CPa
31 GPa

12-20 GP&
4-11 CP
11-19 GPe

'2.1 J/m'-K

2.0 J/m'-K

1.9 J/. 3-K

1.4 J-K

2.2 V/a'-K

Unconfined compres-
sive strength
(intact rock)

Cohesion of rock and
angle of internal
friction -- intact
rock compressive
strength as a func-
tion of confining
pressure)
tining preeurel

(see footnote )

(see footnote *I

Medium 67-172 We

Medium 16 HP&
Medium 148 MP

Low 30-70 MP&

Medium Low 45

Nadi um

Oi& us

Low 4-12 Pa

LoW $-SI

0
0I-

(

I..



Table 8.3.2.5-2. Preliminary performance allocation for System Element 1.1.2, subsurface (page 4 of 5)

Function Needed Perfoeuance or Needed Current Expected

or poceas Peroresae mesur Tentative goal confidence design parameter Tentative goals confidence confidence value'

Provide physical
properties adequate
for construction
and operation f
stable tsat)
underground
Iccesse, drifts,
Of acent
boraholes, and
support facilities
tor normal and
credible abnorml
conditions (continued)

TSwl cohesion,
current mean
(HL L 20%

Angle of internal
friction, current
mean (NL.L) 20%

TSw2 cohesion,
current mean 20%

Angle of internal
friction, current
mean 20%

TSw2

Medium

Medium

Medium

Medium

Low 11-36 MlPa

Low 12-35'

Low 35 Pa

Low 24

(see tootnote )

C.

zo

I-
0M

Joint norl and sear
stiffness properties
Ifracturef)

Joint uall coaressiv
(fracture surfaces)

Joint roughness
coefficient (frac-
ture surfaces)

Cohesion and
coefficient of
friction (fractures)

Number of joint sets

Frequency and spacing

Joint orientation

Joint roughness and
condition of joints

Rock quality designa-
tion

Joint alteration

TSw2

TSw2 (see footnote l

(see footnote a)

TSw2 cohesion,
current mean 20%

Coefficient of
friction, Currcnt
mean 20%

TSw2 2-3

TSw2 20-40/m
3

tSw2 identify joint
aets and orienta-
tion

TSw2 discontinuous
to mooth undula-
ting

TSw2 0-35

TSw2 softening or
low friction wita
clay mineral
coatings

Medium

Medium

high

"edium

Medium

Medium

LoW 0.1 MPa

Low 0.54

Medium 2-3 sets

Medium 20-40/-3

Medium Cannot be esti-
ated based on
current date

Medium Rough, undula-
ting

Medium Medium 80-35

Medium Medium Unaltered to
alight ly
altered

I

I.-



Table 8.3.2.5-2. Preliminary performance allocation for System Element 1.1.2, subsurface (page 5 of 5)

runction Needed Performance or Needed Current Expected
or process Performance measure Tentative Goal confidence design parameter Tentative goal' confidence confidence valueb I-aI

I-

Provide physical
propertiea adequate
for construction
and operation of
stable (fe)
Underground
accesses, drifts,
emplacement bore-
holes, and support
facilities for
normal nd credi-
ble abnormal con-
ditions continued)

Construction ethod

Presence of selling
or squeezing ground

Water inflow

Expected seismic load-
ing

Description and fre-
quency of abnormal
conditions in rock-
mass

Fault properties (sub-
surface)

Location

Orientation

Physical, thermal,
and mechanical pro-
perties of major
faults

High Initial formation
temperature

No site data required

Not present based on current data

Quantify water
inflow

0.2-0.39 acclera-
t ion

TBD

Medium High Not expected

Medium Low O.2-0.39 under-
ground)

TBD TBD TBD

OD

L'.

I
-j

Actual location to
accuracy of t5 a

Actual orientation
to accuracy of
10O

Offset 2 -
Spacing t a
Fill character-

istics

High Low Location within
S 0

Medium Medium' Orientation to
within 10

High Low Cannot be sti-
mated based on
current data

Diasipate beat frm
_placed waste

Vaste package t-
peratutr

Centerline tmpera-
tura of waste
package <350C

See values apecified under rock poperties in primary area

Thermal conductivity
of rock

Heat capacity of rock

High Sustained yield of
pumped water source
for operational
support

See values specified under rock properties in primary area

See values specified under rock properties in primary area

Provide adequate
water for reposi-
tory operations

Available water Water availability
>400 acre-ft per
yr

400 acre ft/yr Medium Medium >400 acre t/yr

I-

I
aWhere the goal i indicated as a percentage of the urrent man value, the goal is to show that the distribution of the new data is similar to that of the current

data and that the mean value of the nw data lies within the range specified as percentage of the current mean value. The goals are based on current values used for
repository conceptual design and upporting analyses (Tables 6-11 through 6-16) and limited sensitivity analyses reported in Appendix I of the Site Characterization
Plan-Conceptual Design eport (SHL, 1967) and in hgartner (1986).

blo general te expected value is provided to indicate the range of typical values measured to dte. This column is not intended to identify the limits of all
values measured to date nor is it intended to indicate that the design would be invalid if future values obtained differ from the values presented.

In denotee properties for nonlithophyeal.
'L dnotes properties for lithophysel.
Otxisting data are insufficient to establish goals or expected values.



Tr.,lc 8.3.S.5-3 Prelimitiiy perfosinare llocatiun for system element 1.2.1.1, access construction page I of 41

tunct ion
or pocess

Needed
Tentative godl confidence

Performance or
design parameter Tentative goal

Needed Current Expected
confidence confidence valuePerloumance measure

Underground lacility
access for person-
nel, upport
materials, waste
handling systems
during construc-
tion, operation
fincluding re-
trievall, and
decomissioninq

Acce!..es (shadts did

ramps) usable for
100 y with rcea-
son-ble maintenance

Compl ance with
10 R 60.133f

Accesis closure (com-
bined performance
of rock and opening
support system)

tW

Accvs to construct,
emplace, and re-
tiieve waste, close,
and decommission
for 100 yr

Limit rock damage
during construc-
tion
Overbreak < i.

average
Extent of frac-

turing of
intact rock
<3 average

Extent of closure
< I /yr In

accesses

(shafts and
ramps)

Total closure

<6 in. in
100 yr (rampsl

Total closure
<3 in. in
100 yr (shafts)

tocktfall
<S ton (average)

per 1,000 ft of
length per yr
(ramps)

Mdximum size of
rock or sidb-
tall <2 tons

kockfail con-
tained by
support system
(ramps)

No rockfall to
disrupt or
damage waste
transporter
(ramp)

Hiut, The parameters required, the
ters are the same as those
properties in primary area

The parameters required, the
ters are the same as those
properties in primary area

Ned i um

ted i um

Medium

tentative goals, and confidence required for these parame-
listed under System Element 1.1.2 subsurface, under rock

tentative qoals, and confidence required for these parame-
listed under System Element 1.1.2 subsurface, under rock

The parameters required, the tentative goals, and confidence required for these parame-
ters are the same as those listed under System Element 1.1.2 subsurface, under rock
properties in primary area

Medium

Medium

0I

!0

4

rD

I-h
OD

RockI jil
Medium

The parameters required, the tentative goals, and confidence required for these parame-
ters are the same as those listed under System Element 1.1.2 subsurface, under rock
properties in primary area

Medium

Med i um

Medium

0

?i

Es
4H



Table 83.2.5-J. P leIIminary elIoImdfice dll cdi Ion o system element 1.2.1 1, dcceis construction (page 2 of 41

t ulici I ,,
"I process

N..n d
tvrilidence

Peloulmaiice or
design parameter

Needed Current,
confidence confidence

Expected
valueIle irmaricV ilkedsure *i Vft at I vil Ua I Tentative goal

III, 1. I 'II m 8l l I ... I I II y
, I.Os (Coliti liueil

Maintenance fequency

co

II n

.p k I I II i , hjI i .-
,pd I II bnll S

<1 ton (veragel
per 1,000 ft/yr

All rockfall or
liner spall in
shaft to be
retained (by
supplemental
support system,
supplemental
liner or other
methodsl

Inspection and
maintenance
frequency

Inspection dnd
minot main-
tenance done
on continuing
basis

Major milile-
nance lIt-
quency '2 yr

20 It cti
diameter mail
and matetial
shaft to
acconnodate man
and material
cage of required
capacity and
utilities

19 ft diamett
waste rdmp
roadway width
5 t > width l
waste transpor-
ter. Minimum
vehicle clear-
daice >2 It

High

M i A .,11-

The parameters required, the tentative goals, and confidence required for these parame-
ters are the same as those listed under System Element 1.1.2 subsurface, under ock
properties in primary area

Medium

0kt0

4

Medium

A'co s le, anid
qiiles compatible
with requirements
ftt petsonnel and
miterial ldnsport
and utility routing

No site characterization data required
Medium

Medium

Y

Pot4



Table . J.2.5-J ,l'eIimindIy pl-lormance alloit ion for system element 1.2.1 1, dCcesS conStLuctiOn page J of 4)

Function N.. led Performance or Needed Current Expected
or pocess lv iformance measure Tentative Goal cofladence design parameter Tentative goal confidence confidence value

Underground facility
access (continued)

Ventilation routing
(supply and
exhaustl

Pressure drop In
shafts and ramps

20 t diameter
tuft ramp
clearance ade-
quate for tuff
conveyor, move-
ment of mdjor
construction
equipment and
utilities

Grades
Waste ramp grade

<10%
Tuf rp gade

<201

Shafts and ramps of
sufficient size to
limit flow veloci-
ties. Size suffi-
cient to l.. vide
contingency to
cover changes in
future air qudn-
tity requirements

Ramp velocities
<I,500 ft/min

Shaft velocities
3,000 ft/min

Mdterial:, .:,.d com-
patible with seal-
ing requirements

Construction methods
compatible with
sealing require-
ments

Elevdiion at ramp
entry ramps

Topographic maps
with I contoursHigh

Mvlium

0

I,

.4

'-a
Medium Medium I contours

Pressure dop per unit
length of drift

Site data required will be pressure drop measurements made in
shafts and ramps constructed in different types of rock.
Measurements wills be repeated for each construction method
and liner type used.

f-n

r)

Mt II um

Mel I um

Saljits allI amps
compatible with
requirements for
repository sealing

1 I II

I i)h

Pdidmeters infotmdtion neededl have been identified under
issue 1.12, Table .3.3-9.

No site characterization data equired

Shaft Iline Cdpdble
being temoved at
time of closure

11 I'Jt No site characterization data required
I

0?

4

I-



rt, I H 1. .5- . 11 iminary pui Iormin(:c all. -ti,, o system element 1.2.1.1, aceess construction Ipage 4 of 4)

Full I oll
oF process

:.Ad I I (q Wont lnue I

Vi lolmaine measule

WI eF sI..I.q

dpdcIty .( . ie

,f ramIps/SlldftS
Io e 150 m)

Tentdt I Ve Godl

Hi91,

tl. A IA
coil I ence

Performance or
design parameter

Needed Current
Tentative goal confidence confidence

No site charactertlZation data equiied

Expected
value

. _

H
I

q
.1

I
40

. .

~4-

tI-

0

0
I

d



Table 8.3.2.5-4. Preliminary performance allocation for System Element 1.2.1.2, drift construction
(page 1 of 2)

Function Needed Performance or Needed Current Expe- ed
or process Performance measure Tentative goal confidence design parameter Tentative goal confidence confidence value

I-

:0

Underground facil-
ity aCCess or
personnel, sup-
port materils,
waste hndling
syst e during
coast ruct ion,
operation
(including
retrieval), and
decoiesioning

Drifts usable for
100 yr with ran-
sonable maintenance

Compliance with
0 Ca 0.133f

Access to construct,
emplace and retrieve
waste, close and
decomission for
100 yr

Limit ock damage
during construction

Overbreak <6 in.
average

Extent of fractur-
ing in intact
rock <3 

Extent of closure
<1 m/yr in main

and access
drifts

<3 _m/yr in waste
emplacement
drifts

Total closure
(6 In. in 100 yr
for all drifts

High The parameters required for these performance goals for System Element 12.1.2
a*re the se as specifed under rock properties in primary areas under System
Elent 1.1.2 subsurface)

The parameters required for these
are the same as specified under
Elmnt 1.1.2 subsurface)

performance goals for System Element 1. 2.1 .2
rock properties in primary areas under System

Mediu

Hedium

Drift closure (com-
bined performance
of rock and rock
support system)

The parameters required for these
Medium are the same as specified under

Element 1.1.2 subsurface)

Hedium

Mediuo

performance goals for System Element 12.1.2
rock properties in primary areas under System

I

Rock fall (perform-
nce of rock sup-

poet system)

Acceptable *ints-
ases fracy

Rockfall
<5 ton (average)

per 1,000 ft of
drift per yr

Rockfall con-
tained by sup-
port system

Hexium ile of
rock or slab
fall 2 tons

No rockfall
sufficient to
disrupt or
damage waste
transporter

Frequency
Inspection and
minor mainte-
nance will be
done on a con-
tinuing basis

Hedium
The parameters required for these performance goals for System Element 1.2.1.2

are the same as specified under rock properties in primary areas under System
Element 1.1.2 (subsurface)

High

Hedim

Hedium

0

I.-

High
The parameters required for these performance goals for System Element 1.2.1.2

are the am as specified under rock proportien in primary areas under System
Element 1.1.2 (subsurface)



Table 8.3.2.5-4. Preliminary performance allocation for System Element 1.2.1.2, drift construction
(page 2 of 2)

.

"I
.

Function beaded Performance or heeded Current Expected
or process Performance measure Tentative goal confidence design parameter Tentative goal confidenc. confidence value

Underground facility major maintenance High medium
access (continued) frequency >25 yr

Drift sizes nd Drift Cross-section Iediu No site characterization data required
slopes cotible 6 ft greater than
with requirements maximm mobile
gor personnel and quipment width
material ttans-
port and utility Drift rades <% High Upper and lower Upper and lower Medium Elevations
routing contact eleva- contact eleva- accurate to

tions for the tions for the t20 a
TSw2 formation TSw2 within 20 a
over the entire
repository area

Ventilation routing Pressure drop in Drifts of sufficient Medium Ho additional site characterization data required. Site data
4supply nd drifts size to limit ir requirements related to nonradiological health and safety
exhaust velocities to are identified in Table 8.3.2.5-S under System Element

<2,000 tain 1.2.1.1, mining ventilation

Sealing Drifts underground Underground drift High Upper and lower Upper and lower medium Medium Elevations accu-
layoutl compatible layout and grades contact lave- contact seve- rate to 20 a
with repository Should provide tions for the tions for the
Sealing water drainage TSw2 formation TSw2 within

from waste eplace- within the 20 
mnt to designated potential
none placemnt repository rea
drifts

Drift layout and High Upper and lower Upper and lover medium Medium Elevations accu-
and grades within contact leva- contact elova- rate to t20 s
the exploratory tions tor the tions for the
shaft facility TSw2 formation TSw2 within
should drain to the within te 20 
LS-1 shaft potential

repository reo

¢

I

I-

Cp

4



Table 8.3.2.5-5. Preliminary performance allocation for System Element 1.2.1.3, borehole construction

Function/ Needed ?erformanca or Needed Current Kapected
protceso rftiomce usa e Tentative goal contidence design par^_ter Tentative goal^ confidence confidence value

trovida tor Coatructablity Ot 25 tt p 29 a. Nigh Abrasiveness of Reasonable cutter Medium Hedium Cannot be *ati-
slacemet Usable borehole diinter Vertical rock life mated based as

fer wate dipseal borehole current data

363 t leg 36 i. Nigb The additional paramtera required to access constructability ot usable bornhole
dimeter bogisoatal are the rock pmtere identified undar System tlrnt 1.1.2 subsurttco
borehole

trovide wast. Jastellatif of Ability to imstall Nigh Nechanical oyetws--- No additional site characterization data required
paceat borehole lsr vertical bole lmer

Ability to install Nigh mechanical yst ms---Becaue the longitudinal borehole* are lined as they are drilled,
up to 363 t of no additional site cheracterization data required
horisoatel ole
lime

'Tentative goala, including ranges, tor performance or design prters are based on current reference vlues used tor rpository concptual dsign and supporting
alyoes ft bls 4-1l throug #-16, ad lited baitivity analyses rported i Appendiz I of the ite Chatrcterisation tla-Cosceptual Desigs Report (SOL, 19873 and
its rtermc* Rod in thgacts 41986).

S.-

'U1
C4

.r'>

I9. 

1

~11

I-.



Table 8.3.2.5-6 Preliminary performance allocation for System Element 1.2.1.4, rock handling

tuactloa/ 16oded Porfornc. or mood" Current 9xpectea
proms Peottm mm" tstatie goal confidence design parater Tntatie goal confidence contadence value

Rmoval of aied Ability to w 3,000 tons/day Nediu Size range of Maxifam rock ize LOWt LoW <12 in.
rock ained ock at blst-tracturad

rate t _ .tatiom rock

Angle of repose of Actul angle of LOW LOW 25-30
fractured rock repose 15
piles

0

b-A

:0
4

tn

4
.I

CO



Table 8.3.2.5-7. Preliminary performance allocation for System Element 1.2.1.5, water removal

tunctio/ Needed Fertortance or Needed Curront expected
process terforsace misssg* Tentative oal confidence design parmetor Tenttiv, 9o1 confidence Confidence vlvo

mvol of process All process water oval capacity Nadium Quantity of Ea)
vater n00d >)00 gpb process vtor

_mal of atoral P'rl rate equal Reael capacity, Mdium Wtural voter Actual inflow rate Medium LOW <50 q
water to gate of lallew )So gp inflow to accuracy of

*mwal of votes Rmoval rate egal "wesul capacity Ibdiul Condensate quantity Ib)
rasultiag rox to rte of _w.- ) pototial rate
otamaties o demmatles of eeadxatioe
ysatilation
retwnas potetial
doriog operat ioe.)

afe sit cractorisatios dta required. Vlue will be developed i the plan for repository design.
bCeaiaese potetial d .itles will be datermimd usid peroters specified n ystwa tl1ntm 1.1.2 (SubsurfaceP, 12.1.4 Wie ventilation), and 1.2.2.7

waste beadiag tiltift).
tA)I

0%

I

'a

0

14

-



Table 8.3.2.5-8. Preliminary performance allocation for System Element 1.2.1.6, mining ventilation
(page 1 of 2) 0

I-

:0

Needed Current Expel

ruaction
or process

Supply quality air
to workin aa
(conside lags

terate.
hidityg dst
oeeat. am
other pollstatst

lerIamsec message

compit e with
30 C aft 7

Coiance with
threshed Uimit
"a a bo-
logical _xoes
In ia" pecl
41146)

?estatiue oal

123 fts/aia per unit
diesel horesepwet

Usul o"rtioa sit
MiO" Power -
200 WuA at 45*C
(doy bulb)

210 WY'Aia per
worker

60 ft/mi. MiShMM
air velocity in

work ago

cc

i-n

t'I

Needed terforance or
atidence desiga parter

sigh in sit tmerature of
host rock

Diurnal tperature
igh bad humidity varia-

tio oft bient air
at intake ad exhaust
loc tion.

aigh,
Seasonal tmerature

and hunidity Varis-
Jigh tion of _ieat air

at intake sad exhaust
locatiomo

Surface topography at
intake and exhaust
locations

frossure drop/unit
length ot accesses
or drift

Nigh Rock chemistry

Dust gner atin poten-
tial tor imig ad
drilling oeratioes

Nigh tquipamt type ad
utillaatioe tins

Nigh Potetial for radon

Radon issiom rate
from rock

Wod Current 19xpe(
Tentative goal confidence contidenc. Val%

Su2 23-251C iadium Nedimm 23-25IC

emperature/ No ite chartcterization data
hunidity vs. required. listing data utt
ti-of-day plot* cleat when normalised to itc
tor yar (based
on historical
data)

Teerature/ No site charsctcrigation data
humidity vs. required. listing dta utf
time-of-day plots cleat wa somllusd t6 sit
tor year (based
oo historical
data)

Topographic saps Nedio Nedio I a Com
with I a contours

Actual pressure Low 1ow Ib)
drop for rock
*xhibitiog dif-
ferent urtface
characteristice
and tor each
method ot con-
struction

foceatiol tor S 3 sim VAi4n S1Ot co]
of tom

Part iculate lse dim Neim (c
ad quantity data

No ite caractarizatioe data rired

tUe

be

fi-

tours

Silicon dioxide
particulate c-
cestratie 4.1
ag/na

deyg ee t wce e a-
ties >1.S '.1-
use percent

Rsdoe daughter Co-
Cetration 1.0
working level

L i active
working are
Isues 2.2 and

2.7)

*tet
:k

I-

I-~

0r

kock uraania lbi
content

Pedon emission rate Nedium

NadiM a (el

lbadim IC)



Table 8.3.2.5-8. Preliminary performance allocation for System Element 1.2.1.6, mining ventilation
(page 2 of 2)

OD

LI

-I

ruectlo Needed ettfomace ofr Needed Curremt 9aPected
or process hrfooe Massro teatetie goal coatideaee desig, paster S Utatlve goal coat idece contidence value

Suply quslity aiC krsne I oeowr 1* Nigh Potential tor do lock urslum coe- NediOm dU IC)
to workli e to e. daegters teet
IcomsideagL- (4 ML seeths Radon emissioe ate *adoo ission rate adim "We1m 4e

terbtt, 41ssues 2.2 ad from rock
humidity det .
e steft, nd
ether apletest
4eeetift"

Irovide flexibility sem desigs flee- Vleubllilty L Nigh Oedeggromod design No ite herecterisatlo datn rquired
to allow chseaa bility to alow daeig of layeut
Is sir quastitis aap la ec sai flow osetrol
am CotL" ig quetite _ feetures rgolo-

resin tote Od
ste"p,

fronds "to of"" VestLated escape vemn ted *ce Slob Uaderground design No ite characterigatioo data reqLired
routeS for work routes evaiale teae preidod operatLee plea
force tot Gi este by dslp

Provide idepe- col" with Drift layout and Nigh Undergrouad dsigs No cite carecterigatin, date required
deace betes if CM 0.2331gt 6e0trcted *ea-
Test tleo two$ bikhoods.

ytma eIrlockac tC.)
iesigeed to *aure
Ispeaam of
sy ta

feake t he fros Nigh U ercsability of dis- formability of LOW LOW Ic)
sAtel etila- tut"d rock ock eected by
tine to vests misial operatios
_rlaceat Ibistsugl
etilatio

"atm Ptessat differetiala go site cheracterization data reied
betuee systems

*Am11- #ricom Cmeozeos of oecsmenel leftstria. Nygislets.
k3 e*tiaste ewai*ls. Venl used to thin past fot weettate celstioas have bees boeed a eebook teLsfogemti.
Ocrnt he estimetad beond em ieretly esiiale de&.



Table 8.3.2.5-9. Preliinary performance llocation for System Element 1.2.2.4, emplacement

.~ ~ ~ ~ ~ ~~~eddtroeaeo edd Cret tpce

ftuct ice
or rocess

Transport waste to
owlcoat. boca-
tie.

lpenumm Wegagge

Ability to tesport
the tegaird avnt
ot met. ackages
Pat " aim
Methods that *III

-o paftal
sety

CeowUame ith

cwling" with
othar rteqite-
_t rtag
to mer edia-
ties demp

teatative gal

rapart 10 pack-
egs per day

1afusolodical
"fety 41feg 4.2)

dioleical safety
IsO Iam 2.7
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Table 8.3.2.5-10. Preliminary performance allocation for System Element 1.2.2.5, retrieval

Function
or process

Rtrieval ot
placed waste

Performaoc emasore

Access to eplce-
_et boelo

Statle oI 9I.1

Access available for
100 t with eso-
able mistemance of
acceae ned derits

ock tpertuto at
Borehole wall 2753C

Access to Waste

leeded Ftrformasce ot eeded Current Epected
atideace design pramter tentative goal confidence confidence value

Nigh Access to the emplaced waste tor retrieval will be nsured by tting the goals
tor rock dmage, closure, and rockfall stipulated in Systees lements 1.2.1.1
Eaccese construction) and 1.2.1.2 (drift construction). The parmters needed
to predict petforma of the accesses and to dtifts are specified i System
lIne 1.1.2 (subaurface)

Hedium Acces to the placed waste tor retrieval will be ensured by meeting the goals for
rock dmage, closure, and rockfall stipulated i Systems elinnts 1.2.1.1 access
construction) and 1.2.1.2 (drift coastruction. The parmters needed to predict
performance of the accesses and the driftt are specified-in System Element 1.1.2
(subsurface)

)Hdiu Access to the emplaced waste for retrieval will be ensured by meting the gols or
rock d", closure, and rockfall stipulated i System Clmnte 1.2.1.1 access
construction) and 1.2.1.2 (drift construction). The parmters eeded to predict
performance of the accesses ad the drifts are specified in System lement 1.1.2
Isu*aurface)

dim ter nd fors- Quantitative nd "Wdim Nsdiu Cannot be *sti
time chemistry qualitative meted based

co)

Z.t

(AJ

oreboe liner dufor-
atios 2 is. ver-

tical _placet,
3 is. tor he-

sontal a1csmet
fin ISOYcl

Liner oerioae <1/2
liner thickess is
100 yr

De
analysis or
formatioe and
water

current data

aste retrieval tieal time

Operator safety

Retrieval time
< emplacemat tim
plus coastruction
time

Radiation dose rate
tor retrieval opera-
tins~ personnel
Cl ge/yr

Radiological safetyc

Nediu Operatioes pies

Nigh Sadist ion shied-
ing character-
litics ot rock

Nigh Radiation shield-
ing character-
isties ot rock

Nigh Operations plan

o ite characterization data required

Attenuation factors Nedio Nsdim Cannot be esti-
tor neutron and meted bed me
ge radiation current dte

Attenuation factors Medium Hsdiuo Cannot be eati-
for neutron and meted based on
g9m radiation current data

No site characterisation data required

Waste transport Operator safety

Noeradilegical
satte

&The goals and peramtere needed to develop assorance of worker radJLelefleal I sfety ar identified a discussed in detail S ectienr 5.3.54. 0.3.*.5. sd .3.2..



Table 8.3.2.5-11. Preliminary performance allocation for System Element 1.2.2.7, waste handling
ventilation

I-

.4

W-I

runct ion/
process

Supply air to waste
disposal area.
during geplaco-
ment nd retrieval

adiological saifty

provide flezibility
to allow changes
In air qualititieS
and touting nec*-
gory to acc-
date changc In
requimemnts

fPovide sets *scape
toutO* tot work

Provide indepen-
dence between
vontltilon
system

Performance easure Tentative goal

The performance naauwres. goals, and neaded
confidences for this function ro the

n as for System giemant 1 2 1 
(mining ventilation) ecept for the
addition of cooling tiremnts to pro-
vide tog retrieval of waste pckages rom
heated drifts. the additional roquireent
is

Air cooling power hit cooling power
for retrieval or tor rtgLeval or
preparation retriaval prepara-

tion - 500 N/al at
4@C Dry Suib)

Detection of it- Imediate detection
borne radioactive of airborne gadio-
Material active materials

Reduction and Reduction of vnti-
redirection of lation flow by 0t
vat flows in the
eveat that ait- Diversion of ventila-

borne rdioactive tion flow to filter
particulate Is system
detected

PtOr enms set and goals ae the am
as syste_ lement 15..1.6 mining

ve c lt lea

Performanc asures and l9 arte the se
as ystem tlement 1.2.1.6 1mining
ventilat ion)

Pertormance _atses and goal are the "e
as sstes 1mat. 1.2.1.6 Mining
ventilstion)

Need"
confidence

Nigh

High

Nigh

Nigh

Peformance or 1e1ded Currtnt Expected
design parinter Tentative goal confidence confidence value

Site data required tor this System lmnt is the sam as the data required by
System tlement 1.2.1.6
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Table 8.3.2.5-12. Preliminary performance allocation for Syatem Element 1.2.4.1, underground closure

co

(A

Io

Function/ Needed Performance ot Neded Current Expected
process Performace measure tentetive goal confidence design parameter Tentative goal confidence confidence value

Removal of reposi- Compliance with D ecissioning Nigh ?rocters needed are identified in System lements 1.1.1 surface) and 11.2
tory tructures requir nts for operations and (subsurface). equirements will be identified in the decomissioning section

deoammilaionisg designs compatible of the operations plan nd the rpository design plan
with postclosure
requir ementn

Installation of Cmplione with FteclosuTo designs nigh Parn ters required are identified in System Elements 1.1.2 subsurfacel.
*eals requirements for comatible with 1.2.1.1 aocc*ss construction), and 1.2.1.2 (drift ontruction), and Issue

poetcloaute geals requirement, tor 1.12, Table .3.3-t
postlosure s*e1
Installation

PFtclooure and Nigh Parmters required are identified In System limnts 1.1.2 (subsurface?,
decmissioning 1.2.1.1 acces construction), and 1.2.1.2 drift conatructionl, and Issue
smteriels cpati- 1.12, Table .3.3-
Me with post-
closure gals

Seals installed per Nigh Parameters required are Identified n System Elements 1.1.2 (subsurface),
requirements of 1.2.1.1 (cess construction), and 1.2.1.2 drift onstruction), and Issue
*ealia program 1.12, Table .3.3-S

inetellation of Market premace Nfrker lifetimes dlum Pareters needed are identified ia System tlents 1.1.1 surface) and 1.1.2
surface mrketo equal to require- subsurface). tequirements will be identified in the decom issoning section

mats of the operations plan nd the repository design plan

Construction of Cons*ruction aeeord- Lifetlae and material a"im Parameters needed are identified n System lments 1.1.1 surface) and 1.1.2
diversion struc- ing to sealing reqwiremnts t (subsurface). Requirmnts will be identified in the decomissioning section
tloes or water tqurtn of the operations plan and the repository design plan
flow brriers

iastallation ot tiling of all Openings filled with nigh Par m ters required are dentified in System l _ ntr 1.1.2 subaurtacol,
backtill underground matotial, acceptable 1.2.1.1 ecces construction), and 1.2.1.2 (drift constructionl, and ssue

openings to waste package 1.12. table 3..3-S
performance requite-
mint a

Openings filled with Nigh Paraters required are identified in System tloonts 1.1.2 subsurfacel,
*oterial menting 1.2.1.1 acces constructioni, and 1.2.1.2 (drift construction), and Issue
gsaling requirements 1.12. able 63-S
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Table 8.3.2.5-13. System elements for the Yucca Mountain mined geologic disposal ystem addressed by each
information need (page 1 of 2)

-

w
M

Information
need Short title System elements

4.4.1 Site and performance asseusment information needed for
design

ND'

4.4.2

w

.n

"S

4.4.3

4.4.4

4.4.5

Waste package information needed for design

Plans for repository operations

Repository design requirements

Reference preclosure repository design

Addressed in repository
design plan (RDP)

ND

ND

1.1.1 Surface
1.1.2 Subsurface

4.4.6

4.4.7

4.4.8

4.4.9

Equipment development and demonstration Addressed in RDP

Design &naly$ 1.1.1 Surface
1.1.2 Subsurface
1.2.1.5 Water removal

Technology for surface facility

Technology for underground facilities

1.1.1 Surface

1.1.2 Subsurface
1.2.1.1 Access construction
1.2.1.2 Drift construction
1.2.1.3 Borehole
construction

1.2.1.4 Rock handling
1.2.1.5 Water removal

0

-
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Table 8.3.2.5-13. System elements for the Yucca Mountain mined geologic disposal system addressed by each
information need (page 2 of 2)

Information
need Short title System elements

4.4.9 1.2.1.6 Mining ventilation
(continued) 1.2.2.4 Emplacement

1.2.2.5 Retrieval
1.2.2.7 Waste-handling
ventilation

1.2.4.1 Underground
closure

4.4.10 Technology seals emplacement 1.2.4.1 Underground
closure

ir
4

wA

cn

J.

aND - no data available.
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The site parameters will be acquired through characterization programs
for rock characteristics (Section 8.3.1.4), surface characteristics (Sec-
tion 8.3.1.14), thermal and mechanical rock properties (Section 8.3.1.15),
hydrology (Section 8.3.1.16), and tectonics (Section 8.3.1.17).

The determination of whether the repository can be constructed, oper-
ated, closed, and decommissioned using reasonably available technology will
be based on the technology requirements for each system element. The tech-
nology requirements will be developed by a design process for the element
that includes configuration determination, design analysis (requiring site
and nonsite data) and material selection to meet the performance goals for
that element. The assessment that the technology is reasonably available
will be based on the following criteria:

1. Have the proposed construction techniques been successfully used in
other applications?

2. Have similar performance goals been met in other subsurface facili-
ties with thermal conditions, hydrologic conditions, and rock char-
acteristics like those predicted for the repository?

3. Have the operations required for the repository been used and proved
at other installations?

4. Can the technology for construction, prediction of performance, and
operation of the repository be demonstrated before license applica-
tion to ensure its successful application in the repository?

5. Can a combination of empirical, observational, and analytical tech-
niques be used that will give reasonable assurance that the design
will meet the performance goal?

The exploratory shaft facility can be used to demonstrate technology. A
further demonstration of technology will be possible in the initial phases of
repository construction and in the performance confirmation area of the
repository.

8.3.2.5.1 Information Need 4.4.1: Site and performance assessment
information needed for design

This information need summarizes the site-related parameters identified
as being required by the remaining information needs under this issue.
Specifically, the required information is derived from the design analyses,
reference design development, equipment program needs, operations plan,
subsystems design requirements, and assessments of reasonably available
technology. Both surface and underground data and parameters that have
potentially significant effects on design and performance will be included.
Tables 8.3.2.5-1 through 8.3.2.5-12 provide specific information regarding
these parameters, including an indication of the confidence needed in the
parameter values.
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Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

Section 6.1 of this document summarizes the design basis for the
repository, including the design requirements, reference design data base,
and approaches and tools used for design. Section 6.2 describes the current
design of the repository. In addition, Section 6.4 documents the current
status of analyses completed to date that use much of the data. On the basis
of these sections, the following observations can be made:

1. Properties of surface material and rock at or near the surface can
have an impact on the design of surface facility structural
foundations.

2. Soil and rock conditions, as well as topographic relief, can influ-
ence the specific locations selected for the surface facilities and
underground entrances.

3. Repository surface and subsurface facilities must be designed to
withstand ground motion associated with earthquakes and underground
nuclear tests that might occur at the site vicinity during their
operational lifetime. The facilities will be designed to withstand
ground motion associated with a natural earthquake with a recurrence
time greater than 1,000 yr. Such ground motion is expected to be
larger than that resulting from underground nuclear testing. The
ground motion resulting from underground nuclear testing is, there-
fore, expected to be bounded by a design based on the larger ground
motion associated with natural seismicity. In addition, because of
the presence of a number of faults in the site vicinity, the poten-
tial for surface rupture during the operational period will be con-
sidered in choosing the final location for the surface facilities.

4. Rock characteristics can impact construction and operation affecting
stability, mineability, and the operating environment (e.g.,
humidity, drift temperatures, and air quality).

The SCP Conceptual Design Report (SCP-CDR) (SNL, 1987) summarizes the
design bases in Chapter 2, provides a detailed description of design and
operations in Chapters 3, 4, and 5, and, for convenience, reproduces the SCP
discussions (See 6.4) regarding the status of resolving Issue 4.4 in
Chapter 8.

Parameters

The parameters needed to address this information need have been identi-
fied in detail and are listed in Tables 8.3.2.5-1 through 8.3.2.5-12 accord-
ing to the applicable system element.

Logic

This section briefly presents the justification for specifying the
parameters identified in Section 8.3.2.5, Tables 8.3.2.5-1 through
8.3.2.5-12.
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The surface facilities must be located where the underlying soil and
rock conditions provide adequate strength without undue settlement of
structural foundations. Hence, soil and rock mechanical properties are
needed for the foundation design.

Soil-structure interaction can significantly affect the seismic forces
on the surface structures. To determine these effects, the shear wave
velocity profile, shear modulus, damping, and Poisson's ratio data are
needed.

Topographic, local meteorological, and upland drainage data, together
with soil and rock characteristics, alternative locations, and right-of-way,
etc., will be combined to determine flooding potential at the site, accept-
able configuration of the facilities, problems to the site, and cut and fill
estimates. Meteorological data are also required to design the underground
ventilation system.

Ground motion at the site from man-made and natural seismic events is
important in the location and design of surface facilities. Information
about potential igneous activity, ground motion, and fault movements that
could result in surface rupture is important for evaluating the design of
both the surface and underground facilities. Any active faults that are
close to the repository will be evaluated for their potential to produce
ground motions and possible rupture during the operational period. The sur-
face and subsurface facilities will need to be designed to tolerate these
ground motions, and the effects of surface rupture will need to be consid-
ered.

The properties and behavior of the host rock, surrounding strata, and
ground-water systems are very important for the preclosure and postclosure
period design requirements of the underground facilities. Rates and magni-
tudes of igneous activity at the site are important for the postclosure
period to determine potential impacts on containment and isolation of radio-
active wastes. Hydrologic characteristics at the site are also very impor-
tant for seal designs.

The mineability of the rock units at Yucca Mountain is being investi-
gated through a series of mining demonstrations. The exploratory shaft and
test facilities will be used to demonstrate mineability. Site data to
satisfy this part of the information need is the mineability demonstration.
Results of the demonstration will establish data on mining and drilling rates
that can be used to evaluate cost effectiveness and technical feasibility.

Factors important for working environment considerations in design that
depend upon rock characteristics are (1) drift rock wall temperature,
(2) drift wall wetness factor, (3) any water inflow into the drift, and
(4) air quality (dust, radon, etc.). Air quality is investigated in other
information needs and is not considered under this information need. Dust is
addressed in Information Need 4.2.1 (site performance information needed for
design, Section 8.3.2.4.1), and the potential for radon emanation from the
host rock is addressed in Information Need 2.2.1 (natural radiological
environment, Section 8.3.5.4.1).
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Data for water inflow into the drift will be used to design the drainage
and pumping systems. Although significant inflows are not expected, the
underground facility will be designed to accommodate anomalous conditions.
The drainage system will control the flow of water so that water will not
collect at places such as emplacement boreholes (a condition that would be
adverse to performance). The pumping system will remove any excess water
accumulating at collection points ad move it to the surface. This informa-
tion need merely identifies this data requirement and passes it to the water
supply investigation described in Section 8.3.1.16.3.

Drift wall wetness factor is required for ventilation system design
because it reflects humidity in the drift. An assumed value is currently
being used, and analysis of the environment of the exploratory shaft facility
(ESF) areas will allow an assessment of whether the assumed value correctly
predicted the amount of water vapor that enters the drift. This will require
monitoring air flows and humidity within ESF areas.

There are no planned design activities for this information need.
Data required to satisfy this information need are identified in Sec-
tion 8.3.2.5.7. Related design activities will be discussed in the
discussions of the other information needs under this issue. An updated set
of reference values is planned for issuance at or near the start of each
major design phase (advanced conceptual design, license application design,
and final procurement and construction design). Designers will use the
reference values or justify why other than reference values have been used.

For the field testing, technical procedures will be developed using
control methods similar to those of NRC Regulatory Guides and American
Society for Testing and Materials standards. Quality assurance requirements
to be used will be consistent with the DOE Quality Assurance Program, as
described in Section 8.6.

8.3.2.5.2 Information Need 4.4.2: Characteristics and quantities of waste
and waste packages needed for design

This information need serves as an important interface between the waste
package design and the repository design. No site data are required to
satisfy this information need. The information is identified here for com-
pleteness and because the waste information has a major impact on the surface
and underground facilities of the repository. The data identified in the
information need is used throughout.this issue.

This information need is considered satisfied when waste package-
repository interface requirements have been finalized and passed to the sub-
systems design requirements document for use by designers and analysts.
Updates of this information are planned for each successive phase of the
design process.
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Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The reference design of the waste package is discussed in Chapter 7. In
Section 6.1, the waste and waste package information used in conceptual
design of the repository is identified.

Parameters

The following is a listing of the waste-related parameters needed for
the design of the repository. The source for obtaining these parameters is
identified and discussed in the section that follows.

1. Waste quantities, including

a. Spent fuel--number of disposal canisters, disposal packages,
individual fuel elements, and quantities of waste hardware if
consolidation is performed.

b. Defense high-level waste--number of waste packages.

c. West Valley waste--number of waste packages.

2. Thermal and radiation output plus thermal and radiation decay
characteristics of waste forms.

3. Waste package design, size, weight, material, wall thickness, and
the configuration of internal structures.

4. Waste package design restrictions for temperature, static and
dynamic loading, and materials compatibility.

Logic

The conclusion that the repository can be constructed,- operated, closed,
and decommissioned using available technology will be developed by design
analyses. A major factor affecting the design and the analyses is the quan-
tity and character of the waste. The waste package quantities and character-
istics are required to establish facility and equipment shielding require-
ments, to assess the potential of damage to materials or alteration of
materials by radiolysis, and to determine the thermal input to the reposi-
tory. Waste package quantities and receipt rates are required to estimate
the size of the waste handling facilities, to determine the amount of waste
handling equipment needed, to prepare the waste for emplacement, and to
emplace and retrieve the waste.

The logic supporting the selection of the specific parameters identified
in the previous section is as follows:

1. Waste quantities are required to size the surface and underground
facilities and to determine the need for waste preparation and
handling equipment.
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2. The thermal decay characteristics of the waste form affect the
allowed areal power density (APD) for waste emplacement. This
information will be used to

a. Determine the total area required for the projected waste
inventory and to develop the layouts for the underground waste
emplacement area (Information Need 1.11.3, underground facility
orientation and layout, Section 8.3.2.2.3). The use of this
information is described in Section 6.4.5.

b. Predict time-dependent temperatures and stresses for Information
Need 1.11.6 (Section 8.3.2.2.6) and design analyses for
Information Need 4.4.7.

3. Thermal output of the waste package will be used as an input to
predict thermal and thermomechanical response of the host rock,
surrounding strata, and ground-water system (Information Need
1.11.6). These information needs will provide rock temperatures
which will be used to

a. Establish inspection procedures and instrumentation for
inspecting emplaced waste.

b. Establish ventilation requirements for the repository
operational period and for retrieval.

c. Calculate rock-mass stresses and displacements as a part of
opening stability analyses. These analyses will be used as a
part of the basis upon which retrievability can be ensured
starting at any time up to 50 yr after waste emplacement
operations are initiated (Information Need 2.4.6 (compliance
with retrieval requirements, Section 8.3.5.2.6)). Opening
stability analysis is described in Information Need 4.4.7.

d. Determine the moisture load on the ventilation system due to in
situ moisture migration caused by the rock thermal gradient.
This moisture migration will affect ventilation design (Informa-
tion Need 4.4.7).

e. Evaluate the potential for corrosion on the various elements of
the waste emplacement envelope (liner, shield plug, closure).

f. Set temperature criteria for design of the hardware and
equipment used to support waste emplacement and retrieval.

4. Radiation output of the waste package will be needed to

a. Establish emplacement hole depths so that adequate rock is
available to provide sufficient shielding to limit operational
personnel dose rates to design values. This need contributes to
Information Need 2.7.1 (radiological protection, Sec-
tion 8.3.2.3.1).
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b. Provide input to material radiation damage analyses and studies
related to radiolysis of materials.

5. Waste package size will be needed to define the emplacement envelope
and to design the waste package handling equipment (Information Need
4.4.6). The waste emplacement envelope consists of the emplacement
borehole and borehole liner, the shield plug, the hole closure, and
any materials used external to the liner for liner strength enhance-
ment or corrosion retardation.

6. Waste package material will dictate to a significant extent the
materials used in construction of the underground facility. The
waste package material will preclude the use of materials in the
vicinity of the waste package that may have a significant dele-
terious effect on the waste package. Items potentially affected are
the borehole liner, liner grout, and concrete used in the prepara-
tion of the emplacement site. This information will also be an
input to design Information Need 1.10.3 (reference emplacement con-
figuration, Section 8.3.4.2.3), Information Need 1.4.2 (material
properties of containment barrier, Section 8.3.5.9.2), and Informa-
tion Need 1.4.3 (scenarios and models needed, Section 8.3.5.9.3).

7. Waste package design information will be used to

a. Evaluate the ability of the waste package to withstand loads
imposed by emplacement and normal or abnormal retrieval con-
ditions (Information Need 4.4.6).

b. To size the equipment used underground to support emplacement
and retrieval (Information Need 4.4.6).

c. To evaluate scenarios for breaching the reference waste package
(Information Need 1.4.3).

8. Waste package temperature limits will be used to determine the
emplacement borehole spacing. Spacings determined by consideration
of waste package temperature will then be used to develop the
underground repository layout for Information Need 1.11.3 and in
Information Need 1.11.6. The methods for using this information to
address these information needs are in Section 6.4.2.

9. Methods and information sources used to develop the required
parameters include the following:

a. The waste quantities will be provided by the DOE in the generic
requirements document. These quantities are based on a compila-
tion of the current waste inventories and projections of future
fuel usage.

b. The thermal decay and thermal output of the waste will be cal-
culated using codes like the Oak Ridge ORIGEN II code, which is
an isotope generation code that follows the decay chain of each
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specimen produced in the fission of uranium. This information
will be used to define the specific decay and thermal charac-
teristics for all waste types. Codes will include the effect of
fuel burnup.

c. The radiation output of the waste package will be determined by
analyses that consider-the waste package geometry, the waste
package design, and waste characteristics such as type, burnup,
and age. Analyses of this type are typically done-using codes
that apply Monte Carlo techniques. No specific codes have yet
been identified.

d. The information pertaining to the waste package size, material,
and design will be obtained from Information Need 1.10.2
(reference waste package designs).

e. The waste package temperature will be limited by the maximum
fuel cladding temperature for spent fuel and by the temperature
of devitrification for defense high-level waste.

Analyses will be performed to update the information required by this
information need as the repository design proceeds through the planned design
phases and as more up-to-date information is obtained relating to waste
quantities, waste characteristics, and waste package designs.

8.3.2.5.3 Information Need 4.4.3: Plan for repository operations during
construction, operation, closure, and decommissioning

A plan for repository operations is needed to effectively design and
evaluate the preclosure performance of a waste repository. This information
need will produce such a plan. No site data not already required by another
information need is required for this plan; hence, the operations plan will
only be briefly discussed in the SCP and will be more thoroughly described in
the repository design plan (RDP).

Preliminary design and waste package information are combined with
equipment concepts to produce flow diagrams and time-line diagrams that form
the basis for the operations plan for conceptual designs. In each succeeding
design phase, more detail becomes available for each required operation.
The operations plan is updated to reflect the added detail and to reflect
design decisions during each design phase (i.e., advanced conceptual design,
license application design, and final procurement and construction design).
The plan and the accompanying staffing levels and quantities of required
equipment become an important part of the basis for completing safety anal-
yses, cost estimates, environmental impact analyses, retrievability evalua-
tions, and equipment design.

This information need is considered to be satisfied when successive
versions of the operations plan are published for use as design guidance.
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Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

Chapter 6 describes most of the repository operations. In Section 6.1,
general requirements (e.g., amounts and types of incoming wastes, and receipt
rates) for the repository are identified; the operations for waste emplace-
ment and retrieval are identified in Section 6.2; and Section 6.4.8 identi-
fies the progress made to date on the operations plan development.

In the SCP conceptual design report (SCP-CDR), the design bases are
given in Chapter 2 and the repository operations are discussed in Chapter 3
and parts of Chapter 4. Chapter 8 of the SCP-CDR provides a brief synopsis
of the operations plans published to date.

Parameters

The principal information that serves as input to the development of a
plan for repository operations is as follows:

1. Waste-related information (Information Need 4.4.2, waste package
information needed for design).

a. Quantities.
b. Receipt rates.
c. Manufacturing processes.
d. Inspection procedures.
e. Reference transportation cask designs.

2. Reference repository design.

a. Preclosure (Information Need 4.4.5, reference preclosure
repository design).

b. Postclosure (Information Need 1.11.7, reference postclosure
underground designs, Section 8.3.2.2.7).

3. List of equipment and their performance (design) requirements
(Information Need 4.4.6, equipment development and demonstration).

4. Abnormal conditions anticipated for repository operations
(Information Need 4.4.3, plans for repository operation).

Logic

The starting point for development of an operations plan is a descrip-
tion of the material (nuclear waste) to be handled, the receipt rate for this
material, and how the material will be delivered to the facility (reference
transportation packages or shipping casks). This information is then coupled
with concepts for the facility (reference designs of surface and underground
facilities) and concepts for the handling equipment (receiving equipment,
packaging equipment, transporter, and support equipment) to produce block
flow diagrams for waste-related operations. These basic waste flow diagrams
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are then combined with similar diagrams for numerous repository support sys-
tems (mining, muck removal, monitoring, etc.) to produce overall repository
material flow diagrams.

Time-line diagrams are then developed that can be used along with the
flow diagrams to (1) determine important operational information (amount of
equipment, normal throughput, maximum capacity, etc.); (2) develop tradeoff
studies to assess what system operational flexibility is gained by various
combinations of waste receipt, available equipment, and operations sequences;
(3) determine staffing levels for the repository; and (4) provide input for
accident and cost analyses.

After the list of planned operations is developed for normal conditions,
the differences in operations needed for specific scenarios that define ab-
normal conditions can be added. This assessment of operations under
credible abnormal conditions often leads to the identification of needs for
special equipment or procedures to be used.

The operations plan becomes more detailed with each successive design
phase (advanced conceptual design, license application design, final procure-
ment and construction design) as more and more information is available and
as design decisions are made concerning both facilities and equipment.

A major revision of the operations plan will therefore be needed for
each design phase. These major revisions comprise the two planned activities
to be completed under this information need.

8.3.2.5.3.1 Design Activity 4.4.3.1: Operations plan to accompany the
advanced conceptual design

Objectives

The objective of this design activity is to produce an operations plan
to accompany the advanced conceptual design (ACD).

Description

This version of the operations plan will be published during ACD. The
principal focus for the plan will be the waste handling operations (including
retrieval) since these operations will be detailed as input to preliminary
safety evaluations and to the establishment of scenarios for credible
abnormal conditions.
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8.3.2.5.3.2 Design Activity 4.4.3.2: Operations plan to accompany the
license application design

Objectives

The objective of this design activity is to produce an operations plan
to accompany the license application design (LAD).

Description

This version of the operations plan will be published during LAD. It
will contain the results of design decisions made during ACD and will contain
operations only for the selected emplacement option. This version will con-
tain sufficient detail for all repository operations to allow both radiologi-
cal and nonradiological safety analyses to be conducted.

8.3.2.5.4 Information Need 4.4.4: Repository design requirements for
construction, operation, closure, and decommissioning

Design requirements or criteria are needed to guide the repository
design. These requirements must reflect guidance from regulations, program
level guidance, project level guidance, and site-specific information. As
indicated in Figure 8.3.2.5-2, regulations applicable to a nuclear waste
repository and guidance from the DOE have been combined to produce program
level guidance in the form of a generic requirements document (DOE, 1986c).
Project level guidance in the form of system requirements follow from the
generic requirements. At the designer level, repository design requirements
(RDR) are developed. The content of these requirements documents and the
hierarchical relationship between them is shown schematically in Fig-
ure 8.3.2.5-2.

This information need is considered to be satisfied by the publication
and control of the RDR applicable to each phase of the design of the reposi-
tory. Controlled assumptions and the baseline design configuration will be
clearly documented and maintained in the RDR.

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

Section 6.1 identifies the design basis used to develop the SCP concep-
tual design report (SCP-CDR) (SNL, 1987). Section 6.2 shows the design
resulting from this basis, and Section 6.4 indicates the status of work com-
pleted to date that establishes the requirements in the RDR. Chapter 2 of
the SCP-CDR contains a more detailed discussion of the bases for the SCP
conceptual design.

Parameters

The following requirements in the following lists will be considered in
the generation of the DR for use by repository designers.
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Federal government requirements include

1. Nuclear Waste Policy Act of 1982 (NWPA, 1983).

2. Mission Plan (DOE, 1985b).

3. NRC, DOE, EPA, U.S. Department of Transportation (DOT), Mine
Safety and Health Administration (MSHA) Code of Federal
Regulations examples include

a. 10 CFR Part 60.
b. 10 CFR Part 960.
c. 40 CFR Part 191.
d. 30 CFR Part 57.
e. 49 CFR Parts 171 through 177.
f. CFR Part 20.

4. DOE order examples include

a. OGeneral Design Criteria,' DOE Orders 4700.1, 6430.1, and
4300.1B.

b. 'Environmental Protection, Safety, and Health Protection
Standards,' DOE Orders 5480.4, 5480.1B, and 5480.1A.

The State of Nevada regulations to be considered include

1. Water quality standards.
2. Air quality standards.
3. Safety standards.
4. Mining regulations.

The program and project guidance documents are

1. Generic requirements (DOE, 1986c).
2. System requirements (DOE, 1986f).

The site-specific information to be considered are

1. Reference information base data on site properties.

2. Performance goals from related issues.

3. Reference design configurations and baseline design information
from Issue 1.11, (configuration of underground facilities,
Section 8.3.2.2) and this issue.

Logic

The RDR document provides site-specific instructions (design criteria)
that will be used to develop a mined geologic disposal system (repository),
consistent with the requirements set forth in the system requirements and the
generic requirements. The basis for the RDR is a statement of the functions
that the repository systems must perform and a specific statement of the
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functional parameters that the repository must meet. The current RDR will be
further developed during each succeeding design phase. A technical change
control system will be an integral part of the RDR updating process and the
RDR will aid in controlling the scope of each repository design phase. As
the design progresses to increasing levels of detail and design decisions are
baselined, the SDR will also progress in increasing level of detail.

The repository design criteria contained in the RDR are derived from
numerous Federal-government-related sources (Figure 8.3.2.5-2). These
sources include the Nuclear Waste Policy Act of 1982, the Code of Federal
Regulations (CFR), and DOE orders. The CFR includes regulations developed by
the NRC, DOT, Mine Safety and Health Administration (MSHA), and the EPA.
Applicable State of Nevada regulations are also included. The RDR also
includes requirements generated by determining the (physical) elements of the
Yucca Mountain mined geologic disposal system, their functions, and their
associated requirements. Subsystem functions and requirements have also been
identified to aid the designer, and are supplemented by the use of perform-
ance goals determined in issue resolution strategies being used in various
design and performance issues. In addition, design basis assumptions (i.e.,
use of backfill, container content, and one- or two-stage construction) and
baseline design information (number and location of shafts and ramps, and
reference emplacement configuration) are also included as guidance to
designers and to limit the scope of the design studies. Finally, reference
site conditions and reference design data to be used by the designers are
identified.

The RDR is organized according to the physical subsystem structure.
Sixteen major sections and supporting appendices follow an introduction that
provides insight into the regulatory background for the document and its
organization. The content of the various sections is indicated in Ta-
ble 8.3.2.5-14. Sections 5 through 11 directly follow the work breakdown
structure used in the Yucca Mountain Project as the basis for planning work
and monitoring costs.

Changes to the RDR will be evaluated and authorized through the use of a
technical change control system. As each new phase of design is entered, a
major revision of the RDR will be needed. These major revisions make up the
planned design activities to be completed under this information need.

Table 8.3.2.5-14. Organization of repository design requirements

Section Content

1 Introduction--regulatory background
and document organization

2 Site

3 General design requirements
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Table 8.3.2.5-14. Organization of repository design requirements (continued)

Section Content

4 Waste descriptions

5

6

7

8

9

10

Surface systems and utility systems

Surface facilities

Shafts and ramps

Underground excavations

Underground service and utility
systems

Seals

Exploratory shaft facility

Special equipment design

Operations and maintenance

Permanent closure

Performance confirmation

Retrievability

11

12

13

14

15

16

Appendices

8.3.2.5.4.1 Design Activity 4.4.4.1: Repository design requirements (RDR)
for license application design

Objectives

The objective of this activity is to develop the design requirements for
the repository for use in the license application design (LAD).

Description

The update to the RDR covered in this activity will be published before
the initiation of the LAD. It will contain substantially more detail regard-
ing surface and underground waste handling operations, a single emplacement
orientation, and the results of numerous design decisions documented during
advanced conceptual design (ACD).
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8.3.2.5.5 Information Need 4.4.5: Reference preclosure repository design

At any specific time the reference preclosure design is the result of a
progressive, iterative design process. This process will result in refine-
ments in design configurations between now and the start of construction.
The reference preclosure design is the current design that reflects the most
current design criteria, results from completed studies, and the available
site data. The currently identified designs that will be produced before
license application, along with a brief description of their intent are
described in the repository program overview (Section 8.3.2.1). The designs
are briefly described in the following paragraphs.

The Site Characterization Plan-Conceptual Design Report (SCP-CDR) is the
reference design of the repository at this time. It is based on the cri-
teria, studies completed, and site information available before the start of
exploratory shaft construction. This design is used as the basis for a
preliminary assessment of design feasibility and includes a preliminary
description of planned repository operations. A cost estimate and construc-
tion schedule has also been developed for this design.

The advanced conceptual design (ACD) will be an expansion and extension
of the SCP-CDR. Expansion will primarily concentrate on those elements of
the repository that are important to public and worker radiological safety.
One of the main objectives will be to identify and define design concepts
that will be carried forward into the license application phase. This design
will incorporate results from additional data, refined calculations, addi-
tional tradeoff studies, and updated criteria. Repository costs and con-
struction schedules will be updated for this design. A detailed operations
plan will be prepared for this design.

The license application design (LAD) will be used as the basis for the
license application. It will be highly detailed for those items classed as
being important to safety and waste isolation and will include all items of
the repository. This design will be evaluated by detailed analysis and cal-
culations based on the refined, expanded data base resulting from additional
site characterization work performed in the exploratory shaft facility or
obtained by other means such as exploratory borings.

The products of this information need will be the major design reports
that detail the design. These reports will be supported by topical reports,
tradeoff studies, analyses, and operational plans created in this or related
information needs. Major design reports will also be supplemented by the
continual use of configuration control. Configuration control will allow
design changes to be continuously monitored and documented and will also
provide reference information usable for design analyses needed for tradeoff
and sensitivity studies. At any specific time, the reference configuration
will appear in the reference information base (RIB). More and more detail
will be controlled in the RIB as the design progresses toward the LAD config-
uration. The final procurement and construction design will be developed
after submittal of the license application as the basis for repository con-
struction, and will not be discussed here. This information need will pro-
vide the input to all analyses, calculations, and studies that are sensitive
to the repository configuration and operational procedures. The reference
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design also provides the basis for repository construction and operational
cost estimates and schedules.

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The current repository design is shown in Section 6.2. The basis for
this design is provided in Section 6.1; site data supporting the current de-
sign are given in Chapters 1 through 5, and the waste package configuration
is given in Chapter 7. Chapters 3, 4, and 5 of the SCP-CDR contain an ex-
panded description of the repository design and planned operations.

Parameters

The site parameters needed to develop the reference preclosure design
and to complete the studies identified in a subsequent paragraph under this
information need are identified in other information needs. The major cate-
gories of parameters needed are (1) parameters related to waste quantities
and characteristics, (2) mechanical properties of the disposal horizon,
(3) thermal properties of the disposal horizon, and (4) the surface charac-
teristics of the site.

Logic

The reference preclosure design is developed through an iterative
process. It will become more complete and more detailed with each iteration
as a result of the availability of more data and the completion of additional
analyses. The number of design alternatives decreases with each design stage
until, in the final design, the only alternatives still available are those
contingent on anticipated variations of the geology. The analysis supporting
the reference design becomes more definitive as the design progresses.

Numerous design activities are planned preceding and during advanced
conceptual design. These activities include evaluations of the chosen design
and tradeoff evaluations conducted to evaluate design options or alterna-
tives. Some design activities will require site data and some will not. The
currently planned design activities that require site data are detailed be-
low; in addition, examples for those required activities that do not require
site data are also given.

Supporting activities requiring site data

The following supporting activities require site data:

1. Repository orientation evaluation: An evaluation that assesses the
design impact of the repository orientation relative to the in situ
principal stresses, fracture and fault geometry, and stratigraphy.

2. Construction contingency plan: A plan for contending with local
anomalies (such as bad ground) that may be encountered in the
construction of the repository.
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3. Underground facility boundary evaluation: An evaluation that will
determine the boundary for the underground facilities.

4. Probable maximum flood determination: This determination will be
used in conjunction with surface topography for designing flood
protection barriers for the surface facilities and underground
accesses and will be used in locating both the surface facilities
and the entrances for the underground accesses.

5. Retrieval environment prediction: A prediction of the environment
that may be encountered during retrieval as a function of the time
after emplacement. Drift temperature will be predicted as well as
drift condition for both normal and abnormal conditions.

6. Backfill evaluation: A topical report that examines the systems
required to install backfill, the impact of the backfill installa-
tion operation on worker safety, and the expected properties of the
installed backfill, and expected results on postclosure performance.

7. Analysis of the ventilation system: A comprehensive analysis of the
ventilation system for the underground portion of the repository.
This analysis will develop quantity requirements, pressure require-
ments, and flow velocities, and will also contain a cooling analysis
to predict the times required for cooling to allow maintenance or
retrieval. The hardware and construction features will be identi-
fied and schematically designed as a part of this document. Radon
gas and moisture loss or gain will also be addressed in this analy-
sis. Similar analyses for establishing the filter configuration for
the emplacement exhaust air are planned.

8. Underground seismic considerations: An evaluation of the effect of
seismic events to determine the impact on the underground facility.
Analysis will include ground support systems and emplacement bore-
holes as well as constructed features such as portals and shaft
linings.

9. Surface seismic-considerations: An evaluation of the effect of
seismic events to determine the impact on surface facilities.

10. Foundations for surface facilities: A determination of the founda-
tion requirements for surface facilities. Analysis will be made
based on bearing capacity of soils, and building loads, including
determinations of dynamic behavior of the foundation soil in order
to include the soil-structure interaction effects due to seismic
loads.

Supporting activities not requiring site data (given for example only)

The following types of supporting activities do not require site data:

1. Repository options evaluation: An evaluation to examine the impact
of a single- or two-stage repository and fuel consolidation on
repository cost, schedule, and function.

8.3.2.5-52



YMP/CM-0011, Rev. 1 YMP/CM-0011, Rev. 1

2. Operations plan: See Information Need 4.4.3 (plans for repository
operations, Section 8.3.2.5.3) for a description of this ACD
activity.

3. Electric design basis analysis: An analysis that quantifies the
electricity requirements for the repository. The analysis will
include the requirements for uninterrupted power, emergency power,
and power for the experimental programs. The analysis will project
power requirements through repository closure.

4. Surface facility criticality analysis: The waste preparation and
storage areas of the surface facility will be analyzed to ensure
there is no possibility for a criticality accident.

5. Water requirements evaluation: An evaluation to determine the
quantity requirements for the fire, mining support, potable, and
nonpotable water needed at the repository.

6. Waste transporter study: A comparative study of electric, diesel
electric, and diesel locomotion for the waste transporter with
emphasis on the impact of a decision on repository configuration,
operations, cost, and safety and the effect of vehicle emissions on
meeting performance objectives.

7. Hoist, headframe, and collar design alternatives evaluation: An
evaluation that will result in the selection of the mine hoist type
to be used at the repository.

Lists of supporting studies and trade-off evaluations will be developed
before initiation of each design phase. These lists will be modified as
needed during the design phase to reflect new design activities required as
the design becomes progressively more detailed.

8.3.2.5.6 Information Need 4.4.6: Development and demonstration of required
equipment

The repository system must be designed to accomplish four major tasks:
(1) preparation of the waste for emplacement, (2) waste emplacement,
(3) waste retrieval, and (4) closure. Each of these tasks relies heavily
upon the use of equipment t accomplish the needed work. Most of the
required equipment has been used previously for similar purposes; however,
each task presents the potential need for equipment that is unique and
unproven in similar applications or environments. It is these unproven items
that will be the focus of proof-of-principle demonstrations planned before
license application.

This information need is the focal point for the equipment development
program needed in support of the development of a nuclear waste repository at
Yucca Mountain. This information need will have four principal products:

1. List of equipment planned for use in the repository.
2. Designs for equipment that are unique to repository applications.
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3. Equipment.
4. Demonstrations to establish capabilities of repository equipment.

Numerous supporting documents (development plans, test procedures, perform-
ance goals, design criteria, etc.) will also be created.

The products just identified will be used in a variety of ways, includ-
ing as the bases for operations planning, as well as safety, cost, and
feasibility analyses. Most of the equipment will require little information
about the site and will, therefore, not be discussed in detail in this docu-
ment. The repository design plan will contain substantially more information
on the equipment development program needed for the repository. The princi-
pal focus of the remaining discussion in this section will be on the activi-
ties (and data needs) associated with the evaluation of the feasibility of
drilling and lining of long, horizontal, waste emplacement holes.

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The operation descriptions for the repository are contained in Sec-
tion 6.2.3 of this document. The equipment items requiring development and
demonstration are included in these operational descriptions. Similar
discussions are contained in Sections 3.1, 3.2, and 4.5 of the SCP-CDR (SNL,
1987). The equipment that does not require substantial site data will be
described in the repository design plan.

Parameters

The parameters or information needed by the equipment development
program are as follows:

1. Site parameters.

a. Fracture characteristics of host rock.

b. Abrasiveness of host rock.

c. Rock-cutting characteristics, including dependence on in situ
stresses.

d. Existence of free water in the rock mass.

e. Normal and abnormal conditions of drifts and borehole.

2. Other information needed:

a. Plans for repository operations (Information Need 4.4.3).

b. Repository design requirements (Information Need 4.4.4).

c. Design analyses (Information Need 4.4.7).
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Logic

Independent of requirements for site data, development and demonstration
of a typical piece of equipment generally consists of the following steps to
be completed before the license application:

1. Development of reference equipment configurations. The development
process will be recorded in topical reports that depict the equip-
ment, present operational procedures, and specify structural and
performance criteria.

2. Analysis of the reference designs for verification of functional
adequacy, for compliance with the performance goals and for evalu-
ation of necessity for proof-of-principle demonstration. This step
will include the generation of separate topical reports for only the
more significant analyses (e.g., operator dose).

3. Development of a test procedure for demonstration of the equipment.
The emphasis of the procedure will be to identify the sequence of
testing to be used to determine if the equipment will perform as
required under the anticipated environments for both normal and
credible abnormal conditions.

4. Fabrication of equipment, demonstration models, and test facilities
as needed for proof-of-principle tests.

5. Demonstration of proof-of-principle.

6. Evaluation of demonstration results and modification of designs and
criteria, as appropriate.

This sequence will be implemented for the development and demonstration
of the unique, specialized equipment required for the repository. The devel-
opment and proof-of-principle demonstration of the equipment should be com-
pleted before license application.

The Yucca Mountain mined geologic disposal system MGDS) is introduced
in Section 8.2.2. Examination of the subsystems and components of the MGDS
will indicate that the preclosure subsystem relies heavily on equipment
performing required functions. Subsystems currently being emphasized in the
equipment program are highlighted here. The system elements and the equip-
ment within these elements considered potential candidates for demonstration
are as follows:

System element Candidate for demonstration equipment

1.2.1 Mining Equipment to mine the underground facility by use of
mechanical miners

1.2.1.3 Borehole For the horizontal emplacement option, the drill for
construc- drilling the long horizontal holes. For vertical
tion emplacement, the drilling of vertical emplacement

holes
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System element Candidate for demonstration equipment

1.2.2.1 Receiving Remote systems for the removal of shipping cask
restraints and cask closures

1.2.2.2 Preparation Remote welding, inspection, and.decontamination

1.2.2.4 Emplacement Equipment to physically emplace the waste into
vertical and horizontal waste disposal boreholes

1.2.2.5 Retrieval Retrieval equipment for normal conditions and con-
tingent or backup equipment for abnormal condi-
tions, both vertical and horizontal emplacement
options

More detail will be provided in the repository design plan regarding the
types of equipment planned for use in each of these areas. Because only
those items that require significant amounts of site data are considered in
this document, the remainder of the discussion will focus on the equipment
planned for use in borehole construction (System Element 1.2.1.3). Eval-
uations will also be made of the potential for using continuous miners and of
the experience in using tunnel boring machines in similar types of rock.

A development prototype boring machine (DPBM) is currently being
investigated. The DPBM is expected to be capable of drilling and installing
a metal lining in long (up to 110 m) horizontal boreholes about 0.9 m in
diameter. Demonstration tests for this DPBM are planned as part of the
evaluation of the feasibility of horizontal emplacement of the wastes. The
site data needed to support the development and demonstration of the DPBM are
as follows:

1. Fracture characteristics of the rock. The fracture characteristics
are an important part of the determination that the boreholes can be
excavated and lined. The parameters needed to assess the fracture
characteristics of the rock are presented in Section 8.3.2.5.9,
which addresses the feasibility of constructing the underground
facility using reasonably available technology.

2. Abrasiveness of the rock. This parameter will affect the costs of
the disposal boreholes. Highly abrasive rock will result in
frequent cutter replacements and consequently it will affect the
emplacement borehole costs. To obtain this parameter, it will be
necessary to obtain rock samples for laboratory evaluation.

3. Tests in the exploratory shaft facility (ESF). The tests currently
under consideration for the ESF involve the drilling of two 76.2-m-
deep horizontal holes into the specific host rock and lining of
these holes. The drilling of these holes will be highly instru-
mented so that data on drilI performance can be obtained for use in
predicting drill performance in the repository. These tests will
also provide data for cost estimating. Other demonstrations may be
planned to simulate the impact of potential abnormal underground
conditions that may be encountered by other equipment. Definition
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of these tests awaits further definition of equipment and abnormal
conditions.

8.3.2.5.7 Information Need 4.4.7: Design analyses, including those addres-
ing impacts of surface conditions, rock characteristics, hydrol-
ogy, and tectonic activity

Design analyses are important in comparing design options, determining
the conditions under which the design meets the designated performance goals,
and establishing credibility for the design approach being used. Site param-
eters, design requirements, and design configurations are required input for
this information need. These inputs are used in numerous types of design
analysis approaches for assessing the thermal, structural, hydrologic, and
ventilation phenomena. This information need is the principal place where
rock mechanics analyses (including seismic effects) and ventilation calcula-
tions are discussed. Both normal and abnormal conditions are considered in
the analysis of surface and underground effects.

The principal products or types of studies completed under this informa-
tion need (Table 8.3.2.5-15) are design support studies such as tradeoff
studies, sensitivity studies, reference calculations, and, where required,
calculations to verify and validate the design approaches being used. The
areas of analysis considered in this information need are shown in Ta-
ble 8.3.2.5-15, which serves as the basis for-the organization of the dis-
cussions presented in the logic section where the specific kinds of analyses
to be done are identified.

The results of the design analyses completed under this information need
will be used by the other information needs of this issue where the analysis
will form the basis for needed modifications to the design or the design re-
quirements and will provide the substantiation for the identified data needs.
Compliance with retrievability requirements (Issue 2.4, Section 8.3.5.2),
with requirements for nonradiological safety (Issue 4.2, Section 8.3.2.4) and
comparisons of the analysis results with the goals established in Issues 2.4
and 4.2, will also rely heavily on (and will audit) the analysis performed
here. Similarly, interfaces with goals from postclosure issues must be
recognized. Examples of these interfaces are goals concerning waste package
environment, the extent of the disturbed zone, and the areal power density.

This information need will be considered satisfied with the publication
of the design analyses showing that performance goals and design criteria
have been met.

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The design analyses described in this information need relate directly
to other chapters of this document, particularly Chapter 6. The most sub-
stantial coverage of the current status of the analysis work is contained in
Section 6.4.10. Numerous technical publications documenting the analyses
completed to date are also referenced in this section of Chapter 6. The data
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Table 8.3.2.5-15. Preclosure design analyses

Areas of analysis& Products or types of studies

UNDERGROUND

Rock mechanics (thermal, structural, seismic) Design support studies
tradeoff studies

Ventilation
Hydrologic
Other

Sensitivity studies
Reference calculations
Verification and

validation studies

SURFACE

Rock mechanics Design support studies
tradeoff studies

Hydrologic
Soil/mechanics/foundations
Other

Sensitivity studies
Reference calculations
Verification and

validation studies

'Each area includes, where appropriate, evaluations of normal and
abnormal conditions.

used as the reference basis for most of the recent calculations is in Sec-
tion 6.1 while the design that forms the basis for most of the calculations
is given in Section 6.2.

The relationship between this information need and the SCP-Conceptual
Design Report (SCP-CDR) (SNL, 1987) is similar to its relationship with
Chapter 6. In the SCP-CDR, issue resolution status is provided in Chapter 8,
and relationship to the NRC concerns is in Chapters 6 and 7. Chapter 2 of
the SCP-CDR provides the basis for the current analysis while Chapters 3, 4,
and 5 describe the current design.

Parameters

The parameters needed from site characterization to accomplish the
analyses identified in the following logic section are smmarized in the
following list. The parameters are categorized and as follows:

1. General geometrical, soil, and rock parameters needed for surface
facility design.
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2. Rock parameters needed for subsurface design.

3. Hydrological parameters needed for surface and subsurface design.

4. Meteorological parameters..

5. Tectonic parameters.

General geometrical, soil, and rock parameters needed for surface facility
design follow. The geometrical parameters are

1. Surface topography at facility locations.
2. Surface topography of access routes.

The soil parameters are

1. Alluvial stratigraphy.

2. Allowable foundation bearing load considering shear failure and
total and differential settlement.

3. Soil structure interaction (if required).

4. Slope stability.

5. Time dependent settlement of earthfills and retaining structures
if saturated clays are encountered (not likely).

6. Hydraulic related soil parameters.

The rock parameters are

1. Rock stratigraphy.

2. Allowable foundation bearing load considering shear failure and
total and differential settlement.

3. Rock-structure interaction response (for soft rock with low shear
wave velocity).

4. Slope stability.

The rock properties needed for the subsurface design for the linear elastic
analysis of accessways and drifts are

1. Poisson's ratio.
2. In situ stresses.
3. Initial temperature.
4. Coefficient of thermal expansion.
5. Thermal conductivity.
6. Young's modulus.
7. Deformation modulus.
8. Joint cohesion and angle of friction.
9. Heat capacity.
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10. Confined and unconfined compressive strength.
11. Cohesion of rock and angle of internal friction.

Additional rock parameters needed for incorporation of a rock joint model
into analysis codes for the subsurface design are

1. Joint normal and shear stiffnesses properties.
2. Joint wall compressive strength..
3. Joint roughness coefficient.
4. Cohesion and coefficient of friction.

Additional parameters needed to use empirical methods for underground opening
and ground support design are

1. Number of joint sets.
2. Frequency and spacing of joint sets.
3. Joint orientation.
4. Length of joint.
5. Rock quality designation.
6. Wall rock alteration.
7. Construction method.
8. Presence of squeezing or swelling ground.
9. Joint condition (roughness/free water/infilling).

10. water inflow.
11. Expected seismic loading.

Other rock parameters are

1. Radon emission rate.
2. Abrasiveness of rock.
3. Porosity.
4. Saturation.
5. Permeability.
6. Radiation shielding characteristics.

The hydrological parameters needed for surface and subsurface design are

1. Subsurface.

a. Estimate of water inflow into subsurface.

b. Existence/location of perched water sources.

c. Sustained yield of pumped water source for support of
operations.

2. Surface (surface hydrology at surface facilities and access
portals).

a. 10-, 25-,. 50-, 100-, and 500-yr floods.
b. Probable maximum flood (PMF).
c. Area of inundation.
d. Flow velocities in areas in inundation.
e. Debris load of flows.
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The meteorological parameters are

1. Diurnal temperature and humidity of ambient air.
2. Seasonal temperature and humidity of ambient air.
3. Atmospheric dispersion.
4. Mixing height.
5. Average temperature.
6. Relative humidity.
7. Precipitation.
8. Wind speed.
9. Design wind load.

10. Design snow load.
11. Design value for precipitation.
12. Heating and cooling design values.

The tectonic parameters are

1. Surface fault displacement parameters.

a. Identification and classification of late Quaternary faults
within 100 m of facilities important to safety (FITS).

b. Classification.

c. Location at surface.

d. Orientation at surface.

e. Identification of any fault within 100 m of FITS with greater
than in 100 chance of producing more than 5 cm of surface
offset in 100 yr.

f. Integrated potential for fault displacement beneath FITS

g. Probability vs. displacement relationship for area beneath FITS.

2. Underground fault displacement parameters.

a. Identification and characterization of late Quaternary faults in
the repository block:

i. Classification.
ii. Location at surface.

iii. Orientation at surface.

b. Identification and characterization of any faults within the
waste emplacement area with greater than 1 in 10 chance of
producing more than 7 cm of subsurface offset during the
preclosure period.

c. Integrated potential for fault displacement on faults that
intersect underground facilities.
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d. Probability versus displacement relationship for the area of
waste emplacement.

3. Surface vibratory ground-motion parameters.

a. Design-basis ground-mQtion time histories (minimum bandwidth -

0.5 to 33 Hz) and corresponding response spectra (at 1 Hz
intervals for surface FITS).

b. Integrated potential for vibratory ground motion at FITS.

c. Probability vs. peak acceleration, peak velocity, and peak
velocity response at selected frequencies, at surface FITS.

4. Underground vibratory ground-motion parameters

a. Design-basis ground motion time histories and corresponding-
response spectra for underground facilities (at various depths)
(minimum bandwidth 0.5 to 33 Hz; 1 Hz intervals for response
spectra).

b. Integrated potential for vibratory ground motion at underground
facility locations.

c. Probability versus peak acceleration, peak velocity, and peak
velocity response at selected frequencies, at underground
facility locations.

5. Surface volcanic activity parameters.

a. Probability of volcanic eruption at location of surface FITS.

b. Design-basis ashfall thickness at sites of all surface
facilities.

c. Ashfall particle density and size distribution.

6. Underground volcanic activity.

a. Probability of volcanic eruption through the area of waste
emplacement.

b. Design-basis ashfall thickness (at surface vent intakes and
exhausts).

c. Ashfall particle density and size distribution.

Logic

The analysis of the preclosure performance of the repository is an
ongoing process. The process is progressively improved with each design
iteration by the incorporation of new and better data and the use of improved
analysis techniques. The current design of the repository is based on analy-
sis techniques that may be improved as the design process evolves. The
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currently used methods of analysis are presented in this section for two
reasons: (1) to illustrate the computer code types used for judging the
applicability of the codes for repository design and (2) for the purpose of
identifying the parameters needed to support the application of these com-
puter codes. It is not anticipated that further improved codes or analyses
techniques will require additional data beyond that identified in this
section.

Only those analyses that require site data are presented. The analyses
are categorized as (1) underground and (2) surface; under these categories
the analyses are further divided into the basic types of analyses required.
The rationale for reference calculations, sensitivity analysis, and computer
code validation are also presented in the end of this logic subsection.

Analysis of underground repository facilities--structural-thermal analysis

The repository underground system elements that require structural
analysis are 1.2.1.1, access construction (shafts and ramps); 1.2.1.2, drift
construction; and 1.2.1.3, borehole construction. For some of these
elements, (1.2.1.2 and 1.2.1.3) the structural analysis must be expanded to
address the effects of the temperatures generated by heat from the waste.
The potential long operational life of the repository dictates that the
methods of analysis be adaptable for predicting the design adequacy for a
long period of time.

System Element 1.2.1.1, Access construction (shafts and ramps)

Geomechanical analyses consider mechanical, thermal, and thermomechan-
ical response of the rock mass through the emplacement and retrieval periods.
The geomechanical goals indicate the need to understand the response of the
host rock to excavation and thermally induced stresses. Excavation-induced
stresses depend on the in situ stress field with superposed stresses derived
from the size and geometry of the opening considered. Thermal stresses
developed in the rock as a result of heating depend primarily on the magni-
tude of individual or combined heat sources, thermal properties of the rock,
and the heat transfer mechanism; thus, these stresses vary with time and
position. The effects of excavation-induced stresses are first evaluated and
then the effects of thermal stresses are superposed on the former such that
the thermomechanical response (the sum of the mechanical and thermal load
components) also varies with time and position.

Our current understanding of the mechanical response of tuff is that the
fractured rock mass can be treated as an elastic, elastic-plastic, or
compliant-jointed media (Chapter 2 and Section 6.4.2). Current understand-
ings of the mechanical response of fractured tuff have been based on and
supplemented by three integrated sources of data: (1) field studies of the
local and regional geology of the site (Chapter 1), (2) laboratory and field
data indicative of the mechanical and thermal response of the rock from Yucca
Mountain, and (3) data from in situ field experiments at Rainier Mesa and
from laboratory experiments and rock samples from Rainier Mesa. The mechani-
cal response predicted by a given analysis or set of analyses will depend on
the scale, loading, and boundary conditions of the problem.
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The approach to understanding and predicting mechanical response has
been to use progressively more complex models through the course of design,
performance, and safety analyses. For example, engineering judgment and
practices are often applied at the onset to provide initial guidance to
developing repository design. This judgment is qualified by data available
before site characterization. The preliminary design warrants evaluation and
confirmation through use of boundary element and finite element methods, and
in situ test results. The predominant basis for planned license application
analyses will be finite element methods.

The types of analytical tools being developed to provide a perspective
of the rock mass mechanical response to address Issues 1.11 (configuration of
underground facilities--postclosure, Section 8.3.2.2), 4.2 (nonradiological
health and safety, Section 8.3.2.4), and this issue include the following:

1. Tunnel index methods (Barton et al., 1974a; Bieniawski, 1974), which
are experience-based empirical methods that permit conclusions
regarding ground support requirements and opening size. As yet,
these methods do not account for the effects of heat.

2. Calculations using boundary element techniques will be used in
preliminary evaluations of ground support requirements and will be
compared with those determined by the tunnel indexing methods. The
effects of excavation and heat may be included in the analysis.
Rock strength, fracture slip, or both may be used to interpret
results. These methods allow for parametric studies to be under-
taken in which design tradeoffs can be evaluated through the predic-
tions of deformations and stress at specific locations as a function
of time. The usefulness of boundary element methods will be tested
through comparison with closed form analytic solutions, finite-
element codes, and underground exploration.

3. The predominant basis for planned license application analyses will
be finite-element methods. Calculations using finite-element
methods, treating the rock mass as an elastic, elastic-plastic, or
compliant jointed media, will test the conclusions drawn from tunnel
indexing and boundary element methods based on the effects of
excavation and heat predicted throughout the area of interest as a
function of time. These methods have the potential to consider rock
strength, fracture slip, and fracture deformability as part of the
computation, or these methods may be used to interpret results.
Finite-element methods will be tested through comparison with
closed-form analytic solutions, boundary element codes, underground
exploration, and laboratory and field testing. The calculations
using these methods will provide the final measure of the usability
and performance of the designs.

Parameters necessary for the empirical structural desiqn of the shafts
and ramps. The design of the shaft and ramp cross-sections and the required
ground support by use of a traditional, rock mass classification approach can
be accomplished using a number of methods (e.g., Barton et al., 1974a
(Norwegian Geotechnical Institute method) or Bieniawski, 1976 (Council for
Scientific and Industrial Research method)). The method that will be used
for the repository has not been selected. The parameters required for most
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empirical or experienced-based methods are specified in this section. Because
the ramps and shafts pass through both the lithophysae-abundant and
lithophysae-free parts of the Topopah Spring Member and the overlying
members, parameters are required for both types of rock.

Parameters necessary for the analytical structural desiqn of shafts and
ramps. The accesses (shafts and ramps) must survive, in a usable condition,
for a period of time equal to the retrievability period plus the time
required for decommissioning. The time currently used to encompass the
retrieval period is 84 yr, and the estimated time for postretrieval decommis-
sioning is 6 yr; therefore, the total time required is 90 yr. Postclosure
aspects of repository design, including shafts and ramps, are discussed in
Section 8.3.2.2.6.

Shafts and ramps will not be subjected to significant temperature
changes during the repository operations. This is due to the distance
between the shafts and ramps and the waste disposal area. The eventual tem-
perature increase in the shafts and ramps is expected to be small and prob-
ably will not occur until they have been backfilled as planned by the seal
program. Nonetheless, the analytical verification of the design of the
shafts and ramps will consider the effects of thermally induced stress
changes resulting from the adjacent waste disposal areas. This will allow an
assessment of the effects of increased horizontal stresses and formation
uplift due to thermal expansion.

The computer codes to be used for the initial structural design of the
shafts and ramps will be selected from the list of codes provided in Sec-
tion 6.4 (or similar codes will be used). Results of testing in the
exploratory shaft facility will assess the suitability of these codes for
design analyses supporting license application. The data or parameters re-
quired to apply these codes and to evaluate the potential for joint slip or
excessive rock mass deformation are similar to the data that will be required
for the codes selected for final design analysis. Two sets of parameters are
required: (1) the parameters required when the rock mass is characterized as
linearly elastic or elastic-plastic and (2) the additional parameters re-
quired to incorporate a description of the joints within the rock mass.
These parameters are specified earlier in this section.

Two categories of parameters are needed: (1) those that can be measured
directly or derived from measured values and (2) those that are subjective
and must be determined by applying judgment factors. For the first category
of parameters, the confidence with which the parameter needs to be determined
depends on the sensitivity of the analysis method to the particular parameter
as well as on the expected rock mass response. Preliminary sensitivity anal-
yses indicate that the dominant parameters for assessing stability and in
evaluating access opening shapes include (1) the unconfined compressive
strength, (2) in situ stress, (3) the joint strength parameters, and (4) rock
quality designation (RQD). Note that jointing at the site is predominately
vertical based on current information; thus, the ROD determination may be
biased. This bias will be examined through considerations of fracture
spacings in three dimensions.

Parameters in the first category need to be determined by applying
methods and selecting sample quantities that will give the required confi-
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dence in the resulting values. For the second category of parameters, only a
medium confidence is required. These parameters must be obtained for all
differing rock types encountered in the construction of the shafts and ramps.
In using the compliant joint model, the significant parameters, in addition
to those just listed, are the joint stiffness parameters.

System Element 1.2.1.2, Drift construction

The structural design of drifts differs from the design of accesses
(shafts and ramps) in that the drifts may experience moderate temperature
increases due to the heat output of the waste during the operational life.
The effects of the increase in temperature on the design approach and the
parameters needed are discussed in the following text.

Ground support design. The methods used and the parameters required for
ground support design are the same as empirical and analytical methods
described for the design of accesses. Support categories expected include
rock bolts with wire mesh and localized shotcrete. In areas of poor rock
quality, enhanced support may be required. These support systems are com-
monly used but they will require confirmation and careful material selection
to ensure adequate performance during the retrievability period and compli-
ance with postclosure requirements for chemical compatibility (Information
Need 1.10.4, Section 8.3.4.2.4).

The planned approach to the design of the ground support for the
repository may involve developing approximately four ground support designs.
These designs could vary from simple rock bolts up to and perhaps including
full concrete lining. Each design will be developed for a specific range of
rock classifications. As varying rock conditions and types are encountered
in the exploratory shaft facility (ESF), the preselected ground support may
have to be varied. The support will be monitored for performance, providing
an experience base that can be used in the repository. The ground support
verification tests proposed for the ESF are described in Section 8.3.2.4.1.

The parameters needed to design the rock support system and to assess
drift shape and size are the same as those listed for the access system
element, but for the drifts, these parameters will be required only for the
disposal horizon.

Long-term design considerations for drifts. The methods used to select
drift size, shape, spacing, and support systems to accommodate long-term
considerations are the same as for the access (shafts and ramps) except that
now the effects of the heat generated from the decay of the waste must be
incorporated. It will be determined if the heat effects can be simulated by
the empirical methods such as those of the Norwegian Geotechnical Institute
by increasing the stresses to account for the thermally induced stresses
occurring after waste emplacement. Analytical techniques are available to
explicitly model the temperature distribution around the drifts and calculate
the thermally induced stresses. The support system designed and selected to
accommodate the long-term considerations will be installed during construc-
tion.

The thermally induced stresses are expected to enhance stability in some
areas and to destabilize other areas. If the degree of destabilization ex-
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ceeds the capacity of the support system, then it will be necessary to
enhance the support system or to reduce the temperature to decrease the
thermal loads. Consideration of the thermally induced loadings requires
additional thermal and thermomechanical parameters for the host rock and the
support system. The thermally induced stresses depend on the temperature
distribution in the rock, which depends on the waste form and age, emplace-
ment geometry, the areal power density of. the emplaced waste ventilation
conditions, and the rock thermal properties.

Currently the dominant heat transfer mechanism in the unsaturated tuff
is understood to be temperature-dependent conduction. This understanding is
based on laboratory and field tests and analyses (Section 2.5.3, relationship
between intact rock and large-scale properties). The types of analytical
tools being developed to provide perspectives of the rock mass thermal
response include the following:

1. An analytic solution for heat conduction for finite cylinder heat
sources with a decaying exponential source term with a time and
linear superposition of sources. This analytical tool will serve
the purpose of making preliminary design assessments for the reposi-
tory.

2. An analytic solution for heat conduction for finite line heat
sources that may be constant or exponentially decaying with time.
This analytical method is an integral part of the boundary element
method to be used to perform design and sensitivity analyses.

3. A numerical model capable of steady and transient linear and
nonlinear thermal conduction analyses in at least two dimensions.

Possible boundary conditions include constant temperature at a node,
constant or time-dependent temperature along the side, adiabatic surface,
forced convection, natural convection, and thermal radiation. Material
properties (densities, specific heats, and conductivity tensors) may depend
on temperature. The method used will be tested using closed-form analytic
solutions, benchmarking activities, and laboratory and field experiments.
Heat transfer codes similar to the ones being considered have been success-
fully applied to analyses of heat transfer in salt (Waste Isolation Pilot
Plant and Project Salt Vault), granite (Stripa), and tuff (Sections 2.5.2 and
2.5.3). The results of these analyses are used as input for thermomechanical
analyses.

The current understanding of the combined contributions of the excava-
tion and thermal effects upon rock-mass response is presented in Section 2.5.
Based on this understanding, two methods are currently being applied to
predict thermomechanical response. In the first, using boundary element
techniques, thermal stresses and displacements are calculated by treating the
thermal stress and the initial stress as a time varying boundary condition.
In the second, using finite element techniques, mechanical responses from
excavation and thermal responses from the heat source are separately analyzed
and then the thermal results are input to the mechanical analysis to
determine the thermomechanical response.
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The temperatures will be estimated using a temperature-dependent heat
conduction code similar to those used to predict temperatures in small-scale
heater tests conducted in the G-Tunnel complex at the Nevada Test Site.
These codes include SPECTROM-41, VISCOT, ADINAT, and COYOTE. The application
of these codes requires the parameters, specified in Table 8.3.2.5-2.

Of the thermal properties needed, preliminary sensitivity analyses show
the thermal coefficient of expansion has the most significant effect on the
code outputs. The thermal coefficient of expansion is assumed to be iso-
tropic, based on existing data presented in Chapter 2. Unlike mechanical
properties, thermal properties are not expected to show any significant
anisotropic effects as a result of joint sets (dominant or minor).

System Element 1.2.1.3, Borehole construction

The stability of the waste emplacement boreholes is important for main-
taining the capability to retrieve the waste. Stability of the boreholes
will be analyzed using the same methods and parameters as used for the
analysis of the accesses and drifts.

Analysis of underground repository facilities--ventilation analysis

The repository underground system elements that require ventilation
analysis are 1.2.1.6 (mining ventilation) and 1.2.2.7 (waste-handling
ventilation). Analyses that have been used to this point in the design
process are identified for the purposes of applicability assessment and to
substantiate the parameters identified as necessary from site characteriza-
tion. The design analysis techniques and codes may change for future
designs; however, the data required to support the new analyses techniques is
expected to remain the same as that identified here.

System Element 1.2.1.6, Mining ventilation

The current ventilation analyses use two computer codes. These codes
are typical of codes used for mine ventilation analysis. The codes used are
identified as VNET (ventilation network analysis) and CLIMSIM (climate sim-
ulation). They are used here only to substantiate the data needs specified
and there is no intent to identify these as the codes that will be used for
the license application analysis. In application, these codes are inter-
dependent in that the results of CLIMSIM are input into VNET to determine
ventilation system performance. CLIMSIM is used to model the psychrometric
and environmental conditions in the airways. VNET is used to model the
underground airflow distribution, calculate air-flow resistance, calculate
friction pressure losses, and to establish ventilation fan requirements.

The information needed to apply these ventilation codes is identified in
Section 8.3.2.5.7 and reiterated as follows:

1. Radon gas emission rates--the actual value of the emission rate is
required. Also, it is important to know how the emission rate
varies with rock type, natural and ventilation pressures, and loca-
tion within the repository. Emission rates are needed to verify
that the air quantities are sufficient to sweep areas of radon and
to dilute concentrations to levels specified by regulations.
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2. In situ moisture in the rock and the corresponding release rate to
the ventilation airstream--required as a function of time, temper-
ature, rock type, and location within the repository.

3. As-mined drift surface roughness--a determination of the roughness
for each rock type, mining and support method used.

4. Potential for airborne respirable particulates--the particulate
types and quantities are required.

5. Diurnal and seasonal barometric pressure, temperature, and humidity
variations at the locations of the ventilation supply and exhaust
portals.

.6. Elevation of ventilation entrances and exhausts.

7. Surface rock wall temperature--the surface rock wall temperature in
the unventilated drifts is required to perform cool down analysis.
The surface rock wall temperature is calculated using computer codes
such as SPECTROM-41 series, VISCOT, ADINAT, and COYOTE. The param-
eters needed to use these codes are given under the analysis re-
quirements for System Element 1.2.1.2, Drift construction.

8. Heat transfer film coefficients for the rock walls--these coeffi-
cients will be derived from other parameters. The site parameter
used in this determination is the surface roughness of the rock
walls. This parameter has already been identified as necessary in
other parameter lists.

System Element 1.2.2.7, Waste handling ventilation

The design and operation of the system required to provide ventilation
to the underground areas where waste is handled is the same as that described
under System Element 1.2.1.6 (mining ventilation). The site parameters
required are the same as for System Element 1.2.1.5. Temperature increases
in the rock are not considered during the emplacement activities but are of
concern during waste retrieval and decommissioning.

Analysis of underground repository facilities--hydrologic analysis

The preclosure hydrologic analysis that will be required by the under-
ground design will be the analysis to determine the potential for water in
the emplacement boreholes. This analysis will provide a major input to the
analysis for corrosion of the borehole components. The results of the
hydrologic analysis will also be used for analysis of the environment in the
emplacement borehole and for the analysis of the impact of formation water on
the ventilation system.

Site parameters necessary to support hydrologic analysis are identified
previously in this section.
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Analysis of underground repository facilities--site seismic analysis

The seismic analysis of the underground facility can be done by several
methods. The methods to be used for the repository have not been specifically
identified. The methods used will probably be the same as those used for the
design of surface facilities to resist earthquake loading. The parameters
necessary to apply the methods used are identified previously in this
section.

Analysis of underground repository facilities--other underground analyses

There are other analyses that will be required for elements of the
underground facility. Specifically, material compatibility analysis will be
required for System Elements 1.2.2.4, emplacement, and 1.2.2.5, retrieval.
The compatibility analysis will be done to ensure that the materials selected
for the waste emplacement borehole liner will be compatible with the host
rock and the waste package. The analysis required will principally involve
corrosion analysis for determination of material corrosion and the determina-
tion of potential corrosion products. Chemical constituents of materials
used in excavation or ground support will also be considered.

Analyses of repository surface elements

The information needed to develop the layout of the surface facility is
identified previously in this section.

The structural analysis performed on the surface facilities will be
based on currently accepted practices such as those recommended by the
Uniform Building Code. Parameters necessary for the structural design of the
surface facilities are identified previously in this section.

Types of analyses to be conducted

Table 8.3.2.5-16 lists some of the analyses to be conducted in support
of the design. These analyses address the needs for reference calculations,
sensitivity studies, tradeoff studies, and validation and verification of
analytic techniques.

Rationale for reference calculations

Reference calculations are calculations whose results are incorporated
in the reference information base (RIB). These calculations are based on
current documented design geometries and configurations and use material
properties data from the RIB. The purpose of reference calculations is to
provide the DOE current referenceable design and performance analyses.
Certain of the reference calculations may be used as input to other design or
performance analyses, whereas others may serve as the basis for comparison in
sensitivity analyses.

Reference calculations, as envisioned, will be performed for as many
disciplines of the repository program as are necessary. Examples of these
disciplines may include mechanical, thermal, thermomechanical, ventilation,
seismic, and safety analyses.
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Table 8.3.2.5-16. List of planned analyses

Analysis Analysis
namea Analysis objective typeb

DIM (H) Selection of borehole spacing/length
and waste standoff for horizontal
emplacement T

DIM(V) Selection of borehole spacing/length/
waste standoff and drift spacing for
vertical emplacement T

DIM(E) Selection of excavation geometry/
dimensions T

BORE(V) Vertical borehole analyses using
elastic and inelastic codes R

BORE(VS) Vertical borehole sensitivity
analyses to variations in spacing
and properties S

BORE(H) Horizontal borehole analyses using
elastic and inelastic codes R

BORE (H,S) Horizontal borehole sensitivity
analyses varying input properties S

LINED Horizontal borehole liner analyses
including the structural interaction
of the rock with liner (3-D effects) R

LINED(S) Horizontal borehole liner analyses
including fault intersection, canister
present R

DRIFT(H) Elastic and inelastic drift analyses
for horizontal emplacement R

DRIFT(V) Elastic and inelastic drift analyses
for vertical emplacement R

DRIFT(S) Drift sensitive studies for variation
of input properties for horizontal
emplacement S
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Table 8.3.2.5-16. List of planned analyses (continued)

Analysis Analysis
namea Analysis objective typeb

ANAL

VENT(V)

VENT (H)

VENT (G)

Analyses on the effects of anomalies on
the stability of drift and other
excavations

Time dependent heat flux and nonradial
heat flow analyses for vertical
emplacement

Time dependent heat flux and nonradial
heat flow analyses for horizontal
emplacement

Evaluation of radon and other gas
dilution as well as moisture
variations throughout the ventilation
system

Analyses determine the time and extent
of rock above boiling

Structural effects of blast cooling both
horizontal and vertical drifts

Stability of underground excavations
as effected by natural or induced
tectonics

BOIL (H)

BLAST

SEISMIC

IN SITU
TEMPERATURE

ROCK MASS
DEFORMABILITY
PROPERTIES

Determine the in situ temperature
state as a function of position.
Vary material properties, and
boundary conditions to arrive
at an applicable method which
honors field data

Determine rock mass deformability
properties for each thermal/mechanical
unit using the compliant joint
material model and laboratory and
field data of intact rock
and fractures

R

R

/
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Table 8.3.2.5-16. List of planned analyses (continued)

Analysis Analysis
name" Analysis objective typeb

SMALL DIAMETER
HEATER

HEATED BLOCK

ANISOTROPIC
RESPONSE OF
ROCK MASS

ROCK MASS
PROPERTIES

SLOT STRENGTH
TEST

SLOT STRENGTH
TEST

SMALL DIAMETER
HEATER

Perform posttest thermal and mechanical
analysis of the small diameter heater
experiment from the G-Tunnel
underground facility to evaluate rock
mass response and thermal and
mechanical analysis techniques

Perform posttest thermal and
mechanical analysis of the heated
block experiment from the G-Tunnel
underground facility to evaluate
rock-mass response and thermal and
mechanical analysis techniques

Perform a series of finite-element
analyses to determine the relative
effects of anisotropic material
properties upon rock-mass response
to in situ stress state, and
supposed thermomechanical headings

Performed analyses and update
recommended rock-mass properties
based on field and laboratory data

Perform pretest scoping analysis to
support design of the slot strength
test

Perform mechanical analysis of the
slot strength test to evaluate
rock-mass response and mechanical
analysis techniques

Perform thermal and thermomechanical
analysis of the small-scale heater
experiments to evaluate rock-mass
response and thermal and thermo-
mechanical analysis techniques

V

V

S

R

S,V

V

V
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Table 8.3.2.5-16. List of planned analyses (continued)

Analysis Analysis
name' Analysis objective typeb

IN SITU
MECHANICAL
MODEL

FRACTURE
CHARACTER-
ISTICS

HEFF
QUALIFICATION

JAC
VERIFICATION

JEM
VERIFICATION
(SPECTROM)

G-TUNNEL
MINING
EXPERIMENT

BENCHMARK I

LABORATORY
LARGE BLOCK
TEST-1

Analyze the regional tectonics,
stress measurements, and finite-
element calculations at Yucca
Mountain using the compliant joint
model to provide an updated in situ
mechanical model recommendation
of Yucca Mountain for design analyses

Update recommended fracture
characteristics-based analysis of
field and laboratory data

Complete verification analyses
for HEFF boundary element
code

Verify response of constitutive
model components for the JAC
compliant joint model

Verify response of constitutive
model components for the JEM
compliant joint model

Perform post-test mechanical
analysis of the G-Tunnel mining
experiment from the G-Tunnel
underground facility to evaluate
rock-mass response and mechanical
analysis techniques

Perform benchmark calculations
(code comparison) between compliant
joint models to evaluate isothermal
mechanical response at appropriate
scales

Perform pretest scoping analysis to
support design of the large block
laboratory test

R

R

V

V

V

V

V

S,V
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Table 8.3.2.5-16. List of planned analyses (continued)

Analysis Analysis
namea Analysis objective typeb

LABORATORY
LARGE BLOCK
TEST-2

YUCCA
MOUNTAIN
HEATED
BLOCK-1

YUCCA
MOUNTAIN
HEATED
BLOCK-2

SEQUENTIAL
DRIFT
MINING-1

SEQUENTIAL
DRIFT
MINING-2

COMPLIANT
JOINT
BENCHMARK 2

G-TUNNEL
SLOT TEST

PLATE LOADING
EXPERIMENT-1

PLATE LOADING
EXPERIMENT-2

Perform analysis of large block
test to continue validation
procedure for compliant joint models

Perform pretest scoping analysis to
support design of the Yucca Mountain
heated block experiment

Perform thermal and thermo-
mechanical analysis of the Yucca
Mountain heated block experiment

Perform pretest scoping analysis to
support design of the Yucca
Mountain sequential drift mining
experiment

Perform mechanical analysis of the
sequential drift mining experiment
to evaluate rock-mass response and
mechanical analysis techniques

Perform benchmark calculations
(code comparison) between compliant
joint models to evaluate mechanical
and thermomechanical response at
appropriate scales

Perform posttest mechanical
analysis of the G-Tunnel slot test
to evaluate and rock-mass response
and mechanical analysis techniques

Perform pretest scoping analysis
to support design of the plate
loading experiments

Perform analysis of plate loading
experiments to evaluate rock-mass
response and mechanical analysis
techniques

V

SlyV

V

slyV

V

V

sly

slyV

V
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Table 8.3.2.5-16. List of planned analyses (continued)

Analysis Analysis
name" Analysis.objective typeb

CANISTER Perform pretest scoping analysis to
SCALE HEATER support design of the canister
EXPERIMENT-l scale heater experiment SV

CANISTER Perform thermal and thermomechanical
SCALE HEATER analysis of the canister scale
EXPERIMENT-2 heater experiments to evaluate

rock-mass response and thermal
and thermomechanical analysis
techniques V

'Analysis names: H horizontal emplacement, V vertical emplacement,
S - sensitivity, B borehole intersection, E excavation,
N - near-field, F - far-field, G gases, R - radiological,
NR - nonradiological, and A - accident.

bAnalysis types: T tradeoff study, S - sensitivity study,
R - reference calculation, and V - verification or validation.

Rationale for tradeoff studies

Tradeoff studies are studies in which elements or components of design
are selected through choice comparisons. Tradeoff studies are typically done
to select design options that will enhance functional capability and perform-
ance, increase safety of operation, will increase operational efficiency, or
limit costs.

Rationale for sensitivity analysis

Sensitivity analysis will be done for numerous reasons, including

1. To determine the impact of the normally expected variations in
parameters on the analyses and the design configurations.

2. To assign the quality requirements to the data needed (i.e., if the
analyses using the data are only minimally or moderately sensitive
to a parameter, then it will be sufficient to determine the
parameter with a lesser degree of accuracy).

3. To determine the impact of design alternatives on repository
function and costs.
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4. To determine the impact of data variations on the ability of the
repository design to meet the required performance goals.

The following studies are examples of sensitivity analyses:

1. A study to determine the effect of the length of the horizontal
emplacement borehole on repository costs.

2. A study to assess the performance impact of the emplacement borehole
orientation.

3. Analysis of alternative emplacement configurations, including short
horizontal borehole concepts.

Rationale for validation of codes used for analysis

A generic discussion of verification and validation of models and codes
identified for performance, safety, and design analysis is presented in
Section 8.3.5.20. A brief discussion of the studies that have been conducted
and that will be conducted in the site characterization program to test the
models and codes needed for the analysis is given below.

Thermal Codes. Previous work and tests indicate that the ability to
predict accurately the heat flow and temperatures developed from the emplace-
ment of a decaying heat source in a geologic media is possible with the cur-
rently available codes, provided that the primary heat transfer mechanism is
conduction. The previous work and tests include the following:

1. Climax--an experiment at the NTS performed in granite in which spent
fuel was placed into boreholes drilled in the floor of a mined
drift.

2. Project Salt Vault--an early experiment performed for salt in Lyons,
Kansas. This experiment involved the placing of electrical heaters
into salt. The temperatures in the salt surrounding the heaters was
monitored and compared with predictions.

3. WIPP--extensive heat transfer experiments have been conducted in
salt at the Waste Isolation Pilot Plant (WIPP) facility near
Carlsbad, New Mexico. These experiments placed electrical heaters
into holes bored into the salt. The temperatures developed in the
salt are monitored and compared to temperatures predicted using
predictive codes.

4. G-Tunnel--heat transfer experiments have been conducted at the
G-Tunnel complex at the NTS. These experiments are conducted in
volcanic tuffs.

Properties and characteristics of the Yucca Mountain site that will be
used to evaluate the thermal codes will be obtained in laboratory tests
(Section 8.3.1.15.1.1), from site heater tests (Section 8.3.1.15.1.6), and
from the study of in situ temperature conditions.
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Mechanical codes. As outlined previously, three levels of approach are
to be applied to problems requiring mechanical analyses; these include the
following:

1. Tunnel index methods--these methods have been proved for underground
excavations without the addition of heat. Qualification of these
methods will include an incorporation of the thermally induced
stress into support designs derived using these methods.

2. Boundary element methods--these methods have been recently applied
to evaluations of underground stability. Within the limits of the
intended applications of these methods, they require further quali-
fication only through validation.

3. Finite-element methods--as currently developed, these methods allow
for the most complex geometry, boundary conditions, and material
behavior to be included in the analysis to evaluate underground
stability. The current approaches to modeling rock-mass mechanical
response include treating it as a linear elastic solid, as a con-
tinuum composed of intact rock and fractures, or, for applications
near faults, as a continuum with discrete faults.

The mechanical response of the rock mass should be evaluated for ambient
as well as increasing temperature conditions.

The measured mechanical response should be used to evaluate the appli-
cability of the mechanical material models. For example, a linear elastic
model may adequately represent the rock-mass response for certain load con-
ditions. The constitutive description of the rock as a composition of linear
elastic intact rock and nonlinear fractures should be evaluated as part of
the qualification procedure. Each of the approaches will be carefully
evaluated as regards applicability of the method and associated constitutive
models; such evaluations will rely heavily upon actual observations during
exploratory shaft facility construction and testing. Properties and charac-
teristics of the host rock that will also be used to evaluate these codes
will be obtained in studies in the laboratory (Section 8.3.1.15.1.3) and in
tutu (Sections 8.3.1.15.1.6, 8.3.1.15.1.7, and 8.3.1.4.3.2) and in design
verification studies (Section 8.3.1.15.1.8). Thermomechanical codes will be
evaluated against the results of the heater test (Section 8.3.1.15.1.6). The
behavior of fractures will be modeled and the results will be evaluated in
the laboratory studies (Section 8.3.1.15.1.3).

Seismic codes. Methodologies have been derived for predicting ground
motion and seismic hazards (Vortman, 1986) based on limited field data.
These methods require testing through the planned field program (Sec-
tion 8.3.1.17.3.5).

Underground ventilation codes. The codes used for the design of the
underground ventilation system should not require additional work for
validation. This is because

1. These codes have been used for the design of numerous conventional
mine ventilation systems and have successfully predicted the system
performance.
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2. The codes are based on older codes that have historically been
successfully used for underground ventilation design. The codes
used incorporate improvements to these older codes.

These codes will be evaluated in the in situ design verification study
(Section 8.3.1.15.1.8).

8.3.2.5.8 Information Need 4.4.8: Identification of technologies for
surface facility construction, operation, closure, and
decomissioning

This information need evaluates the effectiveness of those elements of
the site that affect the design, construction, and operations of the reposi-
tory facilities primarily during the preclosure period using reasonably
available technology. If it is determined that any portion of the repository
facilities cannot be built with reasonably available technology, then ques-
tions may be raised as to the feasibility of designing and constructing a
repository facility that is safe and effective. In order to perform this
evaluation, the characteristics of the waste and waste packages, surface
conditions of the site, tectonic and igneous activities at the site, etc.,
must be understood because of their direct relationships to the design proc-
ess and the operations of the repository. The evaluation of whether or not
there is reasonably available technology will be based on potential of each
associated system element to meet the performance goals for that element.
The evaluation criteria to be used are as follows:

1. Determine that the proposed construction techniques have been used
successfully in other applications or that there is no reason to
believe that the techniques cannot be applied successfully at the
repository.

2. Determine that design loadings and performance goals similar to
those expected for the repository have been used for other surface
facilities, including seismic loads, thermal loads, surface condi-
tions, foundation conditions, flood and tornado type loads, and
radiation containment, or that there is no reason to believe that
they cannot be applied successfully at the repository.

3. Determine that operations similar to those needed to operate the
repository have been performed successfully at other installations,
or that there is no reason to believe that they cannot be applied
successfully at the repository.

4. Determine that technology for constructing, predicting design and
performance, and operating the repository can be demonstrated (by
proof-of-principle demonstration, if appropriate) before license
application to ensure its successful application in the repository.

The product of this information need will be evaluations that determine
if the surface facilities can be constructed, operated, closed, and
decommissioned using reasonably available technology.
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Details of each of these evaluations along with their results will be
provided in the different chapters of major design reports (e.g., advanced
conceptual design report and licensing application design report). In
addition, topical reports will be generated on some of the more important
aspects (e.g., seismicity-tectonics and the associated design, flood control
measures, foundation and structural design of waste handling buildings, and
waste handling operations).

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

In this document, the use of reasonably available technology is
reflected clearly in the performance goals described in the issue resolution
strategy for this issue and is discussed in Section 6.4. Section 6.2
contains the current design and is the basis for statements made concerning
technical feasibility.

Chapters 3, 4, and 5 of the SCP-CDR describe the current design, and
Chapter 8 briefly discusses the use of reasonably available technology for
the surface facilities.

Parameters

The determination that reasonably available technology is being used in
the surface facilities relies heavily upon information produced by other
information needs, including the following:

1. Reference designs for repository surface facilities.
2. Reference designs for waste containers.
3. Waste quantities and characteristics.
4. Repository operations plan.

In addition, a number of site parameters have been identified for input
to the assessment of reasonably available technology. These parameters
should be interpreted generally as being needed in the immediate vicinity of
the surface facilities; they include the following:

1. Topographic characteristics of the surface facilities site.

2. Local meteorological conditions at the site.

3. Characteristics of the surface water systems at the site.

4. Flood recurrence intervals and levels at the site.

5. Location and characteristics of near-surface structural features of
the site.

6. Location of adequate water supplies at the site.

7. Rates and magnitudes of igneous activity at the surface
facilities.
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8. Fault movements and tectonic activity at the surface facilities.

9. Ground motion at the surface facilities from man-made or natural
seismic events.

10. Soil and bedrock properties at the surface facilities, static and
dynamic moduli, bearing capacity, shear modulus and damping versus
strain and depth from surface, shear wave velocity profile or a
function of depth from surface, depth and extent of alluvium,
settlement, etc.

11. Attenuation of ground motion with depth at the site.

Logic

The design of the surface facilities depends on site parameters. In
particular, foundation design, flood protection system design, and evalua-
tions of seismic effects on surface facilities require data. The data re-
quirements for the design and supporting analyses are defined in Information
Needs 4.4.5, and 4.4.7; data required for technical feasibility evaluations
are generally limited to a need to confirm that the site data is not sub-
stantially outside the range currently being used for design. The logic used
to identify the data needed is to determine the potential impact of being
outside the current design basis values. This logic is displayed in the
following:

1. If the underlying soil or rock conditions do not provide adequate
strength to support the facility buildings or if they are suscep-
tible to large settlements not acceptable for the repository build-
ings or operations, then construction or operation procedures may be
more complicated than the currently accepted state-of-the-art
techniques. Therefore, data are needed to confirm current design
basis data that indicate that construction will be within state-of-
the-art techniques.

2. Profiles of shear wave velocity, shear modulus, damping, and the
extent of alluvium affect the soil-structure interaction on the
loads on the structures due to earthquake loads. If these param-
eters are determined to be substantially beyond those used in the
design, then modification of the existing analysis and design

- methodology may be required to produce designs that are capable of
development with reasonably available technology.

3. Data on ground motion at the site from man-made or natural seismic
events, significant surface fault rupture due to fault activities at
the site, and effects of significant igneous activity at the site
are needed to determine if current design basis expectations are
acceptable.

4. Local meteorological conditions, topography and surface conditions,
flood recurrence intervals and levels at the site, and character-
istics of the upland drainage areas impact the flooding potential
and may influence location of the surface facilities and the under-
ground accesses. Technical data are needed to determine if the
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planned flood protection systems are feasible at the identified
locations for the surface facilities.

Other items important in determining if reasonably available technology is
being used will be described in the repository design plan. Only the site-
related items have been described here.

The criteria identified in the introduction to this information need
will be applied at each phase in the design to assess if reasonably available
technology is being used. These evaluations will be documented in the major
design reports (advanced conceptual design, licensing application design, and
final procurement and construction design) and, where needed, in supporting
topical reports.

Technical procedures to be used for characterizing the listed parameters
should be consistent in level of Quality Assurance control with similar NRC
Regulatory Guides and American Society for Testing and Materials Standards.
Quality assurance requirements to be used will be consistent with the DOE
Quality Assurance Program, as described in Section 8.6.

8.3.2.5.9 Information Need 4.4.9: Identification of technologies for
underground facility construction, operation, closure, and
decommissioning

The use of available, proven technology in the underground facilities of
the repository will provide assurance that the repository can be successfully
constructed, operated, closed, and decommissioned.

The determination that reasonably available technology is being used
will be based on the following criteria for the underground facility:

1. The proposed construction techniques have been successfully used in
other applications under similar construction conditions or for
which the results of any requisite development, demonstration, or
confirmatory testing efforts before application will be available
within the required time.

2. The techniques proposed for the construction of shafts, ramps, and
underground openings have been successfully used-in similar geologic
and hydrologic conditions or for which the results of any requisite
development, demonstration, or confirmatory testing efforts before
application will be available within the required time.

3. The operations necessary to emplace, retrieve, and transport the
waste have been based on operations that have been successfully
demonstrated in other facilities or for which the results of any
requisite development, demonstration, or confirmatory testing
efforts before application will be available within the required
time.
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4. The items necessary for construction and waste handling that require
development have been demonstrated before license application to
ensure their successful performance in the repository.

The products of this information need, in aggregate, will constitute the
assessment that determines that all aspects of the underground facility can
be constructed, operated, closed, and decommissioned using reasonably avail-
able technology. This assessment will be included in a summary chapter of
the documents that define the reference preclosure repository designs.

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

Chapter 6 of this document describes the current repository design in
Section 6.2 and summarizes the status of this issue in Section 6.4.10.
Chapter 2 contains the data base of geoengineering data used to support that
design.

Chapters 3 through 5 of the SCP-CDR (SNL, 1987) describe the current
repository design, while Chapter 8 sumarizes the status of work toward this
issue.

Parameters

The determination that reasonably available technology is being used
relies heavily upon information developed in other information needs under
this issue, including the following:

1. Repository operations plan.

2. Lists of equipment used in repository and anticipated equipment
performance.

3. Design analyses.

The parameters needed for each of the applicable system elements for
subsystem evaluations are listed as follows:

System Element 1.1.2, Subsurface

1. Host rock upper and lower contacts.
2. Location and properties of geologic structures.
3. Surface topography.
4. Site hydrology.

a. Perched water.
b. Flow-through structures.

5. Subsurface seismic characteristics.

a. Peak acceleration.
b. Peak particle velocity.
c. Frequency spectrum.
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System Element 1.2.1.1, Access construction (shafts and ramps)

1. Design analysis results on shaft and ramp stability (Information
Need 4.4.7).

2. Rock characteristics (same as in Information Need 4.4.7).

3. Construction, demonstration, and monitoring results from exploratory
shaft.

System Element 1.2.1.2, Drift Construction

1. Design analysis results on drift stability (Information Need 4.4.7).

2. Rock characteristics (same as in Information Need 4.4.7).

3. Construction, demonstration, monitoring results, and maintenance
requirements from exploratory shaft facilities (ESF) including
construction through structural features and lithophysae.

System Element 1.2.1.3, Borehole construction

1. Rock characteristics.

2. Consideration of results from any Development Prototype Boring
Machine (DPBM) testing activities in G-Tunnel and ESF.

a. Fracture characteristics of host rock.

b. Abrasiveness of host rock.

c. Rock-cutting characteristics, including dependence on in situ
stresses.

d. Existence of free water in the rock mass.

System Element 1.2.2.4, Emplacement

Equipment designs and demonstrations (see Information Need 4.4.6)

System Element 1.2.1.5, Water removal

Confirmation of design assumptions on limited available water quantities

System Element 1.2.2.5, Retrieval

See Issue 2.4 (waste retrievability, Section 8.3.5.2)

Logic

The parameters identified as required to evaluate the level of tech-
nology necessary for design, construct, and operate the repository will be
used to develop the repository design and the design supporting analysis.
These designs and associated analyses will be compiled in the milestone
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reports identified for this information need. The results of the design and
analysis process will be judged according to the criteria specified to con-
clude that existing technology is sufficient.

The logic used to identify the site parameters needed for reasonably
available technology assessments is to identify the relevant system elements,
evaluate the operations within each identified element, and determine the
site data needed to support the design (and demonstration) of the system
element. Those underground system elements identified in the issue resolu-
tion strategy for this issue that must be evaluated to determine if advanced,
untried technology is required to construct, operate, close, and decommission
the underground portion of the repository are as follows:

System
element Name

1.1.2 Subsurface
1.2.1.1 Access construction
1.2.1.2 Drift construction
1.2.1.3 Borehole construction
1.2.1.4 Rock handling
1.2.1.5 Water removal
1.2.1.6 Mining ventilation
1.2.2.4 Emplacement
1.2.2.5 Retrieval
1.2.2.7 Waste ventilation
1.2.4.1 Underground closure

For each of the identified system elements, the explanation is provided
below regarding the parameters needed to determine if reasonably available
technology is being used. For numerous system elements, the same data are
needed to establish technical feasibility as for design or analyses; hence,
references to other information need discussions are common.

System Element 1.1.2, Subsurface

The ability of the subsurface to meet repository requirements without
the need to use advanced, untried construction methods or operational pro-
cedures will depend on evaluations based on the following information:

1. Vertical location of the upper and lower contacts of the chosen
repository formation at selected points within the potential
repository area. This information will determine if the thickness
of the acceptable host rock is adequate to support repository
construction.

2. Location and geoengineering properties of geologic structures. The
location of geologic structures will be used in the design of the
subsurface facility; primarily, the information will be used to
locate various parts of the underground facility and to determine
the possible need for supplemental ground support.
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3. Surface topography. The surface topography should be mapped to pro-
vide contours for the entire site area. This information will be
used to establish overburden thicknesses.

4. Site hydrology. The existence of any overlying perched water
reservoirs and aquifers must be determined. The existence of any
underlying aquifers must be determined. These potential water
sources must be evaluated in regard to their potential flow and
hydraulic head potentials at the repository horizon. Flow through
fractures or major geologic structures should be identified and
quantified where possible.

5. Subsurface seismic characteristics. Values of the peak seismic
accelerations, the peak particle velocity, and the frequency
spectrum will be needed.

System Element 1.2.1.1, Access construction (shafts and ramps)

Note that the shafts and ramps, which provide the access to the under-
ground, do not include any lateral development from the point of intersection
with the repository horizon.

The conclusion that the shafts and ramps can be constructed using con-
ventional techniques will be based on the design analysis and previous con-
struction experience. If the analysis shows that the stresses are within the
load carrying capabilities of the rock and that the selected support system
and that other rock properties, such as fracture characteristics, are also
amenable to conventional support systems, then it can be concluded that the
construction can be done using existing technology.

The design process and analysis methods for the shafts and ramps are
identified in Information Need 4.4.7. This information need also identifies
the rock properties of the rock that are needed to perform the analysis.

System Element 1.2.1.2, Drift construction

The emplacement drifts are the elements of the repository where waste is
emplaced. Access drifts are provided to connect the main haulageways with
the emplacement drifts. A consequence of the waste emplacement in the drifts
is an increase in the temperature of the rock. The maintenance of openings
in a geologic media subjected to heating is uncommon; consequently, addi-
tional analysis beyond that required for the accesses (shafts and ramps) will
be required to ensure that the openings can be maintained without the need
for new, untried, or highly costly support systems. If the analyses show
that the stresses induced by both excavation and waste-induced heating are
within the load carrying capabilities of the rock and the selected support
system and that other rock properties, such as fracture characteristics, are
also amenable to support systems, then it can be concluded that the con-
struction can be done using existing technology.

The analysis methods that are used to analyze the drifts for both the
construction (preheated phase) and the operational phase where temperatures
are increased are presented in Information Need 4.4.7. This information need
also identifies the parameters needet to use these analysis methods.

8.3.2.5-86



YMP/CM-0011, Rev. 1 YMP/CM-0011, Rev. 1

The long-term stability of the drifts will be enhanced by a maintenance
program that will ensure usability of the drifts to the extent required for
inspection, maintenance, and retrieval. New or excessively costly ground
support systems might be required if usability over the operational period is
without the provision of a maintenance program. With a maintenance program
the design of the long-term support systems is not expected to require new
technology. In addition, construction demonstrations, monitoring results,
and maintenance observations planned in the exploratory shaft facility will
provide confirmation (or lack of) that the planned construction techniques
can be used, even though structural features and in areas of relatively high
lithophysae content.

System Element 1.2.1.3, Borehole construction

The borehole is defined here to include the actual hole bored into the
host rock and the liner system that is installed into the bored hole to
assist retrieval. The ability to construct the waste disposal boreholes and
to design and install the borehole liner using reasonably available technol-
ogy will depend on the same parameters identified for the development proto-
type boring machine demonstration testing discussed in Information
Need 4.4.6.

System Element 1.2.1.4, Rock handling

Mining demonstrations conducted in the G-Tunnel complex at the Nevada
Test Site indicate that rock fragmentation size produced by blasting is
compatible with all commonly used rock handling systems. Based on these
results, there is no need for additional site parameters or for advanced
technology to design the repository rock handling system.

System Element 1.2.1.5, Water removal

The unlikely existence of large quantities of water in the mining
horizon or in the strata penetrated by the accessways nevertheless could
result in the need for high capacity water removal systems. Currently avail-
able information does not indicate the potential for water inflow sufficient
to cause the need for advanced or unproven technology; thus, no specific
parameter needs are identified except to indicate that confirmation is needed
for design assumptions made regarding limited quantities of available water.

System Element 1.2.1.6, Mining ventilation

To determine if the ventilation of the mine (underground facility) will
require systems that are beyond currently available technology, it will be
necessary to analyze the ventilation based on the requirements for air quan-
tity, quality, and cooling capacity. This determination will identify any
area that might require ventilation flow quantities that necessitate exces-
sive drift or shaft sizes, areas where the cooling requirement cannot be met
with currently available hardware, and areas where condensate formation could
occur and might hamper operations or present potential for spread of contami-
nation. The analytical methods for the ventilation system and the parameters
needed to apply these methods are identified in Information Need 4.4.7.
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System Element 1.2.2.4, Emplacement

The capacity to emplace the waste into the disposal envelope using cur-
rently available technology depends on (1) the development and demonstration
of the required equipment (Information Need 4.4.6), (2) the characteristics
of the waste package (Information Need 4.4.2), and (3) the shielding char-
acteristics of the host rock. of these three items, only the shielding char-
acteristics of the host rock require the acquisition of site data, and the
data needed has been identified in Issue 2.7 (Section 8.3.2.3).

System Element 1.2.2.5, Retrieval

The ability to retrieve the emplaced waste using equipment and pro-
cedures that are within the capabilities of current, reasonably available
technology will be evaluated in Issue 2.4. (Section 8.3.5.2); hence, no data
needs are related to retrievability.

System Element 1.2.2.7, Waste handling ventilation

The design and operation of the system required to provide ventilation
to the underground areas where waste is handled is the same as that described
under System Element 1.2.1.6, mining ventilation. The parameters required
are the same as for System Element 1.2.1.6. Temperature increases in the
rock are not considered during the emplacement activities but are of concern
during waste retrieval and decommissioning.

System Element 1.2.4.1, Underground closure

The operations required to close the underground portion of the reposi-
tory are primarily based on current techniques and equipment. The potential
exception is backfilling. If backfilling is done during decommissioning, the
following are of concern:

1. The required installed density for the backfill. If the densities
are beyond the capabilities of existing equipment, a development
program may be required. The need for high densities is not
presently anticipated.

2. The amount of dust generated during backfilling and the water
control requirements during backfilling. There is a potential for
the generation of large quantities of dust during a backfilling
operation. Coordination of dust suppression techniques with water
control requirements will be required.

Other items important to determining if reasonably available technology
is being used will be described in the repository design plan. Only the site
related items have been described here.

The criteria identified in the introduction to this information need
will be applied at each phase in the design to assess if reasonably available
technology is being used. These evaluations will be documented in the major
design reports (advanced conceptual design, licensing application design, and
final procurement and construction design) and, where needed, in supporting
topical reports.
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8.3.2.5.10 Information Need 4.4.10: Determination that the seals for
shafts, drifts, and boreholes can be placed with reasonably
available technology

This information need will determine if reasonably available technology
is available for emplacing shaft, drift, and borehole seals. To determine if
reasonably available technology is beingused, repository and seal designs
must be available along with the operations plan, the design criteria, and
selected placement methods.

The product of this information need will be evaluations that determine
if reasonably available technology is being used to emplace seals. Summaries
of each evaluation will be provided in major design reports (e.g., advanced
conceptual design, license application design, final procurement and con-
struction design). In addition, topical reports may be generated on some of
the more critical components.

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The technology used to emplace seals depends, to a large degree, on the
design of the repository and the desired performance of seals. The design of
the repository and current sealing concepts are presented in Section 6.2 of
this document. The status of technology evaluations for seals is included in
Section 6.4.

In the SCP conceptual design report (SCP-CDR) (SNL, 1987), the seal
design concepts are given in Sections 5.2 and 5.3, and the repository design
is described in Chapter 4.

Parameters

The parameters or information needed to determine if reasonably avail-
able technology can be used for emplacing seals are as follows:

1. Reference preclosure repository designs (Information Need 4.4.5).
2. Reference seal designs (Information Need 1.12.4, Section 8.3.3.2.4).
3. Placement methods (Information Need 1.12.3, Section 8.3.3.2.3).
4. Plans for repository operations (Information Need 4.4.3).
5. Repository design requirements (Information Need 4.4.4).
6. Equipment development and demonstration (Information Need 4.4.6).

Logic

Use of proven technology to emplace sealing components is an integral
part of the strategy that has been adopted in the Yucca Mountain Project seal
program. This strategy will provide greater assurance that the seals can be
emplaced to specified design requirements. Further, the use of proven tech-
nology will lead to limited demonstration requirements, thereby limiting
potential schedule constraints in being able to license the repository. Site
parameters important to the sealing program are defined in Information Need
1.12.2, (seal materials, Section 8.3.3.2.2), and Information Need 1.12.3,
(placement methods, Section 8.3.3.2.3) and are therefore not repeated here.
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Determination that sealing components can be placed with proven tech-
nology will be made using the performance goals, design requirements, seal
designs, equipment requirements, and the list of planned operations. If the
design requirements cannot be readily met using available materials or
emplacement technology, then multiple options to achieving performance goals
will be investigated through the design process. For example, redundant seal
designs, through multiple materials or over-designs, is one way that perform-
ance goals can be achieved. The materials testing portion of the Yucca
Mountain Project seal program- is currently investigating granular as well as
the cementatious-based materials to give a greater flexibility in sealing the
repository. If it is determined during design that-other categories of seal
materials are more effective in achieving sealing goals, these categories
will be evaluated. Emplacement feasibility will be one major consideration
in selecting the appropriate materials and designs.

At each phase in the design, the seal designs will be evaluated to
assess if reasonably available technology is being used (planned) for seal
emplacement. The evaluations will be documented in the major design reports
(advanced conceptual design, license application design, and final procure-
ment and construction design) and, where needed, in supporting topical
reports.

8.3.2.5-90



YMP/CM-0011, Rev. 1 YMP/CM-0011, Rev. 1

8.3.3 SEAL PROGRAM

This section describes the activities required to develop designs and
demonstrate performance of seals to be placed in shafts, ramps, drifts, and
boreholes. Section 8.3.3.1 provides an overview of the Yucca Mountain
Project (formerly the Nevada Nuclear Waste Storage Investigations (NNWSI)
Project) seal program and describes the.technical approach of the development
program. It is important for the reader to understand the planning basis for
the seal program. Various aspects of the seal program are discussed in
different places in this document (i.e., site hydrology in Chapter 3, seal
concepts in Section 6.2, and seal analyses in Section 6.4). The following
topics are discussed in more detail in the sections noted:

1. Seal environment--the anticipated environment used to ascertain the
need for and performance of sealing components (Section 8.3.3.1.1).

2. Seal components testing--the laboratory and field testing currently
planned in support of the seal program (Section 8.3.3.1.2).

3. Seal design--current designs and design concepts for seals (Section
8.3.3.1.3).

4. Seal modeling--modeling and code development for designing and
assessing performance of seals (Section 8.3.3.1.4).

Section 8.3.3.2 (Issue 1.12, seal characteristics) describes the future work
planned in support of the sealing program with emphasis upon those activities
that use data from site characterization. The discussion includes a
preliminary performance allocation for the sealing system as evidenced by the
performance measures and goals established for the system and its components.
In addition, the site characterization data (parameters) needed in support of
the seal program are identified. The discussions of future activities are
organized on the basis of four information needs that must be satisfied to
resolve the seal characteristics issue.

While the specific wording of Issue 1.12 appears to address only shaft
and borehole seals, a broader interpretation is adopted in Section 8.3.3.2.
To provide a complete and unified discussion of the sealing system for the
proposed Yucca Mountain mined geologic disposal system (MGDS), Issue 1.12
addresses all sealing components within the underground facility in addition
to the seals for shafts, ramps, and boreholes.
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8.3.3.1 Overview of the seal program

The primary objective of the Yucca Mountain Project (formerly the Nevada
Nuclear Waste Storage Investigations (NNWSI) Project) repository sealing
program is to develop sealing designs that will act to ensure that water will
not compromise the containment and isolation of radionuclides from the
accessible environment.

Because of the timing of the activities, the seal program is somewhat
different from other design-related activities. The repository surface
facilities, the accesses, and portions of the underground facility will be
constructed shortly after construction is authorized; the remainder of the
underground facilities will be constructed and waste packages emplaced during
repository operations. The seals, on the other hand, will not generally be
installed until the repository is deconmmissioned. If conditions anticipated
as a result of exploratory drilling are confirmed during excavation of the
exploratory ramp and shaft, it will be unnecessary to install either per-
manent or temporary shaft or ramp seal components at the time of access
construction. Additional conditions such as sheet flooding will be further
analyzed during the design to confirm that operational seals are not
required. If a shaft is contructed, the shaft liner can be removed to
emplace seal components later. Several different liner removal techniques
are discussed in Fernandez et al. (1988). Because the liner does not provide
structural support for the formation, removal of the liner is not expected to
cause significant additional stress redistribution or to significantly modify
the permeability.

The sequencing of testing in support of the seal program also depends
upon the planned timing for the installation of the seals. As noted in
Figure 8.3.3.1-1, there is substantial time for testing of seal components
after the initiation of repository construction. The timing is consistent
with the NRC requirements (10 CFR Part 60, Subpart F) for the performance
confirmation program, which note

1. It is anticipated that testing will be conducted During early or
developmental stages of construction..." (10 CFR 60.142(a)).

2. 'Test sections shall be established to test the effectiveness of
borehole and shaft seals before full-scale operation proceeds to
seal boreholes and shafts' (10 CFR 60.142(d)).

Both of these statements indicate that the sealing testing will continue
after the license application, however, enough testing will be performed
during site characterization to support the postclosure performance of
sealing components.

The seal designs included in the license application design (LAD) may
not be the designs used for actual construction of the seals since several
(possibly as many as 50) years will pass before the seals are installed.
During these years, many of the assumptions made in the development of the
seal designs will be evaluated as data from access and underground facility
construction becomes available. Similarly, data obtained from potential
testing of seal components during repository operations will be available as
a basis for design modifications. It is reasonable to expect that additional
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knowledge will be incorporated into the final design of the seals. The role
of the LAD for seal components is, therefore, to serve as the basis for
analyses that will be included with the license application to establish the
following:

1. The technology for constructing seals is reasonably available.

2. There is reasonable assurance that the seals have been designed so
that, following permanent closure, they do not become pathways that
compromise the geologic repository's ability to meet the postclosure
performance objectives.

However, during the pre-license application period, several laboratory
or bench-scale tests may be performed to increase the confidence that per-
formance goals can be met. These pre-license application tests could include
the following:

1. Laboratory or bench-scale testing to determine the rate of movement
of fines into fractures as a function of flow volume.

2. Laboratory testing to determine index properties for the emplacement
of grout and earthen or cementitious materials.

If the results of the laboratory test program indicate a potentially
significant effect, then it may be necessary to perform a siltation-filtra-
tion test at the repository horizon with the addition of fines. The field
test in which floor infiltration rates are made and compared with predicted
flow rates through the use of fundamental constitutive relationships and
modeling will serve to confirm the current understanding of infiltration
rates at the repository horizon. If the results of laboratory testing
indicate the need for removal of fines from the floor, then the effect of
this treatment may also need to be investigated in the field test.

The post-license application tests may include small-scale in situ
testing to examine specific design issues that evolve from the advanced
conceptual design trade-off studies. The development for the need for
specific sealing-related tests will continue during the advanced conceptual
and license application design periods. During these periods, trade-off
studies will be performed to give direction to the sealing design efforts
and, subsequently, to the tests necessary to confirm performance or assump-
tions used in the design process. The entire seal design process, which
culminates in the final procurement and construction design for the seals,
will include the results of performance confirmation testing of seal
components. This will include modification : sealing methods and concepts
that might be necessary if the currently proposed sealing methods prove to be
inadequate during performance confirmation testing. The discussions of the
seal program in this document are structured around the efforts leading up to
and required for the construction authorization application. The seal
program includes the following activ:ies:

1. Defining the sealing concepts.

2. Establishing performance goais and design requirements.
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3. Developing the conceptual designs for sealing components.

4. Developing the license application design.

5. Establishing the properties of the sealing materials planned for
use.

6. Evaluating the performance of sealing components at each stage in
the design process.

8.3.3.1.1 Seal environment

The site hydrology is the dominant aspect of the environment for the
seals. The current understanding of the site hydrology is described in
Chapter 3. The partially saturated nature of the Topopah Spring Member in
which the repository would be located, the anticipated relatively low water
flux through the unit, and the potential for flow through discrete fractures
or faults are important hydrologic aspects that require further evaluation.
Other aspects of the seal environment that require consideration are related
to surface rainfall and the potential for flooding, the stress and temper-
ature fields to which the seals would be exposed, the bulk chemistry of the
formation and the chemistry of the ground water, the potential for
seismically induced forces or motion, and (principally for the borehole
seals) the flow-related characteristics of the regions in the saturated zone
below the repository.

Specific site information needed for the design and evaluation of the
seals is identified in Section 8.3.3.2.1. Information such as the saturated
hydraulic conductivity, gradational analyses, compressibility of ramp or
shaft fill, borehole construction, and geologic logs associated with specific
boreholes, will support the design process in the selection of the
appropriate methods to emplace sealing components. Site information needed
to validate analytical methods may include hydrologic characterization of the
Topopah Spring Member (TSw2). Specific properties required are unsaturated
matrix properties and the drainage capacity of the TSw2 unit. Prevalence of
water-producing zones, if any, and the hydrologic nature of the Ghost Dance
fault, the area underlying Drill Hole Wash, and the rock matrix will all be
important site information needed to select the most appropriate sealing
designs. The description of data needed in support of establishing or con-
firming the seal environment is based in part on the analysis work completed
to date and the seal design concepts being used; these analyses and designs
are summarized in Sections 6.4.3.2 and 6.2.8, respectively.

8.3.3.1.2 Seal components

In the Yucca Mountain mined geologic disposal system MGDS), discussed
in Section 8.2, the seals are identified as parts of two subsystems:
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System Element Description

2.2.3 Shaft and borehole seals subsystem

2.2.2.3 Repository seals and backfill subsystem
(part of the repository engineered
barriers)

A sealing component is a specific engineered structure that is part of one of
these two system elements. The components (or sealing system elements)
discussed below are based mostly on the work of Fernandez and Freshley
(1984), which specifically addressed a repository located in the unsaturated
portion of Yucca Mountain; the concepts of Fernandez and Freshley were
modified during the development of the Site Characterization Plan-Conceptual
Design Report (SCP-CDR) (SNL, 1987).

For a shaft, the components of the seals being considered are surface
cover, shaft collar cores, anchor-to-bedrock plug and seal, settlement plugs,
shaft fill, and the repository station seal (refer to Section 6.2.8 for
further discussion of the components). For the Yucca Mountain site, ramps
are planned (in addition to shafts) as a means of repository access. The
seal components for the ramps are similar to those for the shafts. For the
current concepts, the principal component of the seals for the bo-reholes is
the seal in the portion of the borehole that penetrates the tuffaceous beds
of Calico Hills; the remainder of the borehole may be filled with a granular
material or a cementitious material as needed to control possible water
inflow from the surface or gaseous movement of radionuclides from the
repository. Decisions on which boreholes may need to be sealed will be made
for each specific borehole with adequate consideration given to the effects
of water and gas flow, including potential thermal effects resulting from the
repository. Further discussion of the logic regarding which boreholes may
need to be sealed (including location, depth, and distance from the site
boundary) is provided in Fernandez et al. (1987) and in Section 8.3.3.2.

For the repository seals, the principal concern is related to options
for sealing a discrete fault or fracture zone that may contain water.
Options under consideration are discussed in Section 6.2.8.6 for a wide range
of inflow. The determination of whether or not such inflow is credible at
the Yucca Mountain site is one of the reasons for tests to be conducted in
the exploratory shaft facility relative to structural features (Ghost Dance
fault, Drill Hole Wash). Potential components for these options include
excavation of a channel in a drift floor to constrain flow; small dams placed
in drifts to impede lateral flow of-water; and emplacement of physical
barriers of bentonite, clay, or cementitious materials on each side of the
flow to divert the flow downward and away from the waste packages.

The long-term compatibility of sealing components with their environment
must be considered to ensure that long-term performance of the sealing
components is acceptable. The testing program to provide data for assessing
this compatibility is described in Section 8.3.3.2.2. These tests are
intended to quantify the initial and (where possible) the altered physical,
hydrologic, mechanical, and thermal properties of the seal materials.
Additionally, the chemical stability of the materials and their reactivity
with the surrounding formation are being assessed for various components.
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Currently in the Yucca Mountain Project sealing program, a broad range
of sealing options and associated design requirements are proposed to provide
assurance that performance goals can be met even if unanticipated conditions
are encountered. Considering these sealing options and the associated design
requirements, several material categories were recommended for future study.
These categories are as follows:

1. Concrete.
2. Grout.
3. Crushed tuff.
4. Crushed tuff and clay.
5. Crushed tuff with fines removed.

The specific requirements or conditions considered in selecting these
categories included hydraulic conductivity, strength or density, emplacement
consideration, the potential adverse influences of seals on ground-water
chemistry, and emplacement conditions. The current material preference in
the Yucca Mountain Project sealing program is to use earthen materials,
specifically crushed tuff, for as many applications as possible to minimize
(1) potential degradation f physical properties and (2) potentially adverse
effects on ground-water chemistry in the repository environment. In some
locations cementitious materials may be more appropriate.

In 1987, the Stripa Task Force on Sealing Materials and Techniques
conducted an overview and issued a state-of-the-art report on acceptability
of different seal materials. The task force, composed of technical experts
from the USA, Sweden, Canada, Switzerland, United Kingdom, Finland, and
Japan, considered the following properties of prospective seal materials:

1. Permeability.

2. Thermal stability.

3. Emplaceability and resistance to fracturing.

4. Toxicity.

5. Avoidance of materials that might impair overall system performance,
e.g., organic sealants.

6. Longevity.

After screening a multitude of material types, the task force concluded that
cementitious materials and clay materials had a high probability of creating
acceptable seals in virtually all repository environments (Coons et al.,
1987). The bases for this conclusion include the low intrinsic perme-
abilities that can be achieved by clays and concretes, their thermal stabil-
ity, their ease of emplacement, and their potential to perform satisfactorily
overtime. These properties are discussed briefly in the following para-
graphs.
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Earthen materials (clays and crushed rock) can achieve hydraulic con-
ductivities of less than 10-10 cm/s depending on the content of clays. For
example, a value of 10-10 cm/s can be obtained from a mixture of crushed tuff
with 30 percent Na-bentonite (Fernandez et al., 1987).

The range of typical concrete hydraulic conductivities is 10-8 to
10-6 cm/s while values of 10-10 cm/s have been achievable (Mather, 1967).
Values obtained by the Yucca Mountain sealing program for two grouts and one
concrete ranged from 1.6 x 10-10 to 9.5 x 10-10 cm/s (Fernandez et al.,
1987).

Low hydraulic conductivities have also been achieved by other programs
for clay mixtures (Wheelright et al., 1981; Westik et al., 1983; Dixon and
Gray, 1985) and cementitious mixtures (Gray, 1986; Hooton, 1986).

Clays and portland cements have the ability to generate low permeability
at the seal-rock interface and to heal or resist fracturing. In clay
materials these properties are produced by the swelling of Na-montmorillonite
(a mineral in bentonite) that occurs due to the uptake of water (Pusch,
1986). In portland cement these properties are generated by chemical
reactions across the interface combined with high strength (Roy et al.,
1982), or by a very low ratio of water to cement (Onofrei et al., 1988).

Both clays and portland cements possess comparatively high thermal
stability. Both materials are apparently stable at temperatures below 1000C
and may perform acceptably to temperatures as high as 2500C (Koster van
Groos, 1981).

Clay and cement are highly deformable materials upon initial placement
and may be emplaced to conform to the contours of any constraining volume.
Thus, either material can be used to fabricate an effective hydraulic barrier
in boreholes, tunnels, ramps, and shafts (Gulick, 1978; Pusch et al., 1985;
Ballivy, 1986; McCombie and Knecht, 1986; Pusch, 1986).

Clays are natural materials, such as crushed tuff, and reflect the
stable products of chemical action on igneous and metamorphic rocks. Their
tability in nature implies long-lived performance. Moreover, the alteration
of Na-montmorillonite to other clays (e.g., illite), which could lead to de-
creased performance-, is kinetically hindered to time periods in excess of
hundreds of thousands of years if temperatures do not exceed 1000C (Eberl and
Hower, 1976; Meyer and Howard, 1983). Some ancient portland cements have
retained much of their structural integrity in both submerged and air-exposed
environments for periods in the range of hundreds of years to a thousand
years (Roy and Langton, 1982). These factors combined with the low solubili-
ty of the materials and the potential to increase life by compositional
adjustments (Grutzeck et al., 1980) leads to the inference of long-term sta-
bility.
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8.3.3.1.3 Seal designs

The current designs for the seals are described in Section 6.2.8. More
detail is provided in the SCP-CDR (SNL, 1987) and in the sealing concepts
report (Fernandez and Freshley, 184) published earlier. The technical basis
for an initial set of design requirements and performance goals for the
sealing components have been published (-Fernandez et al., 1987). This
technical basis consists of numerous evaluations of hydrologic conditions
that exist at the site and that might exist in the future.

The advanced conceptual design and the license application design will
be the next two phases in the design of seals. Trade-off studies will be
performed to aid in the selection of appropriate configurations for seal
components, selection of placement methods, and selection of the materials to
be used. These trade-off studies will also allow refinement and reevaluation
of the design requirements and performance goals. Several different types of
design analyses have been identified in Section 8.3.3.2.4.2. These include
analyses to evaluate the potential for drainage through drift floors, shafts,
and ramps.

Additional evaluations to estimate the quantities of water that might
enter shafts, ramps, and repository drifts from discrete faults and episodic
flooding events are planned. The potential for flow through backfilled
drifts will also be evaluated. These types of analyses will allow more
definition of strategies for sealing discrete water-producing zones (if any
are found), for dissipating water that might enter from extreme events, and
for selecting materials to be proposed for use. Nearly all these analyses
require site characteristics; the testing required to verify the conclusions
reached in the preliminary studies will therefore be focused on confirming
the site characteristics that are being (and have been) used as the basis for
the design. As identified in Figure 8.3.3.1-1, the testing program for
verification of the designs can then be developed in detail on the basis of
the additional data collected for the site.

8.3.3.1.4 Seal modeling

Modeling seal performance is an integral part of the design activity for
the seals. As indicated in the preceding section, modeling is used to
establish the need for seals, the performance requirements, and the
anticipated performance of the various components.

The logic for how seal performance is evaluated is given in Sec-
tion 8.3.5.11, and the strategy for resolving the sealing issue is presented
in Section 8.3.3.2. Models are needed for both saturated and partially
saturated flow. Both numerical and analytical models have been used; the
results published to date are described briefly in Section 6.4.3. The types
of numerical and analytical approaches used to date are in Section 6.4.3.1.
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No new fluid-flow codes are expected to be required specifically for use in
the seal program. Rather, codes that are being developed for use in other
hydrologic performance analyses will be used for the seal program. Some
potentially applicable computer codes, their capabilities, material models,
and the status of their documentation are described in Sections 8.3.5.19 and
8.3.5.20.
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8.3.3.2 Issue resolution strategy for Issue 1.12: Have the characteristics
and configurations of the shaft and borehole seals been adequately
established to (a) show compliance with the ostclosure design
criteria of 10 CFR 60.134 and (b) provide information for the
resolution of the performance issues?

This issue is concerned with developing seals needed for shafts, ramps,
exploratory boreholes, and the underground facility. The regulatory basis
for this issue, the strategy for resolving the issue, and the future work
needed in support of developing and evaluating seal designs are described.

While the specific wording of Issue 1.12 appears to address only shaft
and borehole seals, a broader interpretation is adopted in Section 8.3.3.2.
To provide a complete and unified discussion of the sealing system for the
proposed Yucca Mountain mined geologic disposal system (MGDS), Issue 1.12
addresses all sealing components within the underground facility in addition
to the seals for shafts, ramps, and boreholes.

Regulatory basis for the issue

There are several sections in 10 CFR Part 60 that relate to sealing,
specifically 60.134(a) and (b), 60.112, 60.113(a), and 60.142(a), (b), (c),
and (d).

Section 60.134 of 10 CFR Part 60, "Design of seals for shafts and
boreholes," states

(a) General design criterion. Seals for shafts and boreholes
shall be designed so that following permanent closure they do not
become pathways that compromise the geologic repository's ability
to meet the performance objectives for the period following
permanent closure.

(b) Selection of materials and placement methods. Materials and
placement methods for seals shall be selected to reduce, to the
extent practicable: (1) the potential for creating a preferential
pathway for ground water to contact the waste packages; or
(2) radionuclide migration through existing pathways.

These requirements specify the design criteria to be addressed by this
issue. Provision (a) above also specifies the performance objectives in
paragraphs 111-113 of 10 CFR Part 60. 10 CFR 60.111 refers to the perform-
ance of the geologic repository operations area through permanent closure, in
particular, it refers protection against radiation exposures and releases of
radioactive material before permanent closure and the retrievability of the
waste (10 CFR 60.111). The seals systems may play a role in meeting this
performance objective. This role is addressed by the preclosure performance
and design issues, in particular, Issues 2.1, 2.2, 2.3, and 2.7. The reader
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is therefore referred to those sections of the SCP (8.3.5.3, 8.3.5.4, 8.3.5.5
and 8.3.2.3, respectively) for these issues.

Section 60.112 of 10 CFR Part 60 spells out the performance objective
for the overall system performance for the geologic repository after
permanent closure. The section states

The geologic setting shall be selected and the engineered
barrier system and the shafts, boreholes and their seals
shall be designed to assure that releases of radioactive
materials to the accessible environment following permanent
closure conform to such generally applicable environmental
standards for radioactivity as may have been established by
the U.S. Environmental Protection Agency with respect to
both anticipated processes and events and unanticipated
processes and events.

The NRC defines the engineered barrier system as the waste packages and
the underground facility, and the underground facility as the underground
structure, including openings and backfill materials, but excluding shafts,
boreholes, and their seals.

Section 60.113 of 10 CFR Part 60, "Performance of particular barriers
after permanent closure," which specifies the following requirements for the
engineered barrier system:

(a) General provisions. (1) Engineered barrier system. (i)
The engineered barrier system shall be designed so that
assuming anticipated processes and events: (A) Containment of
HLW will be substantially complete during the period when
radiation and thermal conditions in the engineered barrier
system are dominated by fission product decay; and (B) any
release of radionuclides from the engineered barrier system
shall be a gradual process which results in small fractional
releases to the geologic setting over long times . . . (ii)
In satisfying the preceding requirement, the engineered
barrier system shall be designed, assuming anticipated
processes and events, so that: (A) Containment of HLW within
the waste packages will be substantially complete for a
period to be determined by the Commission taking into account
the factors specified in 60.113(b) provided that such period
shall be not less than 300 years nor more than 1,000 years
after permanent closure of the geologic repository; and (B)
The release rate of any radionuclide from the engineered
barrier system following the containment period shall not
exceed one part in 100,000 per year of the inventory of that
radionuclide calculated to be present at 1,000 years
following permanent closure, or such other fraction of the
inventory as may be approved or specified by the Commission;
provided, that this requirement does not apply to any radio-
nuclide which is released at a rate less than 0.1% of the
calculated total release rate limit. The calculated total
release rate limit shall be taken to be one part in 100,000
per year of the inventory of radioactive waste, originally
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emplaced in the underground facility, that remains after
1,000 years of radioactive decay.

Section 60.142 of 10 CFR Part 60 addresses the design testing associated
with confirming performance of backfill and shaft and borehole seals. This
section is as follows.

(a) During the early or developmental stages of construction, a
program for in situ testing of such features as borehole and shaft
seals, backfill, and the thermal interaction effects of the waste
packages, backfill, rock, and groundwater shall be conducted.

(b) The testing shall be initiated as early as is practicable.

(c) A backfill test section shall be constructed to test the
effectiveness of backfill placement and compaction procedures
against design requirements before permanent backfill placement is
begun.

(d) Test sections shall be established to test the effectiveness
of borehole and shaft seals before full-scale operation proceeds to
seal boreholes and shafts.

To provide a complete and unified discussion of the sealing system, this
issue (1.12) addresses seals related to shafts and boreholes as well as all
sealing components within the underground facility and ramps.

Approach to resolving the issue

The approach to be used to resolve Issue 1.12 consists of a methodology
for developing a seal system design that ensures compliance with the
regulatory requirements. The methodology, when fully executed, provides the
needed information at appropriate times to complete the design process for
license application by demonstrating that Issue 1.12 is resolved.

The methodology for the resolution of Issue 1.12 is illustrated in
Figure 8.3.3.2-la and 8.3.3.2-lb and includes the following (steps are
identified and discussed in the following paragraphs):

1. Issue identification (Step A). Includes (a) specifying the
applicable regulatory requirements and (b) developing a system
description.

2. Performance allocation (Steps B to F).

3. Testing.

4. Design and performance analyses.

This process is iterative, that is, as information is obtained, the
design can be refined and the strategy an be suitably modified. Additional
testing can then be conducted until t.e desired degree of confidence is
obtained that the regulatory requirements are met.
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F

Figure .3.3.2-1a. Logic diagram for issue 1.12 (seal characteristics). See Figure 8.3.3.2-lb for legend. Section
8.3.2.1 describes the relationships and interfaces between design and performance isue.
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Figure .3.3.2.1k. Legend for Figure 8.3.3.2-1.
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In applying the iterative methodology illustrated in Figure 8.3.3.2-1 to
obtain a final design, it is important to consider the interface occurring
between Issue 1.11 and Issue 1.12. This interface involves the transfer of
sealing-related requirements, constraints, and information to Issue 1.11. It
is then in Issue 1.11 that the sealing designs are integrated with other
postclosure designs. The integrated reference postclosure design together
with selected site and test data from the reference information base (RIB) is
used to determine if Issue 1.12 is resolved.

The approach to be applied is indicated in Figure 8.3.3.2-la. The
process related to this issue (issue identification in step A and performance
allocation in steps B through F) is briefly summarized in the following
table:

step Sumnary

A Use the regulatory requirements and the existing design,
analyses, and site data, to identify the sealing components
that make up the sealing subsystem.

B Define the functional requirements for the seals (i.e., the
function that each selected sealing component is to perform and
the process that must be considered in assessing its ability to
perform its function).

C Identify the performance measures that can be used to show how
well the sealing components perform their intended function.

D Establish the tentative goals for the performance measures and
the confidences needed in reaching the performance measure
goals.

E Define the parameters, establish tentative parameter goals, and
estimate the level of needed and current confidence in meeting
the parameter goals.

F Identify information needed to resolve this issue. The identi-
fied information will be obtained as part of the activities
that will satisfy various information needs including those
under this issue, as well as under some other issues, particu-
larly Issue 1.11 (Section 8.3.2.2, configuration of underground
facilities--postclosure).

G Develop the design requirements that apply to sealing options
and identify the design constraints that are imposed on
nonsealing system elements from the sealing system.

After these steps are completed, the Project will conduct laboratory and
field investigations to obtain needed information. These investigations will
feed design and performance assessment analyses.
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Understanding each of these steps is essential for understanding how the
information needs, which when satisfied by obtaining the data, will be used
to resolve this issue. A more detailed description of steps A through G
follows. Other descriptions relevant to these steps are described in other
sections of the SCP.

Step A: Identify sealing system components

The tentative sealing component identified in Sections 6.2.7 and 6.2.8
were originally described in Fernandez and Freshley (1984) and consist of
components associated with shafts, ramps, the underground facility, and
boreholes. Figure 8.3.3.2-2 indicates the system elements that make up the
sealing subsystem as discussed here, the potential locations of seals, and
the sealing components being considered for each potential location. These
sealing components are also identified in Table 8.3.3.2-1, together with
their associated functions, processes, material properties, performance
measures, and tentative goals. Sealing-related repository design constraints
and goals are identified in Table 8.3.3.2-2. The site data needed to support
resolution of the sealing issue are identified in Tables 8.3.3.2-3 and
8.3.3.2-4. Details of the entries are described in the discussion of the
steps that follow.

There are three primary sealing components proposed for sealing the
shafts and ramps: the anchor-to-bedrock plug/seal, the general fill, and the
station plug. A fourth sealing component, the Topopah Spring Member,
although a physical feature of the site, is included here because water
drainage through this sealing component at the base of the shafts and ramps
is part of the sealing strategy. Although not specifically indicated on
Figure 8.3.3.2-2, the alternative of providing additional plugs/seals at
various locations within the shaft exists. Similarly, if anomalous
conditions occur (such as localized flow that may be significant for the
underground facility), alternative components specific to the situation will
be considered. In the ramps, numerous dams could be placed along the length
of the ramp to periodically interrupt flow along the floor of the ramp.
Alternatively, a single repository station seal placed at the end of the ramp
could possibly accomplish the same function as these numerous dams and will
-be considered as appropriate.

Several sealing design options are proposed for sealing components
within the underground facility as discussed in Fernandez et al. (1987).
These options include single dams or bulkheads, double bulkheads, backfilled
sumps, backfilled channels,- plugs in horizontal emplacement boreholes, and
drift backfill. An integral part of these sealing components is the drainage
capacity of the Topopah Spring welded unit (TSw2) upgradient from the sealing
component. The identification of these sealing components on Fig-
ure 8.3.3.2-3 does not suggest that all these components will be required in
the underground facility. Rather, they represent options that can be
emplaced in the underground facility to accommodate a broad range of water
inflows, if necessary.

Exploratory boreholes drilled from the surface provide potential
pathways for radionuclide migration from the repository. As a minimum, all
such boreholes will be sealed or plugged according to applicable regulations.
A decision on the degree of sealing required for each borehole will be made.
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2.: GENERAL FILL
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SHAFTS AND RAMPS
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HOLE SEAL
A. UPPER BOREHOLE

SEAL
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5. SINGLE DAM OR BULKHEAD
A. EMPLACEMENT DRIFT
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6. DOUBLE BULKHEAD
A. EMPLACEMENT DRIFTS

(NO SETTLEMENT)
B. EMPLACEMENT DRIFT

(SETTLEMENT)

7. BACKFILLED SUMP

8. BACKFILLED CHANNEL

9. PLUG IN HORIZONTAL
EMPLACEMENT BORE-
HOLE

10. DRIFT BACKFILL
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Flour. 8.3.3.2-2. Sealing subsystem, seal locations, and seal components Identifying numbers of sealing components correspond to those used In Table
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Table 8.3.3.2-1. Sealing components and associated functions, processes, material properties, performance
measures, and goals (page 1 of 4)

Step A Step Step C Step i
Tentat ive

Material Performance design Needed
Sealing coPonent Function Process properties measure goal, confidence

SKAFT AND AMW SALING CPONENTS

(D
.c4

L.

Z'.

1. Anchor-to-
bedrock
plug/seal

2. feneral till

3. Station plugs

4. Onseturated
Sopopt
Spring m 0er
(TSw2) at be
of shatt.

Ieduce mount of
water that could
potentially geach
the waste disposal
room

Deduce the potential
for humn intrusion
into the repository

Reduce the mount of
water that could
potentially reach
the waste disposal
toom

Reduce the air flow
up through shafts

Deduce the potential
tot hm intrusion
into the repository

Reduce the mount of
water that could
potentially reach
the waste disposal
roos

Lncourage drainage
tram boom of tsafts

Water entering
the upper portion
of te shaft or rap

*enatrsbility through
ealing components

Intfiltration of surface
and subsurface waters
ceching the be of
the shafts

Air flow up through the
shaft due to convec-
tive air movmnt

Penetrability through
sealing coponents

Water passage from the
base of shaft to the
waste eplacement
driftt

flow through the bulk
rock, at b of
shaft, both lined nd

slinsid cases

Permeability

To be determined
through design
tradeoft studies

Permeability of
fill

Air permeability
of fill

To be determined
through design
trade-off studies

Permeability

Quantity of
water

Physical presence

Quantity of water

Percentage of gas-
*ous radionuc-
lides pre-
ferentially
exiting shafts

Physical presence

Quantity of water

IA. Limit surface watets High
entetin? shaft to
1,700 a /yr trom 0
to 500 yr and 23,000
*'/yr at the end of
the sealing period

15 Deter human entry Medium

2A. Restrict flow Low

2C. Restrict gaseous Low
releases through
shaft to of
fnvironmental Protec-
tion Agency allowable
release limits to
accessible environment

2C. Deter human entry sdi

3A. Liit surface and sub- Nigh
surface waters
entering the under-
ground facility to
1,000 o' per yr trom
0 to 500 yr and
14,000 m per yr at end
of the sealing period

4A. Ensure uninhibited flow Ni
from the base of
exploratory shaft I
lS-l) and the n
and mteriAl IMMI haft

bulk rock hydraulic Drainage Capacity
conductivity



Table 8.3.3.2-1. Sealing components and associated functions, processes, material properties, performance
measures, and goals (page 2 of 4)

Stop A Step Ste C Step 
Terntat ive

material Performance design Needed
SeaUlig cponent ruction Process properties masure goal* confidence

OINItlAGU FACILITY SEALING CPONENTS

S. Single dam or
bulkbh is

drifts

Single d or
bulkbead is
perJeetor ad
sa drifta

Retain ed drin water
entering placmt
drifts Wbere water
entry OCCa

Metain Sd drain wtor
ettisg no W ae-
meat drift

Lateral igration of
water in drifts

Lateral migration of
Wte: in drift

Icrmaaility

?ermability

Quantity of water SA.

Quantity of weater So.

Retain a portion of the Medlim
ground-water inflow
near ource by pro-
viding adequate tor-
age ol and drainage
capacity and limit flow
through dan to 47 /yr
from 0 to 300 yr and
220 mnfyr to the end
of the sealing period
(500 yr)

Promote drainage through High
drift floor upgredient
trom dam by liting
leakage through the dam
or bulkhead to lOt of the
drainage Capacity of the
drift floor upgradiont
from the dam, i.e., <200
0'/yr

I

6. oablo bulkheedso
is eplacemat
drifts (no
*ettliatj

etAiL and draim vate
entetia eplacmt
drifta here w'ater
entry occurs

Lateral migration of
water L drift

Fezueability Quantity of wter A Retain inflow between two Low
bulkheads by providing
adequate storage volume
and drainage capacity
and limit tlow through
bulkhead to 24 '/yr per
bulkhead from 0 to 300
yr and 110 *'/yr pr
bulkhead at the end of the
Sealing period (S00 yr) 'i

oISERawtow rAcILITY S5 ALING COU'0O ZNT

Douable buikbeadab
in emlacement
drifts
(settiement)

astain and drain water
entering yplacinsat
daifts _re Water
wry ocere

Lateral migretion of
water in drifts

Permeability Quantity of water Go. Retain a portion of the
intlow ear source by
providing adequate cepe-
city and lImit flow
through bulkhead to
24 ml/yr pr bulkhead
from 0 to 300 y and
110 as/yr per bulk-
head at the end of the
eacliag period IS00 rj

LOW

I.

I, ,

Sb1



Table 8.3.3.2-1. Sealing components and associated functions, processes, material properties, performance
measures, and goals (page 3 of 4)

stop a Ste Ste C Step 
Tentative

material Performsanc design Needed
Sealing conponnt function Process properties measure goal- confidence

tWDDZ M MACILITT SEALIN CPOWENtS continued

7. acktilled BVNO

8. Sackfilled chnlb

9. Plug in horizontal
_lceent
boreboles'

Retai a draa water
entering drifts

Divert water way
tram waste place-
mekt areas

£eduoe the ount of
water nteriag hoxi-
sotal eplacmnt
hoolee

Drinage through bulk
rock in floor of
drift

Drainage through channel
fill

Infiltration through
fault ystem

Sulk permeability
of rock at floor
of drift

Permeability of
channel fill

Permeability

Quantity of water

Quantity of water

Quantity of water
(A)

I

7A. Retain ground-water inflow
near source by providing
k5 3

temporary storage
capacity 2100 .

5
/yr

8A Channel ground water away
from waste packages at
rates sufficient to
handle inflow

9A. Limit flow past plug to
12 aI/yr from 0 to
300 yr and 6 ml/yr
to the nd of sealing
period

IOA. GaCkfill to ithin 0.5 a
of toot

108. Dater human entry

LOW

LOW

e. Drift backfill Redce the potential
for subsidence

Reduc the potential
of sens intrusion
into the repository

Failure of rock usae Amount of fill
above dtift

LOW

Penetrability through
sealing coonenta

To be dtermined
through design
tradeoff studies

Physical presence Low

ZOL4DRATORT WIiILL SLING COMPOVEMT

11. tplorstory
borehole el

lIA. Upper borbole
seal

educe the mont of
water that could
potentially reach
the waste disposal
too"

iduse the sir flow
p through borehole

Infiltration of surface
and subsurface waters
reaching the reposi-
tory horizon

Air flow uP through the
boreholos due to con-
vective air N*owant

Permeability of
fill

Air permeability
of fill

Quantity of water llA. Restrict flow

Percentage of gas- 11. Restrict gaseous
eous radionuclides releases through
preferentially shaft to It of tnvi-
exiting boreholor ronmntal Protection

Agency allowable ro-
lease limits to ecc$-
sible enovizomost

1-.4-

Low 
LOW I,

I.

ll

-A
D0



Table 8.3.3.2-1. Sealing components and associated functions, processes, material properties, performance
measures, and goals (page 4 of 4)

SteP A1 stop aStep C Step D
Tentative

attrial tsrfOrmanc. design Needed

Sealisg conent runction Process properties M4ur goal, contidence

CWLOATMT OSHOLC SEALING C0O ENTS continued

11l. Lower borehole seduce tIe potential ?referentiel ground- equivalent hydraulic Percentag of flow lIC. Control the potential LOW
"eal includ- gtr mtor trams- water flow through the conductivity of for vertical flow
ing Calico ported gsdiomclides repository, Calico the borehole through boreholes
millsl) to be prot teetially hills unit nd the system to t or lss of

tranaported troog sturated ton the potential for
horebales vertical flow

through the entire
rock assc

ska ued here a design goal pplies to a specific sealing coponent and a petformance goal. applies to saling subsystm such as the underground facility subsystem.
Tentative performance goals for the sealing subsystems are given in Table 6.3.3.2-5.

bSp$Cific sealing conents will be selected S part of the design proceSS.
eProbably will not be used because it is mOst likely thet no waste would be empglced in boreholes with water inflow.
* orebolc system Includes te berebole oals, the iterface oo, ad the modified pereability o"e surrounding the borehole sealing. oreholes re categorized

tor seling purposes is Table .3.3.2-1a.

co

I

Table 6.3.3.2-la. meploratory borehole categories for seaiingab-

Category A
*ithin

reoscitory Disteece from de of cository
limite 1km 2 km 3 lo * 5 Category 

_ Il-S p-2SaO4 U-25T14 UE-25u16S Us-Z5VT#lt UZ-25TlS USi H-3

6-4 UV-25tlS US T-l UC-25ctl UE-25VT13 USI G-3

UU-25Z0s1 gg-25Sa7 U9-25pt1 USV UZ-1

M 11-4 99-25bil USN C-1

S Mt-2 UZ-25afl USKh N-l

*Cntogory A boreholes rpresent potential pthways to the accessible environment Category a
berebolos arn not believed to be potential pathways to the accessible nvironment but becaus of their
preality to the rpository boundary are currently planned to be sealed.

bShallow boreholes that do not require sealing for repository purposes will be backtilled or sealed as
rsired by other regulations.

*The zone ot influence, and hnce those dditional boles that may need to be sealed, will be further
otlysed based on date gtbherd during ite characterization.

dfbiJ borbolo does sot penetrate the repository borizon.

C,

*I.,

.



Table 8.3.32-2. Gsneril design cOnstraiots passer1
fdcilities (p~sLclosure), for major repository f,

ie I 1, conflgurdt. orn u u rrjr ,unJ
from sealing program (peye I of 21

Step A

Hajor
repository

feature

Step B Step C Step D

Performance
measure

Tentative
design
goal

Needed
confidenceFunction Process

12. Shafts and
ramps

Provide entry into
repository

Water flow in shafts
and ramps

Location of sur-
face entry

Water flow in shafts
and ramps

Number of entry
points into the
repository

Ease of liner
removal

12A. Place portals of
shaft and ramps
outside of flood-
prone areas

128. Restrict the num-
ber of shafts
and ramps

13A. Ensure shaft liner
can be removed,
especially at the
base of the shaft

High

0

I

(I,

High

13. Shafts Provide entry into
repository

Retain capability for
permanent seal
installation

High

Limit potential for
preferential
pathway

Encourage shaft inflow
drainage at base of
shaft

Limit potential for
preferential
pathway

.
rX

Depth of shaft

Water storage capa-
city at base of
shaft

Effective thickness
of the zeolitic
portion of the
Calico Hills unit
between the lowest
portion of the ex-
ploratory shaft
facility ESF) and
the ground-water
table

138. No shafts should
penetrate into
the Calico Hills
unit.

13C. 150 m3 backfilled
assuming porosity
of 0.3)

13D. The thickness
between the bot-
tom of any shaft or
any ESF drifting
and the ground-
water table
should be greater
than the minimun
thickness of the
Calico Hills unit
above the water
table anywhere
within the reposi-
tory boundary

14A. Establish drainage
pattern from
emplacement
drifts to non-
emplacement
drifts

IHigh

High

High

I

14. Underground
drifting

Provide access to
waste disposal
areas

Potential water flow
in underground
facility

Drift grade High

0

IC

J-



Table 8.3.3.2-2. General design cnstraiLS passed t. Issue 1.11, cOntkgurdtiAI Ot udvrgqrOUId
facilities postc.lsure), for major repository features from sealing program page 2 ot 2 (continued}

c

INI

Step A Step B Step C Step D

Major Tentative
repository Performance design Needed
feature Function Process measure goal confidence

14. Underground Water storage capa- 14B. Provide 10,000 m
3

of High
drifting city in low point water storage capa-
continued) of repository bility before any

water enters the
waste emplacement
drifts (assume
drifts are back-
filled with back-
fill having por-
osity of 0.3)

Ease of restoring 14C. Ensure the compacted High
drift floors to tuff on drift floors
enhance drainage in selected areas

can be removed and
the floor recondi-
tioned to enhance
drainage

15 urralerlr.;unld Prevent complication Standoff from eplora- Ease in sealing 15A. Drifting should be High
aciliity of seals instal- tory boreholes exploratory at least 15 m

lation boreholes within from exploratory
the repository boreholes
boundary

16. Shafts and Prevent complication Limit chemical altera- Ease of emplacing 16A. No grouting should High
underground of seal evaluation tion in seal a grout curtain take place at
facility and emplacement environment in selected loca- these locations

tions where seals during the con-
are currently struction period
proposed

Limit blast-induced Ease of restoring 168. Reduce the poten- High
permeability changes the modified per- tial for fractur-

meability zone in ing rock in
selected locations selected seal
where drift seals locations by
are proposed exercising as

much control as
possible and prac-
tical, while exca-
vating the shaft,
ramps or drifts in
these locations

*As used here, a design goal applies to a specific sealing component and a performance goal applies to saing subsystems such
as the shafts and ramps subsystem and the underground facility subsystem. Tentative performance goals for the sealing subsystem
are given in Table 8.3.3.2-5.
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r3ble 8.3.3 2-3. Hydrologic-related site parameters needed to support resolution
1seal characteristics) (page I of 3)

of Issue 112

SCP section Co
providing P.

data r

Related
design
gosl

Pertforman e or
design paraneters modifietsb

Tentative
parameter goal

Needed Current
confidence confidence

Expected
paraseter values

1A, 2 3 Saturated
IIA, l hydrauli^ con-

ductivit of
all uv i tum

within 75 of
shaft and
borehole
locations

I x I0 to
I 102 cm/s

Medium Low I 10- to
1 10-3 C/s

8. 3 .1 2 2 C

IA, 2A 3, Saturated tulk
IIA, 11 rock hydraulic

conductivity
of Tilva Canyon
member

I l0- to
I 10-2 cm/s

Medium Low 1.2 x 10- cm/s 8. 3. 1. 2. 2

IA, 2A, 3A, Morphology f
IIA tedrock surface

In order of
priority: down-
gradient and
about 160 * from
shaft tp, and
boreh:le locations

Determine
contours to
within t3 m

Medium Low Contours accurate
to 3 a

8. 3 .1 .14 2

WA I

K'

.A, A, 3A
11, 113

Thickness ot
alluviu,

Within 75 of
shaft, ramp, and
borehole locations

Determine thick-
ness to within
±10%

Medium Low 0 to 10 m 8. 3.. 14.2

IA, 2A, 3A, Quantity t ater
11A due to surface

flooding events
100- and 500-yr
flood probable
maximum flood
including area
of nundaiion
and debris load
of flows

Determine param-
eter at shaft,
ramp and bore-
hole locations

Inundation maps
with elevation
of inundated
area to within
t2 a

Estimates of
debris quantity
and category

Determine topog-
raphy of dainage
area using 2 
contours

Medium Low (see Figure 6-8)

Not available

Contours to 2 m

8 3.1 16. 1

I
Low Low 8. 3. 1 16 1

Medium Medium 8.3. .14.1

C:

r0

.

tD



Table 83.3.2-3. Hydrologic-related site parameters needed to support resolution of Issue 1.12
Iseal characteristics) (page 2 of 3)

Rel ared SCP section
design Pe: armance or Tentative Needed Current Expected providing
goal design parameters Modifierib parameter goal confidence confidence parameter values data

0
C-

(0
F'

V

I C4

I.

IA, ., 3A,
iA

IA, :A, 3A,
iA

Cant :.uous satu-
ration profile
of 31luvium to
be ;rck-alluvium
int rface

Gra. dion of
ai i LVi um

Z.. IA, 2A, 3A Exte:t and
hydraulic con-

Wj ductivity of
;O th modified
II pe .:eabilIty

oM 2ore (HPZ)

IA, 2A, 3A, Unsaturated
IIA. 118 hydraulic,

matrix proper-
ties

At ramp, shaftand
borehole locations

At ramp and shaft
locations predomi-
nantly within
15 m from ramp,
shaft, and borehole
locations

MPZ in TCw and
TSw2

TSw2, especially
in vicinity of
ramps and shafts

TSw2 at sele-ted
drift floor
locations at
repository
horizon

±10% of nature
saturation every
meter

Determination
through stan-
dard sieving
analyses

Less than or
equal to
60 times the
undisturbed,
rock mass
hydraulic
conductivity
(saturated),
averaged over
one radius from
the wall of the
shaft

I 10- to
1 x 10-1' m/s

Saturated, bulk
rock hydraulic
conductivity
KSATd > 1 x 10-5
cm/s

Medium

Not appli-
cable

Medium

Medium

High

Low To be determined

Low

Low

Low

Low

Soils classified
as GP to GM as
per ASTM
D-2487-83c

1 to 20 times
undisturbed, rock
mass hydraulic
conductivity

1 x 10- to
I x 10-1 m/s

1.2 x 10-3 cm/s

I

.3. 1.2.2
8.3. 1.14 .2

8.3. 1 2.2
.3. 1. 14. 2

83 1 2 2

8.3.1.2. 2

I

SA, a, 6A,
6B, 7A,
8A

Drai:.age capacity 8.3. 1.2.2

F'
0

10

I.-

(
tD

;'



Table 3.3.2-3. Hyhtioyic-related site parameters needed to support resolution of Issue 1.12
(seal characteristics) (page 3 of 3)

0

SCP section °
providing -_
data V

Relazef
design
gcal

- rarmance or
d sin parameters Modifiersb

Tentative
parameter goal

Needed Current
confidence confidence

Expected
parameter values

4A

4.A, li C

L[::s.qe capacity

Sa-jr3ted, bulk
r::k hydraulic
::nductivity

TSw2 at base of
ramps and shafts

CHnl at base of
ramps and in
boreholes

Saturated, bulk
rock hydraulic
conductivity

KSAT > 1 X O-
cm/s

Saturated, bulk
rock hydraulic
conductivity
KIaT > 1 x 10-
cm/s

<150 
3
/yr per

shaft con-
sidering
anticipated
processes

<1 m per 1000 yr
preferential
erosion at ramp
and entry points

High

Low

Low

Low

1.2 x 10 3 cm/s

2.4 10-4 c/s

.3 .1. 2. 2

8. 3 1 .2. 2

'4

4A Ma;...:-ude of
water entering
ra:mps, shafts

At ramps and
shafts

Low Low 0-100 m
3
/yr 8. 3 1 2 2

I-
-_4

IA, 3A Er:3l n potential At ramp and
shaft portals

Low Low <40 cm per 1,000 yr
preferential ro-
sion at ramp and
shaft entry points

8. 3 1.16. 1
.3. 1.6.2
.3. 1. 6 1

*5esign goals ientified here are from Table 8.3.3.2-1.
b'bermallmechirLzal units usel in the modifier column are as follows: TSw2 - Topopah Spring, welded (repository horizon);

7Cw - Tiva Canyon, Welded; CHn1 - Calico Hills, nonwelded. Other abbreviations are as follows: ES-1 and -2 - exploratory shafts
I and 2: MM - man and material shaft, EE emplacement area exhaust shaft.

: 7 - p rly :3aed gravel; GM - silty gravel.
dKSA - satur3teJ hydraulic conductivity.

I-S

0

I.

C'4

I �



Table 8.3.3.2-4. Miscellaneous information needed to support resolution of Issue 1.12 (page 1 of 4)

Related SCP section
design Performance or Tentative Needed Current Expected providing
goal design parameters Modifierab parameter goal confidence confidence parameter values data

I

D

¢r

1A, 2A, 3A,
10A, 11A

Compr*ssiv*
strength of
rock mass

TCw t shaft nd
ramp locations

No more restric-
tive than for
Issue 1.11

Medium

Medium

Low

Low

See Table 6-12

S** Table 6-12

.3. 1 .4.2
8.3. 1 15.2

Tw2 No more restric-
tive than for
Issue 1.11

8. 3.1.4.2

CHAI

.

co

1A, 2A, 3A, In situ stresses
lOA, 11A

In TCw, Sw2, and
Cli

No more restric-
tive than for
Issue 1.11

Vertical stress
accurate to
t1 Wa

Horizontal stress
accurate to
t2 MPa

Medium

Low

Low

Low

See Table 6-12 8.3. 1 .15 2

4 to 10 MPa vertical 8.3.1.15.2

Horizontal to
vertical ratio
0.3 to 1.0

8.3. 1. 15.2

lA, 2A, 3A,
SA, 55,
6A, 68,
7A, I1A

Seismic response
spectra

At shaft and ramp
location (surface
and repository
horizon)

At selected loca-
tion in under-
ground facility

In Calico Hills
unit for bore-
holes within
boundary of the
underground
facility

To be determined
through design
studies

High Low Acceleration <0.659 8.3.1.8.2

2
CD

-

PD

M-



Table 8.3.3.2-4. Miscellaneous information needed to support resolution of Issue 1.12 (page 2 of 4)

Related SCP section
design Performance or Tentative Needed Current Expected providing
goalP design parameters hodifierOb parameter goal confidence confidence parameter values data

E4

ik..

lA eteorological
environment
continued)

co

LI

Terperature
variation
at ground
surface

pH of rain-
fall

Chemistry of
alluvium

At ground surface
At shaft and ramp

entry points

At shaft and ramp
location

To be determined
by laboratory
testing and
activities

To be deter-
mined by
laboratory
and design
activities

Low

Low

-14 to 114*F

pH >6

8.3. 1. 12. 1

8.3.1.12.1>4. 5 Medium

1A At nd upgradient
from shaft
location

Dissolved
sulphates
so2-

At end upgradient
from shaft
location

<0.10% soluble
S02- in soils
or surface water

<150 ppm dissolved
so2

-

Low Low <15 mg/L (see
Table 3-3)

8.3. 114

p of
alluvium

At end upgradient
from shaft
location

>4.5 Medium Low >7 see Table 3-3) 8.3.1.14

lA, 3A, 5A,
SD, A,
6B, 7A,
11

Geochemistry TCw, TSw2, CHnlv,
CHnl:

No ore restric-
tive than for
Issue 1.1

Medium Low See Section 4.1.1 S. 3. 1.3.2



Table 8.3.3.2-4. Miscellaneous information needed to support resolution of Issue 1.12 (page 3 of 4)

Related SCP section
design Performance or Tentative Needed Current Expected providing
goal- design parameters F jdifier b parameter goal confidence confidence parameter values data

IA, 3A, SA,
SB, 6A,
6t, 7A,
10A, 11A

Maximum tepera-
ture at seal
locations

Upper portion of
shaft

at rpository
horizon around
shaft

At selected drift
locations in
repository
horizon

Calico Hills unit
in boreholes
below the
repository

<906C High Low

To be determined
through design
tradeoff studies

To be determined
through design
tradeoff
studies

<90C

TBDO TBD

<90*C

<115 C

<150C

<909C

TBD Low

8.3.2.2.6

8. 3.2.2. 6

8 .3 .2.2.6

8 3.2.2. 6

8.3.1.4.2
8.3.1.14.2

High

Medium

Low

I

r0j 3A, SA, 58,
6A, 6,
JA, 9A,
1lA

Thermal expansion, TSw2
heat capacity, CHni
and thermal
conductivity of
seal emplacement
environm nt

To be determined
through design
trade-off studies

Low See Table 6-16

2A, 2B Shaft nd ramp
fill properties

Saturated
hydraulic
conductivity

Gradational
analyses,
angle of
internal
friction,
compr**sl-
bility

1 X 10-2 CN/S

To be determined
through design
trade-off studies

High

High

Low

Low

1 x 10-2 to 1 x 10-4
cN / b

Not pplicable

8. 3.3 .2.2
8. 3.3 .2. 4

8.3.3.2.2
8.3.3.2.4

0

.



Table 8.3.3.2-4. iscellaneous information needed to support resolution of Issue 1.12 (page 4 of 4)

L,

I.
8. 

Related SCP section
design Performance or Tentative Needed Current Expected providing
goal" design paramters Hodifierab parameter goal confidence confidence parameter values data

lA, 3A, SA, Fracture char- TCw (20 fractures/M High Low <20 fractures/0 8.3.1.2.2,
59, 6A, acteristics TSw2 <40 fractures/r High Low <40 fractures3/ 8.3.1.4.1,
ED, 7A, Cal at b of <5 fractures/m High Low <5 fractures/m 8.3.1.15.1
SA, iGA 381

TA <10 fractures/a High Low <10 fractures/0

SA, , "A, Chemistry of Elemental con- Medium Low See Table 4-6 8.3.1.3.1
63, 7A, waters (if any) centration
$A, lOA in fault includ- similar to those

ing sediment contained in
content Table 4-6

SA, 58, 6A, Grade of emplace- In repository 1-10% Not appli- High 1-10% 8.3.2.5.8,
68, 7A, sent drifts and cable 8.3.2.2.7
8 drift dimensions

11A, l, Casing location All boreholes in Location of casing High Medium See Fernandez and 8.3.3.2.4
liC and condition categories A to tS a. Condi- Freshley (1984)

for exploratory so tions determined
boreholes by ogging and

driling records

llA, l, Unit contacts All boreholes in Contact location High Low Not applicable 8.3.3.2.4
liC in exploratory categories A t S a

boreholes Be

&Design goals identified are froe Tables 8.3.3.2-1 through 8.3.3.2-3.
bTherl/mehnie l units used in the modifier colutn are as follows: TCw - Tiva Canyon welded; TSw2 - Topopah Spring welded

(repository horizon); CHaIv - Calico Mills nonwelded, vitric; Cnlz Calico Hills nonwelded, xeolitic; PTn - Pintbrush nonwelded.
*TUD - to be determined.
'Category A boreholeo represent potential pathways to the accessible nvironment. Category boreholes are not potential path-

ways to the accessible environment but because of their proximity to the repository boundary are currently planned to be sealed.
These boreholes are identified in Table 8.3.3.2-1a.
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,MAXIMUM ALLOWABLE PERFORMANCE GOALS

00��

'%DESIGN BASIS PERFORMANCE GOALS
(REDUCED PERFORMANCE GOALS)

EPISODIC FLOW DUE TO
UNANTICIPATED SCENARIOS

"oANTICIPATED FLOW

TIME AFTER CLOSURE

Figure .3.3.23. Schematic diagram of erformance goals and telationshi to nticipeted and unanticipated
episodic flows for sealing. (Yearly flow rate is used since the release criteria are specified on a per year basis.)

8.3.3.2-22



YMP/CM-OO11, Rev. 1 YMP/CM-0011, Rev. 1

The most extensive requirements for borehole sealing are expected for those
boreholes that could have some potential for waste isolation impacts. The
decisions will consider factors such as distance from the repository, depth,
and liquid or gaseous transport mechanisms. Preliminary evaluations of
borehole sealing requirements related to water flow have been completed and
are described below.

Exploratory boreholes drilled from the surface provide potential path-
ways for radionuclide migration from the repository to the water table.
Currently, there are four existing boreholes within the proposed repository
perimeter that penetrate to the water table. About 25 additional boreholes
penetrate to the water table within 5 km of the repository perimeter. Among
these holes, a potential pathway from the repository to the water table
exists for only those holes that are downdip (generally east or northeast)
from the repository, if water were to drain through the repository floor and
then were to become perched at a stratigraphic contact.

Most of the existing and proposed deep boreholes penetrate through the
underground facility and into the ground-water table. Shallow boreholes that
penetrate into the Topopah Spring Member or overlying members are not likely
candidates for borehole seals because they are not considered to represent
significant liquid pathways to the accessible environment. For the purpose
of identifying sealing components, boreholes that are currently planned to be
sealed have been divided into categories A and B as follows.

Category A boreholes are those that represent potential pathways for
water movement to the accessible environment. The further the borehole is
located from the repository boundary, the lower its potential to act as a
pathway to the accessible environment. Those boreholes located generally to
the northeast, southeast, and east of the underground facility fall into
category A.

Category B boreholes are those boreholes that are not believed to rep-
resent potential pathways for water movement to the accessible environment
but, because of their proximity to the repository boundary, will probably be
sealed. Those boreholes immediately to the south and north of the
underground facility are included in category B. Those boreholes not
included in either category are located to the west, to the far north and far
south, or 5 km or more from the edge of the repository boundary. They are
not included because they are neither believed to represent potential
pathways to the accessible environment, nor are they close to the planned
boundaries of the repository. Additional evaluations of the potential for
both liquid and gaseous flow through boreholes are planned.

Step B: Define component functions and related processes

In this step of the methodolocv, the functions of each selected seal
component are identified and the processes and mechanisms that must be
considered in assessing its ability o perform its function are considered.
The primary functional requirements identified for the seal program are to
(1) reduce the potential for radionuclide release by controlling water and
gas flow and (2) reduce the potentia. for radionuclide release by dis-
couraging human intrusions. For these general requirements, specific re-
quirements for individual components hnave been developed. Some of the func-
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tions of individual components may require redefinition as more information
on design and data become available, and the related design concepts are
reevaluated.

Two ways that have been identified in which the shaft and ramp sealing
components can reduce the radionuclide releases from the repository are to
(1) reduce the amount of water that could potentially reach the waste
emplacement drifts and (2) reduce the amount of airborne radionuclides that
could preferentially exit from the repository. The physical processes of
concern for these functions include water entry into the shafts and past
sealing components and release of airborne radionuclides caused by convective
air movement resulting from thermal effects in the repository.

Another functional requirement of sealing components associated with
shafts and ramps is to reduce the potential for human intrusion into the
repository. For this requirement, the process of concern is penetrability
through the sealing component, either the anchor-to-bedrock plug/seal or the
general fill.

Not all the sealing components will be relied on to achieve all the
functions identified previously. For example, the anchor-to-bedrock plug/
seal is not relied upon to limit gaseous releases, while the shaft fill per-
forms this function. Conversely, more than one may be relied on to achieve
the same function. For example, the anchor-to-bedrock plug/seal, the reposi-
tory station seal, and shaft fill can be emplaced to reduce the amount of
water entering the waste emplacement drifts. The unsaturated Topopah Spring
Member (unit TSw2) at the base of the shafts could also be used to promote
drainage from the base of the shafts (if any water reached the base) by
allowing flow through the rock mass at the base of the shaft.

The use of multiple barriers of similar function presents the possibil-
ity of redundancy in achieving performance goals. The anchor-to-bedrock
plug/seal and the shaft fill can be emplaced to reduce the potential for hu-
man intrusion. Again, emplacement of different sealing components is be-
lieved to represent a conservative approach in achieving the performance
goals.

The primary function for seals located in the underground facility would
be to retain and drain water entering emplacement drifts. This would be done
by restricting the lateral migration of water into emplacement drifts by
restricting the lateral migration of water on the drift floors. Drainage of
water through floors of nonwaste emplacement areas could also add a level of
redundancy to the design. Such areas could include those used for
development shops, warehouse, emplacement shops, and nonemplacement drifts.
Diverting waters that enter the shaft to nonwaste disposal areas would
potentially reduce the amount of water entering the waste emplacement drifts.

The primary function of borehole seals is to reduce the potential for
water-transported radionuclides through preferential transport in boreholes.
The physical process of concern would be preferential ground-water flow
through the repository, the Calico H.ils unit, and into the saturated zone.
It must also be ensured that the boreholes not become preferential pathways
for water flow into the repository or gaseous release out of the repository.
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Processes and mechanisms influencing a component's performance will be
examined as more detailed analyses are performed that characterize the
response of each component. The scenario classes and processes identified
for total system performance evaluations (Section 8.3.5.13) will be used as
input to these analyses. Depending on the effect of the process or mechanism
on the performance, the importance of the component's functions may need to
be reevaluated and the design concepts modified as necessary.

Step C: Identify performance measures and goals

The purpose of this step in the methodology is to identify the perform-
ance measures that can be used to indicate the effectiveness of each sealing
component in performing its intended functions.

Performance measures, as presented for this issue, are the primary
qualitative measures that will be used to determine the performance of each
sealing component. There are several performance measures selected within
the seal program. Generally, the most important is the quantity of water
passing sealing components. Others include the percentage of a certain type
of flow as in the case of borehole, ramps, and shaft seals for airborne
release. Reduction of the potential for human intrusion would require the
physical presence of material in the ramp and shaft. When the function is to
enhance the vertical drainage of water through the Topopah Spring Member, the
performance measure is drainage capacity. The preliminary list of perform-
ance measures is discussed later in this section. (Secondary properties,
such as the porosity of the shaft fill, are not listed in Table 8.3.3.2-1.)

Step D: Establish performance goals

Tentative goals and required confidence in reaching each goal can be
established for each measure. Analyses, using available site information and
repository design information, can be used to set quantifiable values. If
regulations cannot be met after a proposed design is developed, then
component designs, component functions, and performance measures may have to
be modified so that a revised design can be developed that will meet regula-
tory requirements.

As part of the preliminary performance allocation process, tentative
hydrologic performance goals were established for the sealing subsystem.
Details of these evaluations are documented in a report by Fernandez et al.
(1987). The logic used in establishing the goals will be described in
succeeding paragraphs.

In selecting performance goals for allowable water flow rates for the
sealing subsystem, the results from two radionuclide release models are
considered, both of which conservatively assume that all water entering the
waste disposal area contacts the waste (Fernandez et al., 1987). This
assumption is thought to be conservative because most water is expected to be
contained within the rock matrix and, therefore, will not contact any waste
packages. The differences between the two models are primarily related to
differences in how the failure rate of the waste package is estimated; hence
the two models would be expected to be very similar after most of the
packages are assumed to have failed. The results of both models are shown in
Figure 8.3.3.2-3. The results of one model are displayed as the
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maximum-allowable-performance goals curve, while the more conservative model
is identified as the design-basis-performance-goal curve. Hence, the
approach taken in developing the preliminary performance goals for the
sealing program is to use the more conservative of two models as the basis.

The first model assumes a constant rate of failure of waste packages and
a release of radionuclides from areas within and outside the uranium dioxide
matrix of the spent fuel. The result from this model is displayed as the
maximum-allowable-performance-goals curve in Figure 8.3.3.2-3. The
maximum-allowable-performance :oals are based on the evaluations of the
performance objectives for t engineered barrier system defined in 10 CFR
60.113. On the basis of this analysis, if the inflow to the waste packages
was less than the value specified by the curve shown in Figure 8.3.3.2-3, the
performance objective for gradual release from the engineered barrier system
would be met. The constant waste package failure rate probably over
estimates the actual failure rate, and this curve is believed to represent a
conservative, but realistic, performance goal.

The second model assumes that all radionuclides are located in the
matrix of the spent fuel and all waste packages fail 300 yr after repository
closure. The results of this model are displayed as the design-basis-per-
formance-goal curve shown in Figure 8.3.3.2-3. This curve incorporates the
much more conservative assumption of total waste package failure at 300 yr
after closure. The design-basis performance-goal curve was selected for use
in the initial identification of performance goals because it is the more
conservative of the two models. The differences between the two curves are
primarily related to the differences in how the waste package failure rate
was modeled over the first 1,000 yr; therefore, both models predict very
similar allowable water flow rates after the first 1,000 yr. In summary, the
preliminary hydrologic performance goals for sealing, derived from these
radionuclide release models, are believed to be very conservative.

Figure 8.3.3.2-3 also shows the anticipated flow and episodic inflow
from unanticipated processes and events and suggests that a seals system may
not be needed at the Yucca Mountain site to meet this performance objective.
However, there are uncertainties in the evaluations both for the performance
goals and for the estimates of anticipated and unanticipated inflows, and the
site characterization program will need to address these uncertainties.
Taking into account only the need to address the performance objective of 10
CFR 60.113, the lower curve in Figure 8.3.3.2-3 (i.e., the design basis
performance goals curve) provides the set of performance goals for the inflow
rate. Furthermore, the preliminary performance allocation developed to date
will be modified in the future to directly consider the scenario classes
developed in Section 8.3.5.13 (total systems performance) for both nominal
and disturbed conditions.

Numerical values for the design-basis performance goals for the sealing
subsystem are identified in Table 8.3.3.2-5. The goals for the total
quantity of flow are then divided (allocated) between the shafts and ramps
and the underground facility. The subsystem goals were then further sub-
divided into the tentative design goals for the various sealing components;
these component goals for the components are provided in Table 8.3.3.2-1.
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Table 8.3.3.2-5. Design-basis performance goals for the sealing subsystema

Design basis erformance goals (m3/vear)

Time after Total
closure Underground Shafts and design-basis

(year) facility ramps performanceb

0-300 1,180 0 1,180
400 2,600 0 2,600
500 5,600C 90 5,690
600 5,600 6,700 12.300
700 5,600 2.0,900 26,500
800 5,600 50,300 55,900
900 5,600 110,400 116,000

1,000 5,600 130,400c 136,000
1,000-10,000 5,600 130,400 136,000

aSource: Fernandez et al. (1987).
bThe total design-basis performance goal is the sum of the performance

allocation for the underground facility and that for shafts and ramps.
CBeyond this point in time the design-basis performance goal (i.e.,

allowable flow rate) exceeds potential flow due to anticipated and
unanticipated events. No performance of the sealing components at these
locations is required after this time.

Reevaluation of performance goals and design requirements will occur as
more design information, site data, and performance evaluations are completed
during ACD and LAD. These evaluations will allow better comparison between
needed and expected performance of seals.

Step E: Define performance parameters

The methodology developed to resolve Issue 1.12 includes a step to
identify the specific parameters required to support an evaluation of the
performance goals identified for each performance measure. This step
involves identifying support parameters, establishing goals for each
parameter, and estimating current and eventually needed level of confidence.
The parameters are used in analyses to predict the magnitude of the perfor-
mance measures defining the relationships for processes and/or mechanisms.

The parameters required to address each information need in this issue
are described under the appropriate information need. The hydrologic and
miscellaneous parameter needs are shown in Tables 8.3.3.2-3 and 8.3.3.2-4 and
discussed in more detail in Section 8.3.3.2.1. In general, the preliminary
needed confidence for most parameters is identified as either high or medium.
For some parameters a low needed confidence is assigned for meeting the ten-
tative performance goals when the parameter is not expected to be a signifi-
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cant variable in licensing-related analyses. This may occur as a result of
(1) a related component performance having a low needed confidence or (2) the
anticipation (based on engineering judgment or preliminary analysis results)
that the component performance is relatively insensitive to plausible varia-
bility in the value of the parameter.

Step F: Identify information needed to resolve the issue

As indicated in Figure 83.3.2-1, the information needed to respond to
this issue must also be identified and transmitted to Issue 1.11 so that the
postclosure underground facility design can be developed. This needed
information is defined in Tables 8.3.3.2-3 and 8.3.3.2-4 and is described in
the parameter sections under the appropriate information need.

Step G: Design requirements and constraints

After the functional requirements and performance allocation processes
have been developed, it is necessary to define the design requirements for
the seal system. This step in the issue resolution methodology identifies
design requirements, design constraints imposed on nonsealing system
elements, sealing strategies, and seal material specifications. The purpose
of this step is to provide the design requirements necessary to develop a
design that will meet the design goals and hence the performance goals.

As indicated in the first part of this section, sealing design require-
ments and constraints will be transmitted to Issue 1.11 (Section 8.3.2.2) to
develop an appropriate postclosure design. Design requirements primarily
include the quantitative and qualitative requirements imposed on the seal
components to achieve a desired performance. The technical basis for the
design requirements is presented in Fernandez et al. (1987).

Some general constraints placed on major repository elements by the seal
program are given in Table 8.3.3.2-2. The majority of the performance
measures relate to grading drifts within the underground facility to achieve
the specified performance goals and to restoring the drift floors to
encourage vertical drainage of water through drift floors. Other constraints
n'iclude no grouting within rock in selected locations where components are

proposed and ensuring that penetration into the Calico Hills unit is
controlled. Finally, because drifting across exploratory boreholes could
compromise the sealing efforts for these boreholes, a constraint is imposed
on drifting. This constraint is not to intersect the boreholes and also to
maintain a minimum distance from the boreholes. Directional logs for
boreholes within the repository boundaries will be needed to aid in ensuring
that this constraint can be met.

Relative to the exploratory ramps and shafts planned for Yucca Mountain,
the ESF excavation techniques and ramps and shaft design conservatively
attempts to limit uncertainties in the sealing program in the following
principal ways:

1. Ramps and shafts are located to limit potential water inflow and
thereby reduce uncertainty in seal performance.
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2. Mechanical mining techniques are used throughout ramp and shaft
construction, thereby allowing installation of seals in multiple and
optimal locations at closure when maximum information is known about
the site behavior, sealing materials, sealing designs, and
performance requirements, This reduces uncertainty in the ability
to emplace the seals and to predict their performance.

3. Concrete shaft liner and temporary ground support are installed to
limit rock movement and thereby reduce uncertainty in both the
ability to emplace seal components and the extent of the zone of
modified permeability near the shaft.

Design requirements and seal material specifications developed to date
in the conceptual design process are guidelines for design analyses and
future materials testing, and the requirements are very preliminary. Current
design requirements are presented by Fernandez et al. (1987). Revisions and
additional design requirements are expected to emerge from the advanced
conceptual design and during the license application design.

Seal system performance and seal component designs are addressed
directly by this issue (seal characteristics) as presented in the preceding
discussion.

The planned investigations that will be used to assess the performance
of proposed sealing designs and to develop design information necessary for
the license application design are defined as follows:

Information
need Descriotion

1.12.1 Site, waste package, and underground facility information
needed for design of seals and their placement methods
(Section 8.3.3.2.1).

1.12.2 Materials and characteristics of seals for shafts, drifts,
and boreholes (Section 8.3.3.2.2).

1.12.3 Placement methods for seals for shafts, drifts, and boreholes
(Section 8.3.3.2.3).

1.12.4 Reference design of seals for shafts, drifts, and boreholes
(Section 8.3.3.2.4).

Information Need 1.12.1 identifies information that will be obtained
from sources outside the Yucca Mountain Project repository seal program and
that will influence the design and performance of the repository seals.

Information Need 1.12.2 identifies activities, primarily related to
laboratory testing, needed to determine the properties of seal materials that
may be used in an unsaturated tuff environment.
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The placement methods of sealing components (Information Need 1.12.3)
depend on the need for sealing components as determined by the appropriate
activities defined by Information Need 1.12.4 and the selection of sealing
materials as determined through the laboratory testing defined by Information
Need 1.12.2. The bulk of the design work, including design selection, trade-
off analyses, development of design requirements and design descriptions, and
modeling associated with the performance of sealing components, is incor-
porated into the activities defined as part of Information Need 1.12.4. No
computer code development is currently anticipated as part of the Yucca
Mountain Project seal program. Existing computer codes developed in support
of other performance analyses will be used in seal design analyses. Computer
codes that have been or may be used in the seal program are named in Section
6.1.3.2.3. Depending on the verification requirements, some efforts may be
required to verify results using the identified codes.

Interrelationships of information needs

The question raised by this issue is aimed at determining if the
emplacement of ramp, shaft, and borehole seals and seals for backfill in the
underground facility shows compliance with the postclosure performance
objectives.

The available site and underground facility data from Information Need
1.12.1 (Section 8.3.3.2.1) can be used to develop seal performance goals and
design requirements for specific sealing components. The development of
these design requirements can then be used to select designs of seals for
shafts, ramps, drifts, and boreholes (Information Need 1.12.4, Sec-
tion 8.3.3.2.4). Evaluation of the performance of sealing components is an
integral part in the selection of the appropriate designs and, therefore, is
part of Information Need 1.12.4 (Section 8.3.3.2.4). The selection of
materials and characteristics for seals (Information Need 1.12.2, Section
8.3.3.2.2) and their emplacement methods (Information Need 1.12.3, Section
8.3.3.2.3) can then be made to achieve the performance established for the
sealing components. Further, because the underground facility must
contribute to repository performance, its design could reduce the reliance
placed on drift seals. (Drift seals are part of the underground facility,
but ramp, shaft, and borehole seals are not.) The characteristics and
configuration of the underground facility as they relate to the postclosure
design criteria of 10 CFR 60.133 are discussed in Section 8.3.2.2
(configuration of underground facilities). The general criteria for the
underground facility state that the underground facility... shall contribute
to the containment and isolation of radionuclides.'

8.3.3.2.1 Information Need 1.12.1: Site, waste package, and underground
facility information needed for design of seals and their
placement methods

Technical basis for addressing the information need

The technical basis for addressing the information need is discussed in
the following paragraphs by first identifying the contents of related sec-
tions of the SCP and other documents. Needed parameters are then described.
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The logic for the technical activities is described and planned design ac-
tivities are identified.

Link to the technical data chapters and applicable support documents

As mentioned in the discussion under Step E, the information identified
in this information need will be obtained outside the Yucca Mountain Project
seal program. This information falls into two categories: site and under-
ground facility design. Under site, the primary information needed is an
understanding of the water inflow into the repository and the hydrologic
characteristics of selected geologic units. This type of information is
discussed in Section 3.6 (regional hydrologic reconnaissance of candidate
area and site). In particular, the description of the hydrologic units and
hydraulic characterization of principal hydrogeologic units will be important
from a sealing perspective. Information obtained in Section 3.9 (site hydro-
geologic system) as well as surface flooding in Section 3.2 (floods) will
also be used in resolving this issue.

The underground design is described in Section 6.2.2, which describes
the overall design of the repository, and Sections 6.2.5 and 6.2.6, which
describe the shaft and ramp designs and the subsurface design. These ramp
and shaft designs are being revised; new designs will be determined for the
Title II design effort. Additional details of the repository design are
provided in the conceptual design report developed in support of the site
characterization plan (SCP-CDR) (SNL, 1987).

Parameters

A variety of site and repository design parameters are required as part
of this information need. Table 8.3.3.2-3 lists the hydrologic parameter
needs, the ranges of parameters, and the confidence needed in meeting the
performance goals. Table 8.3.3.2-4 presents the same information for
miscellaneous (site or design) parameters. Additionally, these tables
indicate what SCP sections describe the information needs that will provide
values for the parameters. In all instances, a correlation is made between
the design goal and the required parameter.

The majority of the parameters and parameter ranges for shaft and ramp
sealing components deal with defining the potential for surface water
infiltration to enter ramps and shafts. Realistic estimates can be obtained
by characterizing near-surface geologic units such as al-uvium and the Tiva
Canyon Member. For alluvium, required parameters include saturated hydraulic
conductivity, gradation, sieve analysis, saturation profiles, unsaturated
properties, and thickness. The saturated hydraulic conductivity of the Tiva
Canyon is also identified as a parameter need. In addition to these
near-surface site parameters, the quantity of water due to surface flooding
events is also identified as a parameter need. The modified permeability
zone (MPZ) is the zone immediately surrounding an underground excavation in
which the permeability of the rock mass has been altered due to stress
redistribution and blast damage effects. Because water flow down the ramps
and shaft (under saturated conditions) can be controlled by the MPZ,
knowledge of the MPZ characteristics is needed. The parameter goal range is
taken from a report that developed a model for the zone surrounding a
vertical penetration in welded tuff (Case and Kelsall, 1987).
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If water reaches the base of the ramp or shaft, it is important to know
the drainage capacity of the sump locations so that the anticipated amount of
water entering the ramp or shaft can be dissipated effectively. Similarly,
the drainage capacity of water through drift floors is an additional
parameter for consideration in the seal program. The acceptable parameter
range for the saturated, rock-mass hydraulic conductivity depend on the
design option proposed and the amount of water to be drained. Nevertheless,
a lower limit of 1 x 10-5 cm/s is proposed based on current design efforts.
Finally, erosion potential is listed as a parameter need so that excessive
erosion does not occur at the ramp or shaft entry points and subsequently
increase the potential for water to enter the ramps or shafts.

In Table 8.3.3.2-4 nonhydrogeologic parameters are identified. They
include the following:

1. Design information such as the dimensions of all openings where
seals may be emplaced. This includes dimensions for shaft, ramps,
and drifts. Information on drift grades is also required to
properly design dams or bulkheads in the underground facility.
Variations in drift grade do occur in the current design. Such
variations can influence the area of drift floor that becomes
inundated and subsequently the drainage capacity of the area
upgradient from the dam or bulkhead.

2. Borehole construction and geologic logs are routinely obtained as
part of the site investigation work within the Project and are
necessary to establish a strategy in effectively sealing boreholes.

3. The thermal and mechanical properties (strength, modulus, conduc-
tivity, etc.) of the rock mass for selected geologic units and
in situ stresses at potential seal locations are required to assess
the structural response of these seals. Because structure failure
could incur a decrease in hydrologic performance, it is possible
that some sealing elements may not achieve their design goals.
Therefore, tradeoff studies would be required to evaluate the impact
of structural deformations of the rock mass (if any) on the per-
formance of specific sealing elements. Seismic forces could also
modify the properties of the sealing elements. Therefore, the
seismic response spectra would be required at seal locations to
evaluate the potential for modifying the properties of-sealing
elements.

4. Performance of near-surface sealing elements can be affected by
meteorological and chemical conditions that exist at the surface.
For this reason, temperature variations at the ground surface to-
gether with two chemical parameters, pH and soluble sulphate, are
identified.

5. These chemical parameters and parameter ranges are based on the
current concept that the sealing material at the surface is con-
crete. The parameter ranges, therefore, are specifically associated
with a concrete located at the surface. If it is determined through
design studies, as part of the advanced conceptual design phase,
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that concrete is not needed and another material may be better
suited, then this parameter need will be dropped.

6. Chemistry of the seal environment is included so that durability of
the seal material can be assessed. The chemistry of alluvium; Tiva
Canyon, welded (TCw); Topopah Spring, welded (TSw2); Calico Hills,
vitric (CHv); and Calico Hills, zeolitic (CHz) are identified as
being required to assess geochemical durability of the sealing ele-
ment.

7. A limit on the temperatures at two potential seal locations (i.e.,
at the upper portion of shaft and ramps and at the Calico Hills
borehole seal locations) is given in Table 8.3.3.2-4. Such limits
will reduce the potential for alteration of the seal materials.

8. Calculations presented elsewhere (Fernandez et al., 1987; Fernandez
et al., 1988) have shown that infiltration of surface waters into a
shaft fill can be acceptably reduced and retarded if the saturated
hydraulic conductivity of the shaft fill is less than 1 x 10-2cm/s.
Air flow through shaft fill can also be acceptably reduced assuming
the same saturated, hydraulic conductivity. These sensitivity
ana-yses evaluated possible ranges in air and water flow through the
shaft and surrounding rock. Values for hydraulic or air
conductivities were varied for the rock mass, the shaft fill, the
modified permeability zone near the shaft, and, in some cases, the
overlying alluvium. For example, the rock mass hydraulic conducti-
vity for one analysis (Fernandez et al., 1987) was varied from 10-2
to 10-5 cm/s. Gradational analyses, angle of internal friction, and
compressibility of the shaft fill will also be necessary to
determine if excessive settlement of the shaft fill could occur.
Excessive settlement (assuming the emplacement of no anchor-to-
bedrock seal) could increase the potential for more surface waters
to enter the shaft. If found to be necessary, additional
calculations will be done to evaluate fill in ramps.

9. Sealing fractures around selected sealing elements may be required
to achieve a desired level of performance. Therefore, the thermal/
mechanical units that may require some fracture characterization
would be Tiva Canyon, welded (TCw); Topopah Spring, welded (TSw2);
Calico Hills, nonwelded (CHnl); and the Paintbrush Tuff, nonwelded
(PTn). Using this data, effective plans to seal these fracture
zones could be developed.

10. The remainder of the required parameters may not be available at the
time that testing is completed in the exploratory shaft facility.
Specifically, if water-producing zones are encountered it would be
appropriate to characterize the chemistry of the fault zone waters
including the sediment content, if any. This data could then be
used to evaluate the potential for reducing the drainage capacity of
the drift floor or perhaps reducing the effectiveness of the seal
component that it contacts. The measurement of the volume of waters
draining into drifts could also suggest the amount that could enter
horizontal emplacement holes.
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Logic

The geomorphology, meteorology, and surface hydrology of the shaft and
ramp locations, the risks of flash flooding, the configurations of the shafts
and ramps, and the geotechnical properties of the near-surface alluvium and
bedrock are required for the design of the ramp and shaft sealing components.
The properties and depth of the alluvium must also be known to predict the
potential for ground-water inflow to the ramps or shafts through the
alluvium.

Information about the hydrologic properties of the stratigraphic units
penetrated by the ramps and shafts is needed to determine the potential for
ground-water inflow into the ramps and shafts and the underground facility.
Initially, the inflow will be predicted based on data obtained from
boreholes, available analytical solutions, and the hydrologic properties of
the stratigraphic units at Yucca Mountain. Later, an indication of the
potential inflow will be determined from direct observation of water inflow
during and after construction of the ramps and the underground test facility.
The stratigraphy and the configuration of the ramp and shaft, including the
ramp or shaft station, will be used to determine suitable locations for ramp
and shaft seals should they be necessary. For example, seals may be
necessary below certain stratigraphic contacts at which ground-water perching
could occur. The drainage capacity of the base of the ramp or shaft will be
assessed to determine whether ground-water inflow would drain from the sump
rather than flow into the repository.

The waste emplacement mode (i.e., vertical or horizontal) selected for
the repository may influence the types of seals that are selected. For
example, if the horizontal mode is selected, ground-water inflows to drifts
may have no impact on the waste. The location of the repository including
tne ramps with respect to faults may influence the occurrence of ground-water
inflow from discrete fault zones. The amount of inflow may be influenced by
the hydrologic properties (permeability and porosity) of the fault zones and
by the size of the underground opening and its orientation with respect to
the fault. Initially, the amount of ground-water inflow will be predicted
from surface observations and borehole data. Later, the predictions will be
revised according to observations of inflows and fracture characteristics in
the exploratory shaft test facility. The predicted rates of inflow will then
be compared against the measured drainage capacity of the drift floors.
During the testing associated with the exploratory shaft facility, drainage
capacity of the densely welded tuff will be determined. The bulk permeabil-
ity and infiltration tests will provide data on the ability of the repository
to drain waters that may enter the repository.

Construction details associated with exploratory boreholes drilled from
the surface are required to select appropriate seal designs. Characteristics
of interest include location, depth, drilling history (including any lost
circulation zones), and casing configuration.

Information about the physical, mechanical, chemical, and thermal
properties of stratigraphic units, iJncluding those encountered in the shafts
and ramps as well as in the repository, are required to ensure that seals, as
designed, can withstand in situ hydra 1ic, structural, chemical and thermal
loads. The extent and properties of -:-e modified permeability zone around
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openings are needed for analysis of total ground-water flow through seal
zones and, possibly, for the design of seal emplacement methods. In situ
stresses, seismicity, and the temperature at possible seal locations are also
required for structural and thermal analyses.

All the data required to satisfy this information need will be obtained
from site characterization activities described elsewhere in the SCP.
Sealing-related activities are included in the discussions in Sec-
tions 8.3.3.2.2, seal material; 8.3.3.2.3, placement methods; and 8.3.3.2.4,
reference seal designs.

8.3.3.2.2 Information Need 1.12.2: Materials and characteristics of seals
for shafts, drifts, and boreholes

Technical basis for addressina the information need

The technical basis for addressing the information need is discussed
below by first identifying the contents of related sections of the SCP and
other documents. Needed parameters are then described. The logic for the
technical activities is described and planned design activities are
identified.

Link to the technical data chapters and applicable support documents

Two basic areas that will support the seal material development effort
include geochemistry of the emplacement horizon and the in situ and antici-
pated alterations on the rock mass due to the existence of the repository.
Information on geochemistry (Chapter 4) is included in Section 4.1,
geochemistry of the host rock and surrounding units. Information on the
alteration of the host rock is included in Section 4.2 (geochemical effects
of waste emplacement); Chapter 2 (dealing with the geoengineering properties
of the rock mass due to excavations); and Section 7.1 (emplacement
environment) of Chapter 7.

The main purpose in obtaining the geochemical information will be to
confirm the geochemistry of the ground waters and rock units at the
repository horizon. Additional geochemical information will be needed if
seal materials are chemically different from the medium into which they are
placed. Geochemical information collected will also be used to confirm the
predicted effects due to the presence of the repository, specifically the
temperature elevation in the emplacement medium.

Parameters

Materials and material properties of concern will be defined following
the development of the design requirements. Repository seals, if needed,
will be designed to limit the ground-water flow into or out of the reposi-
tory and potential gaseous transport from the repository. Since the most
important parameters or material characteristics are yet to be determined
through the continuing design requirements effort (Information Need 1.12.4,
Section 8.3.3.2.4), potentially important material properties only can be
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defined. These potential material properties are presented in Table
83.3.2-6. Material properties include those related to placement as well as
performance. --

Parameter ranges and confidence in parameter ranges for seal properties
are not presented in Table 8.3.3.2-6. These values will be determined by the
design activities described in Section 8.3.3.2.4. Selection of the parameter
ranges will depend on the ability and need to achieve the performance goals
discussed in Section 8.3.3.2.1 (information needed for seal design). Param-
eter ranges and confidence levels for pertinent site information are given in
Section 8.3.3.2.1.

To accommodate the potential need for man-made materials and crushed
tuff, laboratory testing is proposed. The testing scope will be modified, if
necessary, as the seal design requirements are defined in more detail.
Because emplacement conditions may vary within the underground facility, a
broad range of environmental conditions will be considered in the laboratory
testing of cementitious-based materials. The data obtained as part of the
site characterization effort, that is, the geochemistry of the emplacement
horizon and the repository design activities (temperature histories and
mechanical properties of the repository unit), will confirm environmental
conditions to be encountered. Any information on seal materials and their
characteristics that is needed will be obtained as part of this information
need.

Logic

Physical and mechanical properties of candidate seal materials must be
known to select materials that will resist imposed structural loads. Early
age properties of some materials (e.g., slump and viscosity in grouts or
concretes) are required for selection of appropriate placement methods.

Hydrologic properties of candidate seal materials must be known to
select suitable materials that meet design requirements for reduction of
ground water. Additionally, hydrologic properties are also required for
performance assessment of the seal system.

Thermal properties of candidate seal material must be known for analysis
of the response of seals to thermal loads. The mineralogy and chemistry of
candidate seal material must be known to evaluate possible adverse inter-
actions between the materials and the host rock and ground water.

Emplacement conditions (e.g., temperature, presence of free water) and
emplacement method (e.g., degree of consolidation of concretes or degree of
compaction of granular materials) can influence the material properties.
These conditions will be considered in the selection and design of seals.
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Table 8.3.3.2-6. Potentially important material properties of
concern for sealing components

Categories of Specific material Reason
properties properties required

Initial and altered
physical properties of
materials

Initial and altered
hydrologic properties
of materials

Initial thermal prop-
erties of materials

Material reactivity and
stability (longevity)
in seal zone

Density, porosity, com-
pressive strength,
Young's modulus,
Poisson's ratio,
modulus of rupture,
shear strength,
expansivity, bond
strength, viscosity,
slump (concrete,
grouts), tensile
strength, creep of
seal material, dry-
ing shrinkage strain

Compressibility
gradation, porosity
(total and effective),
saturated hydraulic
conductivity,
interface hydraulic
conductivity

Thermal conductivity,
specific heat,
heat of hydration
(concrete, grouts),
thermal expansion

Overall composition,
composition and
proportion of phases,
particle size,
solubility of phases and
precipitation, phase
transformations
(including dehydration),
microbial activity,
thermodynamic properties,
chemical properties of
leachate

Structural analysis,
settlement analysis,
interface stress
development,
selection of
emplacement method

Hydrologic analysis

Thermomechanical
analysis,
interface stress
development

Evaluation of
durability of seal
materials
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8.3.3.2.2.1 Study 1.12.2.1: Seal material properties development

8.3.3.2.2.1.1 Activity 1.12.2.1.1: Detailed property determination of
cementitious-based and earthen materials

Objectives

The objective of this activity is to initiate laboratory testing to
determine material properties for sealing elements needed to resolve this
issue.

DescriDtion

Before initiating laboratory testing, a detailed plan will be prepared
indicating the parameters to be measured and how these parameters will be
used to resolve the issue of materials longevity. Currently, it is believed
that this plan will include details of laboratory testing involving potential
alteration of sealing materials and response of sealing materials in
restrained environments.

Because the durability of sealing materials in anticipated environments
cannot be evaluated in real time, thermodynamic models, supported by labora-
tory experiments, will be used to understand the potential for alteration of
sealing material and their properties. Input from theoretical studies (i.e.,
thermodynamic models such as the degradation model) will be used to define
suitable materials for testing. The program will then include periodic char-
acterization and testing to determine progressive alteration in properties
after the materials are subjected to various experimental conditions (such as
temperature and moisture conditions) for successively greater lengths of
time. Experimental conditions will also consider the conditions of the seal
environments. Other tests may determine the volume stability of the seal
material within a block of tuff to determine the long-term performance of the
interface. In general, material properties such as those identified in Ta-
ble 8.3.3.2-6 will be determined to assess if the design goal for a sealing
components can be achieved.

8.3.3.2.2.1.2 Activity 1.12.2.1.2: Hydraulic conductivity and consolidation
testing of crushed tuff

Objectives

The objective of this activity is to establish the hydraulic con-
ductivity and consolidation behavior of crushed tuff to support the
development of criteria for ramp and shaft fill and drift backfill.

Description

To establish an acceptable hydraulic conductivity, gradation, and
density of compacted ramp and shaft fill, laboratory studies will be
required. Because mining and processing of tuff create very fine-grained
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material, tests will be performed on at least two gradations of welded tuff:
one optimally graded to enhance drainage and reduce settlement and one that
contains fine-grained particles. The source material for this laboratory
analysis will be tuff extracted through the mining of the exploratory shaft
facility. Specific tests will characterize the gradation, compaction
characteristics and the saturated hydraulic conductivity for the various
samples.

8.3.3.2.2.2 Design Activity 1.12.2.2: A degradation model for cementitious
materials emplaced in a tuffaceous environment

Obiectives

The objective of this activity is to develop a degradation model that
will provide insight into how material properties of sealing components,
especially permeability and strength, could alter after being in contact with
tuff.

Description

Because the phase assemblages of grout and concrete probably will not be
in thermodynamic equilibrium with tuff, phase transformations may occur. The
rate of alteration will be enhanced because of the elevated temperatures sur-
rounding the waste package. Therefore, one approach in developing a degrada-
tion model is to assess the impact that alteration of the phases present can
have on the material properties of concern. Testing will be required to ob-
tain the data on phase transformations, dissolution, or precipitation in the
seal-host system.

Changes in mineralogy may affect solubility of phases in the cementi-
tious material, induce volumetric changes that could increase or decrease the
permeability and strength of the grout, and change the matrix and bond
strengths. Therefore, the final output from this task will be a qualitative
assessment of how the structural, hydrologic, and chemical properties of
cementitious-based sealing material can change in their emplacement environ-
ment.

8.3.3.2.2.3 Study 1.12.2.3: In situ testing of seal components

Objectives

The objective of this study is to initiate in situ testing to evaluate
the behavior of selected sealing components under realistic in situ
conditions as well as under unlikely conditions.
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Description

This section presents the process to determine the need for in situ
testing of sealing components. The process includes the following steps:

1. The first step is an evaluation of current information needed to
resolve performance/design/emplacement issues of the seal system as
identified in the SCP and the technical basis report for sealing
(Fernandez et al., 1987). The needed information is categorized
into three groups: (a) specific properties of the site, primarily
hydrologic properties, (b) properties of seal materials and the seal
environment after waste package emplacement, and (c) specific
properties of sealing materials necessary to ensure adequate
emplacement.

2. The second step is an evaluation of the adequacy of the data by
comparing the current confidence with the needed confidence in the
data and the current state of the art in emplacing sealing
components to achieve specific performance goals.

3. The third step is definition, evaluation, and selection of in situ
tests of seal components. This step includes an understanding of
the environment anticipated for seal components obtained from the
site characterization program. Evaluations of the ability to reduce
uncertainties in seal performance also includes evaluating the
significance of the sealing subsystem in achieving the overall
performance objective of the repository performance objective.
Finally, it includes a refinement of the seal design considering
site properties and the role of the sealing subsystem in overall
repository performance.

4. The final step is detailed definition and design of specific field
test(s) to evaluate performance of seal components. This includes
laboratory test results to refine the scope of the field test. It
can also include the impact of performing the test at specific
locations.

Currently, the first two steps of the process just defined are completed
and are discussed below. Steps 3 and 4 cannot be completed until some of the
information from the site characterization program is obtained.

Information needed

The first step of the process evaluates the information needed. In the
following discussion, SCP activities that contribute to the resolution of
Issue 1.12 (this issue) are considered since the sealing program depends on
diverse activities of the repository program to provide the information
required to assess the need for sealing and to develop design requirements.
The information needed falls into three categories:

1. Specific site properties (Table 8.3.3.2-7).

2. Seal material properties and altered properties of the seal
emplacement environment (Table 8.3.3.2-8).
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3. Seal material properties related to seal emplacement concerns
(Tables 8.3.3.2-9a and -9b).

Tables 8.3.3.2-3 and 8.3.3.2-4 identify the properties needed with the
appropriate modifiers, the tentative goals for the specific properties, the
needed and current confidence in achieving the property values. SCP
activities that will determine the value of the specific property are
identified in Tables 8.3.3.2-7 and 8.3.3.2-8.

The following sections discuss the second-step evaluations: the adequacy
of the existing data and state-of-the-art considerations.

Adequacy of data--site properties. The site properties identified in
Table 8.3.3.2-7 will be evaluated by existing SCP studies and activities. In
certain instances existing plans may not precisely designate specific loca-
tions for property or inflow determinations. However, appropriate locations
are expected to be identified through future planning.

The ability to disperse water that flows to the repository via
ramps/shafts, and intersected fault zones is primarily a function of the
percolation rate of water into the floor of the repository in the Topopah
Springs welded tuff. The percolation test planned for the exploratory shaft
facility (Section 8.3.1.2.2.4.2) will ascertain the percolation rate in the
Topopah Spring unit, but will provide little information regarding the spatial
variability of infiltration rates at the repository horizon. Other similar
tests may need to be considered for drifts that explore the repository
horizon, such as the drifts planned to investigate the fault zones present
within the repository limits. The results of these tests may allow
correlation with observations of the macroscopic features of the rock to allow
estimates of infiltration rates for other areas of the repository horizon.

An additional issue is a question of the effects of fines on the
infiltration rate as a function of time. The ramps/shafts and drifts will
ultimately be filled with an engineered backfill having specific hydraulic
properties. Through time, it might be expected that the finer particles will
migrate downwards and could potentially alter the infiltration properties at
the base of the ramps/shafts or at the repository horizon where hydraulic
conductivity is derived largely from fracture porosity. The extent to which
fines may affect the fracture permeability can be investigated through design
studies and laboratory and field testing, possibly as an addition to the
existing percolation test in the exploratory shaft facility.

Needed rock properties within the repository are also given in Ta-
ble 8.3.3.2-7. Again, the bulk of these properties will be generated by
existing planned activities with the exception of items such as seismic
monitoring at specific sealing locations, which will not become available
until the excavation is well developed. Similarly, the site-specific
characterization of hydraulic conductivity and saturation of the alluvium
adjacent to ramp/shaft locations constitutes a set of determinations important
to the calculation of water inflow into the ramps/shafts during and following
precipitation events. The surficial geology surrounding the ramp/shaft
locations will be characterized. The integration of the hydraulic
measurements with these activities will be important to addressing the
potential for water to be directed towards the ramps/shafts.
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Table 8.3.3.2-7. Site properties needed for Issue 1.12 (seal characteristics)

Properties SCP sections

Saturated hydraulic conductivity of alluvium near
ramps/shafts

Saturated bulk rock hydraulic conductivity of Tiva
Canyon Member

Morphology of bedrock surface near ramps/shafts

Thickness of alluvium near ramps/shafts

Quantity of water due to surface flooding events
100 and 500 yr flood and probable maximum flood
including area of inundation and debris load of
flows at ramp/shaft locations

Continuous saturation profile of alluvium to bedrock-
alluvium interface at ramp/shaft locations

Gradation of alluvium at ramp/shaft locations

Extent and hydraulic conductivity of the modified
permeability zone (MPZ) in welded Tiva Canyon
unit (TCw) and Topopah Spring welded (few lithophysae)
unit (TSw2)

Unsaturated hydraulic, matrix properties
of TSw2

Drainage capacity of TSw2 at selected drift floor
locations at repository horizon and bottom of
ramps/shafts

Saturated, bulk rock hydraulic conductivity of Calico
Hills nonwelded unit CHnl) at bottom of ramps/shafts,
if constructed into CHnl, and in boreholes

Magnitude of water entering ramps/shafts

8.3.1.2.2.1.1,
8.3.1.2.2.3.1,
8.3.1.2.2.3.2

8.3.1.2.2.3.2,
8.3.1.2.2.4.4

8.3.1.4.2.1

8.3.1.2.2.1.1,
8.3.1.4.2.1,
8.3.1.14.2.1.2,
8.3.1.14.2.1.3

8.3.1.2.1.2,
8.3.1.2.1.2.2,
8.3.1.14.1,

8.3.1.2.2.1,
8.3.1.2.3.1,
8.3.1.14.2.1.2,

8.3.1.1.2.1.1,
8.3.1.14.2.1.2,
8 .3.1.14.2.1.3

8.3.1.2.2.4.4

8.3.1.2.2.3.1,
8.3.1.2.2.3.2

8.3.1.2.2.3.1

8.3.1.2.2.4.4,
8.3.1.2.2.4.6

8.3.1.2.2,
8.3.1.16.1.1.1

I
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Table 8.3.3.2-7. Site properties needed for Issue 1.12
(continued)

(seal characteristics)

Prope:ties SCP sections

Erosion potential in ramp/shaft vicinity

Compressive strength of rock mass (TCn, TSw2, and CHn1)
at ramp/shaft locations

In situ stresses in TCn, TSw2, and CHnl

Seismic response spectra at selected areas in
ramps and underground facility

8.3.1.6.1.1,
8.3.1.6.2.1,
8.3.1.16.1

8.3.1.15.1.3.1

8.3.1.15.2.1.1,
8.3.1.15.2.1.2

8.3.1.8.2.1.5,
8.3.1.17.3.5,
8.3.1.17.3.6

Meteorological environment

Temperature variations at ground surface at
ramp/shaft entry points -

8.3.1.2.1.1

pH of rainfall 8.3.1.12.1.1

Chemistry of alluvium at ramp/shaft locations

2-
Dissolved sulphates S04 8.3.1.3.1.1

pH of alluvium 8.3.1.3.1.1

Geochemistry of TCn, TSw2, and
vitric and zeolitized CHn1, (CHnlv and CHnlz)

Thermal expansion, heat capacity, and thermal con-
ductivity of seal emplacement environment
especially at TSw2 and CHnl

Fracture characteristics of TCn, TSw2, CHnl at
base of ES-1, if drilled into CHnl and Paintbrush
nonwelded unit (PTn)

Chemistry of waters (if any) in fault including
sediment content

Moisture flux beneath the repository torizon

8.3.1.3.2.1

8.3.1.4.2.2,
8.3.1.15.1.1,
8.3.1.15.1.2,
8.3.1.15.1.3

8.3.1.4.2.2

8.3.1.3.1.1

8.3.1.2.2.1.2,
8.3.1.2.2.4.1
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Table 8.3.3.2-7. Site properties needed for Issue 1.12 (seal characteristics)
(continued) -

Properties SCP sections

Infiltration rate for unanticipated conditions

Future climatic conditions

Unit contacts in exploratory boreholes

Fault recharge rate

Fault zone hydraulic characteristics

Characteristics of hydrologic flow in
fault zones

Saturation of alluvium

Surface water supply

8.3.1.2.1.1,
8.3.1.2.2.1

8.3.1.5.1.1,
8.3.1.5.1.6,
8.3.1.5.2.2

8.3.1.4.2.1

8.3.1.2.2.4.9b

8.4.2.4.1,
8.4.2.4.2,
8.4.2.4.3

8.3.1.2.2.1.3

8.2.1.2.1.2.1
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Table 8.3.3.2-8. Seal material and emplacement environment properties needed

co
Z4

L,

;1.1

-11I
k.n

Tentative Expected
property Heeded Current property SCP

Property Modifiers goal confidence confidence value section

Shaft and rp till
properties

- Saturated hydraulic I x 10-2 cm/S High Low I x 10-2 to 8.3.3.2.2.1.2
conductivity I x 10-' m /

- Gradational Analyses, To be determined High Low NA- 8.3.3.2.2.1.1
angle of internal through design
triction, ceptan- trade-oft studies
aibility

Grade of pIscmet in repository I to 10 NAS High I to 108 8.3.2.5.8,

dritte and dimn- 8.3.2.2.7
eions

Casing location and All boreholes in Location of casing High Medium Se< Fernandez 8.3.3.2.4
condition tor x- categories A to *5 a. Conditions end Freshley
ploratory borehole* and b determined by logging (1904)

and drilling records

Thermal effects of Nill balance out over Mediun Low Expect will balance 8.3.4.2.4
water saturation nd the life of the out over life of
desatutation repository repository

Intersection of m- No intersections High LoW Expect no inter- 8.3.1.4.2.3.
plc nt borehole* sections 8.3.1.17.4.7
and faults

aximum teperature Upper portion of <901C High Low <901C 8.3.2.2.6
at seal locatione Shaft

At repository To be determined TWO' T3D <IISC 8.3.2.2.6
horizon around through design
Shaft trade-oft tudies

At selected drift To be determined T7 Low <150-C 0.3.2.2.6
locations in through design
repository trade-oft studies
horizon

Calico mills unit <90 C High Low <900C 8.3.2.2.6
in boreholes below
the repository

IIA - not applicable.
bCategory A boret les represt potential pathways to the accessible environment Category boreholes are not potential pathways to the

aeoMssible *nviteM bU t baSe of their proximity to the repository boundary are currently planned to be sealed, These boreholes are identified in
Table 6.3.3.2-la.

'SHD - to be det-rlLa.

'Al

(D



Table 8.3.3.2-9a. Emplacement concerns for the preferred sealing options (page 1 of 4)

Needed Confidence Current confidence Material
Design Tentative Emplacement issues that the operation that the operation properties
options design goals and uncertainties can be achieved can be achieved of concern

Anchor-to-
bedrock
plug

Lilit surface waters
entering shaft to
1,700 a5/yr fro 0 to
500 yr aod 23,000
ma/yr at the end of
the seallog period
(1,000 y)

Can the liner be removed before plug
placement without propagating the
modified permeability zone (MPZ)
outward at the plug location?

- Can the liner be drilled and split
by one of the drill nd blast or
hydraulic splitter methods?

Medium High Unconfined com-
pressive
strength of
the liner

High High Unconfined com-
pressive
strength of
the liner

1.

o

- Can the broken liner be mucked to
the surface?

Can a keyway be excavated before plug
construction?

- Can the keyway in the welded tuff
be excavated?

- Can the keyway excavation be per-
formed without propagating
fractures outward?

- Can rock be removed to the surface?

Low High

High High

High High

NA-

Unconfined com-
pressive
strength of
the welded
tuff

Unconfined co-
pressive
strength of
the welded
tuff

Tensile strength,
unconfined com-
pressive
strength, far-
field in situ
stress

NA

High High

High High
C)

I.

I .



Table 8.3.3.2-9a. Emplacement concerns for the preferred sealing options (page 2 of 4)

Needed confidence Current confidence Material
Design Tentative Emplacement issues that the operation that the operation properties
options design goals and uncertainties can be achieved can be achieved of concern

0
0

I-

0

C,

Anchor-to
bedrock plug
(continued)

Limit surface waters
*nte11rinq haft to
1,700 a'/yr from 0 to
500 yr and 23,000
m'/yr at the end ot
the sealing period
(1,000 yr) Iontinued)

Can grout be placed effectively by
the selection of a suitable grout
pattern, the use of grout pipes,
and the selection of grout
injection pressures?

Low to
high

Hedium Cement parti-
cle size,
hydraulic
conductivity
of tuff,
hydraulic con-
ductivity of
cement

co Can grout workability be ensured
during placement in the in situ
moisture and te p rature
environment?

High High Setting time,
slump,
viscosity

N)

IJ Cementitious plug materials

Can the material be placed with
specified properties to form an
effective hydrologic barrier?

Can shrinkage and temperature
effects due to hydration
significantly lter the inter-
face zone?

Can workability be ensured during
placement to eliminate either
premature setting or particle
segregation?

High

Low to
highb

High

High

Medium to
highb

High

Sieve analysis,
density, heat
of hydration,
slump, setting
time

Hest of hydra-
tion, thermal
conductivity,
specific eat,
thermal
expansion

Setting tixe,
slump, vis-
cosity



Table 8.3.3.2-9a. Emplacement concerns for the preferred sealing options (page 3 of 4)

Needed confidence Current confidence Hatecial

Design Tentative Emplacement issues that the operation that the operation properties
options design goals and uncertainties can be achieved can be achieved of concern

9

I-

I-

txploratory
boreholes

Reduce potential for flow
below the repository
horiron to 1 percent
of the total flow
through the area within
the repository perimeter

Can the casing be removed and a
plug eplaced in an exploratory
borehole7

High Medium to
bighc

NA

.

co)

Single dam or
single bulk-
head with
settlement

Emplace-
Pent
drifts

Retain a portion of the
ground-water inflow near
source by providing ade-
quate storage volvme and
drainage capacity

Can grout be placed effectively
by the election of a suitable
grout pattern, the use of grout
pipes, and the selection of
grout injection pressures?

Can grout workability be ensured
during placement in the in situ
moisture and temperature
environment?

Can fines be removed from the floor
or controlled from ntering the
fracture system to reduce silting
potential?

Low to
highb

Medium

Limit flow through da to
47 m'/yr from 0 to
300 yr and 220 3 /yr to
the end of the sealing
period (500 yr\

Retai a portion of the
ground-water inflow near
the source by providing
adequate storge volum
and drainage capacity

High High

Cement parti-
cle sire,
,hydraulic con-
ductivity of
fractures in
welded tuff,
hydraulic con-
ductivity of
cement

Setting tine,
workability,
sluiap, vis-
cosity

Particle gra-
dation of
fines,
hydraulic
conductivity
of fractures
in welded
tuff

High Low to
high

I-

CD,

0-



Table 8.3.2-9a. Emplacement concerns for the preferred sealing options (page 4 of 4)

I)os iqil
opt iotl*.

Tent at ive
design goals

Emplacement issues
and uncertainties

Needed confidence
that the operation
can be achieved

Current confidence
'that the operation
can be achieved

Mater i a I
properties
of concern

I...

Emp I acement

n ifts
COl uucltl

Earthen plug materials

Can pneumatic, hydraulic, or hand
placement methods be used to
emplace an earthen material
with specified material proper-
ties e.g., gradation, density,
high swelling capacity) to form
an effective hydrologic barrier?

Can he shaft fill be emplaced by
hydraulic, pneumatic, or hand
placement methods to achieve
specified properties e.g.,
density, swelling capacity,
and permeability)?

High High Density, mois-
ture content,
particle gra-
dation, swel-
ling potential

6I4U,,Id I

I dmp/slidl t

backfill

Reduce potential for wter
and air flow

Medium to
highc

High Density, mois-
ture content,
particle
gradation

I

.

ko

Permimeter Promote dainage tIarough
drifts drift floor upgradient
or mains from dam by limiting

leakage through the dam
or bulkhead to 10 of
the drainage capacity

of the drift floor
upgradient from the
dam, i.e., <200 m/yt

Can a continuous grout structure
be achieved by redrilling holes
many times and grouting without
affecting the sump drainage
capacity?

Can a compacted, low permeability
backfill be eplaced by hydraulic,
pneumatic, or hand placement
methods with specific properties
(e.g., optimum moisture content,
density, swelling capacity and
low density)?

Can cracks due to shrinkage or
thermal effects create signifi-
cant water paths?

High Medium Workability,
viscosity,
cement par-
ticle size

Density, mois-
ture content,
particle
gradation

High Med i um

Low to
highb

Low to
highb

Hydraulic con-
ductivity of
fractures in
welded tuff

"NA not applicable.
bNeeded confidence depends on site conditions.
ODepends on whether shaft fill is a redundant seal component.
din excavating the sump, it may be beneficial to use a nonexplosive demolition agent (NEDAl in restoring the floor to the original excavation

quaility.
A1
I1)



Table 8. 13.2-9b. Emplacement concerns for the secondary sealing options (page I of 

I)eS i II
opt jolgi

Station and

ramp/shaft
plugs

Telit tI V
JesIgnI odi

Emplacement issues
and uncertainties

Needed confidence
that the operation
can be achieved

Current confidence
that the operation
can be achieved

Material
properties
of concern

Limit surface and sub-
surface waters enter-
ing the underground
facility to 1,000 3 /yr
Istation plug) from
0 to 500 yr and
14,000 3/yr at the
end of the sealing
period 1,000 yr)

Can the liner be removed before plug
placement without propagating the
modified permeability zone (Z)
outward at the plug location?

- Can the liner be drilled and split
by one of the drill and blast
or hydraulic splitter methods?

High High

High

Unconfined com-
pressive
strength of
the liner

Unconfined com-
pressive
strength of
the liner

O

C)

:T'

.Low

- Can the broken liner be mucked to
the surface?

Low High NA&

t)

Can a keyway be excavated before plug
construction?

- Can the keyway in the welded tuff
be excavated?

- Can the keyway excavation be per-
formed without propagating frac-
tures outward?

- Can rock be removed to the surface?

Can grout be placed effectively by
the selection of a suitable grout
pattern, the use of grout pipes,
and the selection of grout injection
pressures?

High

High High

High

High High

Unconfined com-
pressive
strength of
welded tuff

Unconfined com-
pressive
strength of
welded tuff

Tensile
strength, un-
confined com-
pressive
strength, far-
field in situ
stress

NA&

Cement parti-
cle size,
hydraulic
conductivity
Af tuff.

High

High

High

Medium



Table 8.1.3.2-9b. Empidcement concerns for the secondary sealing options (page 2 of 5)

I)es ign

opt ions
Tentative

design goals
Emplacement issues
and uncertainties

Needed confidence
that the operation
can be achieved

Current confidence
that the operation
can be achieved

Material

properties
of concern

Station and
ramp/shaft
plugs
(cont iliued(

Can grout workability be ensured
during placement in the in situ
moisture and temperature environment?

High High Setting time,
slump, vis-
cosity

Provide structural support
of ramp/shaft backfill
Istation and ramp/shaft
plugs in ramp/shaft if
necessary

Cementitious materials

Can the materials be placed with
specified properties to form an
effective hydrologic barrier?

Can shrinkage and temperature effects
due to hydration significantly
alter the interface zone?

Can workability be ensured during
placement to eliminate either
premature setting or particle
se1re4t00io?

High

Low to
high

High

Nedium

Medium to
high

High

Density, com-
pressive
strength,
permeability

Heat of hydra-
tion, thermal
conductivity,
specific heat,
thermal
expansion

Setting time,
workability,
slump, vis-
cosity

I

,)

LI'
.1

Earthen materials

Can pneumatic, hydraulic, or hand
methods be used to emplace an
earthen material with specified
material properties (e.g., grada-
tion, density, high swelling
capacity) to form an effective
hydrologic barrier?

High medium Density, mois-
ture content,
particle gra-
dation

Duuble bulk-
head (no
settlement)

Emplacement Retain inflow between two
drifts bulkheads by providing

adequate storage volume
and drainage capdcity

Can a keyway be excavated before
seal construction?

High High Unconfined com-
pressive
strength of
welded tuff

l

C)

I 

'A,
AD

I '



Table 8.3.3.2-9b. Cplacamnt concerns for the secondary sealing options (page 3 of 5)

Heeded confidence Current confidence material
Design Tentative Eplaceent issues that the operation that the operation properties
options design goals and uncertainties can be achieved can be achieved of concern

a1pIacoment
drifts
(Continued)

- Can the keyway n welded tuff
be excavated?

High High Unconfined com-
pressive
strength of
welded tuft

Liit flow through bulk-
head to 24 m/yr/bulkhead
from 0 to 300 yr ad 110
ms/yr/bulkhead to the nd
of the sealing period
(SOO yr)

en

- Can the keyway excavated be
performed without propagat-
ing fractures outward?

- Can the rock be removed to the
surface?

Can grout c nts be placed effec-
tively by the selection of a
Suitable grout pettern, the use
of grout pipes, and the selection
of grout ilnetion pressures?

Can grout workability be ensured
during placiet in the in situ
moisture ad teerature
enviroomant?

Camntitious materials

Can the material be placed with
specified properties to form an
effective hydrologic barrier?

Can shrinkage and t erature
effects due te hydration ignifi-
cantly alter the interface one7

High High

High High

High Medium

Tensile strength
unconfin ed
compressive
strength, far-
field in situ
stress

NA

Cement parti-
cie size,

hydraulic
conductivity
of cement

Setting time,
workability,
alump, via-
cosity

nigh Nigh

Nigh Hedium

High Low

Density, comr-
pressive
strength, and
permeability

Heat of hydra-
tion, thermal
conductivity,
epecific heat,
thermal
expansion

(0

.4



Table 8.3.3.2-9b. Emplacement concerns for the secondary sealing options (page 4 of 5)
0
0III

:).D.
d

Needed confidence Current confidence Material
Design 2eatative Emplacement issues that the operation that the operation properties
options design goals and uncertainties can be achieved can be achieved of concern

emplacement
drifts
(continued)

Limit flow through bulk-
head to 24 mIyt/bulk-
be"d from 0 to 300 yrt
And 110 m'/yr/bulkhoad
to the nd of the seol-
ing period (500 y)
Icoatisued)

Can workability be ensured during
plac nt to liminate either pre-
mature setting or particle segre-

gation during Placement?

Earthen materials

Can pneumatic, hydraulic, or hand
placent methods be effectively
used to emplace an earthen material
with specified material properties
(e.g., gradation, density, high
swelling capacity) to form an
effective hydrologic barrier?

Can cracks due to shrinkage or thermal
effects create significant water
paths?

High Medium Setting time,
workability,
slump, vis-
cosity

High High

;I.

I . Low to
highb

Low

Density, ois-
.ture content,
particle gra-
dation

Strain param-
eters
- Young's
modulus
- tangent
modulus
Poisson s
ratio, coheJ-
sion folia-
tion angle

Particle grada-
tion of fines,
hydraulic
conductivity
of welded tuft

OackfillO4 Petain ground-water inflow
sep r re

Can fines be roved roW the floor
to reduce silting potential?

High LO to
high

*lug in a
horizontal
eplaceent
bole

Limit ground-water inflow
post plugs to 12 *'/yr
from 0 to 300 yr and
56 *'/yr at the end of
the sealing period
(500 yr)

Can the material be placed with
specified properties?

High High Density, cow-
pressive
strength, per-
meability



Table .3.3.2-9b. Emplacement concerns for the secondary sealing options (page 5 of 5)

co

I.-)

U'

f

Heeded confidence Current confidence material

Design Tentative t plac me nt issues that the operation that the operation properties
options design goals and uncertainties can be achieved can be achieved of concern

plug In a Liit ground-wter itnlow - Can hrinkage and te perature High Low Heat of hydra-
horisontal peat plugs to 12 elyt effects due to hydration be tion, thermal
mplaincent f rom 0 to 300 y ad controlled by testing to conductivity,

hole ea- i6 *5/yr at the end of reduce eparation at the specific heat,
tilsd) the seaia period interface one? thermal expan-

s0 y (ontinued) sion

- Can workability be ensured dur- High High Workability et-
ing placement to liminate ting tine,
either premature setting or *luMp, vis-
particle segregation during cosity
placemnt?

Channel in Channel ground-water Can backfill be _mplaced in channel High High Particle grada-

backtilled inflow away from waste subject to quality control testing tion of back-
roeM package, dependent on of specified gradtions to elimi- fill

hydraulic conductivity nate the potential for silting?
of channel fill material,
at the following flow
rates:

(2,000 o3/yt
(<1 "I1/ SW

2,000 to 20,000 m/yr
(1-1 val/Ain)

20,000 to 2 10 ut/Fr
(10-100 Al/)

Lit grow-water Inflow Can grout be injected at the inter- High Mediue Cement parti-
pat plugs to 12 as/yC face zone to reduce conductivity? cle size,
from 0 to 300 yr and hydraulic
56 m/yr at the N of conductivity
the sealing period of cement
(500 yr)

*NA - not pplicable.
beeded confidence depends on site condition.

6-
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Several major exploratory drifts will focus on the fault zones and the
hydrologic investigations are pertinent to quantify the amount of water (if
any) that may enter the underground facility. The effects of anisotropic flow
within the fault, characterization of the geochemistry of waters contained in
the fault zone, and the effects of.overlying alluvial sediments on the
recharge of the fault zones will also be considered. Additional concerns
regarding sealing, containment, and dispersal of waters from fault zones, and
possibly perched water, intersected at depth will be considered in evaluating
the field observations. The true importance of these concerns will ultimately
rest upon the locations of the zones encountered, the number of zones
intersected, the rate and frequency of flow within the fault zones, and the
ability to disperse the water by infiltration to below the repository horizon.

Adequacy of data--on seal materials properties. The properties of the
ramp/shaft fill are identified in Table 8.3.3.2-8. Additional needed
information on seal materials is outlined in Table 8.3.3.2-6, which indicates
potentially important material properties of concern for sealing components.
These information needs and the required testing will be modified, if
necessary, as the seal design requirements are refined.

Adequacy of data--emplacement concerns. Information needs on various
operations including the removal of te liner and the emplacement of seal
components are evaluated for the preferred and secondary options of seal
components in Tables 8.3.3.2-9a and 8.3.3.2-9b respectively. The following
evaluations assume that specific seal components would be placed to provide
additional assurance that performance goals can be achieved. Specific
emplacement concerns are raised, and the needed confidence and current
confidence that the emplacement operations can be achieved are identified.
The material properties of concern are then identified. A summary of the
adequacy of the data is presented below.

In general, there is a high level of confidence that liners can be
removed, that keyways can be constructed, that seals composed of either
earthen or cementitious materials can be emplaced, and that existing
laboratory or field methods for monitoring quality control or defining
performance or index properties are available and adequate. The material
properties of concern for grouts include cement particle size, the hydraulic
conductivity of cement, and the hydraulic conductivity of welded tuff. The
properties for cementitious materials include hydraulic conductivity, particle
size, density, heat of hydration, slump, and setting time. The properties for
earthen materials include density, moisture content, particle gradation, and
swelling potential. These properties will be characterized by laboratory
testing.

During repository construction and operation, fines may enter the floor
and could reduce the floor hydraulic conductivity. This would reduce floor
infiltration capacity at the repository horizon. Laboratory testing is
required to identify the effects of solids in water (particle size and
gradation) on reducing hydraulic conductance. The concerns to be addressed
include the potential for fines to migrate as a function of particle size,
particle gradation, hydraulic potential, and infiltration rate. This testing
may be performed in conjunction with the sand-bed test as described
subsequently.

8.3.3.2-55
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Special concerns regarding grouting or the use of cut-offs are currently
expected to be addressed through subsequent advanced conceptual design trade-
off studies. Nevertheless, either grout curtains or earthen dams may need to
be designed and constructed to cut off flow through the modified permeability
zone around ramp/shaft seal compc-ants. These possibilities will be
considered if low permeability zones with favorable fracture frequencies,
orientations, and apertures cannot be located, or if sufficient sump/floor
drainage capacity in specific areas at the repository horizon does not exist.
In these instances, a postconstruction emplacement test might be required that
would test the effectiveness of the grout curtain and confirm that hydrologic
performance can be achieved through a suitable grout pattern, the use of grout
pipes, and the selection of grout injection pressures.

A sealing component with a tight, low-permeability interface may need to
be designed and constructed so that either temperature and hydration effects
will be controlled for cementitious materials during emplacement or shrinkage
will be controlled for earthen materials during placement. In this instance,
consideration may be given to field testing to confirm the performance of the
interface zone.

State of-the-art considerations. The following considerations are
important in evaluating the need for in situ tests on sealing components prior
to license application:

1. Current design requirements for hydraulic conductivity particularly
in the case of general shaftfill (10-2 cm/s) or for seals (10-5 to
10-4 cm/s) are expected to be easily achievable with current emplace-
ment methods for cementitious or earthen materials.

2. Current information indicates that the hydrologic properties of the
interface zone are not significant in achieving the hydrologic
performance goals for the seal system considering unsaturated flow.

3. While the range of potential host-rock properties is significant, it
is likely that seals could be located in low permeability zones with
minimal modified permeability zone (PZ) effects. Current designs
that would utilize grouting, and keyways may not be required.

4. Depending in part upon the inflow observed at the repository horizon,
floor and sump infiltration rates may be quite sufficient in
eliminating the potential for lateral flow at the repository horizon
and would eliminate the need for earthen dams or bulkheads at this
horizon.

5. Laboratory methods are available to evaluate important index
properties used for quality control during emplacement and are
planned as discussed subsequently.

6. Several seals emplacement methods are currently available and
alternative methods are proposed to accommodate varying site
conditions. Existing conceptual designs are not dependent on
specific emplacement methods.
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7. Additional design information on the underground facility is
necessary for the selection of the specific seal locations and
emplacement methods that would be available after construction
startup.

Several of these considerations are elaborated in the following paragraphs.

In achieving the performance goals, it is currently possible to specify
either cementitious or earthen materials with conductivities that are several
orders of magnitude lower than the current hydrologic design requirements
(10-5 to 10-4 cm/s) for the preferred sealing options. Typical concrete
hydraulic conductivities of less than 10-8 to 10-6 cm/s are currently
achievable, and special concretes with hydraulic conductivities less than
10-10 cm/s have been reported (Mather, 1967). For earthen materials, low
hydraulic conductivities may be achieved by increasing the content of clay or
silt. For example, mixtures using kaolinite clay have conductivities as low
as 10-8 cm/s, while mixtures with bentonite can be as low as 10-12 cm/s
(Fernandez et al., 1987).

Previous investigations have evaluated the properties of the interface
zone in anhydrite and basalt (Lingle and Bush, 1982; Kelsall et al., 1984).
The properties of an anhydrite-interface zone were investigated in laboratory
tests. A 48-cm long by 20-cm diameter cement plug was placed in a borehole
drilled in the laboratory in a block of anhydrite (Kelsall et al., 1984). The
borehole was drilled, and the plug placed in a custom-built pressure vessel
that allowed simulation of the in situ conditions, such as overburden stress,
bit pressure, and mud pressure. After the plug was cured, a flow test was
performed using a differential-fluid pressure of 13.8 Ma (2,000 psi). Dye
penetrant was introduced in the permeant to determine the flow path. Finally,
after the flow test was completed, the sample was removed from the pressure
vessel and sectioned for examination of the interface. Assuming the flow
occurred across the cross-sectional area of the cement plug, the equivalent
permeability was found to be of the order of 10-7 cm/s. Examination of the
sectioned plug and the dye penetration revealed clearly that the flow had been
concentrated at the interface in a much smaller area than that arbitrarily
assigned for calculation of equivalent permeability.

A subsequent test was performed in basalt (Lingle and Bush, 1982). In
analyzing the data from basalt, an assumption can be made that flow occurs
through the interface zone which behaves like a smooth-wall fracture. Assum-
ing the cubic law applies, an equivalent-smooth-wall fracture aperture may be
calculated and plotted as a function of effective stress (the difference
between confining pressure and pore pressure) as indicated in Fig-
ure 8.3.3.2-4.

The results support the theory that the interface zone behaves like a
fracture in that at low effective stress levels, the interface is open' and
exhibits high conductivity. At higher stress levels, the interface becomes
%closed" and exhibits a much lower conductivity that is independent of
effective stress level. Further evidence is provided by comparing the results
with flow tests on a single fracture in basalt (Iwai, 1976) as illustrated in
the figure. An equivalent smooth-wall aperture of four micrometers is
indicated and would correspond to a tight" flow zone at high effective
stress.
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An experiment on a borehole seal in welded tuff has been reported by
Daemen et al. (1983). A rock specimen 31 cm long by 15 cm in diameter was
installed in a permeameter and loaded axially and laterally with confining
stresses ranging from 7 to 20 MPa and axial stresses ranging from 8 to 23 MPa.
A coaxial hole (2.5 cm in diameter) was then drilled from each end of the
specimen leaving a rock bridge in the center. A differential pressure was
applied and flow measurements were performed. After these initial flow
measurements were performed, the rock bridge was drilled out and replaced by a
cement plug. The plug was then tested under a similar set of total stress and
pore pressure conditions. Daemen et al. (1983) expressed the conductivity of
the plug as an equivalent conductivity for flow through plug and interface
zone. The reported values ranged from 10-13 to 10-10 cm/s. If the flow is
assumed to occur through a smooth-wall "crack" at the plug perimeter, an
equivalent smooth-wall fracture aperture of 0.5 to 5 micrometers is
calculated, which is similar to the calculated value from the test in basalt.

While application of these results to the emplacement of large-scale
seals in welded tuff and the need for future laboratory testing to confirm the
interface-zone flow performance is a concern, it is likely that a tight
interface zone will be achieved for seals emplaced in welded tuff. In this
case, the conductance of the interface zone may not be the controlling factor
when compared with the conductance of the plug or the surrounding modified
permeability zone.

Modified permeability zone studies (Case and Kelsall, 1987) have examined
the potential range of hydrologic properties for shafts excavated in welded
tuff (the increase in permeability and radial extent of the damaged zone).
Additional studies may be done for ramps if it is determined that they are
needed. Tentative design goals (Fernandez et al., 1987) assumed worst case
conditions: their assumptions were that the hydraulic conductivity of the host
rock is 10-2 cm/s, and that the increase in conductivity of the MPZ is 60
times the host rock conductivity. These conditions assume that deformations
due to stress relief across fractures are inelastic, that a 1.0-m-wide
blast-damage zone has formed, and that changes in fracture conductivity are
sensitive to stress. Further, the calculations neglected the role of
artificial support in restricting rock deformations. These rock conditions
could necessitate the design of a keyway, and treatment of the MPZ if the
surrounding host rock conductivity (10-2 cm/s) is at the high end of the range
of conductivities for welded tuff. However, a location will likely be found
for key seals that would have more favorable rock properties (e.g., host rock
conductivity is low, rock deformations are elastic, blast damage zone is thin,
and fracture conductivity is insensitive to changes in stress). For these
conditions, the host rock conductivity might be several orders of magnitude
lower and the conductivity in this zone might increase by lower factor.
Treatment of the MPZ by the construction of a keyway or grouting may not be
required for these rock conditions.

The drainage through sump areas at the bottom of the shafts or through
the drift floor at the repository horizon have been calculated by Fernandez
et al. (1987) and compared to anticipated flow rates. It was found that if a
sump in a shaft is constructed below the repository horizon, adequate drainage
capacity would exist to dissipate flows without water entering the repository.
If water were to enter the repository from shafts, it would flow to the lowest
part of the repository, which has an estimated drainage capacity of 32,000
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m3/yr (assuming vertical emplacement and a bulk rock hydraulic conductivity of
10-5 cm/s). This would be quite sufficient to drain anticipated flow rates.
In individual drifts, it is expected that the drainage capacity of the flow
will far exceed the anticipated flow rates to the underground facility.

The flow rates for anticipated conditions ranged from 40 to 60 m3/yr for
the entire underground facility. The floor drainage capacity of a single room
is approximately 6,000 m3/yr assuming the saturated conductivity of the tuff
is 10-5 cm/s. This indicates that the expected inflow is much smaller than
the potential drainage capacity.

Backfill can be emplaced using mechanical or pneumatic methods. In the
former case, the crushed tuff would be transported by conveyers and emplaced
by load-haul-dump vehicles and small bulldozers. As necessary, the material
can be compacted with smooth-drum rollers, hand-held tampers or vibratory
compactors, or by repeated passes by the emplacement equipment (Hilf, 1975).
Effective compaction of sand and gravel has been obtained using vibratory
rollers (Terzaghi and Peck, 1967). The material is spread in layers 12 to 14
in. thick and two to four passes of the roller are used. Moisture control is
not necessary. In limited areas, self-propelled, hand-operated vibratory
compactors have also been found useful.

Pneumatic emplacement can handle earthen materials up to three inches in
size, which can be transported directly from the surface. Methods used for
pneumatic backfilling of abandoned mines are discussed by Eby (1981). For
earthen materials, greater compaction can be achieved in materials containing
a wide range of grain sizes (well graded) than in more uniform materials.

Emplacement methods are also available for cementitious materials. Auld
(1983) presents information on important construction aspects for batching and
transporting concrete, placement methods for eliminating thermal and shrinkage
effects, and grouting procedures. Auld (1983) also presents several case
histories in which the effectiveness of seal emplacement Jreduced flow rate as
a function of time) was demonstrated. In one instance, at a mine in England,
Auld (1983) reports that a low heat of hydration mix, incorporating a cement
replacement material was used to construct an emergency plug that resulted in
a one hundred-fold reduction in flow rate.

Possible in situ sealing tests

The process to develop in situ seals tests was described above. Four
steps were de-fined: (1) evaluation of site and seal materials properties,
(2) evaluation of the adequacy of these properties including a discussion of
the current state of the art, (3) definition, evaluation, and selection of in
situ tests of seal components, and (4) detailed definition and design of
specifics of field tests. Preliminary evaluations supporting the first two
steps have been completed, and some of the evaluations of step 3 are
completed. However, before step 4 can be completed, additional information
will be required from site characterization activities and from an evaluation
of the role that the sealing subsystem plays on the overall repository
performance (step 3). Nevertheless, the initial evaluations in step 3, as
supported by the assessments performed in steps 2 and 3, do indicate several
areas in which field tests may be performed to reduce uncertainties in seal
performance. These are verification of emplacement techniques and seal
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behavior under anticipated and unanticipated hydrogeologic conditions.
Examples of potentially appropriate tests are siltation-infiltration tests,
borehole seal tests, and a ramp/shaft seal test.

The definition of the seals tests will be based in part on some of the
hydrologic information obtained early in site characterization and data may
include the rate of flow of water, degree of fracturing of the rock mass,
fracture orientation, fracture interconnectivity, etc. The test definition is
planned to be completed in time to conduct needed experiments before license
application.

Once in situ tests have been defined, test locations will be selected so
other planned or ongoing tests will not be disturbed and also so other tests
will not disturb the sealing test. Evaluations will also be made to ensure
that the quantity of water proposed for use in the tests will not signifi-
cantly increase uncertainties relative to postclosure performance.

If it is determined that sealing-related testing influences other tests
or leads to postclosure performance uncertainties, consideration will be given
to conducting the tests in an alternative location, such as G-tunnel on the
Nevada Test Site. A study plan will be prepared to support the in situ test
program for seals after detailed concepts for testing are developed.

It is important to emphasize that many tests supporting the sealing
program will be performed within the ESF (e.g., the hydrologic tests defined
in Table 8.3.3.2-7). Should other tests be indicated as a result of these
tests and other activities, sufficient flexibility exists for expanding the
ESF to accommodate additional appropriate tests.

8.3.3.2.3 Information Need 1.12.3: Placement method for seals for shafts,
drifts, and boreholes

Technical basis for addressing the information need

The technical basis for addressing the information need is discussed
below by first identifying the contents of related sections of the SCP and
other documents. Needed parameters are then described. The logic for the
technical activities is described and planned design activities are
identified.

Link to the technical data chapters and applicable support documents

Seals may be required to limit ground-water flow through shafts, drifts,
or boreholes that could contribute to release of radionuclides from the re-
pository. These seals, if required, must be designed to be emplaced using
adequately established technology and must be emplaced so that seal perform-
ance is acceptable. Once the reference designs are selected as part of
Information Need 1.12.4, data required to select appropriate placement
methods will be obtained.

Information that will be required in selecting a suitable placement
procedure for sealing components includes the design of the repository,
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conditions of man-made and natural penetrations that must be sealed and the
required properties of the sealing materials/systems. Design of the reposi-
tory is presented in Section 6.2 of the SCP and in the SCP-CDR (SNL, 1987).
Knowledge of the conditions to be encountered in the underground facility,
the shafts, and ramps will be obtained through observations at the time of
the excavation of the exploratory shaft facility. The design portion of the
Yucca Mountain Project repository seal program uses the approach that a range
of hydrogeologic conditions may be encountered as the repository is devel-
oped. These variable conditions could, therefore, require variable placement
options. The general descriptions of water entering the exploratory
ramps/shafts and the exploratory shaft facility will provide an increased
data base on water-producing zones that may require sealing and hence,
consideration of the appropriate placement technique.

Data on borehole conditions are currently being recorded. Borehole
conditions are briefly described in Chapter 6 of the SCP.

Parameters

Several properties of candidate seal materials are directly affected by
placement methods and conditions. Conversely, the selection of a feasible
emplacement method may be influenced by properties of the material. Data
needed to address this information need include the available placement or
construction methods for proposed seal components and those properties of
seal materials that affect or are affected by emplacement.

For earthen materials (clays, rockfill), these properties are

1. Density-water content relation.
2. Particle gradation.
3. Hydraulic conductivity related to density.
4. Swelling capacity related to density.

For cementitious materials, these properties are

1. Density.
2. Heat of hydration.
3. Slump, viscosity.
4. Workability.
5. Set time and working time.
6. Maximum particle size of aggregate phases.

The data represented in the preceding list are those variables that can
be modified to accommodate the placement strategy to be used for the sealing
component. Because multiple placement strategies will be proposed to accom-
modate varying site conditions, no site parameters will be required to estab-
lish the appropriate placement methods. Site conditions as encountered will
focus on the appropriate placement method. Design information on the under-
ground facility and existing boreholes is also necessary to select the appro-
priate placement method. Laboratory analyses will be performed as part of
Study 1.12.2.1 (Section 8.3.3.2.2.1) under Information Need 1.12.2 to define
the properties of earthen and cementitious-based materials identified pre-
viously.
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Logic

For granular materials (e.g., clays, crushed rock), the method and
degree of compaction may have a strong effect on density and porosity, hy-
draulic conductivity, and swelling pressure. The required in situ properties
may influence the selection of emplacement method, principally according to
the degree of compaction necessary. Selection may also be influenced by the
gradation and moisture content of the material. For example, pneumatic
methods may be limited to certain gradation and moisture ranges. Performance
of cementitious materials may be affected by the method of consolidation, the
presence of free water, and temperature during emplacement and curing.
Selection of placement methods will be influenced by properties such as the
heat of hydration, working time, harshness, and viscosity. For example, the
heat of hydration of a concrete mix may limit the thickness of any lift that
can be emplaced to prevent undue thermal stresses in the seal zone.

There are no planned design activities identified for this information
need. Any trade-off design activities evaluating the appropriate placement
method will be performed as part of the advanced conceptual design or the
license application design (Information Need 1.12.4, Section 8.3.3.2.4).
Development of properties of earthen and cementitious-based materials will be
obtained as part of Information Need 1.12.2 (Section 8.3.3.2.2).

8.3.3.2.4 Information Need 1.12.4: Reference design of seals for shafts,
drifts, and boreholes

Technical basis for addressing the information need

The technical basis for addressing the information need is discussed
below by first identifying the contents of related sections of the SCP and
other documents. Needed parameters are then described. The logic for the
technical activities is described and planned design activities are
identified.

Link to the technical data chapters and applicable support documents

This information need will provide the seal design that will become part
of the overall repository design. The seal design, therefore, is described
in Section 6.2, current repository design description. A further description
of the seal component design will be given in the SCP-CDR (SNL, 1987). As
part of this information need the seal design, which is based on design
requirements, will be developed.

Parameters

To develop the seal design, site and repository design information is
required. The parameters needed for design are defined in the parameters
subsection of Information Need 1.12.1, Section 8.3.3.2.1. Using the designs
provided in this information need description, the appropriate materials
(Information Need 1.12.2, Section 8.3.3.2.2) and placement methods (Informa-
tion Need 1.12.3, Section 8.3.3.2.3) will be selected.
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Logic

The seal design effort integrates the parameters from Information Need
1.12.1. If seals are found to be necessary, the design requirements for the
seal system can be developed. The design requirements are those properties
that the seal system must attain, such as low overall hydraulic conductivity,
to meet regulatory guidelines for radionuclide releases.

Design requirements will also specify the requirements for materials to
be used in the seals or seal components. These will include the properties
needed to attain seal performance requirements. These design requirements
form a basis for materials testing (Information Need 1.12.2) and for
selecting materials to be included in the seal designs. The placement
technology study to be performed as part of the trade-off studies associated
with the advanced conceptual design activities will provide additional input
to the design regarding suitable construction methods and their effects on
seal performance. Thus, the design study and the materials and emplacement
studies interface closely and require a degree of iteration between design
requirements and materials properties testing.

Both of the design activities defined below are divided into three
areas: define design requirements, perform trade-off studies, and develop
seal designs.

8.3.3.2.4.1 Design Activity 1.12.4.1: Development of the advanced
conceptual design (ACD) for sealing

8.3.3.2.4.1.1 Design Subactivity 1.12.4.1.1: Define subsystem design
requirements

Objectives

The objective of this subactivity is to develop design requirements that
will assist the designer in the development of sealing components.

Description

Currently, the following tasks will be performed to support the advanced
conceptual design:

1. Define sealing components.

2. List state and local regulations to establish the basis for design.

3. Develop functional requirements for the sealing subsystem, including
the subsystems role in ensuring long-term waste containment and
isolation.

4. Define the performance criteria for the sealing system to establish
the level of performance required of the sealing system.
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5. Identify the interfaces between the sealing System and other
systems.

6. Define constraints in limitations placed on the sealing system or on
other systems by the sealing system.

7. Describe the design-basis assumptions (if any) to be used in
designing the sealing system.

8.3.3.2.4.1.2 Design Subactivity 1.12.4.1.2: Perform trade-off studies to
support advanced conceptual design development

Objectives

The objective of this subactivity is to provide technical justification
for the selection of specific design options.

Description

The primary focus of the advanced conceptual design (ACD) work will be
the resolution of design and engineering issues through the use of engineer-
ing tradeoff studies. These tradeoff studies would

1. Evaluate the potential suitability of gradations for the ramp/shaft
and drift fill. If materials from the exploratory shaft facility
are unavailable before the development of the design, only an
analytical assessment of ramp/shaft settlement will be performed
using a simple consolidation theory and available material
properties.

2. Evaluate strategies for dissipating water at the floor of ramps and
drifts.

3. Evaluate strategies for sealing discrete, water-producing fault or
fracture zones encountered in horizontal emplacement holes and
drifts.

4. Evaluate the need for settlement plugs by determining the consol-
idation behavior of various ramp/shaft fills and the subsequent con-
sequence if no plugs are emplaced.

5. Assess the effectiveness of sealing components to deter human entry
and propose preferred methods.

6. Assess the techniques available for emplacing various sealing
components and the resulting seal performance that can be expected
from each emplacement technique.

7. Assess how different materials can accommodate potential variations
in stress, temperature, moisture, and geochemical conditions.
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8.3.3.2.4.1.3 Design Subactivity 1.12.4.1.3: Develop advanced conceptual
design for seals

Objectives

The objective of this subactivity is to provide design details that can
be used to develop the license application design and to support the perform-
ance assessment activities.

Description

The advanced conceptual design (ACD) will summarize the results of the
trade-off studies performed as part of Subactivity 1.12.4.1.2. The following
would be included:

1. The basis for sealing designs.

2. A description of the designs.

3. The design alternatives and a description of how the preferred
design is selected.

4. Definition of the uncertainties/design issues associated with the
preferred designs.

Some secondary information included as part of the ACD would include
preliminary cost estimates for emplacing sealing components (this cost
estimate will also include the cost associated with additional research and
development that may be required -o answer the performance-related questions
and finalize designs), a schedule for emplacing sealing components as part of
the decommissioning process, and a discussion of activities required to
support t performance confirmation program.

8.3.3.2.4.2 Design Activity 1.12.4.2: Development of the license
application design for sealing

There are three design subactivities in this design activity.

8.3.3.2.4.2.1 Design Subactivity 1.12.4.2.1: Define subsystem design
requirements

Objectives

The objective of this subactivity is to refine design requirements that
will assist in the development of sealing components for the license
application design (LAD).
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Description

The development of design requirements for the LAD is expected to be
similar to the categories for Subactivity 1.12.4.1.1. The basis for changes
would be the results from Subactivities 1.12.4.1.2 and 1.12.4.1.3, as well as
results from ongoing performance assessment activities. Changes are
anticipated in the development of performance criteria, design interfaces,
and constraints identification.

8.3.3.2.4.2.2 Design Subactivity 1.12.4.2.2: Perform trade-off studies to
support license application design development

Objectives

The objective of this subactivity is to provide technical justification
for the selection of the final seal designs.

Description

The intent of this task is to perform the remaining trade-off studies
that will be necessary to select final seal designs. The remaining design
and licensing issue is also expected to be resolved by these studies. Some
trade-off analyses would

1. Select the preferred strategies for retaining and dissipating water
encountered in the underground facility considering material dur-
ability and design adequacy in achieving the desired performance.

2. Define the potential licensing issues and propose a resolution of
the issues with consideration of the preferred sealing options.

3. Select the preferred method of backfilling the underground facility
and evaluate the most effective way in which to expedite sealing of
the drifts.

Although not specifically part of the trade-off studies, a performance
assessment of sealing components will be initiated during the advanced
conceptual design phase and continue into license application design phase.
Results from this assessment will be used to develop and refine the design
requirements and performance criteria. The plans for evaluating seal
performance are discussed in Section 8.3.5.11.

8.3.3.2.4.2.3 Design Subactivity 1.12.4.2.3: Develop license application
design for seals

Objectives

The objective of this subactivity is to provide the license application
design for seal components.

8.3.3.2-67



YMP/CM-OOll, Rev. 1 YMP/CM-0011, Rev. 

Description

The license application design will include the design details primarily
for the preferred sealing designs that result from details associated with
the tradeoff studies performed as part of Subactivity 1.12.4.2.2 and specific
activities performed as part of this task. The following activities would be
performed as part of this task.

1. Develop final designs and emplacement procedures for the preferred
sealing options.

2. Quantify the physical construction requirements for the emplacement
procedures established previously.

3. Develop a reliable cost estimate and a schedule of construction
activities needed to emplace the sealing components in the
repository. The cost estimates will include a detailed statement of
the costs incurred to emplace seal components. Manpower, materials,
and equipment requirements will be included.

4. Develop contingency plans for sealing in the event that unforeseen
geologic conditions are encountered.

8.3.3.2-68



YMP/CM-0011, Rev. 1 YmP/cm-ooii, Rev. 

8.3.4 WASTE PACKAGE PROGRAM

The waste package program is organized to address two performance issues
(Issues 1.4 and 1.5) and three design issues (Issues 1.10, 2.6 and 4.3)
included in the issues hierarchy. This section describes the overall waste
package postclosure compliance strategy and the design issues of the waste
package program for the Yucca Mountain Project (formerly called the Nevada
Nuclear Waste Storage Investigations Project). The performance issues of the
waste package program are discussed in Sections 8.3.5.9 and 8.3.5.10.

Section 8.3.4.1 provides an overview of the program. The design
activities and site data needs for addressing the postclosure waste package
requirements are described in Section 8.3.4.2 (Issue 1.10). This discussion
includes a description of the studies and activities required to characterize
the waste package emplacement environment. Section 8.3.4.3 describes the
preclosure containment requirements for the waste package and discusses the
information to be obtained on waste forms (Issue 2.6). Information needed to
develop the technologies for production of the waste package is described in
Section 8.3.4.4 (Issue 4.3).

Sections 8.3.5.9 and 8.3.5.10 discuss the waste form, package materials,
and site data needs and describe the activities planned to demonstrate
compliance with the performance objectives for waste package containment and
engineered barrier system release.

Waste package postclosure compliance strategy

The waste package postclosure compliance strategy is designed to resolve
waste package issues in an integrated manner as shown in Figure 8.3.4-1. The
waste package issues and information needs are based on the requirements in
the U.S. Nuclear Regulatory Commission's (NRC) 10 CFR Part 60 with considera-
tions of the Nuclear Waste Policy Act of 1982, the U.S. Environmental
Protection Agency's 40 CFR Part 191, the U.S. Department of Energy's (DOE)
10 CFR Part 960, and the Generic Requirements for the Mined Geologic Disposal
System (MGDS). Figure 8.3.4-1 provides an overview of the process that the
Yucca Mountain Project is following to develop a licensable, cost-effective
waste package design on the required schedule. This simplified format
depicts only the key elements-of the waste package program strategy and the
major interactions among them. For the purposes of the site characterization
plan, the Yucca Mountain Project has adopted the DOE interpretations for the
regulatory terms substantially complete containment,' 'engineered barrier
systemw and -anticipated processes and events."

Approaches taken by the Project for the waste package postclosure
compliance strategy are to employ multiple barriers consistent with the NRC's
philosophy and to use logical and defensible arguments based on scientific
investigations and engineering analyses. From the existing data bases for
waste forms, characteristics of the Yucca Mountain site, and the preliminary
process and event scenarios, the Project has developed a waste package
concept and a coupled waste package near-field environment scenario, from
which a conceptual waste package design has evolved. The conceptual design
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in turn provides the basis for the development of the waste package testing
and performance assessment activities utilizing computational models. These
models are used to guide the design and testing programs and to aid in per-
formance allocation to waste package components. Sensitivity analyses are
performed to quantitatively relate performance measures (e.g., containers
breached versus time) to design or environment parameters.

The essence of the waste package compliance strategy lies in the itera-
tive process of performance allocation, performance assessment, testing to
determine if goals are met, and, if not, evaluation and selection of alterna-
tive actions such as changes in waste package design or materials, modifica-
tion of computational models, performance of additional tests to improve data
bases for the waste package and the environment, or the reallocation of com-
ponent performance. It is also possible that an alternative definition or
interpretation of the regulatory terms substantially complete containment"
and the "engineered barrier system" by the NRC or the DOE may change the
performance allocation. The iterative process continues until the
performance objectives are met with reasonable assurance. The selection of
the alternative actions will be determined based on the results of
performance assessment.

The waste package postclosure compliance strategy for the Yucca Mountain
Project is structured within an issues hierarchy, and the performance
allocation process is used to resolve the issues. There are three
interrelated issues on postclosure performance of the waste packages.
Sections 8.3.4.2, 8.3.5.9, and 8.3.5.10 discuss the specific performance
allocation strategies to resolve the Issues 1.10, 1.4, and 1.5, respectively.
The Yucca Mountain Project has chosen to allocate performance to the
components of the waste package, namely the container and the waste form,
together with the near-field environment as altered through engineering
design.

The waste package design strategy takes advantage of the unsaturated
nature of the Yucca Mountain site. The near-field environment will also be
engineered by designing the waste package emplacement configuration and
thermal loading to enhance the unsaturated condition and inhibit liquid water
contacting the waste packages during the containment period. For the
bounding condition, the Project assumes that water will contact some of the
packages, and hence containment performance has been allocated to the package
components. However, the expected quality of the water is such that it will
have little impact on the long-term integrity of the waste packages.

Substantially complete containment, as interpreted by the DOE in this
section, relies on the container and waste form. The Yucca Mountain Project
has selected six metallic corrosion-resistant container materials as
candidates for further evaluation. These materials fall generally into two
alloy families selected to avoid common mode failure due to localized
corrosion modes. The material selection criteria, which will be
peer-reviewed, include the material properties, fabricability and closure
requirements, and the ability to model the performance of the container over
time under anticipated repository conditions to predict with confidence that
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the containment and release rate goals can be met. As a backup to metallic
containers, alternative container materials and designs are also being evalu-
ated. Performance is also allocated to the glass and spent fuel waste forms.
For spent fuel, reliance is placed on the cladding during the early years to
limit the release of the radionuclides with short half lives. Reliance is
also placed on the fuel matrix to limit the release of actinides and other
radionuclides.

During the post-containment period, primary reliance is placed on the
properties of the waste form to achieve the goal of limiting the release of
radionuclides from the engineered barrier system. Performance is also
allocated to other components.

Performance is allocated to the engineered environment for both periods.
The expected condition is that the site will remain unsaturated for both the
containment and post-containment periods. Use of the engineered near-field
environment and the nature of the unsaturated site (i.e., high matric
potential) will play an important role in limiting accessibility of liquid
water to the waste packages.
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8.3.4.1 Overview

Section 8.3.4 describes the plans for completing the waste package
design tasks through the sequence of design phases leading to the preparation
of a license application. The tasks are organized to address three design
issues included in the issues hierarchy. (See Section 8.2 for a listing of
the issues and a description of the general approach to resolving these
issues.) These three issues are

1.10 Characteristics and configurations of the waste packages,
including the package environment (postclosure)

2.6 Characteristics and configurations of the waste packages
(preclosure)

4.3 Waste package production technologies

These issues are discussed in Sections 8.3.4.2 (Issue 1.10), 8.3.4.3
(Issue 2.6), and 8.3.4.4 (Issue 4.3).

The tasks to be undertaken for these three issues are closely related
to issues discussed in several other sections of this document. Requirements
and constraints are imposed on the waste package designs by the postclosure
regulatory performance objectives for the engineered barrier system. The
performance issues that address these objectives are discussed in Sec-
tion 8.3.5. These performance issues also provide the properties of the
waste forms and container materials that are needed to design the packages.
The waste package designs are closely coupled to the repository designs
because one of the important missions of the repository is the assembly and
emplacement of the waste packages. The detailed discussions of the
repository design issues are in Section 8.3.2.

In one important respect, the division of the waste package design
issues into preclosure and postclosure categories is somewhat artificial.
Although the requirements and constraints on the package designs differ for
the two time frames, there will be only one set of package designs. After
emplacement, the environment that the packages will experience does not
strongly depend on whether the repository is operational or closed. To avoid
unnecessary duplication and to improve continuity of the discussions, the
material discussed under the preclosure issues is primarily related to the
production, handling, and emplacement of the packages. The postemplacement
aspects of the package designs are discussed under the postclosure issue.
The relationship between the package design issues, and their relationships
to the repository design, and the directly relevant performance issues is
shown in Figure 8.3.4.1-1.

As indicated in the figure, the waste package postclosure design issue
(1.10) is linked directly to the two performance issues (Issues 1.4 and 1.5,
discussed in Sections 8.3.5.9 and 8.3.5.10, respectively) related to the
ability of the waste package and engineered barrier system to meet the per-
formance objectives of 10 CFR 60.113. The reason for this relationship is
twofold: (1) some of the information needed to perform the package design is
developed in the activities described under the performance issues (1.4 and
1.5) and (2) the performance issues require information developed under the
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design issue for their resolution. Specific examples of the information that
must be exchanged between these issues include container material properties
(from Issue 1.4, Section 8.3.5.9), waste form characteristics and configura-
tions (from Issue 1.5, Section 8.3.5.10), and the postclosure environment of
the waste packages and the package design configurations (from Issue 1.10,
Section 8.3.4.2).

The required postclosure performance of the waste packages, together
with the waste form and container material properties, presents a set of
design criteria and constraints on the preclosure aspects of the package
design. These criteria, and the feedback to the postclosure issues, are also
depicted in Figure 8.3.4.1-1. The postclosure performance-derived criteria,
together with the preclosure criteria, establish the design requirements to
be translated into the package design in Issue 2.6 (Section 8.3.4.3) and
reflected in the development of package production technologies in Issue 4.3
(Section 8.3.4.4).

The interaction of the waste package design issues with the repository
design issues (both preclosure and postclosure) is handled by the transfer
of design criteria and design evaluations between respective issues. Thus,
Issues 2.6 and 4.3 will generate criteria for the design of those portions of
the repository facilities, equipment, and operations that concern waste pack-
aging, handling, and emplacement to be implemented in Issue 4.4
(Section 8.3.2.5). Similarly, design criteria for the postclosure repository
configuration that will influence the waste packages will be generated in
Issue 1.10 (Section 8.3.4.2) and implemented in Issue 1.11 (Section 8.3.2.2).

By establishing the relationships just described, a logical mechanism
for integrating the waste package and repository subsystems is defined in a
way that permits the necessary transfer of design information with minimum
duplication: it also provides for adequate feedback between the subsystem
designs to verify consistency. The designs are linked to the appropriate
performance issues so that the assessments required to demonstrate compliance
with the regulations can be made with confidence.

Of the three waste package design issues discussed in this section, only
one directly involves the acquisition of site characterization data.
Issue 1.10 requires the development of sufficient data, both from the site
and in the laboratory, to define the ranges of the anticipated near-field
environment conditions, resulting from all anticipated processes and events,
for which the emplaced waste packages will be designed. These data will be
developed in the activities described in Section 8.3.4.2 and by reference to
the relevant site investigations described in Section 8.3.1 (site program).
The lack of in situ data on this environment represents a major uncertainty
in the adequacy of the design concepts that have been developed in the past
(Chapter 7). These data are vital to the successful completion of the waste
package designs and the assessments of their performance. To provide
resolution of this issue, the results of the waste package and repository
design activities also are needed. This reference design information is
transferred to the performance issues (1.4 and 1.5) to be used, in conjunc-
tion with the other information developed within those issues, in assessments
of the engineered barrier system performance.
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The other two issues addressed in this section, Issues 2.6 (Sec-
tion 8.3.4.3) and 4.3 (Section 8.3.4.4), do not directly involve the
acquisition of site characterization data. The package designs that evolve
under Issue 2.6 must comply with the regulatory design criteria and
restrictions on their contents and must be compatible with the repository
operations, including maintaining the capability for waste retrieval. The
performance-derived criteria and environmental design envelope as received
from Issue 1.10 (Section 8.3.4.2) must be accommodated in the designs. Issue
4.3 (Section 8.3.4.4) is restricted to the establishment of technologies
capable of producing the packages as designed with a high degree of
reliability. These technologies do not require site data since the designs
will reflect the requirements imposed by the site characteristics.

8.3.4.1.1 Waste package environment

The environment into which the waste package will be placed and the
effect of the waste package on that environment are central elements of waste
package design and performance analysis. Our present understanding of the
environment at the repository level at Yucca Mountain is summarized in
Section 7.1 and in the following paragraphs of this overview. The antici-
pated range of near-field environmental conditions considers the effects of
the range of anticipated processes and events. The work that has been done
to characterize alteration to the environment caused by emplacement of waste
packages is described in Section 7.4.1.

The repository would be sited above the water table at Yucca Mountain.
The emplacement holes are expected to remain free of standing water for the
anticipated range of vadose water percolation rates through the repository
level and expected permeability of the host rock. The rock characteristics
indicate that the boreholes would remain open except for some sloughing of
rock from the borehole wall. This implies that the waste packages will not
be subjected to large pressures or stresses from rockfall. The pores in the
rock at the repository level are filled with a mixture of air and water.
This situation will result in oxidizing conditions in the vicinity of the
waste package. The repository rock is expected to contain fractures spaced
at intervals that are sufficiently close to produce at least one fracture
intersection with each emplacement borehole. Site characterization will
allow determination of the range of anticipated conditions.

The vadose water is expected to have a chemical composition of dissolved
solids similar to that found in well J-13. The J-13 water is predominantly a
dilute solution of sodium bicarbonate with moderate amounts of silica, cal-
cium, and sulfate and small amounts of potassium, nitrate, chloride, and
fluoride. This water has been used as the reference water for waste package
testing. When water is available from the repository horizon, its composi-
tion will be compared with that from well J-13. A program of confirmatory
testing will then be developed, based on the level of similarity of the
vadose water to that of well J-13, to relate the testing using well J-13
water and the testing based on the vadose water composition.
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The repository construction will cause changes in the characteristics of
the emplacement environment. These changes could have a Substantial impact
on the subsequent performance of the waste package. As part of the perform-
ance allocation process, goals were established for the level of change that
could be tolerated without resulting in an altered situation that would
invalidate the waste package components testing program. These goals are
discussed in Section 8.3.4.2.

Unanticipated but credible processes and events are included in the
evaluation of Issue 1.1, total system performance (Section 8.3.5.13). The
waste package environments due to interaction of the waste packages with such
unanticipated processes and events will be determined to the extent needed to
evaluate the radionuclide source term for use in the resolution of Issue 1.1.

8.3.4.1.2 Waste package components

The reference designs for Yucca Mountain Project waste packages consist
of various components that depend on the waste form. For spent-fuel waste
packages, the components are the spent fuel (in the form of intact assem-
blies, boxed consolidated rods, or rods consolidated at the repository) and
the container into which the spent fuel would be placed. Spent fuel is
considered to consist of the uranium dioxide fuel encased in the cladding in
which the fuel saw service in the reactor, together with any associated
assembly structural materials. Reprocessed waste from the Defense Waste
Processing Facility or the West Valley Demonstration Project will come to the
repository as a borosilicate glass waste form inside a stainless steel pour
canister. The canister will be placed into a metal container similar to that
to be used for spent fuel.

To address the possibility that the range of anticipated processes and
events will include waste package environment conditions that are more
aggressive than can be tolerated by the reference metal container designs,
alternative container concepts will be evaluated. These alternatives may
include additional components, such as ceramic liners, metallic or other
fillers, or coatings, that will significantly alter the modes of container
degradation and radionuclide release. Additional descriptions of the
activities associated with evaluation of these alternative concepts are
included in the activities supporting the resolution of Issue 1.4 (Sec-
tion 8.3.5.9). These alternatives-may also provide additional control of the
release of gaseous nuclides, such as carbon-14, from spent fuel that may be
released upon container breach.

8.3.4.1.3 Waste package designs

waste package designs must provide for preclosure and postclosure per-
formance objectives. The criteria for design are based on requirements
discussed in Section 7.2.1. The waste package will be designed to provide
containment under normal loads imposed by the handling and emplacement sys-
tems and will assist in containment under accident conditions. One design
approach for the waste package is to obtain information relative to the loads
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imposed by the handling and emplacement systems and to design the waste pack-
age for those load configurations. A second approach is to design the waste
package to meet the overall performance objectives and then to design the
handling systems around the waste package strength criteria that resulted.
The latter approach has been taken for the conceptual design discussed in
Section 7.3. However, the waste package must be designed to consider the
overall repository system, including considerations of identification,
handling or lifting fixtures, and imposed-loads. Thus, the waste package
design may be modified in the-advanced conceptual design report to reflect
the overall repository system. Such modifications are not expected to affect
the issue resolution strategy or the information needs.

The preclosure control of criticality and limitation of reactive
materials and free liquids are independent of site characterization and will
be provided for in the design of the operating system and the waste package.
Under normal conditions, preclosure release control will be provided by the
waste package container and is thus independent of site characteristics.
During accident conditions, the waste package will contribute to the overall
system, but again the performance is independent of site characteristics.
Preclosure (but postemplacement) temperature limitation is not a function of
the waste package alone but includes the emplacement configuration and rock
thermal properties. The control of preclosure emplacement temperature will
require information regarding thermal properties of the rock and is discussed
in Section 8.3.2.2. The final requirement, that the design provide for the
use of reasonably available technologies to fabricate, assemble, close, and
inspect the waste package, is discussed in Section 8.3.4.4. The information
needed to design the waste package for preclosure performance objectives is
discussed in Section 8.3.4.3.

The postclosure performance objectives require that the waste package
design consider site characteristics. Radionuclide containment will be pro-
vided during the 300 to 1,000 yr after closure by the waste package container
and the properties of the waste forms. Therefore, the container must be
designed to provide substantially complete containment in the emplacement
environment. The materials, fabrication techniques, and material thicknesses
will be specified after consideration of the site characteristics discussed
in Sections 7.1 and 7.4.1, with additional information needed discussed in
Section 8.3.4.2. After the containment period, the performance objective is
based on the controlled release rate from the engineered barrier system as
specified in 10 CFR 60.113(a)(1)(ii)(B). Demonstration that this objective
is met is also based on container and waste form performance. There is no
discussion of-the waste form design in this section. The focus of Yucca
Mountain Project effort is to characterize the release rates of radionuclides
from the waste forms under the postemplacement site environmental conditions.
The performance allocation and issue resolution strategy related to the
postclosure performance assessment are discussed in Sections 8.3.5.9 and
8.3.5.10.
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8.3.4.1.4 Waste package modeling

Waste package modeling will be required to support both design and
performance information needs. Modeling will be performed to address both
preclosure and postclosure information needs. Modeling efforts supporting
design include stress analysis for preclosure handling, emplacement and
retrieval scenarios, and analysis of stress caused by emplacement borehole
failure. Further, design calculations are required for thermal analysis to
determine temperatures of waste package components as a function of waste
form characteristics.

Postclosure modeling is required to support performance assessment
calculations. Much of this activity is included in the waste package
performance assessment effort discussed in greater detail in Sections 7.4.5
and 8.3.5.10. Models of the processes that affect loss of containment and
radionuclide release will be integrated into the performance assessment
calculation models. These models will include the processes of waste form
degradation and radionuclide release, barrier degradation, geochemical
changes and transport of materials in the waste package environment, and
transport analysis within the breached containers.

Many of these modeling activities will synthesize empirical data into
mathematical constructs to represent processes that occur following waste
package emplacement. The corrosion and waste form degradation and release
models are likely to be of this form. Models of other processes mentioned
previously will be formulated from the governing differential equations and
constitutive relationships. Thermal and mechanical analyses, geochemical
equilibrium and kinetics calculations, and hydrothermal flow and transport
simulations are expected to be of this form.

The modeling activities will be conducted at two levels. The first
level will be a rigorous attempt to simulate processes in two or three
dimensions to identify the most sensitive model parameters and obtain a
fundamental understanding of the processes. After these modeling activities
are complete, a second level of modeling will be used to derive simpler
models that are appropriate for use in performance assessment calculations.

Both levels of modeling must demonstrate that the processes are ade-
quately represented for the required waste package performance predictions.
Therefore, substantial effort will be required to evaluate these models. The
plans to acquire information from the site characterization program to test
these models are discussed in Section 8.3.5.20.
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8.3.4.2 Issue resolution strategy for Issue 1.10: Have the characteristics
and configurations of the waste packages been adequately established
to (a) show compliance with the ostclosure design criteria of 10
CFR 60.135 and (b) provide information to support resolution of the
performance issues?

Regulatory basis for the issue

This issue deals with two aspects of the waste package postclosure
behavior. The first aspect relates to the specific requirements contained in
Section 135(a) of the NRC rule that states, in part-

(1) Packages for HLW shall be designed so that the in situ chemical,
physical, and nuclear properties of the waste package and its
interactions with the emplacement environment do not compromise the
function of the waste packages or the performance of the under-
ground facility or the geologic setting.

(2) The design shall include but not be limited to consideration of the
following factors: solubility, oxidation/reduction reactions,
corrosion, hydriding, gas generation, thermal effects, mechanical
strength, mechanical stress, radiolysis, radiation damage, radio-
nuclide retardation, leaching, fire and explosion hazards, thermal
loads, and synergistic interactions.

These requirements will be addressed by gathering the information
detailed under Information Needs 1.10.1 (Section 8.3.4.2.1) and 1.10.4
(Section 8.3.4.2.4).

The second part of this issue is more global in its application. Many
of the performance issues require information on the behavior of the waste
package. To provide this information, appropriate testing and analyses of
the waste package components and system must be done. To identify appro-
priate tests and analyses, the service environment for the waste package must
be determined.

The waste package environment, upon initial emplacement of the package,
will depend on the ambient conditions at the repository level and how those
conditions are altered by repository construction and operation. The envi-
ronment following emplacement will depend on the initial emplacement condi-
tions and how those conditions are altered by the waste package character-
istics. Therefore, there is an interactive process between design and
environment characterization. The design is initially based on the ambient
conditions and a prediction of how those conditions would alter under the
stresses applied by repository construction and waste emplacement. Once a
design is available, analysis of that design provides a set of environmental
stress factors. Testing is then done to determine the effects of those
stresses, such as thermal and radiation fields and mechanical stresses, on
the package environment. Based on those tests and subsequent analyses,
designs may be modified and the test and analysis cycle repeated. The
relationships among design, environmental, and performance considerations are
presented in Figure 8.3.4.2-1.
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The information gathered to resolve this issue will provide the waste
package design information and environment description to be used in the
performance issues that will describe engineered barrier system compliance
with the regulations contained in 10 CFR 60.113. The design and environment
description, together with the performance predictions developed under Issues
1.4 and 1.5 (Sections 8.3.5.9 and 83.5.10), will provide input data on the
source term for radionuclide release, which are necessary to resolve other
issues. Source term data will be used in.Issues 1.1 (Section 8.3.5.13), 1.8
(Section 8.3.5.17), and 1.9 (Section 8.3.5.18). Issue 1.1 includes evalua-
tion of unanticipated but credible processes and events. Although not in-
cluded in the basis for design of the waste packages and evaluation of per-
formance Issues 1.4 and 1.5, the near-field environments due to the interac-
tion of waste packages with unanticipated processes and events will be eval-
uated to the extent necessary to provide input to Issue 1.1.

Approach to resolving the issue

There are many factors to be considered in the development of waste
package designs and the analysis of the effect of those designs on the envi-
ronment. To resolve this issue, a high degree of interaction between design,
site characterization, and waste package component performance analyses is
necessary.

Identified by highlighting in Figure 8.3.4.2-2 are the products, models,
and submodels that provide input to resolution of Issue 1.10. Issue resolu-
tion is accomplished by producing a description of waste package/near-field
interactions (Information Need 1.10.1) that addresses the factors identified
in 10 CFR 60.135 and incorporating these interactions into waste package
design considerations. In Table 8.3.4.2-1 the specific activities that
provide data for model development are in the SCP sections indicated, along
with the model hierarchy. The models and submodels also provide information
necessary for resolution of Issues 1.4 and 1.5 through the input pathways
indicated in Figure 8.3.4.2-2. In addition, development of the source term
(Information Need 1.5.5) requires as input the near-field flow and transport
model developed from the description of the postemplacement, near-field
environment (Information Need 1.10.4). The testing and design activities
described in this section are tentative and are subject to change. Any such
change will be reported in semiannual progress reports.

To develop a description of the postemplacement, near-field environment
and satisfy Information Need 1.10.4, it is necessary to identify anticipated
physical interactions between the as-assembled waste package and the environ-
ment that may affect waste container integrity. These physical interactions
will be expressed as performance measures that represent design goals for
rock-induced load on the waste package, waste package thermal environment,
tectonic processes, materials selection, and container handling. These
performance measures and their tentative goals are given in Table 8.3.4.2-2.

The performance parameters, their respective performance measures, their
respective tentative goals, and the expected parameter values are given in
Table 8.3.4.2-3. The activities that address these goals are described in
Section 8.3.4.2.4.

8.3. 4.2-3
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Table 8.3.4.2-1. Model hierarchy and model inputs for Issue 1.10 (waste
package characteristics--postclosure)

Needed
Model Model input confidence SCP section'

Near-field
flow and
transport

For Topopah Spring Tuff at
repository horizon (TSw2)b:

Hydraulic conductivity
of matrix for liquid phase

Porosity of matrix
Water retention curves
Relative permeability curves

Knudsen diffusion coefficients
Fracture permeabilities
Fracture orientation
Fracture porosity
Fracture spacing
Heat output of packages
Thermal conductivity of matrix
Heat capacity of matrix
Bulk density of matrix
Radionuclide releases from

container
Effective sorption coefficients

for radionuclides released
from package

Effective solubilities of
radionuclides in vadose pore
water

Diffusion coefficients for
radionuclides in rock matrix

Dispersivity for radio-
nuclides in rock matrix

Distribution of recharge rates
through repository horizon
in time and space

High 8.3.1.2.2

High
High
High

Medium
High

Medium
High

Medium
High
High
High
High
High

High

8.3.1.2.2
8.3.1.2.2
8.3.1.2.2,

8.3.4.2.4
8.3.1.2.2
8.3.1.2.2
8.3.1.2.2
8.3.1.2.2
8.3.1.2.2
8.3. 4. 2.2
8.3.1. 15 .1
8.3.1.15.1
8.3.1.15.1
8.3.5.10.4

8.3.1.3.4

Medium 8.3.1.3.5

High 8.3.1.3.6

Medium 8.3.1.3.6

High 8.3. 1.2.2

Waste
package
environment

Mineralogy and chemistry of pre-
and postemplacement environment

Near-field hydrology
Thermal and mechanical prop-

erties of the postemplace-
ment waste package environment

High

High
High

8.3.4.2.4.1

8.3.4.2.4.2
8.3.4.2.4.3

8.3.4.2-6
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Table 8.3.4.2-1. Model hierarchy and model inputs for Issue 1.10 (waste
package characteristics--postclosure) (continued)

Needed
Model Model input confidence SCP sections

Mineralogy
and
chemistry

Near-field
hydrology

Thermal
and
mechanical
properties

Mineralogy and water quality
Rock-water interaction at

elevated temperature
Repository material-induced

changes in water chemistry
Vadose water composition
Dissolution-precipitation

effects on water chemistry
Radiation-induced changes in

water chemistry
Corrosion-induced changes in

water chemistry

Water quantity
Single-phase fluid flow
Two-phase fluid flow

Thermal loading
Near-field temperature

distribution

Borehole stability
Near-field mechanical

properties

High

High

8.3.4.2.4.1.1

8.3.4.2.4.1.2

High 8.3.4.2.4.1.3
Medium 8.3.4.2.4.1.4

High 8.3.4.2.4.1.5

Medium 8.3.4.2.4.1.6

High
High
High

High
High

High
High

8.3.4.2.4.2
8.3.4.2.4.2.1
8.3.4.2.4.2.2

8.3.4.2.4.3
8.3.4.2.4.3.1

8.3.4.2.4.3
8.3.4.2.4.3.2

Borehole
stability

Fracture orientation and density
Average spacing within each

borehole
Set identification
Distribution of orientation
Average dip of set
Average azimuth of set

High

High
High
High
High

8.3.4.2.4.3.2

8.3.4.2.4.3.2
8.3.4.2.4.3.2
8.3.4.2.4.3.2
8.3.4.2.4.3.2

Fracture stiffness
Aperture
Normal stress
Shear stress
Joint roughness coefficient

Fracture shear strength
Joint roughness coefficient
Joint compressive strength
Residual friction angle

Medium
High
High

Medium

High
Medium

High

8.3.4.2.4.3.2
8.3.4.2.4.3.2
8.3.4.2.4.3.2
8.3.4.2.4.3.2

8.3.4.2.4.3.2
8.3.4.2.4.3.2
8.3.4.2.4.3.2

8 .3.4. 2-7
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Table 8.3.4.2-1. Model hierarchy and model inputs for Issue 1.10 (waste
package characteristics--postclosure) (continued)

Needed
Model Model input confidence SCP sections

Borehole Emplacement geometry
stability Hole orientation High 8.3.4.2.4.3.2
(continued) Hole dimensions Medium 8.3.4.2.4.3.2

Thermal properties of rock
Coefficient of linear Medium 8.3.4.2.4.3.2

expansion
Rock temperature Medium 8.3.4.2.4.3.2

Mechanical and thermal stress
loading

Poisson's ratio Medium 8.3.4.2.4.3.2
Unit weight Medium 8.3.4.2.4.3.2
Principal stress magnitude Medium 8.3.4.2.4.3.2
Joint roughness High 8.3.4.2.4.3.2
Principal stress orientations Medium 8.3.4-.2.4.3.2

Mineral alteration
Coefficient of thermal expansion Medium 8.3.4.2.4.3.2
Modal abundance of water- Medium 8.3.4.2.4.1.1

rock interaction products

aThe SCP section references for the near-field flow and transport model
refer to discussions on the information need level; specific activities for
these input parameters are described in the information need discussions.

bTSw2 welded Topopah Spring Member.

8.3.4.2-8
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Table 8.3.4.2-2. Performance measures and goals for Issue 1.10 (waste
package characteristics--postclosure)

System Performance Tentative Needed
element measure goal confidence

Engineered
environment

Quantity of liquid
water that can
contact the container

See Issue 1.4
(Table 8.3.5.9-1
Section 8.3.5.9)

Quality of liquid
water than can
contact the container

Rock-induced load
on waste package

Temperature vs.
time in waste
package environ-
ment

Tectonic processes

See Issue 1.4
(Table 8.3.5.9-1
Section 8.3.5.9)

Container will not fail
when subjected to
design basis loads

See Issue 1.11
(Table 8.3.2.2-4,
Section 8.3.2.2)

<0.5% of containers
breached

High

High

Waste
package

Select waste package
material to con-
tribute to contain-
ment

See Issue 1.4
(Table 8.3.5.9-4,
Section 8.3.5.9)

Constrain waste-
handling operations
so as not to degrade
isolation and con-
tainment performance
of the waste package

See Section 8.3.2.5

8.3.4.2-9
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Table 8.3.4.2-3. Performance parameters and goals for Issue 1.10 (waste
package characteristics--postclosure)

Performance Performance Tentative Needed Expected Current
measure parameter goal confidence parameter confidence

value

Rock-induced Load on <1,000 kg/pkg High TBDa
load on waste for 1,000 yr
waste package
package <3,000 kg/pkg

between 1,000
and 10,000 yr

Tectonic Breaching of <0.5% High See Section 8.3.1.8
processes containers containers

by tectonic breached
processes

aTBD = to be determined.

To satisfy Information Need 1.10.4, it is also necessary to obtain input
from studies that characterize the postemplacement mineralogy and water
quality of the waste package environment (Section 8.3.4.2.4.1), the post
emplacement hydrologic features of the waste package environment (Sec-
tion 8.3.4.2.4.2) and the postemplacement thermal and mechanical properties
of the waste package environment (Section 8.3.4.2.4.3). These characteriza-
tion activities are required to address performance parameters identified in
Issues 1.4 and 1.5. The specific performance parameters, their respective
characterization parameters and test bases, and the SCP section describing
the activity that addresses each characterization parameter are presented in
Table 8.3.4.2-4.

The characterization parameters pertaining to water quality reflect the
goal that the chemical characteristics of the water will be similar to those
existing in the undisturbed environment in the unsaturated Topopah Spring
tuff at Yucca Mountain. The characterization constraints are established
because water chemistry is a very sensitive parameter in determining corro-
sion rates and mechanisms for metals and because changes in water chemistry
strongly influence the rock-water interaction and hydrologic properties of
the tuff. Typical values for water found below Yucca Mountain are discussed
in Section 7.4.1.

The quantity of water that contacts containers is constrained as part of
the design strategy to meet the containment and release rate performance
objectives established in Issues 1.4 and 1.5. The parameters to be evaluated

8.3.4.2-10



Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package
characteristics--postclosure) (page 1 of 12)

Performance Characterization SC
Issue parameter parameter Test basis section

Containment (Issue Water quality
1.4) and Release
rate (Issue 1.5)

Vadose water 8.3.4.2.4.1.3

pH ±1 (1)

co
LI.

I.

I.

F-, C1
3-

P04

2-
103-1 S04

2-
C03, C03

Anions not specified

Cations present at
<6 mg/L

Cations present at
6 to 40 g/L

Cations present at
>40 mg/L

Rock-water interaction

pH

±1 mg/L (1)

i1 mg/L (1)

±5 mg/L (1)

±30 mg/L (1)

±i mg/L (1)

t1 g/L ()

±5 mg/L (1)

±20 mg/L (1)

8.3.4.2.4.1.1

i1 (1)
I

I.F , Cl-
3-

±1 mg/L (1)

P04 ±1 mg/L (1)



Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package
characteristics--postclosure) (page 2 of 12)

Performance
parameter

Characterization
parameterIssue Test basisO

SCP
section

Containment (Issue
1.4) and Release
rate (Issue 1.5)
{continued)

Water quality
(continued)

Rock-water interaction
(continued)

_ 2-
N03, SO4

2- _
C03 , RC03

±5 mg/L ()

±30 mg/L (1)

.9,

Anions not specified

Cations present at
<6 mg/L

Cations present at
6 to 40 mg/L

Cations present at
>40 mg/L

±1 mg/L (1)

±1 mg/L (1)

t5 mg/L (1)

±20 mg/L (1)

Temperature ±5 C

Composition of solid
reactants and pro-
ducts

Reactant surface area

±1O wt% of elemental
abundance for those
elements that com-
prise more than
5 wt% of minerals
analyzable on the
electron microprobe

t20% for BETb surface
area measurements

V I



Table 8.3.4.2-4. Input parameters for characterization
characteriatics--postclosure) (page 3

models for Issue 1.10 (waste package
of 12)

Performance Characterization SCP
Issue parameter parameter Test basis* section

Containment (Issue
1.4) and Release
rate (Issue 1.5)
(continued)

Water quality
(continued)

Rock-water interaction
(continued)

Modal abundance of
solid reactants
and products

t20% for optically
identifiable phases

Dissolution and pre-
cipitation

8.3.4 2.4.1.4

(-.I pH t0.5 (1)

Mineral composition

Composition of
product fluid

Mineral structural
state

±10 wt% of elemental
abundance for those
elements that com-
prise more than .
5 wt% of minerals
analyzable on the
electron microprobe

±10% for those elements
that constitute more
than 10% (atomic) of
the mineral phase

120% for the degree of
disorder in the
crystal lattice



Table .3.4.2-4. Input parameters for characterization
characteristics--postclosure) (page 4

models for Issue 1.10 (waste package
of 12)

Performance' Characterization Scp
Issue parameter parameter Test basis' section

IF-

Containment (Issue
1.4) and Release
rate (Issue 1.5)
(continued)

Water quality
(continued)

Repository materials
effect.on water
chemistry

8.3.4.2.4.1.2

pH ±1 (1)

co
Z.1

t~b

F-, C-

3-
P04

2-

2- -

C03, C03

Anions not specified

Cations present at
<6 mg/L

Cations present at
6 to 40 mg/L

Cations present at
>40 mg/L

Id aIg/L (1)

t5 g/L (1)

±30 mg/L (1)

±1 mg/L (1)

i1 mg/L (1)

±5 mg/L (1)

±20 mg/L (1)

i1 mg/L (1)

Temperature *5iC



Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package
characteristics--postclosure) (page 5 of 12)

Performance Characterization scP
Issue parameter parameter Test basis5 section

Fat

Containment (Issue
1.4) and Release
rate (Issue 1.5)
(continued)

water quality
(continued)

Repository materials
effect on water chem-
istry (continued)

Composition of solid
reactants and pro-
ducts

0D

LI

I-.
421

t10 wt% of elemental
abundance for those
elements that com-
prise more than 5 wt%
minerals analyzable
on the electron
microprobe

t20% for BET surface
area measurements

Reactant surface
area

Modal abundance of
solid reactants
and products

Radiation effects

Temperature

Radiation dose rate

t20% for optically
identifiable phases

8.3.4.2.4.1.5

±5C

0-100 krad/h

Degree of water sat-
uration in experi-
ment atmosphere

±20%



Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package
characteristics--postclosure) (page 6 of 12)

Performance Characterization SCP
Issue parameter parameter Test basis' section

Containment (Issue
1.4) and Release
rate (Issue 1.5)
(continued)

Water quality
(continued)

Radiation effects
(continued)

Nature of solid
materials

.

.1
I, 

Chemicals and struc-
tural characteriza-
tion of material
sufficient to allow
fluid and gas com-
position to be
experimentally
reproduced to within
±20%

i (1)pH

F, C-

3-
P04

- 2-
NO3, S04

2- -

C0 3 , HCO3

Anions not specified

Cations present at
(6 mg/L

Cations present at
6 to 40 mg/L

±1 mg/L (1)

±1 mg/L (1)

i5 mg/L (1)

±30 mg/L (1)

±1 mg/L (1)

±1 mg/L 1)

±5 mg/L (1)



Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package
characteriatic3--postclosure) (page 7 of 12)

Performance Characterization SCP
Issue parameter parameter Test basis- section

Containment (Issue
1.4) and Release
rate (Issue 1.5)
(continued)

Water quality
(continued)

Radiation effects
(continued)

I.-

Cations present at
>40 mg/L

±20 mg/L (1)

a>

I)

Formate ions

Oxalate ions

HO 3

Nitrite: nitrate
ratio

CO2

02

NO,

N2

NH3

+30% 1)

30% (1)

±20% (1)

±30% (1)

±20% (g)

±20% (g)

±20% (g)

t20% (g)

±30% (g)

Corrosion products 8.3.4.2.4.1.6

Temperature ±5C



Table 8.3.4.2-4. Input parameters for characterization
characteristics--postclosure) (page 8

models for Issue 1.10 (waste package
of 12)

Performance Characterization SCP

Issue parameter parameter Test basisa section

I--

Containment Issue
1.4) and Release
rate (Issue 1.5)
(continued)

Water quality
(continued)

Corrosion products
(continued)

Composition and
mineralogy of
corrosion
productsco

Chemical and struc-
tural material
characterization
sufficient to allow
fluid and gas com-
position parameters
to be experimentally
reproduced to within
±20%

r')

Degree of water
saturation in
experiment
atmosphere

pH

F-, C-

3-
P04

- 2-
N03, S04

2- -
C03, HCO3

±20%

±1 (1)

±1 mg/L (1)

±1 mg/L (1)

±5 mg/L (1)

t30 mg/L (1)

Anions not specified ±1 mg/L (1)



Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package
characteristics--postclosure) (page 9 of 12)

Performance Characterization SCP
Issue parameter parameter Test basis- section

Containment (Issue
1.4) and Release
rate (Issue 1.5)
(continued)

water quality
(continued)

Corrosion products
(continued)

Cations present at
<6 mg/L

t mg/L (1)

;.

Cations present at
6 to 40 g/L

Cations present at
>40 mg/L

t5 mg/L ()

I20 mg/L (1)

Water quantity Single-phase fluid 8.3.4.2.4.2.1

Nature of fluid phase

Number of rehydration
and dehydration
cycles

Temperature

Relative permeability

Liquid or gas

Number of cycles must
be sufficient to
attain steady state
permeability

t5C

±20%

Fracture permeability 20%

Degree of saturation ±50%



Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package
characteristicB--postclosure) (page 10 of 12)

Performance Characterization SCP
Issue parameter parameter Test basis' section

Containment (Issue
1.4) and Release
rate (Issue 1.5)
(continued)

Water quantity
(continued)

Single-phase fluid
(continued)

8.3.4.2.4.2.1

Resistivity ±15%

co

.A

.

Magnitude of thermal
gradient

Two-phase fluid flow

Number of rehydration
and dehydration
cycles

t20%

8.3.4.2.4.2.2

Number of cycles must
be sufficient to
attain steady state
permeability

Temperature

Relative permeability

Fracture permeability

Degree of saturation

Resistivity

Magnitude of thermal
gradient

±5 C

±20%

±20%

t50%

±15%

t20%

Gas: liquid ratio t20%



Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package
characteristics--postclosure) (page 11 of 12)

Performance Characterization SCP
Issue parameter parameter Test basisO section

Ir

Containment (Issue
1.4) and Release
rate (Issue 1.5)
(continued)

Thermal loading Near-field temperature
distribution

8.3.4.2.4.4.3

8.3.2.2

.

.~ I.

I

Thermal properties
(initial tempera-
ture, heat capacity,
thermal conductiv-
ity) for TSw2 as
identified in Sec-
tion 8.3.2.2
(Issue 1.11, con-
figuration of
underground
facilities
(postclosure))

See Table 8.3.2.2-5

Package emplacement
geometry

Package spacing

Heat output of waste
packages

TBDO by repository
design

TBD by repository
design

TBD by package
design, Issue 2.6

8.3.2.2.6

8.3.2.2.6

8.3.5.10.1

8.3.4.2.4.3.1Rock-induced
loading

Near-field stress dis-
tribution and rock
displacements



Table 8.3.4.2-4. Input parameters for characterization models for Issue 1.10 (waste package
characteristic3--postclosure) (page 12 of 12)

.-

I

Performance Characterization SCP
Issue parameter parameter Test basisa section

Containment (Issue Rock-induced Near-field stress dis-
1.4) and Release loading tribution and rock
rate (Issue 1.5) (continued) displacements
(continued) (continued)

Mechanical properties See Table 8.3.2.2-5 8.3.2.2
(Young's modulus,
Poisson's ratio,
compressive strength,
etc.) for TSw2 as
identified in Section
8.3.2.2 (Issue 1.11)

Fracture (joint) char- See Table 8.3.2.2-5 8.3.2.2
acteristics (shear
and normal stiffness,
orientati , fre-
quency, etc) for
TSw2 as identified
in Section 8.3.2.2
(Issue 1.11)

aUnless otherwise stated, the specified percentages and plus-and-minus values are characterization
goals that indicate the maximum experimental uncertainty for measurements of the indicated parameter.
(1) indicates species in the liquid phase, (g) indicates species in the gas phase.

bBET - Brunauer-Emmett-Teller.
0TBD - to be determined.
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in meeting this goal concern the hydrologic characteristics of the repository
site, which control the rate at which water can be expected to move through
the rock.

The borehole stability and thermal loading constraints concern engi-
neering practices that influence the integrity of the waste package. In
addition, the thermal loading goals provide for an environment for a large
fraction of the waste packages that will be above the boiling point of water
for the period of time indicated in Issue 1.4 (Section 8.3.5.9). This goal
contributes to the strategy to meet the release rate performance objective.

As part of the issue resolution strategy, a design envelope for the
waste package has been developed. This envelope is based on present knowl-
edge of the site characteristics (with due consideration for the associated
uncertainties and for the range to be determined for anticipated processes
and events) and on the known properties of the waste forms (Chapter 7).
Activity 1.5.3.1, scenarios, will determine whether the design envelope
encompasses the near-field conditions developed due to interactions with all
anticipated processes and events. In the following eight sections (A through
H), the design envelope is described and the goals for characterization,
design, or performance of each part of the design envelope are discussed.
Some of these goals provide characterization goals for, or constraints on,
other issues.

A. The emplacement hole eochemical sstem

The characteristics of the host rock mineralogy and chemistry have been
established by study of surface outcrop and drill core samples of Topopah
Spring tuff located around the exploratory block. The welded, devitrified
Topopah Spring tuff from the level of the potential repository shows little
variation in chemistry. Because of the limited degree of variability
expected in rock chemistry and mineralogy and the need for detailed charac-
terization of the rock (Section 8.3.1.3), additional characterization goals
related to rock chemistry are not needed.

Currently, the reference water chemistry is based on water from well
J-13, which is located east of the repository block. This well was chosen
because of the similarity of its water chemistry to that found in water below
the exploratory block. Samples of vadose water from the repository horizon
have not yet been obtained. Since the water chemistry plays a critical role
in determining the performance of the waste package components, it is
necessary to set a goal for the degree of characterization of water chemistry
to be accomplished during site characterization. The test bases (or degree
of characterization needed for this issue) for the water chemistry charac-
terization parameters will be accomplished in the geochemistry program
(8.3.1.3). These test bases are specified to establish the mean value of
water chemistry parameters so that the standard deviation of the mean is no
greater than the values given in the following list (note that this estab-
lishes only how well the mean value must be known; it does not constrain what
the value must be). The bases for the limits were the effects of each of the
parameters on waste package component performance.

8.3.4.2-23
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Characterization goal for water chemistry. The characterization parame-
ters for water chemistry are identified in Table 8.3.4.2-4 along with their
test bases (or degree of characterization needed) for this issue. The
characterization parameters and test bases for the geochemistry program
follow:

Characterization
parameters . Test basis

pH: ±1 pH unit
3-

Anions: - ±1 mg/L for F, Cl-, P04

±5 mg/L for NO3 and S0 4 2-

±30 mg/L for C032- plus HCO3

±1 mg/L for all other anionic species

Cations: ±1 mg/L for species present at less than
6 mg/L

±5 mg/L for species present at 6 to 40 mg/L

±20 mg/L for species present at over
40 mg/L

Colloids: ±1 mg/L

Organics: ±1 mg/L

Neutral species: ±1 mg/L

The numerical values for these test bases are established so that they
are analytically achievable and are sufficiently constrained so that they do
not introduce large uncertainties into the metals and waste form testing
results.

The pH is important because of the sensitivity of glass dissolution
rates, actinide solubility and speciation, and metal corrosion mechanisms to
pH. Fluoride-and chloride are deleterious to metal performance, and phos-
phate can be corrosive to glass; therefore, their abundance in water must be
well characterized. Carbonate and bicarbonate are beneficial in that they
buffer the pH of the water but are detrimental in that they can form com-
plexes with actinides. A moderate leve' of precision is needed for these
species. Colloids and organic materials may significantly affect transport
properties of radionuclides; therefore, a hgh level of precision is
required. Other elements are needed to provide a complete analysis so that
charge balance calculations can be used to evaluate the quality of the
analysis.

8.3.4.2-24
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If the site is found to be laterally inhomogeneous to the extent that
the characterization goals cannot be met for the site considered as a single
unit, the site will be separated into regions for which the characterization
goals will apply.

B. The emplacement hole and near-field hydrologic sstem

The characteristics of the hydrologic system at Yucca Mountain will be
determined in the geohydrology program (Section 8.3.1.2). A discussion of
the expected hydrologic system in the unsaturated zone is provided in
Chapters 3 and 7. Further studies will be conducted under activities
described in Information Need 1.5.5 (Section 8.3.5.10.5). The hydrologic
parameters that are most important to waste package design and performance
are the percolation rate of water through the repository horizon and the flow
paths for the water. Of particular interest are the proportion of the flow
that occurs in fractures and the variation of the proportion of fracture flow
as a function of percolation rate.

Studies will be conducted under activities described in Information Need
1.10.4 (Section 8.3.4.2.4.4) that will characterize the hydrology of the
waste package environment. This characterization will establish the extent
to which the near-field hydrologic system will contribute to meeting the
performance goal set in Issues 1.4 and 1.5 for amount of water that can
contact a waste container.

The heat associated with the waste package will perturb the near-field
flow paths. Studies to investigate the amount of perturbation and its
effects are described in Information Need 1.10.4 (Section 8.3.4.2.4).

The construction of the repository may alter the local hydrologic sys-
tem. This alteration might be caused by disturbance of the rock mass, the
introduction of water during construction, dehydration of the rock mass
through use of ventilation systems, or other causes. Some of these altera-
tions could be beneficial to waste package performance; others could be
detrimental.

Because of the importance of water volumes, flow paths, and flow rates
in the assessment of waste package performance, performance goals for the
near-field hydrologic system have been set in Issues 1.4 and 1.5. The goals
that are set for an individual waste package are based on a conservative
estimate of the amount of water that could contact the ensemble of waste
packages in a given year. The goals apply to anticipated processes and
events.

The goals for the amount of water contacting waste packages are based on
a conservative upper bound of current percolation rate through the repository
horizon (i.e., 0.5 mm/yr (Montazer and Wilson, 1984) and a factor of
additional conservatism. (The same upper bound value is selected in Table
8.3.5.13-9 for Scenario Class E, normal case, which includes natural events
reasonably likely to occur in the 10,000-yr period.) At the 0.5-mm/yr flux,
0.23 L/yr is approximately the annual quantity of water that would pass
vertically through the projected area above a 76-cm-diameter, vertical
emplacement borehole. Similarly, 1.5 L/yr is the annual quantity of water
that would pass vertically through the projected area of a 4-m-long (typical
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size) horizontally emplaced waste package. Actually, for either emplacement
mode the water is likely to be diverted around the opening and conducted
through the rock. Applying a factor for added conservatism, one obtains an
annual volume of 5 L passing through that projected area. Other values,
either more or less conservative, may be obtained by similarly scaling the
volumetric flow of 0.25 L/yr.

Note that these goals on the quantity of water contacting the waste
packages are applied without considering whether the water could actually
enter the borehole. In an unsaturated host rock, water would not normally
enter a borehole unless a saturated region had formed above the borehole,
large enough in the vertical direction to provide pore pressures sufficiently
high to overcome the capillary pressures at the borehole surface. This con-
dition is not currently anticipated in the unsaturated zone of the repository
horizon.

Further, the quantitative values of these factors and the corresponding
annual amounts of water are not intended to correspond to either saturated or
unsaturated flow conditions. They are intended to provide guidance for the
required performance of repository seals for anticipated processes and
events. In addition, based on present knowledge of the hydrology of Yucca
Mountain, these values are sufficiently large to compensate for uncertainties
in our current level of understanding of the unsaturated zone at the repos-
itory level.

Analyses conducted under Issue 1.11 (Section 8.3.2.2) will determine if
the goals have been achieved. Note that the water volumes allowed for long-
term water control greatly exceed those expected based on the current esti-
mates of upper bounds on percolation rates through the repository horizon.

Design goal for water flux control. The repository will be designed and
constructed so that, for anticipated processes and events, the following con-
ditions will be met with a high level of confidence:

1. There will be no liquid water in the emplacement borehole immedi-
ately before emplacement of the waste package, and conditions will
be such that no liquid water can contact the waste package during
the period from package insertion until repository closure.

2. For the first 300 yr after repository closure, no liquid water will
contact 95 percent of the waste packages, and less than 5 L per
package per year will contact the remaining 5 percent.

3. During the period from 300 to 1,000 yr after repository closure, no
liquid water will contact 90 percent of the waste packages, and less
than 5 L per package per year will contact the remaining 10 percent.

4. During the period from 1,000 to 10,000 yr after repository closure,
no liquid water will contact 90 percent of the waste packages, and
less than 20 L per package per year will contact the remaining 10
percent.
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C. Emplacement hole drainage

The previous section discusses the design goals for water contacting
waste packages in a given year. These goals were based on water influx. It
is also necessary to determine if water entering the borehole can drain at a
sufficient rate to ensure that standing water does not accumulate. The use
of a borehole liner might influence drainage in two ways. First, corrosion
products from the liner might be flocculent and lead to plugging of the rock
pores, thereby decreasing permeability of the rock matrix. Second, for a
vertical borehole, a liner with an unperforated bottom plate would totally
block drainage. For a horizontal emplacement hole, a liner placed in a hole
that was not sufficiently inclined to promote drainage might lead to local
accumulations of standing water. Another factor that might alter the
drainage capability of emplacement boreholes is the choice of drilling
method.

The accumulation of standing water in boreholes would lead to delete-
rious effects on the waste package performance. For that reason, as part of
the performance allocation process, a design goal for drainage from the bore-
holes has been set. The analyses to show that this goal has been met are
described under Issue 1.11 (Section 8.3.2.2).

Design goal for drainage of emplacement boreholes. The borehole and its
engineered components, such as liners, shall be designed and constructed so
that for anticipated processes and events, the following conditions will be
met with a high level of confidence:

1. The borehole will not fill with standing water under
anticipatedconditions at any time up to 10,000 yr following
repository closure.

2. For the first 1,000 yr following repository closure, no more than
5 L of standing water per waste package will accumulate in
emplacement boreholes.

D. Emplacement hole configuration and stability

The configuration of the emplacement boreholes is important in devel-
oping scenarios for waste package container degradation and subsequent radio-
nuclide release rate analysis. For a horizontal emplacement configuration,
one can envisage some conditions in which water could drip from a fracture
onto a waste package. For a vertical borehole, this scenario seems very
unlikely since the borehole plug will shield the package from dripping water.

The emplacement hole configuration may also affect the stability of the
borehole and be a deciding factor in whether it will be necessary to use a
borehole liner. As discussed previously, the liner can affect drainage from
the borehole. The liner could also produce interactions with the waste
package; this concern is discussed later under item H.

The need for information on the emplacement hole configuration will be
met by close interaction between the repository and waste package designers
(Information Need 1.10.3, Section 8.3.4.2.3). It is necessary to set a goal
to establish what rock-induced loads must be borne by the waste package.
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Analyses to determine that the borehole stability meets the goal are con-
ducted under Information Need 1.10.4 (Section 8.3.4.2.4) as shown in Tables
8.3.4.2-2 and 8.3.4.2-3. Inspection of the repository for fault and shear
zones will be established by Issue 1.11 (Section 8.3.2.2). The question of
what size shear zones must be found to.ensure less than 5 cm displacement
(accommodated by air gaps in the borehole) in the 1,000 yr after closure will
be addressed in the Site Program 8.3.1.8 (postclosure tectonics).

Design goal for rock-induced load on the waste package. The emplacement
hole will be designed and constructed so that the following conditions will
be met with a high level of confidence:

1. Less than 0.5 percent of the containers will be breached by
anticipated tectonic processes and events during the first 1,000 yr
after closure. Drifts and boreholes will be inspected for fault and
shear zone, and waste packages will not be emplaced across such
regions.

2. For 1,000 yr after closure, the stability analysis will show with a
high level of confidence that the rock-induced load on a waste
package will be less than 1,000 kg.

3. For 10,000 yr after closure, the stability analysis will show with a
moderate level of confidence that the rock-induced load on a waste
package will be less than 3,000 kg.

4. Emplacement boreholes will be cleaned of debris before use.

E. Thermal loading of the waste package and the repository layout

The thermal loading of the waste package and the repository layout are
interactive parameters. It may be necessary to vary the loading per package
and the number of packages per unit area of repository to achieve the desired
thermal effects. Thermal loadings that keep the waste package near-field
environment above the boiling point of water will assist in achieving the
goal set for the amount of water that can contact the waste packages. On the
other hand, the thermal loadings must be kept sufficiently low so that waste
form temperature limits are not exceeded. These temperature limits are based
on the waste form properties and were set to limit degradation of the waste
form performance from thermal transients in the early stage of repository
history.

The primary information needed to design thermal loadings is the power
output of the waste form. Most of the waste that will go into the repository
has not yet been generated. Extrapolations of waste age, spent fuel burnup,
and other parameters are necessarily uncertain. The design goal for thermal
loading is based on two concepts. The first is to maintain adequate flexi-
bility to allow for the uncertainties. The second is the setting of a
characterization goal. This goal, combined with a flexible repository
layout, will allow the thermal loading during the operational stages of the
repository to achieve the desired thermal effects.
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Design goal for thermal loading. The design goals for thermal loading
include the following:

1. The repository layout will be designed so that the thermal loading
characteristics will assist in keeping liquid water from contacting
the waste packages for the.first 300 yr after closure. It will also
ensure that the design-limit temperatures for waste forms are not
exceeded.

2. The waste forms will be characterized sufficiently well so that the
radionuclide inventory at the time of emplacement will be known to
within ±20 percent for each nuclide that represents 5 percent or
more of the radioactivity in the packages at any time during the
first 1,000 yr after emplacement.

The information to show that part 1 of the goal is met is developed in
the resolution of Issue 1.11 (Section 8.3.2.2); part 2 is addressed in
Section 8.3.5.10.1 under Information Need 1.5.1.

F. Waste package container material

The selection of the material from which to fabricate the waste package
container is important for a variety of reasons. The material choice may be
a factor in meeting the performance objective for the containment period and
may affect the radionuclide source term for total system performance assess-
ment. The issues related to long-term performance of the container material
are discussed under Issue 1.4 (Section 8.3.5.9). This section discusses
those aspects of container selection that influence the chemistry of the
near-field environment and that influence the design of the waste package.

The effect of the container material on the near-field environment is
through the interaction of container corrosion products with the environment.
The corrosion rate for the material is determined under Issue 1.4 (Section
8.3.5.9); the effect of the corrosion products on water chemistry is eval-
uated under Information Need 1.10.4 (Section 8.3.4.2.4). To limit the volume
of the corrosion products to be considered, a design goal on the rate of
material loss caused by uniform corrosion has been set. The goal is set to
provide information on the geometry of the container needed for use in re-
solving Issue 1.5 (Section 8.3.5.10).

The material choice influences waste package design through a number of
considerations, which are evaluated under Information Needs 1.4.1, 1.4.2, and
1.4.3 (Section 8.3.5.9). First, the uniform corrosion rate establishes a
minimum thickness of metal for the container. Second, mechanical properties
of the container material determine some of the design parameters such as
thickness, handling-device shape, and contours of the container. To allow
for these considerations, a design goal has been established for the
container material.

Design goal for the container material with respect to waste package
design and environmental concerns. The container material will be selected
so that the following conditions are met with a high level of confidence.
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1. The container material will have mechanical properties such that the
container will not fail due to mechanical causes when subjected to
design basis loads under anticipated conditions for 1,000 yr.

2. The container material will have degradation rates by uniform oxida-
tion and uniform corrosion so that no more than 90 percent of the
container wall thickness will be removed by these mechanisms over
the first 10,000 yr following repository closure.

The rationale for those conditions and the analyses required to show
that these goals will be met are discussed in Section 8.3.5.9 (Information
Needs 1.4.1, 1.4.2, and 1.4.3).

Goals for the container material that relate to meeting the containment
period performance objective are discussed in Section 8.3.5.9.

G. Waste package fabrication and handling before emplacement

The waste package container material must be capable of being fabricated
to design specifications in a reliable manner. The final closure for the
container must be capable of being made and inspected under remote operating
conditions, with a high level of confidence that defective closures will be
detected. The fabrication and closure processes must not degrade the per-
formance of the container material in ways that will preclude meeting the
performance objectives discussed under Issue 1.4 (Section 8.3.5.9).

Design goal for fabrication. The fabrication process for the body of
the container, including the unique container identification, will not cause
an increase in the degradation rate of the material by a corrosion process
that might operate in the repository to levels that would cause the
performance goals set under Issue 1.4 (Section 8.3.5.9) not to be met.

Design oal for closure. The closure process will be capable of being
done and inspected under remote conditions with a reliability such that the
container would be capable of passing a standard helium leak test at the
level of 1 x 10-7 atm-cm3/s. The level of undetected defective closures will
be shown to be less than 1 percent.

Analyses to show that these goals will be met are discussed under
Information Need 1.10.2 (Section 8.3.4.2.2).

Design oal for handling. The surface-handling and emplacement opera-
tions might cause damage to the container. To limit such damage, care must
be taken during the loading of the container, the closure of the container,
any surface-handling and storage operations, and emplacement of the container
into the repository.

To avoid damage from handling that affects performance, the following
conditions are set:

1. The container will not be allowed to contact corrosive chemicals
during the surface-handling and emplacement operations except as
needed for surface finishing.
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2. Any container that is subjected to an impact load equivalent to a
free fall of 10 cm or more during handling will not be emplaced.
The 10-cm free-fall condition is tentative.

3. Any container that is scratched so that the metal is thinned by 1 mm
or more will not be emplaced.

4. Any container that has experienced an unusual process history that
would cause new corrosion considerations to arise will not be
emplaced.

These conditions are based on the criterion that the containment
function of the waste package will be preserved during handling. The
conditions are established to be achievable within the surface facility and
repository setting.

H. Alteration to the environment caused by nonwaste package components

One of the largest areas of uncertainty and concern with respect to the
package design envelope is the effect of repository construction materials on
the local environment of the packages. To remove some of the uncertainties,
as part of the performance allocation process, some limits have been estab-
lished on the allowed effects on the environment from repository construc-
tion. These limits can generally be met by suitable choice of construction
materials. In some instances, materials with undesirable effects on the
vadose water chemistry can be used, as long as it can be shown that the
affected water cannot contact a waste package.

The immediate vicinity of the waste package will be influenced by the
choice of borehole liner material. Thus, two design goals for the liner
material have been set. The other materials that might be present in suffi-
cient quantities to cause major changes to water chemistry are the grout and
concrete-type materials used for ground supports and for sealing shafts and
boreholes. For vertical emplacement, either a specially designed material
will be needed or a hole plug design that does not use conventional grout or
concrete will have to be used. (Conventional grouts and concretes result in
a very high water pH, which is unacceptable from the point of view of long-
term waste form performance.) For horizontal emplacement, conventional
materials might be adequate, provided that the hydrologic system is suffi-
ciently well understood to show that the grout-affected water cannot contact
waste packages.

Two design goals were set for the borehole liner, and a single unified
design goal was set for the alterations to water chemistry for water that
might encounter waste packages.

Design goals for the borehole liner. The two design goals for the
borehole liner are as follows:

1. The corrosion rate of the borehole liner by uniform corrosion will
be within a factor of 2 of that for the container material. This
will be demonstrated in analyses done under Information Need 1.4.2
(Section 8.3.5.9.2).
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2. The borehole liner shall be a member of the same alloy family as the
container material (i.e., if the container material is an austenitic
stainless steel, then the liner will also be an austenitic stainless
steel). The liner material used in repository designs will reflect
this requirement for compatibility (Issue 1.11, Section 8.3.2.2).

These goals are established t avoid significant galvanic effects
between the container and borehole liner and to avoid generation of colloids.

Design goal for alteration of water chemistry. Repository engineered
barriers and shaft and borehole seals will be designed and constructed so
that the changes in water chemistry resulting from interaction of those
materials with the vadose water (characterized earlier under item A) for
water that might contact a waste package will be within the limits estab-
lished in Issue 1.4. Analyses to show that this has been achieved are given
in resolution of Issues 1.11 (Section 8.3.2.2) and 1.12 (Section 8.3.3.2).

Limits to alteration of water chemistry. Interactive effects between
ions in solution and the consequences of these interactions for container and
waste form performance require that limits be placed on the extent to which
the concentration of certain species may be modified by repository construc-
tion materials. The numerical values for these limits are as follows:

Characterization
parameters Test basis

pH: _ ipH unit
3-

Anions: +1 mg/L for F, Cl-, and P04

2-
+10 mg/L for NO3 and S04

2-
+50 mg/L for C 3 plus HCO3

+1 mg/L for all other anionic species

Cations: +1 mg/L for species present at less than
that level in the vadose water

+10 mg/L for CA+, K+, and Mg+*

+30 mg/L for Na+

-5 mg/L for Si 4+, no limit to increase

Colloids: +1 mg/L

Organics: +1 mg/L

Neutral species: +1 mg/L
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Interrelationships of the information needs

This issue involves development of the reference waste package designs
and determination of the effect of those designs on the waste package envi-
ronment. It also involves establishing that the designs comply with the
requirements of 10 CFR 60.135. Because this latter item involves a specific
set of requirements, it has been cast as a separate Information Need 1.10.1
(Section 8.3.4.2.1).

The reference waste package designs will be developed from a consider-
ation of our understanding of the service environment. As such, Information
Needs 1.10.2 (Section 8.3.4.2.2) and 1.10.4 (Section 8.3.4.2.4) are inter-
active. Information Need 1.10.3 (Section 8.3.4.2.3) relates to the emplace-
ment configuration. It has been cast as a separate information need to high-
light the uncertainties associated with the present situation, which includes
both vertical and horizontal emplacement as options, and to facilitate issue
resolution when the final emplacement mode is chosen.

When the emplacement mode is chosen, and when the waste package design
is completed, the analyses required to satisfy Information Needs 1.10.1
(Section 8.3.4.2.1) and 1.10.4 (Section 8.3.4.2.4) will be performed. The
results of these analyses, if favorable, will resolve the issue.

8.3.4.2.1 Information Need 1.10.1: Desian information needed to comply with
postclosure criteria from 10 ZFR 60.135(a) for consideration of
the interactions between the waste package and its environment

Technical basis for addressing the information need

The general design criteria contained in 10 CFR 60.135(a) are stated in
the context of the in situ properties of the waste package and the inter-
actions between the package and its emplacement environment. These proper-
ties and interactions are evaluated to ensure that the function of the waste
packages, the performance of the underground facility, or the geologic set-
ting is not compromised.

The criteria require that the design consider a number of factors
relating to the performance of the waste packages and their interaction with
the environment. The basis for addressing this information need will be to
show that the relevant factors have been evaluated in the design.

Link to the technical data chapters and applicable support documents

The work that has been undertaken to date to characterize the perform-
ance of the waste package components and the interactions of the waste
packages with the near-field environment is discussed in Chapter 7. Specif-
ically, Section 7.4.1 describes the examination of the ambient environment
and the changes induced by the introduction of the waste packages. Sec-
tions 7.4.2 and 7.4.3 describe the examinations of the performance of the
package components under conditions representative of those expected in the
repository.
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Parameters

The parameters associated with this information need are the relevant
postclosure properties and interactions that are stated in 10 CFR
60.135(a)(2) as factors to be considered and include the following:

1. Solubility.
2. Oxidation-reduction reactions.
3. Corrosion.
4. Gas generation.
5. Thermal loads and effects.
6. Mechanical strength and stress.
7. Radiolysis and radiation damage.
8. Radionuclide retardation and leaching.
9. Synergistic interactions.

Interactions and coupled effects involving some of these parameters are
also discussed in Section 8.3.2.1.

Logic

The logic to be used in addressing this information need is basically
one of integration. The information is developed within other information
needs, where the nature of the in situ properties of the waste package and
the interactions of the package with the near-field environment are charac-
terized and analyzed.

8.3.4.2.1.1 Design Activity 1.10.1.1: Consideration of 10 CFR 60.135(a)
factors

Objectives

This activity will explicitly show that the factors specified in 10 CFR
60.135(a) and listed as parameters for this information need have been con-
sidered in the waste package design. The evaluation will identify those
factors that could potentially compromise the function of the waste package,
the performance of the underground facility, or the geologic setting.

Parameters

The parameters for this activity are given in the list for the infor-
mation need.

Description

The information to be used in the evaluation will be derived from the
studies undertaken in other information needs. Specifically, the information
to show that the factors that could potentially compromise the function of
the waste package have been considered will be included in the performance
analyses done in Information Need 1.4.5 (Section 8.3.5.9.5) and 1.5.4
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(Section 8.3.5.10.4). The information to show that the interactions of the
package with emplacement environment have been considered will be taken from
the studies done in Information Need 1.10.4 (Section 8.3.4.2.4).

8.3.4.2.2 Information Need 1.10.2: Reference waste package designs

Technical basis for addressing information need

Link to the technical data chapters and applicable support document

Conceptual waste package designs are described in Section 7.3. These
designs have been developed during the conceptual design phase and include
both reference designs (Section 7.3.1) and alternative designs (Sec-
tion 7.3.2).

Parameters

The parameters that require documentation to fulfill this information
need are in two categories: (1) physical characteristics and (2) output
characteristics. The parameters are required for all waste forms planned for
packaging and disposal. They include the variations in the characteristics
that will occur as a result of both the inherent range of waste forms to be
accommodated and the anticipated time-dependent variations over the operating
life of the repository.

The physical characteristics include

1. Number of packages of each type as a function of time.

2. Internal and external configurations of the packages, with
dimensions and tolerances.

3. Package weights and weight distributions.

4. Mechanical and thermal properties of the package component
materials.

The output characteristics include

1. Decay-heat generation rates of the waste packages.

2. Ionizing radiation fluxes at the external surfaces of the
packages.

Logic

The principal purpose of this information need is to provide a source of
reference (and alternative) waste package design data that is traceable to
the Yucca Mountain Project technical baseline for use in the analysis of the
projected performance of the engineered barrier system. In addition, the
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waste package characteristics are needed to support the definition of
appropriate materials testing environments, both at laboratory and in situ
scales, and to provide design input to the repository facilities, equipment,
and operations design activities.

This information need does not require site characterization studies,
tests, or analyses. The design information that is collected under this
topic is developed as an integral part of-the design process. A substantial
portion of the information that supports the design process is baselined at
the Office of Civilian Radioactive Waste Management Program level. Other
baselined input is controlled at the Yucca Mountain Project level in the
technical baseline. The detailed waste package design studies and analyses
will be documented in the advanced conceptual and license application design
reports. Interim design information will be maintained and controlled in the
Yucca Mountain Project reference information base.

8.3.4.2.3 Information Need 1.10.3: Reference waste package emplacement
configurations

Technical basis for addressing information need

Link to technical data chapters and applicable support documents

The waste emplacement configurations within the repository subsurface
facilities that have been considered during the conceptual design phase are
described in Chapter 6. The reference for the conceptual design is vertical
emplacement of the waste packages in holes constructed in the floor of the
emplacement drifts, with a single package installed in each hole. An alter-
native configuration, with multiple packages emplaced within a single
horizontal hole, has also been considered.

In addition to the orientation of the emplacement holes, other details
of the configuration need to be determined. The distribution of the thermal
output of the waste forms is an important consideration that is necessary to
assess the performance of the waste packages and the engineered barrier
system. In addition, the physical distribution of the emplaced waste pack-
ages is determined by the spacing of the emplacement drifts, the pitch (spac-
ing) of the holes, the dimensions of the holes, and the position of the waste
packages within the holes. The conceptual designs of these elements for both
emplacement orientations are also described in Chapter 6.

Some of the effects of the emplacement configuration on the performance
of the waste package components are discussed in Sections 7.4.2 and 7.4.3.

Parameters

The parameters that require determination to fulfill this information
need are in two categories: (1) physical characteristics and (2) output
characteristics. The parameters are required to include the variations in
the characteristics that will result from the types of waste packages to be
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emplaced and the anticipated time-dependent variations in package thermal
output at the time of emplacement during the operating life of the
repository.

The physical characteristics include

1. Emplacement orientation: vertical or horizontal.

a. For vertical boreholes:

i. Borehole diameter.

ii. Borehole depth.

iii. Configuration of other emplacement hole components (e.g.,
liners and shielding plugs).

b. For horizontal boreholes:

i. Borehole diameter.

ii. Borehole length.

iii. Package spacing in hole.

iv. Standoff distance from drift to package.

v. Configuration of other emplacement hole components (e.g.,
liners and shielding plugs).

Emplacement drift layout and dimensions.

Emplacement borehole spacing (pitch).

output characteristics include

2.

3.

The

1. Planned spatial distribution by waste package types.

a. Spent fuel.

b. Glass waste forms from West Valley Defense Project and Defense
'Waste Processing Facility.

2. Planned spatial distribution by waste package thermal power during
repository operating life.

Logic

The principal purpose of this information need is to provide a source of
reference (and alternative) repository configuration design data that is
traceable to the Yucca Mountain Project technical baseline for use in the
analyses of the projected performance of the waste packages and the
engineered barrier system. In particular, this information, together with
the thermal and hydrologic properties of the host rock, will determine the
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near-field temperature distribution as a function of time. In addition, the
emplacement configuration characteristics are needed to support the defini-
tion of appropriate materials testing environments, both at laboratory and in
situ scales, and to provide design input to the waste package design
activities.

This information need does not require site characterization studies,
tests, or analyses within this issue. The design information collected under
this topic is developed as an integral part of the repository design process
and is controlled in the Yucca Mountain Project technical baseline. The
detailed design studies and analyses will be documented in the advance con-
ceptual and license application design reports. Interim design information
will be maintained and controlled in the Yucca Mountain Project reference
information base. The design studies and analyses to determine the reposi-
tory configuration characteristics are described in Section 8.3.2 (Issues 4.4
and 1.11).

8.3.4.2.4 Information Need 1.10.4: Postemplacement near-field environment

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The following sections of the data chapters provide a technical summary
of existing data relevant to this information need:

SCP section Subiect

7.1 Emplacement environment

7.4.1.1 Stability of borehole openings

7.4.1.2 Anticipated thermal history

7.4.1.3 Reference water for laboratory studies

7.4.1.4 Radiation field effects

7.4.1.5 Thermal effects on water flow in the vicinity of waste
packages

7.4.1.6 Numerical modeling of hydrothermal flow and transport

7.4.1.7 Rock-water interaction

7.4.1.8 Modeling rock-water interaction

The technical data discussed in these sections describe attributes that
will influence the thermal history of the repository and establish the extent
of chemical interaction expected in the waste package environment. Further
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work to address remaining uncertainties discussed in Sections 7.4.1.1,
7.4.1.3, 7.4.1.4, 7.4.1.5, 7.4.1.6, and 7.4.1.7 is outlined in Sec-
tion 8.3.4.2.4.2.

Parameters

The following parameters will be measured or calculated as a result of
the studies planned to satisfy this information need:

1. Near-field thermal history.

2. Postemplacement changes in the near-field mineralogy and fluid
chemistry: volumes and compositions of mineralogical and fluid
reaction products formed in hydrothermal tests, as a function of
temperature, time, fluid composition, and radiation dose. Modeling
of the laboratory systems will be carried out for purposes of code
validation.

3. Postemplacement, near-field hydrologic properties: definition of
the hydrologic properties of representative repository horizon rock,
including characteristic curves for single- and two-phase systems,
flow pathways in intact and fractured rocks (laboratory and field
scale), and modeling of these parameters for code validation.

4. Near-field thermal and mechanical properties: borehole stability as
a function of fracture characteristics, rock properties, and thermal
environment.

Information that supports these parameters includes work that addresses
the following information needs or investigations:

Information need
or investigation Subject

1.4.4 Degradation of containment barriers
(Section 8.3.5.9.4)

1.10.3 Reference emplacement configuration
(Section 8.3.4.2.3)

1.12 - Identification of seals and grouts (Section 8.3.3.2)

8.3.1.2.2 Repository scale hydrologic model

8.3.1.3.4, Repository scale mineralogy, petrology,
8.3.1.3.2 and rock chemistry

8.3.1.3.8 Gaseous radionuclide retardation

8.3.1.15.1 Thermal and mechanical properties of
rock
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Logic

To ensure that interactions with the emplacement environment do not
compromise the function of the waste packages, the composition of water that
may contact the waste packages, the amount of water that may contact the
waste packages, and the emplacement hole stability must be established. To
provide this information in a form that will allow evaluation of the attri-
butes of the near-field environment, it is necessary to establish within
limits the chemical and physical characteristics of the interactive elements
in the repository.

Since the water chemistry plays a critical role in determining the
performance of the waste package components, goals have been established that
define the degree of characterization necessary for water that may contact
the waste package.

The attributes that affect water chemistry are

1. Interactive effects caused by the emplacement hole liner and other
repository construction materials.

2. Repository thermal loading.

3. Emplacement hole configuration.

4. Radiation dose rate.

5. Near-field hydrologic properties.

6. Mineralogy of the near-field rock.

The planned analyses, evaluations, and activities described in the
following section will establish the effects of these attributes. In
addition, these activities will establish the credible range of values for
individual parameters that relate to water quality, water quantity, and
borehole stability. The individual parameters are those discussed in
Sections 8.3.4.2.4.1 through 8.3.4.2.4.4, and those parameters that relate to
water quality and water quantity in Sections 8.3.5.9 and 8.3.5.10. Once
evaluated, the parameters will be used to develop a quantitative model of the
anticipated waste package environment. The model of the anticipated environ-
ment will consider coupled effects and will explicitly determine the sensi-
tivity of the model to uncertainties in each parameter. In developing the
model for the anticipated environment, a range of approaches for evaluating
coupled processes will be considered and the relative merits of each method
will be documented.

Alternative models and scenarios that consider unanticipated events will
also be developed for those scenarios that are credible. These alternative
models and scenarios will be based on the degree to which variation is
expected in individual parameters. The alternative models and scenarios will
be used to evaluate containment and gradual release performance issues, as
described in Sections 8.3.5.9 and 8.3.5.10.
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The attributes described above will influence the thermal history of the
repository and will establish the extent of chemical interaction between
water present in the waste package environment, the repository host rock, and
the waste package materials.

The stability of the emplacement boreholes must be investigated because
instability of the borehole could result in unacceptable loading of the
package by rock. Borehole stability considerations will be examined through
activities and tests of the near-field waste package environment in the
candidate repository horizon as part of the Project exploratory shaft in situ
testing program.

Waste package environment field tests will be configured to provide
site-specific data on near-field hydrologic, thermal, mechanical, and
chemical phenomena during an accelerated thermal cycle in the rock mass.
Although near-field hydrologic phenomena (movement of water in rock pores or
fractures) are of primary interest, thermal and mechanical phenomena are also
of interest because of their roles in driving or influencing water migration.
Chemical phenomena are important because of their potential influence on
hydrologic behavior and because of possible effects on components of the
engineered barrier system.

Engineered barriers (including borehole liners) and shaft and borehole
seals may influence water composition. The character of seals is discussed in
Section 8.3.3. Borehole liners and the effects of other materials are
addressed in the following section describing Study 1.10.4.1.

8.3.4.2.4.1 Study 1.10.4.1: Characterize chemical and mineralogical changes
in the postemplacement environment

The objective of this study is to establish, to the degree required in
Performance Issues 1.4 and 1.5 (Sections 8.3.5.9 and 8.3.5.10), the composi-
tional features of water that may contact the waste packages, To accomplish
this objective, it is necessary to determine the effects of chemical reac-
tions on the rock-water system of the repository horizon over a range of
temperatures and chemical conditions that bound the postclosure waste package
environment. Seven activities are planned to collect the data needed for
this study.

8.3.4.2.4.1.1 Activity 1.10.4.1.1: Rock-water interactions at elevated
temperatures

Objectives

The objective of this activity is to establish the identity and
abundance of reaction products that form during hydrothermal interaction of
tuff and reference ground water at elevated temperatures.

8.3.4.2-41



YMP/CM-0011, Rev. 1 YMP/CM-0011, Rev. 1

Parameters

The parameters of this activity include

1. Temperature.
2. Compositions of reactant and solid phases.
3. Fluid composition as a function of time.
4. Reactant surface area.
5. Modal abundance of solid reactants and products.

Description

The anticipated conditions for the waste package environment include an
unsaturated rock system. Reaction rates in such an environment are excep-
tionally low, and the identity of solid reaction products can be difficult to
establish. Therefore, tests to characterize in detail the chemical behavior
of a water-saturated liquid and vapor environment will be conducted to bound
the nature of hydrothermal reaction products, to provide a conceptual frame-
work to aid interpretation of work carried out in an unsaturated environment,
and to establish reaction characteristics for the unanticipated condition of
a saturated environment. Tests and experiments similar to those described in
Section 7.4.1.7 will be conducted at elevated temperatures (90 to 2500C) that
will span the range of anticipated thermal conditions of the waste package
host rock. Studies at lower temperatures are not being considered because
reaction rates in geologic materials at such temperatures are too slow to
provide meaningful results within the available time. Although it is not
expected that significant quantities of liquid water will exist in the waste
package environment when the temperature exceeds approximately 100 0C, high-
temperature (>1000C) studies will be conducted to characterize the stability
fields of phases important in the low-temperature tests. These data will
also provide information on reaction kinetics and rate laws appropriate for
the phases involved in lower-temperature reactions and will provide means to
extrapolate reaction behavior to lower temperatures.

The studies will examine the nature of reaction products in hydrothermal
systems containing Topopah Spring tuff and water that is believed to be rep-
resentative of vadose water in the repository horizon. Comparison of the
reaction products with mineral assemblages and mineral compositions in
natural systems will allow evaluation of the applicability of the laboratory
results to the repository environment.

Sample material for the tests will be obtained from the appropriate geo-
logic horizon. wafers of the sample will be cut, polished on one side,
examined using a scanning electron microscope (SEM) and electron microprobe,
and mounted in the reaction vessel of a Dickson-type rocking autoclave or
other appropriate reaction vessel. If studies of the solid reaction products
are not to be undertaken, crushed tuff, rather than a rock wafer, will be
placed in the reaction vessel. Sufficient fluid, of the appropriate compo-
sition, will be added to the reaction vessel to last the duration of the
test. The reaction vessel will then be taken to the temperature and pressure
considered for the test. The reaction vessel will be kept at these condi-
tions for the time necessary for the rock-water system to approach equilib-
rium. Fluid will be periodically extracted from the reaction vessel for
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chemical analysis. At completion of the test, the rock wafer will be removed
and examined for reaction products in the SEM and the electron microprobe.
If crushed rock is used in the test, instead of a rock wafer, the material
will be examined by x-ray diffraction and SEM.

8.3.4.2.4.1.2 Activity 1.10.4.1.2: Effect of grout, concrete, and other
repository materials on water composition

Objectives

The objective of this activity is to test the rock-water interaction
in the presence of concretes, grouts, and other repository materials (Sec-
tion 8.3.3) when the identity of the other materials is established. The
objective of these tests is to determine if the proposed material satisfies
the requirements specified in the performance allocation for this issue
relating to effects of engineered barriers, shafts, and seals on water
chemistry. The parameters and laboratory methods appropriate to this
activity will be established when the other materials are identified.

8.3.4.2.4.1.3 Activity 1.10.4.1.3: Composition of vadose water from the
waste package environment

Objectives

The objective of this activity is to characterize the composition of
vadose water in the unsaturated, preemplacement waste package environment.

Parameters

The parameter of this activity is the chemical composition of vadose
water in tuff of the repository horizon.

Description

A test will be conducted to extract pore water from representative de-
vitrified, welded tuff. The extracted fluid will be analyzed using standard
inductively coupled plasma and ion chromatography procedures. This test will
be designed to determine the method that produces the most representative
fluid composition for the environment. Analyses of the collected fluid will
be compared with theoretical models of rock-water interaction and known char-
acteristics of vadose fluids in equilibrium with minerals present in the
rock, to evaluate whether a particular extraction technique produces uncon-
taminated fluid. Once an extraction method is selected, vadose water will be
extracted from core uncontaminated with drilling fluids and from exploratory
shaft material collected at the repository horizon. The need for this
activity is discussed in Sections 7.4.1.1, 7.4.1.3, and 7.4.1.7.

This activity will establish the variability of vadose water composition
within the repository horizon. This information will define the bounds to be
expected on vadose water composition in the pre-emplacement waste package
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environment. This activity complements the work of the U.S Geological
Survey, which will characterize the regional and stratigraphic variability of
pore water chemistry, as described in Section 8.3.1.2.2.8.2.

Design of these tests is in progress.

8.3.4.2.4.1.4 Activity 1.10.4-.1.4: Dissolution of phases in the waste
package environment

Objectives

The objective of this activity is to determine the dissolution kinetics
of the phases present in the waste package environment.

Parameters

The parameters of this activity include

1. Temperature.
2. Solution pH.
3. Mineral composition and structural state.

Description

In rock-water interaction studies, dissolution of reactant phases and
the concomitant precipitation of product phases control the rates of chemical
reaction. To understand the kinetics of mineral precipitation and to inter-
pret the evolution of the fluid composition in hydrothermal tests, knowledge
of the dissolution kinetics of the phases present in the host rock is
required. Data on the kinetics of dissolution of phases of interest are
sparse and must therefore be obtained through laboratory studies, as
discussed in Section 7.4.1.7.

Dissolution studies will be conducted over a range of temperatures and
fluid pH to determine the sensitivity of the dissolution kinetics to tempera-
ture and variation in the chemistry of the environment. Phases used in the
dissolution studies will include the principal constituents of the devitri-
fied, welded tuff and the comon secondary phases associated with rock-water
interaction as identified in hydrothermal tests and experiments. Tests will
also be conducted to determine the degree to which vapor-phase transport and
dissolution will occur under conditions anticipated in the waste package
environment.

The mineral of interest will be crushed to a specific size range and
washed thoroughly to remove adhering fine particles. Brunauer-Emmett-Teller
surface area measurements will be conducted to determine the surface area of
the material. For tests at temperatures less than 950C, the sample will then
be weighed and placed in small flow-through dissolution cells. Each cell
will be attached to a fluid stream of known pH and flow rate. The cell will
then be placed in a controlled-temperature environment for specified periods
of time. The fluid that passes through the cell will be collected and
periodically analyzed for the elements of interest. Statistical analysis of
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the results, using transition state theory, will be used to model the
kinetics of the dissolution process. Laboratory protocol for dissolution
studies at temperatures in excess of 1000C is still in development.

8.3.4.2.4.1.5 Activity 1.10.4.1.5: Effects of radiation on water chemistry

Objectives

The objective of this activity is to determine the composition of water
in the presence of a radiation field under postemplacement conditions.

Parameters

The parameters of this activity include

1. Temperature.
2. Radiation dose rate.
3. Degree of water saturation.
4. Nature of solid materials present in addition to tuff.

Description

In water-saturated air, the abundance and composition of the radiolysis
products that develop in a radiation field are a sensitive function of the
temperature and the radiation dose rate. In addition, chemical reactions may
take place between the radiolysis products and any other material present in
the system. For example, it remains unclear which chemical reactions occur
in the presence of iron and manganese oxides that may influence colloid
development, nitrite-to-nitrate ratio, and the relative abundances of other
nitrogen-bearing compounds. This activity will determine the chemical com-
position of the water and air that develops at different radiation dose
rates, over a range of temperatures, and in the presence of materials
expected in the waste package environment.

Reaction vessels containing tuff, waste package container metal, and
reference ground water are placed in a gamma radiation field. The reaction
vessels are then subjected to a specified radiation dose rate, at a specific
temperature, for an extended period-of time. Samples of the solution that
develop during the course of the exposure are then chemically analyzed. A
matrix of tests over a range of temperatures and radiation dose rates will
allow identification of the significance of individual reaction parameters.

The results of these tests are used as input to guide modeling of
rock-water interaction in the presence of a radiation field. The rates of
dissolution and precipitation of radiolysis products and the identification
of solid products formed through interaction of tuff with irradiated fluid
provide constraints on the modeling. The geochemical modeling code EQ3/6
(discussed in Section 7.4.4) will be used to extend to long time periods (and
to conditions not represented in the matrix of tests) the chemical behavior
of the tuff-water system in the presence of radiation and other materials.
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8.3.4.2.4.1.6 Activity 1.10.4.1.6: Effects of container and borehole liner
corrosion products on water chemistry

Objectives

The objective of this activity.is to determine the effect of corrosion
products on the composition of water in the package environment.

Parameters

The parameters of this activity include

1. Temperature.
2. Composition and mineralogy of corrosion products.
3. Degree of water saturation.

Description

The effect of corrosion products on the waste package environment and
water chemistry will be established through a matrix of long-term tests in
which tuff, reference ground water, and metal are commingled at elevated
temperatures. The metals used in the test will be partially submerged, if
liquid water is present, and will be exposed to the gaseous atmosphere pres-
ent in the test vessel. Periodic sampling of the fluid phase will be.
conducted to determine the chemical evolution of the fluid through time. At
the conclusion of the tests and experiments, the metal samples and the tuff
will be examined by using SEM/electron dispersive spectroscopy to determine
the abundance and nature of reactions and corrosion products, their modes of
occurrence, and their composition.

8.3.4.2.4.1.7 Activity 1.10.4.1.7: Numerical analysis and modeling of
rock-water interaction

Objectives

The objective of this activity is to examine effects and processes in
natural systems for time periods and chemical conditions not duplicated by
laboratory studies.

Parameters

The parameters of this activity include

1. Temperature.
2. Mineral assemblage.
3. Mineral species surface areas.
4. Reaction times.
-. Fluid composition.
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Description

Laboratory studies are incapable of examining the effects of all the
possible values of parameters significant for the system under consideration.
Nor can laboratory studies be used to extend directly to periods of many
years the behavior of natural systems studied in the laboratory over periods
of months. However, the use of numerical studies, in conjunction with judi-
ciously selected tests, can provide the capability to establish the behavior
of natural systems for conditions not duplicated by laboratory tests.

The numerical analysis and modeling will be used to predict the results
of previously completed tests for characterizing the reaction process. For
any geochemical test under consideration, the computer code EQ3/6 (discussed
in Section 7.4.4) will use as input the mineralogy of the reactant rock
material, the surface area of the reactant solid phases, and the composition
of the water. The code then computes (for the temperature of the test and
the reaction interval step chosen) the composition of the fluid at each reac-
tion step, the degree of saturation of appropriate mineral phases, and the
quantity of minerals precipitated from solution. This approach also allows
characterization of reaction processes under conditions not duplicated by the
laboratory studies and can be used to extrapolate the results of laboratory
studies to repository time and distance scales. The uncertainties in the
thermodynamic and kinetics data used in the calculations will be evaluated.

8.3.4.2.4.2 Study 1.10.4.2: Hydrologic properties of waste package
environment

The objectives of this study are to establish the hydrologic properties
of the near-field repository rock and the effect of thermal perturbation on
these hydrologic properties, over the range of anticipated postemplacement
conditions. This study will establish the conditions under which fracture
flow will predominate over matrix flow and will determine the relative hydro-
logic importance of gas versus liquid-phase transport under isothermal and
polythermal conditions appropriate for the waste package environment. This
study will also determine the degree to which thermal effects will modify the
ambient hydrologic properties. Isothermal components will provide input for
snmulation of conditions during the controlled release period and provide
partial validation for nonisothermal codes.

Waste package performance assessment calculations will require boundary
conditions representing the host rock environment. A hydrothermal flow and
transport model will be developed to simulate moisture and contaminant move-
ment in the matrix and fractures of the host rock. The flow model will be
composed of the conservation equations for fluid mass, momentum, and energy
in a fractured porous medium. Thermodynamic relationships will be included
for the water-steam phase changes. Constitutive relationships will include
the equation of state for vapor and air components. In addition to flow
calculations, this model will also provide the temperature of the surrounding
rock mass and the state of saturation for all fluid phases as functions of
space and time.
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The transport model will use the pore velocities calculated by the flow
model and then solve the transport equation for each radionuclide. Transport
processes will include advection, molecular diffusion, and dispersion. Radio-
nuclide decay, sorption, and solubility limits also influence the concentra-
tions of radionuclides, and these processes will be included. This model
will provide the concentrations of. ground-water chemical species of interest
to the representation of the waste package environment. In addition, the
concentrations of released radionuclide species, both in the ground water and
sorbed to the rock matrix, may be determined as a function of time and space.

The flow and transport models will be used to establish the quantity of
water that may contact waste containers. Consideration will be given to the
range of flow pathways identified in field and laboratory tests and to antic-
ipated and unanticipated hydrologic conditions defined by activities that es-
tablish the Yucca Mountain site hydrology (Section 8.3.1.2). These flow and
transport models will provide the basis for establishing the extent to which
near-field hydrologic properties will contribute to satisfying water quantity
performance goals set in Issues 1.4 and .5.

Conclusions regarding fluid transport behavior in a thermally perturbed
environment will be verified through fie.d studies in the exploratory shaft
facility, as described in Sections .4.1.1 and 7.4.1.5, and through work
under Characterization Program 8.3.1.2. Study 1.10.4.2 consists of three
laboratory and modeling activities.

8.3.4.2.4.2.1 Activity 1.10.4.2.1: Single-phase fluid system properties

Objectives

The objectives of this activity are

1. To establish the single-fluid-phase hydrologic properties of
fractured and unfractured tuff under isothermal conditions.

2. To establish the single-fluid-phase hydrologic properties of
fractured and unfractured tuff in a thermal gradient.

Parameters

The parameters of this activity include

1. Temperature.
2. Relative permeability.
3. Degree of saturation.
4. Nature of the fluid phase.
5. Number of rehydration-dehydration cycles.
6. Resistivity.
7. Magnitude of thermal gradient.
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Description

Dehydration-rehydration processes may modify the hydrologic properties
of the near-field rock through precipitation-dissolution effects or through
induced changes in fracture surface characteristics. The pattern of fluid
flow that may develop as a result of heat transfer and mass transport may
take several forms, including convective flow and "heat pipe" geometries.
Such processes have the potential of developing regions where fluids may
condense or areas where transported solutes may concentrate. These processes
could change the chemistry, mineralogy, and hydrology of the waste package
environment and therefore must be characterized to satisfy Information
Need 1.10.4 (Section 8.3.4.2.4).

Fractured and unfractured samples will be used to examine the fluid flow
properties of single-phase (gas or liquid) systems. Tests will be run in
isothermal conditions and in thermal gradients to determine the fluid flow
behavior in different thermal regimes. These tests will be run under pres-
sure conditions that simulate loading at the repository level. These tests
will address data needs described in Section 7.4.1.6. The characteristics of
fluid flow in these different environments will be documented by using com-
puted impedance tomography. Computed impedance tomography is an imaging
technique that uses electrical resistivity measurements taken sequentially
around a circumference of a rock core to obtain variations in resistivity
within the core. The resistivity measurements may be converted to degree of
liquid saturation, thereby providing a two-dimensional map of liquid satura-
tion on a plane normal to the cylinder axis. Modification of fracture sur-
faces and pores will be documented.

8.3.4.2.4.2.2 Activity 1.10.4.2.2: Two-phase fluid system properties

Objectives

The objectives of this activity are

1. To establish the two-phase hydrologic properties of tuff under
isothermal conditions.

2. To establish the two-phase hydrologic properties of tuff in a
thermal gradient.

Parameters

The parameters of this activity are

1. Temperature.
2. Relative permeability.
3. Degree of saturation.
4. Gas-to-liquid ratio.
5. Resistivity.
6. Number of rehydration-dehydration cycles.
7. Magnitude of temperature gradient.
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Description

Tests in the two-phase system will be designed to establish the effects
of a two-phase fluid on the hydrologic properties of the tuff, to allow
comparison with results from the single-phase fluid tests. The single-phase
and two-phase studies will characterize the tuff-fluid system over the range
of conditions anticipated in the postemplacement waste package environment.

The laboratory protocol for the two-phase activities is similar to that
for the single-phase activities, with the exception that the ratio of liquid
to gas is an additional parameter that will be controlled in the tests.
These tests are performed in a pressure vessel under simulated in situ condi-
tions. The work described here addresses needs described in Sec-
tions 7.4.1.1, 7.4.1.5, and 7.4.1.6.

8.3.4.2.4.2.3 Activity 1.10.4.2.3: Numerical analysis of flow and transport
in laboratory systems

Objectives

The objective of this activity is to use laboratory-scale tests for
initial development and validation of the flow and transport code.

Parameters

The parameters of this activity are

1. Temperature.
2. Distribution of liquid-phase saturation.
3. Permeability.
4. Hydraulic conductivity.

Description

The hydrothermal flow model will require validation over a range of con-
ditions sufficient to cover those required in the use of the model. Valida-
tion requires that model predictions be compared with controlled tests, from
both laboratory and in situ investigations. The laboratory measurements of
two-phase flow in rock cores conducted under Study 1.10.4.2 (Sec-
tion 8.3.4.2.4.2) will partially satisfy the validation needs of the hydro-
thermal flow model. The primary variables to be used for validation will be
the core temperature and saturation distributions. Other properties required
will include the thermal properties of the core material. The parameters
subject to validation will be the permeability and the expressions used to
represent matric potential and relative conductivity as functions of satura-
tion. By using these test results, t-ne model can be tested on one- and two-
dimensional systems under controlled but varying thermal and flow conditions.
This vali-dation will concentrate on simulation of flow in a small core and,
therefore, will provide a limited validation before testing on a scale repre-
sentative of the waste package environment.
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8.3.4.2.4.3 Study 1.10.4.3: Mechanical attributes of the waste package
environment

The objectives of this study are to establish the mechanical attributes
of the waste package environment host rock. The need for this information is
discussed in Section 7.4.1.1 and 7.4.1.2. The mechanical studies will exam-
ine the mechanical response of the near-field rock to the engineering and
thermal regimes resulting from development of the repository and emplacement
of the waste packages. The mechanical properties determine the extent to
which borehole wall failure can be expected to load the waste package
containers.

8.3.4.2.4.3.1 Activity 1.10.4.3.1: Waste package environment stress field
analysis

Objectives

The objective of this activity is to estimate the time-dependent stress
field and displacements of the rock in the waste package environment.

Parameters

The parameters of this activity are

1. Emplacement configuration.

2. Repository layout.

3. Temperature fields.

4. Mechanical properties of rock in repository horizon (TSw2),
including for example, Young's modulus, Poisson's ration,
deformation modulus, coefficient of thermal expansion, and
strength-related properties.

5. Fracture (joint) characteristics of rock in repository horizon
(TSw2), including for example, shear and normal stiffness,
orientation, and frequency and degree of persistence.

Description

The extent to which waste containers can be loaded by rock-induced
stresses will be evaluated. One of the potential mechanisms for such loading
is slip of discrete blocks of rock along preexisting fractures. Field data
describing the attributes of the fractures will be used with repository
design information, predicted temperatures, and mechanical properties of the
host rock to predict the possible extent and modes of block failure for the
range of conditions anticipated in the repository horizon. The integration
of the field data with the design specifications for the emplacement
geometry, container spacing, and the liner will be accomplished by using
computer modeling and, if necessary, model tests.
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8.3.4.2.4.4 Study 1.10.4.1: Engineered barrier system field tests

-The laboratory tests described n Activities .10.4.1.1 through
1.10.4.1.7 (Sections 8.3.4.2.4.1.1 through 8.3.4.2.4.1.7) and 1.10.4.2.1
through 1.10.4.2.3 (Sections 8.3.4.2.4.2.1 through 8.3.4.2.4.2.3) require
validation through in situ field tsts in the repository horizon to establish
the applicability of the laboratory studies to the repository block. These
tests will be conducted in the eploratory shaft facilities at the repository
horizon. The activities listed below indicate the objectives of the work to
be completed and the parameters to be determined. Detailed descriptions of
the activities will be available when the indicated test plans are completed.
The work described in these activities addresses needs described in Sec-
tions 7.4.1.1., 7.4.1.5, and 7.4.1.6. The three activities in this study are
described in the following sections.

Before initiation of the in situ tests that support this study, proto-
type tests to develop and validate the test procedures and protocols are
planned. These prototype tests will be conducted in the G-tunnel test
facility located in a similar hydrogeologic setting in Rainier Mesa at the
Nevada Test Site. The prototype tests are designed to simulate the test
conditions and evaluate the installation procedures and performance charac-
teristics of the instrumentation planned for the in situ tests to be deployed
in the Yucca Mountain exploratory shaft facility.

8.3.4.2.4.4.1 Activity 1.10.4.4.1: Repository horizon near-field hydrologic
properties

Objectives

The objective of this activity is to determine the in situ hydrologic
properties of rock in the repository horizon under thermally perturbed
conditions.

Parameters

The parameters of this activity are

1. Degree of liquid water saturation.
2. Relative permeability.
3. Matric potential.
4. Fluid flow pathways.
5. Fluid flow rates.
6. Fracture characteristics.
7. Thermal loading.
8. Mechanical and thermal properties of the rock.

Description

Geotechnical and hydrologic instrumentation will be deployed to monitor
selected near-field environmental parameters in situ. These measurements
will allow characterization of the parameters just enumerated. In addition,
laboratory-scale hydrologic studies will be completed, with computed
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impedance tomography techniques, on samples obtained from the repository
horizon. Comparison of the data obtained from the field studies and
laboratory studies with those obtained from earlier laboratory tests will
extend the applicability of the laboratory tests to the in situ waste package
environment.

8.3.4.2.4.4.2 Activity 1.10.4.4.2: Repository horizon rock-water
interaction

Objectives

The objective of this activity is to determine the effect on water
chemistry of thermal perturbation of the near-field environment.

Parameters

The parameters of this activity are

1. Temperature.
2. Temperature gradient.
3. Water chemistry.
4. Mineralogical changes.

Description

Geotechnical and hydrologic instrumentation will be deployed to monitor
selected near-field environmental parameters in situ. In addition, labora-
tory tests and analyses will be conducted as described in the test plan.
These measurements will provide the background for characterization of the
parameters enumerated above. Once established, comparison of these param-
eters with those obtained from previous aboratory tests will extend the
applicability of the laboratory tests to the in situ waste package environ-
ment. Pretest and posttest rock and water samples will be analyzed for
changes in mineralogy and chemistry. These activities will provide data for
integration with laboratory-scale measurements. These activities will
address needs described in Sections 7.4.1.1, 7.4.1.5, and .4.1.7.

8.3.4.2.4.4.3 Activity 1.10.4.4.3: Numerical analysis of fluid flow and
transport in the repository horizon near-field environment

Objectives

The objective of this activity is to validate and calibrate fluid flow,
temperature, and transport models by using waste-package-scale field studies.

Parameters

The parameters of this activity are

1. Fracture attributes.
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2. Temperature.
3. Degree and distribution of saturation.
4. Time.
5. Sorption.
6. Water composition.
7. Emplacement configuration.'
8. Repository layout.
9. Waste package configurations.

10. Waste package heat generation characteristics.

Description

The flow and transport model will require calibration on a scale
representative of the waste package environment. Testing on this scale, as
described in Activity 1.10.4.4.1 (Section 8.3.4.2.4.4.1), will allow the
influence of fractures on the flow of liquid water and steam to be observed.
Tests at the repository horizon in the exploratory shaft facility will
provide the ability to test the model at a scale approximating the waste
package emplacement conditions. To perform this calibration and validation,
temperature and degree of liquid saturation of the rock mass and
concentration of tracers and sorbed substances must be observed under
different simulated emplacement conditions. Other measurements such as
pressure of the gas phase in matrix and fractures would be useful but may not
be practical. The primary benefit of these tests will be to test the effect
of fractures on moisture movement in the rock mass.

The transport capability of the flow and transport model will be used to
describe the movement of radionuclides and naturally occurring aqueous
chemical constituents in the near field; that is, the first several meters of
host rock surrounding an emplacement hole. These calculations will be used
respectively in tracking releases and assigning boundary conditions for
performance calculations. Therefore, the transport portion of the model must
also be validated.

The thermal studies will address the history, magnitude, and nature of
the thermal perturbation associated with waste packages in the emplacement
configurations under consideration. This history establishes the thermal
conditions under which rock-water interaction may occur. The magnitude of
the temperature field that develops around a waste package is a complex
function that depends on how the packages are spaced within the repository
and how much- heat the packages dissipate through time. Additional variables
include the relative diameters of the borehole and the container and whether
the borehole has been lined.

Modeling of the thermal history of the near-field environment will be
conducted by using a test matrix consisting of the variables that influence
the temperature field of the waste package environment. A computer code for
hydrothermal flow in unsaturated rock will be used to evaluate the effect of
each variable over the range of conditions anticipated for the repository.
The results will be used to establish the thermal behavior of the near-field
environment.
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In situ test will be conducted to monitor the movement of sorbing and
nonsorbing species. These measurements will include the concentration of
species in the pore water as a function of time ana space and the concen-
tration of species sorbed onto the tuff matrix at specified times and
locations. Calibration of the transport routines will consist of deriving
dispersivities and effective diffusion coefficients for the test location.
Since measurements will be used to calibrate and validate the transport
routines of the hydrothermal model, it will be necessary to design the tests
so that several data sets will be available for a given set of geologic
parameters.
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8.3.4.3 Issue resolution strategy for Issue 2.6: Have the characteristics
and configurations of the waste packages been adequately established
to (a) show compliance with the preclosure design criteria of 10 CFR
60.135 and (b) provide information for the resolution of the
performance issues?

Regulatory basis for the issue

This issue deals with two aspects of the waste package design consider-
ations. The first relates to the specific criteria explicitly established in
the NRC regulations in 10 CFR 60.135. Compliance with these criteria will be
addressed by analyses of the designs and comparison with the criteria under
Information Needs 2.6.1 and 2.6.2 (Sections 8.3.4.3.1 and 8.3.4.3.2). Infor-
mation is also needed on the physical characteristics of the spent fuel and
high-level waste that is to be accepted into the disposal system. This
information will be provided to the Yucca Mountain Project by other elements
of the DOE Office of Civilian Radioactive Waste Management (OCRWM) in the
form of waste acceptance specifications, receipt rate projections by waste
type and characteristics, and other descriptions. This information is
expected to be provided in documents controlled within the OCRWM technical
baseline and revised periodically to reflect the most current data available.
These specifications and characteristics will reflect the regulatory criteria
that establish restrictions on the form and content of the wastes to be
received, packaged, and disposed of in the repository. Information Need
2.6.3 (Section 8.3.4.3.3) will accumulate the information for use in the
waste package design development.

None of the information needed to address the preclosure waste package
design criteria mentioned previously requires the acquisition of site charac-
terization data, as it primarily involves information about, or restrictions
on, the waste forms and specific criteria for characteristics of the waste
packages.

The second part of this issue is much broader in scope and involves the
actual development of the waste package designs and the integration of the
designs into the repository system. The approach to resolution of this issue
is described in the following section.

Approach to resolving the issue

The approach to be used in resolving this issue is similar to that used
in the issues that address design of the repository as described in Section
8.3.2. In that section, the requirements-that arise in other issues that
involve specific aspects of the repository, for both the preclosure and post-
closure periods, are consolidated for design purposes within Issue 4.4
(Section 8.3.2.5). The design is developed and placed in the reference
information base. Specific design features are then evaluated for
consistency with the requirements for performance as required by the other
issues. The testing and design activities described in this section are
tentative and are subject to change. Any such change will be reported in
semiannual progress reports.
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The issues hierarchy (Section 8.2) divides the information needed to
develop and evaluate the performance of the waste package designs into five
issues, three of which directly address the design aspects. This division,
although logical in the context of the regulatory provisions that place dif-
ferent requirements on the waste packages during the preclosure and post-
closure periods, results in a complex design management process because the
various requirements are imposed on a single set of physical objects. To
integrate the waste package design process, the logic shown in
Figure 8.3.4.3-la has been developed.

In this framework, the design criteria and constraints that are derived
within Issue 2.6 from the preclosure functional requirements through the
performance allocation process are consolidated with the requirements and
other design inputs developed in Issue 1.10 (Section 8.3.4.2). An integrated
document, the waste package design requirements, is compiled and provides the
definitive guidance for development of the designs.

A significant product of the waste package design effort will be the
specification of the production processes to be used in the fabrication,
closure, and inspection of the containers. A direct supporting element to
the design process is therefore identified separately in Issue 4.3 (Sec-
tion 8.3.4.4), where the evaluation and testing of these production
technologies are described.

The design process is planned to progress through multiple phases,
starting with an advanced conceptual design phase and continuing through a
license application design phase before submission of a license application.
During each of these design phases, the design products, including the sup-
porting analyses, will be transferred to the Yucca Mountain Project reference
information base. The design information will then be assessed for compli-
ance with the goals imposed by the appropriate performance issues and trans-
ferred to the repository design Issue 4.4 (Section 8.3.2.5). Figure
8.3.4.3-la also shows the decision paths that must be addressed in the event
that performance assessments of the designs indicate that revisions are
required to achieve the goals. These assessments will be performed both
within the design issue and within the performance issues, as determined by -
the source of the goal.

Table 8.3.4.3-1 lists the major preclosure functions or characteristics
that are derived from the regulatory criteria for the waste packages. Per-
formance measures, goals, and levels of confidence are indicated for these
functions needed to resolve this issue (2.6).
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Table 8.3.4.3-1. Performance allocation for Issue 2.6 (waste package
characteristics--preclosure)

System Function or Performance Confidence
element characteristic measure Goal needed

Waste Contain waste Fraction of con- >99.5% intact High
package during repository tainers intact

operations at end of pre-
closure

Limit potential Effective neutron <0.95 High
criticality in multiplication
waste packages factor (Keff)

Provide unique Identification >99% legible Medium
identification of legible at end
packages of preclosure

Waste form Comply with NRC Waste form char- >99% (Ci) of High
criteria for acteristics waste received
acceptance in compliance

with criteria

Container Capable of Package-handling 100% through High
being handled by fixtures emplacement,
repository >95% through
systems preclosure

8.3 .4 .3.1 Information Need 2.6.1: Design information needed to comply
with preclosure criteria from 10 CFR 60.135(b) for materials,
handling, and identification of waste packages

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The functional requirements, performance criteria, and constraints
derived from the regulatory criteria for this information need and used in
the conceptual waste package designs are defined in Section .2.1.1, generic
preclosure requirements. The preliminary allocation of performance to com-
ponents in response to these requirements is discussed in Section 7.2.3.1,
preclosure performance.
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Parameters

The specific waste package design criteria established in 10 CFR
60.135(b)(1) through (4) require that the following parameters be addressed
in the design:

1. Explosive, pyrophoric, and chemically reactive materials.
2. Free liquids.
3. Containment during transportation, emplacement, and retrieval.
4. Unique identification.

Logic

The information needed to comply with the criteria of 10 CFR 60.135(b)
requires that the waste package designs (together with the characteristics of
the waste forms and the preclosure environments that the packages will exper-
ience) be analyzed to establish that the criteria will be met. The para-
meters to be addressed are quite diverse, as are the preclosure environments.

Criteria (1) and (2) in 10 CFR 60.135(b) are limitations on classes of
materials in waste packages that could compromise the performance of the
packages or other engineered or natural system components. An analysis of
the designs, including the waste forms, and the repository operations will be
required to show that these classes of materials will not be present or, if
present, the quantities will not exceed the criteria.

Criterion (3) is an explicit design requirement that the waste packages
maintain waste containment during handling operations. For the waste pack-
ages to meet this criterion under all possible loading conditions, the pack-
age designs would include structures much stronger than those dictated by any
other requirement. An analysis of the containment capability of the waste
packages under both normal and off-normal loads will be performed. Loading
conditions that result in loss of containment by the packages will be evalu-
ated for significance in view of the repository facility ventilation and
other containment systems. These systems are addressed in the information
needs under Issue 4.4 (Section 8.3.2.5).

Criterion (4) is an explicit design requirement that each waste package
be uniquely identified, with the identifier legible during the preclosure
period, consistent with the permanent written records, and that it not impair
the integrity of the package. An assessment of the alternatives available
for complying-with this requirement and an analysis of the selected method
will be performed.

The regulatory criteria will be reflected in the waste package design
requirements, and the analyses to show that the performance goals have been
met will be an integral part of the design activities. The analyses will be
documented in the advanced conceptual and license application design reports.
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8.3.4.3.2 Information Need 2.6.2: Design information needed to comply with
preclosure criteria from 10 CFR 60.135(c) for waste forms

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The functional requirement and performance criterion that has been
derived from one of the regulatory criteria for this information need is
defined in Section 7.2.1.1, generic preclosure requirements. A brief dis-
cussion of the waste form design considerations is included in Section
7.2.3.1, preclosure performance. Additional information related to the waste
forms is in Section 7.3.1.1, reference waste form descriptions, and Section
7.4.3, waste form research and testing.

Parameters

The specific high-level waste (HLW) form design criteria established in
10 CFR 60.135(c)(1)-(3) require that the following parameters be addressed:

1. Solidification.
2. Consolidation to limit particulates.
3. Combustibles.

Logic

The criteria established in 10 CFR 60.135(c) prescribe three attributes
or limitations on the physical form of the HLW to be disposed in the reposi-
tory. These are reflected in the parameters listed above.

The information needed to demonstrate compliance with these criteria
requires that the HLW form designs be analyzed to establish that the criteria
will be met. The physical characteristics of the waste forms to be received
at the repository for disposal are determined by the DOE waste acceptance
specifications. The approach to determining that the waste forms comply with
the criteria will be to compare them with the DOE waste acceptance specifica-
tions. Therefore, the approach to determining that the waste forms comply
with the criteria- will be to compare the waste acceptance requirements and
specifications obtained in Information Need 2.6.3 (Section 8.3.4.3.3) with
the criteria.

One additional criterion is imposed within this section of the regula-
tions that is not strictly related to waste forms. All HLW must be "placed
in sealed containers." Although the DOE acceptance requirements for unrepro-
cessed spent fuel do not include this provision, the criterion will be met by
the addition of a sealed container at the repository before emplacement in
the underground facility.

This information need will be met by the development of the waste form
acceptance specifications (Section 8.3.4.3.3). A documented comparison of
these specifications with the regulatory criteria will be presented in the
advanced conceptual and license application design reports.
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8.3.4.3.3 Information Need 2.6.3: Waste acceptance specifications

Technical basis for addressing the information need

Link to the technical data chapters and applicable supporting documents

Reference is made to the waste acceptance specifications and require-
ments in Sections 7.2.3.1 and 7.3.1.1 under discussions of preclosure
performance and reference waste form descriptions, respectively.

Parameters

The parameters to be addressed in this information need are

1. Acceptance specifications for unreprocessed spent fuel.
2. Acceptance specifications for West Valley high-level waste.
3. Acceptance specifications for DOE defense high-level waste.

Logic

The characteristics of all waste forms to be received at the repository
for packaging and disposal are an essential input to the design and develop-
ment of the geologic disposal system. Therefore an information need has been
identified to provide a mechanism within the issues hierarchy for the devel-
opment and documentation of these characteristics.

The information to be collected falls into two general classes for each
waste form. One is the formal waste acceptance specifications that will be
developed by the DOE for determining the acceptability of waste into the
OCRWM system. These specifications will determine the parameters to be
investigated in the waste form performance testing activities and establish
the range of variability of the waste forms. Once established, these
acceptance specifications are not expected to change significantly.

The other class of information is the baselined projections of the time-
dependent characteristics of the waste streams. These projections are the
basis of the waste package and repository designs for packaging and handling
facilities and equipment, capacities, and receipt rates. This information is
expected to change with time as more accurate projections, especially for
waste forms that have not been manufactured yet, become available.

The analyses and activities required to provide the waste acceptance
specifications and other waste form characteristics are the direct responsi-
bility of the DOE. Technical support will be provided by the Yucca Mountain
Project as appropriate to assist in developing the information. The details
of these studies and analyses are beyond the scope of the site characteriza-
tion plan.
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8.3.4.4 Issue resolution strategy for Issue 4.3: Are the waste package
production technologies adequately established for the resolution of
the performance issues?

Regulatory basis for the issue

This issue arises from the provision of 10 CFR 960.5-1, the preclosure
system guidelines, that the qualifying conditions require that the repository
operation be demonstrated as feasible on the basis of reasonably available
technology. The waste packages are a "product" of the repository operation
and therefore must be technically feasible on the same basis.

In addition to their technical feasibility, the processes selected for
producing the waste packages affect the design of the packages, the design
and operation of the repository surface facilities where they are produced,
and the performance of the packages after they are emplaced in the repository
subsurface facilities.

Rather than differentiate between the feasibility, package and facility
design, and package performance aspects of the production processes and
describe the plans for each separately, the planned activities to provide
information for all these topics are addressed in this issue.

Approach to resolving the issue

Several production technologies are required to fabricate, assemble, and
inspect the waste packages. These processes, in addition to being reasonably
available, must be responsive to the performance-derived requirements for the
waste packages and relevant to the design concepts. Thus, this issue (4.3)
is closely coupled to the waste package design requirements document and the
design concepts that are generated as a part of Issue 2.6 (Section 8.3.4.3).
The relationship between these issues is shown in Figure 8.3.4.4-1. To mini-
mize the interfaces between this issue and other design issues (both for the
repository and the waste package), this issue interacts directly only with
Issue 2.6.

Interactions with the other design issues are implemented within Issue
2.6 through the Yucca Mountain Project reference information base. These
interactions are shown in Figure 8.3.4.4-1.

The approach to resolving this issue will involve a set of studies
directed at identifying and evaluating production processes in each of the
technology areas. Selection criteria for each technology will be estab-
lished. Candidate processes will be identified and evaluated against the
selection criteria. The leading candidate processes will be used to produce
representative test specimens. These test specimens will be analyzed to
determine their properties, and the properties will be compared with the
criteria derived from the performance requirements. Process selection will
then be made on bases that will include performance, as well as other cri-
teria such as reliability, adaptability to repository facility operations,
and cost. The final step in the studies will be the use of the selected
processes to produce full-scale prototype components and assemblies, includ-
ing testing of the prototypes to demonstrate both feasibility and compliance
with the requirements. The testing and design activities described in this
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Figure .3.4.4-1. Logic diagram for the resolution of Issue 4.3 (waste package production technologies).
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section are tentative and are subject to change. Any such change will be
reported in semiannual progress reports.

8.3.4.4.1 Information Need 4.3.1: Identification and evaluation of produc-
tion technologies for fabrication, closure, and inspection of the
waste package

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

This information need has only an indirect relationship to the charac-
teristics of the site. That relationship is established through the need for
the processes selected for production to be responsive to the requirements
placed on the waste package design by the anticipated service environment and
the performance of the package components. The existing data on this envi-
ronment is summarized in Section 7.1 and discussed further in Section 7.4.1.
The implications of the production processes on the performance of the pack-
age components are discussed briefly in Section 7.4.2. A brief discussion of
the required processes is found in Section 7.3.1.4.

Parameters

The general parameters to be addressed in this information need are the
waste package production technologies. Within each of the technologies,
specific parameters associated with the identification, testing, evaluation,
selection, and demonstration of the processes are defined. These specific
parameters are identified in the activity that addresses each technology.

Logic

The logic to be followed in developing the production technologies is
described in the issue resolution section for this issue and follows the
conventional approach to production engineering activities as shown in
Figure 8.3.4.4-1.

8.3.4.4.1.1 Design Activity 4.3.1.1: Waste package fabrication process
development

Objectives

The objective of this activity is to determine, by using the logical
sequence described for this issue, the processes to be used in fabricating
the nonwaste form components of the waste packages.

Parameters

The parameters of this activity involving fabrication technologies are

1. Requirements and selection criteria.
2. Candidate process identification.
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3. Process testing.
4. Process evaluation.
5. Process selection.
6. Prototype fabrication and testing.

Description

Fabrication is defined as those processes required to produce the pack-
age components other than the waste forms. These components are assumed to
be produced at commercial facilities and, after inspection to ensure com-
pliance with procurement specifications, delivered to the repository for
assembly. The processes to be used may include production of container and
other component materials; forming and joining processes such as rolling,
welding, casting, forging, extruding, or combinations of these; heat treat-
ing; nondestructive testing and inspection; and packaging, shipping, and
storage.

Each of the applicable process steps will be evaluated, and a process
will be selected and demonstrated as necessary to show compliance with the
requirements established for each package component.

8.3.4.4.1.2 Design Activity 4.3.1.2: Waste package closure process
development

Objectives

The objective of this activity is to determine, by using the logical
sequence described for this issue, the process to be used in the final clo-
sure of the waste package containers.

Parameters

The parameters of this activity involving closure technologies are

1. Requirements and selection criteria.
2. Candidate process identification.
3. Process testing.
4. Process evaluation.
5. Process selection. -

6. Full-scale demonstration.

Description

The closure process is required to provide a high-integrity seal of
the containers. The closure must be performed under hot cell conditions by
equipment operated by remote control. Additional requirements will be
imposed by the need for a highly reliable process that can be qualified on
the basis of monitored process variables and remote equipment maintenance.
The process may be a conventional joining process or may require developments
of the state of the art.
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The candidate closure processes will be evaluated, and a process will be
selected and demonstrated as necessary to show compliance with the require-
ments established for final package closure.

8.3.4.4.1.3 Design Activity 4.3.1.3: Waste package closure inspection
process development

Objectives

The objective of this activity is to determine, by using the logical
sequence described for this issue, the process to be used in the inspection
of the final closure of the waste package containers.

Parameters

The parameters of this activity involving inspection technology are

1. Requirements and selection criteria.
2. Candidate process identification.
3. Process testing.
4. Process evaluation.
5. Process selection.
6. Prototype subsystem design and specification.

Description

Following the final closure of the waste package containers, the integ-
rity of the closure will require a verification by a nondestructive inspec-
tion. This inspection process, which will also be made by equipment operated
by remote control, must operate with high reliability to ensure adequate
defect detection and yet avoid false rejections. The high ionizing radiation
field present will limit the alternatives available for this process.

The candidate closure inspection processes will be evaluated, and a
process will be selected and demonstrated as necessary to show compliance
with the requirements established for closure inspection. An inspection
subsystem will be designed and specified for this process.
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8.3.5 PERFORMANCE ASSESSMENT PROGRAM

This section describes the Yucca Mountain Project (formerly the
Nevada Nuclear Waste Storage Investigations (NNWSI) Project) performance
assessment program for both the preclosure and postclosure time periods.
Section 8.3.5.1 provides an overview of the strategy for preclosure perform-
ance assessment. The site data needs and the design activities necessary to
demonstrate compliance with the performance objective for maintaining an
option of waste retrieval are-presented in Section 8.3.5.2 (Issue 2.4). Site
and design information necessary to perform radiological safety assessments
are described in Sections 8.3.5.3 through 8.3.5.5. Section 8.3.5.3
(Issue 2.1) addresses public exposure under normal conditions, and Sec-
tion 8.3.5.4 (Issue 2.2) addresses worker exposure under normal conditions.
Section 8.3.5.5 (Issue 2.3) describes the approach to assessments of radio-
logical safety under accidental conditions.

Sections 8.3.5.6 and 8.3.5.7 (Issues 2.5 and 4.1) differ from the
previous sections, in that they address the site data requirements for
supporting higher level findings on the DOE general siting guidelines
(10 CFR Part 960). These findings are required at the time of selection of
the first repository site.

Section 8.3.5.8 describes the overall strategy for postclosure perform-
ance assessment. The approach to demonstrating compliance and the site data
needed for the waste package containment performance objective are described
in Section 8.3.5.9 (Issue 1.4). Site data needs and planned activities for
assessing compliance with the release rate limits for the engineered barrier
system are presented in Section 8.3.5.10 (Issue 1.5). Section 8.3.5.11
describes the general plans for assessing seal system performance. Site data
needs required to establish that the pre-waste-emplacement ground-water
travel time is at least 1,000 years are described in Section 8.3.5.12 (Issue
1.6). Activities to generate the necessary calculational models and to
identify the likely flow paths are also described in Section 8.3.5.12.
Section 8.3.5.13 (Issue 1.1) describes the plans for complying with the
requirements for assessing total repository system performance. The site
data needed, as well as the activities planned to develop appropriate calcu-
lational models and identify potentially significant release scenarios are
described. Sections 8.3.5.14 and 8.3.5.15 describe the site data needs and
the plans for activities to demonstrate compliance with the requirements for
limiting radiation doses to man (Issue 1.2) and for protection of special
sources of ground water (Issue 1.3).

The approach to be taken in addressing the NRC requirements for perform-
ance confirmation is described in Section 8.3.5.16 (Issue 1.7). Sec-
tion 8.3.5.17 (Issue 1.8) describes the strategy for addressing the favorable
and potentially adverse conditions in the NRC siting criteria. The close
interaction between assessment of total system performance in Sec-
tion 8.3.5.13 (Issue 1.1) and this section is highlighted in the discussion.
Section 8.3.5.18 (Issue 1.9), like Sections 8.3.5.6 and 8.3.5.7, describes
the approach developed to comply with the requirements for higher level
findings on the DOE general siting guidelines. Section 8.3.5.18 specifically
addresses higher level findings for the postclosure technical guidelines.
Finally, Sections 8.3.5.19 and 8.3.5.20 describe the analytical techniques
already developed and those still requiring development.
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8.3.5.1 Strategy for Preclosure Performance Assessment

During the repository preclosure period, performance assessment is
synonymous with safety assessment. Safety assessment involves assessment of
the risks and hazards to which the repository workers and the general public
may be exposed as a result of the activities that will be carried out at the
repository before its permanent closure.

Preclosure safety assessment is a major component of the overall
licensing strategy, providing a mechanism for resolving Key Issue 2. The
uses of preclosure safety assessment include (1) providing guidance to design
by determining the need for preventive and mitigative measures for reducing
the effects of potential accidents, as well as providing guidance to improve
or modify repository operating procedures; (2) demonstrating compliance with
regulatory requirements (10 CFR Part 60, 40 CFR Part 191, and 10 CFR Part 20)
and with DOE orders; (3) identifying the structures, systems, and components
important to safety for supporting the identification of the Q-List items;
(4) supporting demonstration of compliance with DOE siting guidelines and NRC
siting criteria by providing preclosure safety assessment result; and
(5) providing information to the general public on preclosure repository
safety.

The general categories of risks that will be considered within the scope
of preclosure safety assessment include (1) radiation effects on repository
personnel and the public from accidents and routine operations, (2) nn-
radiological effects on repository personnel and the public from accidents
and routine operations, and (3) economic costs of accidents. For the resolu-
tion of Key Issue 2, however, only radiological safety will be considered.
Nonradiological safety assessment and economic costs accidents will be
considered for the resolution of Key Issue 4. The economic analyses will
address costs of actual risks but not perceived risks.

The preclosure safety assessment will address risks during the following
preclosure activities:

1. Construction-of surface facilities and subsurface excavations.

2. Operations, including (a) receipt, handling, and preparation of
spent fuel and other wastes in surface facilities for emplacement;
(b) emplacement of wastes in the underground facility; and {c) moni-
toring and maintenance of activities before the repository is
permanently closed.

3. Retrieval operations, if required.

4. Decommissioning, including the removal of the surface facilities and
the permanent sealing of underground facilities.

The DOE plans to include many types of safety analyses within the over-
all structure of the analytical techniques of safety assessment. For the
analyses performed for the Yucca Mountain Project, the DOE is developing a
preclosure risk assessment methodology (PRAM) that will establish
procedures on assessment methods, computer codes, assumptions, and data
bases. Section 8.3.5.1.1 overviews the PRAM program, Section 8.3.5.1.2
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identifies how information required to conduct a preclosure safety assessment
will be obtained, Section 8.3.5.1.3 covers the uses of PRAM for both radiolo-
gical and nonradiological accidents, and Section 8.3.5.1.4 covers the appli-
cability of PRAM to routine operations.

8.3.5.1.1 Overview of the PRAM program

The PRAM program is illustrated in Figure 8.3.5.1-1. The program
addresses four elements of safety assessment, including (1) major considera-
tions for performing a preclosure safety assessment, (2) analytical ap-
proaches for assessing safety, (3) safety assessment results, and (4) end
uses of preclosure safety assessment. A preclosure risk assessment method-
ology program (PRAM) will implement this process and further develop the
safety assessment process as the repository program progresses.

Passage of the National Waste Policy Amendments Act of 1987 (NWPAA,
1987) has reduced the need for PRAM to provide for uniformity among analyses
for various sites. Although the exact evolution of the PRAM program is not
completely defined at this time, important uses for the program remain,
including (1) providing tradeoff analyses for considering various risk
categories, (2) providing a fully integrated program to assist the design,
and (3) providing for consistency of analyses related to other elements of
the waste disposal system, i.e., the monitored retrievable storage and
transportation.

For the repository, the major considerations that will be addressed by
the PRAM program include (1) repository design phases, (2) preclosure
operation phases, (3) a spectrum of risk categories, (4) end uses of the
safety assessment results by the Office of Civilian Radioactive Waste Manage-
ment, and (5) data needed for assessing repository safety.

The PRAM program will address two design phases of the repository: the
advanced conceptual design (ACD) and the license application design (LAD).
This will include further development of the Q-List Methodology, which has
been established for assessing the conceptual design (CD). The preclosure
activities that will be addressed include construction, operation, potential
retrieval, and decommissioning. The spectrum of risk categories that may be
considered includes the following:

1. RAP--radiological risk from accidents to the public.
2. RAW--radiological risk from accidents to the essential workers.
3. RRP--radiological risk from routine operations to the public.
4. RRW--radiological risk from routine operations to the workers.
5. NAP--nonradiological risk from accidents to the public.
6. NAW--nonradiological risk from accidents to the workers.
7. NRP--nonradiological risk from routine operations to the public.
8. NRW--nonradiological risk from routine operations to the workers.
9. COSTR--economic risk from radiological accidents.

10. COSTN--economic risk from nonradiological accidents.

8.3.5.1-2
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For resolving issues related to regulatory requirements for siting and
licensing, the appropriate risk categories to be addressed in the SCP include
RAP, RAW, RRP, and RRW. Nevertheless, the PRAM program will address all risk
categories necessary to meet the needs of all end users. The applications of
the risk categories to the various Office of Civilian Radioactive Waste
Management end uses is illustrated-in Figure 8.3.5.1-2.

The results used to support these applications will include (1) dominant
accident sequences from each phase of repository operation; (2) accident
sequence likelihood information; (3) information on dominant routine
releases; (4) occupational exposures; (5) items important to safety;
(6) consequence results, including health effects and economic costs;
(7) estimates of the uncertainties in the safety assessment results; and
(8) bottom-line risk estimates. The PRAM program will further define the
results for supporting each end use.

The PRAM program will develop detailed analytical approaches for ad-
dressing each risk category. In developing the analytical approaches, the
major considerations will be addressed collectively to reflect their inter-
dependence.

A general description of the radiological and nonradiological risks that
can result from accidents and routine perations during repository construc-
tion, operation, retrieval, and decommissioning is briefly provided in the
following paragraphs.

Construction--accidents

Because significant quantities of radioactive materials will not be
present at locations where construction is taking place (e.g., the excavation
and waste emplacement areas of the underground facilities will be separated),
no significant radiological effects are expected from construction-related
accidents. Accidents during construction of the surface facilities should be
typical of any large construction project. These accidents will primarily
affect the workers. Some public effects are possible from construction acci-
dents, but these would be principally associated with the transportation of
construction materials to the site. Accidents during construction of the
mined portion of the repository should be typical of any large underground
construction project and will primarily affect workers and have little or no
public effects.

Construction--routine activities

There may be radiological risks to both the public and the worker during
routine construction of the mined portion of the repository. These mining
operations will result in releases into the atmosphere of some natural
radioactive materials that are present in the host rock. Some data exists on
the amount of radioactive material present in the air in underground mines.
These data have been used to make preliminary estimates of the airborne
radionuclides and other particulates that would be present in the mine air
and, therefore, available for the miners to breathe and for release from the
mine to the atmosphere. The repository mining operation will also require
that large amounts of the host rock material be stored on the surface during
the construction and operational phases of the repository. This practice
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END USE

DESIGN AND
OPERATIONS REGULATORY IDENTIFICATION SITE PUBLIC
ASSESSMENT COMPLIANCE Of -LIST ITEMS EVALUATIONS INFORMATIOtl

RADIOLOGICAL RISK FROM ACCIDENTS TO THE PUBLIC 7 x X

RADIOLOGICAL RISK FROM ACCIDENTS TO THE ESSENTIAL WORKERS K X

RADIOLOGICAL RISK FROM ROUTINE OPERATIONS TO THE PUBLIC K X

O RADIOLOGICAL RISK FROM ROUTINE OPERATIONS TO THE WORKERS K X

Z. NONRAOIOLOGICAL RISK FROM ACCIDENTS TO THE WORKERS X X X X

NONRADIOLOGICAL RISK FROM ROUTINE OPERATION TO THE WORKERS X X X X

NONRADIOLOGICAL RISK FROM ACCIDENTS TO THE PUBLIC X K X

HONRADIOLOGICAL RISK FROM ROUTINE OPERATIONS TO THE PUBLIC X X X

ECONOMIC RISK FROM RADIOLOGICAL ACCIDENTS X x x

ECONOMIC RISK t isUM NONRADIOLOGICAL ACCIDENTS K X X

I~USED FOR RESOLVING PRECLOSURE RADIOLOGICAL
SAFETY ASSESSMENT ISSUES

X RISK APPLIES TO ENO USE

Figure .3.5.1-2. The applications of risk categories to end uses.



YMP/CM-OOll, Rev. 1 YMP/CM-0011, Rev. 

could also result in release of radioactive constituents of the host rock to
the biosphere. In addition, small quantities of radioactive material will be
used during construction for nondestructive testing, etc. These sources are
not expected to impact the public and are expected only to have a minor
impact on repository workers.

Operation--accidents

The potential accidents during waste repository operations can have both
radiological and nonradiological impacts that may affect both workers and the
public. Radiological risks to the public from accidents during repository
operation are those traditionally addressed in risk assessment studies.
Small industrial" type accidents could expose workers to both radiological
and nonradiological hazards. Some accidents could cause significant damage
to the facility and exposure of workers, but probably not result in
significant offsite releases. Very unlikely accidents might cause
significant offsite releases, but preliminary analyses indicate that such
events are either very rare or not credible.

Operation--routine

Workers will receive routine radiation exposures from handling radio-
active wastes. Small amounts of radioactive material may be released as
routine effluents from the facility at levels well within regulatory limits.
There may also be small releases of fugitive dust from mined material stored
at the surface.

Retrieval--accidents

Risks during retrieval will be characterized using methods similar to
those applied to estimate risks from the operation phase of the repository.

Retrieval--routine operations

Risks during retrieval will be characterized using methods similar to
those applied to estimate risk during operations, although retrieval is
expected to be more complicated than emplacement.

Decommissioning--accidents

Radiological risks from accidents during decommissioning are expected to
be small due to the relatively limited quantities of residual radioactive
material expected to be present in the surface facilities. Nonradiological
accident risks during decommissioning should be similar to nonradiological
risks from accidents during construction.

Decommissioning--routine operations

Workers will be exposed routinely to low levels of radiation during the
decommissioning operations and could be exposed to dust and other potential
nonradiological hazards. These risks are expected to be small. No signifi-
cant routine offsite effluents are expected.
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8.3.5.1.2 Identifying information needs

A great deal of information is required to conduct an assessment of the
risk categories identified in Sections 8.3.5.1 and 8.3.5.1.1. This
information includes physical property values, design descriptions and
objectives, and analytical tools. The resolution strategies for performance
Issues 2.1 through 2.3 provide a comprehensive and systematic process for
determining the required information. As shown in Sections 8.3.5.3 through
8.3.5.5, most of this information is associated with the design of engineered
systems and does not require site characterization, environmental monitoring,
or socioeconomic monitoring activities. Instead, the goals and expected
ranges for this design-related information will be developed as an integral
part of the normal design and safety assessment processes. For the
information to be obtained from site characterization or from the collection
of environmental and socioeconomic data, the parameter attributes that will
be measured and the methods of satisfying the information needs are contained
in study plans appropriate for the discipline or subject area of interest.

The general analytical strategies and approaches for assessing
preclosure radiological safety are described in Sections 8.3.5.1.3 and
8.3.5.1.4. The analytical approaches fall within two broad categories:
(1) the assessment of radiological risks from accidents and (2) the
assessment of radiological risks from routine operations. These two general
safety assessment analytical approaches may also be applicable to the other
risk categories.

8.3.5.1.3 General analytical approach for assessing radiological risks from
accidents

The general analytical approach for the assessment of radiological risks
from accidents to the public and workers is illustrated in Figure 8.3.5.1-3.
As pointed out in Section 8.3.5.1.1, preclosure safety assessment can be
performed at any design phase (e.g., conceptual, advanced conceptual, or
license application design phases), although its specificity is clearly a
function of the level of detail of the available design and operations infor-
mation. The analytical steps are briefly described below; their results are
applicable to risk categories RAP (radiological risks from accidents to the
public) and RAW (radiological risks from accidents to the workers). The
inclusion of the appropriate analytical steps and the depth of analysis of
each step at each design assessment phase will depend on the design and
operations information, the available analytical data, and the intended end
use.

Step 1: Repository familiarization and identification of initiating events

The objectives of step 1 are (1) to identify and describe the physical
configurations and processes of the repository systems and support systems to
be modeled, and the dependencies among them, and (2) to identify the accident
initiating events to be considered in the risk assessment. The system de-
scription information includes surface and underground facility layout, engi-
neering diagrams, and operating procedures. Engineering diagrams include
process flow, functional, component-status (during standby, operation and
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maintenance) and instrumentation. The information gained from this step will
be used to model the systems and support systems in step 3 (repository
systems analysis).

After the physical configuration and processes of the repository systems
and support systems are described, the potential accident initiating events
that could challenge the equipment and operations of the repository are
identified. The identification of the initiating events will be based on
previous studies and a detailed examination of the repository design and
activities to be performed during construction, operation, retrieval, and
decommissioning. The types of initiating events will include external
natural phenomena (e.g., earthquakes), external man-caused phenomena (e.g.,
airplane crash), equipment failure (e.g., crane drops), and human error
(e.g., transporter accident). The PRAM program will identify a list of
initiating events that are generally applicable to a repository and estimate
their probability of occurrence. The PRAM program will also establish
guidelines on the identification of site-specific initiating events and the
threshold probabilities for establishing the credible initiating events.

Step 2: Event tree development

The objective of step 2 is to identify the potential accident sequences
that could occur following the initiating events. Accident sequences are
commonly identified using an event tree modeling approach. Given each
credible initiating event identified in Step 1, an event tree model will be
constructed to identify a set of accident sequences based on the response of
the surface and subsurface systems, repository processes, and reactions of
the operator to the initiating event. The potential accidents are screened,
usually through an iterative process based on their estimated frequency of
occurrence (computed in step 7) and consequences (computed in steps 8 and 9).
From the iteration process, a set of dominant accident sequences can be
determined. The dominant accident sequences can be used to develop design
basis accidents (DBAs) that complement the set of DBAs that may be required
by regulatory authorities. DBAs are the postulated accidents and resulting
conditions for which the confinement structures, systems, and components must
meet their functional goals. For the advanced conceptual and license
application design phases, the PRAM program will establish the methods and
assumptions for event tree modeling and a common naming scheme for the
repository systems and support systems.

Step 3: Repository systems analysis

The objective of step 3 is to develop the reliability models for the
repository systems and support systems to be analyzed. As shown in
Figure 8.3.5.1-3, the information needed or this step is obtained from step
1 (repository familiarization and ident;.tfation of initiating events); step
4 (human reliability analysis); step 5 (omon cause failure analysis); and
step 6 (data base development). These system logic models are necessary for
the quantification of the accident sequences to be performed in step 7
(accident sequence analysis). The PRAM program will establish the appro-
priate reliability modeling techniques for a repository. The appropriate
level of analysis will depend on the design phase and input from steps 1, 4,
5, and 6. Potential techniques include ault-tree analysis, failure mode and
effects analysis (FMEA), GO methodology, and reliability block diagram.
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[Note: GO methodology computes probability that a system exists in each of a
few states.] Most likely, a combination of reliability techniques (e.g.,
fault-tree analysis with FMEA) will be recommended by the PRAM program.

Step 4: Human reliability analysis

The objectives of step 4 are (1) to identify the human errors to be
included in the preclosure safety assessment, (2) to provide the probability
estimates for these errors, and (3) to assist in the inclusion of human
recovery actions to mitigate the consequences of accidents. Human
reliability analysis (HRA) has direct input to step 3 and will provide
insights on how to improve design and to use certain types of procedures and
operator training. The PRAM program will establish the appropriate HRA
methods, computer codes, and assumptions for each design phase. HRA data
will be developed under step 6 (data base development). The level of HRA
effort will depend on the level of design information.

Step 5: Common cause failure analysis

The objective of step 5 is to identify the failures of multiple equip-
ment items occurring from a single cause that is common to all equipment
items, for example, a loss of electric power can cause failures of several
repository systems. The results of this step will be used in step 3. The
level of detail of common cause failure analysis (CCFA) will depend on the
level of design information. Areas of CCFA that need to be addressed include
common cause accident initiating events (e.g., floods, fire, and loss of
electric power), intersystem dependencies (to be treated at the event tree
level), and intercomponent dependencies (to be treated at the lower logic
modeling level, e.g., fault tree). The PRAM program will establish the
appropriate methods, computer codes, and assumptions to be used for a
repository. CCFA data will be developed as part of step 6.

Step 6: Data base development

The objective of step 6 is to develop the data bases for the analytical
steps of the preclosure safety assessment. As shown in Figure 8.3.5.1-3,
data are needed for steps 3, 4, 5, 7, 8, and 9. The PRAM program will de-
velop the data bases that are generally applicable to a repository. As part
of the development of data, the PRAM program will establish estimates of (1)
initiating event frequencies; (2) component failure, repair, test, and
maintenance parameters; (3) hman reliability; (4) common cause failures;
and (5) data used in consequence analysis. The PRAM program will also estab-
lish the methods and assumptions for modifying the generic data for a
repository and for treating data uncertainty. Much of the activity in this
step will occur as part of steps 1 through 5 and 7 through 9. The data base
will be used in the documentation and control of the data used in the
analysis.

Step 7: Accident sequence analysis

The objective of step 7 is to quantify the frequency of occurrence of
the accident sequences identified from event tree development (step 2) by
linking the system logic models (step 3) and using the data developed in
step 6 for quantification. Each accident sequence is transformed into a
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mathematical expression, represented in Boolean algebra, which is composed of
minimal cut sets. Using the Boolean equation, an estimate of the frequency
of occurrence of the accident sequence can be computed, uncertainty and
sensitivity analyses can be performed (step 10), and an importance analysis
(also in step 10) can be performed to identify structures, systems, and
components important to safety for supporting the formulation of the Q-List
items. As mentioned in step 3, the analysis of the results from steps 3, 4,
and 9 will use an iterative process to identify the dominant accident
sequences that complement the set of DBAs developed in response to regulatory
requirements. The PRAM program will establish the methods, computer codes,
and assumptions on (1) Boolean equation reductions, (2) the probability
threshold for minimal cutsets, (3) the treatment of human recovery, and
(4) the frequency threshold for identifying dominant accident sequences. In
addition, PRAM will establish the screening process for identifying and
incorporating accident sequences, including low probability/high consequence
sequences into more general release categories to facilitate subsequent
consequence analyses.

Step 8: In-plant consequence analysis

The objective of step 8 is to determine the accident consequences within
the repository site boundary, including the surface and underground facili-
ties. These consequences include exposure of essential workers and economic
costs from radiological accidents.

In-plant consequence analysis will be performed for the selected design
basis accidents and the full set of dominant accident sequences, or both. A
consequence model representing the course of events from accident initiator
to personnel exposure will be developed for the surface and underground
facilities. Computer codes and analytical models will be used to describe
the accident radionuclide release mechanisms, the resulting source term,
radionuclide transport from the surface and underground facilities to the
surface release points, exposure of essential workers, and economic losses
due to accidents. The PRAM program will develop the methods, computer codes,
and assumptions to ensure that consistency is maintained throughout the
program.

Step 9: Environmental transport and offsite consequence analysis

The objective of step 9 is to estimate accident consequences outside the
repository site boundary. These consequences include health effects on the
general public and economic costs resulting from the radiological accidents.

Refinement of the release categories will be established based on re-
sults from steps 7 and 8 to minimize the offsite consequence analysis effort.
The PRAM program will provide guidance for establishing the methods, computer
codes, and assumptions for air and water dispersion, pathways to man, dosime-
try, health effects, and economic models to ensure program consistency. The
data will be developed in step 6.
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Step 10: Uncertainty, sensitivity, and importance analyses

Each of the three analyses of step 10 has its own objective. The ob-

jective of an uncertainty analysis is to estimate the uncertainty in the

results due to uncertainty in the parameters and models. Such uncertainties
as those in the accident sequence likelihood estimates (step 7), in the
releases to the environment (step 8), and in the risk to the public health

and safety (step 9) can be computed. The objective of a sensitivity

analysis, which is often a useful adjunct to uncertainty analysis, is to

determine how much the output of an analysis changes with respect to

variation in the input. The objective of the importance analysis is to

identify and rank the important accident sequences, system failures,

component failures, and human errors with regard to the accident sequence

likelihood estimates. The importance analysis will identify the structures,

systems, and components important to safety and will be used to help

formulate the Q-List items for the advanced conceptual and license

application phases of design. The PRAM program will develop overall methods

for combining the uncertainties and sensitivities from the various analytical

steps and establish the methods for importance analysis to support the

preparation of the Q-List items.

Step 11: Documentation and use of results

The objective of step 11 is to document the safety assessment method-

ology and results. The PRAM program will develop an annotated outline for

the documentation of the safety assessment results by a repository project.

A preclosure safety assessment will be prepared to support the advanced

conceptual design compliance with siting requirements. The safety assessment

results will be based on the advanced conceptual design information. A more

detailed preclosure safety assessment will be prepared to support the

preparation of the safety analysis report and the environmental impact

statement. It will be based on the license application design information.

Safety assessment results from the analytical approaches described in

this section and Section 8.3.5.1.4 can be used to improve the preclosure

repository safety. An important principle of safety is that it is better to

prevent or reduce the frequency of occurrence of an accident than to mitigate

its consequences. When appropriate, preventive safety measures will be

incorporated into the repository design as it matures. Selection of pre-

ventive measures will be based on the results from the accident sequence

analysis (step 7), with additional safety insights from uncertainty, sensi-

tivity, and importance analyses (step 10).

Safety assessment results can also be used to improve preclosure

repository safety by identifying mitigative measures. Given accidents of

various probabilities and consequences, which together constitute the

incremental risk or significance of the event, it is possible to identify

design and procedural measures that can reduce the risk. Those measures

taken to lessen the consequences of potential accidents are termed mitigating

features. Recommendations of mitigative measures will be based on results

from accident sequence analysis (step 7) and consequence analyses (steps 8

and 9), with additional insights from uncertainty, sensitivity, and

importance analyses (step 10).
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8.3.5.1.4 General analytical approach for assessing radiological risks from
routine operations

Public radiological safety

The general approach to resolving Issue 2.1 (public radiological
exposures--normal conditions) is discussed in Section 83.5.3 and depicted in
Figure 8.3.5.3-2 of that section. The general approach for assessing
public radiological safety is shown in the box labeled 'public radiological
safety assessment package" in Figure 8.3.5.3-2. The following provides a
step-by-step discussion of the analytical approach.

Step 1: Design evaluation

The design package and site data are obtained from the reference
information base (RIB), and the repository design features related to the
radiological safety of the public during normal operations are evaluated.
The following discusses the types of information that are investigated during
this design evaluation. The high level waste HLW) throughput (schedule and
amount of waste received per year) is an important controlling factor in the
design of the repository process and storage facilities (e.g., hot-cell
structure and lag storage). Direct radiation that can be emitted from the
central process area and the amount of routine radioactive effluents will be
directly related to the amount of HLW on hand and being processed. These
sources of potential doses to the public also depend on how processes are
conducted for such activities as waste receipt, lag storage, waste handling
and consolidation, transport of waste containers and possible heat treating
of spent fuel assemblies. Public exposure to radiation sources from such
activities will also be controlled by administrative procedures (e.g., limits
on frequency of tasks and time in storage). Attributes of the repository
design that will play a major role in controlling direct radiation and
release of radioactive effluents to the unrestricted area include such
features as

1. Barrier and shield thicknesses, composition, and distance from the
source and the maximally exposed individual.

2. Containment and ventilation system characteristics (e.g., repository
and hot-cell layout, differential pressures between areas, openings,
air locks, and filters).

3. Containment characteristics of the waste form (i.e., fuel elements,
waste package, etc.)

4. Radioactive material release point characteristics (e.g., stack
height, diameter, exit velocity, temperature, and distance from
unrestricted area).

In addition, as part of the regulatory performance verification require-
ments, specific systems and operational controls will be needed to verify
that the repository design and operation will maintain the annual radiation
dose to the public to less than the regulatory limits. Types of systems that
must be provided include (1) gaseous, particulate, and liquid effluent moni-
toring and control equipment, (2) effluent sampling and measuring equipment,
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(3) environmental surveillance equipment, and (4) emergency response fea-
tures. Design of these systems will be incorporated in the normal repository
design process. The information needed for this design evaluation will be
the product of the design process and will generally not depend directly on
the site characterization activities. However, data on background radio-
logical constituents and dust characteristics may affect the design of
monitoring equipment. Data on dust characteristics are discussed in Section
8.3.2.4 (nonradiological health and safety) and only mentioned here because
worker health concerns require more extensive data on dust.

Step 2: Identification of radiation source characteristics

Potential sources of radiation that can contribute to the dose to the
maximally exposed individual in the unrestricted area can be categorized as
(1) resulting from repository operations, (2) resulting from operation of
offsite facilities, and (3) resulting from miscellaneous operations. Exam-
ples of radiation sources resulting from repository operations are receipt of
HLW shipping casks, releases during spent fuel consolidation, transport of
HLW containers, and naturally occurring radionuclides. An example of
radiation resulting from the operation of nearby offsite facilities is the
routine release of radioactive material from a nearby nuclear fuel cycle
facility, if any.

The specific information needed about the potential source terms
includes radionuclides involved, quantity and concentration, decay radiation
and energies, and physical and chemical forms. General information needed
about the source terms for dose evaluation include

1. Planned repository operational details (e.g., scheduled HLW
throughput and inventories, generated low-level waste (LLW) and
transport rates, and normal effluent release rates).

2. Repository design features (e.g., radionuclide barriers, normal
effluent release locations, layout distances, containment, leakage,
and filtration details).

3. Environmental details (e.g., pathways for transport or dispersion of
radioactive materials through the soil, air, and water to
vegetation, animals, and the public, and location of relevant
offsite facilities and their radionuclide release rates).

4. Natural radionuclide sources (e.g., radon emanation rate).

Depending on the characteristics of the source terms, the information
needs will be satisfied by either the site characterization program, the
repository design process, or the environmental and socioeconomic sampling
and monitoring programs. Development of tho analytical tools needed to
evaluate potential adverse public impacts of the source terms will be
coordinated with the preclosure risk assessment methodology (PRAM) program
requirements and recomendations.
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Step 3: Radionuclide transport evaluation

The next element in the public radiological safety assessment package is
radionuclide transport evaluation following release to the environment of
radioactive material from normal repository activities. Radioactive releases
to the environment from offsite facilities must also be considered since
these releases can contribute to the dose to the public in the repository
unrestricted area.

The pathways for the initial concentration of radionuclides released
from the repository central process area and offsite facilities to the public
in the unrestricted area need to be described. The possible pathways
to the public can be directly through the air, water, and soil, or indirectly
through vegetation and animals.

The dispersion of airborne radioactive materials can result in (1) ra-
dionuclide concentrations in the air that can cause an external dose by
direct radiation or an internal dose through inhalation or (2)ground deposi-
tion of radioactive material. Similarly, dispersion of waterborne radio-
active effluents can result in an external dose by direct radiation, an
internal dose through drinking of the water, or the deposition of radioactive
material. Radionuclides deposited on the ground, plants, or riverbanks can
cause a direct radiation dose but, more importantly, they can enter the food
chain through uptake and bioaccumulation in plants and animals. Examples
would be eating cattle that grazed on local grass or eating grain irrigated
with local water.

Analytical tools in the form of dispersion and pathway models will be
required to perform the radionuclide transport evaluation. Meteorological
data (e.g., wind speed and direction and atmospheric stability) will be
needed as input to the dispersion model. This need for site data will be
satisfied by the site characterization program. Specific data (e.g., type of
crops raised and bioaccumulation of radionuclides in plants and animals) will
be required for the food chain pathway models. This data need will be
addressed by the socioeconomic and environmental monitoring program.

Step 4: Public radiation exposure calculation

The last step in the analysis is the evaluation of radiological exposure
that quantifies the maximum dose to the public postulated from the normal
operation of the repository and offsite facilities.

The maximum dose to an individual at the nearest unrestricted location
is normally considered the greatest potential adverse impact and is used as
the basis for calculations. The furthest distance the unrestricted area can
be from the repository is 5 km. The Bureau of Land Management limits occu-
pancy at this location. Occupancy at a site about 15 km away from the repos-
itory will be assumed to be 24 hours per day, 365 days per year. Individuals
are conservatively assumed to do such things as drink local water, eat local
animals and fish, eat foodstuffs grown using local water, and spend recrea-
tional time in local water bodies. Analytical models will be used to
quantify the public dose. The following types of analytical tools will be
needed:
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1. Building ventilation, filtration, and leakage models.
2. Radiation shielding models.
3. Atmospheric dispersion models.
4. Radiological impact models for transportation of LLW.
5. Food chain pathways models.
6. Radiological consequence assessment models.

The information needed to calculate doses using these analytical tools
will be provided as discussed in the previous steps. This information will
be the product of the site characterization program, the socioeconomic and
environmental monitoring program, and the normal repository design process.
Following is a list of some technical guidance documents that will be evalu-
ated for applicability to the development of the previously mentioned analy-
tical tools. A list of analytical tools that are available for use is con-
tained in Section 8.3.5.19 (completed analytical techniques). Further dis-
cussions of analytical tools still needed are contained in Section 8.3.5.20
(techniques requiring development).

1. Regulatory Guide 1.21--Measuring, Evaluating, and Reporting Radio
activity in Solid Waste and Release of Radioactivity in Liquid and
Gaseous Effluents From Light-Water-Cooled Nuclear Power Plants
(Revision 1, June 1974) (AEC, 1974).

2. Regulatory Guide 1.23--Onsite Meteorological Programs (NRC, 1980).

3. Regulatory Guide 1.109--Calculation of Annual Doses to Man From
Routine Releases of Reactor Effluents for the Purposes of Evaluating
Compliance With 10 CFR 50, Appendix I (Revision 1, October 1977)
(NRC, 1977a).

4. Regulatory Guide 1.111--Methods for Estimating Atmospheric Transport
and Dispersion of Gaseous Effluents in Routine Releases From Light-
Water-Cooled Reactors (Revision 1, July 1977) (NRC, 1977c).

5. Regulatory Guide 1.112--Calculation of Releases of Radioactive
Materials in Gaseous and Liquid Effluents From Light-Water-Cooled
Power Reactors (Revision O-R, May 1977) (NRC, 1976b).

6. Regulatory Guide 1.113--Estimating Aquatic Dispersion of Effluents
From Accidental and Routine Reactor Releases for the Purpose of
Implementing Appendix I (Revision 1, April 1977) (NRC, 1977b).

7. Safety Series No. 58--Concepts and Examples of Safety Analyses for
Radioactive Waste Repositories in Continental Geological Formations
(IAEA, 1983a).

8. Safety Series No. 60--Criteria for Underground Disposal of Solid
Radioactive Waste (IAEA, 1983b).

9. Safety Series No. 68--Performance Assessment for Underground
Radioactive Waste Disposal Systems (IAEA, 1985).
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10. DOE/EP-0023--A Guide for Environmental Radiological Surveillance at
U.S. Department of Energy Installations (July 1981) (Corley and
Denham, 1981).

11. DOE/EP-0096--A Guide for Effluent Radiological Measurements at DOE
Installations (April 1982). (Corley and Corbit, 1983).

Worker radiological safety

The general approach to resolving Issue 2.2 (worker radiological
zafety--normal conditions) is discussed in Section 8.3.5.4 and depicted in
Figure 8.3.5.4-2. The general approach for assessing worker radiological
safety is shown in the box labeled "worker radiological safety assessment
package' and is discussed here.

The following discussion provides a step-by-step explanation of the
general approach to predict worker radiation doses during the normal
operation of the repository.

Step 1: Design evaluation

The design package and site data are obtained from the reference infor-
mation base (RIB), and the repository design features related to the radio-
logical safety of the worker during normal operations are evaluated. -The

following text discusses the types of information that are investigated dur-
ing this design evaluation. The high-level waste (HLW) throughout (schedule
and amount of waste received per year) is an important controlling factor in
the design of the repository process and storage facilities (e.g., hot-cell
structure and lag storage) and, hence, in the radiation doses predicted for
workers. Direct radiation that can be emitted from the central process area
and the amount of routine radioactive effluents will be directly related to
the amount of HLW on hand and being processed. These sources of potential
dose to the workers also depend on how processes are conducted for such
activities as waste receipt, lag storage, waste handling and consolidation,
and transport of waste containers. Worker radiation doses from such activi-
ties will be controlled principally by design features and administrative
procedures (e.g., limits on frequency of tasks and time in storage), which
will be a secondary control on worker exposure. Attributes of the repository
design that will play a major role in controlling direct radiation or release
of radioactive effluents to the restricted area include such features as

1. Operations plan parameters such as number of workers present and
time to complete tasks.

2. Remote-handling equipment used for tasks in high radiation or high
frequency tasks.

3. Maintenance requirements of remote-handling and hot-cell equipment.

4. Barrier and shield thicknesses, composition, and distance to workers
from the source.
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5. Containment and ventilation system characteristics (e.g., repository

and hot-cell layout, differential pressures between areas, openings,

air locks, and filters).

6. Radioactive material release point characteristics (e.g., stack

height, diameter, exit velocity, temperature, and location within
the restricted area).

In addition, as part of the regulatory performance verification require-

ments, specific systems and operational controls will be needed to verify

that the repository design and operation does maintain annual radiation doses

to the workers to less than the regulatory limits. Examples of the systems

that must be provided include gaseous and liquid effluent sampling and

measuring equipment, area radiation and airborne monitoring equipment, and

personnel and area dosimetry equipment. Design of these systems will be

incorporated in the normal repository design process. The information needed

for this design evaluation will be the product of the design process and will

not depend directly on the site characterization activities.

Step 2: Identification of radiation source characteristics

Potential sources of radiation that can contribute to worker exposure in

the restricted area can be categorized as (1) resulting from repository oper-

ations or (2) miscellaneous operations. Examples of radiation sources re-

sulting from repository operations are receipt of HLW shipping casks, releas-

es during spent fuel consolidation, transport of HLW containers, direct

radiation from storage of disposal containers, direct radiation from emplace-

ment activities, and naturally occurring radionuclides. Other miscellaneous

operations that are potential radiation sources include treatment and trans-

portation of site-generated low-level waste (LLW) and gamma and neutron

radiation-producing equipment used in construction and nondestructive

testing.

The specific information needed about the potential source terms

includes the radionuclides involved and the quantity and concentration, decay

radiation and energies, and physical and chemical forms of these radio-

nuclides. General information needed about the source terms for dose

evaluation include

1. Planned repository operational details (e.g., scheduled HLW

throughput and inventories, LLW generation and transport rates, and
normal effluent release rates).

2. Repository design features (e.g., radionuclide barriers, normal
effluent release locations, layout distances, containment, leakage,

and filtration details).

3. Environmental details (e.g., pathways for transport or dispersion of

radioactive materials through the air).

4. Natural radionuclide sources (e.g., concentrations in tuff and

ground water at the repository location).
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Depending on the che:> <eristics of the snce terms,- the information
needs will be satisfied by to site characterization program (e.g., naturally
occurring radionuclides), the repository design process (e.g., HLW nd site-
generated paste), or the vironmental and socioeconomic monitoring programs
(e.g., offsite istallatiL. la d background rdiaLion) .;SDel4opment of the
analytical tools needed t. e-;aluate potential adverse Augcts of the source
tems on wker safety will 1'e -oordinated w; the. PR^tprogram requ...ements
and recommendations.

Step 3: Radionuclide tranm4-o., eveluation

The third. element ir' .hs workex radic lgical safety-assessment package
is adionuclide transport e1wa*.i on following releise7-from containment
systems or repository facilit ies r adioactive naterial as a result of nor-
mal repository activities. Ti-z cn of-airborne radioactive r- Q.Czials
can result in radionuclide coi-ratioas ir thfie air that can csk-* ;xter-
na. da by direot.raziation ci. ii internal de through ihalatic: or e-
sult in grounde.d si.ion Of ra owt-tve ma'arial. The Aowinant pI . ~y for
occu~-ti(nal exposure to airbornt vsdiouclSiis'is expected to be fro-
radionuci desntrainW i repos),tory e'~ms. Analysis of this pathway
will r1ire ta. ~ .e radionvc-L.J;. turre:- rls, air volumetric fi y
rates, air Pitterns ! d-3oca viont-lorkerei-ind length of occupancy. Ara-
lytical. tools w-ill beitqitrrd for determiAihg direct radiation dose rxtues in
all area< of the reposio w determining untilrtion leakage
and filtration eL azzbof-e-radionuclies in-the repository rsreris.

Analytics2. tools i the form of dispersion and patlway mote.. &lso will
be required to perform the radiowAtclide tansport evaluation for restricted
areas outside the facility. Meteorological dataite.g., wind speed, ind
direction, and atmospheric stability) in the vicinity of the repository
buildings, as well as epository design information, will be needed as input
to the dispersion uoel. Tis, information need will be satisfied by Charac-
terization Program &.3 1l2 (meteorology).

Step 4: Worker radiation exposure calculation

The lat. sp A the analyis is the radiological -expobure evalu&1.'on
that quantifi;.- the dose to the individual *orke± f;om routin. operwtio;6s i
the repository and off-ste-i4st4Ilatl'q.si :The quantification of r:Xe-.5on
doses will b perfo5edp *be d e .: .cepted anait=-al poels aOcv
ledge of the variou dbit& f e -ur. a .input titl* ^ i So ckeson
features neednd zde . .

1. The processes aud acdilties nessary for the functioniin cO .l
repository. - -a .

2. The layout and pyti-a design features (i.e., ;ocAtiva of e
and activities, wall thickner;- i3!i tderial, pe-ol o^ lied
areas, source location -. d storan;, transp rt, and pe'...'R-l
corridors).

3. The repository throughout of -d.oactive materils.. ^-
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4. The source terms (i.e., radionuclides involved, low-level waste
generated, material quantities, material form (solid, liquid,
particulate, or gaseous), container parameters, and industrial
sources).

5. Duration and frequency of.tasks.

6. The number of workers involved.

Accepted analytical methods for the calculation of personnel doses will
be selected or developed as part of the preclosure safety assessment activi-
ties consistent with the methodology described in this section. Computer
models will be used to evaluate the potential of direct and indirect radia-
tion doses to workers where appropriate. Design-limiting assumptions will be
specified for the code input parameters (e.g., radionuclide sources). The
following types of analytical tools will be needed:

1. Repository operations models.
2. Building ventilation, filtration, and leakage models.
3. Radiation shielding models.
4. Atmospheric dispersion models.
5. LLW treatment and transportation radiological impact models.
6. Radiological consequences assessment models.

The information needed to calculate doses using these analytical tools
will be provided as discussed in the previous steps. This information will
be the product of the site characterization program, the socioeconomic and
environmental monitoring program, and the normal repository design process.
The following list indicates some technical guidance documents that might be
applicable to the development of the analytical tools. A list of analytical
tools available for use is contained in Section 8.3.5.19 (completed analyt-
ical techniques). Further discussions of analytical tools still needed are
contained in Section 8.3.5.20 (techniques requiring development).

1. Regulatory Guide 1.169--Concrete Radiation Shields for Nuclear Power
Plants (December 1973) (NRC, 1973)

2. Regulatory Guide 8.19--Occupational Radiation Dose Assessment in
Light-Water-Reactor Power Plants-Design Stage Man-Rem Estimates
(Rev. 1, July 1979) (NRC, 1979a).

3. Safety Series No. 58--Concepts and Examples of Safety Analyses for
Radioactive Waste Repositories in Continental Geological Formations,
(IAEA, 1983a).

4. Safety Series No. 60--Criteria for Underground Disposal of Solid
Radioactive Waste (IAEA, 1983b).

5. Safety Series No. 68--Performance Assessment for Underground
Radioactive Waste Disposal Systems (IAEA, 1985).

6. DOE/EV/1830-T5--A Guide to Reducing Radiation Exposures to As Low As
Reasonably Achievable (ALARA) (Kathren et al., 1980).
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7. DOE Order 6430.1--General Design Criteria Manual, as applicable
(December 1983) (DOE, 1983a).




