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PREFACE

This investigation plan describes site characterization
studies and activities performed to evaluate soil and rock
properties required for siting and designing the Exploratory
Studies Facility (ESF), including surface structures and
subsurface access structures. Work related to the potential
repository is not a part of this study plan except as ESF
- features become part of the repository; that work will be
detailed in a separate study plan.

Sections 1, 4 and 5, which show the study in the context of
the total site characterization program, are drawn principally
from the Site Characterization Plan (SCP) and related Yucca
Mountain Project documents. Section 2 discusses the rationale
and describes the selected methods for the tests and analyses,
and presents greater detail of the plans than those described in
the SCP. Constraints on the studies are covered in section 3.
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ABSTRACT

This study plan describes the site-characterization studies
and activities for the evaluation of soil and rock properties
that will influence or will be influenced by the construction of
the Exploratory Studies Facility (ESF) and subsurface access
structures at Yucca Mountain. Basic data on the surface
characteristics including topography and soil and bedrock
properties will be obtained by reviewing existing site
information in concert with laboratory analyses and field tests.
Results from this study will be used as soil-rock parameter input
for the resolution of design Issue 4.4 (preclosure design and
technical feasibility: SCP section 8.3.2.5).
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INVESTIGATION 8.3.1.14.2:
S8TUDIES8 TO PROVIDE SOIL AND ROCK PROPERTIES OF POTENTIAL
LOCATIONS OF SURFACE AND SUBSURFACE ACCESS8 FACILITIES

Exploratory Studies Facility and Subsurface Access

Investigation 8.3.1.14.2 consists of three studies:

o) 8.3.1.14.2.1: Exploration program study

o 8.3.1.14.2.2: Laboratory tests and material property
measurement study

(o} 8.3.1.14.2.3: Field tests and characterization ‘measurements
study

The studies are part of the surface characteristics program
(figure A-1); and comprise one of a series of related
investigations that gather and synthesize information needed to
assess surface characteristics at Yucca Mountain.
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1. PURPOSE AND OBJECTIVES OF INVESTIGATION
1.1 Purpose of this investigation

The characterization of soil and rock properties is required for
surface and subsurface design and performance studies. _
Specifically, information on soil and rock properties, as well as
topographic data are needed to site and design the Exploratory
Studies Facility (ESF) surface and subsurface access facilities
(i.e. surface buildings and roads, ramps, and shaft). This work
will also provide hydraullc-related soil information. These data
will contribute to evaluating erosion potential and infiltration
runoff characteristics so that site drainage and erosion control
systems can be designed for the ESF surface facilities. Work
related to the potential rep051tory is not a part of this study
plan and will be addressed in a separate document.

Direct application of the soil and rock characterization to
surface structures will provide the necessary data to design
foundations and retaining walls, evaluate the soil/structure
interaction (response) due to earthquake loading, and evaluate
potential slope stability conditions. Foundation designs will be
necessary for various structures, including buildings, shaft
collars, shaft headframes, hoist foundations, and ramp portals.

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

After the buildings, foundation, and superstructure have
been designed for static-loading conditions, the soil or rock-
structure interaction will be evaluated for earthquake loading
conditions. Under these loading conditions, the helght and
stiffness of the superstructure will also contribute in the soil-
structure response.

Characterization of the soil and rock conditions will also
be needed for evaluating slope stability. Slope stability will
be evaluated for the main pad, road or rail-line cuts, ramp
portal entrances, and cuts or natural slopes near a surface
facility.

Rock properties will be required for siting and designing
the ramps and shafts. Sltlng the ramp portals and determining
the optimum ramp allgnment is interdependent since the siting or
alignment of one is contingent on the other. This

2
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interdependence also applies to the siting of the shafts and
shaft collars. Data will be used for designing both the ramps
and shafts and evaluating their support or reinforcement
requirements.

1.2 Objectives of the Investigation

The objectives of this investigation are to characterize the
soil and rock conditicns that will influence or be influenced by
the construction of the ESF surface and subsurface access
facilities. Soil and rock characteristics will provide design
data and necessary geotechnical information to help locate and
design the surface and subsurface access facilities, evaluate
subsurface access support or reinforcement requirements, conduct
foundation design analyses, and if necessary, evaluate soil-
structure interactions and potential slope instability.

1.3 Regulatory Rationale and Justification

The Exploratory Studies Facility (ESF) is one aspect of the
site characterization process which will provide data for a
number of suitability analyses. A characterization facility is
required by 10 CFR Part 60 for the conduct of in situ testing at
depth. This testing must be completed prior to license
application for authorization to construct a repository. The
information acquired ky this study plan is required to design an
ESF.

In situ testing is required to establish and confirm
geologic conditions relevant to the demonstration of the adequacy
of the site, in accordance with the requirements of 10 CFR Part
60.

The functional requirements of the Exploratory Studies
Facility are as follows:

1. Support in situ site characterization for the Mined Geologic
Disposal System and provide testing facilities for in situ
site characterization as required by DOE/OGR milestones and
the Site Characterization Plan.

2. Provide a facility whose permanent items can be incorporated
into the potential repository and which can be used to
support phase I repository construction. Those items,
listed below, are the ESF permanent systems, structures, and
components that could be designed, procured, and constructed
to be incorporated into the potential repository. The
permanent items must be designed to have a maintainable life
and quality as specified for the potential repository.

3
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a. Underground Opening(s) - space created by mining and
drilling, including those zones within the rock altered
by that process.

b. Shaft and Ramp Liner(s) - all components placed between
the inside limits of the shaft or ramp and the
accessible extent of the underground opening.

C. Ground Support - any means used to reinforce rock and/or
control the movement of rock except for removable or
replaceable hardware.

3. Provide a suitable location for in situ site
characterization.
4, Provide equipment and facilities for ensuring a safe,

healthful, and productive working environment.

5. Provide the facilities to alert on-site personnel of
possibly dangerous situations.

6. Provide design and construction methods that will
demonstrate licensability and constructability for the
candidate repository.

A tentative ESF configuration has been formulated and is
shown in diagrammatic form in Figure 1-1. To complete the design
and construction of the ESF the Architect-Engineer (A/E) must
have certain soil and rock data on which the design of
foundations, structures and openings can be based. The soil/rock
data gathering will be in three parts: (1) site reconnaissance,
(2) Preliminary, and (3) Detailed exploration. This data
gathering, testing, and reporting will be in accordance with the
second and third (Part 2) editions of the Bureau of Reclamation
Earth Manual, American Society for Testing and Materials (ASTM),
other applicable codes/standards, and good engineering
practice/judgement.

The information gathered in accordance with this study plan
will also be used to support the license application if the
potential repository site is selected for licensing. The
information gathered will primarily be used to support the
requirements of 10 CFR 60.21(F) (3) which calls for a "description
and analysis of the design and performance requirements for
structures, systems, and components of the geologic repository
which are important to safety. This analysis shall consider--(i)
The margins of safety under normal conditions and under
conditions that may result from anticipated operational
occurrences, including those of natural origin..." Analyses would

4
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Figure 1-1 - Schematic layout of the Exploratory Studies Facility. The facility

is cesigned such that the ramps and drifts can be incorporated into the design
of a potential repository.
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also be included for those parts of the ESF system that may be
included in the potential repository (e.g. ramps).

Data for the ESF surface facility applies only to the
relatively temporary structures designed to support testing and
not to the potential repository. The information gathered under
this study plan for repository access (portals, ramps, and
collars) may also be used to demonstrate compliance with the
repository design criteria. General criteria to be met include
10 CFR 60.131(b), which states that "the structures, systems, and
components important to safety shall be designed so that natural
phenomena and environmental conditions anticipated at the
potential geologic repository operations area will not interfere
with necessary safety functions." Additional design criteria for
the surface facilities include 10 CFR 60.132(a}, which states
that "surface facilities (i.e. repository 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 these wastes are on the
surface before emplacement or as a result of retrieval from the
underground facility." Additional design criteria for the
underground facility (including those parts of the ESF that may
be included in the potential repository) include 10 CFR
60.133(e), which states that " (1) Openings in the underground
facility shall be designed so that operations can be carried out
safely and the retrievability option maintained. (2) Openings in
the underground facility shall be designed to reduce the
potential for deleterious rock movement or fracturing of
overlying or surrounding rock."

2. DESCRIPTION OF STUDIES
2.1 Exploration Program Study

The objectives of this study are to conduct exploration
activities to characterize soil and rock conditions that will
influence or be influenced by the construction of the ESF surface
and subsurface access (ramp and shaft) facilities (see Appendix
A). The exploration program will consist of three activities:

(1) site reconnaissance, (2) preliminary exploration, and (3)
detailed exploration. Data obtained from the site reconnaissance
activity will primarily be used in Title I design for the ESF,
but may also be used at the start of Title II design. Data
obtained from the Preliminary and Detailed Exploration activities
~will be used in Title II design of the ESF. Some of the
exploration data gained from the ESF exploration activities may
alsoc be used in the potential repository exploration phase.
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This study will evaluate existing data and determine what
additional and appropriate information will be needed to
adequately address all design issues and characterization
programs requesting data from this investigation (see Figure A-1
and Table 8.3.1.14-1 in Appendix A). On the basis of these data
needs, and the expected soil and rock conditions at the site, an
exploration program will be implemented using such methods as
drilling, test pit excavation, sampling, and geophysical
investigations. The selection of the appropriate methods depend
on the specific requirements of each data need and the soil and
rock conditions encountered. The types of materials anticipated
at the site do not lend themselves well to typical sampling
techniques. Nevertheless, it is important to appropriately
assess parameters for design. An economical and effective
technique is to use approximate methods and conservative
assumptions when designing "non-critical", lightly- and
moderately-loaded structures. , :

Quality status determination of the study activities will be
made separately, according to AP-6.17Q, "Determination of the
Importance of Items and Activities", which implements NUREG-1318,
"Technical Position on Items and Activities in the High-Level
Waste Geologic Repository Program Subject to Quality Assurance
Requirements". The results of that determination will be
contained in the Q-List, Quality Activities List and Non-
Selection Record, which will be controlled documents.

QA grading packages for the activities of this study plan
will be prepared separately, according to AP-5 2.8Q "Quality
Assurance Grading".

2.1.1 Site Reconnaissance Activity
2.1.1.1 Objectives .

The objectives of the Site Reconnaissance (8.3.1.14.2.1.1)
activity are to review existing site information and conduct
field reconnaissance to establish the Preliminary and Detailed
Exploration Programs including subsurface drilling, test pits,
trenching, and geophysical investigations. Data from this
activity will contribute to the development of the geotechnical
parameters in the SCP's Table 8.3.1.14-1 (see Appendix A) and to
the resolution of Design Issue 4.4 (Section 8.3.2.5, SCP).
Design parameters for ESF Title I design will be obtained from
this activity.

The following data are required to fulfill the objectives of
this activity:
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1. Existing topographic, soil, and geologic maps.

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

3. Existing geologic and geotechnical reports.
4. 2Aerial photographs.
5. On site visual reconnaissance.

Some preliminary site reconnaissance and data-gathering
activities have 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 Appendix C, Figure C-1.
Site 3 corresponds to the reference conceptual site for the
surface facilities. 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). Selected results from the Ho et al., 1986 report
are presented in Appendix B. Results from these previous data
gathering activities are included with estimated values for other
parameters in Table 8.3.1.14-1 of the SCP (see Appendix A).

Boreholes have also been drilled in the Midway Valley-Exile
Hill area as illustrated in Figures C-1 and C-2, in Appendix C.
These boreholes were used to better define the geologic
stratigraphy and structure of the preferred reference conceptual
site for potential repository surface facilities (Figures C-2
through C-7) and to obtain preliminary physical property and wave
velocity data from the alluvium and Tiva Canyon cap rock.
Figures C-2 and C-6 show locations where geologic cross sections
have been developed across Midway Valley. The north geologic
cross section, illustrated in Figure C-3, goes through the
preferred reference conceptual site for the potential repository
surface facilities and is in the vicinity of a proposed ESF north
ramp portal. A proposed ESF south ramp portal will be in the
vicinity of the geologic cross section illustrated in Figures C-6
and C-7.

Geologic data from these boreholes, plus seismic reflection
and refraction surface survey data from the same area, were used
to determine that the wedge angle between the alluvium and
bedrock was low and the seismic impedance contrast between the

8
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alluvium and Tiva Canyon cap rock was small. Both of these
characteristics are important from the standpoint of evaluating
potential seismic-induced ground motion. Neither the small wedge
angle between the alluvium and bedrock nor the low seisnmic
impedance contrast between the alluvium and bedrock would
significantly amplify incoming seismic-induced ground motion
(Neal, 1986).

Surface seismic and resistivity/geocelectric geophysical
surveys have been performed in the Midway Valley area for the
purpose of evaluating geologic structure, stratigraphic
correlation between boreholes, and assessment of soil and rock
engineering dynamic properties. Previous efforts to identify
faults in Midway Valley using resistivity/gecelectric surveys
were inconclusive and seismic reflection and refraction surveys
produced no reliable data (Gibson et al., 1991 draft document).
The application of geophysical methods for correlating
stratigraphy between boreholes, and assessing soil and rock
engineering dynamic properties is addressed in Neal (1986).

Subsurface geotechnical data such as unconfined compressive
strength, rock mass classification, geologic stratigraphy and
structure, discontinuity or fracture characterization, and in
situ stress, will be required to site and design the ramps and
shafts. Preliminary estimates of these data needs have already
been obtained from the previous exploration boreholes, laboratory
and field tests, geologic mapping, and geophysical surveys.

The geologic and thermal/mechanical stratigraphy and
structure for the Yucca Mountain area can be seen in Appendix D.
Figure D-1 in Appendix D provides a location map for the geologic
cross sections shown on Figures D-2 and D-3. Figure D-1 also
shows the location of selected drill holes in the vicinity of
Yucca Mountain. Locations for thermal/mechanical unit cross
sections, faults, and some drill holes are presented in Figure D-
4 (Ortiz, et al., 1985). The thermal/mechanical unit cross
sections are presented in Figures D-5 through D-8. A comparison
between thermal/mechanical unit stratigraphy and geologic
stratigraphy is illustrated in Figure D-9. The lithologic
equivalent for each thermal/mechanical unit is also identified in
Figure D-9. This lithologic characteristic is what gives each
unit its thermal/mechanical identity or characteristic.

Existing geophysical data will be evaluated for its
application in siting the shafts and ramps. Previous geophysical
work in the northern part of Yucca Mountain consists of seismic
refraction and reflection and dipole-dipole resistivity/induced
polarization as described in the DOE, 1990, "Technical Assessment
Review (TAR) Review Record Memorandum - Geologic and Geophysical

9
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Evidence Pertaining to Structural Geology in the Vicinity of the
Proposed Exploratory Shaft", and Gibson et al., 1991. In the
southern part of Yucca Mountain, the existing geophysical data
consists of unpublished low-resolutior. seismic refraction and
dipole-dipole resistivity/induced polarization.

Due to the large amount of other existing geotechnical data
that may be used in siting and design such as unconfined
compressive strength, rock mass classification, fracture
characterization, and in situ stress, this material will not be
- presented in this document but only referenced. The "The Yucca
Mountain Site Characterization Project Reference Information
Base" (RIB) is the project database for presenting this type of
geotechnical data and all references pertinent to the data.

2.1.1.2 General Approach for Test Activity and Rationale for
Test Selection

This activity will collect and evaluate existing
geotechnical and aerial photographic information which is
relevant to the siting, design, and performance of the ESF
surface facilities and subsurface access facilities. These
potential facilities will include ramps and shafts with their
portals and collars. Surface structures or facilities will
include buildings, roads, bridges, and flood protection
structures (e.g., embankments, channels, and culverts). The
existing geotechnical and aerial photographic information will be
used in conjunction with an on-site visual reconnaissance and the
preliminary ESF location and specifications to develop an
appropriate program of drilling, trenching, and geophysical
surveys.

The previously described Site Reconnaissance information
will be used to develop a Preliminary Exploration program. This
plan will identify the type and number of tests, and type,
number, location, spacing, and depth of subsurface borings, test
pits, and trenches used to develop data in the Preliminary
Exploration phase. This Site Reconnaissance information will
also be used to help identify the method and location of
recommended geophysical surveys in the Geophysical Field
Measurements Activity. Recommendations for subsurface boring
location, spacing, derth, and geophysical survey methods will be
developed from the Site Reconnaissance information and the
methods and procedures presented in the following section.

2.1.1.3 Methods and Technical Procedures

The Preliminary and Detailed Exploration program plans yill
be developed by analyzing and interpreting existing geotechnical

10
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and aerial photographic information, and the results of the Site
Reconnaissance. Exploration requirements describing the type,
location, spacing, and depth of subsurface borings, test pits,
trenches, and geophysical surveys will be developed considering
recommendations provided in the references listed in the
following table:

Technical Procedure

Method Number or Title Date
: Author

Site reconnaissance U.S. Navy Design manual - Soil :
-and evaluation of NAVFAC DM-7 mechanics, foundations,
existing data (maps, and earth structures
photos, existing
reports)
Site reconnaissance U.S. Army Geotechnical investi- 1984
and evaluation of EM 1110-1 gations

existing data (maps
photos, existing

reports)
Concepts of soils U.S. Dept. Earth Manual 2nd Ed. 1985
Mechanics of Interior

(USBR)
Requirements and U.S. Dept. | Laboratory and Field 1988
Procedures for the of Interior Procedures for Soils
Collection of (USBR) Engineering
Geologic Data
Requirements and U.S. Dept. Engineering Geology Apr 88
Procedures for the of Interior Field Manual
Collection of (USBR)
Geologic Data
Highway Exploration FHWA-DF-88- Federal lands Highway 1988

and Data Collection 003, Chptr.6 Project Development and
Design Manual, Vol. 1,
USDOT

a

Current version of document or procedure will be used.

11
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Other technical procedures may be used that are comparable
to the procedures listed above. 1In general, procedures used will
be the U.S. Bureau of Reclamation procedures presented in the
Earth Manual, Part 2, -1990. These procedures are comparable
with, and in some cases more inclusive than the technical
procedures listed above.

2.1.2 Preliminary and Detailed Exploration Activity
2.1.2.1 Objectives

The primary objective of the Preliminary and Detailed
Exploration (8.3.1.14.2.1.2) Program is to obtain sufficient
subsurface data to design the ESF surface and subsurface access
facilities. This data will contribute to Title II design for the
ESF. The depth, thickness, and areal extent of the major soil
and rock strata influencing or influenced by the construction of
the surface facilities will be established in appropriate detail.
The depth and thickness of geologic strata and thermal/mechanical
units that will be intersected by the ramps and shafts will be
determined. The geologic strata and thermal/mechanical units
beneath any potential shaft will be reasonably established from a
shaft exploration hole. The ramps will intersect rock units that -
have been offset due to faulting. As a result of these offsets,
the geologic units intersected will be determined from existing
geologic data and additional drilling. In addition, disturbed
and undisturbed (if possible) samples will be obtained for
laboratory testing to provide a basic knowledge of the
engineering properties of the various strata.

The exploration activities will be performed in phases.
These phases will consist of Site Reconnaissance (8.3.1.14.2.1.1)
and Preliminary and Detailed Exploration (8.3.1.14.2.1.2)
Activities. The objective of the reconnaissance exploration
phase will be to obtain a rough interpretive cross-section of the
soil and rock stratigraphy and structure of the area.

Development of the Site Reconnaissance will consist of evaluating
previously gathered soil and rock characteristics data and
geologic data in combination with limited field exploration. A
general overview of this data is presented in Appendices B, C,
and D. The combination of previously accomplished work and the
Site Reconnaissance will contribute to development of the second
or, Preliminary Exploration phase. This phase will be performed
to provide detail to the soil and rock stratigraphy and
structure. The third or Detailed Exploration phase will better
define areas lacking necessary detail and any anomalous
conditions that were identified during the preliminary
exploration activities. Sampling will be performed in each of
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these phases, however, more undisturbed (if possible) sampling
may be required in the Detailed Exploration phase.

The following data will be used to fulfill the objectives of
this study: ‘

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. Depth and thickness of all major rock strata that will
be intersected by the ramps and shafts.

3. Identification of significant geologic structures.

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

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

The method(s) used will be determined by actual field and
material conditions. Preliminary determination of physical,
mechanical, and dynamic properties may be developed from
empirical methods such as material classifications, relative
density, blow count or penetration resistance, Schmidt impact
hammer and/or point-load data, geophysical surveys, and borehole
logging.

2.1.2.2 General Approach for Test Activities and Rationale for
Selection

Field methods such as sounding, test pits, trenching,
drilling, and discontinuity characterization mapping will be used
in conjunction with geophysical methods to characterize the
depth, thickness, areal extent, and structure of soil and rock
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 may also be used to
identify significant geologic structures, such as faults, in the
vicinity of critical surface facilities. However, test pits and
trenching are the most reliable method for identifying faults in
alluvium.

13
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Field techniques for characterizing the depth and thickness
of the geologic strata and structure intersected by the potential
ramps and shafts, consist of drilling, geophysical logging, and
surface geologic mapping. Geologic mapping will include existing
mapping and site-specific geotechnical and seismotechtonic
mapping. Surface geophysical methods will not be used along the
ramp alignments or shaft locations due to inadequate resolution
as shown by previous applications of these geophysical
exploration techniques at Yucca Mountain.

Disturbed and undisturbed samples (if possible) of the soil
‘and rock will be obtained from the test pit, trenching, and
boring activities for identification, classification, and
laboratory testing of physical, mechanical, and dynamic
properties. Previous work (Ho et al., 1986) at the site has
shown that undisturbed sampling of the unsaturated and
cohesionless silty gravels or poorly graded gravels with cobbles
will probably be impossible. The gravelly and cobbly colluvium
and alluvium at the site precludes the standard SPT, CPT, and
undisturbed sampling. Much of the useful data will come from in
place densities and soil classification combined with laboratory
testing data. The anticipated low loads indicate that empirical
estimates of bearing capacity combined with conservative design
loads are appropriate. All excavations will be located in areas
that will provide required data but will not affect the structure
foundation, or the excavations will be backfilled as a controlled
fill.

The type of borirg method used will be determined by the
expected uses of the holes and conditions encountered. Double-
or triple-tube diamond core drilling methods will be used in
rock. Augers or rotary drilling will be used in the soil. Due
to the cohesionless nature of the soil, hollow stem augers,
casing, or Odex drilling methods will probably be required for
maintaining borehole stability. Most shallow, surface
exploration will be by test pit because of high reliability,
access, and data requirements.

Selecting the number, location, depth, and type of-
exploration soundings, test pits, trenches, or borings will
depend on the type of structure being designed, the type of soil
or rock conditions present, and whether the exploration activity
is in the preliminary or detailed phase. In this activity the
total number of exploration soundings, test pits, trenches, or
borings will be identified for each type of surface or subsurface
facility. This total number will include both preliminary and
detailed exploration soundings, test pits, trenches, or borings.
Generally the number cf preliminary soundings, test pits,
trenches, or borings will be approximately 40 to 60 percent of
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the total. As previously described, the preliminary exploration
activities will provide a general or rough estimate of the soil
and rock stratigraphy and structure. The results from the
preliminary exploraticn program will determine if further
detailed exploration is needed to better define the soil and rock
stratigraphy and structure or if further explorations will be
necessary to investigate any anomalous conditions discovered by
earlier exploration.

Low-load structures on alluvium larger than 50 ft minimum
dimension, will typically require a minimum of four explorations
at the corners, plus possibly intermediate explorations at the
interior foundations (U.S. Navy NAVFAC DM-7, 1984, and Fang,
1990). These explorations may consist of either soundings, test
pits, trenches, borings, or combinations of these methods. 1If
the soil is significantly heterogeneous areally and the structure
is large, then possibly more detailed exploration will be
required. Structures smaller than 50 ft maximum dimension, may
require only one to three soundings and test pits, trenches, or
borings. The exploration requirements will be dependent on the
type of soil, its homogeneity, and the importance of the
structure. Very small, low-load, non critical structures may nhot
require subsurface exploration.

Sounding is not planned except as a contingency. If
sounding is necessary, the appropriate method in the anticipated
materials is the Becker Hammer. If this method is used, a
prototype testing and site-specific calibration program will be
necessary.

Structures on rock will generally require fewer boreholes
and no test pits or trenches, unless faults are suspected and the
rock is rippable. High-load structures on rock may require
borings at a maximum of 100 ft spacing or where changes in rock
conditions are suspected. Low-load, non-critical structures will
not require borings unless located on slopes.

Shaft collars will require a minimum of one borehole. If
conditions are questionable, or if alluvium overlies bedrock,
more boreholes may be appropriate. Ramp portals and ramps will
require boreholes to explore the general stratigraphy, structure,
and specific features along the alignments. One or two boreholes
will be required in the areas of the planned cut slopes above the
ramp portals. If geologic conditions are unfavorable or complex,
more boreholes will be required in these areas to evaluate slope
stability. Exploration along the cuts leading into the ramp
portal areas will also be required. 1If the proposed ramp portal
excavations begin in soil before encountering rock, trenches on
the alignment of the ramps may be used to establish rock line and
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help determine the location of the ramp portals. These trenches
will continue into rock if practical. Another shorter trench or
Cleaned strip will be located perpendicular to the ramp in the
proposed cut above the ramp portal. These trenches will be
excavated in the portal area to bedrock, and possibly into
bedrock, and will be mapped to identify rock type, rock quality,
and characterize discontinuities (fractures, joints, and faults).
Detail line mapping of rock exposures (natural or man made) will
provide data for evaluating slope stability in the area of the
ramp portals.

For roads and asphaltic or concrete pads, exploration data
from nearby structures will be used as much as possible, and
supplemental test pits. trenches, or borings may be spaced at
approximately 200-foot intervals. If subsurface conditions are
heterogeneous, exploration spacing will be decreased.
Conversely, if subsurface conditions are found to be very
uniform, then the spacings for the test pits, trenches, or
borings may be extended to 400 or 500 ft.

Potential borrow areas will be evaluated using test pits or
trenches. Large bucket augers or helical augers may be used for
excavation depths beyond the limits of test pits or trenches.
Explorations will be spaced appropriately for the material uses,
types, and continuity required (Earth Manual, 2nd. ed.)

Exploration depths for soundings, test pits, crenches, and
borings will be dependent on the type and dimensions of the
structure, magnitude of loads, and type of soil or rock
conditions encountered. As a general rule the exploration will
extend below the foundation elevation to a depth where the
increase in vertical stress for combined foundations is less than
10% of the effective overburden stress. Exploration will extend
through all unsuitable foundation material, such as
unconsolidated fill, soft, fine-grained soils, and loose, coarse-
grained soils, to reach hard or compact materials of suitable
bearing capacity. If bedrock is encountered by drilling, the
exploration will extend at least 20 feet into bedrock.

Slope stability exploration will extend to an elevation
below active or potential failure surfaces or to a depth for
which failure is unlikely because of the geometry or material of
the cross section.

Sampling requirements will depend on design needs
considering the soil conditions encountered and the testing
program required to adequately address these needs. Since most
of the soil is cohesionless, only disturbed samples will be
obtained. These samples will be from test pits, trenches, or
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boreholes. If fine-grained materials are encountered (not
likely), representative samples from boreholes will be obtained
using Standard Penetration Test (split-spoon) samplers (USBR E-
21, 1974 or ASTM D-1586), auger or drill cuttings, or direct
sampling. If cohesive soils are encountered, then some
undisturbed samples may be taken using either double-tube soil
samplers, thin-wall drive samplers, or fixed-piston samplers
(USBR 7105, 1990). Socil samples will be taken every five feet
and at every change in material. Rock will normally be cored
continuously using a double or triple tube sampler (ASTM D-2113).

All trenches, test pits, and borehole locations will be
surveyed and photographed. Significant geologic outcrops and
structural features will also be located, mapped and
photographed. Locations will be referenced to the Nevada Central
State Plane Coordinates and elevations will be surveyed within
0.1 feet. )

Preliminary evaluations of the physical, mechanical, and
dynamic soil and rock properties of the site will be developed
from empirical methods related to material classifications, in
situ densities, blow count (if practical), Schmidt impact hammer
data, point load tests, and geophysical surveys and borehole
logging. Methods such as the Standard Penetration Test (SPT)
(ASTM D-1586) and the Dutch cone penetration resistance (ASTM D-
3441) are alternative sounding methods that may be used to
estimate the physical or mechanical properties of soil if
significant deposits of fine-grained materials are encountered.
Established empirical relationships will be used to correlate the
soil classification, relative density, and blow count or
penetration resistance data to Young's modulus, or friction
angle. The use of sounding methods such as the SPT blow count or
the Dutch cone penetration resistance in coarse gravels is not
practical. If fine-grained soil conditions are encountered, then
the SPT blow count method or the Dutch cone penetration
resistance method can be used.

The exploration program for the subsurface access ramps and
shafts will consist of drilling from the surface. Only one
borehole will be required for each shaft. The hole will be cored
the full depth of the potential shaft on the shaft axis. The
material surrounding the hole will subsequently be removed by
shaft construction and therefore will not compromise the
repository. Ramps will require drilling along the proposed
alignment of the ramp offset from the alinement a minimum of 30
feet from the excavation limit. The number of these boreholes
will depend on the complexity of the stratigraphy and structure.
Anticipated locations consist of one vertical hole at the top of
the portal cut (with clearing of rock surface for fracture data),
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at least one hole in each major structural block, and angle holes
to evaluate the larger faults. At least one hole will be located
to define the lower end of the ramps. Other boreholes will be
inclined and/or located to intersect significant faults or strata
which may produce stability problems. These boreholes will be
cored most of their entire length to better define the
stratigraphy and fault displacement along the proposed ESF ramp
alignments (Memorandum, August 15, 1991).

Geophysical density logs will be obtained from each of these
ESF ramp boreholes to develop a correlation between the density
"logs and the densities measured in the laboratory from the core.
These same correlations will also be made between density logs
performed in the ESF boreholes and the densities measured from
the core of these boreholes. Due to the need to perform wireline
density logs, boreholes will be drilled or cored with diameters
not less than 3 inches and not greater than 8 inches so that the
density logging method or other geophysical logging methods can
effectively be performed with standard industry geophysical
logging tools.

Preliminary field estimates of the mechanical rock
properties may be used. The point load test (Broch and Franklin,
1972) can be used on rock core to estimate unconfined compressive
strength and also provide contributing data for designing the
tunnel boring machine cutters. The Schmidt impact hammer can be
used on rock core or surface outcrops to estimate unconfined
compressive strength (ISRM, 1981). These are both fast,
inexpensive, but not definitive methods. The tests provide a
means for quickly estimating the unconfined strengch of the rock
as prellmlnary data for design purposes and for adjusting the
ongoing exploration program if the results of the preliminary
field tests are 51gn1f1cantly different than expected.

Unconfined compressive strength values from these tests will be
either verified or corrected using the results of laboratory
unconfined strength testing of rock core.

Surface and borehole geophysical methods may be used to
evaluate the dynamic and physical properties of the subsurface
strata and correlated with the laboratory densities. The results
of these correlations can be used for estimating densities in
boreholes where no coring is performed or no in situ densities
taken from test pits or trenches. Other wireline borehole
geophysical methods may be used to evaluate the degree of
fracturing in rock. Down-hole video can be oriented and
correlated with fractures found in the rock core if the borehole
is cored. However, due to the unsaturated conditions of the soil
and rock, other important engineering parameters, such as wave
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velocities, can not be determined using wireline borehole
geophysical methods.

Seismic geophysical methods such as seismic refraction,
cross-hole seismic, and up/down hole seismic may be used for
determining the compressive and shear wave velocities of the
subsurface strata. The wave velocities can then be used to
evaluate the dynamic elastic parameters of the soil and rock.
These field parameters are expected to be more indicative of in
situ conditions than the same parameters measured in the
laboratory. Further detailed discussions of the geophysical
' field activities will be presented in Section 2.3.3 (Geophysical
Field Measurement Activities).

2.1.2.3 Methods and Technical Procedures

The following lists methods to obtain the data required to
fulfill the objectives of this activity. Selecting the most
appropriate method depends on the soil and rock conditions
encountered and the data or parameters required. Material such
as caliche, if adequately cemented (not likely), will be treated
either as a rock or soil depending on the degree of cementation.

Test pits, trenching, and drilling.
Sounding (probing) subsurface strata.
Geophysical surface surveys.
Geophysical borehole methods.

Surface and subsurface sampling.

N b WN

The previously described methods with their corresponding
technical procedures are listed in the following table:

Technical Procedure

Method Number or Title Date
Author
Sounding, sampling U. S. Navy Design manual - Soil 8
classification, NAVFAC mechanics, founda-
drilling, trench- DM-7 tions, and earth
ing, and geophysical structures

surveys for soils
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Sounding, drilling,
trenching, geo-
physical surveys
and borehole log-
ging and sampling

Sampling for soils

Dynamic sounding
(blow count) in
soils

Static sounding-
penetration resis-
tance in soils
(Dutch cone test)

Mechanical proper-
ties of rock-
(indirect)

Geophysical borehole

logging

Soil classification

Concepts of soils
Mechanics and
Procedures

M. J. Hvor-
slev

U. S. Army
EM 1110-2
1907
ASTM
D-1586-67
ASTM
D=3441-79
ISRM
Doc. 5,
Part 3
ISRM
Parts 1-11
ASTM
D~2488-69
U.S. Dept.

of Interior
(USBR)
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Subsurface explora-
tion and sampling
of soils for civil

engineering purposes

Soil sampling

Penetration test and
split~barrel sampling

of soils

Deep, quasi-static,
cone and friction-
cone penetration
tests of soil

Suggested method
for determination
of the Schmidt
Rebound Hardness

Suggested methods of

geophysical logging
of boreholes

Description of socils

Nov 49
31 Mar
72

(visual-manual procedure)

Earth Manual 2nd and

3rd E4d.

1985
&
1990

Other technical procedures that are comparable to the
procedures listed above may be used.

Current version of document or procedure will be used

An example is the U.S.

Bureau of Reclamation procedures presented in the Earth Manual,

Part 2, 1990.

These procedures are comparable with, and in some

cases more inclusive than the technical procedures listed above.

2.2 Laboratory Tests and Material Property Measurement Study

The objectives of this program are to conduct laboratory

tests and material property measurements on representative
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samples of soil, rock and aggregate. The gravels and cobbles of
this site preclude undisturbed sampling, therefore, for tests
requiring undisturbed samples, remolded samples will be used in
testing. 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 the SCP's Table 8.3.1.14-1 (see Appendix
A), which in turn will be used to address Design Issue 4.4
(Section 8.3.2.5, SCP) and provide geotechnical engineering
design parameters to Title II design.

Determination of the quality status for the activities of
this study will be made separately, according to AP-6.17Q,
"Determination of the Importance of Items and Activities", which
implements NUREG-1318, "Technical Position on Items and
Activities in the High-Level Waste Geologic Repository Program
Subject to Quality Assurance Requirements". The results of that
determination will be contained in the Q-List, Quality Activities
List and Non-Selection Record, which will be controlled
documents.

QA grading packages for the activities of this study plan
will be prepared separately, according to AP-5 2.8Q "Quality
Assurance Grading" controlled document.

2.2.1 Physical Property and Index Laboratory Test Activity
2.2.1.1 Objectives

The objective of this activity is to measure the soil or
rock weight and volume components using physical property tests.
Soils can be further characterized 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 scil or rock classifications to
engineering parameters.

The following soil, rock, and aggregate parameters will be
collected, and/or evaluated, 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

3. Aggregate Durability and Soundness

a. Sodium sulfate soundness test
b. Los Angeles abrasion test
c. Petrographic analysis of aggregate

Current estimates of most of the above parameters are
presented in the SCP's Table 8.3.1.14-1 (see Appendix A).

2.2.1.2 General Approach for Test Activity and Rationale for
Test Selection

A sufficient number of samples will be tested so that the

variations in physical and index properties throughout the
proposed ESF surface and ESF ramp and shaft alignments will be
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adequately characterized. Laboratory physical property tests
will be performed on soil and rock samples taken every five feet
in depth and at every noticeable change in material where soil or
rock characteristics may change. These laboratory tests for soil
will include density, specific gravity, moisture content,
gradation analysis, Atterberg limits (for cohesive soils only),
and relative density (cohesionless soils). Physical property
laboratory tests for rock will include density, moisture content,
and specific gravity.

The laboratory soil tests can be conducted 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, soil densities will generally be
determined in situ using field density test methods. Empirical
correlations with sounding methods are a contingency ‘method.
These methods will be discussed in further detail in Section 2.3
(Field Tests and Characterization Measurements).

Soil compaction tests will be performed on at least two
samples for each type of potential fill material. Because of the
very coarse nature of the soil, the Standard Proctor or Modified
Proctor compaction methods may not be appropriate to develop the
moisture-dry density compaction curve relationships of the soil.
For gravelly soils, up to 3-in. maximum size, the U.S.B.R. E-38
procedure will be used to develop compaction curves.

Tests to evaluate the durability of aggregate will be
performed on at least two samples from each potential aggregate
source. These tests will include the sodium sulfate soundness
test, the Los Angeles abrasion test (USBR, Concrete Manual,
1981), and petrographic examination. Potential aggregate sources
may include existing sources as well as alluvial material or
crushed rock from site areas that will be eventually excavated
during the development of the ESF.

2.2.1.3 Methods and Technical Procedures
Standard soil, rock, and aggregate test and classification

procedures will be used for this activity. A list of test and
classification methods follows:
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Method

Technical Procedure

Number or
Author

Title Date

Sample preparation
for soils

Sample preparation
for soils

Moisture content for
soil and rock

Density of soil

Specific gravity for
soil:

Materials smaller
than number 4
sieve

Materials larger
than number 4
sieve

Soil Classification:

Atterberg limit: °@

Liguid and
plastic limits

USBR 5205-86

ASTM
D421-58

ASTM
D2216-80
ASTM
D2937-83
ASTM
D854-83
ASTM Cl127
USBR 5000
ASTM
D2487-83
ASTM
D4318-83

24

Preparing soil samples by °
splitting or quartering

Dry preparation of soil b
samples for particle-size
analysis and determination
of soil constants

Laboratory determination P
of water (moisture)

content of soil, rock,

and soil-aggregate mixtures

Density of soil in place °
by the drive-cylinder

Specific gravity of soils P

Test method for specific °®

gravity and absorption of
coarse aggregate

Determining Unified Soil °

Classification (Lab method)
Classification of soils b
for engineering purposes

Liquid limit, plastic
limit, and plastic
index of soils
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Shrinkage 1limit ASTM Shrinkage factors of ®
D427-83 soils

Soil Gradation:

Sieve analysis ASTM . Particle-size analysis of °
D422-63 soils

Hydrometer ASTM Particle-size analysis of °

analysis D422-63 soils

Compaction moisture-
density relationships:

Standard Proctor  ASTM Moisture-density relations ®
D698-78 of scils and soil-
aggregate mixtures using
5.5-1b. hammer and 12-in.

drop
Modified Proctor ASTM Moisture~-density relations ®
D1557-78 of soils and soil-

aggregate mixtures using
10-1b hammer and 18-in. drop

U.S.B.R. Compact- USBR 5517 Compaction test for soil b
ion Test (gravel- containing gravel

ly soils-=-3 in.

maximum size)

Relative density ASTM Minimum index density of b
D4254-83 soils and calculation of
relative density

Porosity/density ISRM Doc. 6 Suggested method of b
of rock Part 1, porosity/density

No. 2-5 determination
Moisture content for ISRM Doc. 6 Suggested method for b
rock Part 1, determination of

No. 1 water content

Aggregate Durability:
Designation Soundness of Aggregate 1981

19 (USBR Con- (Scodium Sulfate Method)
crete Manual)
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Cesignation Abrasion of Coarse Aggre-

1981
21 (USBR Con- gate by use of the Los Angeles
crete Manual) Machine
Designation Petrographic Examination
1981
7 (USBR Con- of Aggregates
crete Manual)
Specific gravity ISRM Doc. 6 Suggested method for b
for rock Part 1, porosity/density

No. 4 - determination

® Atterberg limits will be required only if cohesive soils are

encountered.

® Current version of document or procedure will be used.

The Principal Investigator. will have the option of using
other technical procedures that are comparable to *he procedures
listed above. An example is the U.S. Bureau of Reclamation
procedures from the Earth Manual, Part 2, 1990. These procedures
- are comparable with, and in some cases more inclusive than the
technical procedures listed above.

2.2.2 Mechanical and Dynamic Laboratory Property Test Activity
2.2.2.1 Objectives

The objective of this activity is to measure in the
laboratory the static and dynamic deformation and strength
characteristics of soil and rock 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, ramp portals, shaft
collars, fills, roads, and slopes. Results from tnis activity
will be the major contributor for developing the geotechnical
design parameters presented in Table 8.3.1.14-1 of the SCP (see
Appendix A).

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

Peak and residual failure envelopes for rocks.

Young's modulus.

Poisson's ratio.

Shear modulus.

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

Contingent static load derived parameters.

a.

f.

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

Coefficient of consolidation (for saturated, clayey
soils).

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

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

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

Bulk modulus and constrained modulus of soils.

Required dynamic load derived parameters.

a.

b.

Compressive wave velocities.

Shear wave velocities.
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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 surface facilities, the types of foundations
selected, and the type or sophistication 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 numerical codes.

Estimated values and some measured values for most of the

previously described data and parameters are presented in the
SCP's Table 8.3.1.14-1 (see Appendix A). :

2.2.2.2 General Approach for Test Activity and Rationale for
Test selection

Standard mechanical and dynamic 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 are influenced
by ESF surface facility construction. Selection of sample
location, depth, and type of test will be determined by the
surface structure function, loads (static or dynamic), and
foundation depths and widths. As a general rule 3 to 5
mechanical tests will be performed on soil and rock samples at
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every noticeable change in strata where soil or rock
characteristics change.

Test conditions will approximate actual field conditions as
closely as is practicable. For example, the range of confining
pressures for triaxial tests will span the anticipated in-place
confining pressures. The upper confining pressures may be
considerably higher than in-place pressures in order to affect
rock with strengths of 20,000 psi or more. Moisture conditions
will also be as close to in-place moisture conditions as is
practical with drained or undrained tests as is appropriate.
Sample sizes will be as large as is appropriate, NQ or HQ for
rock and up to 9.5 inches in diameter for gravelly soil samples.
Strain rates will also be controlled to provide results as close
to in-place conditions as is practical.

Dynamic tests will only be performed on samples ‘from beneath
potential structures important to safety, such as the ramp
portals and shaft collars. Testing will also be conducted on all
soils to be used for engineered fills. These soils will be
compacted to the appropriate dry density and moisture content
before conducting laboratory tests to determine their mechanical
and dynamic properties.

Laboratory test methods used to measure the strength and
deformability parameters of representative soil samples or
potential borrow material will rely primarily on the triaxial
compression test method, however, the direct shear test method
may be used as an alternative. Triaxial test results are
considered more reliable due to certain limitations of the direct
shear test. The direct shear test is a simpler, more economical
test but is limited in that the failure plane is predetermined by
the test method and not by the soil properties, and the
distribution of the shear stresses and displacements along the
failure plane are non~uniform.

A minimum of three (preferably four or five) triaxial tests
or direct shear tests will be performed on each soil condition
encountered or each potential borrow material considered. The
triaxial and direct shear tests will be performed over the range
of confinement or normal stresses that may be expected.

Since the soil ccnditions are expected to be cohesionless,
undisturbed sampling will probably be impractical. Therefore,
mechanical property tests will be performed in the laboratory on
recompacted samples. These samples will be recompacted to the
densities and moisture contents measured in situ, even though the
disturbance and then recompaction of the soil will not result in
the same soil fabric as found in place. This change in fabric
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can impact the soil's mechanical properties, however, the effects
on a cohesionless soil are expected to be minimal. Sample sizes
will be increased to reduce size effects, e.g. 9.5 by 22~inch
specimens will be used to reduce size effects. Caliche-cemented
materials will be treated as rock or soil depending on the degree
of cementation. Caliche soils treated as soils will lose in situ
fabric during sampling and test results will be conservative.

Borrow materials that are being evaluated for use as
engineered fills will be prepared by compacting the material
using USBR 5515, "Procedure for Performing Laboratory Compaction
- of Soils Containing Gravel". The selection of the compaction
method and the percentage of the maximum density and moisture
content at which the potential borrow material will be compacted,
depends on the type of borrow material used and the projected use
of the material.

Since soil samples tested in the laboratory will probably be
recompacted representative samples, other laboratory and field
methods will be used to help estimate or confirm the laboratory
test results. These methods will estimate the in situ soil
strength (cohesion and angle of friction) and deformability
(Young's modulus) using empirical correlations with soil
classification, and relative density. The relative density
method is described in Section 2.3 (Field Tests and
Characterization Measurements Study). The soil classification
method is described in Section 2.2.1 (Physical Property and Index
Laboratory Test Activity).

Since the soil is expected to be cohesionless, the immediate
settlement characteristics of the soil beneath the footings will
be determined by laboratory consolidation tests (USBR 5700) on
recompacted samples. If collapsable soils are encountered,
recompacted samples will not be used. These data combined with
conservative designs and low loads should be adequate.

The strength and deformability of intact rock core will be
determined in the laboratory from the results of triaxial
compression tests, unconfined compression tests, and Brazilian or
direct tensile tests in areas of particularly high loads such as
steep cuts or underground excavations. The strength of fractured
or jointed rock core will be determined using the triaxial
compression test. The results of these tests will be plotted in
the form of peak and residual strength envelopes from which the
strength parameters (cohesion and angle of friction) can be
determined for both the intact and fractured or jointed core.
These strength parameters can be used to evaluate the allowable
foundation bearing pressure of the rock (Goodman, 1980).
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The direct shear testing method will be used in the
laboratory to measure the mechanical properties of rock
discontinuities. These tests will be performed on samples taken
from areas that may have potential slope instability such as the
cutslope above the ramp portal and any other cuts which have the
potential for slope instability. Enough samples will be tested
to develop peak and residual failure envelopes from such
locations. The tests will at a minimum determine the strength
parameters (cohesion and friction angle) of the discontinuity.
Test results will be used in the stability evaluation of the rock
slopes and will contribute to the evaluation of the allowable
- bearing pressure for a foundation, especially for foundations on
sloping topography.

Core taken from the boreholes along the alignment of the
ramps or from the exploratory borehole for the shaft, will be
tested in unconfined compression and possibly triaxial
compression. Mechanical parameters such as strength, Young's
modulus, and Poisson's ratio can be obtained from the unconfined
compression test. Core will be examined petrographically for
deleterious minerals including quartz which has a significant
impact on bit wear. Core will also be reserved for proprietary
testing by equipment manufacturers. Sampling and testing of core
from the boreholes along the ramp alignment will, as a minimum,
occur where the borehole intersects the ramp. If inspection
and/or early testing indicates additional testing is necessary,
core will be tested from other stratigraphic horizons or geologic
structures.

The velocity and damping characteristics 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 determine the elastic
deformation parameters of the soil or rock. However, since these
tests will only measure the dynamic characteristics of intact
rock and not the fractured or jointed rock mass, these tests will
only be used as alternative tests to validate the elastic
deformation and damping parameters derived from field geophysical
seismic methods.

Determination of the dynamic compression and shear moduli
depends primarily on field geophysical seismic methods such as,
down-hole, cross-hole, and surface refraction 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 correlations developed by Seed et al. (1984). The
relationship developed by Seed et al. (1984) can also be used to
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determine the maximum shear modulus of soil as a function of a
density related factor, K?, obtainable from the field measured
shear wave velocities, and the mean effective confining stress.
The Seed et al. (1984) report also provides a correlation with
- dynamic shear modulus or shear wave velocities and Standard
Penetration Test blow count data. 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 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
and the potential unreliability of testing recompacted samples
under dynamic loading conditions, the cyclic loaded triaxial
compression test will 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 conditions 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 potentially
provide the design engineer with more information to better
assess the dynamic characteristics of the soil. 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.

2.2.2.3 Methods and Tachnical Procedures

Standard testing procedures will be used. A list of
possible test methods are given in the following table. The
selection of the most appropriate method will depend on the scil
or rock conditions that are encountered in the exploration
activities and the type or sophistication of the analyses that
are selected or required for design or performance studies.
These considerations were described in the previous section.
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Technical Procedure

Methed Number or Title
Date
Author
Drained triaxial USBR 5755 Performing consolidated ¢
strength of -drained triaxial shear
granular soils® testing of soils

Unconfined compres- ,ASTM 2166-66 Unconfined compressive ¢

sion testing for strength of cohesive
cohesive soils® soils

Triaxial compres- ASTM D2850-82 Unconsolidated, : ¢
sion testing for undrained compressive
soils?® strength of cohesive soils

in triaxial compression

Direct-shear ASTM D3080-~72 Direct shear test of ¢
strength for soils® soils under consolidated
drained conditions

Compressibility- ASTM D2435-80 One-dimensional consol- ¢
swell test for idation properties of
soils® soils

Resonant cclumn test ASTM D4015-81 Modulus and damping of ¢
for soil® soils by the resonant-
column method

High-frequency ISRM, Doc. 4, Suggested methods for €

ultrasonic pulse pp. 108-109 determining sound

for rock® velocity

Low-frequency ISRM, Doc. 4, Suggested methods for c

ultrasonic pulse pp. 109-110 determining sound

technique for rock® velocity

Resonant method test ISRM, Doc. 4, Suggested method for ¢

for rock® p. 110 determining sound
velocity
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Unconfined compres- ASTM D2938 Suggested method for ¢

sive strength of rock determination of the

core uniaxial compressive
strength of rock
materials

Unconfined compres- ISRM Part 2 Suggested methods for €

sive deformability determining deformability

of rock core of rock materials in

uniaxial compression

Triaxial compressive ISRM, Doc. 7 Suggested methods for ¢
strength of rock core determining the
strength of rock materials
in triaxial compression

Triaxial compressive ASTM D2664 Triaxial compressive N
strength and deform- strength of undrained
ability of rock core rock core specimens

- without pore pressure

measurements

Indirect tensile ISRM, Doc. 8, Suggested method for ¢
strength of rock Part 2 determining indirect
discontinuities tensile strength by the

Brazil test

Direct shear ISRM, Doc. 1, Suggested method for €
strength of rock Part 2 laboratory determination
discontinuities ' of direct shear strength

The need for these test methods is contingent on encountering
cohesive soils. Based on known site conditions, cohesive soils
are not expected.

® Alternative test method.

[«

Current version of document or procedure will be used.

The Principal Investigator will have the option of using
other technical procedures that are comparable to the procedures
listed above. An example would be the U.S. Bureau of Reclamation
procedures in the Earth Manual, Part 2, 1990. These procedures
are comparable with, and in some cases more inclusive than the
technical procedures listed above.
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2.3 Field Tests and Characterization Measurements Study

The objective of this program is to conduct field tests and
characterization measurements. These field tests are intended to
determine the in situ physical, mechanical, and dynamic
properties of the soil and rock. Characterization measurements
will be conducted on the rock for the purpose of classifying the
rock and quantitatively describing the rock structure
(discontinuities). Geophysical field measurements will help
develop a three-dimensional velocity structure 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 the SCP's Table 8.3.1.14-1 (see Appendix
A), which in turn will be used to address Design Issue 4.4
(Section 8.3.2.5, SCP) and provide geotechnical engineering
design parameters to Title II design. '

Determination of the quality status for the activities of
this study will be made separately, according to AP-6.17Q,
"Determination of the Importance of Items and Activities", which
implements NUREG-1318, "Technical Position on Items and
Activities in the High-Level Waste Geologic Repository Program
Subject to Quality Assurance Requirements". The results of that
determination will be contained in the Q-List, Quality Activities
List and Non-Selection Record, which will be controlled
documents.

QA grading packages for the activities of this study plan
will be prepared separately, according to AP~-5 2.8Q "Quality
Assurance Grading" controlled document.

2.3.1 Physical Proparty Field Tests and Characterization
Measurements Activity

2.3.1.1 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 preliminary estimates of the engineering
characteristics of the soils and rocks. 1In addition, these
properties and measurements will aid in the grouping of soils 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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The data and parameters that will be collected and/or
evaluated to fulfill the objectives of this activity are as

follows:
1. Soil
a.
b.
2. Rocks
a‘
i.
ii.
b.
i.
ii.

Density

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

Rock ‘mass classification

- @Q-Norwegian Geotechnical Institute (NGI) Tunneling

Quality Index

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

Rock structure (discontinuities)
Description of faults

(a) Location

(b) Orientation

(c) Thickness

(d) Type of infilling

(e) Moisture and seepage conditions
(f) Waviness and roughness

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) Continuity

{(h) Persistence

(1) Wall strength

(3J) Block size

(k) Drill core (total rock recovery,
discontinuity fregquency, and rock quality
designation (RQD))
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Estimated values and some measured values for the previously
described data and parameters are presented in the SCP's Table
8.3.1.14-1 (see Appendix A).

2.3.1.2 General Approach for Test Act1v1ty and Rationale for
Test Selection

Standard geotechnical engineering field tests and
characterization activities will be conducted. A representative
number of these tests and characterization activities will be
conducted throughout the ESF surface and subsurface access
. facility sites.

In-place soil density can be determined by any one of the
four different methods presented in Section 3.3.1.3 (Methods and
Technical Procedures). The sand-cone method is the most commonly
used method for measuring density in the field, however, if the
soil does not have encugh cohesion to maintain a free standing
hole then the nuclear method or the drive-cylinder method may
provide more suitable methods for measuring density. If the soil
is very gravelly, then U.S.B.R. "Field Density Procedure Test",
E-24, will be used. These measurements will be taken in test
pits, trenches, and any cut areas. Soil density measurements
will be taken every five feet and at any changes in material.

Rock mass classification data will be developed from rock
core and outcrops using two 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. This rock mass classification data will be
used to evaluate the stability and required support or
reinforcement for subsurface excavations. Rock core from the
boreholes for the shaft and the ramp will be classified to assist
in evaluating subsurface excavation stability and providing the
designers with data necessary to estimate support or
reinforcement reguirements.

Preliminary estimates of rock mass strength and deformation
characteristics can be developed from rock mass classification
data (Hoek and Brown, 1980). This classification data and
estimates of rock mass strength and deformation characteristics
can contribute to the siting and design of surface facilities
such as the ramp portals and shaft collars. This includes using
the rock mass strength to evaluate bearing capacity, stability
and support requirements of the portal, and slope stability for
highly fractured rock where failure may be through the rock mass
and not along discrete discontinuities.
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Rock mass discontinuities will be quantitatively described
using methods recommended by the Internatiocnal 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 understanding
of the engineering characteristics of the rock mass. The
quantitative description of discontinuities can be performed on
rock core and outcrops.

2.3.1.3 Methods and Technical Procedures

Standard testing procedures will be used by this activity.
The selection of the most appropriate method for measuring soil
density in the field will depend on the soil conditions that are
encountered during the exploration activities. A list of the
possible test methods follows: ’

Technical Procedure

Method Number or Title Date
Author
Density of soil in  ASTM D2937-83 Density of soil in .
place place by the drive-

cylinder method

ASTM D1556-82 Density of soil in °
place by the sand-
cone method

ASTM D2167-66 Density of soil in e
place by the rubber-
balloon method

ASTM D2922-81 Density of soil and N
soil-aggregate in place
by nuclear methods
(shallow depth)

Density of soil in U.S.B.R. E-24 Field density pro- 1980
place , cedure test

Dynamic sounding ASTM D1586-67 Penetration test and i
(blow count) in split~-barrel sampling

soils of soils
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Static sounding- ASTM D3441-79 Deep, quasi-static, 2
penetration resis- : cone and friction-

tance in soils cone penetration

(Dutch cone test) tests of soil

Quantitative des- ISRM, Part 1, Suggested methods for 2
cription of rock No. 1-11 the quantitative des-

mass discontin- cription of discontin-
uities uities in rock masses

Rock mass class- Bieniawski, Rock mass classificat- 1976
ification, rock 2. T. ion in rock engineer-

mass rating (RMR) ing

Rock mass clas- Barton, Lien, Engineering classific- 1974
sification, tunnel- ' and Lunde ation of rock masses

ing quality (Q) for the design of

tunnel support

a

Current version of document or procedure will be used.

Other technical procedures that are comparable to the
procedures listed above may be used. An example is the U.S.
Bureau of Reclamation procedures presented in the Earth Manual,
Part 2, 1990. These procedures are comparable with, and in some
cases more inclusive than the technical procedures listed above.

2.3.2 Mechanical Property Field Test Activity

2.3.2.1 Objectives

The objective of this activity is to measure the deformation
and strength characteristics of in situ soil and rock. 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, fills, rocads, and
slopes.

The data and parameters to be collected and/or evaluated to
fulfill the objective of this activity are listed as follows:

1. Required parameters for soil (these parameters will be
developed from empirical relationships using the
following possible data: in place density, relative
density and soil classification or gradation).

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

d. Sounding (Only if fine-grained materials are
encountered)

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 cr 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 ESF surface facilities, the types of
foundations selected, and the type or sophistication of the
analyses that are selected for the design or performance studies.
On the basis of the known site conditions and the primary
conceptual designs presently considered in the "ESF Alternatives
Study Task No. 4", these contingent parameters are nct presently
required. The contingent parameters will be obtained 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.
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2.3.2.2 General Approach for Test Activity and Rationale for
Test Selection

Standard geotechnical field tests will be conducted on soil
and rock that will influence or be influenced by construction at
the ESF. Preliminary field testing may also be performed on rock
core taken from the exploration boreholes for the subsurface
shafts and ramps. The type of test, location of test, and depth
of test depend on factors such as surface facility function,
loads, type and depth of footings, and subsurface soil or rock
conditions. Material such as caliche will be treated as either
soil or rock depending on degree of cementation.

The primary methods used to measure soil strength (cohesion
and angle of friction) and stiffness (Young's modulus) are
indirect methods using in situ penetration tests. The two most
common methods are the Standard Penetration Test and the Dutch
Cone Test. Both of these in situ methods are penetration
resistance methods. The Standard Penetration Test applies an
impact load and the Dutch Cone applying a continuous load.
Unfortunately these methods are ineffective in gravelly soils.
Since the soil conditions expected at the site are expected to be
cohesionless, coarse-grained, and gravelly, these penetration
test methods will not be effective in measuring the strength and
stiffness of the site soil. Required parameters will be
estimated from in place density, relative density, and
gradations. As a contingency, the Becker Hammer penetration
resistance method can be used for sounding and correlated with
SPT blow counts and engineering soil properties (Harder and Seed,
1986, and Fang, 1990). The contingency conditions that would
require a soil/rock-structure interaction analysis, which in turn
would require shear modulus, Poisson's ratio, and damping
parameters, are discussed in Section 2.3.3.2.

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 rock mass classification data can be obtained on rock
core and outcrops from areas where potential surface structures
are planned. This classification data and estimates of rock mass
strength and deformation characteristics can contribute to the
siting and design of surface facilities such as the ramp portals
and shaft collars. This would include using the rock mass
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strength to evaluate bearing capacity, stability and support
requirements of the portal, and slope stability for highly
fractured rock where failure may be through the rock mass and not
along discrete discontinuities.

Other alternative field tests for soil and rock include
pPlate load test (static and dynamic), pile load test, and in situ
direct shear test of rock discontinuities. However, for
anticipated soil or rock conditions and the type of structures
and foundations being designed, these alternative tests are not
expected to be necessary.

2.3.2.3 Methods and Technical Procedures

The testing procedures that will be used for this activity
are standard. The selection of the most appropriate methods will
depend on the soil conditions that are encountered in the
exploration activities. A list of possible test methods follows:

Technical Procedure

Method Number or Title

Date
Author

Dynamic sounding ASTM D1586-67 Penetration test and ®
(blow count) in split-barrel sampling
soils of soils
Plate load settle- ASTM D1194 Standard test method b
ment in soils or for bearing capacity
rock (use only if of soil for static load
spread footings are on spread footings
considered in the
design)
Pile load settle- ASTM D1143-81 Standard method of b
ment in soils testing piles under
(pile foundations static axial compressive
are presently not load
considered in the
SCP-CDR)® '
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Plate locad settle- ISRM, Part 2, Suggested method for b

ment in rock (use field deformability
only if spread determination using a
footings are consid- plate test down a bore-
ered in the design) hole

In situ direct shear ISRM, Doc. 1, Suggested method for in P
strength of rock Part 1 situ determination of
discontinuity (use direct shear strength
only if very

unfavorable structure

is encountered)

® current version of document or procedure will be used.

Other technical procedures that are comparable to the
procedures listed above may be used. An example is the U.S.
Bureau of Reclamation procedures in the Earth Manual, Part 2,
1990. These procedures are comparable with, and in some cases
more inclusive than the technical procedures listed above.

2.3.3 Geophysical Field Measurement Activity
2.3.3.1 Objectives

The primary objectives of this activity are to obtain
measurements of the compressional and shear wave velocities, and
to determine the velocity structure in the area of the ESF
surface facilities. Other possible objectives of this activity
will include profiling the alluvium-bedrock contact and
identifying the location of possible faults through the alluvium
in the vicinity of these structures. This information will be
used to assist in the geologic interpretation of the site area,
and will contribute to the development of the geotechnical
parameters in the SCP's Table 8.3.1.14-1 (see Appendix A) and to
the resolution of Design Issue 4.4 (Section 8.3.2.5, SCP).

2.3.3.2 General Approach for Test Activity and Rationale for
Test Selection

As discussed previously, the existing geophysical
information in the area of the surface facilities and subsurface
ramps and shaft will be evaluated with respect to the location
and extent of the proposed facilities. Additional geophysical
work would be planned or attempted, based on this evaluation.
This additicnal work would probably include the following:
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l. One or more seismic lines will be performed along the
axis of proposed portal approaches. Other surface
facilities important to safety will also have one or more
seismic lines performed at their proposed locations. The
primary purpose of these lines will be to measure
compressional and shear wave velocities of the alluvial
materials and the bedrock, and to determine the seismic
structure in the vicinity of the proposed portal and
approach. A secondary purpose will be to profile the
alluvium/bedrock contact and/or identify possible faults. A
sledgehammer or small explosive charges will be used to
supply the seismic energy. Previous work by Gibson, et al
(in press) indicates that the usefulness of geophysical
methods at this site is questionable. The work described
above may not meet all objectives.

2. In addition, one or more of the boreholes drilled for
each of the surface facilities important to safety will be
logged for seismic velocities. A down-hole survey utilizing
wall-locking geophones will be performed with a sledgehammer
or small explosive charges at ground surface, if such
geophones are effective in the borehole. Otherwise, an up-
hole survey with geophones at the ground surface and small
explosive charges down hole, will be used. If the up~ or
down-hole methods are ineffective and do not provide enough
resolution, then a cross-hole method may be attempted.
Density logs can also be performed in these holes and
correlated with density measurements in the laboratory and
field.

The in situ velocity and velocity structure data resulting
from these geophysical methods will be used to identify
subsurface strata and structure and to calculate the dynamic
deformation modulus and Poisson's ratio of the subsurface strata.

Either pseudo-static or more sophisticated soil/rock-
structure interaction methods will be used as design tools to
consider dynaric loading conditions. The pseudo-static
methodology will be sufficient for designing most of the surface
and subsurface structures. Since most structures important to
safety ,such as the ramp portal, will be embedded in rock, the
need for using soil/rock-structure interaction methods of
analysis in design are not expected to be necessary. The ramp
portal is not expected to be vulnerable because it is embedded in
rock; however, the cut slope above the ramp portal will be
vulnerable to dynamic loading. Due to the importance to safety,
the slope stability analysis methodology will at a minimum
consider the dynamic loading conditions as pseudo-static and
possibly a numerical modeling approach considering dynamic
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loading conditions may be appropriate for the conditions
encountered.

2.3.3.3 Methods and Technical Procedures .

Appropriate standard seismic equipment, data acquisition,
and interpretation techniques will be used to perform this work.
There are no standardized methods for these techniques, but they
are described in the literature. -

3. CONSTRAINTS ON THE STUDY.

The selection of test methods for this investigation was
unaffected by possible impacts on the potential repository site
except in the selection of the drilling medium and techniques for
drill holes along the ramp alignments. If water as a drilling
fluid potentially effects other testing, air will be used and
drilling techniques will be adjusted accordingly. The type of
drilling medium should not effect the sample suitability,
quantities, or locations. Exploration for the surface facilities
will be shallow and typically consist of test pits and/or auger
holes; these will not impact the potential repository site or
other tests.

Because all planned tests are standard tests, precision and
accuracy of measurements are described in the procedures
controlling tests or calibration of equipment. The designs for
which the data are being collected are standard practice and
standard tests will provide the appropriate precision and
accuracy. Where these factors are not clearly defined, they will
comply with industry standard practice.

Samples and in situ measurements will be collected at the
locations of the structures and should be representative of
actual conditions. The selection of test excavation locations
and backfilling methods must not compromise the structure
foundations.

4. APPLICATION OF RESULTS

This section describes how the information obtained in the
present study will be used in other site characterization
studies. The description is summarized from information detailed
in Chapter 8 of the SCP. Related discussions in section 1.2
consider the uses of information from the study in the context of
issue resolution and performance goals.
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The main application of the results from this soil and rock
investigation is to provide the necessary geotechnical
information for the design of the ESF surface facilities and
subsurface access facilities. The most direct application of the
soil and rock characterization activities will be to provide the
necessary data to design surface structures, 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 various types of structures, including
- buildings, shaft collars, shaft headframes, hoist foundations,
and ramp portals. Rock characterization data will be used for
siting and designing the subsurface ramps and shafts.

Data will be submitted in the form of reports consisting of
mapping and testing results, including test pit logs, gradation
analyses, geologic maps and cross-sections, testing results, and
text describing and discussing findings with conclusions. All
data collected will be submitted in accordance with Project
procedures. All data, including data supporting test results,
will be submitted for final analysis and analytical studies by
the design entities.

4.1 Resclution of Design and Performance Issues

The data obtained from this investigation will be primarily
used in the resolution of Design Issue 4.4 (Preclosure Design and
Technical Feasibility). Design Issue 4.4 (SCP 8.3.1.14-2)
addresses whether construction, operation, closure, and
decommissioning technologies are adequate to resolve performance
issues.

The information derived from this investigation will also be
used to support the following issues, site characterization
investigations, and potential repository design and performance
assessment information needs:

Information need,
issue, or

investigation Description
1.11 Establish characteristics and configurations

of the repository and repository engineered
barriers (Section 8.3.2.2)

2.3.1 Determination of credible accidents
applicable to the repository (Section
8.3.5.5.1)
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4.2.1 Site and performance information needed for
design (Section 8.3.2.4.1)

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

8.3.1.4.3 Development of three-dimensional models of
rock characteristics

8.3.1.15.1 Spatiai distribution of thermal and
mechanical properties

8.3.1.17.3 Potential vibratory ground motion at the site
from natural or manmade seismic sources

4.2 Interfaces with Other Site Characterization Plans

Considerable information is required to conduct an
assessment of the risk categories identified in SCP 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 ard systematic
process for determining the required information needs. As shown
in SCP Sections 8.3.5.3 through 8.3.5.5, most of this information
is associated with the design of englneered systems and does not
requlre site characterization, environmental monitoring, or
socioeconomic monitoring activities. Instead, the goals and
expected ranges for this design-related 1nformat10n will be
developed as an integral part of the normal design and safety
assessment processes. For information to be obtained from site
characterization or from the collection of environmental and
socioeconomic data, the parameters 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 ScCP
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 and releases from accidents and (2) the assessment of
radiological risks releases from routine operations. These two
general safety assessment analyses may also be applicable to the
other risk categories.

As previously described in Section 2.1.1.2, some of the
siting and reconnaissance activities for the ESF ramps and ramp
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portals will be performed under Study Plan activity
8.3.1.4.2.2.4, "Geologic Mapping of the Exploratory Shaft and
Drifts". .other Study Plans will also require coordination and
interfacing with this Investigation including Study Plan
8.3.1.17.4.2, "Location and Recency of Faulting near Prospective
Surface Facilities", and Study Plan 8.3.1.17.2.1, "Faulting
Potential at the Repository". The location, extent, and
objectives of these seismic surveys must be coordinated with

. Study Plan 8.3.1.17.2.1 and Study Plan Activity 8.3.1.14.2.3.3,
"Geophysical Field Measurement Activity". Data from Study Plan
- Activity 8.3.1.14.2.3.3 will be used to support Study Plan
8.3.1.17.2.1. Coordination will also be required between Study
Plan 8.3.1.17.4.2 and Study Plan Activity 8.3.1.14.2.1.2,
"Preliminary and Detailed Exploration Activity", to optimize
trench locations so that the objectives of both studies are met
and data from each study can be used to supplement the other.

5. S8CHEDULES AND MILESTONES

The surface and subsurface access soil/rock characterizations
investigation includes three studies and seven associated
activities. No further studies or activities are planned for the
soils/rocks investigation at this time. The schedule for this
investigation is presented in Table 5-1 and Figure 5-1. Table
5-1 includes a -rief description of each study and the major
events associated with these studies and activities. A major
event, for purposes of these schedules, may represent the
initiation or completion of an activity, completion or submittal
of a report to the DOE, an impcrtant data feed, or a decision
point. The date of completion and duration of events are also
presented in Table 5-1. Figure 5-1 diagrams the principal
milestones for -this study and scheduling ties to other studies.
This information is taken from the most current and complete
schedule information available.

Table 5-1 and Figure 5-1 provide the temporal relationships
of major elements of the activities.
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Table 5-1 Major events and projected duration until completion for studies in the ESF soil and rock properties investigation

{page 1. of 3)

Study description Event description Duration*
Study Plan approved (1)
Exploration program study
Reconnaissance (Non-site disturbing) Begin site reconnaissance (1)

“ Complete site reconnaissance (4)
Final report availableto the U. S. (5)
Department of Energy (DOE) on
the results of site reconnaissance;
(input to ESF Title | design)
. Preliminary and Detailed Exploration Begin preliminary and detailed exploration (7)
(Site disturbing) program. Final report availableto DOE on
_ the results of site reconnaissance
Final report available to DOE on the (17)
results of preliminary and detailed
exploration; (input to ESF Title Il design)
Laboratory tests and material
properties study Draft report available to DOE on (16)

the results of physical properties
and index laboratory testing

* Duration in months for completion of event after initiation of Study
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Table 5-1 Major events and projected duration till completion for studies in the ESF soil and rock properties investigation

(page 2 aof 3)

Study description Event description Duration*

Draft report available to DOE on (16)
the results of mechanical and

dynamic laboratory property

testing

Final of updated report on (17)
physical properties and index

laboratory testing available

to DOE

Final of updated report on 17) -
mechanical and dynamic

laboratory property testing

availableto DOE

Field tests and characterization

measurements study Draft report available to DOE (16)
on the results of physical
property field tests
Draft report available to DOE - (16)

on the results of mechanical
properties field tests

Draft report available to DOE on (13)
geophysical field measurements

* Duration in months for completion of event after initiation of Study
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Table 5-1  Major events and projected duration till completion for studies in the ESF soil and rock properties investigation

(page 3 of 3)

Study description Event description Duration*

Final of updated report on the (17)
resulits of physical property
field tests available to DOE

Final of updated report on (17)
the results of mechanical

properties field tests

available to DOE

Final report on geophysical (14)
field measurements available
to DOE

* Duration in months for completion of event after initiation of Study
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APPENDIX A

FIGURE A-1. LOGIC DIAGRAM SHOWING RELATION OF STUDIES
8.3.1.14.2.12.3 TO THE SURFACE CHARACTERISTICS PROGRAM,
PERFORMANCE AND DESIGN ISSUES, AND OTHER ACTIVITIES

TABLE 8.3.1.14-1. FROM THE SCP (PERFORMANCE ALLOCATION FOR SITE
SURFACE CHARACTERIZATION PARAMETERS AND THE CORRESPONDING
PERFORMANCE OR DESIGN PARAMETERS AND ISSUES THEY SUPPORT)
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Figure A-1 (Continued)
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SITE AECONNAISSANCE

ACTIVITY 0.0.1.1421 72
FHEUIMINARY & DETANLED EXPLORATION

ACTVITY 0.3.9.1422. 4

STUDY 8.3.1.14.22

FIELD TESTS AND
CHARACTERIZATION
MEASUREMENTS

PHYSICAL PROPERTY & INDEX LABORATORY TESTS

ACTVITY8.35.1.14222

MECHANICAL & OYNAMIC LABORATORY PROPERTY TESTS

ACTIVITY 83 1.142.9.1 )
PHYSICAL PROPERTY FIELD TESTS & CHARACTERIZATION MEASUREMENTS

ACTIVITY 8.3.1.1423.2

ACTWWITY 8.3.1.97.2.11

ASSESSMENT OF THE
POTENTIAL FOR SURFACE
FAULTING AT LOCATIONS
OF SURFACE FACILITIES
IMPORTANT TO SAFETY

STUDY 8.3.1.22.1

CHARACTERIZATION OF

)
UNSATURATED ZONE

MECHANICAL PROPERTY FIELD TESTS

ACTIVITY 8.9.1.142 3.3

GEOPHYSICAL FIE LD MEASUREMENTS

ACTIVITY 8 3.0.17.421

IDENTIFICATION OF APPROPRIATE TAENCH LOCATIONS IN MIDWAY VALLEY

ACTIVITY 83.1.17.422

EXPLORATORY TRENCHING IN MIDWAY VALLEY

ACTIVITYS.3.1.22.1.2

INFIl TRATKON

STUDY 8.3.16.1.1

DISTRIBUTION AND
CHARACTERISTICS OF
PRESENT AND PAST

EVALUATION OF NATURAL INFILTRATION

ACTIVITY8.3.4.22.0.1

CHARACTERIZATION OF HYDROLOGIC PROPERTIES OF SURFICAL MATERIALS

ACTWVITYS82.122.13

EVALUATION OF ARTIFICAL INFil TRATION

ACTIVITY 631 6.1.1.%

EROSION

DEVELOPMENT OF GEOMORPHIC MAP OF YUCCA MOUNTAIN

ACTIVITY 8.9.1.8.1.1.2

+

ANALYSIS OF DOWNCUTTING HISTORY OF FORTYMILE WASH & TRIBUTARIES

ACTIVITY 8 3.1 0.1.10

ANAL YSIS Of HLLSLOPE EROSION AT YUCCA MOUNTAIN
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[T AL I AT

A touable foundatron bearing
capacity in so1}

A tive and passive 3011
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tactor of salety of slope
tsad)

Soal o structute intera tion toe

tuundat 1on®

Sosh steu tuse antetact son {or

teraviing wal®
Mignitude 0l time dependent
setiement 10 suils belouw

eartnfal)s?

Hagnituie of swell an suby

graae sabs?
Magnitude of sord collopse®
Sosl diquetaction potential®

Allowsble foundation beating
i 304l

Artive and passive sosd
ptesrute on & wail

tacvor of satety of slope
sy

Genl sStrailure intecact ion
(o1 toundat sunt

) e ture intetact ton
tor 1etarning wall®c

Hattule of time dependent
sttt lemcnt 1n 301ls beluw
earthfells®

Caraaen [T P |

CL L o e am

#ters fhey tobumng Curocmt et amats

L FARAMETIRS (Cunt ona, o)

Sonl v lassification vs
dept b
Sua) gradation
Atrecbesy bimita?

MHedaom
Hedsum

P LM |
From peclimingry 1nves 1ow
tegataons, oo cohesav
suils have beer tound

Physical propetties vs

Capacity depth
' In 2t densaty
Relatave densaty
Moistate comtent
Precent saturation L ] ]
Spreafic qeavity 2 4} Lo

101-112 po Low Medium

Hot availabile Low Hedium
126 Low Medium
low Hedium
" frum

cond sden. .
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tureemt Needo | TMaly o 2 vaviny

Perlommance or (hatacteqviation parsm
fraviding ost e

desiGn pacamet eg s® eters (hey cilumn) Cuttem e imate cunlident ¢ onladen ¢

SOUL. PARAMI TERS  (count thaeed)

Magnitude of swell in sub
Quade surls?

Hagnitude of s0it collapse®
Soul liquefaction potential?

Allowable foundat ion beasr 1ing  (uompaction chacarter -

capacity an sor) Istics
Actsve and passive 301 Compact 1on cutves Va imax) « 108 114 pit Low Mooty um ¢ 32 2
ptevsvie on & wall tor porential Optasua varer content Low Medrum
Gl aatenial -~ 12-15%¢
Hagnitude of soal collapse? 1ncluding . man: -
sum dry denrity
lrg) #nd Optimum
wate: content
Mechanical and dynamic
propetties va.  depth
tor undisturbed and
tecompacted s0siy
Allowable foundatson beasing Young’'s moduluy 10,000-20, 000 ps: Luv Nediu o 10z 22,
capacaty im soald tstatic and fatstacy (Mo et al , ¢ i1i1e 2,
dynas:c) 11%08) 831102y
} So1l structure intetactson 192,000 ps: (dynasic
tot toundataroa® ' calculates frvm vp)
Sl steuctuee interact ion fursson’s 1at 10 0 1-0 )5 ¢statrc) Low Mol un LI I I K B B
150 cetaining waplle : (static and Mo et al , 1200} s31162
dynasic) 0 206 (dynamic)

Sasl biquelaction {Meal, 1%0e¢)

potenti1al?
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Pritoimance o¢
design pacamet ey’

Surd structure 1ntedst ion
tor (oundat ion®

Surl - steucture anteraction
tor retaining wall®

Sos) liguetact ion potent 1al?

Allowsble foundation bearing
capacity i1a sosl

Active and passive o)
prassure on 5 wall

Factor of salety of slope
s ) .

Susl-strurtuce Interaction
toe toundat iun®

GSored strurture interacton
for cetaining well®

Alfowable foundation besring
capdcity s sl

Y of

12)
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etest ey Columi)
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((‘h"ll’)Sl\H‘ wave
velocaty (Vp) and
shedr wave velo-
city (Vi) (these
preamrters will be
used to calculate
the dynamsc elastac
chatacterization
patameters:
Young's sodulus,
shear sodulus, and
POLISOUN'S tatro).

Shear moduluy (31atac
and dynamc)

amping

Moht -Couloab stcength
patametars in terme
of cohesion {c} and
anyle of frictson
(12}

Fhlate load beating
pressure vs
et bement

PRAHAMETEHS

tutsent & anaat-

(e Ont »hcedd)

Vp = L300 £y /30
1heal, 14986)
Vs « 1,000 (:/5ec
Ncal, 1960)

1, 100-7, 700 psy
(static-calculated)
74,100 pss (oynamic-
calculate: from Vs)
Mot available

€ - 500 p3t (i emented)
¢« 3o

Mot avastable

confadem e

[ T YY)

lLow

Low

Low
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Table 8.3.1.14-1.

Needed SMart, o sctavity

Cuttent
provading data

(hardilec 1t 10N pItss-
cuntidence contsden e

5P feclormance ot
eters (hey coluan) (urzent estimste

sect ton design paramet et s®

CONTINGENT SUEL PARARRETERS

The following thatacter
1At 0N parametess ate
cont ingent pacameters
isee (ovtnute d)

Other sttength pasam- Hou availabile Low Hedrim L 200 I B K IR 4

eteds such a3
Drucker-Prages, etc.
vl requited)*
pulh sodulus and con- Not available
stiained sodulus?

251 Suil structute Interaction
P ) for foundation®
29
11

1) Soil structure snteraction ,
10w Hedium [ I N I B P VS

Strength and stress- Not avarlabie Low Medium ey e 22

deformat ion Chatac-
teristacs undec
dynaaic load conds-
ti1ons evaluated as
a function of stcess
tote, confinament
stress, 1nitaal
statsc steess level,
sagnitude of pulsat-
ing stsess, numbes
of sttesn cycley,
and lu’nmcy of
loading

Uynamsc sheds s .dulus Wot available Low High 2
a3 & tenctaon of ) ) Ie 2 )
stes1a and conline-
sent st rass?

tamping as 2 function Not
ot strand

Sheas wave velocities Mot svarlable
a3 & functaon ot
Meain? .

hetosmst son sodulus Not
in tesms of stiess-
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ticy and coanlirnessnt
stress condit sons?

Soal biquefactaon potent 184

available Lire High
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L ]
B w® -
-
-
-
~
[T

avarlstie (e Ho-gh .Y ae2 22



beue e

§ g am

Table
e
et aoe
RPN
125
1 2%

8.

b1 14-1. Pertormance allocat ion
corresponding performance or design parameters and issue

(page 7 of 12)

¢ frmance or
ded.3n gorametera®

Sl i guetaction potent 1al?

Allowat.le foundat son bearing
Capac.ly in soni

Soul-strastare Interaceion
tor 1 :ondat 1on®

Susl-strus-ure intecaction for
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Allovable foundation bearing
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e21th2r]lgd
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Allvwalile foundat 100 buear g
capacity an sasl :
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Chara 1 t1gat 10N patam
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T CONTENLENT SOIL PARAMETERS (0 ot youed)
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1l there a1e no
petched water bodies
nedt the geound
suttace)? ‘

H.dulus of subgt ade
reaction from plate
load test (statac
and dynamic)®

Compiession and
swell i1ndes {for
saturated clayey
sotls il they ate
encuunteced)

Coelficrant of con-
solsdation tlox
ssturated layey
20019 3f they are
encountered) ®

fullepse potential
{lae telat ave dey
low density 3ol

Coteent ¢ imaly

Hot avartabile

200 )00 pc

Not available

Hot avarlabie
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L.ow

Low
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cont pden ¢

Hhodoam
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Pestoimance of
design pacameters®

favosable hydiaulic 1nduced
001) erosion chsracteristics

tavosable snfiltsation/eunovlt
tatso

Allowable foundation beacing

Eroston ptential

totiitratron/cunoft
tets0

Roch stratigraphy

capacity in rock - Rock type
Actave and passive cock pres- Layssing

sure on » wall Thickness
Tactor of safety of slops Geometry

feock)
Rock -stguctute interaction
tor foumdatron®
Roch-stsuctuge 1Ateraction
for retaining waltl®

Allowable foundation bearing
capacity in rochk
Active snd passive rock

pressure on » wall Lotstion
fFactor ol satety of slope Orientation
{toch) Apetluce

Rock st ructure
Quantitatave descrip-
tion of (aults

Cherarternizdl1on pacim
eters (hey culumn)

Cutrent ¢ amate

OTUER S00F PARKAMETERY)

<1) m/100 yr ot sc.owm
stound beidge prers

<9 #/100 yr of 11
etusion

<t ®/100 yo of shee
ego310n

See Section 8 ) 1 12
teatectolugy) and

8 3.1 2 (geohydecioygy)

ROCKH PARAMITERS

See Figuee o 6 an the

SCP and Fiquies ¢ and

T 1n Neal) (1906)

Not avaslable

Type ol infilling
Moistute and/ot

serpage ¢
tions

onds -

Haviness and

toughne gy

Cureent
conbrde e

Low

Low

Low

B eded

cont e

Hodram

Mmdium to
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Hedium

High
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Pertormance allocation for site swiface characterization parameters and 1 he
corresponding performance or design parameters and issues they supporta

{page 10 of 12)

SGtady o1 aztavaly
providing data

Needed
contidence

(urrent

Chavocterszat son pacam-
confadence

Pesformance ot
etets (hey column)

(urrent estimste

design pacametess*

tos foundat ioa®
Roch - structure imtecaction
for tatasming wall®

ROUK PARAMETERS {Cont snued)

(stat1c and dynamic)

- StAIC 10k masy
1 1 GPa (calculated
tios 18 situ Vi)

LR )

Allowsble foundat ion besring Plate load hearing Mot . availabile Lo Hodium ] V2
capacity 1 cock pressute vy,
foch-stsucture snteraction sett bemant
for toundat ioa*
Hagnitude of soil collapse
below surface facilitresd
Allowsble foundat ion beating . Peak and residual C tpeab) ~ 26 0 Low High yr v 222
Capacity an rach tailuce envelopes 3013 Mra (renge)
Factor of safety of slope decived tro® uni- ¢ (peak) ~ 4¢ 7°
1eoch) axsdl and trianial 10.20*% (ranye)
Roch -3t fucture intecaction cospeessiun tests Tensile sttength = 9 ) MPa
for foundat son® . Unconfined cumpressive
Rach-sttuctute st eraction stzength = 120 ¢ 82 wra
tor 1etaining wall® (tange)
Allovabla foundation bearing Oi1scont inuity shear C=0) s « 0 (1a0ge) Medium Nigh Y114 2212
capacity 1m gock strength an tases of ¢ - 20.4 (range ML) - )
Actave and passive rock c and ¢ .
prassure on & wall )
Factor ol safety ot slope
({tock)
Allowsble foundation bearing Younq’s moduluy 20 O CPa 2 5 95 (range} Low Hedium Yre 222,
capacity ia coch (svatsc and dynamic - Static rock mass 0111422,
ISCP, Chapter 6) 031142
. Rock-structute interaction 2 94 GPs icelculated
for foundat ioa® (ol in a5t Vp)
Poch-styuctuse interaction Porsson’s catio 0 26 (laboratosy-statsc) Luw Hedium 14222,
tos setsiming wall® (SCP, Chapter &) 011102}
0 1% (1m situ calcu-
loted feom Vp and V)
. Head, 198s)
Roth-structuge 1M @ract 100 Shear moduius 81 GPa 1t 2.2 (ranqge) o Nedrum YLe 02,
[} [IRX ] 1)
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[ R TETY soe Ferformance ot (hars Letirat yon goasam (TRRT Neoded . My or activity
Pt am Mo Jr3ign pataneleq st tters (bey culumn) Lurent stimal e Contidenne contidend e providing data
KON T FARAME L HS (Cunt g ey
Ry c-stiucture Intesact 1on Cmpressive wave V= 2,500 - 9,006 1/ bow Bigh o912 7,
tot toundat ion® velocities vy se (laburatucy) 1) 102
Roch-structute interaction dept h Neald, 190¢)
for setarming wall® ’ Vi« 0,500 (1/sec Low © Magh
. fan sitw)
icsl, 1944
She 85 wave velocs - Vs = 4,090 - 5 190 41y 1w High 8 )1 1e2 g,
Crties vs depth set {labotatosy- . sV 12
fihe compressive calculated)
and shear wave Vs « 2,320 ft/3sec 1 0w Kigh
velucities will be (a0 situ calculated)
used to calculate
the dynseic elastic
chatacterszat son
patameters: TYoung's
oodulus, shear modu-
lus, and Porsson’s
ratiol
Lampi0g vs depth Not available Low High o)1 e22,
’ . $)1ie 23
CONTENGENT ROCK PARAME TERS
The tulloving character-
SI8L 10N parameters ace
cont i1ngent pacrametecs
t{see footaote(d))
Rocb-steucture anteract ion Shear wave velocities Mot available Lo High 8 )t e 22,
{or toundat 10n® ) 83 4 funition of 01102
Rock -structuce interaction eain? .
for retasning walle Dynamic shere modulus ot avaslable Low High )22,
4% a functsun of . 01 1e2 1
sttain®
Badgang 23 2 functaion Mot svard sl de Line High L I B K IR
)10 21

ot strarn?



Table 8.3.1.14-1. Performance allocation for site surface characterization parameters and Lhe

cortesponding pecrformance or design parameters and issues they support®
(page 12 of 12)

footnotes .
U e . - . I e e - . e mm . . . J N NS
B

*This table 19 organized around columm ¢, characterization parameters, as the “hey® column  The ynu‘elel listed 1n thas cotlumn "leeds® (haracterization data to
the denign and pertoimance parameters Listed in columa }), performance o1 design pitameters. Converscely, the tesolution of the perlocmance o: design issuas lasted in
(olvmn ) 1equires dats iaput feom the charsciorizationa parametes specified 4n column 4. {hey coln-nl

*See Table 0.).2,9 1 for complere description of performance and design prramsetes.
“i1t 1he alluvium o8 tock adjacent to the foundation hes shes: velocitaes greatar than 3,500 ft/sec, then & 3011 sttuctuse Intetaction analysis will peobebly not be

necensdry

The need (ot these design and petforBance Paraneters o¢ chatacterisat 10n parameters are contingent on the soil amd rock condit10ns encounteted, function oc¢ design
requitements of the sustace faclilities, types of foundations selected, and the sophistication or type of analyses vsad 1 the design or performsnce stedies. Nowever,
based on the sltes prelimiaary sucface soll sad tock dats and the type of foundati10ns which are tecommended an the SCP-COR (SHL, 1907), the pacamteis ase cursently oot

needed .
*GP - pootly graded gravel. QW - silty gravel
AR - roch maes sating from CSIR (South Aleican Council fur Scientstac and Industaial Resesich) Geomechanics (lassilication. U = NGl (Moiweqian Geotechnical

Tostitute) tunneling quality indes.
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SCITABILITY CF NATURAL SCILS rOR FCUNDATIONS
PR SURFACE FACILITIES AT THE PROSPECTIVE
YUCCA MOUNTAIN NUCLEZAR WASTE REPOSITCRY

By
D. M, Ho, R. L. Sayre, and C. L. Wu
cf
Becntel Natioral, Ioc.
P.O. Box 3965

San Francisco, CA 94119
For

Sandia Naticnal Laboratories
P.0O. Box 5800
Albuquerque, New Mexico 87185

Under Sandia Centracst: 21-6932

Sandia Contract Monitor
C. V. Subramanian

ABSTRACT

-\ =

thiS regoct, the natural solls at the Yucca Mountain site are evaluated for
The p assessing the suitability of the soils for the foundations of
Tne s@xnnes at the prospective repository. The areas peing

sInsi locating the surface facilitles are situated on an alluvial
ciain at the base of Yucca Mountain. Preliminary parameters for foundation
desicn have been developed on the basis of limited field and laboratory study
=f scils at four vest pit locations conducted during May and June 1984.

Trei LTinary *ecamendatlons for construcrion are also included in this

repcrz. The gravei-sand alluvial deposits were found to be in a dense to very
jdense state, which is suitable for foundaticns of the surface facilities. The
Zesich parameters described in this report have been developed for conceptual
Zdesizm, tut rneed tc be verified befcre final design.
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4.0 RISULTS
4.1 Geologis Logs of Test Pits

Geologic logs of the four test pits ars presentad in Figure 2. T™he
material in all pits is g tan to light gray, silty to sandy gravel, with
NURETOUS blocky cobbles and bouiders. Primary depositional layering (as

differentiated from secondary caliche layering) is indistinct as s tule, but
may be locally promanent.

A photographic record of test pit excavation was made to document the
visual appearance of the actual field occurrsnces. Photographs 8 through 24

in Appendix A show general views and selected details of the test pit
excavations.

Pronounced soil horizon development markedly affects the character of :
the soil materisl. Above a depth of about 1.5 to 2 feet, the soil conaists of
loose brown, fine silty sand or sandy silt significantly depleted in coarser
material compared to the underlying soil. This zons constitutes the 4 and B
soil horizons. Below a depth of 1.5 to 2 fest, the soil is moderately
indurated to well indurated with caliche (calcium carbonats) to a depth of
about 8 feet. This induration imparts a rocklike character to the soil,
making excavation by backhoe slow and difficuit. This zone of seacondary
layering by calcits cemsntation is the K horizen. Roek fragments in this zone
tended to break apart during removal. Therefors, ths parcentage of largs

fragments in the excavated soil was smaller than that found in the in-situ
condition., as shown in Photographs 23 and 24.

Below about 8 feet, the gravel is not appreciably cemented by caliche,
except for thin laminae sand isolated pockets. However, rock fragaants
generally are at least partly coated with white caliche, evidence of
persistent secondary carbonate precipitation.

Rock types represented in the graveis consist of ths more competant
voleanic tuffs in the Paintbrush and Timber Mountain formations, namely gray
to blus-gray weided tuffs of low porosity. However, significant amounts of
motre porous tuffs with lithophysas are present, and occasionsl highly
pumicsous rocks were noted. Photographs 18 and 22 show the piles of material
excavated from test pits SFS-5 and SFS-7, crespectively. It was visuslly

estimated that rocks larger than ¢ inches in size comprise from 10 to as much
as 40 percent of the in-situ matsrial by volume.

4.2 Resu to egti

4.2.1 Field TeoiBibu1

In-place densities were determined by both sand-cone and nuclear
methods. The results are summarized in Table 2.

4.2.2 Laboratory Test Reasults

»Bulk samples obtained from test pits wers tested for their index

properties and compaction characteristics. The results are provided in
Appendix B.
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Gradation curves for soil samples obtained from each of the tests pits
ire shown separstely in Figures 3a through 34. The combined gradation curves
.are shown in Pigure le. -

Specific gravity and tbiorvtion of soil samples were determined
separately for coarse-and fine fractions sepacated by the no. 4 sieve.
Results are given in Appendix B. Average values for the soil samples wers

computed as the weighted average of the values using the following equations
(ASTH C-127/C-128): :

100G, 100G,

A = (PyA1/100) + (P3A2/100)

where

G s average specific gravity of soil solids

Gy. Go = specific gravity values for coarse and
fine fractions, respectively

Py, Py = weight percentage of coarse and fine
fractions, respectively

A = average absorption, percent

Ay, Ay = absorption percentage for coarse and

fine fractions, respectively

Specific gravity and absorption values along with other index properties
weres computed for scil samples and are listed in Table 3.

Compsction tests determined the moisture-density relationship of the
site soils; compaction curves of the soils are shown in FPigure 4. The saximum
dry densities determined by the tests were compared with the in-place
densities (ammd-cone method). The comparison is sumsarized in Table 4.



TABLE 2

Summarcy oi,In-Plaéc Dengity Tests

. (2)
IN-PLACE DENSI
(1) SAND-CONE ___ MU
TEST PIT DEPTH CLASSIFI- DRY DENSITY MOISTURE DRY DENSITY MOISTURE
NO. (£t) CATION (pef) (%) {pef) (%)
SPS-3  4.5-5.5  GP-GM 101.0 8.2 95.4 10.5
8 GP-GM 110.2 7.7 107.3 9.3
SrsS-4 2-4 GP-GM - -- - --
4-8 GP - — 90.2 10.0
. sPS-S 2-4 GP : - - - -
6 GP 106.9 6.2 108.8 5.0
12 GP 106.9 6.2 108.8 7.8
~s-7 3 GP - -- - --
7 GP - - - --
11 GP -- - - -
Notes:

(1) GP - Poorly graded gravels
GM - Silty gravels

(2) Whan material encountered was predominantly gravel and cobbles,

in-situ d-nsxty tests were not feasible.
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TABLE 3

Summary of Soil Index Proﬁcrtios

Alternate Site No. 23 4 S 7

Test Pit Yo. srs-3 SPS-4 srs-s srs-7

Soil Classification(l) GP-GM GP-CH GP GP

Natural Moisture 5.1-9.2 2.8-3.6 3.7-6.5 2.2-4.2
Content (%)(2) (1.2) (3.2) (4.9) (3.5)

Size Distribution (%)(2)
Cobble (3 inch) 0 0-26 (13)  0-31 (15) 0-42 (22)
Gravel (no. 4 to 3 inch) 42-67 (57) 33-65 (49) 39-62 (S4) 36-71 (52)
Sand (no. 200 to no. 4)  29-53 (38) 32-34 (33) 22-34 (27) 18-26 (23)
Silt (less than no. 200) 4-7 (5) 3-7 (5) 3-5 (a) 2-4 (3)
Specific Gravity 2.43 2.43 2.‘0 -
Absorption (%) - - 7.9 3.2 4.2 -—
Void Ratio 0.37 0.31 0.29 -

Notes:

(1)
Go - Silty gravels

(2)

GP - Poorly graded gravels

The values in parentheses represents the average.
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TABLE 4

Comparison of In Place and Laboratbry Density Test Results

(1) MATURAL IN-PLACE TEST RESULTS  _LABORATORY COMPACTION

soIL MOISTURE (2) % OF LAB. MAK. DRY OPT. MOISTURK

TEST PIT CLASSIFI.  CONTENT DRY DEWSITY MAX. DRY DENSITY CONTENT
B ol 1) (pfc) PRUSITY (%)  (pcf) B ¢ I
SFS 3 4.5-5.5 GP-GM 1.2 101.0 91.4 1081 142

8 GP-GM 9.2 110.2 100 .1 110.1 147

12 GP 5.1 111.6 97.9 " 114.0 12.0
SPS-4 A-8 cp 3.6 - . 115.9 9.5
SPS-5 6 cP 4.6 106.9 91.8 116.5 11.8

12 Gp 3.7 106.9 9]1.8 116.5 10.7

Average Values 5.6 107.3 95.0 113.5 12.2

Motes:

(1) GP - Poorly graded gravels
GHM - Silty gravels

(2) Dry density values from sand-cone method test results.




Conclusions regarding the suitability of the s0ils for the

6.0 CONCLUSIONS AND RECOMMENDATIONS

foundations

of the surface facilities. and recommendations for design and construction ars
summarized below: '

1.

lLizmited field expioration and laberatory testing show that the scils

it the potential sites for the repository surface facilities ars
satisfactory for foundations.

The gravelly soils exposed at the four test pit locations are
essentially similar in physical appearancs, taxturs, classification,
character of bedding, lithologic composition, origin, mode of
deposition, and type and degree of near-surface pedogenic
modification. Although minor differences exist, they are not

significant for conceptual foundation design.

There is no liquefaction potential for the gravel-sand alluvial
deposits becsuss the ground watsr level is very deep and the
deposits are in a dense to very dense state

The cnginpcring properties and preliminacy parameters recommandaed
for foundation design are summarized below:

0 Young's modulus 10,000 - 20,000 psi
o Poisson's ratio — 0.3 - 0.135
o Modulus of subgrade reaction o o n 200300 pei
o Shear stresngth: :

- Internal friction angle 33=37°
- Cohesion (no cementation) : 0 psf
(comanted soil) 500 psf

© Bearing prassure (for footings wider than 4 feet):
- Uncemented scil 6 ksf
- Cemented soil ‘ 10 ksf

(Note that bearing pressures ars subject to the verification that

settlements ars tolerable in the case of large structures. Minimm
footing width should be 2 feet.)

The ing properties and foundation design parsmeters
rec above are preliminary and are estimated from the soil

“index properties and sngineering judgment as discussed in

Section 5.0. Additional soiils investigations are required to
develop site-specific design parameters prior to final design.

During conatruction.'tﬁc,ldosc material in the top 1.5 to 2 feet
should be removed and stockpiled as topsoil.

The sand-gravel deposits ars luitibig fbr'f;l;s. For structursl
backfills, oversized rocks should be removed and materisls compacted



to 95 percent of the maximm dry density determined in accordancs
with ASTM D-1557, Methed D. Optimum moisturs content for compaction
will be in the range of 10 to 15 percent, depending on the material
used.

Large quantities of fill materials may be obtained from cliffs of
alluvial deposits along the Fortymile Wash (Photographs 2 and 25).
However, additional exploration would be required to provide
specifications for their use in construction.

Permanent slopes in cut should not be steeper than 1.5 horizontal to
1 vertical where the soil deposits are cesmented and 2 horizontal to
1 vertical whers the cementation is absent. Fill slopes shouid be 2
horizontal to 1 vertical. . ‘

It is expected that excavation through the cemented zons will not
requirs blasting but will require the use of ripping equipment.
Behavior of this cemsented material on excavation shouild be
determined in field trials prior to the specification of material
gradation for use as backfill.

The gravels excavated from the test pits and the tuffaceocus rocks in
general would bde unsuitable for use as concrete aggregrates becauss
of their porosity, potential alkall reactivity, coatings on rock
particles, and other factors. Boulders on local talus slopes would
probably be a suitable source of rock for rip rap, armoring,
gabions, and similar uses.
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FIGURE D-7. CROSS SECTION N-N'. (SEE FIGURE D-4 FOR LOCATION OF CROSS SECTION AND FIGURE
D-9 FOR DESCRIPTION OF UNIT DESIGNATORE.) MODIFIED FROM ORTIZ et.al., 1985
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FIGURE D-8. CROSS SECTION P-P'. (SEE FIGURED-4 FOR LOCATION OF CROSS SECTION AND FIGURE
D-9 FOR DESCRIPTION OF UNIT DESIGNATORS.) MODIFIED FROM ORTIZ et.al., 1985.
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FIGURE D-9 COMPARISON BETWEEN THE THERMAL/MECHANICAL STRATIGRAPHY
AND THE GEOLOGIC STRATIGRAPHY. MODIFIED FROM YUCCA
MOUNTAIN PROJECT, RIB, 1988.
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