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ABSTRACT

This study was conducted to assess the Impact of the known geologic
factors and their variations at Yucca Mountain on the mining of the
underground repository. The repository horizon host rock was classified
according to the Norwegian Geotechnical Institute Tunneling Quality Index,
which, in turn, qualified the range of ground support for the geologic and
hydrologic conditions In the proposed repository area. The CSIR Classifica-
tion System was used to verify the results of the NGI System. The
expected range of requirements are well within normal mining Industry
standards and unusual or expensive ground support requirements are not
expected to be required at Yucca Mountain. The amount of subsurface
geologic information on Yucca Mountain is limited to data from a few drill
holes. Variations in the existing data base are probable and should be
provided for In the conceptual designs.
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GLOSSARY

Candidate Area

Conceptual Design

Data and Information

The geologic and hydrologic system within which a
geologic repository may be located. As a general
guideline, the candidate area has a radius of approxi-
mately 100 km around the potential site. However,
depending on the regional geology, this radius may
have to be enlarged to study the effects of regional
phenomena. For phenomena such as seismicity, volca-
nism, tectonism (or definition of tectonic provinces),
and regional geology and geophysics, the size of the
candidate area at Yucca Mountain is appropriate.

Defined as that design which thoroughly establishes
the scope of the project and provides a basis for a
reliable budget estimate. The types of construction,
utilities, power, services, equipment, shielding, proc-
esses, instrument requirements, and space allocations
are all established.

The data and information related to the design criteria
and required by the designer during the design
process including results of data analyses, alternative
studies, and other information that determine design
parameters.

Dip The angle at which a bed, stratum, vein, or any other
planar geologic feature is inclined from a horizontal
position. The dip is measured in a vertical plane that
is perpendicular to the strike of the geologic feature.

Disturbed Zone The portion of the geologic setting's physical or
chemical character that has changed as a result of
subsurface facility construction or heat generated by
the emplacement of radioactive waste such that the
character changes may have a significant effect on the
performance of the disposal system.

Drift Horizontal, or nearly horizontal, mined passageway.
In this document, the term "access drift" is used to
describe the tunnels that provide access to the
emplacement drifts.

Drill Pattern

Extraction Ratio

Face

The placement of a number of boreholes in accordance
with a predetermined geometric arrangement.

Ratio of mined area to total area.

The surface exposed by excavation. A surface on
which mining operations are being performed.
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GLOSSARY
(continued)

A fracture or fracture zone within a rock formation
along which vertical, horizontal, or transverse rock
movement occurs.

Fault

Fault Block

Geohydrology

Geologic Setting

Grade

A crustal unit either completely or partly bounded by
faults.

The science that relates to the character, source, and
mode of occurrence of the subsurface water of the
earth.

The spatially distributed geologic, hydrologic, and
geochemical systems at and around a geographic site.

Amount of vertical rise or fall In a given horizontal
distance; expressed in percent.

Ground Support
(or Control)

Groundwater

Horizon

Methods by which underground openings are
artificially supported to provide long-term stability;
e.g., rockbolts, steel sets, shotcrete.

All subsurface water, especially that part that Is In
the zone of saturation.

A particular level, or subdivision, of a geologic
medium.

In Situ Stress

Joint Sets

Lithophysae

Medium

Muck

Pre-excavation stresses In a rock mass.

A series of joints with parallel strikes and dips.

Hollow, bubble-like voids or filled-void structures that
are found in certain volcanic rocks and are composed
of concentric shells of fine crystalline minerals.

A surrounding or enveloping substance; the geologic
medium for -radioactive waste disposal is the formation
(host rock) In which the waste Is emplaced. Several
media are being considered in the civilian radioactive
waste program: salt, basalt, crystalline rock, and
tuff.

Ore or rock broken and removed during excavation
operations.

Natural Barrier The physical, mechanical, chemical, and hydrologic
characteristics of the geologic environment that
individually or collectively act to minimize or preclude
radionuclide transport.
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GLOSSARY
(continued)

Nevada Test Site

Overbreak

Perched
Groundwater

Permeability

Porosity

An area of 3,367 km2 in Clark and Nye counties in
southern Nevada dedicated to U.S. Department of
Energy and Department of Defense programs.

The rock broken by blasting outside the intended area
or line of break.

Localized groundwater in the unsaturated zone
(above the deepest water table) having pressure
greater than atmospheric.

The ability of a substance to transmit a fluid.

The fraction as a percent of the total volume of rock
or soil occupied by voids or interstices.

Quaternary The younger of the two geologic periods in the
Cenozoic Era. The Quaternary Period is subdivided
into the Pleistocene and Holocene (or Recent) Epochs.
It includes all geologic time from the end of the
Tertiary to, and including, the 'lolocene.

Raise A large-diameter hole drilled upward.

Ramp An inclined opening that leads from the surface to the
underground facility. Ramp access Is planned for
waste emplacement activities.

Repository

Rockbolting

Saturated Zone

Scaling

Any system licensed by the NRC that is intended to
be used for the permanent deep geologic disposal of
high-level radioactive waste and spent nuclear fuel,
whether or not the system is designed to permit the
recovery, for a limited period during initial operation,
of any materials placed in the system. This term
includes both surface and subsurface areas in which
waste-handling activities are conducted.

The act of consolidating roof strata by anchoring and
tensioning steel bolts in holes drilled specifically for
this purpose.

That part of the earth's crust beneath the deepest
water table in which all voids, large and small, are
theoretically filled with water under pressure greater
than atmospheric.

Removal of loose rock from the excavation roof, walls,
or drilling surface for safety purposes.
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Shaft

GLOSSARY
(continued)

A vertical excavation, commonly made from the sur-
face. Compared to its depth, it has a small cross
section area. A shaft may be used for lowering and
hoisting men and materials, for draining water, or for
ventilation.

Shotcrete

Stratigraphic Unit

Stress

Strike

Portland cement, mortar, or Gunite pneumatically
applied to scaled surfaces of underground excavations
to prevent erosion by air and moisture to provide a
smooth surface that reduces drag on ventilation flow
and some ground support.

A bed or layer of rock, or a body of layers classified
as a unit on the basis of character, property, or
attribute.

The force per unit area In a solid material found by
dividing the total force by the area to which the force
is applied.

The direction or bearing of a horizontal line in an
inclined plane, such as a bed, vein, or other planar
geologic feature.

Structural Block A fault block or blocks that behave as a unified
structural entity.

Tectonic

Testing

Of, or pertaining to, or designating the process
causing and the rock structures resulting from,
deformation of the earth's crust.

The determination or verification of the capability of
an Item to meet specified requirements by subjecting
the Item to a set of physical, chemical, environmental,
or operational conditions. Testing may also be
exploratory in nature for the purpose of determining
physical parameters and may be conducted in situ as
part of a field program or performed In a laboratory
on materials acquired at the Yucca Mountain site or on
materials representative of those at the site.

Tuff A volcanic rock composed of compacted rock fragments
and ash usually less than 4 mm In diameter.

Unconfined
Compressive
Strength

Unsaturated Zone

The load at which rock fails when It is compressed in
one direction without confinement from other direc-
tions.

That part of the earth's crust In which not all of the
voids are filled with water and In which water pres-
sure is below atmospheric pressure.
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GLOSSARY
(continued)

Vitrification

Waste (Radioactive)

Water Table

Welding

Any act or process, whether geological or man-made,
of forming a glassy material.

Radioactive material emplaced in the repository.

The upper surface of a zone of water saturation at
which the pressure is equal to atmospheric pressure;
the upper surface of an unconfined aquifer.

Induration of tuff particles by the combined action of
retained heat and enveloping volcanic gases. The
relative degree of induration will vary within a series
of tuff deposits, resulting in the designations non,
slightly, moderately, or densely welded tuff.

Yieldable Steel
Arches

Steel arches installed in underground openings as the
ground is removed. These arches are used to sup-
port loads caused by changing ground movement or
faulted and fractured rock. They are designed so
that when the ground load exceeds the design load of
the arch, as installed, yielding takes place in the joint
of the arch, permitting the overburden to settle into a
natural arch of its own and thus tending to bring all
forces into equilibrium.

Zeolite A group of hydrous aluminosilicate minerals with
ion-exchangeable large cations and loosely held water
molecules permitting reversible hydration.
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ABBREVIATIONS AND ACRONYMS

CSIR Council for Scientific and Industrial Research

DE Equivalent Dimension

DOE Department of Energy

ESR Excavation Support Ratio

JA Joint Alteration Number

JN Joint Set Number

JR Joint Roughness Number

JW Joint Water Reduction Factor

NGI Norwegian Geotechnical Institute

NNWSI Nevada Nuclear Waste Storage Investigations

NRC Nuclear Regulatory Commission

NTS Nevada Test Site

RMR Rock Mass Rating

RQD Rock Quality Designation

SRF Stress Reduction Adjustment Factor
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USGS U.S. Geological Survey

xi-xii



1.0 INTRODUCTION

The work described in this report was performed for Sandia National
Laboratories (SNL) as a part of the Nevada Nuclear Waste Storage Investiga-
tions (NNWSI) project. Sandia is one of the principal organizations partici-
pating in the project, which is managed by the U.S. Department of Energy's
(DOE) Nevada Operations Office. The project is a part of the DOE's pro-
gram to safely dispose of radioactive waste from nuclear power plants.

The DOE has determined that the safest and most feasible method
currently known to dispose of such wastes is to emplace them in mined
geologic repositories. The NNWSI project Is conducting detailed studies of
an area on and near the Nevada Test Site (NTS) in southern Nevada to
determine the feasibility of developing a repository.

The purpose of this study is to assess the impact of known geologic
factors at Yucca Mountain on the mining of the underground repository.
This study also addresses how variations in the geologic and geophysical
properties Impact repository planning and design. Through examination of
the geologic data base, the design of an underground repository can be
flexible enough to allow for unknown conditions that may be encountered
during construction.

This work was conducted by Dravo Engineers, Inc., at the request of
SNL in a letter of authorization dated July 1, 1983. As such, It does not
necessarily incorporate geologic data or interpretations that were not
available at that time. This study was part of the preliminary conceptual
design and related work for a geologic repository in tuff at the NTS. New
information gained through ongoing data collection, review of the design
criteria, and computer analyses will be evaluated to determine whether any
changes in the design criteria or the technical data base will significantly
affect the results of this study. Any changes resulting from new
information will be reported in later studies.

The scope of the study includes the following tasks:

* assess the impact of the selected repository horizon configuration,
including continuity, thickness, depth below surface, and maximum
and minimum dip, on the repository design;

* assess the Impact of boundary faults and fault zones on repository
mine design;

* assess the Impact of major faulting within the repository zone on
repository design and mining methods;

* estimate the effect of variation of fracture orientation and rock
stresses on the repository design;

* determine the effect of different rock material properties in the
repository horizon on the repository design; and

* assess ground control requirements for prevailing ground condi-
tions In faulted and unfaulted areas.
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2.0 METHODOLOGY

The data base used for this report is a summary of Information gained
from the following sources:

* U.S. Geological Survey (USGS) reports (Carr et at., 1984;
Spengler et al., 1981; Spengler and Chornack, 1984), maps, and
logs (Spengler and Chornack, 1984) provided by SNL;

* field observations made by Dravo personnel at Yucca Mountain;
and

* meetings and personal communications with key USGS and SNL
personnel.

Dravo compiled information applicable to the Yucca Mountain repository
design from a mining point of view. This data base comprises five areas:

* configuration of the repository horizon,

* material properties,

* faults,

* joints and fractures, and

* in situ stresses.

These areas are reviewed in Section 3 of this report. Currently, the
subsurface data are limited to a few small-diameter drill holes, so uncertain-
ties exist throughout the data base. These uncertainties In the data base
are evaluated relative to their impact on repository design. These evalua-
tions are based on Dravo's design and field experience on similar projects.

To quantify the range of ground support requirements for the various
geologic and hydrologic conditions in the proposed repository area, the
selected repository horizon host rock was classified according to the
Norwegian Geotechnical Institute (NGI) Tunneling Quality Index proposed by
Barton, Lien, and Lunde (Hoek and Brown, 1980).

Because the input into the classification system was based on drill hole
USW G-4 core logs, the host-rock classification is limited to the area in the
vicinity of the drill hole. Based on the variation in the core log data, a
variety of host-rock classifications were developed and corresponding ground
support requirements were established. The classifications and ground
support estimates are presented in Section 4 of this report.
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3.0 GEOLOGIC FACTORS ASSOCIATED
WITH REPOSITORY DESIGN

The Topopah Spring Member was selected for the proposed repository
after comparison to other units because Its material properties are generally
favorable to mine construction and repository operation. The thickness of
the Member varies from 287 to 369 m at the site (Carr et al., 1984) and lies
approximately 230 m above the water table in the central portion of Yucca
Mountain. The tuff was formed by a series of separate eruptions, which are
close enough in time to make distinctions of individual ash flows difficult.
However, the geologic properties of the unit, particularly with regard to its
physical configuration, joints, and faulting, are expected to vary within the
proposed repository area.

The proposed repository horizon is in a densely welded, devitrifled,
ash-flow tuff (Spengler, personal communication, 1983) In the lower part of
the Member. This is a nonlithophysal zone (S5% lithophysal porosity) that
varies in thickness from approximately 25 to 85 m (Spengler and Chornack,
1984). The proposed repository, within Yucca Mountain, could require a
vertical thickness of up to approximately 45 m.

3.1 Faults

Faulting at the Yucca Mountain site can be categorized as

* extensive (horizontally and vertically), defining the boundaries of
major structural blocks; and

* minor, less extensive faulting within structural blocks.

Faulting is significant In repository design because it Influences the
spatial continuity of a given horizon or the ground support requirements,
and Is a potential pathway for water Ingress to the repository. The
potential for fault activation during the operational period must be evaluated
and can be planned for in the mining and conceptual design of the
repository.

3.1.1 Data Base

The proposed repository site was selected because It Is a relatively
large, unfaulted geologic block relative to the surrounding terrain. This
block, referred to as the central block (Figure 1), is bounded by three
major fault types:

* north- and northeast-trending normal faults, which dip steeply to
the west, form the east and west boundaries of the repository;

* northwest-trending, right-lateral, strike-slip faults form the
northeast boundary of the repository; and

* a zone of northwest trending, closely spaced, normal faults with
individual displacements associated with extensive parallel fractur-
ing forms the southeast boundary of the repository.
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Figure 1. Location of Faults and Drill Holes at the Yucca Mountain
Repository Site
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The central block, although relatively unfaulted, contains some faults,
of which the most prominent Is the No Name Fault (Spengler, personal
communication, 1983). This is a north trending fault in the center of the
repository site.

Only faults with surface expressions are known at this time. Based on
Dravo's experience, it Is expected that additional faults, not exposed at the
surface, may be encountered within the repository horizon.

3.1.1.1 Displacement

Fault displacement varies along the margins of the central block. The
most prominent displacement is associated with the west boundary fault zone,
which ranges from 10 m at the northern end of the central block to 300 m at
the southern end of the block. The displacement at the center of the block
Is 150 m. The faults that form the northeast boundary are strike-slip
faults, and the majority of their movement is lateral. However, they also
appear to have a vertical displacement of 10 m (Spengler, personal
communication, 1983). The degree of lateral movement of these faults is
undetermined. The faults that form the southeast boundary are a series of
northwest striking faults located at 30- to 100-m Intervals. Each fault has
only a slight dip-slip movement of less than a meter; however, the
cumulative effect of these faults is considerable. In the central block, the
units along No Name Fault appear to be approximately 14 m lower on the
west side than on the east side (Scott and Bonk, 1984).

3.1.1.2 Permeability

The permeability of the repository site can be influenced by the system
of bounding faults and the minor faults and extensive fracturing within the
host horizon. Interstitial permeability of the host horizon is considerably
lower than the fracture permeability.

The permeability of fault zones below the water table varies greatly at
the site. The western bounding faults appear to have low permeability and
act as barriers to groundwater flow. The northeastern boundary faults,
along Drill Hole Wash, appear to serve as groundwater conduits (Spengler
et al., 1981).

The importance of fault permeability to water movement in the partially
saturated zone is less certain. Near the surface, some faults may serve as
preferential pathways for Infiltrating precipitation. The importance of water
movement In faults In the repository horizon is the subject of ongoing
studies.

3.1.1.3 Fractures

Fractures In the rock mass may be associated with faults or may be
randomly distributed. The area near faults where fractures are more dense
than in the surrounding rock mass are termed fault zones. The fracture
density of the faults at Yucca Mountain has not been quantified except for
areas around a few drill holes. However, it is safe to assume that the fault
zones are equally or more fractured than the interior of the central block.
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Based on field observations made at the site by Dravo personnel, fracturing
appears to be most intense along the small faults that form the southeast
boundary of the repository. Based on Dravo's mining experience, fracturing
in the fault zones can be expected to create a slivered effect in the rock
parallel to the plane of the fault. Gouge zones, approximately 1 m thick,
are possible. Highly fractured rock masses, with fragments ranging in size
from pea gravel to cobbles, may be included in the mix of gouge and
slivers. However, fault zones may not differ greatly from a highly
fractured, unfaulted area in their fracture density.

3.1.2 Impact of Faults on Repository Design

Faults and their associated fracture zones are not insurmountable bar-
riers to mine construction. They are commonly encountered in mining
because they are often associated with ore mineralization. However, their
impact on repository design requires careful consideration and planning due
to the more stringent design criteria. The following aspects of faulting must
be considered in designing the repository:

* fault displacement,

* fault orientation and location, and

* fracture zones associated with faults.

3.1.2.1 Fault Displacement

Vertical fault displacements are the most potentially disruptive to the
repository because they offset the selected horizon and the continuity of the
repository layout. The proposed location of the repository within the central
block is motivated, in part, by the difficulties associated with traversing
fault zones with significant displacement. The west bounding fault forms the
most obvious barrier to repository development due to its large 150-m
displacement. Extensive ramps or internal shafts would be required to
traverse this fault and to connect to areas west of the fault in the same
stratigraphic unit, if required. Other bounding faults do not have extensive
vertical offsets and may not impact the continuity of the repository horizon.

To properly evaluate the impact of the vertical displacements of a parti-
cular fault on repository development, the site-specific thicknesses of the
repository horizon must be considered. For the preliminary evaluation of the
adequacy of the vertical extent of the repository horizon, 45 m has been
used as the required host rock thickness (Mansure and Ortiz, 1984). If,
for example, the horizon is 60 m thick at a particular fault zone, a vertical
displacement of 15 m could be accommodated with no major change in the
repository continuity. The northwest trending fault along Drill Hole Wash
that forms the northeast boundary of the central block has a vertical
displacement of 10 m, and the selected horizon thickness in this area is
approximately 50 m (Spengler and Chornack, 1984). Consequently, some
minor adjustments must be made to traverse that fault. Little quantitative
data are available on selected horizon thicknesses along other faults that
might be traversed. Repository planning must be flexible enough to allow
for a variety of conditions.
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3.1.2.2 Fault Orientation and Location

The shape of the proposed reference underground configuration for the
repository was dictated by the existence of faults that are, or could be,
repository boundaries from both a repository design and long-term stability
perspective. In evaluating the impact of the orientation and location of
these faults on the repository, the location of the faults must be projected
from the surface to the repository horizon. Because the faults are not
vertical, their projection to the depth of the repository horizon may change
the shape and size of the selected horizon.

Another factor affecting repository shape and size is the economics of
development in confined areas. This is particularly Important in the south-
ern part of the repository where the west boundary fault and the southeast
boundary fault zone are relatively close, resulting in a small area that is
suitable for repository development. The economics of developing this area
should be compared to the economics of developing the alternative northern
block (Figure 1) before the final repository design is selected.

3.1.2.3 Fault Zone Fracturing

The possible existence of highly fractured areas associated with faults
poses the greatest potential problem for mining at Yucca Mountain.
However, as previously mentioned, these areas are not insurmountable
barriers to drift construction. By using a variety of construction and
ground support techniques, these areas can be traversed and stable
openings can be constructed. However, waste emplacement may be
impractical In these areas due to the difficulty of drilling and stabilizing
emplacement holes. Consequently, in repository planning, highly fractured
areas adjacent to a fault zone may be bridged by access drifts and not used
for waste emplacement. Thus, the total area available for waste emplacement
within the repository must be large enough to provide for both known and
suspected fault zones. Additional waste emplacement area may become
available by bridging Drill Hole Wash and accessing the relatively unfaulted
northern block (Figure 1). According to general mining practices, the
repository access drifts driven through the highly fractured areas should be
designed as nearly perpendicular to the strike of the faults as possible so
the zone can be traversed in the shortest distance. See Section 4 for an
estimate of ground support requirements for faulted areas.

3.2 Configuration and Continuity of Repository Horizon

3.2.1 Data Base

The proposed horizon is a nonlithophysal layer in the lower part of the
Topopah Spring Member; this layer is generally between 25 to 85 meters
thick. Within the selected repository central block this layer is believed to
be thicker than the 45 m (Mansure and Ortiz, 1984). This nonlithophysal
layer has the desired mechanical and thermal properties for the repository.
However, the lithologic and stratigraphic continuity of the repository horizon
has not been thoroughly defined and could vary within the site. The origin
of ash flow tuffs indicates that the thickness of the desired horizon may be
variable because the terrain at the time of deposition is unknown. The
thickness of the horizon is dependent, in part, upon the slope and
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topography at the time of deposition. This, in conjunction with
post-deposition tectonic activity, has a considerable effect upon the
continuity of the selected horizon.

Faulting divides the site area into several blocks, of which the central
block is the preferred Yucca Mountain repository site. The tuff deposits dip
generally eastward at 50 to 100 (Carr et al., 1984). The locations of the
major faults define the boundaries of the central block selected for the
repository. The faults are not the only criteria for repository boundaries;
other requirements such as minimum allowable overburden and occurence of a
usable thickness of acceptable rock (Mansure and Ortiz, 1984) may impose
additional boundary limits. The configuration (thickness, lateral extent,
dip) of the proposed horizon influences the available space, the layout of the
repository, and the design of interblock transitions.

3.2.2 Impact of variations in Horizon Configuration and Continuity

The selected repository plane, as presently envisioned, has an easterly
dip of 5.1° (9% grade) (Mansure and Ortiz, 1984). The influence of this dip
on the slope of the drift floors can be minimized by splitting the dip equally
between access and emplacement drifts oriented at right angles to each
other. The equipment to be used for canister transport and emplacement
can operate on a maximum drift grade of 10%. A maximum horizon dip of
8.050 can be accommodated if both access and repository drifts have a 10%
grade.

Dips on the horizon greater than 8.05° can be accommodated by

* using a drift grade greater than 10%,

* designing the drifts to intersect at less than 900, or

* developing a multilevel plan.

SNL has indicated that the desired repository horizon be 45 m thick
(Mansure and Ortiz, 1984). If the suitable tuff zone is thicker than 45 m,
the repository drifts can be laid out at an angle to the dip of the repository
horizon. This may result in flatter drift grades.

The thickness of the repository horizon, which could be critical,
appears to be around 50 m thick in drill hole USW G-1. This thickness
allows little leeway for maintaining the repository on a single flat plane
within the tuff zone. Accommodating the thickness variations may result in
a reduction of the area available for canister emplacement. The repository
design must be flexible enough to allow for these variations.

3.3 Mechanical and Physical Properties

3.3.1 Data Base

The host rock, within the horizon chosen for the repository, is a
devitrified welded tuff composed of a very fine-grained, brittle, highly
silicic rock. The rock is extensively fractured; thus, the rock mass
properties will differ from properties measured for laboratory scale samples.
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At present, little experimental information is available about rock mass
properties. The mechanical and physical properties (e.g., unconfined
compressive strength) in Table 1 are used in conjunction with other field
data (i.e., core logs, fracture spacing) to determine the rock mass
properties used in this report.

The densely welded tuff of the repository horizon grades into a litho-
physal tuff above the horizon. The lithophysae are spherical to lenticular
cavities In the tuff, which form up to 15% of the volume of the tuff in the
proposed repository horizon, and are up to 30 cm in diameter (Scott et al.,
1983). Because the tuffs are formed by a series of separate eruptions,
which are close enough in time to make distinction of individual ash flows
difficult, the distribution of rock types and textures is to a certain degree
localized. Thus, variations are to be expected within a zone considered to
be a single unit. The lithophysae are the textural variation that has the
most significant effect on the mechanical and physical properties of the rock
mass. Table 1 summarizes the material properties of the rock In the
proposed repository horizon (Tillerson and Nimick, 1984).

The repository horizon tuff can be expected to be brittle due to Its
hardness and fine crystalline texture. The high silica content and density
assure that it will be abrasive. This can result in increased equipment
wear, increased bit costs, and more hazardous working conditions due to
silica dust.

3.3.2 Impact of Variations in Mechanical and Physical Properties

The lithophysal porosity varies from less than 5% by volume in the
repository horizon to an estimated maximum of 30% in the welded tuffs above
the respository horizon (Spengler, and Chornack, 1984). The estimated
compressive strength for intact nonlithophysal tuff Is 95.9 MPa (Tillersen,
et al., 1984). Present in situ stresses are estimated at the maximum of
8 MPa in the repository horizon. The estimated rock mass strength (50%
intact rock strength; Johnstone, et al., 1984) of nonlithophysal tuffs is more
than adequate to ensure stable ground conditions during and after
excavation even with a factor of 3 stress concentration around the openings.
Variations up to 30% in rock strength would not substantially alter the ability
of the rock to safely stand during excavation. The effect of fracture
density will have a far greater impact on the rock mass strength than
variations in the compressive strength of the rock matrix.

The compressive strength and the high silica and silicate content of the
rock will directly affect the drilling rates for conventional drill and blast
excavation and will cause a high wear rate on any cutting tools used on a
mechanical excavator. The presence of numerous and large lithophysae may
cause some hole deviation during drilling of blasting holes, as well as a
higher incidence of broken and embedded immovable drill steel. Although
the presence of lithophysae should reduce the cutting pressures necessary to
break the rock because the rock is less confined, drilling time may be
increased by the other properties. The drill pattern and powder factors
may need to be altered for the lithophysal rock. Overbreak is expected to
be less, and fragmentation will be enhanced because the lithophysal rock is
less confined.
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TABLE 1

PROPERTIES OF ROCK WITHIN THE PROPOSED
REPOSITORY HORIZON OF THE TOPOPAH SPRING MEMBERab

Densely Welded Tuff
Proposed Horizon
(Nonlithophysal )C

Material Properties
3

Grain Density (gm/cm )
Porosity (M)

Dry Bulk Density (gm/cm3)
Saturation (X)

Intact Mechanical Propertiesd
Unconfined Compressive Strength (MPa)
Young's Modulus (GPa)
Poisson's Ratio
Tensile Strength (MPa)
Angle of Internal Friction (0)
Cohesion (MPa)

2.55
17

2.12
80

95.9 + 35.0
26.7 ± 7.7
0.14 ± 0.05

12.8
26.0
28.5

Thermal Properties
Thermal Conductivity, Saturated (W/m0C)
Thermal Conductivity, Dry (W/m0C)
Heat Capacity (cal/gm0 C)

-6
Coefficient of Thermal Expansion (10 /PC)
(25" - 2000C)
(2000 - 3000C)
(3000 - 4000C)

1.8
1.6
e

10.7 ± 1.7
31.8
15.5 ± 3.8

aData from Tillerson and Nimick, 1984.

bStandard deviations are presented only for those parameters for which
numerous data points are available. The parameters not represented by
standard deviations were calculated based on average values of other
measurements.

CThis includes 5% lithophysal porosity.

dMechanical properties are statistical predictions, not measured values.
eA function of porosity and saturation; 0.2 cal/gm0 C for the tuffs' silicate
minerals.
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Nonwelded tuffs, which might be encountered In access ramps or shafts
to the repository, may have sufficient strength to provide stable openings.
These tuffs can be excavated by mechanical mining machines or by conven-
tional drill and blast methods. Underground development has been carried
out In nonwelded tuffs in G-Tunnel, which have properties similar to the
nonwelded tuffs which would be encountered at Yucca Mountain, with no
major problems due to the material properties of the nonwelded tuffs.

The difference In the overall mechanical properties of lithophysal and
nonlithophysal tuffs should not significantly impact mining except with
regard to excavation methods.

3.4 Joints

Joints are fractures in the rock mass along which minimal or no move-
ment has occurred. Jointing may be confined to horizons or zones and may
have no surface manifestation. Jointing In the repository horizon must be
interpreted from cored samples or from outcrops of the Topopah Spring
Member, and by relating conditions at G-Tunnel In Rainier Mesa where the
Grouse Canyon tuffs (welded) are similar to the repository horizon of the
Topopah Spring Member tuffs. Aspects of jointing, which will Influence the
design of underground openings, Include

* orientation and number of joint sets,

* density of jointing,

* variations In patterns and density within the repository zone,

* joint aperture,

* roughness and coating of joint faces,

* saturation of joints, and

* joint filling.

3.4.1 Data Base

To date, the jointing In the proposed repository zone has not been
accurately described and mapped. The devitrified welded tuffs of the
repository horizon are hard, brittle, and susceptible to jointing. The
density of jointing, joint orientation, and proximity to faults might vary
throughout the repository area.

In the Yucca Mountain area, joints that strike N 200 W, and dip 80° to
the west, are widespread (Carr et al., 1984). Data from core samples
suggest that two, nearly vertical, joint sets, one flat lying set, and one set
of random Joints exist at the repository site (Carr et al., 1984). Along Drill
Hole Wash, which appears to be the surface manifestation of a north-
west-striking fault zone on the northeast boundary of the repository block,
two steeply dipping joint sets have been suggested by the USGS. One
strikes N 12° W and the second N 370 E (Carr et al., 1984). The former
joint set may be related to the N 200 W Joints previously described.
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Joint frequency has been determined from drill hole data. For drill
hole USW G-1 the number of joints averages 2.3 per 10 ft of core, and the
range of joint frequency is between 4 and 14 (Spengler et al., 1981). For
drill hole USW G-4 a range of joint frequency has been established varying
between 4 and 14 joints per 10 ft of core.

Secondary minerals deposited within joints can serve as indicators of
the downward percolation of water (Spengler and Chornack, 1984). In the
holes along Drill Hole Wash, the presence of calcite and other
groundwater-related minerals in joints indicates that the wash may coincide
with a permeable fault zone and be a conduit for subsurface water flow
(Spengler et al., 1981).

3.4.2 Impact of Joint Orientation and Density

Based on Dravo's experience, impact of the joint density on the degree
of required ground control is considered more important than the impact of
the strike orientation of the joint sets. The dip of the joints can affect the
amount of overbreak on the drift sides. Open fractures sloping into the
drift at or near vertical and parallel to the drift will tend to slough large
blocks from between the fracture and the drift wall. However, rockbolting
can effectively anchor these blocks.

The ground support system must support the jointed rock around the
drift. The greater the joint density, the more ground support is required
(see Section 4 for details on the ground support requirements).

The flat lying joints set should not impact drift wall stability. If joints
are. open and continuous, they may lead to overbreak on the drift roof. If
necessary, drilling and blasting patterns can be modified for various jointing
conditions. This is a commonly accepted mining practice. Rockbolts
installed before the roof and walls adjust to the new opening are effective in
controlling moderately fractured ground.

The orientation of joints at varying depths is not well known. The
exploratory program will expand the data base in this area. As a rule, mine
openings should not be constructed parallel to dominant joint sets.
However, the number of joint sets precludes the choice of any one set as
dominant at Yucca Mountain. Repository layout could be altered to reflect
local variations in joint orientation. Alternatively, additional ground support
may be used in locations where drift direction and joint strikes coincide.

3.5 Stresses

Stresses to be considered in the design and construction of the under-
ground repository are

* in situ stresses in the rock mass caused by normal overburden
loading and tectonically induced lateral load,

* stresses induced due to the excavation of the facility, and

* stresses generated by the heating of the rock mass by the stored
nuclear waste.
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Stresses are significant because of their influence on drift design and
ground support requirements.

3.5.1 Data Base

Existing in situ stresses have not been recorded extensively at the
Yucca Mountain site. Measurements taken at drill holes. USW G-1 and
USW G-2 indicate a minimum horizontal stress direction of N 650 W (Spengler
et al., 1981). The minimum horizontal stress direction is closely oriented to
the regional extension, which is along a N 50° W axis (Carr, 1974). The
maximum horizontal stress Is generally perpendicular to the minimum horizon-
tal stress, in this case lying along N 400 E. Currently, the minimum stress
is thought to be a function of vertical loads, combined with the regional ex-
tensional stress. The magnitude of vertical and maximum horizontal stress at
the repository horizon is expected to be on the order of 6.0 to 8.0 MPa.
The ratio of maximum to minimum stress and the magnitude of the principal
stress are factors in rock quality classification and ground support estimates
(Section 4.). The stresses generated by the heating of a rock confined
horizontally have been calculated from the Intact rock modulus and thermal
expansion at 26.6 MPa for a temperature rise of 80'C actual thermal stresses
will be considerably less because of rock mass effects. Testing of welded
tuffs in G-Tunnel is currently in progress to evaluate thermal stresses
(Tillerson and Nimick, 1984). Based on the selected room sizes and known
intact rock qualities, the stresses caused by excavation of the openings are
expected to have a maximum value of 20 to 25 MPa (Agbablan, 1984). These
stresses would be concentrated around the opening and would not be
additive to the in situ stresses. This was calculated using accepted rock
mechanics methods to determine opening size and extraction ratio.

3.5.2 Impact of Stresses

The in situ stresses at Yucca Mountain are not expected to be dominant
factors to consider in designing the repository openings under ambient
conditions. Openings of the size expected for the repository have been
excavated at G-Tunnel and were stabilized using conventional support
techniques (rockbolt and wire mesh) (Tillerson and Nimick, 1984).

A possible mining concern is a minimum horizontal stress of zero. A
loss of equalizing force corresponding to zero horizontal stress may eliminate
the locking of blocks or rock above the drifts. This is especially true if the
blocks are created by vertical joints. This potential problem will only occur
in drifts perpendicular to the minimum horizontal stress and can be resolved
with rockbolts placed at angles so that adjacent blocks are locked together.

Stress Induced In the repository due to the excavation will be insignifi-
cant because the extraction ratio is low and the depth is not great in compa-
rison to common mining depths. The extraction ratio for the repository will
be approximately 20X in the worst case (vertical emplacement) (Dravo, 1983).
In room and pillar mines, the maximum extraction ratio is typically 65 to 70X
even at 300-m depths. Any stress impact due to excavation will occur
shortly after excavation in the rock adjacent to the drift. Based on Dravo's
mining experience, the rock is expected to adjust to the opening (equalize
stress) within a few hours after excavation. The affected rock around the
opening can be stabilized by anchoring It to the unaffected rock with rock-

15



bolts. The rock at the Topopah Spring horizon should readily equalize due
to the high number of fractures. These fractures provide an opportunity
for the rock to move slightly or adjust to stress variations without building
up any significant stress.

The stresses, generated by the stored waste heating intact host rock,
have been calculated at 26.6 MPa for a temperature rise of 80'C (actual
thermal stresses will be considerably less because of rock mass effects).
These stresses are below the rock mass strength (50X intact rock strength
Johnstone, et. al, 1984). The ability of the fractures to absorb these
stresses has not been taken into consideration. The degree to which the
existing rock fracturing will absorb changes in the stress is not known but
should be determined in later tests at Yucca Mountain.

If the intact rock stresses are additive, extraction-induced and
heat-induced, cumulative stresses are well within the intact rock strength of
95.6 MPa. However, respository design should allow for ground support
with ample flexibility to account for variable conditions and should have
capabilities to allow the rock mass to adjust naturally to changing stress
conditions. Rockbolts and yieldable steel arches are examples of ground
support systems that allow the ground mass to adjust while still maintianing
stable safe openings.
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4.0 GROUND SUPPORT REQUIREMENTS

Ground support requirements for excavations can be determined from
data describing intact rock properties, joint characteristics, geohydrologic
conditions, and stress distributions. These data can be combined to obtain
a measure of the overall rock quality of the repository site using two widely
accepted methods of rock quality classification:

* NGI Tunneling Quality Index (Hoek and Brown, 1980) and

* CSIR Classification System (Hoek and Brown, 1980).

The NGI system was used to estimate ground support requirements for
the repository horizon within the central block and fault zones. The classi-
fication results are detailed in Subsection 4.1. The CSIR system was used
to verify the NGI results. The CSIR calculations for the central block and
the fault zones and a quantified comparison of the results of the two classi-
fication systems for the repository are contained in the Appendix. The two
systems produced similar rock classifications for the repository horizon even
though some of the parameters in the two classification systems differ.

The resulting range in rock quality classification values was applied,
using NGI recommendations, to the design of ground support systems for the
range of conditions expected to occur within the repository. The NGI
recommendations were then modified by Dravo to incorporate common mine
construction methods used in the United States.

4.1 Rock Quality Classification

The NGI Tunneling Quality Index is calculated as

Q (RQD( )(Jr)( (1)
in )JaSRF)

where

RQD = rock quality designation,
Jn = joint set number,
Jr = joint roughness number,
Ja = joint alteration number,
Jw = joint water reduction factor, and
SRF = stress reduction adjustment factor.
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4.1.1 Central Block

Data and observations obtained from drill hole USW G-4 (Figure 2),
were used to determine the NGI parameter values for the central block
portion of Yucca Mountain. These values are summarized in Table 2 and
described as follows. The uncertainties resulting from a scarcity of data are
accommodated by presenting two values for most parameters. These values
represent a range in conditions expected in the central block based on the
data base (Section 3) and Dravo's experience and engineering judgment in
similar mining situations.

Parameter 1. Rock Quality Designation (RQD)

Deere's RQD (Deere et al., 1969) has not been calculated for USW G-4;
therefore, RQD was estimated from the Core Index values (Spengler
et al., 1981), as follows: RQD= 100 - Core Index. The Core Index
values at depths from 275 to 305 m range from 72 to 100 (Figure 2).

Parameter 2. Joint Set Number (Jn)

On the basis of field observations during the site visit of September 18-
20, 1983, and the latest conclusions of USGS personnel (Carr et al.,
1984) there are two steeply dipping joint sets and a third set of very
shallow angled joints in the central block (Spengler and Chornack,
1984). In addition, very intense jointing in random directions has been
observed onsite where test drilling of horizontal holes was performed.
Therefore, the probable range in Jn in the central block is three joint
sets without very intense jointing in random directions and three joint
sets with very intense jointing in random directions.

Parameter 3. Joint Roughness Number (Jr)

From the core inspection, site observation of joints on the surface, and
ongoing USGS studies on joint condition, joint roughness limits of the
central block have been selected and presented in Table 2.

Parameter 4. Joint Alteration Number (Ja)

From the core inspection and from ongoing USGS studies on joint
condition, the joint alteration limits of the central block have been
selected and are presented in Table 2.

Parameter 5. Joint Water Reduction Factor (Jw)

The proposed repository horizon is above the water table. However,
data on the water condition of the rock mass are extremely limited.
Some infiltration of preciptation may occur along some fault zones, but
the interior of the central block is not expected to have more than
minor groundwater inflow from perched water tables. In the absence of
more complete data, only one value of water reduction factor, applying
to dry excavations, was selected for both the maximum and minimum
values.
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(PRELIMINARY, SUBJECT TO REVISION)

Figure 2. Lithologic and Structural Features of Drill Hole USW G-4
(Spengler and Muller, unpublished).
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TABLE 2

SUMMARY OF NGI TUNNELING QUALITY INDEX PARAMETERS
FOR THE CENTRAL BLOCK ROCK MASS

Parameter Conditions Parameter Value
Rock Quality Designation (RQD)

<25%a lo.oetf

25 50ZP 3 8 . 0df

Joint Set Number (Jn)

Three sets of joints 9.0d,

Three sets of joints and random 12.0Cg

Joint Roughness Number (Jr)

Discontinuous joints 4.0d'

Rough or irregular 1. 5C,

Joint Alteration Number (Ja)
Tightly healed, hard, nonsoftening

impermeable filling 0 . 75d,

Slightly altered joint walls, nonsoftening
material coatings, sandy particles,
clay-free disintegrated rock 2 0 c,

Joint Water Reduction Factor (Jw)
Dry excavation or minor inflow 1.0pd,

Stress Reduction Factor (SRF)

Medium stress (oc/a i = 200-10) 1Gd,

High stress (ac/al 10-5) 1. 2C'e

a~~~~~~

a Very poor rock.
b Poor rock.

c These values are used in the calculation of Q

d These values are used in the calculation of Qmax*

e This value was selected from the range of high stress factors allowed in
this classification system because the stability of
the walls could be of primary importance in allowing for a worst-case
parameter for horizontal emplacement.

f Derived from equation presented in Subsection 4.1.1--Parameter 1.
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Parameter 6. Stress Reduction Factor (SRF)

As shown in Table 2, the SRF value is determined from the ratio of the
rock compressive strength (ac) to the magnitude of the major principal
stress (a1). From core inspection and site and G-Tunnel observations,
two possible reductions in the stability of underground openings are
seen as a result of anisotropic stress fields. These two values result
from combining the range of rock stresses and major principle stress
values so as to maximize and minimize their ratio. As presented in
Table 1, rock strengths may vary from a maximum of 130 MPa to a
minimum of 60 MPa in the nonlithophysal zone. The major principle
stress may vary between 6 and 8 MPa as stated In Subsection 3.5.1.
Thus

°_ 13OMPa
- 6Pa = 21.6 (medium sirs) and (2)

of 60 MPa
-=T i = 7.5 (highsu). (3)

A high stress reduction factor of 1.2 (Table 2) was selected from the range
of high stress factors allowed in the NGI classification system (0.5 to 2.0)
because the stability of the walls could be of primary importance in allowing
for a worst-case parameter for horizontal emplacement.

The parameter values In Table 2 can be used to calculate probable max-
imum (Qmax) and minimum (Omin) values for the NGI Index, for the central
block, as shown below:

(38 Vt 4.0 V{ 1.0 \_
Q:= } 0 75 ) A 1 0 ) = 22-52 (good rock) (4)

=( 0 ) ( 5 ) ( 0 ) = 0.52 (veypoorrock).

4.1.2 Fault Zones

NGI parameter values for fault zones, as presented in Table 3, were
derived from the lowest value assigned to the central block or were based on
Dravo's mining experience in fault zones. The fault zone is assumed to be
an area with potentially very unfavorable mining conditions, therefore, the
worst-case situation was assumed to be a conservative estimate of the
parameters. Because a range of values was not determined for the fault
zone, only one Q value was calculated, as follows:

Q = ( )( )('= 06 ) =0.06 (extemelypoorrock).
15/ 3.0/ 2.5
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TABLE 3

SUMMARY OF NGI TUNNELING QUALITY INDEX
PARAMETERS FOR THE REPOSITORY FAULT ZONES

Parameter Conditions Parameter Value

Rock Quality Designation (RQD)
5 25%a 1.b

Joint Set Number (Jn)
Four or more joint sets and random 15.0

Joint Roughness Number (Jr)
Smooth and planar 1.0

Joint Alteration Number (Ja)

Silty or sandy-clay coatings,
small clay-fraction 3.0

Joint Water Reducton Factor (Jw)

Medium inflow or pressure, or
occasional outwash 0.66

Stress Reduction Factor (SRF)

Single shear zones in competent rock
(clay free) (depth of excavation >50 m) 2.5

a Very poor rock.
b Table 2.

4.2 Ground Support Requirements

The NGI classification system provides ground support recommendations
for the various rock qualities represented in the classification system.
Dravo experience has been applied to modify these recommendations to
conform with common U.S. mining practices.

The calculated range in the NGI Tunneling Quality Index (Q
22.52 - 0.06, Subsection 4.1) can be used to define four possible rock
conditions that could occur at the proposed repository site with differing
ground support requirements.

To estimate ground support requirements, an additional quantity, the
Equivalent Dimension (De) as defined by Barton (Hoek and Brown, 1980) was
calculated as
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De = exca'ationspan, diameterorheight

csoadonsupportm ndo (ESR) (7)

The ESR is a value analogous to the inverse of the factor of safety
(ratio of installed support strength to natural acting forces). We propose to
use ESR = 1.0, which is suggested by Barton (Hoek and Brown, 1980), for
underground openings of "power stations, major road and railway tunnels,
civil defense chambers, portals and intersections. Based on the maximum
opening in the preconceptual design, the De is thus calculated as

De= -lm =6.1m. (8)
1.0

A De value of 6.1 m indicates that some ground support may be
required for rock with Q values less than 10. Although Figure 7 would
predict that for a Q value of 25 no support is needed, the broad range of
Q values (10-40) indicates that this may not be representative of the
existing rock mass quality, and therefore, the rock probably will need
support.

A description of the four ground support alternatives Is presented in
Table 4 and Figure 3. The alternatives presented involve standard mining
practices. Recommendations for ground support based on the NGI Index
developed by Hoek and Brown (1980) and Dravo's proposed modifications to
these recommendations are presented below. A 6.1-m span is used in all
four alternatives.

ALTERNATIVE I - Central Block Ground Support

This alternative would apply for rock mass quality values ranging from
40 to 10.

Recommendations by NGI
Untensioned grouted dowels on grid spacing 1.5 to 2.0 m.

Recommendations by Dravo
Rockbolts 2.5 to 3.0 m long, on a grid spacing of 1.5 m, fully grouted,
with chainlink mesh for debris fall constraint.

ALTERNATIVE II - Central Block Ground Support

This alternative would apply for rock mass quality values ranging from
10 to 4.

Recommendations by NGI
Untensioned, grouted, dowels on grid spacing of 1.0 to 1.5 m,
anchored, with chainlink mesh or shotcrete 20 to 30 mm.

Recommendations by Dravo
Primary set of rockbolts 2.5 to 3.0 m long, fully grouted, on a grid
spacing of 1.5 m; with secondary set of rockbolts 1.8 to 2.5 m long,
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2.5 TO 3.0 M ROCKBOLTS
(FULLY GROUTED) SECONDARY SET 1.S TO 2.5 M

ROCKBOLTS (FULLY GROUTED)
1.5 M ON CENTERS STAGGERED
IN BOTH DIRECTIONS TO PRIMARY
ROCKBOLT PATTERN

A
N

ALTERNATIVE I
NOTEt a

I. ROCK MASS QUAUTY ESTIMATED
USING NORWEGIAN GEOTECHNICAL
INSTITUTE(NGl) TUNNELING QUALITY
INDEX O;

~LTERN ATIV I
Oa 10-4

J 'PRIMARY SET 2.5 TO 3.O M
_jf ROCKBOLTS SAME AS

E It ALTER. I

WELDED WIRE MESH AND SHOTCRETE
75 TO 100 MM BETW. ARCHES

_USE SHOTCRETE TO BLOCK
L/"- ARCHES AGAINST ROCK

AS ALTER. D

ALTERNATIVE. =
Qs 4-0.5

ALTERNATIVE
Q a 0.5 - 0.01

Figure 3. Four Proposed Ground Support Alternatives for Four Possible Ranges of Rock Mass Quality



staggered in both directions to primary set spacing; with anchored
chainlink mesh, or if required, shotcrete (25 to 50 mm) applied directly
to rock to control loosening of small blocks.

TABLE 4

NGI TUNNELING QUALITY INDICES OF THE FOUR
GROUND ALTERNATIVES FOR ALL UNDERGROUND

OPENINGS AT THE REPOSITORY

Alternative

a
I 11 III IV

Rock Mass Quality (Q) 22.0 <10 0.52 0.06
Tabulated rangeb 40-10 10-4 4.0-0.5 0.5-0.01

Equivalent Dimensions (De) 6.1 6.1 6.1 6.1

Block Size (RQD/Jn) 4.22 NA 0.83 0.67

Interblock Strength (Jr/Ja) 5.33 NA 0.75 0.33

a The estimates of the parameters for Alternative II are approximate. No
calculations were performed.

b From Hoek and Brown, 1980.

C NA - Values are not available for this Q.

ALTERNATIVE IlIl - Central Block Ground Support

This alternative would apply for rock mass quality values ranging from
4 to 0.5.

Recommendations by NGI
Untensioned, grouted, dowels of grid spacing of 1 m, with shotcrete
(25 to 50 mm) applied directly to rock face; or tensioned rockbolts on
grid spacing of 1 m with shotcrete (50 to 75 mm) reinforced with wire
mesh.

Recommendations by Dravo
Primary and secondary rockbolts are the same as for Alternative II with
shotcrete (50 to 75 mm) applied directly to rock, possibly with wire
mesh if required.

ALTERNATIVE IV - Fault Zone Ground Support

This alternative would apply for rock mass quality values ranging from
0.5 to 0.01 on any fault zone.
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Recommendations by NGI
Tensioned rockbolts on grid spacing of 1 m with shotcrete
(50 to 75 mm) reinforced with wire mesh.

Recommendations by Dravo
Passive ground support with yieldable steel arches spaced 0.9 m with
shotcrete (75 to 100 mm) reinforced with wire mesh between arches.
Shotcrete is also used to block the space between the arches and the
rock. The reason for Dravo's deviation from NGI-recommended ground
support for this alternative is to provide ground support which would
be capable of accommodating possible fault movements that are not
accounted for in the NGI recommendations.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Faults

* Although faults form the current repository boundaries, they can
be traversed by access drifts with yieldable ground support
designs.

* Based on mining considerations only, waste emplacement can be
planned beyond current boundaries if the fault displacements do
not disrupt the continuity of the horizon.

* The conceptual layout should avoid emplacing waste. near fault
zones.

Joints

* The density of fracturing or jointing has more effect on ground
support requirements for the entire repository than joint
orientation. The impact of joint orientation can be minimized by
local variations in repository layout or by enhanced ground
support. At present, it does not appear that joint orientation is a
significant factor in determining ground support requirements.

Stress

* The currently known in situ horizontal stress is not a significant
factor in the repository design because It is much less than the
known rock mass strength.

Horizon Continuity and Orientation

* Variation in the repository horizon thickness is the most important
factor in repository layout. It determines drift grades, drift ori-
entation, and the capacity to design the entire repository on a
single plane. The horizon thickness may be highly variable due to
the variations In the topography at the time that the ash flows
were laid down and variation in gas content of the flows.

Mechanical and Physical Properties

* The most significant factor in mechanical and physical properties is
the local presence of lithophysae within the tuffs. Primarily,
lithophysae impact the extent of the rock judged to be acceptable
for the repository and the method of excavation used.
Modifications of the excavation method will be required based on
lithophysae content.
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5.2 Recommendations

* The extent of fault-related fracture zones needs to be determined
before the area for waste emplacement can be defined.

* The orientation and frequency of fractures at different depths is
not known. The design should have the flexibility to account for
considerable variation in fracture sets.

* The flexibility of mining in lithophysal zones should be tested in
the field.

* Until data is obtained from the Exploratory Shaft Program, the
conceptual design for ground support should be based on those
recommendations made by Dravo in Section 4.
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APPENDIX

CSIR CLASSIFICATION OF THE
REPOSITORY CENTRAL BLOCK ROCK MASS AND

FAULT ZONES
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This section rates the rock mass quality of the central block using the
CSIR classification system. This was done to verify the previous ratings of
rock mass quality of the central block derived from the NGI system. The
parameters used in the CSIR classification system are

* compressive strength of rock,

* rock quality designation,

* joint spacing,

* joint condition,

* groundwater conditions, and

* adjustment for joint strike and dip orientation.

Central Block

Data and observations obtained from drill hole USW G-4 (Figure 1) can
be used to quantitatively evaluate the CSIR parameter values for the central
block portion of Yucca Mountain, as described below. These values, summa-
rized in Table 5, the Appendix, represent the range of conditions expected
in the central block based on the data base (Section 3) and Dravo's experi-
ence in similar mining situations.

Parameter 1. Compressive Strength of Rock.

Uniaxial compressive strength in the Topopah Spring Member varies
between 60 to 130 MPa (Table 1, Subsection 3.5) (Tillerson and Nimick,
1984)

Parameter 2. Rock Quality Designation (RQD)

See Subsection 4.1.1 for a description of the RQD parameter.

Parameter 3. Joint Spacing

The term joint in this classification means all natural discontinuities
(faults, joints, fractures, bedding planes, or any other surface
weaknesses). Joint spacing is classified using Deere's system (Deere
at al., 1969).

From the drill hole USW G-4 log (Figure 2) the number of joints ranges
from 14 to 4 per 10-ft interval at depths of 275 to 305 m. Derivation of
the joint spacing for the central block rock mass is presented in
Table 6.
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TABLE 5

SUMMARY OF CSIR CLASSIFICATION PARAMETERS
FOR THE CENTRAL BLOCK ROCK MASS

Rating Limits
Parameter Conditions Low High

1. Compressive Strength of Rock

50-100 MPa 7 --
100-200 MPa -- 12

2. Rock Quality Designation (RQD)

<25% 3 3-

25-50X -- 8

3. Joint Spacing

50-300 mm 10 --

300-1,000 mm -- 20

4. Joint Condition

Slightly Rough 20 --

Very Rough -- 25

5. Groundwater Conditions

Completely Dry 10 10

Subtotal 50 75

6. Adjustment for Joint Strike and

Dip Orientation

Very Unfavorable -12 --

Favorable -- -2
Rock Mass Rating (RMR) 38 73

a Slightly rough, hard joint surfaces, and a separation of <1 mm.

b Very rough, hard surfaces, not continuous, and no separation.
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TABLE 6

DERIVATION OF JOINT SPACING a
FOR THE CENTRAL BLOCK ROCK MASS

Joint Frequencyb
14 joints/10 ft

4 joints/10 ft

Joint Spacing
220 mm (8.5 in.)

760 mm (30 in.)

Category c
Close (50-300 mm)

Moderately close (0.3-1 m)

a Data are from Spengler and Chornack, 1984.
b From Figure 3.
C From Deere at al. (1969).

Parameter 4. Joint Conditions

This parameter accounts for the separation, continuity,
ness, and condition of the wall (hard or soft) of
presence of infilling material (Hook and Brown, 1980).

From the core observation made by Dravo at the USGS
the NTS, the parameter range was classified to be from

surface rough-
joints and the

Core Library at

* slightly rough, hard joint surfaces, and separation less than
1 mm, (Hoek and Brown, 1980); to

* very rough, hard joint surfaces, not continuous, and with no
separation.

Parameter 5. Groundwater Conditions

This parameter qualitatively evaluates groundwater conditions. From
the drill hole USW G-4 log, the static water level is at a depth of
approximately 542 m, approximately 253 m below the proposed repository
horizon (Spengler and Chornack, unpublished). Dry conditions are
therefore expected in the repository horizon.

Parameter 6. Adjustment for Joint Strike and Dip Orientation

The rating values must be adjusted for the effect of joint strike and
dip orientation. The layout of the repository will be designed to
minimize the influence of joint orientation on ground stability.
However, joint orientation data are not sufficiently complete to allow a
thorough evaluation of this parameter. The rating adjustment factors
presented in Hoek and Brown (1980) can be used to represent a range
in probable joint orientation effects from favorable to very unfavorable.
In order to maximize the possible range in rock quality characteristics,
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the favorable rating is applied to the high rock quality value and the
very unfavorable rating to the low rock quality value.

Based on the rock mass rating numbers of 38 and 73 (Table 5, Appen-
dix), the rock can be classified into categories that estimate the time
an opening with a given diameter will stay in place without ground sup-
port. The rock classification rating of the central block is presented in
Table 7, Appendix.

Fault Zones

A summary of the CSIR classification for the fault zones at the prospec-
tive repository site is presented In Table 8, Appendix. The parameter
values for the fault zones represent worst-case situations expected for the
central block rock mass. The rating of 18 is a rock mass class of V, which
is described as very poor rock and has unsupported stand-up time of
10 min. for a 0.5-m span. This Is poorer rock quality than is found In the
central block rock mass (Table 7, Appendix).

Relationship Between CSIR and NGI Classifications

Bieniawski (Hoek and Brown, 1980) has found that the CSIR and NGI
classifications are related logarithmically, as shown below:

RMR =9logQ +44 (9)

where RMA = CSIR Rock Mass Rating and

Q = NGI Tunneling Quality Index.

This relationship may be used to calculate the RMR values correspond-
ing to the three Q values derived in Subsection 4.1 (Tables 2 and 3), as
follows:

Central Block
HighRMR =9 loge 22.52 + 44 =72

(10)
-- comparazeto73 (inCSIR).

and LowRMR = 9 loge 0.52 + 44 = 38

(11)
-- comparabeto 38 (inCSIR).

Fault Zone
RMR=9loge 0.06+44=18.7 (12)

- -comparaueto 18 (in CSIR).
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TABLE 7

ROCK CLASSIFICATION OF THE CENTRAL BLOCK AT
YUCCA MOUNTAIN BASED ON ROCK MASS RATING ESTIMATES

Rock Mass Rating (RMR) 38 73

Rock Mass Class No. IV II

Description Poor rock Good rock

Stand-up Time 5 hr for 6 mo for
1.5-m span 4-m span

TABLE 8

CSIR CLASSIFICATION OF THE FAULT ZONES
AT THE REPOSITORY SITE

Assumed
Parameter Value Rating

Compressive Rock Strength 50-100 MPa 7

Rock Quality Designation (RQD) <25X 3

Joint Spacing 50-300 mm 10

Joint Condition Joints open 1-5 mm or
a gouge <5 mm thick 6

Groundwater Condition Possible water inflow
25-125 L/min/10 m of
tunnel length through
fault zone 4

SUBTOTAL 30

Strike and Dip Very unfavorable through
Adjustment Factor the width of the fault zone -12

Rock Mass Rating (RMR) 18
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