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Abstract

Geotechnical Characterization of the Main Drift of the Exploratory Studies Facility was based on
borehole data collected in site characterization drilling and on scanline rock mass quality data
collected during the excavation of the North Ramp. The Main Drift is the planned 3,131-m
(10,273-ft) near-horizontal tunnel to be excavated at the potential repository horizon for the
Yucca Mountain Site Characterization Project. Main Drift borehole data consisted of three holes
— USW SD-7, SD-9, and SD-12— drilled along the tunnel alignment. In addition, boreholes
USW UZ-14, NRG-6, and NRG-7/7A were used to supplement the database on subsurface rock
conditions. Specific data summarized and presented included lithologic and rock structure core
logs, rock mechanics laboratory testing, and rock mass quality indices. Cross sections with
stratigraphic and thermal-mechanical units were also presented. Topics discussed in the report
include geologic setting, geologic features of engineering and construction significance,
anticipated ground conditions, and the range of required ground support.

Rock structural and rock mass quality data have been developed for each 3-m (10-ft) interval of
core in the middle nonlithophysal stratigraphic zone of the Topopah Spring Tuff Formation. The
distribution of the rock mass quality data in all boreholes used to characterize the Main Drift was
assumed to be representative of the variability of the rock mass conditions to be encountered in
the Main Drift. Observations in the North Ramp tunnel have been used to project conditions in
the lower lithophysal zone and in fault zones.
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- 1.0 Introduction
1.1 Purpose

The purpose of this report is to provide a geological and geotechnical characterization along
the path of the Exploratory Studies Facility (ESF) Main Drift to support the geotechnical design.
The ESF is being constructed by the U.S. Department of Energy (DOE) and is part of the Yucca
Mountain Site Characterization Project (YMP). The purpose of the site characterization activities
is to evaluate the feasibility of locating a high-level nuclear waste repository at the Yucca Mountain
site. This report was prepared as part of the Soil and Rock Properties studies, W.B.S. 1.2.3.2.6.2 in
accordance with Study Plan 8.3.1.14.2, Soil and Rock Properties of Potential Locations of Surface
and Subsurface Access Facilities (DOE).!

1.2 Background

The Main Drift is the planned horizontal tunnel that will be excavated at the potential
repository horizon over a length of 3,131 m (10,273 ft) between the North and South Ramps of the
YMP ESF. Each of these tunnels will be excavated using a 7.62-m (25-ft) diameter tunnel boring
machine (TBM). In the first phase of ESF construction, the North Ramp portal and surface pad were
constructed in 1994. The second phase of construction includes the excavation of the North Ramp
currently in progress. The North Ramp® extends 2804 m (9,200 ft) from the surface portal to the
potential repository horizon. The Main Drift will then be constructed followed by the 1,921-m
(6,302-ft) South Ramp® to connect to the surface. A map showing the locations of the North Ramp,
Main Drift, and South Ramp is shown in Figure 1-1.

Three systematic drilling (SD) exploratory boreholes (USW SD-7, SD-9, and SD-12) were
drilled to characterize the geological and geotechnical rock properties along the Main Drift
alignment and to support the design and construction of the Main Drift. North Ramp Geologic
(NRG) holes, NRG-6 and -7/7A, and hole UZ-14 were also used to increase the available
database at the Main Drift horizon. Nonqualified rock quality data from borehole USW G-4 was
reported (Lin et al. 1993a), however, these data were not included in this study. Stratigraphic
contacts from USW G-4 were included in the three-dimensional geologic model of the YMP site
that was the basis for the development of the Main Drift cross section. The three SD holes were

! Department of Energy (1991). Yucca Mountain Site Characterization Project, Study Plan
No. 8.3.1.14.2, Studies to Provide Soil and Rock Properties of Potential Locations of
Surface and Subsurface Access Facilities, U.S. Geological Survey, Las Vegas, NV,
November.

jESF Layout Calculation—BABEADO000-01717-0200-00003, Rev. 02.

Tbid.
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Figure 1-1. Plan map of conceptual repository, locations of the North Ramp,
Main Drift, and South Ramp, and locations of the boreholes used to
characterize the Main Drift.




located next to the planned tunnel alignment but were required to be a minimum of 15 m (49.2 ft)
from the tunnel centerline as per the ESF design requirements (DOE 1994). The approximate
location of these boreholes is shown in Figure 1-1.

A geologic cross section shown in Figure 3-1, Section 3.0, includes the stratigraphic
units, the location of the SD boreholes, and the proposed Main Drift alignment. The Main Drift
differs from the North Ramp in that the entire length of tunnel is contained in one
thermal-mechanical unit—the second Topopah Spring welded unit (TSw2), which is a
moderately to densely welded, devitrified ash flow of the Topopah Spring Tuff that contains less
than approximately 10% by volume lithophysal cavities. The Main Drift is almost entirely
within the Topopah Spring crystal-poor middle nonlithophysal stratigraphic zone (Tptpmn).
Geologic, geotechnical, and geophysical logs were developed for each hole. No additional rock
mechanics testing data, beyond that developed in the NRG holes was available at the time of
preparation of this report. The geologic logging consisted of detailed lithologic descriptions and
stratigraphic identifications. The geotechnical log recorded rock structural features such as type,
fracture characteristics, rock quality designation (RQD), core recovery, weathering, hardness,
and lithophysae and other void content. Physical property test data from rock mechanics testing
of core included density, porosity, unconfined compressive strength, triaxial compressive
strength, and Brazilian indirect tensile strength. Borehole televiewer logs also were generated for
each hole.

Estimates of rock mass quality were determined using both the Q (Barton et al. 1974) and
the rock mass rating (RMR) (Bieniawski 1979) systems for classifying rock masses. The
geotechnical core logging data was used as input for both classification systems using the
approach described by Brechtel et al. (1995).

The rock mass quality data and rock mechanics testing data were used to derive estimates
of rock mass mechanical properties required for design analysis using the methodology proposed
by Hardy and Bauer (1991).

Tunneling experience from the construction of the North Ramp was considered in the
characterization of the Topopah Spring middle nonlithophysal zone (Tptpmn). Rock mass
quality data were collected along scanlines in the Tiva Canyon Tuff (Tpc) of the North Ramp and
compared to the North Ramp core-based rock quality assessments. Data from the Tiva Canyon
welded tuff, excluding the high lithophysal portion, were assumed to have characteristics similar
to the Tptpmn. Based on this comparison, adjustments were made to the rock quality parameters
not directly derived from the core to attempt to incorporate the observed field conditions.

1.3 Scope

This report provides a geological and geotechnical characterization of the ESF Main
Drift. The primary focus of this characterization is to assess the variability of rock mass quality
of the Tptpmn for input to the design and the construction of the Main Drift. A geologic cross
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section along the Main Drift is presented to provide the stratigraphic context of the rock
properties data. Geologic description is limited to the middle nonlithophysal zone.

No new surface mapping was conducted as part of this study. Description of the faults in
the vicinity of the Main Drift is based primarily on surface mapping by Scott and Bonk (1984)
and recently reported results of the ongoing studies of faults by the USGS reported by Spengler
et al. (1994).

Rock mass quality data in the immediate area of the Main Drift alignment was produced
in three of the SD program holes, USW SD-7, SD-9, and SD-12, for direct input to this study.
Since the spacing of these holes was large (>920 m; 3,018 ft), the data set from the Tptpmn was
augmented by using all other available rock structure logging data (boreholes NRG-6,
NRG-7/7A, and UZ-14). Because of the limited data, spatial correlation of the rock mass quality
trends was not performed, and the variability of rock mass quality was therefore examined by
stratigraphic depth in the unit.

The soil and rock study plan includes site characterization studies and activities required
for siting and designing the ESF, including both surface structures and subsurface access
structures. Table 1-1 lists the individual studies within the study plan, their objectives, and the
activities included in each study. The investigation activities conducted during the Main Drift
geotechnical characterization supported all three of the studies in Table 1-1.

Table 1-1. Studies, Objectives, and Activities of the Soil and Rock Properties
Study Plan (8.3.1.14.2) — Studies to Provide Soil and Rock Properties of
Potential Locations of Surface and Subsurface Access Facilities*

SCp _
Activity No. Study Objectives Activities
8.3.1.14.2.1 Exploration Program Characterize soil and rock conditions Site Reconnaissance
that influence ESF construction. Preliminary and Detailed Exploration
8.3.1.142.2 Laboratory Tests and Conduct laboratory tests and material Physical Properties and Index
Material Property property measurements on Laboratory Tests
Measurements representative samples of soil and Mechanical and Dynamic Laboratory
rock. Property Tests
83.1.142.3 Field Tests and Conduct field tests and Physical Property Field Tests and
Characterization characterization measurements to *Characterization Measurements
Measurements Study determine in situ physical, Mechanical Property Field Tests
mechanical, and dynamic properties Geophysical Field Measurements
of soil and rock. )
*DOE, 1991.

Table 1-2 correlates study activities with specific investigations conducted during
geotechnical characterization for the Main Drift. The objectives of each study are also
summarized in the table."




Table 1-2. Correlation of Study Areas and Activities with Specific Investigations
Conducted in the Main Drift

Study Activity Investigation Objective
Drill SD-7, SD-9, SD-12, Determine depth, thickness, and continuity
Preliminary  UZ-14, NRG-6, and of strata and thermal-mechanical
Exploration and NRG-7/7A. - (thermal-mechanical) units intersected by
Program Detailed North Ramp cross section.

Exploration  perform down-hole video logs. Provide visual estimate of rock quality,
fracturing density, detect free water.

Perform geophysical logging.  Stratigraphic correlations in new holes.
Physical Property Laboratory Measurements of  Characterize bulk properties of rock for

Laboratory and Index Physical Properties— density, engineering designs of materials handling
Tests Laboratory Tests porosity, grain density. facilities; verify geophysical tool functions.
and Mechanical  Laboratory Mechanical Measure intact rock properties to provide
Materials and Property tests—uniaxial basis for rock mass quality assessment and
Property Dynamic compressive strength, triaxial rock mass mechanical properties.
Measurements Laboratory strength, elastic modulus,

Property Tests  Poisson’s ratio, Brazilian
tensile strength.

Physical Property Rock Structural Logging Describe rock structural features to support
Field Tests and development of rock mass quality indices.
Field Tests  Characterization Geperate Rock Mass _ Provide basis for empirical design of tunnel
and_ i Measurements  Classification—Q and RMR  support, provide basis for developing rock
Characterization mass mechanical properties.
Measuor£ments Mechanical =~ Generate Rock Mass’ Provide design parameters for numerical
Property Mechanical Property analysis of thermal and seismic loading.
Field Tests Estimates—Strength and
Modulus

1.4 Quality Assurance

All core logging and rock testing data utilized in this study were generated under quality
assurance (QA) procedures governing the various technical organizations involved in the
activities. Data collection and collation, supporting preparation of this report, were documented
in scientific notebooks and analysis files in accordance with SNL Quality Assurance
Implementing Procedures (QAIPs) 20-2 and 2-4. These notebooks will be entered into the SNL
participant data archive. All data presented in this report were generated under QA procedures
unless otherwise noted.

Nongqualified existing data and preliminary data have been utilized in this report where
qualified data do not exist or are not currently available. Table 1-3 has been developed to
document these occurrences and to meet requirements of the DOE’s Quality Assurance
Requirements and Description for maintenance of traceability. Throughout the text, some
footnotes have been utilized to refer to information relevant to the Main Drift which is in
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Table 1-3. Nonqualified and Preliminary Data and Assumptions

Data or Data Data
Assumptions Status - Application Reference Effects
Geologic Cross Section N*  Presentation of Basis of development is  Projection of geologic
along Main Drift lithostratigraphic units  nonqualified 3-D contacts between SD
along Main Drift, geologic model of YMP holes, fault
Figure 3-1 site, Version YMP.R2.0 displacements, Table 3-3
Thermal-Mechanical N*  Presentation of Basis for development is Figure 3-2
Units Cross Section thermal-mechanical Figure 3-1
Figure 3-2 units along North Ramp

*N = Nonqualified existing data.

preparation and represents preliminary data. Other footnotes refer to qualiﬁed data submitted to
the project by Technical Data Information Form (TDIF), but not assigned accession numbers
required for listing in the references. These TDIF references are presented in Appendix A.

1.5 Report Organization

Following this introduction, Section 2.0 of the report presents the summary of the
geotechnical characterization of the Main Drift. A description of the geology along the Main
Drift is provided in Section 3.0. The geotechnical data, including rock structure data and rock
mechanics laboratory test data, are presented in Section 4.0. The rock mass quality based on the
geotechnical data in Section 4.0 is presented in Section 5.0. Section 6.0 presents an assessment
of the rock mass mechanical properties. References are presented in Section 7.0.

Appendix A includes a list of TDIF references used in this report. Appendix B contains a
rank-ordered table of rock mass quality estimates for the Tptpmn. Individual data and logs for
boreholes USW SD-7, SD-9, SD-12 and UZ-14 are presented in Appendix C including:

Geology and Rock Structure Log,
Core Hole Structural Data Summary, and
Estimated Rock Mass Quality Indices Based on Core Log Data.

Appendix D contains a key block stability analysis comparison of the North Ramp and Main
Drift orientations. ’
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2.0 Summary and Conclusions

2.1 Introduction

This section summarizes the subsurface rock conditions anticipated in the Main Drift and
the impact these conditions may have on construction. Since the method of excavation and
tunnel alignment have been previously chosen, this report focuses on the prediction of the rock
mass characteristics and properties, and the identification of the required range of ground
support. The Main Drift will be excavated between the North and South Ramps at the potential
repository horizon for a distance of 3,131 m (10,273 ft) using a 7.62-m (25-ft) diameter TBM.
Portal and starter tunnel facilities were completed in mid-1994 and the excavation of the North
Ramp had reached 960 m at the time of preparation of this report.

The Main Drift is projected to be excavated almost entirely within the Tptpmn with only
the last 237 m excavated in the Topopah Spring lower lithophysal zone (Tptpll). The
geotechnical data in this report are limited to these two zones and are derived from the ESF
boreholes USW NRG-6, NRG-7/7A, UZ-14, SD-7, SD-9, and SD-12. The data evaluated
included lithologic and stratigraphic identifications, rock structural logs, and rock mechanics
tests. Rock mass quality was then projected using core data. Geotechnical data collected during
construction of the North Ramp were also used to improve the interpretation of the core hole
data.

, The data collection and analysis methodology used throughout are described by Brechtel
et al. (1995). However, rock mass quality assessments from the North Ramp tunnel in the Tiva
Canyon formation were compared to the rock mass quality predicted from the North Ramp core
data to check the performance of the core-based rock quality assessment. Some parameter ranges
used to estimate rock quality for the Main Drift were changed on the basis of the North Ramp
experience. In addition, rock mass quality from the high lithophysae portion of the Tiva Canyon
and from the “imbricate” faults intersected by the North Ramp were used to project conditions in
the Tptpll and fault zones, respectively.

2.2 Geotechnical Summary

-2.2.1 Geology and Major Structural Features Along the Main Drift

The Main Drift will be constructed in the Tptpmn for approximately 2,894 m (9,495 ft),
and for 237 m (776 ft) in the Tptpll, both of which are zones of the Topopah Springs Tuff (Tpt),
a welded volcanic ash-flow tuff of the Miocene Paintbrush group. There are two known major
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structural geologic features with potential engineering and constructlon significance that are
projected to be intersected by the Main Drift:

+ the Sundance Fault Zone and ‘
+ the Abandoned Wash Fault.

Projected intersections with the Main Drift are shown in Section 3.0, Figure 3-1. No data is
available on these faults at depth; however, tunneling experience in the North Ramp indicates
low values of rock mass quality (Q <0.04) can occur in the localized zone of shear movement
within faults. Observed structural instability in faults has included rock fallout and instability in
the crown with very low stand-up times for the newly excavated unsupported roof. In one fault
zone within the North Ramp, the TBM was unable to set the gripper pads in areas of extreme
rock fallout.

The Abandoned Wash Fault is a north-northeast trending fault that appears to terminate
against the Ghost Dance Fault (Scott and Bonk 1984) and is considered a possible splay off the
major fault. It has an approximate 74°W dip and 21 m (70 ft) of projected dip-slip displacement
where it is projected to intersect the Main Drift at station 57+10 m. A parallel fault is shown on
surface mapping (Section 3.0, Figure 3-4) to cross the Main Drift to the north of the Abandoned
Wash Fault at approximately 54+96 m. These faults are projected to cut the tunnel at angles as
low as approximately 14° which will result in the persistence of the fault zone along the tunnel
for some distance. A fault in the North Ramp with a similar low angle of incidence caused
construction delays.

The Sundance Fault System is a northwest trending feature with an apparent right-lateral
offset of the Ghost Dance Fault of at least 52 m (Spengler et al. 1994) (Section 3.0, Figure 3-4).
On the surface, this fault system consists of a zone of near vertically dipping faults at least 274 m
(900 ft) wide with the dominant feature, the Sundance Fault, located at the center of the zone.
The Sundance Fault is projected to cross the Main Drift alignment at station 36+40 m.
Observations of the structural influence of the “imbricate” faults in the North Ramp (500-750 m)
indicate that the brittle, densely welded tuff rocks exhibit a larger area of fault influence than in
moderately or nonwelded tuffs. Rock damage adjacent to faults was more extensive in the
densely welded tuffs. On this basis, the Sundance Fault zone is projected to have rock qualities
similar to the lower 25% of the Tptpmn, with Q values projected to be between 0.04 and 0.3
through the 274-m (900-ft) area around the fault.

2.2.2 Joint Structure

The anticipated fracture patterns in the Tpt have been based on the general agreement of
fracture data from both the Tpc and Tpt Fracture data sources included oriented core data from
both the Tpt and Tpc (Lin et al. 1993b),* observations from the North Ramp Starter Tunnel,
mapping of the Tpc in the North Ramp Tunnel, and mapping of the Tpt at Fran Ridge.” The Tpc

*Existing data, not qualified.
*Preliminary data.




and Tpt , very similar in terms of rock properties, were deposited within a relatively short period
of geologic time and have been subjected to the same post-emplacement tectonic stresses. The
various fracture orientation data indicate similar trends in the two tuff units and it has, therefore,
been assumed that the predominant joint sets observed in the Tpc of the North Ramp tunnel will
be present in the Tpt of the Main Drift. Three steeply dipping joint sets are projected to occur
oriented at 353°/84°, 132°/82°, and 262°/78° (dip direction/dip). The most frequently occurring
joint set (353°/84°) strikes generally parallel to the Main Drift. This set is also generally parallel
to the Ghost Dance Fault, which runs parallel to the Main Drift, approximately 170 m (558 ft) to
the east. The joint set is projected to have an adverse impact on stability because of its generally
parallel orientation. An analysis of the potential to form blocks that can fall from the tunnel
crown (key blocks), based on these three predominant sets, indicates the maximum size key
block may be approximately three times larger than in the North Ramp.

2.2.3 Hydrology

The Main Drift drilling indicated generally dry conditions along the Main Drift alignment
and tunnel excavation is therefore anticipated to be in unsaturated conditions. Review of the
borehole video logs from USW SD-7, SD-9, and SD-12 did not indicate any water inflow of
significance to construction activities. However, perched water does occur at the YMP site, and
it is possible that drilling has not sampled existing perched water along the Main Drift.

2.2.4 Rock Structure Data from the Main Drift Core

Analysis of the condition of the core from the Tptpmn was performed to project the rock
mass quality. Combining the data from each of the boreholes, the amount of lost core for the
Tptpmn was 15% of the total core length. Rubble zones accounted for 20% of the total length.
The Tptpll to be intersected by the Main Drift was characterized by consistently higher core
losses and rubble. For example, in the 24 m below the base of the Tptpmn, NRG-6 averaged
47% lost core and rubble, while NRG-7/7A averaged 77% lost core and rubble.

RQD (Deere 1968) determined for the Tptpmn is summarized in Section 4.1.2, Table 4-2,
and averaged 23%. An enhanced-RQD was also calculated by filtering the effects of fractures
judged to be coring induced and averaged 38%. The relative rock quality (Deere 1968) based on
the mean RQD is very poor. The enhanced-RQD ranges from 1.5 to 2.6 times greater than the
RQD suggesting poor rather than very poor rock quality. :

A cross-hole comparison of RQD was developed for the six available holes to evaluate
the potential for stratigraphically based variation of rock quality. This comparison (illustrated by
Figure 4-4 in Section 4.1.2) suggested that three zones of low RQD occur at the top and middle
of the Tptpmn and in the upper portion of the Tptpll. The lower part of the Tptpmn was a
correlatable zone of higher RQD with a vertical thickness of approximately 20 m. The portion of
the Tptpll to be intersected by the Main Drift was an interval with consistent high core loss and

2-3




rubble (47% from NRG-6 and 77% from NRG-7/7A), very low RQD (<8%), and irregular hole
condition. Approximate Main Drift stations for these zones are listed in Section 4.1.2.

The weathering of the rock that constitutes the fracture surfaces (Section 4.1.3) has been
described as either fresh or slightly weathered, with rock hardness primarily described as hard.

After correcting for sampling bias induced by the vertical holes using Terzaghi’s (1965)
correction procedure, it was found that fractures (Section 4.1.5) in the 80° to 90° dip range were
the most dominant with a frequency of occurrence of 66.9%. The fracture surfaces in the
Tptpmn were primarily clean. The most predominant infill materials included white crystalline
(8%), white non-crystalline (10%), and black dendritic (17%). Clay infill in this zone were very
scarce. The fractures were predominantly planar (66%) with a significant occurrence of irregular
surfaces (21%). The small-scale roughness of the fractures was described as either moderately
rough (50%) or smooth (39%).

The majority of the fractures identified in the core were judged to be coring-induced
(type C) by the core loggers and represented almost half of the total fractures. These fractures
were predominantly near horizontal and were not considered in assessing fracture characteristics.

2.2.5 Intact Rock Mechanical Properties

Rock mechanical properties tests were conducted on core from USW NRG-6 and _
NRG-7/7A in the Tptpmn. The rock mechanics laboratory test data are summarized in Table 2-1
and indicate that the rock was generally high strength, densely welded tuff. The porosities were
relatively low, averaging 11%. Uniaxial compressive strength varied between 112.1 MPa
(16,255 psi) and 261.9 MPa (37,975 psi) with a standard deviation equal to 29.2% of the mean

Table 2-1. Summary of Mean Values for Rock Mechanics Laboratory Test Data

Rock Property Number Mean Standard
of Tests Value Deviation
Uniaxial compressive strength (MPa) 13 179.80 52.50
Elastic modulus (GPa) | 27 32.90 3.80
Cohesion (MPa) 13 42.50 —
Angle of internal friction (degrees) 13 49.60 —
Poisson’s ratio 27 0.21 0.03
Indirect tensile strength (MPa) 7 v 11.40- 3.20
Dry bulk density (g/cc) 36 2.25 0.08
Porosity (%) 38 11.00 3.20
Average grain density (g/cc) 18 2.53 0.01




strength of 179.8 MPa (26,070 psi). The intact elastic modulus averaged 32.9 GPa
(4.77 x 10° psi) with an average Poisson’s ratio of 0.21.

Confined testing was performed on small samples at confining pressures of 0, 5 and
10.MPa. Analysis of the data indicated a Mohr-Coulomb cohesion of 42.5 MPa (6,160 psi) and
an angle of internal friction of 49.6°. Data are presented in Section 4.2.

- 2.2.6 Rock Mass Quality Indices

Rock mass quality indices, Q and RMR, were estimated for each 3-m (10-ft) interval of
the Main Drift borehole data (boreholes USW SD-7, SD-9, SD-12, UZ-14, NRG-6, and
NRG-7/7A) based on the described condition of the core and the rock mechanics laboratory test
data. Values for two of the Q parameters, Jn and SRF, were generated using Monte Carlo
simulation of distributions determined from rock quality assessments from within the North
Ramp Tunnel in the Tpc. Fault zones were not specifically represented in the borehole rock
quality estimates because none of the holes penetrated the fault zones. Fault conditions were
therefore estimated separately based on observations in the North Ramp.

2.2.6.1 RMR and Q Data. The distribution of RMR and Q data was summarized by
generating values for the Tptpmn corresponding to rock mass quality at levels of 5%, 20%, 40%,
70%, and 90% cumulative frequency of occurrence and are listed in Table 2-2. These levels of
occurrence are used to generate a range of estimated rock mass mechanical properties. The
values of Q or RMR at other cumulative frequency of occurrence can be read from the table in
Appendix B. :

Table 2-2. RMR and Q Values at Five Levels of Cumulative Frequency of
Occurrence

Cumulative Relative Rating
Frequency of Rock Mass
Occurrence (%) RMR Q Quality RMR Q

5 50 0.14 Very Good 81-100 40-100
20 55 0.29 Good 61-80 1040
40 58 0.42 Fair 41-60 4-10
70 63 1.39 Poor 2140 14
90 67 10.56 Very Poor <20 0.1-1

The range of RMR values for the Tptpmn is fairly small, with all intervals indicating
either a fair or a good rock mass quality. The Q values range from a very poor to a good rock
mass quality, with a majority of the intervals (69%) indicating a poor to very poor quality rock

mass.

The core-based projections of Q from the North Ramp core data (Brechtel et al. 1995)
were compared to Q values assessed from the North Ramp Tunnel excavation to verify the




methodology for determining Q and RMR from core data. The distribution of Q values was
similar for both the core-based and North Ramp excavation assessments in the Tpc with the
actual rock quality in the tunnel being lower than predicted. The support requirements based on
the YMP Ground Support Guidelines® have also been compared for both core-based and tunnel Q
assessments. The distribution of support categories in both assessments was nearly identical
which demonstrated that the core-based rock quality assessment had provided a realistic
pre-excavation assessment of the rock mass quality that was generally well matched with field
conditions observed in the Tpc.

The core rock structure data were not assembled for the portion of the Tptpll because of
the high proportion of lost core and rubble. Based on the rubblized nature of the core and the
presence of large lithophysae in the downhole video, the conditions are projected to be similar to
the upper lithophysal zone of the Tpc. Q values ranged between 0.04 and 2.68 with a median
value of 0.64 in the scanline rock mass quality descriptions of the North Ramp in the Tiva
Canyon upper lithophysal zone.

2.2.6.2 Projected Range of Ground Support. The distribution of Q values and
associated Q parameters (RQD/Jnand Jr/Jn) were used to identify the types of ground support
indicated by the YMP Ground Support Guidelines and the relative lengths of the Main Drift that
will require the indicated support. Actual ground support will be controlled by the specific
capabilities of the TBM and the constructor’s assessment of specific requirements for personnel
safety. The distribution of the anticipated ground support for the Tptpmn in the Main Drift is
shown in Figure 2-1 (ground support categories are defined in Section 5.4, Table 5-3).
According to this analysis and the YMP support guidelines, 46% of the tunnel length will require
rockbolts and shotcrete (category 3b) and 36% of the tunnel will require steel sets with partial
lagging (category 4). Ground support requirements in the Tptpll in the Main Drift are projected
to be category 4—steel sets and partial lagging—based on the consistently low RQD. '

2.2.7 Rock Mass Mechanical Properties Estimates

Rock mass mechanical properties are required for input into the numerical analyses that
support the geotechnical design of the Main Drift. Rock mass mechanical properties have been
estimated for the Tptpmn based on the methodology proposed by Hardy and Bauer (1991) using
published empirical correlations with RMR. Estimated rock mass strength for each of the five
cumulative frequencies of occurrence (5%, 20%, 40%, 70%, and 90%) of RMR data is compared
to intact rock strength in Table 2-3. The estimated rock mass strength represents a substantial
reduction from the laboratory measurements of intact rock compressive strength that is based on
empirical correlation with RMR. The method of estimating rock mass strength has not been
validated and requires future ESF testing for validation.

BABEAB000-01717-2100-40151-01, Exploratory Studies Facility Package 2C, TS North Ramp
Ground Support Master Elevations and Sections, July 27, 1994.
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Figure 2-1. Projected distribution of ESF ground support category for the
Tptpmn—Main Drift boreholes.

Table 2-3. Comparison of Intact Rock Values to Estimated Rock Mass Property
Values for Each of the Five Rock Mass Classes

Estimated Rock Mass Values for

Rock Mass Property Intact Rock Cumulative Frequency of Occurrence of
- Values RMR
5% 20% 40% 70% 90%
Rock strength (MPa) 179.8 3.7 5.19 628 10.17 20.19
Cohesion, C (MPa) 42.5 1.1 1.4 1.6 22 4.1
Internal fiction angle, ¢ (degrees) 49.6 49 49 50 50 50
* Dilation angle (degrees) 25 25 25 25 25 25
Elastic modulus (GPa) 32.90 5.07 7.01 840 1323 25.03
Poisson’s ratio 0.21 0.21 ‘
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Rock mass strength parameters based on the Mohr-Coulomb failure criteria were
determined for each of the five frequencies of occurrence as listed in Table 2-3 for the Tptpmn.
Rock mass elastic modulus and the recommended value of Poisson’s ratio are also listed in
Table 2-3.

2.3 Conclusions

The major conclusions developed from this assessment are:

+ The available subsurface data on rock structural features and rock quality appears adequate to
characterize the range of conditions that will be encountered excluding the known fault
zones. Cross-hole evaluation of RQD suggests some correlatable intervals of higher and
lower RQD based on the distance from the top of the Tptpmn.

+ There is no data on the rock characteristics in and around the two known fault zones to be
intersected by the Main Drift. The width of the poor rock quality zones within the faults and
the rock quality in the fault zone is unknown. The angle of incidence of the Abandoned
Wash structure is low and adverse conditions associated with the fault zone could persist for
some distance.

+ The tuff rocks to be encountered by the Main Drift are highly fractured and have generally
low rock mass quality. Rock conditions are projected to be similar to those encountered in
the densely welded portions of the Tpc in the North Ramp.

+ The predominant joint sets projected to occur in the Main Drift have the potential to produce
unstable blocks in the roof that are approximately three times larger than in the North Ramp.
This potential, coupled with the fact that the Main Drift is oriented parallel to the joint set
that 1s the most frequently occurring, suggests that stability conditions may be more adverse
in the Main Drift than in the North Ramp.

+ Fault zones have not been directly characterized by the Main Drift subsurface investigations.
Two major faults are identified by surface mapping, but other unmapped faults may also be
present as was the case in the North Ramp.
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3.0 Geology of the Main Drift

3.1 Introduction

This section provides the geologic and stratigraphic framework for the rocks encountered
along the ESF Main Drift alignment. Geologic investigation of the alignment included lithologic
description of core from boreholes USW SD-7, SD-9, and SD-12; analysis of geologic mapping
done by Scott and Bonk (1984); and fault mapping studies by Spengler et al. (1994).

The objective of the geologic investigation of the Main Drift alignment, using the Main
Drift boreholes and existing surface mapping data, was to:

e develop stratigraphic and thermal-mechanical cross sections along the drift alignment;

e locate and describe any significant faults that may cross the alignment; and

*  correlate rock structure data, rock mass quality data, and rock mass properties data with the
stratigraphic unit containing the Main Drift.

3.2 Stratigraphy

The ESF Main Drift alignment is planned to be excavated within the middle nonlithophysal
zone of the Tpt of the Paintbrush Group. Drilling of the three SD boreholes along the drift
alignment penetrated the Miocene age volcanic rocks of the Paintbrush Group, Calico Hills
Formation, Prow Pass, and Bullfrog Members of the Crater Flat Tuff. The stratigraphic units
found along the alignment are part of a thick sequence of bedded and ash-flow tuffs which
originated in eruptions of the Timber Mountain-Oasis Valley Caldera Complex to the north of
Yucca Mountain between 11 and 14 million years ago (Byers et al. 1976). The Tptpmn of the
Paintbrush Group is the host rock for the majority of the Main Drift excavation. Litho-
stratigraphic units have been described by Moyer et al. (1995).”

This report uses the recently developed sti‘atigraphic nomenclature of the U.S. Geological
Survey.® Recent work by the USGS has modified the stratigraphy by raising the Paintbrush and
Timber Mountain Tuffs to group status (Sawyer et al. 1994). The detailed nomenclature for the

"Moyer, T.C., J.K. Geslin, and D.C. Buesch (1995). Summary of Lithologic Logging of New
and Existing Boreholes at Yucca Mountain, Nevada, July 1994 to November 1994, U.S.
Geological Survey Open-File Report 95-102, U.S. Department of the Interior, Denver,
Colorado. :

¥Ibid.
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Tpt, based on compositional and lithologic distinctions identified in core and less on outcrop
data, has been developed by the USGS® and is presented in Table 3-1.

Table 3-1. Lithostratigraphic Nomenclature of the Tpt at Yucca Mountain,

Nevada*
Topopah Spring Tuff Tpt-
vitric zone Tptrv
non- to partially welded subzone Tptrv3
moderately welded subzone Tptrv2
vitrophyre subzone Tptrvl
nonlithophysal zone Tptmn
lithophysal zone Tptrl
crystal-rich lithophysal subzone Tptrl2
crystal transition subzone ‘ Tptrll
- igh-sili li Tptp
upper lithophysal zone Tptpul
cavernous lithophysae subzone Tptpul2

al

lower lithophysal zone Tptpll
lower nonlithophysal zone Tptpln

vitric zone Tptpv
- vitrophyre subzone Tptpv3
moderately welded subzone Tptpv2
non- to partially welded subzone Tptpvl

NOTE: The lithostratigraphic nomenclature above and below the Topopah Spring Tuff is listed in Table 4-1 of

Brechtel et al. (1995) The Geotechnical Characterization of the North Ramp of the Exploratory Studies Facility,
SAND95-0488, Volume 1, Sandia National Laboratories, Albuquerque, NM.

* Moyer et al.

This scheme uses both primary compositional differences and secondary cooling and
alteration features to define the stratigraphy. It is important to note that secondary features such
as lithophysae and vapor-phase alteration are dependent more on cooling history of the rock mass
and can crosscut the primary features such as boundary between crystal-rich and crystal-poor

’Tbid.
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zones. Furthermore, these secondary features commonly exhibit significant lateral variation,
dependent on variations in cooling history.

Boreholes USW SD-9 and SD-12 have been logged by both the USGS' and SNL."
Stratigraphic contacts are gradational and subject to interpretation and result in minor differences
in contact identification. Additionally, minor differences in nomenclature are noted as well.
Borehole USW SD-7 has been logged by SNL."? Lithology logs produced by SNL are

- incorporated directly into the Geology and Rock Structure Logs developed in this study.
Geologic and thermal-mechanical cross sections in this report are derived from the USGS
three-dimensional Lynx model version YMP.R2.0" which uses the contact elevations defined by
USGS personnel.

Stratigraphic and thermal-mechanical units that were sampled within the Main Drift
boreholes are summarized in Table 3-2, which lists the unit thicknesses penetrated by drilling.
All of these boreholes penetrate the entire thickness of the Tpt. Description of the stratigraphic
units is restricted to the Tpt for this report.

The Tpt is a multiple-flow, compound cooling unit, ash-flow tuff consisting of three
eruptive pulses (Lipman et al. 1966). This unit has been divided into a lower crystal-poor unit
(high-silica rhyolite) and an upper crystal-rich unit (quartz latite).'"* The unit is characterized by
thin zones at the top and bottom where the nonwelded tuffs grade into moderately to densely
welded vitrophyre zones. The thick middle portion of the flow is moderately to densely welded,
devitrified, and commonly altered by vapor-phase mineralization.

Lithophysal cavities vary throughout and break the unit into a number of distinct zones
which help define both the lithostratigraphic and thermal-mechanical units. The vitric zones on
the top and bottom of the flow are both nonlithophysal. The thick, devitrified middle portion of
the flow, however, contains an alternating sequence of nonlithophysal and lithophysal zones, as
listed in Table 3-1. While the term nonlithophysal is applied to many of the zones, it should be
pointed out that minor amounts of lithophysae occur throughout the devitrified portion of the
flow. These can sometimes be used to define distinct subzones, such as the lithophysal bearing
subzone in the Tptpmn.

"*Ibid.

i Geologic Core Log for SD-9, TDIF No. 303743 DTN: SNF02052794001.001 and TDIF
No. 304282 DTN: SNF02052794001.002; and Geologic Core Log for SD-12, TDIF
No. 303744 DTN: SNF02012894001.001.

2 Geologic core logic for SD-7, DTN: SNT02110894001.001.

Buesch, D.C., J.E. Nelson, R.P. Dickerson, R.M. Drke, and C.A. San Juan. (1996).
Distribution of Lithostratigraphic Units Within the Central Block of Yucca Mountain,
Nevada: A Three-Dimensional Computer-Based Modél, Version YMP.R2.0, Open-File
Report 95-124, U.S. Geological Survey, Denver, CO.

Moyer et al.
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The Tptpmn is the horizon in which the Main Drift will be excavated. The thickness
ranges from 33.2 m (109 ft) at SD-9, 38.1 m (125 ft) at SD-12, and 36.8 m (120.8 ft) at SD-7.
This unit is rhyolitic in composition, devitrified, and moderately to densely welded. Phenocrysts
form 1% to 2% of the rock and are dominated by feldspars with rare oxidized biotite. Pumice
clasts and lithic clasts are present and each comprise 1% to 2% of the rock. Vapor-phase
alteration is present in 5% to 20% of the rock as wisps, diffuse spots, and rims around
lithophysae where present. Matrix colors typically range from light brown (2.5YR6/3) to grayish
red-purple (SRP4/2) to moderate brown (5YRS5/4).

Lithophysae are rare but not entirely absent. The USGS" recognizes three subzones
based largely on lithophysal content as follows:

+ the lower nonlithophysal subzone in which lithophysae are absent or less than 1%,

+ the middle lithophysae bearing subzone characterized by 1-3% of spherical lithophysae
typically less than 30 mm in size, and

» the upper nonlithophysal subzone where lithophysae are once again absent to less than 1%.

Within the SD boreholes in this report, the middle lithophysae bearing subzone is not recognized

in SD-12 and SD-7, but is seen in SD-9 and in the supplemental holes NRG-6, NRG-7/7A, and

UZ-14. This suggests that this subzone will be found at the north end of the Main Drift
alignment, but dies out to the south.

The cross section shown in Figure 3-1 shows the north end of the Main Drift to be just
below the upper contact of the Tptpmn. As the Main Drift proceeds to the south, it will
gradually penetrate deeper to near the base of this zone as it approaches the Abandoned Wash
Fault. South of the Abandoned Wash Fault, the Main Drift will be below the lower contact of
the Tptpmn in the Tptpll based on the thickness of this unit observed in SD-12 and SD-7 (contact
not defined on cross section).

The Tptpll is characterized by extensive zones of lost core and rubble in the boreholes
along the Main Drift. The thickness ranges from 104 m (340 ft) at SD-9, 77 m (252 ft) at SD-12,
and 66 m (217 ft) at SD-7. This zone is densely welded and devitrified, with vapor-phase
minerals lining the lithophysal cavities and extensive haloes of vapor-phase alteration (5-30% of
rock volume). Matrix colors are typically light brown to moderate red, and phenocrysts of
feldspar and rare oxidized biotite comprise 1-2% of the rock. Pumice and lithic clasts are
present at percentages ranging from 1 to 7%. '

Intact pieces of core typically show from less than 1% to several percent of lithophysal
cavities. Actual percentages, however, are hard to estimate from the limited recovery and are
_likely much higher, on the order of 20% or more as estimated from downhole videotapes. The
cavities are typically elongate, from 2 to 10 cm, but occasionally as large as 20 cm or more.

PIbid.
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3.3 Geologic Cross Sections

The geologic cross section shown in Figure 3-1, was developed to project the
stratigraphic units along the Main Drift alignment, and to serve as a basis for a thermal-
mechanical units cross section presented in Section 3.4. The cross section uses contact
elevations and geologic structures taken directly from the digital, three-dimensional
lithostratigraphic computer model of Yucca Mountain, version YMP.R2.0, developed by the
Rock Characteristics Section of the USGS.' Model version YMP.R2.0 includes boreholes USW
SD-7, SD-9 and SD-12 as well as USW G-4 and, therefore, is based on the best available
stratigraphic data close to the Main Drift alignment. The lithostratigraphic units have been
grouped in a way that allows exact correspondence to the defined thermal-mechanical
stratigraphy, but introduces some irregularities in the hierarchy of lithostratigraphic divisions.

Contact elevation data from the Main Drift SD boreholes were projected onto the section
to verify the elevations of the contacts from the computer model against the existing qualified
data. Solid black lines representing the boreholes are projected at actual elevation along the
shortest distance (perpendicular) into the section. Stratigraphic contact elevations are shown by
blue crosses adjacent to the boreholes. These contacts were projected down the average
stratigraphic dip from the borehole into the plane of the cross section. The average dip of the
lithostratigraphic units was used because the available dip of the top of the Tptpmn is
anomalously high where compared to units above and below. The local attitudes of this contact
were derived from structure contour maps of the surfaces included in the documentation of the
Lynx version YMP.R2.0 model."

3.4 Thermal-Mechanical Stratigraphy

The volcanic rocks at Yucca Mountain display a relatively narrow variance in chemical
composition, but a wide range in features dependent on temperature of emplacement and cooling
history. The aspects which most affect the physical and mechanical properties are the degree to
which the individual particles in the deposits have been fused together or “welded” by
post-emplacement heat and pressure, measured by the degree of flattening of the pumice clasts,
and the resulting porosity of the rock. Repository design efforts are based on
thermal-mechanical units that are defined by similarities in rock mass thermal and mechanical
properties, which are largely a function of the degree of welding and porosity.

The Main Drift boreholes penetrate six previously defined thermal-mechanical units (Ortiz .
et al. 1985). A chart correlating Yucca Mountain stratigraphy with the thermal-mechanical units
is included in Figure 3-2, and a version of the Main Drift cross section showing only thermal-
mechanical units is presented in Figure 3-3. The important contact between the Tsw1 and
Tsw2 has been presented here as equivalent to the base of the crystal-poor upper lithophysal

16]bid.
"Buesch et al.
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TSw1 basd contact is variously described as the base of the Tptpu stratigraphic

unit, or as the point near the base of the Tptpul where lithophysal content

drops from greater thon 10% to less than 10%. See Elayer (1995) for discussion.

Figure 3-2. Correlation of stratigraphic and thermal-mechanical units along

the ESF Main Drift alignment (modified by Ortiz et al. 1985).
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unit.’® Recent work by Elayer'® suggests that the contact location should be revised to locate it as
per the original definition based on approximately 10% lithophysal content. This potential
change is noted in Figure 3-3.

The thermal-mechanical units are based primarily on welded versus nonwelded rocks and
on the porosity and presence of lithophysal cavities. The degree of welding present within the
rocks of the Paintbrush Group ranges from nonwelded bedded tuffs that can be crumbled by hand
- to densely welded ash-flow tuffs. As the degree of welding may vary both vertically and
laterally within an ash-flow unit, the thermal-mechanical unit boundaries reflect the boundaries
between welded and nonwelded zones. Thermal-mechanical unit boundaries may vary with
stratigraphic units.

Of note to ESF Main Drift design is the distinction between the upper two Tpt welded
units, TSw1 and TSw2. These units are both within the densely welded, devitrified portions of
the Tpt, but are reported to differ in that TSw1 contains zones where void space from lithophysal
cavities commonly exceeds 10% by volume. TSw2, which contains the Main Drift horizon, also
contains lithophysae bearing units, but to a lesser extent. The Tptpmn, in which the majority of
the Main Drift is to be excavated, is the uppermost of the three lithostratigraphic units which
comprise the TSw2. |

3.5 Major Structural Features

3.5.1 Yucca Mountain Structural Framework

Yucca Mountain consists of a number of north trending structural blocks that have been
tilted gently eastward by major west dipping, high-angle normal faults (Scott and Bonk 1984).
The structural block containing the ESF is 34 km wide and is shown in Figure 3-4% to be
bounded on the west and east by the Solitario Canyon and Bow Ridge Faults, respectively.
Estimated displacement on the Solitario Canyon Fault ranges from 400 m (1312 ft) (Carr 1984)
to 500 m (1640 ft) (USGS 1984). Displacement on the Bow Ridge Fault is variously described
as 120 m (400 ft) (Carr 1984) to 220 m (725 ft) (USGS 1984) and is reported as 125 m 9 m
(410 ft £30 ft) along the North Ramp alignment by Buesch et al. (1994).

Faults along the west sides of the major structural blocks at Yucca Mountain typically
show highly brecciated zones as wide as 500 m, while the east margins of the blocks are
characterized by abundant subparallel, west dipping normal fauits described by some authors as

8peck, J.M., U.S. Clanton, C.A. Rautman, R.W. Spengler, and D. Vaniman (1991). Science
Application International Corp. (SAIC), Las Vegas, Nevada, to D.C. Dobson and J.R.
Dyer, Department of Energy, YMP, Nevada, May 15 letter.

Elayer, R.W. (1995). Definition of the Potential Repository Block, Document No.
BC0000000-01717-5705-00009, Revision 00, CRWMS/M&O, TRW Environmental
Safety Systems, Inc., Las Vegas, Nevada.

“Buesch et al.
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imbricate normal fault zones (Scott and Rosenbaum 1986). Individual faults within these zones
typically displace strata by only a few meters and the dip of strata between the faults
progressively steepens eastward toward the margins of the broken zones. These fault zones
increase in width toward the southern end of Yucca Mountain, which paleomagnetic and field
mapping evidence shows to have rotated about 30° in a clockwise direction relative to the north
end of the mountain (Spengler and Fox 1989). A number of northwest trending, right-lateral,
strike-slip faults exist in the northern portions of Yucca Mountain, but the amount of
displacement is probably minor as inferred from little or no offset of stratigraphic units

(Carr 1984).

3.5.2 Faults Recognized Along the Main Drift Alignment

The potential repository has been sited in the area of the central block of Yucca Mountain
that is the least disrupted by faulting. Most faults within this area are north trending, down-to-
the-west structures with 5 m or less offset and do not cross the Main Drift alignment, as shown in
Figure 3-4, and Figure 3-5* shows surface faults identified by Scott and Bonk (1984).
Exceptions to this are the Ghost Dance Fault and Sundance Fault Zone. The Main Drift is
located approximately 160 m (525 ft) west of the surface trace of the Ghost Dance Fault for most
of its length, but crosses a possible splay of this fault system, referred to as the Abandoned Wash
Fault and a small parallel structure near the south end. The only additional structures noted by
Scott and Bonk (1984) that are found on the alignment are several high-angle fracture sets with
no apparent offset on the crest of Live Yucca Ridge above ESF station 36+00 m. ‘

The known and suspected faults to be encountered by the Main Drift and the projected
points of intersection based on the three-dimensional geologic model and Figure 3-5 are
summarized in Table 3-3. Attitudes are derived from surface mapping or geophysics and the
ramp station intersections are, therefore, approximate.

Table 3-3. Known Faults Projected to Encounter the Main Drift and
Approximate Ramp Station

Ramp Projected Dip-Slip
Station (m)* Strike Dip Fault Type Displacement Name
36+40 N40°W  90°  strike-slip Om Sundance Fault Zone
544967 N25°E __ % normal _ ¥ Unnamed Fault
57+10 N25°E 74° normal 21 m (70 ft) Abandoned Wash Fault

* USGS OFR-95-124'% and Figure 3-5.
? Intersection with ramp alignment on surface.
? No dip or displacement available in Scott and Bonk (1984) or USGS OFR 95-124."2

*'Geology of the Exploratory Studies Facility TS Loop, CRWMS M&O, Document No.
BABO000000-01717-0200-00002, Rev. 00, TRW Environmental Safety Systems, Las
Vegas, Nevada.
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The Ghost Dance Fault is reported to have 38 m of offset at the southern boundary of the
proposed repository outline. However, displacement decreases to the north and is not detectable
in Drill Hole Wash (Spengler et al. 1993). The Sundance Fault System is a northwest trending
feature with apparent right-lateral offset of the Ghost Dance Fault of at least 52 m (Spengler et al.
1994). This structure is described as a zone of near-vertical N30°-N40°W trending faults at least
274 m (900 ft) wide, with the dominant feature at the center of the zone termed the Sundance
Fault. The Sundance Fault is projected to cross the drift alignment at ramp station 36+40 m.

The fault labeled as the Abandoned Wash Fault in Figure 3-2 is a north-northeast trending
fault mapped by Scott and Bonk (1984) that continues the trend of the main segment of the
Abandoned Wash Fault to the south and appears to terminate against the Ghost Dance Fault.

This fault is assigned a 74°W dip in the USGS* three-dimensional model, and has approximately
21 m (70 ft) of down-to-the-west dip separation. A parallel fault crosses the Main Drift
alignment on the surface at station 54+96 m, however, no data on dip or displacement is
available.

3.6 Joint Structure

The welded portions of the Tpc have been recognized by Barton et al. (1989) to contain
two types of fractures: post-emplacement cooling joints and later tectonic joints. The cooling
joints are observed to have low roughness coefficients and a lesser dispersion of orientations.
Tectonic joints generally exhibit higher roughness coefficients, a greater dispersion of
orientations, and a higher number of terminations against earlier joints.

Ongoing studies by the USGS® recognize that jointing characteristics vary significantly,
depending on the degree of welding. In general, densely welded horizons show the greatest frac-
ture frequencies. Nonwelded tuffs, on the other hand, show very few or no joints. This is due, at
least in part, to the accommodation of stress by intergranular slip within the nonwelded units.

Mapping of the fracture network at Pavement P2001 at Fran Ridge by the USGS*
illustrates some of the differences in jointing style between stratigraphic horizons. At this
location, the Tptpmn is observed to contain large, continuous, and well-connected fractures
similar to those recognized previously in the Tpc, while the overlying upper lithophysal zone of
the Tpt exhibits shorter fractures with a greater number of blind terminations and a less-
connected fracture network.

“ZBuesh et al.

BSweetkind, D.S., ER. Verbeek, F.R. Singer, F.M. Byers, Jr., and L.G. Martin (to be published
in 1995). Surface Fracture Network at Fran Ridge Pavement P20001, near Yucca
Mountain, Nye County, Nevada, U.S. Geological Survey Administrative Report to the
Department of Energy, Yucca Mountain Project Office.

*Ibid.

3-14




The U.S. Bureau of Reclamation? (USBR) has identified five structural feature trends in
the North Ramp based on preliminary tunnel mapping data in the Tpc:

e  joint set #1: dip = 84°, dip direction = 353°
o  joint set #2: dip = 82°, dip direction = 132°
e  joint set #3: dip = 78°, dip direction = 262°
e  joint set #4: dip = 68°, dip direction = 174°
e  joint set #5: dip = 16°, dip direction = 107°

The USBR set #5 is a subhorizontal parting characterized by thin anastomosing veins of vapor-
phase alteration parallel to foliation. These features are most prominent in the middle
nonlithophysal zone of the Tiva and may occur in other zones. Observations in the North Ramp
indicate this structural feature is only a discontinuous separation a small percentage of the time.
However, this feature represents a potential discontinuity or weakness, but has been considered a
joint set as per Barton et al. (1974). Based on tunnel observations, the USBR joint set #4 rarely
coexists with joint set #1; therefore, joint set #4 is considered to be a subset of joint set #1
because of the similar strike.

Based on these observations from the North Ramp Tunnel, three predominant joint sets can
be identified and are listed in Table 3-4. These data are similar to the analysis of fracture
patterns in existing oriented-core data (Lin et al. 1993b). Because there is general agreement
between data sets on fracture orientation, it was assumed that the fracture sets to be encountered
in the Tpt during excavation of the Main Drift will be similar to the North Ramp and Fran Ridge
data. The Tpc and Tpt are very similar in terms of rock properties, were deposited within a
relatively short period of geologic time, and have been subjected to the same post emplacement
tectonic stresses. '

Table 3-4. Orientation of Joint Sets Assumed to be Present in Tpt

Joint Set Dip (degrees) Dip Direction (degrees)
1.00 84.00 353.00
2.00 82.00 132.00
3.00 78.00 262.00

3.7 Hydrology

The Main Drift will be excavated in the unsaturated portion of the YMP stratigraphy. No
evidence of water inflow of construction significance was observed in video logs of SD-7, SD-9
or SD-12 in the middle nonlithophysal or lower lithophysal zones to be cut in the Main Drift.
Fault zones along the ramp were not directly sampled by any of the boreholes and conditions at
the faults which will be penetrated by the Main Drift are not known. Perched water has been
observed at the YMP site.

»U.S. Bureau of Reclamation (1995). Geotechnical Report for Station 0+6 to 4+00 m, North
Ramp of the ESF, Report, DTN: GS950508314224.003.
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4.0 Borehole Geotechnical Data

4.1 Rock Structure Data

This section of the report presents a summary of the rock structural data from boreholes
USW NRG-6, NRG-7/7A, SD-7, SD-9, SD-12, and UZ-14 as the basis of characterization of
rock characteristics along the Main Drift. The majority of the Main Drift (stations 28+05 to
57+00 m) cuts across the Tptpmn, and the structural data for this entire zone has been
summarized for presentation. Near station 57+00 m, the Abandoned Wash Fault is projected to
intersect the Main Drift and causes an up to the south displacement of approximately 15 m.
Beyond this fault, the Main Drift is projected to be excavated approximately 15-20 m below the
Tptpmn/Tptpll contact. The structural character of this portion of the Tptpll is compared to the
Tptpmn for the interval 57+00 to 59+37 m. :

The rock structure data are discussed under the following headings:

lost core and rubble zones,

Rock Quality Designation (RQD),

rock weathering and hardness,

fracture type,

mineral infill and thickness,

fracture surface roughness and planarity, and
fracture frequency.

® & ¢ & ¢ o+ »

Appendix A lists TDIF numbers and data tracking numbers (DTN) of the individual core
hole logs. The core log data for USW SD-7, SD-9, SD-12 and UZ-14 are presented in
Appendix C. A detailed description of the structural core logging process along with core log
data for USW NRG-6 and NRG-7/7A have been previously reported by Brechtel et al. (1995).

4.1.1 Core Recovery

The amount of lost core and rubble were logged for every 3-m (10-ft) interval of core
throughout each borehole. The quantity of intact core and core rubble recovered and the quantity
of lost core are general indicators of both the quality of the rock and the drilling technique. Lost
core is defined as gaps in the core record where the rock sample has been ground up during
drilling or where an empty void/cavity exists. A rubble zone includes sections of core where the
rock is fragmented to the point where logging individual fractures is not feasible. The effect of
the drilling technique on the proportion of lost core and rubble has been assessed by Brechtel et
al. (1995) and it was suggested that it is the fractured nature of the welded tuffs and the presence
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of lithophysae voids that produce the amount of lost and rubblized core and not the coring
method.

The core recovery data are summarized in Table 4-1 for the Tptpmn. This table lists the
percentages of intact core, rubble zones, and lost core (normalized to the total core length within
the middle nonlithophysal zone) which are compared graphically in Figure 4-1. The amount of
lost core from each hole ranged from 8.8% to 34.2% of the total core interval within the
stratigraphic zone. Rubble zones ranged from 11.9% to 31.4%. Overall, 65% of the total core
was recovered intact and logged, 15% was lost and 20% was rubblized. This is consistent with
the core recovery in other welded units considered in the analysis of the North Ramp (NRG)
borehole data. '

Table 4-1. Summary of Core Recovery Data for the Tptpmn—Main Drift
Boreholes

Total Whole Core Lost Rubble Lost Core
Logged Recovered % of Core % of Zones % of & Rubble % of
Borehole (m) (m) Total (m) Total (m) Total (m) Total
SD-7 36.6 21.2 579 39 107 115 314 15.4 42.1
SD-9 33.5 23.4 69.9 438 143 53 15.8 10.1 30.1
SD-12 39.6 274 69.2 3.5 8.8 87 220 12.2: 30.8
NRG-6 30.5 21.8 71.5 2.7 8.9 6.0 1.7 8.7 28.5
NRG-7/7A 36.6 17.3 472 125 342 638 18.6 193 52.8
UZ-14 335 26.3 785 3.2 9.5 4.0 11.9 7.2 215

TOTAL 210.3 137.4 653 306 145 423 20.1 72.9 34.7

The upper portion of the lower lithophysal zone is characterized by very high proportions
of lost core and rubble. For example, NRG-7/7A averages 62% lost core and 15% rubble in the
first 24 m below the base of the Tptpmn.

4.1.2 RQD Data

RQD (Deere 1963) is a core recovery percentage that considers only those pieces of core
which are 100 mm (4 in) or greater in length. This index has been widely used as a general
indicator of rock mass quality and is an input for the RMR and Q systems. The RQD percentage
is determined as follows: '

RQD (%) - > Piece leng{thIOOmm(4 inches) % 100 (4_1)

Interval length

where all discontinuity features observed in the core were considered. Lost core and rubble
zones do not contribute any piece lengths, but are considered in the interval length. RQD was
determined for both the core run interval and on even 3-m (10-ft) intervals.




20%
Rubble Zone

15%
Lost Core
65%
Whole Core
Recovered

Figure 4-1. Pie chart showing core recovery, lost core and rubble zones as a
percentage of total core in the Tptpmn—Main Drift boreholes.

The RQD used for geotechnical design purposes considered all fractures identified in the
core, including those identified by the core loggers as natural, indeterminate, and drilling
induced. A parameter, enhanced-RQD, was also calculated in which the drilling-induced
fractures were not considered resulting in greater piece length determinations. The resulting core
RQD and enhanced-RQD are compared in Table 4-2 for the Tptpmn for each of the Main Drift
boreholes. Frequency histograms and the cumulative percent occurrence for RQD and
enhanced-RQOD are shown in Figures 4-2 and 4-3, respectively.

Table 4-2. Comparison of RQD and Enhanced-RQD Data for the Tptpmn—Main

Drift Boreholes
NRG- All
SD-7 SD-9 SD-12 NRG-6 7/7A UZ-14 Holes Relative Rating
"RQD Mean 15 33 24 11 15 37 23 RQD (%) Rating

Median 12 19 25 8 11 29 16 91-100  Excellent
Std. Dev. 15 28 16 12 14 31 22 76-90 Good

Enhanced-RQD  Mean 29 49 39 28 28 55 38 51-75 Fair
Median 26 50 38 29 28 51 33 26-50 Poor

Std. Dev. 23 28 24 18 21 33 26 1-25  Very Poor

. Enhanced-ROD  Mean 1.9 15 1.6 2.6 18 15 17 0-1  Extremely
RQD ‘ ‘ Poor

Median 22 26 15 36 25 18 2.1.

The relative rock quality according to the RQD system (Deere 1968) is shown in
Table 4-2 to compare to the Main Drift RQD values. The relative rock quality based on average
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Figure 4-2. Histogram showing RQD frequency in the Tptpmn—Main Drift
boreholes.
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Figure 4-3. Histogram showing enhanced-RQD frequency in the Tptpmn—Main
Drift boreholes.




RQD in the Tptpmn ranges from poor to very poor among the various holes. Table 4-2 also
shows the ratio of enhanced-RQD to RQD for both mean and median values. Using average
values from each borehole, the enhanced-RQD ranges from 1.5 to 2.6 times greater than the core
RQD, suggesting poor to fair rather than very poor to poor rock quality.

RQD does not provide a complete assessment of rock structural quality; however, it
provides a basis for cross-hole comparison to assess the potential of variation along the Main
Drift as it cuts across the strata units. This comparison is shown in Figure 4-4 which lists the
3-m (10-ft) RQD values with increasing depth from the top of the Tptpmn. The approximate
ramp station is listed on the left side of the figure for 10-m vertical increments of the
stratigraphy. The comparison is generalized using the mean RQD for 3-m (10-ft) intervals which
are compared to stratigraphy at the right side of the table and suggests the presence of two zones
of generally higher RQD. Areas of lower RQD occur above, in between, and below, with the
middle area associated with the lithophysal subzone in the Tptpmn. Below the Tptpmn, the
portion of the Tptpll projected to be cut by the Main Drift is characterized by very low RQD,
with the low values very consistent from hole to hole.

4.1.3 Rock Weathering and Hardness

Weathering is a parameter that describes the condition of the rock that constitutes the core
surface. Rock weathering is determined for each 3-m (10-ft) interval of core using the qualitative
descriptors listed in Table 4-3 which are based on recommendations by the International Society
of Rock Mechanics (ISRM 1981). The distribution of the rock weathering is presented
graphically in Figure 4-5 for the Tptpmn. Rock for this zone is either fresh or slightly weathered
(51% and 49%, respectively, of the whole core recovered).

Rock hardness is a general descriptor of the strength of the rock material. Hardness is
typically determined by scratching the rock surface or by striking the rock with a hammer and
observing the response of the material. However, to satisfy the technical requirements for the
core samples recovered in YMP drilling, the rock hardness was subjectively estimated by visual
inspection. The hardness classification descriptors are listed in Table 4-4. The distribution of
rock hardness is presented graphically in Figure 4-6. The rock in the Tptpmn has been generally
classified as hard (80%) and very hard (15%).

4.1.4 Lithophysae Content

The lithophysae content includes the surface area percentage of lithophysal and other
voids observed in the rock and is estimated for each 3-m (10-ft) interval of core using standard
charts for estimating mineral content in thin sections. The distribution of the estimated
lithophysal content is shown in Figure 4-7 for the Tptpmn. Percent lithophysae is low, with an
average value of 0.3%, median of 0.0%, and a standard deviation of 0.8%. Lithophysal contents
of the core recovered from the Tptpll ranged from 0 to 3% (from NRG-7/7A) using the
core-based descriptive method reported by Brechtel et al. (1995). However, borehole video -
suggests that a substantially higher volume of lithophysal cavities may be present.
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Table 4-3. Explanation of Weathering Descriptions and Log Abbreviations

Weathering Log Further
Class Abbreviation Explanation
Fresh F Rock and fractures not oxidized or discolored, no

separation of grains, change of texture or solutioning.

Slightly weathered S Oxidized or discolored fractures and nearby rock, some
dull feldspars, no separation of grains, minor leaching.

Moderately weathered M Fractures and most of the rock oxidized or discolored,
partial separation of grains, rusty or cloudy crystals,
moderate leaching of soluble minerals.

Intensely weathered I Fractures and rock totally oxidized or discolored,
extensive clay alteration, leaching complete, extensive
grain separation, rock is friable.

Decomposed D Grain separation and clay alteration complete.

F=Fresh, S=Slightly Weathered, M=Moderately Weathered,
I=Intensely Weathered, D=Decomposed

47%
53%

Figure 4-5. Distribution of rock weathering parameters for the Tptpmn—Main Drift
boreholes. ‘




Table 4-4. Explanation of Estimated Hardness and Log Abbreviations

Hardness Log
Class Abbreviation Further Explanation

Extremely hard 1 Cannot be scratched, chipped only with repeated heavy hammer

_ blows.

Very hard 2 Cannot be scratched, broken only with repeated heavy hammer blows.

Hard 3 Scratched with heavy pressure, breaks with heavy hammer blow.

Moderately hard 4 Scratched with light-moderate pressure, breaks with moderate
hammer blow.

Moderately soft 5 Grooved (16th inch) with moderate heavy pressure, breaks with light
hammer blow.

Soft : 6 Grooved easily with light pressure, scratched with fingernail, breaks
with light-moderate manual pressure.

Very soft 7 Readily gouged with fingernail, breaks with light pressure.

Soil-like 8 cohesive

Soil-like 9 non-cohesive

1=Extremely Hard, 2=Very Hard, 3=Hard, 4=Moderately Hard, 5=Moderately Soft, 6=Soft, 7=Very Soft,
8=Soil-like Cohesive, 9=Soil-like Non-cohesive
4

5%

3
79%

Figure 4-6. Distribution of the estimated hardness rating as a percentage of the
total drilling in the Tptpmn—Main Drift boreholes.
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Figure 4-7. Histogram of the distribution of the percent lithophysae and other
cavities in the Tptpmn—Main Drift boreholes.

4.1.5 Fracture Data

Extensive fracture data has been collected in the core logging process for the boreholes.
The information for each individual fracture can include the following:

structural feature type,
fracture inclination,
fracture mineral infilling,
fracture infilling thickness,
fracture planarity, and
fracture roughness.

* ¢ 4 o 0

. .

Detailed instructions for the geotechnical logging process, including the description of these
fracture characteristics, are provided by Brechtel et al. (1995). The distribution of each fracture
characteristic for the Tptpmn unit is described in the following subsections. No detailed
processing of fracture characteristics was performed due to the large quantity of lost core and
rubble in the lower lithophysal zone.

4.1.5.1 Feature Type. There are four categories of structural features that are
identified during the logging of the core:

“* N-—natural fractures,
+ I—indeterminate (uncertain origin) fractures,
¢ C—coring-induced fractures, and
¢ V—vug or void larger than core.




Natural fractures are indicated by mineral coatings, evidence of weathering, slickensides, and
lack of rematch/fit between the discontinuity surfaces across the core. The fractures judged to be
coring-induced are generally perpendicular to the axis of the core and are typically clean, fresh,
and fit tightly back together. Fractures identified as indeterminate (I) often have been shaped by
drilling rotation and cannot clearly be identified as natural (N) or coring induced (C). Voids or
vugs that are larger than the core have also been identified during the logging process.

The total occurrence of each of type of feature is listed in Table 4-5, and distribution of
these structural features is shown in Figure 4-8. Coring-induced (C) fractures have the largest
proportion of occurrence in the Tptpmn. Only natural (N) and indeterminate (I) fractures have
been considered in assessing the other fracture characteristics which include fracture inclination,
mineral infilling and thickness, fracture planarity and roughness, and fracture frequency. For the
Tptpmn, N and I feature types constitute 48.5% of the total fractures.

4.1.5.2 Fracture Inclination. Fracture inclination is the angle between the plane
normal to the core axis and the fracture plane. The boreholes considered in the Main Drift are
vertical, and fracture inclination is the dip angle of the fracture. The frequency of occurrence of
dip angles grouped in 10° increments is shown in Figure 4-9. With no correction for sampling
bias applied, low-angle fractures (less than or equal to 10°) occur most frequently. Sampling
fracture inclination from core hole data introduces a bias in favor of fractures that are oriented
perpendicular to the core axis. This sampling bias has been corrected using Terzaghi’s (1965)
procedure to provide a more representative distribution of fracture inclination, which is also
illustrated in Figure 4-9. The application of Terzaghi’s correction to borehole data for the ESF
has been described by Lin et al. (1993b) and Brechtel et al. (1995). The corrected data shows
that fractures with dips in the 80° to 90° range are the most dominant with a frequency of

occurrence of 66.9%. The corrected fracture frequency for fracture dips between 70° and 90° is
22.0m™.

Table 4-5. Total Number of Core Structural Features in the Tptpmn—Main Drift

Boreholes
Total Natural Indeterminate Coring Induced Voids
Borehole Features N I C A%
NRG-6 330 91 35 204 0
NRG-7/7A 319 59 71 189 0
UZ-14 315 104 74 137 0
SD-7 297 98 62 137 0
SD-9 250 68 38 140 4
SD-12 363 - 95 114 154 0
TOTAL 1874 515 394 961 4
% of occurrence — 27.5 21 513 0.2
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Figure 4-8. Distribution of the structural features in the Tptpmn—Main Drift
boreholes.
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Figure 4-9. Distribution of fracture inclinations for both uncorrected and
corrected (using Terzaghi's correction) data in the Tptpmn—Main Drift boreholes.

4.1.5.3 Fracture Infill Mineralization and Thickness. The amount and type of
infill mineralization within the discontinuity effects the shear strength of the discontinuity
surface and relates directly to the quality of the rock mass. The number of fractures with infill .
mineralization was logged using the following categories to describe the infill type: '

¢ (C—clean,
¢+  WC—white crystalline,
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+  WN-—white noncrystalline,
+ BC—black crystalline,

+ BD—black dendritic,

¢+ TD—brown dendritic,
TC—tan crystalline,
SI—silica,
MN—manganese,
CA—calcite,

CL—<clay

TN—tan noncrystalline,
FE—iron, and _
BN—brown noncrystalline.

*

*

* ¢ 4 & 0

The thickness of the infill was described using the following categories:

*

C—clean, no filling;

S—uvery thin, surface sheen;
T—thin (up to 0.1 inch);
M—moderately thick (0.1-0.4 inch);
V—very thick (0.4-1.0 inch); and
E—extremely thick (>1.0 inch).

*

* ¢ o @

The distribution of infill mineralization and thickness data is illustrated in Figures 4-10
and 4-11, respectively, for the Tptpmn. The fracture surfaces in the core are primarily clean
(56% of the occurrence of “N” and “I” type fractures). The predominant infill materials include
white crystalline (WC, 8% occurrence), white non-crystalline (WN, 10% occurrence), and black
dendritic (BD, 17% occurrence). Clay infill in this zone is very scarce (0.1% occurrence in the
Main Drift boreholes). Fractures exposed in the North Ramp tend to have thicker infillings than
projected from core analysis. This may be due to the tendency of softer infills to be eroded by
the compressed-air coring technique.

4.1.5.4 Fracture Planarity and Roughness. Fracture planarity and roughness also
contribute to the shear strength of the discontinuity surface and directly affect the quality of the
rock mass. Planarity describes the overall shape of the fracture and is subdivided into the
_following categories:

P—rplanar,
C—curved,
S—stepped, and
I—irregular. ‘

L 4
*
*
>

Roughness describes the local or small-scale relief of the discontinuity surface and is categorized
as follows:
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C=Clean, WC=White Crystalline, WN=White Noncrystalline, BC=Black Crystalline, BD=Black
Dendritic, TD=Brown Dendritic, TC=Tan Crystalline, TN=Tan Noncrystalline, CA=Calcite,
SI=Silica, MN=Manganese, CL=Clay
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Figure 4-10. Distribution of fracture mineral infillings in the Tptpmn—Main Drift
boreholes.

C=Clean; S=Very thin, surface sheen; T=Thin (<0.1"); M=Moderately thick (0.1-0.4");
V=Very thick (0.4-1.0"); E=Extremely thick >1")
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Figure 4-11. Distribution of fracture infill thickness in the Tptpmn—Main Drift
boreholes. :
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V—very rough,
R—rough,
M—moderately rough,
S—smooth, and
P—polished.

¢ ¢ o & o

The distributions of the frequency of occurrence of types of fracture planarity and roughness are
shown in Figures 4-12 and 4-13, respectively. The fractures in the Tptpmn are predominately
planar (66 % of the total occurrence) with a significant occurrence of irregular surfaces (21%).
The small-scale roughness of the fractures is primarily described as either moderately rough
(50%) or smooth (39%). ’

4.2 Rock Mechanics Laboratory Test Data

The available rock mechanics laboratory test data for the Tptpmn at the time of initial
preparation of this report were from core holes NRG-6 and -7/7A. Limited additional data was
subsequently produced in holes USW SD-9 and SD-12. These data, summarized in Table 4-6,
include the following rock properties:

unconfined compressive strength;

elastic modulus and Poisson’s ratio; v
dry bulk density, porosity, average grain density;
indirect tensile strength; and

confined compressive strength.

* 4 ¢ o o

The data have been combined in Table 4-6 to provide the range of values, mean, standard -
deviation, and number of tests for each rock property determined. The table is subdivided into
two groups of summary statistics (USW NRG-6 and -7/7A versus all data) to evaluate any
changes resulting from the inclusion of the SD-9 and SD-12 data.

The confined compressive strengths for intact rock were obtained in triaxial tests on
25.4-mm (1.0-in) diameter samples with confining pressures of 0, 5, and 10 MPa. The results are
compared in Figure 4-14a as compressive strength versus confining pressure for NRG-7/7A
samples from 262.65- and 263.78-m depths in Table 4-6, and in Figure 4-14b which includes
supplemental data from boreholes SD-9 and SD-12. Least-square linear fits of the data sets were
performed and plotted on these figures in the form:

o1 = No3 + o (4-2)

where

o, = the strength of the rock at failure,

o, = the confining stress,

o, = the unconfined compressive strength, and
N = a confinement factor.
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P=Planar, C=Curved, S=Stepped, I=Irregular
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Figure 4-12. Distribution of fracture planarity for the Tptpmn—Main Drift
boreholes. ’
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Figure 4-13. Distribution of the fracture roughness for the Tptpmn—Main Drift
boreholes.
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Table 4-6. Summary of Rock Mechanics Laboratory Test Data for Tptpmn—Main Drift

Boreholes
Dry Confined Compressive  Indirect  Average
Core Young's Poisson's Bulk Test (MPa)® Tensile Grain
Hole Depth UCS'_ Porosity  Modulus Ratio Density  Confined Axial Strength  Density
(m) (ft) (MPa) (%) (GPa) (g/ce) Pressure Stress (MPa) (g/cc)
NRG-6 219.67 720.7-A 235.5 8.5 371 0.19 2.29

219.67 720.7-B 2.50
226.26 742.3-A 162.3 11.0 306 020 225 14.50
226.26 742.3-B 9.7 2.28
226.26 742.3.C 2.53
226.44 742.9-A 212.8 10.0 324 0.22 2.28 {3.00
226.44 742.9-B 10.3 2.27
226.44 742.9-C 253
232.53 762.9-A 112.1 9.5 29.2 018 231
232.53 762.9-B 2.55
23577 773.5-A 1174 103 362 023 2.26 ) 7.90
23577 773.5-B 119 222
235.77 773.5-C 2.52
236.89 777.2-A 8.0 .
236.89 777.2-B 2.50
239.21 784.8-A 223.0 9.6 29.7 0.17 2.27 .
239.21 784.8-B 9.6 2.27 12.50
239.21 784.8-C 2.51
239.45 785.6-A 2186 9.3 30.1 0.16 2.27
239.45 785.6-B 9.3 227 14.10
23945 785.6-C 2.51
241.28 791.6-A 114
241.28 791.6-B 2.52
245.92 806.3-A 2619 80 31.7 0.16 231
245.92 806.8-B . 2.51

NRG-7/7A 236.71 776.6-B . 2.54
236.83 777.0-A 143.8 10.6 329 022 227
243.90 800.2-A 179.2 10.3 227
245.55 805.6-A 12.6 214 0.27 2.21 10.00 147.10
24555 - 805.6-B . 253
245.76 806.3-A 2254 10.1 36.7 0.19 2.28
246.16 807.6-B 2.53
246.37 808.3-B 2.53
24948  8I85-A 126.3 102 331 020 227
252.19 827.4-A 14.6 234 033 2.18 10.00 13530
252.19 827.4-B 2.55
252.50 828.4-A - 159 2.16 6.10
259.05 849.9-A 277 1.84
260.61 855.0-A 11.0 225 11.60
261.64 858.4-B 2.53
261.89 859.2-A 118.8 113 388 0.20 2.28
262.65 861.7-A 9.6 339 0.21 228 5.00 250.80
262.65 861.7-B 2.53
263.78 865.4-A 103 323 019 227 10.00 325.20
263.78 865.4-B . 104 34.0 0.21 2.27 10.00 354.00
263.78 865.4-D 11.7 320 0.25 223 10.00 235.50
263.78 865.4-E 10.0 341 0.22 228 10.00 * 316.70
263.78 865.4-C 104 35.0 0.20 227 5.00 259.80
263.78 865.4-F 104 34.5 0.21 227 5.00 322.30
263.78 865.4-G 11.1 340 018 225 5.00 255.10
263.78 865.4-H 111 36.8 0.21 225 5.00 231.60




Table 4-6. Summary of Rock Mechanics Laboratory Test Data for Tptpmn—Main Drift

Boreholes
Dry Confined Compressive  Indirect  Average
Core Young's Poisson's Bulk Test (MPa)z Tensile Grain
Hole Depth ucs! Porosity Modulus Ratio Density  Confined Axial Strength  Density
(m) () (MPa) (%) (GPa) {g/cc) Pressure Stress (MPa) {g/cc)
NRG-7/7A 263.78 865.4-1 10.7 343 0.20 226 0.00 215.80
263.78 865.4-J 104 335 019 227 0.00 232.00
263.78 865.4-K 10.3 349 022 227 0.00 239.10
263.78 865.4-L 10.6 357 0.21 2.26 0.00 248.50
263.78 865.4-M 2.53
Summary Minimum 112.1 80 214 0.16 1.84 - - 6.10 2.50
Statistics Maximum 261.9 27.7 388 033 231 - - 14.50 2.55
for NRG-6 Mean 179.8 110 329 021 225 - - 11.39 253
and NRG-7/7A  Standard Deviation 525 32 38 003 0.08 - - 3.19 0.01
only3 Number of Samples 13.0 380 27.0 27 36.00 - - 7.00 18.00
SD-9 232.11 761.5-A 339 021 0.00 231.50
234.30 768.7-A 369 0.20 0.00 254.50
235.21 T7L7-A 34.8 0.19 0.00 160.80
236.10 774.6-B 6.8 0.19 0.00 60.10
25198 826.7-A 319 0.21 0.00 224.90
253.84 832.8-C . 29.8 0.19 0.00 183.30
256.67  842.1-E-1 363 020 0.00 208.90
SD-12 223.94 734.7-B 319 0.18 0.00 193.30
227.26 745.6-B 345 020 5.00 330.70
232.44 762.6-B 341 020 10.00 272.80
238.08 781.1-B 36.7 0.21 0.00 198.20
Summary Minimum 112.1 8.0 16.8 0.16 1.84 - - 6.10 2.50
Statistics Maximum 2619 277 38.8 033 . 231 - - 14.50 2.55
for All Mean 179.8 11.0 328 0.21 2.25 - - 11.39 2.53
Boreholes Standard Deviation 52.5 3.2 44 0.03 0.08 - - 3.19 0.01
Number of Samples 13.0 38.0 380 38 36.00 - - 7.00 18.00

'Uniaxial compressive tests conducted on 50.8-mm (2.0-in) diameter samples.
*Triaxial (confined) compressive tests conducted on 25.4-mm (1.0-in) diameter samples.
*Used for development of rock mass mechanical properties estimates in Section 6.2.
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The relationship between the linear equation above and the Mohr-Coulomb parameters,
cohesion (C) and internal friction angle (¢), is given by the following:

T=C+0ntand, 4-3)

where
t = shear stress,
C =cohesion =0,/ 2‘/-17 ,
o, = normal stress, and

¢ = angle of internal friction = 2 (tan‘l JN - 45° )

The least-square fits of the triaxial test data were performed to develop intact rock failure criteria
using Equations 4-2 and 4-3. The results are listed in Table 4-7. Fits of all the NRG data
produced unreasonably low values of confinement effect (N) and friction angle (¢). If the two
extreme values were removed, a more typical friction angle of 49.6° would result. Inclusions of
the SD-9 and SD-12 data produced changes in the linear equation coefficients of 39% for the
slope (N) and 10% for the intercept (6_). These changes were considered within the existing
variability.

Table 4-7. Intact Rock Failure Criteria — Tptpmn

Standard
Boreholes Data 0,=No,+6.  Deviation C=1+0ctand
N 6. (MPa) (MPa)f C(MPa) o

NRG-6, All values 1.6 242 .4 692 97.1 12.6

NRG-7/7A Excluding extreme 7.4 231.2 33.1 . 425 49.6
values*

NRG-6, All values 5.8 211.8 61.3 43.9 449

NRG-7/7A,  Excluding extreme 10.3 207.6 46.8 324 554
SD-9, SD-12 values*

* 0, < 150 MPa @ 0, =10 MPa
1 standard deviation of data from least-square equation

The mean uniaxial compressive strength for the 25.4-mm (1.0-in) diameter samples from
NRG data only was 233.8 MPa. The 25.4-mm diameter mean was higher than for the 50.8-mm
(2.0-in) diameter UCS tests listed in Table 4-6, which had a mean strength of 179.8 MPa and a
standard deviation of 52.5 MPa. With the inclusion of the SD data, the mean unconfined
strength of the 25.4-mm diameter samples was 203.9 MPa. These differences were considered.to
be within the existing variability of the data, and no size effects due to the sample diameters were
observed.
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5.0 Rock Mass Quality Assessment

5.1 Introduction

Rock mass quality has been assessed using both the RMR and Q rock mass classification
systems. Each of these classification systems assigns a numerical rating to a series of parameters
that affect the quality of the rock mass. The parameters are related to the degree of jointing,
interaction of joint orientations to form blocks, joint frictional strength, rock strength versus
active stress, and hydrologic conditions. The individual parameter ratings are combined using
empirical relationships to determine an overall rock quality index (Bieniawski 1979; Barton et al.
1974).

A methodology for estimating the rock mass quality parameters, Q and RMR, was
developed for core rock structural data from the NRG holes, reported by Brechtel et al. (1995).
This methodology has been extended to the Main Drift borehole geotechnical data with
modifications that take advantage of recent rock mass description data produced in the ongoing
excavation of the North Ramp. The available data on rock structural conditions in the Tptpmn is
limited to the six boreholes (USW SD-7, SD-9, SD-12, NRG-6, NRG-7/7A, and UZ-14) utilized
in this study. Comparison of the outcrop mapping data from Fran Ridge and structural mapping
data from Tpc in the North Ramp, discussed in Section 3.6, suggests joint structures are similar.
The North Ramp data’ have, therefore, been used to improve the rock mass quality estimates for
the Main Drift in three areas:

o The distribution of the SRF and Jn parameters in the Tpc, excluding the high lithophysae
interval, have been used to modify the core-based methodology to estimate Q in the Tptpmn.

¢ The range of Q values from the Tpc upper lithophysal zone in the North Ramp was assumed
to be representative of the portion of the Main Drift to be excavated in the Tptpll.

+ The Q values developed for fault zones encountered during excavation of the North Ramp in
the Tpc are projected as the basis for conditions in the faults to be encountered along the
Main Drift.

**Interim Data Transmittal, Yucca Mountain Site Characterization Project, Rock Mass Quality
Data for NRST Stations 60 to 475 m, 475 to 530 m, and 530 to 600 m, TDIF No. 304267
DTN: SNF32120393001.001, TDIF No. 304283 DTN: SNF32120393001.002, and TDIF
No. 304351 DTN: SNF32120393001.003.
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5.2 Rock Mass Quality Projections for the Tptpmn

The RMR and Q indices have been estimated for the Tptpmn using the 3-m (10-ft)
intervals from the core log data for USW SD-7, SD-9, SD-12, NRG-6, NRG-7/7A, and UZ-14.
The rock mass quality indices are presented in log form in Appendix C. Q values in NRG-6 and
NRG-7/7A have been resimulated using Jn and SRF distributions from the North Ramp data.”
The resulting rock mass quality was projected to represent the expected variation that will occur
as the Main Drift cuts across the zone. No spatial correlation of specific values was assumed due
to the limited data; however, cross correlation of RQD data in Section 4.2.1 does suggest rock
quality will vary with stratigraphic location.

5.2.1 Rock Mass Quality Indices for the RMR System—Tptpmn

The calculation of RMR as defined by Bieniawski (1979) includes the summation of the
ratings of five parameters as shown in the following equation:

RMR = C+RQD-I+JS+JC+IJW : (5-1)

where

RMR = a dimensionless number between 0 and 100,

C = rock strength parameter,

RQD-I = Rock Quality Designation (RQD) parameter,

JS = joint spacing parameter,

JC = joint condition parameter, and

JW = joint water parameter.

RMR includes an additional adjustment to account for the strike and dip orientations of
the joints relative to the direction of mining. In this report, the application of RMR is limited to
the estimation of rock mass mechanical properties which does not require joint orientation
adjustment.

The distribution of each parameter (except JW) for the Tptpmn is shown in Figure 5-1.
The groundwater conditions at the repository level of the Yucca Mountain site are projected to be
dry. Therefore, according to the RMR guidelines, the groundwater rating (JW) was set at 15.
Details of the determination of each parameter are provided by Brechtel et al. (1995). In this
study, the rock strength parameter (C) was determined by Monte Carlo simulation of the rock
mechanics testing data from NRG boreholes.

The RMR values for each 3-m (10-ft) interval are calculated according to Equation 5-1 by
summing the individual parameter values for that interval. The distribution of RMR values for
the Tptpmn is shown in Figure 5-2. The RMR data were rank ordered to determine the
cumulative frequencies of occurrence and values are presented for 5%, 20%, 40%, 70% and 90%
as listed in Table 5-1. These frequencies of occurrence were proposed by Hardy and Bauer

Ibid.
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Figure 5-1. Histograms showing the distribution of the RMR system parameters
for the Tptpmn—Main Drift boreholes.

Table 5-1. RMR Values at Five Levels of Cumulative Frequency of Occurrence

Cumulative Frequency of )
Occurrence (%) RMR Relative Rating
5 50 very good 81-100
20 55 good 61-80
40 58 fair 41-60
70 : 63 poor 21-40
90 67 very poor <20
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Figure 5-2. Distribution of the RMR in the Tptpmn—Main Drift boreholes.

(1991) to develop rock mass mechanical properties that represent the range of variability. The
rank-ordered data are presented in Appendix B and indicate that the RMR ranges from a fair to a
good rock mass quality according to the RMR relative ratings listed in Table 5-1.

5.2.2 Rock Mass Quality Indices for the Q System—Tptpmn

The Q System uses six parameters that are combined using the following relationship to
determine a numerical rating of the rock mass (Barton et al. 1974):

_  RQD I W
Q = 55 X5 X & (3-2)

where
RQD = Rock Quality Designation (%),

Jn = joint set number,

Jr = joint roughness number,
Ja = joint alteration number,
JW = joint water factor, and
SRF = stress reduction factor.

The first pair of parameters (RQD/Jn) is an approximate description of the block size. The next
pair of parameters (Jr/Ja) is a measure of the interblock shear strength, and the final pair of
parameters (JW/SRF) is a description of active stress.

The methodology for determining each of these parameters from core structural data has
been described by Brechtel et al. (1995). The joint set number (Jn) and the stress reduction factor
(SRF) cannot be readily determined from core data. Brechtel et al. (1995) assumed a uniform
distribution of Jn between 4 and 9 based on available mapping data from the NRST, and a
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similar methodology for determining SRF values was assumed based on the distribution
conditions of the NRST. These original assumptions have been compared to parameter
assessments from recent data from the Tpc®® in the North Ramp. The upper lithophysal zone of
the Tpc from the North Ramp data was not included because it was not considered representative
of the Tptpmn. The frequencies of occurrence of both the assumed and the North Ramp values
of Jn and SRF for the Tpc are shown in Figure 5-3.

_ The field data distribution represents the North Ramp assessments” and is similar to the

original assumed distribution, but indicates conditions more adverse to stability. Jn values of 12
appear in the field data, but were not anticipated in the assumed distribution. An SRF value of 5
is more prominent in the North Ramp data primarily due to the existence of open joints. To
adjust for these variances, data distributions for the Jn and SRF parameters were modified to
match the distributions determined from the North Ramp field mapping in an attempt to maintain
a conservative assessment of conditions in view of the data limitations.

The distribution of each Q system parameter for the Tptpmn is shown in Figure 5-4. As
in the RMR system, the groundwater parameter (JW) is not shown because it is anticipated that
all excavations at the ESF will be “dry” corresponding to a JW value of 1.

The Q values for each 3-m (10-ft) interval are calculated according to Equation 5-2 based
on the individual parameter values for that interval. The distribution of Q values for the Tptpmn
is shown in Figure 5-5. The Q data were rank ordered to determine the values at cumulative .
frequencies of occurrence of 5%, 20%, 40%, 70%, and 90% as listed in Table 5-2. Rank-ordered
values are presented in Appendix B. It can be seen that Q ranges from a very poor to a good rock
mass quality according to Q guidelines, with a majority of the intervals (64%) indicating a very
poor rock mass quality.

5.3 Evaluation of Projected RMR and Q Results—
Tptpmn

The Q and RMR values determined from the Main Drift borehole data (USW NRG-6,
NRG-7/7A, SD-7, SD-9, SD-12, and UZ-14) have been evaluated by comparing the correlation
of Q and RMR results to a case-history correlation reported by Bieniawski (1976). This provides
a means to check the rock quality assessments by the core logging procedure against previously
published rock quality data. The core-based Main Drift Q and RMR calculation procedure uses
the methodology presented by Brechtel et al. (1995), except that adjusted data distributions for
the Jn and SRF parameters were used in the Monte Carlo simulation. The effectiveness of the
core-based methodology was also evaluated by comparing the core-based North Ramp data for
the Tpc to the Q and RMR data determined from scanline descriptions developed during
construction of the North Ramp.*® This evaluation was performed to verify that the core-based

*1bid.
*Ibid.
**Ibid.
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.Table 5-2. Q Values at Five Levels of Cumulative Frequency of Occurrence

Cumulative Frequency of .
Occurrence (%) Q Relative Rating
5 0.14 exceptionally good 400-1000
20 0.29 extremely good ~100-400
40 0.42 very good 40-100
70 1.39 good 1040
90 10.56 fair 4-10
poor - 14
Very poor 0.1-1
extremely poor 0.01-0.1
exceptionally poor 0.001-0.01
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rock quality assessments were reasonable when compared to field assessments made in the North
Ramp tunnel.

5.3.1 Correlation of Q and RMR Results

Bieniawski (1976) developed the following correlation between Q and RMR values based
on 111 case histories:
RMR =91n(Q) +44 . (5-3)

The case history data were also used to develop a 90% confidence interval bounding the
relationship. Equation 5-3, including the confidence intervals, is shown in Figure 5-6 with
correlated Q and RMR data from the Main Drift boreholes. For Q values greater than 1, the
Main Drift data is generally consistent with Bieniawski’s relationship of Q and RMR. However,
for Q values less than 1, the Main Drift data often exceed the upper 90% confidence limit. Hardy
and Bauer (1991) attributed this effect to the fact that the stress/strength term (SRF) in the Q
system accounts for structural effects similar to the RQD, while the strength index in the RMR
system remains fairly constant for a particular rock type. The procedure for calculating RMR for
the ESF tunnels is less sensitive to joint conditions when compared to the Q system. Also,
because RMR is used to determine rock mass mechanical properties in this work, it has not been
adjusted for joint orientation.

5.3.2 Comparison of Q Values from Field- and Core-Based
Assessments

The core-based results for Tpc are compared to actual field data from rock quality
assessments in the North Ramp to assess the performance of the core-based projections. The
North Ramp has not currently reached the Tptpmn and, therefore, no field data for this zone is
available for comparison.

Prior to construction of the North Ramp, the rock mass quality of the North Ramp was
projected using the data from the North Ramp borehole (NRG series) rock structure logs and the
same core-based rock quality assessment methodology described in this section (Brechtel et al.
1995). As the North Ramp is being excavated, rock mass quality is being collected from scanline
descriptions, and Q and RMR are being assessed for every 5-m interval along the tunnel length.*!
These data have been compiled for the portion of the Tpc stratigraphic unit (North Ramp tunnel
stations 0+60 to 1+88 m and 3+50 to 5+30 m) for each 5-m interval in the tunnel. The two data
sets are compared in Figure 5-7 by showing the cumulative frequency of occurrence of Q values.
The distributions are very similar, however, the actual rock quality in the tunnel is lower than
predicted by the core.

The projected ground support requirements indicated by the two data sets in Figure 5-7 -
have been determined according to the YMP Ground Support Guidelines.” The support

3bid. ,
32 BABEAB000-01717-2100-40151-01, Exploratory Studies Facility Package 2C, Topopah
Springs North Ramp Ground Support Master Elevations and Sections, July 27, 1994.

5-9




100

80 N L
i
ooy
60 — ‘
= L
z Mn(Q+62 :
40 b
OMn(QH44
R
9In(QH+26 |
0 i o
0.01 0.1 1 10 100 : 1000
Q Index
Figure 5-6. Correlation of Q and RMR results for the Tptpmn—Main Drift
boreholes.
100% : S
- 80% ‘ S // i
60% IB Predicted Q ' .' /
20% 2
s |
0% BN L | |
0.001 0.01 0.1 1 10 100 1000

Figure 5-7. Comparison of cumulative frequency of occurrence of Q for both
core-based (predicted) and field-assessed (actual) values for the Tpc stratigraphic
unit. '

5-10




guidelines for each 3-m (10-ft) borehole interval of the Tpc unit (using all NRG series boreholes)
were determined based on the Q parameters, and the frequency of occurrence of each support
category is shown in Figure 5-8. Support categories used in this comparison are defined in
Table 5-3 based on the YMP Ground Support Guidelines. The core-based data for the Tpc unit
projects that the majority of the tunnel will require Category 3b support which includes a pattern
of 15 rockbolts across the crown with 50-75 mm of shotcrete fully covering the tunnel wall from
the crown to the invert.

Ground support requirements based on the field-assessed Q parameters and the YMP
Ground Support Guidelines are presented in Figure 5-9 as frequency of occurrence. The
distribution of ground support is very similar to the ground support requirements determined
from borehole data indicating that the empirical approach is robust and that the core-based
projections are realistic. Although differences were observed in the predicted and actual Q
values, the predicted ground support distribution according to the YMP support guideline (which
is based on the Q parameters) was nearly identical to the field-assessed ground support
requirements.

5.4 Indicated Ground Conditions and Support Requirements—Tptpmn

Although the joint structure exposed in the North Ramp excavations is similar to jointing
in the surface pavements mapped at Fran Ridge, the difference in orientation of the North Ramp
and Main Drift is projected to result in more adverse ground conditions in the Main Drift. This
difference is illustrated by key block analyses based on North Ramp joint orientations and
comparative analysis of the two tunnel alignments, and supports the assessment of ground
support requirements using the YMP Ground Support Guidelines and the projected rock quality
(Q) in the Tptpmn. :

5.4.1 Key Block Stability Analysis—Tptpmn

A key block stability analysis using the three joint sets in Table 5-4 has been performed
comparing the North Ramp, with a tunnel azimuth of 299°, to the Main Drift which will have a
tunnel azimuth of 183°. A key block is a critical block or wedge in the tunnel wall that is finite,
removable, and potentially unstable (Goodman and Shi 1985). The UNWEDGE Version 2.2%
key block stability analysis program has been used in this analysis. The program uses an
ubiquitous, non-probabilistic approach to key block analysis which emphasizes the prediction of
the formation of the maximum potential key block size given a particular joint set, tunnel

¥ Carvalho, J., E. Hoek, and B. Li (1992). UNWEDGE—Program to Analyze the Geometry and
Stability of Underground Wedges, Rock Engineering Group, University of Toronto,
Toronto, Canada.
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Figure 5-8. Distribution of ground support category from NRG borehole data for
the Tpc stratigraphic unit of the Tiva Canyon Formation.

Table 5-3. YMP Ground Support Categories

YMP Ground Support
Category Description of Ground Support
la An array of 8 rockbolts with welded wire mesh;
bolt density = 8 bolts/1.5 m
1b An array of 8 rockbolts with welded wire mesh;
bolt density = 8 bolts/1.5 m; supplement with spot bolting
2 An array of 15 rockbolts with welded wire mesh;
bolt density = 15 bolts/1.5 m
3a An array of 8 rockbolts; bolt density = 8 bolts/1.5 m;
supplement with spot bolting; apply 50—75 mm shotcrete
3b An array of 15 rockbolts; bolt density = 15 bolts/1.5 m
apply 50—-75 mm shotcrete
4 Steel sets at 1.2 m spacing with partial lagging
5 Steel sets at 0.6-1.2 m spacing with full lagging
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for the Tpc unit of the Tiva Canyon Formation.

Table 5-4. Comparison of Key Block Analysis Results for the North Ramp and

Main Drift
North Ramp _ Main Drift
Apex Apex

Wedge | Volume Height Safety | Volume Height Safety
# (m°) (m) Tonnes Factor (m’) (m) Tonnes Factor
1 21.6807 7.8 59 0 58.75 10.8 159 0
2 0.0007 0.3 <1 0.06 not formed
3 0.0009 0.4 <1 055 | 0.01 0.4 | 0.55
4 21.6807 7.8 59 infinite | 58.75 10.8 159 infinite
5 0.0007 0.3 <1 0.53 not formed
6 0.0009 04 <1 0.12 0.01 04 <1 0.12

orientation, and tunnel cross section. The results of the analysis are provided in Appendix D and
are described below.

This analysis of the joint structure, based on the assumption of similar joint orientations
in both the North Ramp and Main Drift, suggests that given similar rock mass conditions, the
- Main Drift will experience an increase in the frequency of ground stability problems in the crown
(formation of key blocks) due to the orientation of joints relative to the tunnel alignment. A
comparison of the maximum potential key block volume, apex height, block tonnage, and safety
factor are shown in Table 5-4. The volume and tonnage of the maximum potential key block
formed in the crown (wedge #1 in Table 5-4) is estimated to be three times greater in the Main
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Drift than in the North Ramp. Although not directly resulting from the analysis, it is inferred that
the Main Drift tunnel crown has the potential for more key blocks which will result in poorer
ground conditions compared to the North Ramp because the most predominant joint set is
generally parallel to the tunnel axis.

The effect on block formation in the tunnel walls (wedges #2, #3, #5 and #6 in Table 5-4)
is mixed. The North Ramp alignment allows the potential formation of four wedge types
whereas the Main Drift alignment allows only two. The analysis indicates that the relative size
of the maximum potential key blocks in the tunnel wall increases in the Main Drift compared to
the North Ramp, however, the block sizes are negligible with respect to ground control.

5.4.2 Indicated Ground Support—Tptpmn

The distribution of the projected rock mass quality (Q), illustrated in Figure 5-5, and the
YMP Ground Support Guidelines have been used to determine support requirements using the
associated Q parameters. The relative lengths of the Main Drift that will require the indicated
support can be derived from the distribution of projected ground support shown in Figure 5-10.
The ground support categories are described in Table 5-3. This analysis suggests that within the
Tptpmn, 46% of the tunnel length will require category 3b support (rockbolts with shotcrete) and
36% of the tunnel length will require category 4 support (steel sets with partial lagging).

5.5 Rock Mass Quality—Tptpli

Specific rock mass quality assessments were not performed on the portion of the Tptpll
containing the Main Drift between stations 57+00 m to 59+37 m. Recovery of core in this part
of the Main Drift boreholes was very low, and the resulting RQD listed in Figure 4-4, Section
4.0, gives an average RQD of <10%. Review of downhole video records indicates that the upper
portion of the Tptpll contains lithophysal cavities larger than the diameter of the core (60 mm)
and that the condition of the borehole is uniformly irregular, type C3, according to the
descriptive nomenclature used by Brechtel et al. (1995).

Rock mass conditions based on the core data may be similar to the upper lithophysal zone
of the Tpc in the North Ramp. Rank-ordered Q data from the North Ramp in this zone of
cavernous lithophysae indicated a range of Q values from 0.04 to 2.68 with a median value of
0.64. Based upon comparison of RQD, Table 4-4, Section 4.0, it is projected that ground support -
requirements in the portions of the Main Drift will be category 4.

5.6 Rock Mass Quality—Fault Zones

Fault zones along the Main Drift have not been sampled by the boreholes, and no direct
data on the character or extent of the fault zones is available at depth. Observations in the North
Ramp excavations through the Tpc indicate that rock mass quality in the densely welded tuffs is
generally lower than in the nonwelded tuffs. The presence of faults in the welded tuffs adversely
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Figure 5-10. Projected distribution of ESF ground support category for the
Tptpmn—Main Drift boreholes.

affects rock quality in the area of the faults, as opposed to the nonwelded tuffs where the
fault-related effects are more localized.

Examination of the variation of Q from the North Ramp in the area affected by the
“imbricate” faults suggests a median Q of 0.44 which corresponds to roughly the lower 25% of
the Tpc data. On this basis, rock quality near the points of intersection of the Main Drift with the
Sundance Fault zone and the Abandoned Wash Fault are expected to be similar to the range of Q
values associated with a cumulative frequency of occurrence of 25% in the Tptpmn data in
Section 5.2. This would suggest Q values of 0.3 or less. In the Sundance Fault zone, these
values of Q could be characteristic of the rock roughly 185 m before and after the central zone
which is projected to occur at station 36+40 m. Note that this location is based on the projection
of the fault zone as vertical and that there is no subsurface information. Data from discrete 5-m
intervals intersected by normal faults in the North Ramp indicate Q values as low as 0.04.
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6.0 Assessment of Rock Mass Mechanical
Properties

6.1 Introduction

Rock mass mechanical properties are required for input into the numerical analyses that
support the geotechnical design of the Main Drift. Mechanical properties at the rock mass scale
are known to vary significantly from mechanical rock properties determined from laboratory
specimens. These differences are the result of the inherent complexities of rock as an
engineering material and are primarily attributed to the jointed nature of the rock. The rock mass
mechanical properties of interest included rock mass strength, the elastic modulus, and the
Poisson’s ratio.

Hardy and Bauer (1991) have recommended rock mass strength criteria and mechanical
models for representing the rock mass response of the tuff at Yucca Mountain. Empirical
methods are used with RMR data and the laboratory rock mechanical properties to estimate the
rock mass mechanical properties. These empirical methods will require validation by future ESF
testing. :

6.2 Rock Mass Strengths

A site-specific rock mass strength criteria has been developed folloWing the procedure of
Hardy and Bauer (1991) using both the Hoek and Brown (1988) and Yudhbir et al. (1983)
strength criteria. The data needed for using this approach include the rock mass quality index
RMR, intact rock uniaxial compressive strength, and triaxial compressive strength data.

Both Hoek and Brown (1988) and Yudhbir et al. (1983) use the 1974 version of RMR
(RMR,,, Bieniawski 1974a) in their rock mass strength determination. However, the site
_ characterization of the tunnels of the ESF have adopted the most recent version of RMR (RMR, -
Bieniawski 1979) which uses a slightly modified method of assessing the individual parameters
of the RMR system. Brechtel et al. (1995) have assessed the use of both RMR,, and RMR;, and
found that the resulting difference in the RMR,, (design RMR determined from both the RMR
and Q systems) is small and does not significantly affect the rock mass strength determination.

RMR, is calculated by converting Q to RMR and averaging both the converted Q and the |
RMR. The value of Q is converted to RMR by using a correlation developed by Bieniawski
(1976): » _ o
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RMRcaL = 9 x In(Q)+44. (6-1)

The design RMR is then determined as:

' RMR7; + RMR
RMRp = —’——2——& . (6-2)
The rock mass strengths are generated for five classes of rock mass quality based on the
cumulative frequencies of occurrence of 5%, 20%, 40%, 70%, and 90% as presented in Section
5.0. The values of Q, RMR_,;, RMR,,, and RMR,, are listed in Table 6-1 for the Tptpmn. The
use of the RMR,, values in the rock mass strength determination is described in the following

sections.

Table 6-1. Tabulation of Q, RMR,,, and Design RMR, Values for the Five Classes
of Rock Mass Quality in the Tptpmn

Rock Mass Quality Class
1 2 3 4 5
Q 0.14 : 0.29 0.42 1.39 10.56
RMR,, 26 33 36 47 65
RMR,, 50 55 58 63 67
RMR, 38 44 47 55 66

6.2.1 Yudhbir Criterion

Yudhbir et al. (1983) selected a strength criterion proposed by Bieniawski (1974b) for
rock materials: :

61 = Ac.+ Bo. (). : (6-3)
where
c. = intact rock uniaxial compressive strength,
o, = the strength of the rock mass,
c; = the confining stress, '
A = 1.0 for intact rock or f{RMR) for rock mass, and
a,B = rock material constants dependent on the rock type.

Yudhbir et al. (1983) developed an expression for A that makes the above strength criterion
applicable to rock masses:

A = e0OT6S®RMR)-765 (6-4)
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6.2.2 Hoek and Brown Criterion

Hoek and Brown (1988) have developed the following rock mass strength criterion:

6, = o3+ ‘/mcc0'3 + so? , (6-5)

where 6,, 6, and so are defined above, and m and s are constants which are a function of both
the rock properties and the extent to which the rock has been fractured. For undisturbed rock
masses (e.g., machine-excavated rock), m and s have been related to RMR as follows:

m = mie(RMR-IOO)IZS and (6-6)

s = e®RMR-100/9 (6-7)

The parameter m, is the value of m for intact rock and is found by fitting Equation 6-5 to triaxial
test data from laboratory specimens where the value of s is set equal to one.

6.2.3 Failure Criteria Parameters for Intact Strength Results

Triaxial testing data, developed for 25.4-mm (1.0-in) diameter samples of the Tptpmn,
were presented in Section 4.2, Table 4-6. Failure criteria based on the NRG data in Table 4-6
were used to estimate rock mass strength. The subsequent addition of test results from SD-9 and
SD-12 to the database was not judged to change the intact failure criteria enough to warrant
revising the analysis. Scatter in the NRG data was large and attempts to fit the nonlinear failure
criteria presented in Sections 6.2.1 and 6.2.2 resulted in convex-shaped curves if extreme values
were removed, or unrealistically low confining pressure effects if all data values were used.
Curve parameters for Equations 6-3 and 6-5 were previously derived by Lin et al. (1993a) who
analyzed a set of existing, unqualified rock mechanics testing data from the TSw2 unit. These
curve parameters were tested against the qualified Tptpmn data by inspection and by error
analysis, and were found to fit the NRG intact strength with the same degree of error as the linear
least-square failure criteria. Figure 6-1 compares the Yudhbir and Hoek-Brown curves to the
confined testing data from Table 4-6. The standard deviations of the NRG data from the curves
were 34.3 and 36.6 MPa (Yudhbir and Hoek-Brown, respectively). The goodness of fit was
acceptable when compared to the NRG least-square criteria (excludmg extreme values) which
had a standard deviation of 34.6 MPa.

The parameters B and o for the Yudhbir et al. criteria and m, for the Hoek and Brown
criteria are listed in Table 6-2. These parameters describe the effect of confining pressure and
~were used with the mean value of the uniaxial compressive strength tests (179.8 MPa) for the
50.8-mm (2.0-in) diameter samples listed in Table 4-6 to define the intact failure criteria.
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Figure 6-1. Comparison of Tptpmn testing data to intact rock mass strength
criteria.

Table 6-2. Constants for the Rock Mass Strength Criteria in MPa

Cumulative Frequency of Occurrence of RMR

, Parameter 5% 20% 40% 70% 90%
Yudhbir Criterion A 0.009 0.014 0.017 0.032 0.074
B 2.00
o 0.65
c, 179.8
Hoek & Brown m 0.88 1.08 1.20 1.60 2.37
Criterion s 0.0010 0.0019 0.0028 0.0066 0.0227
m; 8.00
c. 179.8
Design Rock Mass - a 3.70 5.19 6.28 10.17 20.19
Strength (MPa) b 10.59 10.60 10.58 10.45 10.12
c 0.69 0.71 0.71 - 0.73 0.75




6.2.4 Design Rock Mass Strengths

Rock mass failure criteria were calculated using the parameters in Table 6-2 for intact
rock with adjustment for RMR value at cumulative frequencies of occurrence of 5%, 20%, 40%,
70%, and 90%. Parameter A in the Yudhbir criteria and both m and s in the Hoek and Brown
criteria are functions of RMR.

The rock mass strengths determined from both the Yudhbir et al. (1983) and Hoek and
Brown (1988) criteria were then averaged to determine a site-specific rock mass strength
criterion. The relationship between rock mass strength and confining stress was expressed in the
form:

o = a+boj, (6-8)

where parameters a, b, and ¢ were determined for RMR value class using a curve fit of data pins
between 0 and 3 MPa confining pressure. The parameter values are presented in Table 6-2, and
the rock mass strength curves are shown in Figure 6-2. The mean intact uniaxial rock strength is
also plotted on Figure 6-2 to illustrate the magnitude of the reduction from intact rock strength to
rock mass strength.

6.2.5 Rock Mass Mohr-Coulomb Strength Parameters and Dilation
Angles

The Mohr-Coulomb strength parameters, including cohesion (C) and angle of internal
friction (¢), and the dilation angle are commonly used to. describe the rock mass strength in
numerical analysis. The strength parameters were developed from a linear fit of strength data
pairs (G,, 63) used to produce the strength envelopes in Figure 6-1. The linear relationship was
expressed in the form of Equation 4-1. Parameters ¢, and N were used to generate a rock mass
Mohr-Coulomb failure criterion relating shear (t) and normal stress (o,) according to
Equation 4-2. The resulting values of C and ¢ for each rock mass class are listed in Table 6-3.
The non-associated flow rule suggested by Michelis and Brown (1986), which uses a dilation
angle equal to half the internal friction angle, was considered suitable for the tuff rocks of the
ESF (Hardy and Bauer 1991) and the resulting values for dilation angles are also listed in
Table 6-3. The intact Mohr-Coulomb strength parameters (Section 4.2) are hsted in Table 6-3
for comparison to the rock mass values.

6.3 Rock Mass Elastic Moduli

, The following correlation between rock mass elastic modulus and RMR has been
developed by Serafim and Pereira (1983) and was recommended for use by Hardy and Bauer
(1991) for preliminary assessment:
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Figure 6-2. Design rock mass strength envelopes for the Tptpmn—Main Drift
boreholes.

Table 6-3. Range of Strength Parameters and Dilation Angles for the
Mohr-Coulomb Failure Criterion in the Tptpmn

Intact Rock' Cumulative Frequency of
Values Occurrence of RMR

_ 5% 20% 40% 70% 90%
Confinement factor, N 7.4 7.2 7.3 7.4 7.4 7.4
Uniaxial compressive strength, o, (MPa) 179.8 6.1 7.6 85 122 221
Cohesion, C (MPa) ' 33.0° 1.1 1.4 1.6 2.2 4.1

" Internal friction angle, ¢ (degrees) 49.6* 49 49 50 50 50
Dilation angle (degrees) 25 25 25 25 25 25

'NRG data in Table 4-6
*Calculated using equation 4-3, 6, = 179.8 and N =74




E = [0®RMR-10)/40 (6-9)

where E is expressed in GPa and E < average intact sample modulus = 32.9 MPa. Values of rock
mass moduli have been calculated for the five rock mass quality classes (using RMR,, as shown
in Table 6-1) and are listed in Table 6-4.

Table 6-4. Range of Estimated Rock Mass Modulus (GPa) for the Tptpmn

Cumulative Frequency of Occurrence of RMR
5% 20% 40% 70% 90%
5.07 7.01 8.40 13.23 25.03

6.4 Rock Mass Poisson’s Ratio

Empirical relationships to estimate Poisson’s ratio from rock mass quality are not
available. The mean value of Poisson’s ratio from laboratory tests (Section 4.2) were adopted as
the rock mass Poisson’s ratio. The rock mass Poisson’s ratio for the Tptpmn is 0.21. No
adjustments for rock class are recommended.
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Appendix A

Interim Data Transmittal References




1. Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Fracture Data
Sheets — Six Groups of Detailed Line Survey Data for the Exploratory Studies Facility,
North Ramp Starter Tunnel: Pilot Bore, Bench Cuts, Test Alcove #1, Slash Cuts, Drainage
Cuts, and Portal Cuts,” U.S. Geological Survey, U.S. Bureau of Reclamation,
DTN:GS950308314224.001.

2. Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Detailed Line
Survey from the North Ramp of the Exploratory Studies Facility, Stations 0+60 to 4+00,”
U.S. Geological Survey, U.S. Bureau of Reclamation, DTN:GS950508314224.002.

3. Interim Data Transmittal, Yucca Mountain Site Characterization Projeci, “Geotechnical
Report for Stations 0+60 to 4+00, North Ramp of the ESF,” U.S. Geological Survey, U.S.
Bureau of Reclamation, DTN:GS950508314224.003.

4. Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Mechanical
Properties Data for Drill Hole NRG-6 Samples from Depths of 462.3 ft to 1085.0 ft,”
Sandia National Laboratories, TDIF No. 301785, DTN:SNL02030193001.004.

5. Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Mechanical
Properties Data for Drill Hole NRG-6 Samples from Depths of 5.7 ft to 1092.3 ft,”
Sandia National Laboratories, TDIF No. 304135, DTN:SNL02030193001.022.

6. Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Mechanical
Properties Data for Drill Hole NRG-7/7A Samples from Depths of 507.4 ft to 881.0 ft,”
Sandia National Laboratories, TDIF No. 303340, DTN:SNL02030193001.019.

7. Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Mechanical
Properties Data for Drill Hole NRG-7/7A Samples from Depths of 345.0 ft to 1408.6 ft,”
Sandia National Laboratories, TDIF No. 304095, DTN:SNL02030193001.021.

8. Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Rock Mass
Quality for the NRT Stations 60 to 475 m,” Sandia National Laboratories, TDIF
No. 304267, DTN:SNF32120393001.001.

9. Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Rock Mass
Quality Data for NRT Stations 475 to 530 m,” Sandia National Laboratories, TDIF
No. 304283, DTN:SNF32120393001.002.

10. Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Rock Mass
Quality for NRT Stations 530 to 600 m,” Sandia National Laboratories, TDIF
No. 304351, DTN:SNF32120393001.003.

11. Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Geologic Core ‘
Log for Hole USW SD-7,” Sandia National Laboratories, DTN:SNT021 10894001.001._
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Geologic Core
Log for SD-9,” Sandia National Laboratories, TDIF No. 303743
DTN:SNT02052794001.001 and TDIF No. 304282 DTN:SNT02052794001.002.

Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Geologic Core
Log for SD-12,” Sandia National Laboratories, TDIF No. 303744
DTN:SNT02012894001.001.

Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Geology and
Rock Structure Log for Hole USW SD-7, 675-825 ft,” Revision 0, Sandia National
Laboratories, DTN:SNF29041993002.066. Superseded by .075.

Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Geology and
Rock Structure Log for Hole USW SD-9, 700850 ft,” Revision 0, Sandia National

- Laboratories, DTN:SNF29041993002.051. Superseded by .076.

Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Geology and
Rock Structure Log for Hole USW SD-12, 650-800 ft,” Revision 0, Sandia National
Laboratories, DTN:SNF29041993002.054.

Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Geology and
Rock Structure Log for Hole USW UZ-14, 700-850 ft,” Revision 0, Sandia National
Laboratories, DTN:SNF29041993002.079.

Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Core Hole
Rock Structure Data Summary for Hole USW SD-7, 670-830 ft” Revision 0, Sandia
National Laboratories, DTN:SNF29041993002.067.

Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Core Hole
Rock Structure Data Summary for Hole USW SD-9, 700-850 ft, Middle Nonlithophysal
Zone,” Revision 1, Sa_ndia National Laboratories, DTN:SNF29041993002.069.

Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Core Hole
Rock Structural Data Summary for Hole USW SD-12, 650-800 ft, Middle
Nonlithophysal Zone” Revision 1, Sandia National Laboratories,
DTN:SNF29041993002.071.

Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Core Hole
Rock Structure Data Summary for Hole USW UZ-14, Middle Nonlithophysal Zone,”
Revision 0, Sandia National Laboratories, DTN:SNF29041993002.080.

Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Estimated
Rock Mass Quality Indices Based on Core Log Data for Hole USW NRG-6, 710-1100 ft,
TSw2 Unit,” Revision 4, Sandia National Laboratories, DTN:SNF29041993002.074.




Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Estimated Rock
Mass Quality Indices Based on Core Log Data for Hole USW NRG-7/7A, 770-1510 ft,
TSw2 Unit,” Revision 4, Sandia National Laboratories, DTN:SNF29041993002.073.

Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Estimated Rock
Mass Quality Indices Based on Core Log Data for Hole USW SD-7, 670-830 ft, TS
Middle Nonlithophysal Zone,” Revision 0, Sandia National Laboratories,
DTN:SNF29041993002.068.

Interim Data Transmittal, Yucca Mountain Site Characterization Project, “Estimated Rock
Mass Quality Indices Based on Core Log Data for Hole USW SD-9, 700-850 ft, TS
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Rank-Ordered Rock Mass Quality Estimates for the Tptpmn
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Table B-1. Rank-Ordered Rock Mass Quality Data for Tptpmn

Cumulative Frequency
Count of Occurrence Q RMR RQD

1% 45.98
3% 47.93
4% 48.69
6% 50.10
7% 50.50
9% 51.50
10% 52.20
12% 52.40
13% 53.00
14% 53.07
16% 53.19
17% 54.31
19% 54.72
20% 54.81
22% 55.12
23% 55.17
25% . 55.20
- 26% 56.07
28% 56.16
29% 56.24
30% 56.50
32% 56.60
33% 56.60
35% 56.75
36% 56.95
38% 57.00
39% 57.58
41% 57.77
42% 57.95
43% 58.07
45% » 58.07
46% 58.10
48% 58.73
49% 58.83
51% 59.17
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. Table B-1. continued

Cumulative Frequency

Count of Occurrence Q RMR RQD
36 52% 0.74 59.34 17
37 54% 0.75 59.73 17
38 55% 0.78 60.00 18
39 57% 0.80 60.07 18
40 58% 0.80 61.23 19
41 59% 0.91 61.33 20
42 61% 0.92 61.43 24
43 62% 0.95 61.51 25
44 64% 0.96 61.52 25
45 65% 1.15 61.61 26
46 67% 1.18 61.70 28
47 68% 1.31 62.71 28
48 70% 1.39 62.76 29
49 71% 1.52 63.13 29
50 72% 1.55 63.33 30
51 74% 1.81 63.40 32
52 75% 1.91 63.70 32
53 77% 1.91 63.76 33
54 78% 2.37 64.07 36
55 80% 2.89 64.07 40
56 81% 2.97 64.39 41
57 83% 3.05 64.75 41
58 84% 3.64 65.44 42
59 86% 4.00 65.50 46
60 87% 4.23 65.62 - 48
61 88% 5.00 66.50 48
62 90% 10.56 66.66 48
63 91% 10.79 67.09 52
64 93% 11.05 67.50 62
65 94% 12.00 67.54 64
66 96% 12.38 69.50 65
67 97% 14.93 70.45 78
68 99% 21.00 75.50 82
69 100% 33.33 76.72 94
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Appendix C

USW SD-7, SD-9, SD-12 and UZ-14 Core Logs and Data
' Geology and Rock Structure Log
Core Hole Rock Structural Data Summary

Estimated Rock Mass Quality Indices Based on Core Log Data




USW SD-7 CORE LOGS AND DATA

- Geology and Rock Structure Log
Core Hole Rock Structural Data Summary
Estimated Rock Mass Quality Indices Based on Core Log Data
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USW SD-7 (1 of 2)
Stratigraphic and Thermal-Mechanical Units Summary
0 - 800 ft
Stratigraphy' Thermal-Mechanical
Units?
. Depth (ft)
m"iiM{i}ii{l’iﬂilu Dep (@
middle non- 50.1 — — 50.1
lithophysal zone 74.5—
? Tiva.
[
= Canyon
L1 lower lithophysal zone Welded
S Unir
3 TCw
= 195.0 —
lower non-
lithophysal zone
basal vitric zone 3 ?25 — —305.5
L. IauT‘er r(;gmvelile‘clid:gne[ 325 g — Upper
re-1iva {anyon bedded {u, e T &)
. PBodded tuffss " 330.5 Paintbrush
3 frecoverv very himsted) nomvelded
2 [ upper nomvelded 626 unit PTn
’\2 caprack vitrophyre :zgg%z — 3872
2 upper
3 nonlithophysal
R o] Zome
Q? E 487.8— Topopah
o ) Spring
= welded
& upper unit
= .
3 ; lithophysae-
§ lithophysal rich
S <zone
= TSwi
682.5—
middle
nonlithophysal Interval presented
(motiled) - in Geology and
zone Rock Structure Log
S 5 S W MATCHUUINE  Jesdesiase] -
*mterval from 330 5 10 362 o contams very hmited recovery of bedded wifs  Yucca Mountain Tuft is not recogmzed
m this interval. Pah Canyon Tufl was not found but may exist in unrecovered interval from 342.0 to 362.6.

Date: 7/5/95




USW SD-7 (2 of 2)
Stratigraphic and Thermal-Mechanical Units Summary

Paintbrush Group

Topopah Spring i
Tuff

800 - 950 ft
Stratigraphy' Thermal-Mechanical
Units?
Depth (ft)
WMATCHLUINE || A e oo U -- S G
Interval presented :
lower in Geology and welded
ithophysal unit
_i’;nzp ysa Rock Structure Log e
poor

ISw2

Bottom of available
log @ 950°, TD=1602" -

Date: 7/7/95

Lithologic log of Borehole USW SD-7. Dale Engstrom, unpublished data.

Thermal-mechanical units as defined by Buesch, et al., USGS Open File Report 94-469, 1996. “Proposed stratigraphic nomenclature and
macroscopic identification of lithostratigraphic units of the Paintbrush Group exposed at Yucca Mountain, Nevada ”
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT  SandiaNational Laboratories

Print Date: 5/4/95

CORE HOLE ROCK STRUCTURAL DATA SUMMARY WBS "135:;5
Hole USW SD-7, 670-830 ft Revision 0
CODING EXPLANATION
STRATIGRAPHIC ABBREVIATIONS
T.C. Tiva Canyon Tuff C.P.M. Nontith.  Crystal-Poor Middle Nonlithophysal Zone
C.P.L.Lith. Crystal-Poor Lower Lithophysal Zone
C.P.L.Nonlith. . Crystal-Poor Lower Nonlithophysal Zone
C.P. Vitric Crystal-Poor Vitric Zone
Bedded Tuff
YM. Yucca Mountain Tuft
Bedded Tuff
P.C. Pah Canyon Tuff
Bedded Tuff
T.S. Topopah Spring Tuff C.R. Vitric _ Crystal-Rich Vitric Zone
C.R. Nonlith. Crystal-Rich Nonlithophysal Zone
C.R. Lith. Crystal-Rich Lithophysal Zone
CP.U. Lith. Crystal-Poor Upper Lithophysal Zone
C.P. M. Nonlith.  Crystal-Poor Middle Nonlith. ,
C.P.L. Lith. Crystal-Poor Lower Lithophysal Zone
C.P.L. Nonlith.  Crystal-Poor Lower Nonlithophysal Zone
C.P. Vitric Crystal-Poor Vitric Zone Vitrophyre
C.P. Vitric NW Crystal-Poor Vitric Zone Non- to Partially Welded
and Moderately Welded
Bedded Tuff
C.H.  Calico Hills Formation
THERMOMECHANICAL UNITS
UO—Undifferentiated Overburden
TCw—Tiva Canyon Weided Unit

PTn—Upper Paintbrush Nonwelded Unit
TSwi—Topopah Spring Welded Unit—Lithophysae Rich
TSw2—Topopah Spring Welded Unit—Lithophysae Poor
TSw3—Topopah Spring Welded Unit—Vitrophyre
CHn1—Calico Hills and Lower Paintbrush Nonwelded Unit

COLUMN INFORMATION (Page 3)

RQD (%) __ 2, Piece lengths 20.33 fi
RQD (%) - Interval length x 100.
CORE RQD Core RQD based on piece lengths defined by all types of fractures (C, |, Nand V).
ENHANCED RQD Effect of fractures identified as coring induced (Type C) are filtered from the piece lengths.
LITHOPHYSAL (and Percent void due to lithophysae and other cavities, estimated visually by counting the number of
other cavities) cavities, estimating the average diameter, calculating the void volume assuming spherical cavities,
and normalizing to the core volume.
NM—Not Measured
WEATHERING Subjective evaluation of rock degradation by mechanical/chemical agents:
F: Fresh M: Maderately weathered D: Decomposed
S: Slightly weathered I: Intensely weathered

Agapito Associates, Inc.
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT  SandiaNational Laboratories

Print Date: 5/4/95

CORE HOLE ROCK STRUCTURAL DATA SUMMARY WEBS '-2-35:.-5
Hole USW SD-7, 670-830 ft Revision 0
HARDNESS Subjective evaluation of resistance to breakage:
1: Extremely hard 4: Moderately hard 7: Very soft
2: Very hard 5: Moderately soft 8: Soil-like, cohesive
3: Hard 6: Soft 9: Soil-like, non-cohesive

COLUMN INFORMATION (Page 4)
FEATURE TYPE Foliowing codes indicate origin of feature:
N: Natural—indicated by mineral coating or evidence of weathering, slickensides, fack of fit
between sides.
I: Indeterminate—origin questionable, rotated so that coatings possibly removed.
C: Coring induced—iresh, clean, tightly fitting breaks.
V: Vug or farge void.

INCLINATION (degrees) Angle between plane normal to core axis and plane of fracture (Type N and | only).
MINERAL INFILLING Describes the infilling on fracture surfaces {Type N and | only):

C: Clean TD: Brown dendritic CL: Clay
WC: White crystalline TC: Tan crystalline TN: Tan noncrystaliine
WN: White noncrystalline  CA: Calcite FE: Iron oxide
BC: Black crystalline S!: Silica BN: Brown noncrystalfine
BD: Black dendritic MN: Manganese
INFILL THICKNESS Describes the thickness of mineral infillings on the fracture surface (Type N and | only):
S: Very thin, surface sheen V: Very thick (0.4 - 1.0 inches)
T: Thin (up to 0.1 inches) E: Extremely thick, greater than 1.0
M: Moderately thick {0.1-0.4 : inches
inches)
PLANARITY Describes the overall shape of the feature (Type N and | only):
P: Planar S: Stepped :
C: Curved I: Irregular
ROUGHNESS Describes the local relief of the surface (Type N and | only):

V: Very rough—stepped, near-normal steps and ridges occur.

R: Rough—large angular asperities can be seen.

M: Moderatefy rough—asperities clearly visible, surface has abrasive feel.
S: Smooth—no asperities, smooth to the touch.

P: Polished—slickensided, extremely smooth and shiny.

Agapito Associates, Inc.
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STRATIGRAPHIC ABBREVIATIONS
T.C. Tiva Canyon Tuff C.P. M. Nonlith. Crystal-Poor Middle Nonlithophysal

Zone
C.P. L. Lith. Crystal-Poor Lower Lithophysal Zone
C.P. L. Nonlith. Crystal-Poor Lower Nonlithophysal Zone

C.P. Vitric Crystal-Poor Vitric Zone
Bedded Tuff
Y.M. Yucca Mountain Tuff
Bedded Tuff
P.C. Pah Canyon Tuff
Bedded Tuff :
T.S. Topopah Spring Tuff C.R. Vitric Crystal-Rich Vitric Zone
C.R. Nonlith. Crystal-Rich Nonlithophysal Zone
C.R. Lith. Crystal-Rich Lithophysal Zone
C.P. U. Lith. Crystal-Poor Upper Lithophysal Zone
C.P. M. Nonlith. Crystal-Poor Middle Nonlithophysal
Zone
C.P. L. Lith. Crystal-Poor Lower Lithophysal Zone
C.P. L. Nonlith. Crystal-Poor Lower Nonlithophysal Zone
C.P. Vitric Crystal-Poor Vitric Zone Vitrophyre
C.P. Vitric NW  Crystal-Poor Vitric Zone Non- to
Partially Welded and Moderately Welded
Bedded Tuff

C.H. Calico Hills Formation

THERMOMECHANICAL UNIT,
UO—7Undifferentiated Overburden
TCw-—Tiva Canyon Welded Unit
PTn—Upper Paintbrush Nonwelded Unit
TSw1—Topopah Spring Welded Unit—Lithophysae Rich
TSw2—Topopah Spring Welded Unit—Lithophysae Poor
TSw3—Topopah Spring Welded Unit—Vitrophyre
CHnl1—Calico Hills and Lower Paintbrush Nonwelded Unit

Agapito Associates, Inc.
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
Core Hole Structural Data Summary
Hole USW SD-7
Interval — 670-830 ft, Middle Nonlithophysal Zone

BASEOF | STRATI- THERMO- | CORE | ENHANCED | ESTIMATED | LOST | RUBBLE WEATHERING _______ HARDNESS (ft in 10- interval)**»
10FT GRAPHY MECHANICAL | RQD* RQD** % CORE| ZONE ft in 10t interval)*** ROCK SOIL
INTERVAL] ___ZONE UNIT % % cavimes | @ | @ | FisIMI1 112131 s sTel1718T15s
&80 | 15.0.00n_ TSw] 8 14 2 49 | 34 100 100
&0 |15 M Nonlin. | Tow2 0 0 < 56 | 46 00 00
70015 M. Nonlth.] _ Tow2 [] C < 28 | 6. 00 00
710__| 15, M. Nonltth. | Towz 13 2 < 05 | 2 00 0.0
720|715 M.Nonlth.] _ Tows 7 7 < 00 | 2 00 i
730 M. Nonlth | Tows 28 &4 < G4 | 10 0, s
740__| 1S M Nonith.| _Tow2 13 2 < 01 | 47 00 i
760 |15 M Nonffih.{  Tows 5 a1 < 00 | o0f 00 00 !
7680 M. Noniith. Tows 28 & < 00 |02 00 00 !
770__| 1S.M.Nonith.] __ Tow2 3 45 < 01 | o 00 00 .
780 _M.Nonith. | Tsw2 17 29 < 00 | 4% 00 00
7% _M_Nonith.|  Tow2 6 20 < 01 | 50 [46]55 00
800__| TS M. Nonith.] __Tow2 10 16 < 34| 49 00 0D
810 S. LU Tow2 4 21 < 50| 15 0.0 08
80 S_LLith. TSw2 0 5 < 84 | 27 00 00
830 T5.L Lith, W2 0 0 < 76| 19 0.0 19181
Mo
__Ime
o
JStan
Vs
Rar
Min
M
Sun
Cot

* CORE RQD—Detemmined from plece fengths formed by afl fypes of fractures (C. |, Nand V).
** ENHANCED RQD—Determined by filtering the effects of fractures identified as coring induced (Type C) from the piece lengths.
*** Footage in interval may not equal 10 ff bacause of lost core, rubble, or ommission during logging.




Sandia National Laboratories

Print Date: 5/4/95
WBS 1.2.3.2.6.2
QAL
Revision 0
CORE HANCED RQD (%) LOST CORE & RUBBLE (%) " EST. % CAVITIES
E RSO :EN RAD ¢%) 80 100 ¢ 50 100 ) 1 2

9 r 100.00%
Iy - 90.00%
7 + 80.00%
6 - 70.00%
®
5 + 60.00% g
‘ - 50.00%
4
- 40.00% §
3 L 3000%
2 - 20.00%
1 - 10.00%
o . I 0.00%
0 10 20 30 40 50 &0 70 80 90 100
RQD Range
CORE RQD Summary ENHANCED RQD Summary
12.19]Mecn 4.3
7.5{Median 20.3
Mode
rd Deviation 14.0jstandard Deviation 21.9]
195.0|Variance 477.8
48lRange &9
Minimnum 0]
48[Maximum &9
1951Sum 389]
16]Count "ﬂ

8 % B

ne

730

740

750

760

770

790

810

830

Page 3




YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT

Core Hole Structural Data Summary

Hole USW SD-7 v

Interval — 670-830 ft, Middle Nonlithophysal Zone

BASEOF THERMO- FRACTURE FREQUENCY
10FT |stRaTiG MECHANICAL | FEATURETYPE o Umierva) | NO.OFFRACTURES W/NCLINATION (degrees)

INTERVAL! _ ZONE UNIT N cClV } + 4 {10]20]30]40]50[60] 70] 80] 9
560|135 U. L. TSw 11116 680 1 i
690___| 1.5 M. Nonifth. Tow2
700 ] T.5. M. Nonfith. TSw2 7163 700 WY 3 1 T 3
710__ | 1.5. M. Noniith. TSw2 91213 ONaeC 1 218
720__| 1.5, M. Nonlith. Tow2 01 7 |14 720 4 [ P O A
730 | 1.5. M. Nonifth, Tow2 13] 6114 31214l a1 213
740 | 1.5. M. Nonlith, Tow2 Bl o1 240 9 5 132 7
760__| 1.5, M. Nonitth. Tow2 121101 19 61 2]2]311 5131
760__| 1.S. M. Noniih. Tow2 5§18 21 310 2 T3]3
770 | T.S. M. Noniith. Tow? 616115 760 5 1 i ] 4
760 | 1.5. M. Nonifth. Tow2 7 | 4110 2 13 313
790__| 1.5. M. Nonifh. ToW2 | 3|12 780 4 T 1| 1121213
800 | 1.5. M. Noniih. Tow2 2156 1 1
810 1.5, L tth. Tow? 5§l 3]¢8 800 311 ] 2
820 TS, L Lith. ToW2 113 1 111
830 TS L U, Tow2 113 1

TOTAL 106] 70 | 164] 0 | 82 (481 6 [ 5|10 13| 7 [ 16| 10| 42

%PERCENTOF'OCCURRENCE 322114710 2] | 34861671741 4 |86 11| 24

SD7ROSUM.XLS JF.T. Agapito .
C

S— —




Sandia National Laboratories
Print Date: 5/4/95

WBS 1.2.3.2.6.2

QA: QA

NO. OF FRACTURES W/ | NO. OF FRACTURES ] _ NO. OF FRACTURES
_ NO. OF FRACTURES W/MINERAL INFILLING TYPE INFILL THICKNESS CODE | W/PLANARITY CODE| 'W/ROUGHNESS CODE
S 7 A TGN T sl SR T T T I S T B I 0 T N
— 1 1 T 3 3
H 2 113 8 sl 111 T 4134
5 3 9 9" ] 3 7
5 7 2 7 B TN S I 51719
5 1215 5 7 Tl 2 Bl 21 2 1%
] 2 T 7 16 (3 I R O T I
f 2 3 3 8 17 i K
5 5 713 7 513
2 ) 7 213
2 3 3 T 1216
3 5 7173 T 21217
7 T
3 3 217 5 T1 21 4
l i T 11 3 N I
51241l 0]@BloJol il 2lnlololololalelolol oIl el el a5l % a0
7901 14] 01281 0] 0108]1.1163] 0] 01 0] 019167101 01 0]82178123]57129] 1114114510

iates, Inc. Page 4
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT  Sandia National Laboratoriex

Print Date: 7/3/95

ESTIMATED ROCK MASS QUALITY INDICES WBS 12352—5
BASED ON CORE LOG DATA Revision.O

Hole USW SD-7, 670-830 ft, Middle Nonlithophysal Zone

EXPLANATION OF CALCULATION

Rock mass quality indices, Q (Barton et al., 1974) and RMR (Bieniawski, 1979), have been
estimated for 10-ft intervals using Rock Structural Data Summaries developed from structural
logging of the core, observations of rock conditions in the North Ramp Starter Tunnel, North
Ramp tunnel, and laboratory testing data.

Q is developed to evaluate the distribution of rock mass quality as a basis for
developing the range of credible rock mass quality to establish the ground support
requirements within rock units and to derive rock mass mechanical properties
according to the methodology proposed by Hardy and Bauer (1991). Procedures used
in the calculation were:

Note: Any spatial correlation mayv be
masked by Monte Cario simulation of
Jn and SRF.

* .
Q - R_Q.D_* PY Ir ° Iw
. - In* Ja SRF*

where RQD** = Core RQD where all fractures types [natural (N), indeterminate
(1), coring induced (C) and vugs (V)] have been considered in
determination of RQD. If the RQD is less than 10%, the value
used is set to 10 as per Barton et al. (1974). By definition,
soil-like materials are considered to have zero RQD.

Jn* = Joint Set Numbers: Cannot be determined from the core log data
and are generated by Monte-Carlo simulation assuming a uniform
distribution of values between 1 and 12 derived from mapping of
the North Ramp tunnel.

Jr = Joint Roughness Number: A weighted average value derived
based on the N and I type fractures in the 10-ft interval.

Ja = Joint Alteration Number: A weighted average value derived from
the description of N and I type fractures in the interval.

Jw = Joint Water Factor: Set equal to 1.0 assuming dry conditions.

SRF* = Stress Reduction Factor: For nonwelded units, SRF is determined
from the ratio of UCS/6, (UCS = unconfined compressive
strength, 6, = overburden stress). If unconfined compressive
strength data is not available for the 10-ft interval, a compressive
strength is generated by Monte:Carlo simulation using laboratory
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test data for the thermomechanical units. For welded tuff units,
SRF cannot be determined from core log data and is generated by
Monte Carlo simulation assuming a distribution derived from
mapping of the North Ramp tunnel.

The use of the Core RQD is conservative since it includes the effect of coring induced
breaks. Filtering the effects of coring induced breaks from the RQD calculation
("Enhanced RQD") produced an increase in the mean RQD. The mean values for
thermomechanical units in USW SD-7, 670-830 ft, Middle Nonlithophysal Zone are:

Core ROD  Enhanced ROD
TSw2, Middle Nonlithophysal Zone 12.2% 24.3%

RMR is estimated based on the Rock Structural Summary log data, and rock strength
data. Procedures used in the calculation were:

RMR=C+RQD-I+JS+JC+JW

where C = Rock Strength Index: Derived from compressive strength estimated
by unconfined compressive strength laboratory test data for the
10-ft interval. If data is not available for the 10-ft interval, a
compressive strength is generated by Monte-Carlo simulation using
laboratory test data for the thermomechanical unit.

RQD-I=RQD Index: Derived using the Core RQD value for the 10-ft
interval.

JS = Joint Spacing Index: Derived from the rock structural data for the
10-ft interval, excludes coring induced features.

JC = Discontinuity Condition Index: Derived from the description of
fractures in the 10-ft interval.

JW = Groundwater Index: Assumed dry conditions
Q and RMR data are presented in log format to associate parameters with depth

intervals in the core log; however, any spatial correlation may be masked by
Monte-Carlo simulation.
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STRATIGRAPHIC ABBREVIATIONS
T.C. Tiva Canyon Tuff C.P. M. Nonlith. Crystal-Poor Middle Nonlithophysal

Zone
C.P. L. Lith. Crystal-Poor Lower Lithophysal Zone
C.P. L. Nonlith. Crystal-Poor Lower Nonlithophysal Zone

C.P. Vitric Crystal-Poor Vitric Zone
Bedded Tuff
Y.M. Yucca Mountain Tuff
Bedded Tuff
P.C. Pah Canyon Tuff
Bedded Tuff
T.S. Topopah Spring Tuff C.R. Vitric Crystal-Rich Vitric Zone
C.R. Nonlith. Crystal-Rich Nonlithophysal Zone
C.R. Lith. Crystal-Rich Lithophysal Zone
C.P. U. Lith. ‘Crystal-Poor Upper Lithophysal Zone
C.P. M. Nonlith. Crystal-Poor Middie Nonlithophysal
~ Zone
C.P. L. Lith. Crystal-Poor Lower Lithophysal Zone
C.P. L. Nonlith. Crystal-Poor Lower Nonlithophysal Zone
C.P. Vitric Crystal-Poor Vitric Zone Vitrophyre
C.P. Vitric NW  Crystal-Poor Vitric Zone Non- to
Partially Welded and Moderately Welded
Bedded Tuff

C.H. Calico Hills Formation

THERMOMECHANICAL UNIT,
UO—-Undifferentiated Overburden

TCw-—Tiva Canyon Welded Unit

PTn——Upper Paintbrush Nonwelded Unit

TSw1—Topopah Spring Welded Unit—Lithophysae Rich
TSw2—Topopah Spring Welded Unit—Lithophysae Poor
TSw3—Topopah Spring Welded Unit—Vitrophyre
CHn1—Calico Hills and Lower Paintbrush Nonwelded Unit
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USW SD-9 CORE LOGS AND DATA

Geology and Rock Structure Log
Core Hole Rock Structural Data Summary
Estimated Rock Mass Quality Indices Based on Core Log Data
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Stratigraphic and Thermal-Mechanical Units Summary

USW SD-9 (1 of 3)

0 - 830 ft

welded subzones at 268.5'.

Stratigraphy Thermal-Mechanical
.1 2 .
Sandia USGS Units®
Depth (ft) Depth (ft)
B - — TN n - =
S not cored S
§ g . i‘ilii”lllll”lll”’L . g § Depth (ft)
S § 1 53.6 — fpamlll — S E 536
£ i 336 ! IS < i =572
= ! . ! =
s _g» r ! see detail ] = \Tiva
255 i (sheet20f3) | |§ 2w Canyon
=L i I O Upper Welded
e 1157.7— 156.5 P — Paintbrush|  Unit
< § 3 ! ! g nonwelded| TCw
< § §| PahCanyon Pah Canyon 3 %‘ § unit
©= S PTn’
bedded tuff Z? A= 2266 bedded tuff Tpb12
[Gpper nonwelded zone236 — 255.6 —
’Z‘gprock vitrophyre %9% ? = %_6;25 S sgizaéozgh b — 268.5
upper alorich
nonlithophysal Crysl .ah-r ";l | o,
= zone (Rounded) nonlithophysa 3
3 zone <
~ S
= <
: 2
< 439.2— : S
= § upper lithophysal 4392 crystal-rich '.‘3 Top op ah
8 §| crystal transition zone lithophysal zone 5 3 Spring
~ = 4852— 484.2 & < welded
> ® unit
5 = lithophysae-
& 5 i f isae
= 2 ic
s 5 TSwl
‘ E‘ upper crystal-poor §.
lithophysal upper =~
zone lithophysal
zone
72887 736.8 — 7368
middle crystal-poor Topqpah
nonlithophysal middle Spring
zone nonlithophysal weld‘ed '
zone unit
MATCHLINE : lithophysae-
TSw2
*Break between welded and moderately /\A
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USW SD-9 Stratigraphy (2 of 3)
Stratigraphic and Thermal-Mechanical Units Summary

Detail 53.6 - 157.7 ft
Stratigraphy
Sandia 1 usGs 2
Depth (ft) Depth (ft)
A __|not cored))| ol )
lower lithophysal zone (Columnar) ggg p— — 55:}/3 23'-::,11 ;t:;rz (l)t:lv:er non
lower vitric zone (Shardy Base) 65.0 —

.. crystal-poor vitric zone
basal vitric nonwelded zone ‘ P z

923 — — 924  bedd
bedded tuff 955 — — 95 edded tuff Tpbt4
Yucca Mountain Yucca Mountain
140.9— — 140.8
bedded tuff bedded tuff Tpbt3
157.7— — 1365

Pah Canyon Pah Canyon
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USW SD-9 (3 of 3)

Stratigraphic and Thermal-Mechanical Units Summary

830 - 1479.9 ft

Paintbrush Tuff

Stratigraphy Thermal-Mechanical
Sandia 1 usGs 2 Units?
Depth (ft Depth (ft
_marcHume_ PP @ o~ Deeth® . _ N P (O
8458 — 845.8
Topopah
Spring
lower crystal-poor welded
lithophysal l‘?“’e" | unit
E zone lithophysal . a, lithophysae-
g zone 5 g poor
S &~ N TSw2
% g O
B3 2 -~
N A §
& < N
3 Y <
Q =
2 S S
& A
1187.0— 1185.8
lower crystal-poor _
nonlithophysal lower Topopakh
zone nonlithophysal Spring
(Mottled) zone welded
unit
vitrophyre
TSw3
1365.0— — 1365.0 1365.0
. ’ crystal-poor vitric ./
basal vitrophyre 2one vitrophyre
. 1426.0— — 14184 crystal-poor vitric zone — 14184
maoderately-partially welded lenélf 45.0-— non- to partially and
LZf-ul nonwelded zone 1464 '1 __ 1464.1 maoderately welded /.
1479.9— 1479.9 bedded ruff Tpbil — 14799 |
Calico Hills
Base of Paintbrush Group and Lower
at 1479.9 feet. Borehole Paintbrush
continued to 2223.12 feet. nonwelded
unit CHnl

Lithologic log of Borehole USW SD-9. Dale Engstrom, unpublished data.

Date: 2/21/95

U.S. Geological Survey - Graphical Lithologic Log of Borehole USW SD-9 from the surface to the base of the Paintbrush Group.
T.C. Moyer and G. Mongano DTN: GS940808314211.041

3

Thermal-mechanical units as defined by Buesch, et al., USGS Open File Report 94-469, 1996. “Revised stratigraphic nomenclature and
macroscopic identification of lithostratigraphic units of the Paintbrush Group exposed at Yucca Mountain, Nevada.”
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT  SandiaNational Laboratories

Print Date: 6/27/95

CORE HOLE ROCK STRUCTURAL DATA SUMMARY WBS 1'2'33)::'12.
Hole USW SD-9, 700-850 ft, Middle Nonlithophysal Zone Revision 1
REVISION HISTORY

Revision 1 Enhanced RQDs were revised upon discovery of an error in WPLLOG's
calculations. This revision replaces Revision 0 in its entirety.

CODING EXPLANATION
STRATIGRAPHIC ABBREVIATIONS
T.C. Tiva Canyon Tuff C.P.M. Nonlith.  Crystal-Poor Middle Nonlithophysal Zone
C.P.L. Lith. Crystal-Poor Lower Lithophysal Zone
C.P.L. Nonlith. - Crystal-Poor Lower Nonlithophysal Zone
C.P. Vitric Crystal-Poor Vitric Zone
Bedded Tutf
Y.M.  Yucca Mountain Tuff
’ Bedded Tuff
P.C. Pah Canyon Tuff
Bedded Tuft
T.S. Topopah Spring Tuff C.R. Vitric Crystal-Rich Vitric Zone
C.R. Nonlith. Crystal-Rich Nonlithophysal Zone
C.R. Lith. Crystal-Rich Lithophysal Zone
C.P. U. Lith. Crystal-Poor Upper Lithophysal Zone
C.P.M. Nonlith.  Crystal-Poor Middle Nonlith,
C.P.L.Lith. Crystal-Poor Lower Lithophysal Zone
C.P.L.Nonlith.  Crystal-Poor Lower Nonlithophysal Zone
C.P. Vitric Crystal-Poor Vitric Zone Vitrophyre
C.P.VitricNW  Crystal-Poor Vitric Zone Non- to Partially Welded
and Moderately Welded
Bedded Tuff
C.H. Calico Hills Formation
THERMOMECHANICAL UNITS
UO—Undifferentiated Overburden
TCw-Tiva Canyon Welded Unit

PTn—Upper Paintbrush Nonwelded Unit

TSwi—Topopah Spring Welded Unit—Lithophysae Rich
TSw2—Topopah Spring Welded Unit—Lithophysae Poor
TSw3—Topopah Spring Welded Unit—Vitrophyre
CHn1—Calico Hills and Lower Paintbrush Nonwelded Unit

COLUMN INFORMATION (Page 3)

2. Piece lengths 20.33 fi

RQD (% -

C6) R(ZD (%) - Interval length x 100.
CORE RQD Core RQD based on piece lengths defined by all types of fractures (C, I, N and V).
ENHANCED RQD Effect of tractures identified as coring induced (Type C) are filtered from the piece lengths.

Agapito Associates, Inc.
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT  Sandia Nauonal Laboratories

Print Date: 6/27/95

CORE HOLE ROCK STRUCTURAL DATA SUMMARY WBS 1'238:;5
Hole USW SD-9, 700-850 ft, Middle Nonlithophysal Zone Revision 1
LITHOPHYSAL (and Percent void due to lithophysae and other cavities, estimated visually by counting the number of
- other cavities) cavities, estimating the average diameter, calculating the void volume assuming spherical cavities,
and normalizing to the core volume.
NM—Not Measured
WEATHERING Subjective evaluation of rock degradation by mechanical/chemical agents:
F: Fresh M: Moderately weathered D: Decomposed
S: Slightly weathered I Intensely weathered
HARDNESS Subjective evaluation of resistance to breakage:
1: Extremely hard 4: Moderately hard 7: Very soft
2: Very hard 5. Moderately soft 8: Soil-like, cohesive
3: Hard 6: Soft 9: Soil-like, non-cohesive

COLUMN INFORMATION (Page 4)

FEATURE TYPE Following codes indicate origin of feature:
N: Natural—indicated by mineral coating or evidence of weathering, slickensides, lack of fit
between sides.
I Indeterminate—origin questionable, rotated so that coatings possibly removed.
C: Coring induced—iresh, clean, tightly fitting breaks.
V: Vug or farge void.

INCLINATION (degrees) Angle between plane normal to core axis and plane of fracture (Type N and | only).
MINERAL INFILLING Describes the infilling on fracture surfaces (Type N and | only):

C: Clean TD: Brown dendritic CL: Clay
WC: White crystalline TC: Tan crystalline TN: Tan noncrystalline
WN: White noncrystalline  CA: Calcite FE: Iron oxide
BC: Biack crystalline Si: Silica BN: Brown noncrystalline
BD: Black dendritic MN: Manganese :
INFILL THICKNESS Describes the thickness of mineral infillings on the fracture surface (Type N and | only}):
S: Very thin, surface sheen V: Very thick (0.4 - 1.0 inches)
T: Thin (up to 0.1 inches) E: Extremely thick, greater than 1.0
M: Moderately thick (0.1-0.4 inches
inches)
PLANARITY Describes the overall shape of the feature (Type N and | only):
P: Planar S: Stepped
C: Curved I Irregular
ROUGHNESS Describes the local reliet of the surface (Type N and | only):

V: Very rough—stepped, near-normal steps and ridges occur.

R: Rough—large angular asperities can be seen.

M: Moderately rough—asperities clearly visible, surface has abrasive feel.
S: Smooth—no asperities, smooth to the touch.

P: Polished—slickensided, extremely smooth and shiny.

Agapito Associates, Inc.
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT

Core Hole Structural Data Summary

Hole USW SD-9

Interval—700-850 ft, Middle Nonlithophysal Zone

BASE OF STRATI- THERMO- | CORE | ENHANCED | ESTIMATED | LOST | RUBBLE WEATHERING 4 FARDNESS (8 1 10-8 interval}>>
10-FT GRAPHY MECHANICAL | RQD* |  mOD™* % CORE| ZONE (& in 10-f iteryal)v>+ ROCK.

INTERVAL ZONE UNIT % % cavites | @ | & Fl1 s Iwm]1 i1 313
710 8. C.P. U. Lith, [Sw ) 78 2 8 | 0.8 10.0 9.8| 02
720 S, CP. U_Lith, TSwe 18 5¢ O Y, 10.0 100
730 8. C.P. U, Lith, Tow 41 50 1 3 [ 14 10.0 100
740 8. C.P.U_Lith, [See 78 56 1 1] o 531 a7 27153
750__|7.5. C.P. M. Nonkth. TSw 7 17 <1 5] 35 | 455" 10.6
760__|1.8. C.P. M. Nonfith. Tow 12 a <1 2.4 2, 10.0 25| 51
776__|1:5. C.P. M. Noniith. [SwZ 6 72 1 1. 05 | 761 24 24 76
780 I 1.8. C.P. M. Nonith, Sw2 [ F 1 0 1. D41 986 10.0

780 _11.5.C.P. M. Nonkith. Sw, 0 o NV 8.3 25 10.0 10.0
800 _17.5. C.P. M. Nonkith, TSw2 8 31 2 2.2 20 10.0 10.0
810 |1.8. C.P. M. Nonfith, Sw2 18 50 1 0.8 ) 10.0 10.0
§20__|7.5. C.P. M. Novlith, Tow2 52 68 <1 0.6 .8 10.0 33] 67
830 |1.S. C.P. M. Noniith. Tow2 48 65 <1 00 | 04 100 481 57
830 1.8, C.P. M. Nonlith, TSw2 78 82 <1 0.0 0.3 10.0 10.0
850 |1.5. C.P. M. Noniith, Tow2 18 29 <1 05 | 03 10.0 52] 48

* CORE RQD—Datermined from piace langths formed by all types of fractures {C, |, N and V).
** ENHANCED RQOD—Determined by filtering the effucts of fractures identified as coring induced {Type C) from the piece lengths.
*=* footage in intarval may not equal 10 ft because of lost core, rubble, or ommission during logging.

SDSRISM.XLS




N
Sandia National Laboratories
Print Date: 6/27/595
WBS1.23.262
QAL
Revision 1
W CORE RODI%} M ENHANCED RQD (%) RQD (%) LOST CORE & RUBBLE (%) EST, % CAVITIES
] — O 50 100 0 50 100
= 100.00% o
: 50.00% 710
— 80,00% 720 720
1 70.00%
~ " 730 730
- 60.00%
™ 50.00% 740 740
| 40.00%
750 750
— 30.00%
— 20.00% 760 760
— 10.00% 770 770
0.00%
© 10 20 30 40 50 60 70 80 90 100 780 780
] QD Renge 290 790 | Not Messurad
[IMean 20.80|Mean 52,27
e 191 Medi 58| 810 810
jModa A |Mode 72
|| Standard Deviation 24.7}Standard Deviation 2.5 82 820
| | Variance 610.5|Variance 801.9
|_|Range 78iRange 92| 830 830
Minimum O Minimum 0 R
Maximum 78] Maximum 921 840 B840
[ 1sum 462|Sum 784
| _{Count 15{Count 151 850 850
Inc.
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT

Core Hole Structural Data Summary
Hole USW SD-9
Interval—700-850 ft, Middle Nonlithophysal Zone
iE OF HERM "FRACTURE FREQUENCY
Bﬁi‘r OF STRATIGRAPHY wrénmm& FEATURE TYPE 0 a,,.% 0 NO. OF FRACTURES W/INCLINATION (dogreos) j
INTERVAL ZONE UNIT Nl i]lclv : AN ST T T T A T T )
710 T.S. C.P. U, Lith. TSwi 2 | 3 710 ) 1 1
720 T.S. C.P. U, Lith, TSwi 8 |26 2 8
730 T.5. C.P. U, Lith. TSwi 312123l 11 730 1 1 12 1
740 T.8. C.P. U, Lith. TSwi 4 | 18 il K 2 ~
760___| T.S. C.P. M. Nonlith. TSw2 13]10] 9 750 1 4| 1] 2| 1]els 3| 1]
760 | 1.S. C.P. M. Noniith. TSw2 8] 8 |12 3 1112l 2221
770__| T.5. C.P. M. Nonlith. TSw2 0! 418 ) 7112 Tt 11 2]
780 |T.S. C.P. M. Nonfith. TSw2 6 | 1|7 1 1] 770 22200 2 11 1] 2 1 ’
790 | 1.S. C.P. M. Nonlith. TSw2_ 1 2 1
800 | T.5. C.P. M. Nonlith- TSw2_ 411 |2a1 1] 790 % 1 4
810__|T.5. C.P. M. Noniith. Tow2 5 | 4 | 21 1 3|2 112
820 | T.S. C.P. M. Noniith. TSw2 2 |5 |2 a0 2| 3] 2
830___ | T.5. C.P. M. Noniith. TSw2_ 9] 3110 2 |1 1] 3]3l2
840__ I T.5. C.P. M. Nonlith, TSw2 6| 218 830 2 2 | 2] 2
860 | 1.5. C.P. M. Noniith. Tsw2 4 18 111 2
TOTAL 71 ] 52 |242] 7 271 6 1 41 7 | 121 9 | 10] 19 20 | ¢
[PERCENT OF OCCURRENCE 19.1] 14 }66.1]1.88] 850 22 |4.88]3.9516.69]19.76] 7.32| 8.13]| 16.4] 23.615
SD9RISM.XLS Agapito As




Sandia National Laboratories
Print Date: 6/27/95

WBS 1.23.26.2

QAL

Revision 1

NO. OF FRACTURES WANFILL NO. OF FRACTURES O, OF FRACTURES
NO. OF FRACTURES W/MINERAL INFILLING TYPE THICKNESS CODE W/PLANARITY CODE W/ROUGHNESS CODE
BC|BD]| TD | TC | CA L MN | CL IN | FE BN C S T ﬂ \'4 E P C 8 1 \' R M 3 P
2 1 1
8 2 1 2 4 1
2 112 4 1 113
2 2 [ 1 2 7
10 3 10 13 19 1 1 11 8
a 1 1 9 | 6 01 211 116 |6
3 3 el s8] 2 s Z sl a2
4 1 116 21 2 2 ]
1 1 1 1
3 31 2 11212
2 5 | 2 3 i1 sl 2] 3lal
1 7 5] 2 7 5| 2
7 1 416 2 s L 11 31 11 s
s 21 21 4 8 z 1 ilal 3]
n 11 3 2 1 1 1 11211
| ol o lololol il zlololololezlalialolololseliols 16l s |2s]as]30]o0
36.6] 0 |7.32] 0 | 0 ] 0 losili.6al 0 1 o | o | o [50.6[37.7111.6] 0 | 0 | 0 |70.4]9.26]5.66|14.68|7.86| 22,8 46.7| 28.6] ©

Page 4 of 4




YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT Sand Naton! Labororie

ESTIMATED ROCK MASS QUALITY INDICES WBS ‘~2~3-2é’;’:-£
BASED ON CORE LOG DATA Revision |
Hole USW SD-9, 700-850 ft, Middle Nonlithophysal Zone
REVISION HISTORY
Revision1  Jn and SRF parameters revised because of additional data from tunnel mapping. Revision 0
is superseded in its entirety.

EXPLANATION OF CALCULATION .

Rock mass quality indices, Q (Barton et al., 1974) and RMR (Bieniawski, 1979), have been
estimated for 10-ft intervals using Rock Structural Data Summaries developed from structural logging of
the core, observations of rock conditions in the North Ramp Starter Tunnel and North Ramp tunnel. and
laboratory testing data.

Q is developed to evaluate the distribution of rock mass quality as a basis for developing the
range of credible rock mass quality to establish the ground support requirements within rock
units and to derive rock mass mechanical properties according to the methodology proposed by
Hardy and Bauer (1991)_Procedures used in the calculation were: -

Note: Any spatial correlation may be
0= RQD»« o o I masked by Monte Carlo simulation of
T Jn» Ja SRF* Jn and SRF.

where  RQD** = Core RQD where all fractures types [natural (N), indeterminate (I),
coring induced (C) and vugs (V)] have been considered in determination
of RQD. If the RQD is less than 10%, the value used is set to 10 as per
Barton et al. (1974). By definition, soil-like materials are considered to
have zero RQD. :

Jn* = Joint Set Numbers: Cannot be determined from the core log data and are
' generated by Monte-Carlo simulation assuming a uniform distribution of
values between 1 and 12 derived from mapping of the North Ramp

- tunnel.

Jr = Joint Roughness Number: A weighted average value derived based on
the N and I type fractures in the 10-ft interval.

Ja = Joint Alteration Number: A weighted average value derived from the
description of N and I type fractures in the interval.

Jw = Joint Water Factor: Set equal to 1.0 assuming dry conditions.

SRF* = Stress Reduction Factor: For nonwelded units, SRF is determined from

Agapito Associates, Inc.
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT SerdiaNatiorl Laberaorics

ESTIMATED ROCK MASS QUALITY INDICES WS 1232621
BASED ON CORE LOG DATA Rk

Hole USW SD-9, 700-850 ft, Middle Nonlithophysal Zone

the ratio of UCS/s, (UCS = unconfined compressive strength, 6, =
overburden stress). If unconfined compressive strength data is not
available for the 10-ft interval, a compressive strength is generated by
Monte Carlo simulation using laboratory test data for the
thermomechanical units. For welded tuff units, SRF cannot be

~ determined from core log data and is generated by Monte Carlo
simulation assuming a distribution derived from mapping of the North
Ramp Tunnel.

The use of the Core RQD is conservative since it includes the effect of coring induced breaks.
Filtering the effects of coring induced breaks from the RQD calculation ("Enhanced RQD")
produced an increase in the mean RQD. The mean values for thermomechanical units in USW
SD-9 are:

, Core ROD Enhanced RQD
PTn Unit 48.5% 63.3%
TSwl Unit 16.4% 43.2%
TSw2 Unit 16.5% 31.6%

RMR is estimated based on the Rock Structural Summary log data, and rock strength data.

Procedures used in the calculation were;

RMR=C+RQD-I+JS+JC+JW

C =Rock Strength Index: Derived from compressive strength estimated by
unconfined compressive strength test data for the 10-ft interval. If data is
not available for the 10-ft interval, a compressive strength is generated by
Monte-Carlo  simulation using laboratory test data for the
thermomechanical unit.

RQD-1=RQD Index: Derived using the Core RQD value for the 10-ft interval.

JS = Joint Spacing Index: Derived from the rock structural data for the 10-ft
interval, excludes coring induced features.

JC = Discontinuity Condition Index: Derived from the description of fractures
in the 10-ft interval.

Agapito Associates, inc.
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT Sandia National Laboratorcs

Print Date: 6/30/95
ESTIMATED ROCK MASS QUALITY INDICES wasngﬁ
BASED ON CORE LOG DATA Revision |

Hole USW SD-9, 700-850 ft, Middle Nonlithophysal Zone

JW = Groundwater Index: Assumed dry conditions

Q and RMR data are presented in log format to associate parameters with depth intervals in the
core log; however, any spatial correlation may be masked by Monte-Carlo simulation.

STRATIGRAPHIC ABBREVIATIONS

T.C. TivaCanyon Tuff C.P.M. Nonlith.  Crystal-Poor Middle Nonlithophysal Zone
C.P.L.Lith. Crystal-Poor Lower Lithophysal Zone
C.P.L.Nonlith.  Crystal-Poor Lower Nonlithophysal Zone
C.P. Vitric Crystal-Poor Vitric Zone
Bedded Tuff
YM. Yucca Mountain Tuff
Bedded Tuff
P.C. PahCanyon Tuff
Bedded Tuff
T.S. Topopah Spring Tuff  C.R. Vitric Crystal-Rich Vitric Zone
C.R. Nonlith. Crystal-Rich Nonlithophysal Zone
CR Lith. Crystal-Rich Lithophysal Zone

CP.U.Lith. Crystal-Poor Upper Lithophysal Zone
C.P.M.Nonlith. Crystal-Poor Middle Nonlithophysal Zone
C.P.L.Lith. Crystal-Poor Lower Lithophysal Zone
CP.L.Nonlith.  Crystal-Poor Lower Nonlithophysal Zone
C.P. Vitric Crystal-Poor Vitric Zone Vitrophyre
CP.VitricNW  Crystal-Poor Vitric Zone Non- to Partially
Welded and Moderately Welded
Bedded Tuff '
C.H. Calico Hills Formation

THERMOMECHANICAL UNITS
UO—Undifferentiated Overburden
TCw—Tiva Canyon Welded Unit
PTn—Upper Paintbrush Nonwelded Unit
TSwl—Topopah Spring Welded Unit—Lithophysae Rich
TSw2—Topopah Spring Welded Unit—Lithophysae Poor
TSw3—Topopah Spring Welded Unit—Vitrophyre
CHn1—Calico Hills and Lower Paintbrush Nonwelded Unit

Agapito Associates, Inc.
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USW SD-12 CORE LOGS AND DATA
Geology and Rock Structure Log

Core Hole Rock Structural Data Summary

‘Estimated Rock Mass Quality Indices Based on Core Log Data
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USW SD-12 (1 of 3)
Stratigraphic and Thermal-Mechanical Units Summary
0 - 881 ft
Stratigraphy Thermal-mechanical
Sandia ! usGs 2 Units?
Depth (ft) Depth (ft) Depth (ft)
— — 5.3 — 5.3 not cored = - == —— 5 3
crystal-poor middle crystal-poor middle
nonlithophysal zone nonlithophysal zone
82.0 Tiva
§ .| crvsial-poor lower . 93.4 crvsial-poor lower g g}‘;’l';’z:
£ 2| lithophysal zone , lithophysal zone g S Unit
< £ 29.5 S =
= 2| avstal-poor lower 134.6— 129.5 r‘é &~ TCw
2 | nonlithophysal zone (Hackly) 2
1722— crystal-poor lower
crystal-poor lower nonlithophysal zone
« | nonlithophysal zone
1 LY
§ £ (Cohwrmar) 239 )
S 3= ﬁ 240.1 —239.1 Toper —239.1
l—_>.E - Paintbrush
‘—>: E -] nonwelded
=5 B 7] ~ l unit
= §= . S -~ Pl _
S 55 see detail T2 324.6
S S b~ o
o 7 (sheet 2 of 3) © |8
S 369.0— e
z upper nonlithophysal S :
] zone (rounded) '% Topopah
£ 4 — < Spring
"§ _§ 320 436.4 ;'r;;rzstai-ric? -§ welded
= = it B i
§ 3 ithophysal zone ? = \ unit
= = a, ithophysae-
%0 [ rich
g N ISwl
S crystal-poor &
= | upperlithophysal : crystal-poor 5
S| zone upper lithophysal S
S zone &
~ ~
] 661.5— 663.7 —663.7
crvsial-poor
- tal-
middle ' fn?:j d‘;e poor Topopah
nonlithophysal . Spring
nonlithophysal welded
zone
zone unit
) lithophysae-
/ 785.0— 788.7 . poor
(;':vsm poor " crystal-poor I3w2 .
It?;ver vsal lower
ithopitysa lithophysal
zone
MATCH LINE. zone

Date: 2/21/95
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USW SD-12 Stratigraphy (2 of 3)
Stratigraphic and Thermal-Mechanical Units Summary
Detail 239.1 - 369.0 ft

Stratigraphy
Sandia ! usGs 2
Depth (ft) Depth (f)
240.1— 2391
crystal-poor vitric zone crystal-poor vitric zone
263.7— —
Fucca M 2e0ded mff 5837 ggg; bedded tuff Tpbt4
bedded muff 720 " bedded tuff Tpbt3
2770 — 2783
Pah Canyon . Pah Canyon
91.5— 2912
bedded wff 3043
bedded tuff Tpb12
upper nonwelded zone
314.1
crystal-rich
caprbck vitrophyre ;;?):: ;23466; vitric zone
upper nonlithophvsal
zone
369.0— crystal-rich
upper nonlithophysal o nonlzthophy'sal '
zone (330.7' 10 436.4")

zone (rounded)

*Break between welded and moderately
welded subzones at 324.6'.

Date: 2/21/95
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USW SD-12 (3 of 3)
Stratigraphic and Thermal-Mechanical Units Summary
881 - 1435.3 ft
Stratigraphy Thermal-Mechanical
Sandia 1 USGS 2 Unlt83
i } Depth (ft
margrung, PP A D B} ey R 10
crystal-poor crystal-poor
lower lower
lithophysal zone lithophysal zone
Topopah
" Spring
1042.2 ====g— 1041.0 welded
unit
S lithophysae-
) 3 5 S |lithophysae
S 5 S | 7oz
= i crystal-poor %" O W
E; £ lower crystal-poor & '§
< & nonlithophysal lower < < Topopah
= § zone nonlithophysal S § Spring
< g (Mottled) zone S 3 welded
S o unit
vitrophyre
TSw3
basal vitroph 1278.1— 1278.1 crystal-poor vitric J —1278.1
asal vitrophyre . 7 oy
vitric zone 130247 Fomm———== — 130807 PR 1308.0
moderately welded Lry;m -p(;w w;:;‘dzone Calico Hills
— — moderately welde
1339.0 1337.5 moderately wetck and Lower
. crystal-poor vitric )
vitric zone zone non- 10 Paintbrush
partially welded partially welded nonwe.lded
= e s 3T 1398-Qsedded ufy Tpbr1 S R — C"f';”[
- S . . . . n
alico Hitls IZgS.B D — 1435.3 Calico Hills Formation — 14353
Date: 3/1/95
1.

Lithologic log of Borehole USW SD-12. Dale Engstrom, unpublished data.

U.S. Geological Survey - Graphical Lithologic Log of Borehole USW SD-12, J.K. Geslin and J.R. Wunderlich,
DTN: GS§940908314211.045

Thermal-mechanical units as defined by Buesch, et al., USGS Open File Report 94-469, 1996. “Revised stratigraphic nomenclature and
macroscopic identification of lithostratigraphic units of the Paintbrush Group exposed at Yucca Mountain, Nevada.”
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
CORE HOLE ROCK STRUCTURAL DATA SUMMARY
Hole USW SD-12, 650-800 ft, Middle Nonlithophysal Zone

Sandia National Laboratories
Print Date: 6/30/95
WBS 1.2326.2

QAL

Revision 1

REVISION HISTORY

Revision 1 Enhanced RQDs at 670-680 and 770-780 ft were revised. Revision O superseded in

its entirety.

Tiva Canyon Tuff

Bedded Tuff

Yucca Mountain Tuff

Bedded Tuff
Pah Canyon Tuff
Bedded Tuff

Topopah Spring Tuft

C.P. L. Lith.
C.P. L. Noniith.
C.P. Vitric -

C.R. Vitric

C.R. Nonlith.
C.R. Lith.

C.P. U. Lith.
C.P. M. Nonlith.
C.P.L.Lith.
C.P. L. Nonlith.
C.P. Vitric

C.P. Vitric N\W

CODING EXPLANATION

STRATIGRAPHIC ABBREVIATIONS
C.P. M. Noniith.

Crystal-Poor Middle Nonlithophysal Zone
Crystal-Poor Lower Lithophysal Zone
Crystal-Poor Lower Nonlithophysal Zone
Crystal-Poor Vitric Zone

Crystal-Rich Vitric Zone

Crystal-Rich Nonlithophysal Zone

Crystal-Rich Lithophysal Zone

Crystal-Poor Upper Lithophysal Zone
Crystal-Poor Middle Nonlith.

Crystal-Poor Lower Lithophysal Zone
Crystal-Poor Lower Nonlithophysal Zone
Crystal-Poor Vitric Zone Vitrophyre

Crystal-Poor Vitric Zone Non- to Partially Welded

and Moderately Welded
Bedded Tuff
C.H. Calico Hills Formation

THERMOMECHANICAL UNITS
UO—Undifferentiated Overburden
TCw—Tiva Canyon Welded Unit
PTn—Upper Paintbrush Nonwelded Unit
TSwi—Topopah Spring Welded Unit—Lithophysae Rich
TSw2—Topopah Spring Welded Unit—Lithophysae Poor
TSw3—Topopah Spring Welded Unit—Vitrophyre
CHn1—Calico Hills and Lower Paintbrush Nonwelded Unit

COLUMN INFORMATION (Page 3)
RQD (%) ROD (%) = 2. Piece lengths 20.33 ft

- Interval length

x 100.

CORE RQD Core RQD based on piece lengths defined by all types of fractures{C, |, Nand V).

ENHANCED RQD Effect of fractures identified as coring induced (Type C) are filtered from the piece lengths.

Agapito Associates, Inc.

C-60




YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT  SandiaNational Laborarones

Print Date: 6/30/95

CORE HOLE ROCK STRUCTURAL DATA SUMMARY WBS LZJS:JE
Hole USW SD-12, 650-800 ft, Middle Nonlithophysal Zone Revision |

LITHOPHYSAL (and Percent void due to lithophysae and other cavities, estimated visually by counting the number of
other cavities) cavities, estimating the average diameter, calculating the void volume assuming spherical cavities,
and normalizing to the core volume.
NM—Not Measured

WEATHERING Subjective evaluation of rock degradation by mechanical/chemical agents:
F: Fresh M: Moderately weathered D: Decomposed
S: Slightly weathered I Intensely weathered
HARDNESS . Subijective evaluation of resistance to breakage:
1: Extremely hard 4: Moderately hard 7: Very soft
2: Very hard 5: Moderately soft 8: Soil-like, cohesive

3: Hard 6. Soft 9: Soil-like, non-cohesive

COLUMN INFORMATION (Page 4)
FEATURE TYPE Following codes indicate origin of feature:
N: Natural—indicated by mineral coating or evidence of weathering, slickensides, lack of fit
between sides.
I Indeterminate—origin questionable, rotated so that coatings possibly removed.
C: Coring induced—fresh, clean, tightly fitting breaks.
V: Vug or large void.

INCLINATION (degrees) Angle between plane normal fo core axis and plane of fracture (Type N and | only).
MINERAL INFILLING Describes the infilling on fracture surfaces (Type N and | only):

C: Clean TD: Brown dendritic CL: Clay
WC: White crystalline TC: Tan crystaliine TN: Tan noncrystalline
WN: White noncrystalline  CA: Calcite FE: lron oxide
BC: Black crystalline Sl: Silica BN: Brown noncrystalline
BD: Black dendritic MN: Manganese
INFILL THICKNESS Describes the thickness of mineral infillings on the fracture surface (Type N and | only):
S: Very thin, surface sheen V: Very thick (0.4 - 1.0 inches)
T: Thin (up to 0.1 inches) E: Extremely thick, greater than 1.0
M: Moderately thick (0.1-0.4 inches
inches)
PLANARITY Describes the overall shape of the feature (Type N and | only):
P: Planar S: Stepped
C: Curved I: lrregular
ROUGHNESS Describes the local relief of the surface (Type N and { only):

V: Very rough—stepped, near-normal steps and ridges occur.

R: Rough—large angular asperities can be seen.

M: Moderately rough—asperities clearly visible, surface has abrasive feel.
S: Smooth—no asperities, smooth to the touch.

P: Polished—slickensided, extremely smooth and shiny.
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
Core Hole Structural Data Summary

Hole USW SD-12

Interval—650-800 ft, Middle Nonlithophysal Zone

BASE OF STRATI- THERMO- | CORE | ENHANCED | ESTIMATED | LOST | RUBBLE WEATHERING HARDNESS (ft in 10-ft interval)***
10FT GRAPHY MECHANICAL | RQD* RQD** % CORE| ZONE ft in 10-ft interval)*** ROCK

INTERVAL) ZONE UNIT % % CAVITIES &) &) F S M I D 1 2 3 4 5 6 7 8
560 15, CP. U Lith._ Tow] 40 5 14 13 | 15 1100 100
50| 1S.CP.M.Noniith.]  Tow2 2 75 < 071 15 1100 00 ‘
%60 |1S.CP.M.Nonith]  Tw2 5 Cm < 07 |04 _[100 00 .
&0 5.C.P. M_Nonifh. Tow 28 38 < 17 8 |10C 00 .
700__| 1.5 CP. M. Nonih. B 26 4 < 02 41100 00 ‘
710 -C.P_M. Nonith. Tow. 20 k) < 04 | 5 0.0 00 -
720__|15.C.P. M. Nonifth. Tow. 0 0 < 33 | & 00 0.0
730 |15, C.P. M. Nonith. Tows 4 21 < 30 | 3 0.0 0.0 '
740 |15.CP.M_Nonith.| Tows ] 5 < 04 01100 00 _
750__ | 1.5.C.P. M. Nonlith. TSw2 24 25 < 02 [ 09 100 0.0
760 |15 CP. M. Nonifh. Tow2 £ ) < 02 | 49 100 0 -
770__]15.CP. M. Nonith. TSw2 0 14 < 0.2 27 1100 00 _
760 -C.P. M. Nonfth. TSw2 3 D < 04 ] 05 (100 0.0
790 |15.CP. M. Noniith. TSw2 %% &9 < 00 | 02 [100 00
800 1S.CP.LLin. w2 8 0 < 2] 16 |00 00

* CORE RQD—Detemined from piece lengths formed by aft types of fractures (C, L Nand V).
** ENHANCED RQD—Detemnined by fitering the affects of fractures identified as coring induced (Type C) from the piece lengths.
*** Footage in inferval may not equal 10 ff because of lost core, rubbile, or ommission during logging.
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WBS 12.3.262
QAL
Revision 1
] EEICORE RGD (%) MEMNENHANCED RGD (%) RQD (%) LOST CORE & RUBBLE (%) EST. % CAVITIES
_ —— - 0 s 100 0 50 100 o 5 10 15
9
— 5 O 100.00% 660
— T 90.00% 0
] T 80.00%
— t7000% | 0
] T 60.00% 3
] 1 s000% i 0
— § | o
] 710
] 720
— 730
— 740
750
760
770
780
7%
800
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT

Core Hole Structural Data Summary
Hole USW SD-12
Interval—650-800 ft, Middle Nonlithophysal Zone
BASE OF THERMO- FRACTURE FREQUENCY -
10-FT STRATIGRAPHY | MECHANICAL FEATURE TYPE 0 “'ﬁ"""‘bo &0 NO. OF FRACTURES W/ANCLINATION (degrm)l
INTERVAL ZONE _UNIT NjIJCc]V 10120730 40] 506070 80 o
50 | 1S.CP.U.UM. TSw 4 23 660 1 2 1
670__|1.5. C.P. M. Noniith. TSwW2 6 1|21 ] 2 2|2
680 |1S.CP. M. Nonlith|  Tow2 919115 680 7 ] 2 1|7
690 __|1.5. C.P. M. Noniith. Tow2 312119 1 1 2
700 _|1.5. C.P. M. Nonith. TSw2 27| 419 200 1216 24114
710__|1.S. C.P. M. Nonlith. TSW2 413112 ] 1 2 |1
720 __|1.5. C.P. M. Noniith. TSw2 7]3]s 42 T {2
730__|1.5. C.P. M. Noniith. TSw2 51214 720 v 1 213
740___|T.S. C.P. M. Nonith. TSw2 4112 ONaC 2121211 1131114
750__|1.5.CP. M. Noniith.]  Tow2 X5 740 3 2
760__|15.C.P. M. Noniith.]  Tow2 8|6 3|3 1 1
770___|1.5. C.P. M. Nonith. TSw2 1810112 760 7141 1 31 C
760 [1S.CP. M. Noth.l T5w2 9113]9 2 3|3|l51313
790__|1.5. C.P. M. Noniith. TSw2 5|84 4 2 112121
800 | TS.CP.LLUM. | TSw2 31512 780 i 7
TOTAL 02| 119|197 44|55| 9| 1 10 10] 18] 2054
PERCENT OF OCCURRENCE 24.3[28.4| 47 |0.24] 800 199|24.912.07]0.45[4 52| 4.62{8.14|9.05( 24
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Sandia National Laboratories
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WBS 1.2.3.2.6.2

QAL

Revision 1

NO. OF FRACTURES | NO. OF FRACTURES | NO. OF FRACTURES

NO. OF FRACTURES W/MINERAL INFILLING TYPE W, THICKNESS |W/PLANARITY CODE| W/ROUGHNESS CODE

cwcwnncgnmmCAgg_la_NCLmFEBNSTMvapcsIVL_MSP

4 4 31
i 2 | 4 5 5 T [ 6
7 10 1 815 5 110
| 2 2 3 2] 2 11212
| 4 26 261 1 %] 3 118121
3 4 4 411 2 21213
3 6 | 1 7 6] 3 111 7
] 2 5 5 411 1 i]5

| 12] 2 2 3 1 2] 2 2 2191211
139 37| 2 35 { 4
] 8 4] 1 2] 3
| 10 1 14 15 ] 1 71 2 s 111177114
| 13 5 3 613 6] 4 3 j12] 4
| 8 5 5 111 2131 4
s 11 2 2 ] 1 3| 2 2 1 [ 3

1721 s w5l o781 ]ololofofJololojJo[se7li2]lofo]joj160/2]2]161a3f13]8]a] 2

155.2]226{6.79] 0 [353]045] 0 ] 0 ] 0 ] 0 ] 01 0] 0] 0 |87.9121] G | 0 | 0 |77.3] 14 [0.97]7.73]1.52]6:57]44.9] 46 [1.01
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT Sandia Natonal Labargiones

ESTIMATED ROCK MASS QUALITY INDICES WBS Lzz.zgﬂ
BASED ON CORE LOG DATA Revision |

Hole USW SD-12, 650800 ft, Middle Nonlithophysal Zone

REVISION HISTORY

Revision 1  Jn and SRF parameters revised due to inclusion of additional data from mapping of the
North Ramp tunnel.

EXPLANATION OF CALCULATION

Rock mass quality indices, Q (Barton et al., 1974) and RMR (Bieniawski, 1979), have been
estimated for 10-ft intervals using Rock Structural Data Summaries developed from structural logging of
the core, observations of rock conditions in the North Ramp Starter Tunnel and North Ramp tunnel, and
laboratory testing data.

Q is developed to evaluate the distribution of rock mass quality as a basis for developing the
range of credible rock mass quality to establish the ground support requirements within rock
units and to derive rock mass mechanical properties according to the methodology proposed by
Hardy and Bauer (1991), Procedures used in the calculation were:

Note: Any spatial correlation may be

masked by Monte Carlo simulation of
Jn and SRF.

D+
Q0= RODw o Jr o Iw_
Jn* Ja SRF*

where  RQD** = Core RQD where all fractures types [natural (N), indeterminate (),
coring induced (C) and vugs (V)] have been considered in determination
of RQD. If the RQD is less than 10%, the value used is set to 10 as per
Barton et al. (1974). By definition, soil-like materials are considered to
have zero RQD.

Jn* = Joint Set Numbers: Cannot be determined from the core log data and are
generated by Monte-Carlo simulation assuming a uniform distribution of
values between 1 and 12 derived from mapping of the North Ramp
tunnel.

Jr = Joint Roughness Number: A weighted average value derived based on
the N and I type fractures in the 10-ft interval.

Ja = Joint Alteration Number: A weighted average value derived from the
description of N and I type fractures in the interval.

Jw = Joint Water Factor: Set equal to 1.0 assuming dry conditions.

SRF* = Stress Reduction Factor: For nonwelded units, SRF is determined from

Agapito Associates, Inc.
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT Sandia Nanonal Laboraiories

Print Date: 7/3/95
ESTIMATED ROCK MASS QUALITY INDICES WBS 12.323% ’1_
BASED ON CORE LOG DATA Revision |

Hole USW SD-12, 650-800 ft, Middle Nonlithophysal Zone

~ the ratio of UCS/5, (UCS = unconfined compressive strength, 6, =
overburden stress). If unconfined compressive strength data is not
available for the 10-ft interval, a compressive strength is generated by
Monte Carlo simulation using laboratory test data for the
thermomechanical units. For welded tuff units, SRF cannot be
determined from core log data and is generated by Monte Carlo
simulation assuming a distribution derived from mapping of the North
Ramp tunnel.

The use of the Core RQD is conservative since it includes the effect of coring induced breaks.
Filtering the effects of coring induced breaks from the RQD calculation ("Enhanced RQD")
produced an increase in the mean RQD. The mean values for thermomechanical units in USW

SD-12 are:
» Core ROD nhanced ROD
TCw 35.6% 55.7%
PTn 80.1% 88.8%
TSwl 35.5% 55.3%

TSw2 13.7% 23.5%

RMR is estimated based on the Rock Structural Summary log data, and rock strength data.
Procedures used in the calculation were: ’

RMR =C +RQD-I[+JS +JC +JW

where C =Rock Strength Index: Derived from compressive strength estimated by
- unconfined compressive strength laboratory test data for the 10-ft interval.
If data is not available for the 10-ft interval, a compressive strength is
generated by Monte-Carlo simulation using laboratory test data for the
thermomechanical unit.

RQD-I =RQD Index: Derived using the Core RQD value for the 10-ft interval.

JS = Joint Spacing Index: Derived from the rock structural data for the 10-ft
interval, excludes coring induced features.

JC = Discontinuity Condition Index: Derived from the description of fractures
- inthe 10-ft interval.

JW = Groundwater Index: Assumed dry conditions
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT SaciaNosior Lot

ESTIMATED ROCK MASS QUALITY INDICES WBS 123183
BASED ON CORE LOG DATA Revision'l

Hole USW SD-12, 650-800 ft, Middle Nonlithophysal Zone

Q and RMR data are presented in log format to associate parameters with depth intervals in the
core log; however, any spatial correlation may be masked by Monte-Carlo simulation.

STRATIGRAPHIC ABBREVIATIONS

T.C. Tiva Canyon Tuff C.P.M. Nonlith.  Crystal-Poor Middle Nonlithophysal Zone
CP.L.Lith. Crystal-Poor Lower Lithophysal Zone
C.P.L.Nonlith.  Crystal-Poor Lower Nonlithophysal Zone
C.P. Vitric Crystal-Poor Vitric Zone . :
. Bedded Tuff
YM. Yucca Mountain Tuff
Bedded Tuff
P.C. PahCanyon Tuff
Bedded Tuff
T.S. Topopah Spring Tuff CR. Vitric Crystal-Rich Vitric Zone
C.R. Nonlith. Crystal-Rich Nonlithophysal Zone
CR Lith. Crystal-Rich Lithophysal Zone
C.P.U. Lith, Crystal-Poor Upper Lithophysal Zone
C.P.M. Nonlith.  Crystal-Poor Middle Nonlithophysal Zone
CP.L. Lith Crystal-Poor Lower Lithophysal Zone
C.P.L.Nonlith. ~ Crystal-Poor Lower Nonlithophysal Zone
C.P. Vitric Crystal-Poor Vitric Zone Vitrophyre
C.P.ViricNW  Crystal-Poor Vitric Zone Non- to Partially
_ Welded and Moderately Welded
Bedded Tuff

C.H. Calico Hills Formation

THERMOMECHANICAL UNITS
UO—Undifferentiated Overburden

TCw—Tiva Canyon Welded Unit

PTn—Upper Paintbrush Nonwelded Unit

TSw1—Topopah Spring Welded Unit—L.ithophysae Rich
TSw2—Topopah Spring Welded Unit—Lithophysae Poor
TSw3—Topopah Spring Welded Unit—Vitrophyre
CHnl—Calico Hills and Lower Paintbrush Nonwelded Unit
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USW UZ-14 CORE LOGS AND DATA
Geology and Rock Structure Log

Core Hole Rock Structural Data Summary

Estimated Rock Mass Quality Indices Based on Core Log Data
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UZ-14 (1 of 2)
Stratigraphic and Thermal-Mechanical Units Summary
0 - 860 ft
Stratigraphy Thermal-mechanical |
Sandia 1 uss 2 Units?
Depth (ft) Depth (ft) Depth (ft)
. not cored " §
l nd 31. {
Sharﬁg ::ns'éa zro?zes 319 Yucca Mountain < &5
51.8 i 8 B~
Yucca M. ashflow — 782 S
tuff's and bedded tuffs " bedded tuff Tpbt3 Upper
1015 — 102.1 — Paintbrush
nonwelded
o © unit
Pah Canyon Pah Canyon e §&
(&}
240.4 — 240.4
upper nonwelded zone — 2586 bedded tuff Tpbt2
280.9 — D, crystal-rich vitric zone .
CaprockZonesgs'q = 382 vitrophyre 2825
Rounded Zone crystal-rich [~y
nonlithophysal zone §
&)
<
- S
o i I
one h
4680 LR « |5 Spring
i~ (¥ welded
oy unit
B .
upper lithophysal zone ;5; lithophysae-
crystal-poor - rich
upper lithophysal §. TSwl
Zone &
=
Interval presented in Geology
/ and Rock Structure Log
716.2— 715.0
crystal-poor
nonlithophysal zone midle
physa’z . nonlithophysal zone
- 828.0— 828.0
MATCHLINE M
*Break between welded and moderately l/‘\ﬂl
welded subzones at 282.5'.

Date: 8/2/95
C-73




UZ-14 (2 of 2)

Stratigraphic and Thermal-Mechanical Units Summary

860 - 1420.2 ft
Stratigraphy

Thermal-Mechanical

ia 1 2 .
Sandia UsGs Units3
mareHung_ DPR @ o Depth @ o Depth (19
crystal-poor
lower’
lithophysal zone
lower lithophysal zone
Topopah
Spring
welded
&S §" unit
= S |lithophysae-
= &) poor
& |8 | Tsw2
1133.5 — === — 1138.0 < g
-
S = Topopah
Mottled Zone crystal-poor S S Spring
lower & welded
nonlithophysal unit
zone vitrophyre|
TSw3
1279.1— 1279.1 —1279.1
crystal-poor vitric /
basal vitrophyre zone vitrophyre ®
— 1344.0 - — 1344.0
1362.6— crystal-poor vitric
zone moderately and non- to
nonwelded basal tuff 14042 partially welded /
1420.2— . 1420:2 bedded mff Tpbtl ] — 14353
v Calico Hills
Base of Paintbrush Group and Lower
at 1420.2' Paintbrush
TD = 2206.7" nonwelded
unit CHnl
D_lghe: 8/2/95 .

Lithologic log of Borehole UZ-14. Dale Engstrom, unpublished data. Terminology based on nomenclature of Scott & Bonk, USGS OFR 84-494.

Summary of lithologic logging of new and existing boreholes at Yucca Mountain, Nevada, July 1994 to November 1994. T.C. Moyer,
J.K. Geslin, and D.C. Buesch; USGS OFR 95-102, in press.

Thermal-mechanical units as defined by Buesch, et al., USGS Open File Report 94-469, 1996. “Revised stratigraphic nomenclature and
macroscopic identification of lithostratigraphic units of the Paintbrush Group exposed at Yucca Mountain, Nevada.”
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Sandia National Laboratories
Print Date: 5/5/93

WBS 1.2.3.26.2

QAL

Revision 0

YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
CORE HOLE ROCK STRUCTURAL DATA SUMMARY
Hole UZ-14, Middle Nonlithophysal Zone

CODING EXPLANATION
STRATIGRAPHIC ABBREVIATIONS
T.C. Tiva Canyon Tuff C.P.M. Nonlith.  Crystal-Poor Middle Nonlithophysal Zone
C.P. L. Lith. Crystal-Poor Lower Lithophysal Zone
C.P.L.Nonlith.  Crystal-Poor Lower Nonlithophysal Zone
» C.P. Vitric Crystal-Poor Vitric Zone
Bedded Tuff
YM. Yucca Mountain Tuff
Bedded Tuff
P.C. PahCanyon Tuff
Bedded Tuff
T.S. Topopah Spring Tuff C.R. Vitric Crystal-Rich Vitric Zone
C.R. Nonlith, Crystal-Rich Nonlithophysal Zone
C.R. Lith. Crystal-Rich Lithophysal Zone
C.P. U. Lith. Crystal-Poor Upper Lithophysal Zone
C.P. M. Nonlith.  Crystal-Poor Middle Nonlith.
C.P. L. Lith. Crystal-Poor Lower Lithophysal Zone
C.P.L. Noniith.  Crystal-Poor Lower Nonlithophysal Zone
C.P. Vitric Crystal-Poor Vitric Zone Vitrophyre
C.P. Vitric NW Crystal-Poor Vitric Zone Non- to Partially Welded
and Moderately Welded
Bedded Tuff
C.H. Calico Hills Formation
THERMOMECHANICAL UNITS
UO—Undifferentiated Overburden
TCw—Tiva Canyon Welded Unit

PTn—Upper Paintbrush Nonwelded Unit
TSwi—Topopah Spring Welded Unit—Lithophysae Rich
TSw2—Topopah Spring Welded Unit—Lithophysae Poor
TSw3—Topopah Spring Welded Unit—Vitrophyre
CHn1—Calico Hilis and Lower Paintbrush Nonwelded Unit

COLUMN INFORMATION (Page 3)

RQD (% _ 3. Piece lengths 20.33 ft

( ) RQD (%) - Interval length % 100.
CORE RQD Core RQD based on piece lengths defined by all types of fractures (C, |, Nand V).
ENHANCED RQD Effect of fractures identified as coring induced (Type C) are filtered from the piece lengths.
LITHOPHYSAL (and- Percent void due to lithophysae and other cavities, estimated visually by counting the number of
other cavities) cavities, estimating the average diameter, calculating the void volume assuming spherical cavities,

and normalizing to the core volume.
NM—Not Measured

Agapito Associates, Inc.
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT  Sandia National Laboratories

Print Date: 5/5/95

CORE HOLE ROCK STRUCTURAL DATA SUMMARY WBS ‘43-33:_-13‘
Hole UZ-14, Middle Nonlithophysal Zone Revision 0
WEATHERING Subjective evaluation of rock degradation by mechanical/chemical agents:
' F: Fresh - M: Moderately weathered D: Decomposed
S: Slightly weathered I: Intensely weathered
HARDNESS Subjective evaluation of resistance to breakage:
1: Extremely hard 4: Moderately hard 7: Very soft
2: Very hard 5: Moderately soft 8: Soil-like, cohesive
3: Hard 6: Soft 9: Soil-like, non-cohesive
COLUMN INFORMATION (Page 4) |
FEATURE TYPE Foliowing codes indicate origin of feature:
N: Natural—indicated by minerai coating or evidence of weathering, slickensides, lack of fit
between sides.

I Indeterminate—origin questionable, rotated so that coatings possibly removed.
~ C: Coring induced—iresh, clean, tightly fitting breaks.
. V: Vug or large void.

INCLINATION (degrees) Angte between plane normal to core axis and plane of fracture (Type N and | only).
MINERAL INFILLING Describes the infilling on fracture surfaces (Type N and | only):

C: Clean TD: Brown dendritic CL: Clay
WC: White crystalline TC: Tan crystalline TN: Tan noncrystalline
WN: White noncrystalline  CA: Calcite ' FE: lron oxide
BC: Black crystailine Sl: Silica BN: Brown noncrystalline
BD: Black dendritic MN: Manganese
INFILL THICKNESS Describes the thickness of mineral infillings on the fracture surface (Type N and | only):
S:, Very thin, surface sheen V: Very thick (0.4 - 1.0 inches)
T: Thin (up to 0.1 inches) E: Exiremely thick, greater than 1.0
M: Moderately thick (0.1-0.4 inches
inches)
PLANARITY Describes the overall shape of the feature (Type N and | only):
P: Planar ‘ S: Stepped
C: Curved I: Irreqular
ROUGHNESS Describes the local relief of the surface (Type N and | only):

V: Very rough—stepped, near-norma! steps and ridges occur.

R: Rough—large anguiar asperities can be seen.

M: Moderately rough—asperities clearly visible, surface has abrasive feel.
S: Smooth—no asperities, smooth fo the touch.

P: Polished—slickensided, extremely smooth and shiny.

Agapito Associates, Inc.
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
Core Hole Structural Data Summary

Hole USW UZ-14

Interval — 700-850 ft, Middle Nonlithophysal Zone

BASEOF THERMO-

s | straTIGRAPHY | MECRANICAL | FEATURETYPE NO. OF FRACTURES W/INCLINATION (degrees
INTERVAL ZONE UNIT N]1]cClV 10] 20 30] 40 ] 50] 60] 70] 80 ] ¢
710 | 1s.CP.U. Lith _Tow 1] 2118 710 ] 1 2121

720 | TS CP.U. Uth, _TSw 20]1]2 5131311 21

730 K5 C.P. M. Nonifh] —_ Tow2 5] 2|13 730 2 | 3 3

740 ;.:,. C.P. M. Nonifh]___Tow2 A T19] 6 212121317 212

750__F.S.C.P.M.Nonith] ___Tow? 2] 6117 750 7 [ 1 1 2 1171

760__F.5.C.P. M. Nonifh| __ Tow2 7 1351 13 13 i 3 31
770 _S.C.P.M. Nonith] _ Tow2 6 [12[ 11 2 i 7 :

760 I.5. C.P. M. Nonifth Tow2 3] 2 110 770 T 1Tl 7021712121

790__[iS.C.P. M. Nonifh|____Tow? 31917 0 1 7

800__I.S.CP. M. Nonifh] ___Tow? 21119 7% 7 i

810__J.5.C.P. M Nonitn|___ Tow2 0f 1118 51211 2

820__J.5.CP. M. Nonlih] __ Tow? 21 3] 4 810 5 1

830 1.5 C.P. M. Nonifth oW T1a]0 3 7

340 | TS C.P. L Lih, ToW? 312115 i 3

850 | 15.C.P.L Ui, TSw2 T 118 830 5 7
TOIAL 139] 90 | 200] 0 w2174l 71 414 ]30] 3]
PERCENT OF OCCURRENGE 2] 211471 0] 85 3]52]611231117117]124]1 141

UZ14ROSM.XLS JF.T. Ag




Sandia National Laboratories
Print Date: 2/20/96
WBS 1.2.3.26.2
QA: QA

NO. OF FRACTURES NO. OF FRACTURES NO. OF FRACTURES
r NO. OF FRACTURES W/MINERAL INFILLING TYPE W/INFILL THICKNESS | WPLANARITY CODE| W/ROUGHNESS CODE.|
- JWCIWNIBCIBDITD|TC|CA] SI | MNI CL | TN BN} S TIMIV]J]E]JP}]C S I VIRIM]S P
) a 2 3|5 9 |1 2 a1
.’ 4 7 31 8 1 111 1 7 3| 6
] 2 1 1 2 5 1 4 1 2
11916 1 3 31371 2 113 19 4 1181 6
3 10 4 4 111 18 3 92121 4
1 7 ] 7 1 8 [ 3
o 2 ] 2 314 2 2] 6 1
2 1 8 51 6 7 [) 1 51613
i 1 ] 1 1 2 3 1
] 1 ] 2
5 3 513] 2 5 3 5] 2
3 1 21 2 I 2 1 1 1 2
1 1 1
1 3 2 1 4
112 3 3 1
191191 01 0] 01 0}J3110}161 ) 0 0131%] 6] 0)0}8)22) 3144]0])17}175125} 8
83183] 01 01 0] 01131441 7]04}1 0 0]3]15)59] 0] 0}155]14)119120] 0]114]60] 2]64
Inc. Page 4




YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT

Core Hole Structural Data Summary
Hole USW UZ-14
Interval — 700-850 ft, Middle Nonlithophysal Zone
BASEOF |  STRATL THERMO- | CORE | ENHANCED | ESTIMATED | LOST | RUBBLE WEATHERING ] HARDNESS (ft in 10-ft interval)***
10FT GRAPHY | MBCHANICAL |RQD*| ROD** % CORE| ZONE (ftin 10-f¢ intervals*» ROCK SC
INTERVAL] ZONE UNIT % % CAVITIES m ) F b M I D 1 2 3 4 5 2] 7 8
—710__| 75.CP.U. . TSw 35 81 2 16 | 12 7.7 7.7
— 720 | IS.CP.U.LHh. | Towl 0] 4 01 07 00 100
730__FS.CP.M. Nonithi __Tow2 3 25 < 7 | a9 00 0]80
780__KS.CP.M.Nonitnl __ Tow 5 29 < 80 |10 00 FARY
7505 CP.M. Nonlith] —_ Tow 2 40 < 63 | 06 00 10.0 )
760 J5.CP.M.Nonithi __ Tow2 3 21 < 2. 27 00 : 0.0 |
7 5. C.O_M.Nonith] __ Tow 0 9 < 22 2 0.0 21179 j
780 5. CP.M.Nonith] _ Tow2 26 5 . 5| 06 00 65 [ 35 |
790__JiS.CP.M.Nonith] _ T5w2 40 5 2 4| 15 00 100 |
800 F5.CP.MNon#th  T5w2 [ 93 p 04 | 03 0. 100 |
810 K5.CP.M.Nonfth] __Tow: 2 85 < 03 | 02 0.0 81119 —
820 F.5.CP.M_Nonthl __ Tow 94 7 < 0.0 791321 79 |21 |
— 830 FS.CP. M Nonith|  Tow2 82 % < 00 21100 19 8.1
840 | 15.CP.L Uth. TSw2 54 7 ] 09 | 08 1100 100
850 CP.L Lith, w2 ] 10 <1 37 |19 |00 160

* CORE RQD—Deatermined from piece lengths formed by all types of fractures (C, L. Nand V).
** ENHANCED RQD—Detarmined by fiitering the effects of fractuses identified as coring Induced (Type C) from the piece lengths.
*** Foctage in inferval may not equal 10 ft because of lost core, rubble, or ommission during logging.
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Sandia National Laboratories
Print Date: 5/5/95
WBS 12.3.26.2
QAL
Revision 0
RQD (%) LOST CORE & RUBBLE (%) EST. % CAVITIES
- ;—:CORERGD(%) :ENHANCEDRQD(%) o 0 100 o 0 100 0 1 2
™
: - 100.00% 7o
- RO | g
—— - 80.00%
— I 70.00% ‘ 730
[ - 40.00% i 740
- I 50.00%
- 40.00% g 750
- 30,00% 750
- 2000%
- - 10.00% 770
_— - 0.00%
— 0 10 20 30 40 50 40 70 80 90 100 780
- RQD Rangs 790
CORE RQD Summary ENHANCED RQD Summary 800
[ IMean 33.60|Mean §3.20
Median Madian 51 810
Mode 15Mode 61
Standard Deviation 29.0jStandard Deviation 3L 820
Variance 842.1|Variance 956.2,
Range S4iRange 891 830
Minimum Minimum
Mcdmum Maxdmum 98] 840
Sum Sumn 7 J
[Count 15{Count ¥ 850 :I
iates, Inc. Page 3
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YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT  Sandia National Laboratorics

Print Date: 7/3/93

ESTIMATED ROCK MASS QUALITY INDICES WBS 123262
BASED ON CORE LOG DATA Reviemt

Hole USW UZ-14, 700-850 ft, Middle Nonlithophysal Zone

EXPLANATION OF CALCULATION

Rock mass quality indices, Q (Barton et al.,, 1974) and RMR (Bieniawski, 1979), have
been estimated for 10-ft intervals using Rock Structural Data Summaries developed from
structural logging of the core, observations of rock conditions in the North Ramp Starter Tunnel
and North Ramp tunnel, and laboratory testing data.

Q is developed to evaluate the distribution of rock mass quality as a basis for
developing the range of credible rock mass quality to establish the ground support
requirements within rock units and to derive rock mass mechanical properties
according to the methodology proposed by Hardy and Bauer (1991), Procedures used
in the calculation were:

Note: Any spatial correlation may be

0= RODrs o Jr o _Jw masked by Monte Carlo simulation of

——

Jn* -Ja SRF+ Jn and SRF.

where RQD** = Core RQD where all fractures types [natural (N), indeterminate
(I), coring induced (C) and vugs (V)] have been considered in
determination of RQD. If the RQD is less than 10%, the value
used is set to 10 as per Barton et al. (1974). By definition,
soil-like materials are considered to have zero RQD.

Jn* = Joint Set Numbers: Cannot be determined from the core log data
and are generated by Monte-Carlo simulation assuming a uniform
distribution of values between 1 and 12 derived from mapping of
the North Ramp tunnel.

Jr = Joint Roughness Number: A weighted average value derived
based on the N and I type fractures in the 10-ft interval.

Ja = Joint Alteration Number: A weighted average value derived from
the description of N and I type fractures in the interval.

Jw = Joint Water Factor: Set equal to 1.0 assuming dry conditions.

SRF* = Stress Reduction Factor: For nonwelded units, SRF is determined
from the ratio of UCS/s, (UCS = unconfined compressive
strength, o, = overburden stress). If unconfined compressive
strength data is not available for the 10-ft interval, a compressive
strength is generated by Monte Carlo simulation using laboratory

Agapito Associates, Inc.
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test data for the thermomechanical units. For welded tuff units,

SRF cannot be determined from core log data and is generated by

Monte Carlo simulation assuming a distribution derived from
“ mapping of the North Ramp tunnel.

The use of the Core RQD is conservative since it includes the effect of coring induced
breaks. Filtering the effects of coring induced breaks from the RQD calculation
("Enhanced RQD") produced an increase in the mean RQD. The mean values for
thermomechanical units in USW UZ-14, 700-850 ft, Middle Nonlithophysal Zone
are: ;

- Core RQD Enhanced RQD
Middle Nonlithophysal Zone 33.6% 55.2%

RMR is estimated based on the Rock Structural Summary log data, and rock strength
data. Procedures used in the calculation were:

RMR=C+RQD-I+JS +JC+JW

C=Rock Strength Index: Derived from compressive strength
estimated by unconfined compressive strength laboratory test data
for the 10-ft interval. If data is not available for the 10-ft interval, a
compressive strength is generated by Monte-Carlo simulation using
laboratory test data for the thermomechanical unit.

RQD-I=RQD Index: Derived using the Core RQD value for the 10-ft
interval. ‘

JS = Joint Spacing Index: Derived from the rock structural data for the
10-ft interval, excludes coring induced features.

JC = Discontinuity Condition Index: Derived from the description of
fractures in the 10-ft interval.

JW = Groundwater Index: Assumed dry conditions
Q and RMR data are presented in log format to associate parameters with depth

intervals in the core log; however, any spatial correlation may be masked by
Monte-Carlo simulation.

Agapito Associates, Inc.
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STRATIGRAPHIC ABBREVIATIONS
T.C. Tiva Canyon Tuff C.P. M. Nonlith. Crystal-Poor Middle Nonlithophysal
Zone
C.P. L. Lith. Crystal-Poor Lower Lithophysal Zone
C.P. L. Nonlith. Crystal-Poor Lower Nonlithophysal Zone

C.P. Vitric Crystal-Poor Vitric Zone
Bedded Tuff
Y.M. Yucca Mountain Tuff
Bedded Tuff
P.C. Pah Canyon Tuff
Bedded Tuff
T.S. Topopah Spring Tuff C.R. Vitric Crystal-Rich Vitric Zone
C.R. Nonlith. Crystal-Rich Nonlithophysal Zone
C.R. Lith. Crystal-Rich Lithophysal Zone
C.P. U. Lith. Crystal-Poor Upper Lithophysal Zone
C.P. M. Nonlith. Crystal-Poor Middle Nonlithophysal
Zone
C.P. L. Lith. Crystal-Poor Lower Lithophysal Zone
C.P. L. Nonlith. Crystal-Poor Lower Nonlithophysal Zone
C.P. Vitric Crystal-Poor Vitric Zone Vitrophyre
C.P. Vitric NW  Crystal-Poor Vitric Zone Non- to
Partially Welded and Moderately Welded
Bedded Tuff :

C.H. Calico Hills Formation

THERMOMECHANICAL UNITS
UO—Undifferentiated Overburden
TCw—Tiva Canyon Welded Unit
PTn—Upper Paintbrush Nonwelded Unit
TSwl—Topopah Spring Welded Unit—Lithophysae Rich
TSw2—Topopah Spring Welded Unit—Lithophysae Poor
TSw3—Topopah Spring Welded Unit—Vitrophyre
CHnl—<Calico Hills and Lower Paintbrush Nonwelded Unit

Agapito Associates, Inc.
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Appendix D

Key Block Analysis
Comparison of North Ramp and Main Drift Orientations
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D.1 Introduction

Key block stability analyses have been conducted to compare potential key blocks based
on joint structures mapped in the North Ramp to similar blocks created by Main Drift alignment.
These analyses were designed to predict what rock mass conditions could be expected in the
Main Drift assuming that the jointing conditions encountered so far in the North Ramp are also
encountered in the Main Drift. Some changes in ground conditions can be expected if the
assumed joint structure used in these analyses are consistent between both tunnel alignments.

D.2 Method of Analysis

The UNWEDGE? Version 2.2 key block stability analysis program was used to perform
the comparative analyses. This program uses an ubiquitous, non-probabilistic approach to key
block analysis which emphasizes the prediction of the formation of the maximum potential key
block size given a particular joint set, tunnel orientation, and tunnel cross section. The
UNWEDGE program is limited to a maximum of three joint sets in any particular analysis.
UNWEDGE Version 2.2 has been verified in YMP document CSCI B0000000-01717-1200-
30014 on February 2, 1995. The program and hardware used for this analysis was verified
against the same problems.

Joint set data from tunnel mapping in the North Ramp were used to determine the mean
joint set axes for the three joint sets. While the USBR has provided orientation data for five joint
sets, only three of these sets have been used in this analysis. The USBR joint set No. 5 (as listed
in Section 3.6) is a subhorizontal vapor-phase parting. Its sliding angle is very small compared
to the other joint sets and observations in the North Ramp show that while this parting does act
as a joint set at times, clearly visible breakage along this contact is observed only a small
percentage of the time. Therefore, it has not been included in this analysis. The USBR joint set
No. 4 is being assumed to be a subset of USBR joint set No. 1. This decision was based on the
observation that it does not appear to coexist with joint set No. 1 frequently. The three joint set
axes used in this analysis are summarized in Table D-1.

Table D-1. Joint Set Axes Used in Analysis

Joint Set Number Dip (degrees) ) Dip Direction
’ 1 84 ' 353
2 82 132
3 78 262

*Carvalho et al.




Detailed mapping in the Tiva Canyon unit of the North Ramp has shown these to be the
axes of the three primary joint sets. It is assumed for this analysis that these joint sets will also
be encountered in the Topopah Spring unit of the Main Drift. The strength of this analysis rests
upon the validity of this assumption.

Two sets of data were run in which the orientation of the 7.62-m-diameter circular tunnel
has been varied. The first data set employs an orientation of 1° of dip on azimuth 299°; the
- second set employs 1° of dip on azimuth 3°. The results of a key block analysis on both data sets
are compared in terms of the maximum potential key block volume, apex height, tonnage, and
safety factor in Table D-2.

Table D-2. Comparison of North Ramp and Main Drift Results

North Ramp Orientation Main Drift Orientation
Wedge Volume Apex Safety Volume Apex Safety
No. (m’)  Height (m) Tonnes Factor (m*)  Height (m) Tonnes Factor

1 21.6807 7.8 59 0 58.7462 10.8 159 0
2 0.0007 0.3 <1 0.06 not formed
3 0.0009 0.4 <1 0.55 0.0088 0.4 <1 0.55
4 21.6807 7.8 59 +inf  58.7462 10.8 159 +inf
5 0.0007 0.3 <1 0.53 not formed
6 0.0009 0.4 <1 0.12 0.0088 0.4 <1 0.12

As shown by this comparison, the volume and tonnage of maximum potential key block
formed in the crown increases roughly a factor of 3 in the Main Drift. This occurs in wedge
No. 1 which increases from 59 to 159 tonnes. It is inferred from this information that under the
assumptions noted above, the ground conditions in the Main Drift crown may have an increased
potential of key block formation. It is difficult to state definitively the extent of this effect. With
respect to roof bolt installation, the maximum potential block apex height increases from 7.8 to
10.8 m. However, both of these are beyond the bolt length (3-m bolts) currently being installed.
The expected distribution of key block sizes can only be determined by a probabilistic key block
analysis.

The effect on block formation in the tunnel walls is mixed. The North Ramp alignment
allows the potential formation of four wedge types, whereas the Main Drift alignment allows
only two. The block volume increases by a factor of 10 from 0.0009 to 0.009 m®. However,
these block sizes are both negligible with respect to ground control. In both cases, the apex

height is 0.4 m. These results can be seen in Table D-2 by inspection of wedge Nos. 2, 3, 5,
and 6.

The assumption of similar joint orientations suggests worse roof conditions in the Main
Drift. The effect of jointing on the ground conditions in the tunnel walls is minor.

D-3




This page intentionally left blank.




YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
SAND95-2183 DISTRIBUTION LIST

D. A. Dreyfus (RW-1)

Director

OCRWM

US Department of Energy

1000 Independence Avenue SW
Washington, DC 20585

L. H. Barrett (RW-2)

Acting Deputy Director
OCRWM

US Department of Energy

1000 Independence Avenue SW
Washington, DC 20585

S. Rousso (RW-40)

OfTice of Storage and Transportation
OCRWM

US Department of Energy

1000 Independence Avenue SW
Washington, DC 20585

R. A. Milner (RW-30)

Office of Program Management
and Integration

OCRWM

US Department of Energy

1000 Independence Avenue SW

Washington, DC 20585

D. R. Elle, Director
Environmental Protection Division
DOE Nevada Field Office

US Department of Energy

P.O. Box 98518

Las Vegas, NV 89193-8518

T. Wood (RW-14)

Contract Management Division
OCRWM

US Department of Energy

1000 Independence Avenue SW
Washington, DC 20585

Victoria F. Reich, Librarian

Nuclear Waste Technical Review Board
1100 Wilson Blvd., Suite 910
Arlington, VA 22209

Wesley Bames, Project Manager

Yucca Mountain Site Characterization
Office

US Department of Energy

P.O. Box 30307 MS 523

Las Vegas, NV 89036-0307

Distribution - 1

Director, Public Affairs Office

c/o Technical Information Resource Center
DOE Nevada Operations Office

US Department of Energy

P.O. Box 98518

Las Vegas, NV 89193-8518

Technical Information Officer
DOE Nevada Operations Office
US Department of Energy

P.O. Box 98518

Las Vegas, NV 89193-8518

J. R. Dyer, Deputy Project Manager

Yucca Mountain Site Characterization Office
US Department of Energy

P.O. Box 30307 MS 523

Las Vegas, NV 89036-0307

M. C. Brady

Laboratory Lead for YMP
M&O/Sandia National Laboratories
1180 Town Center Dr. :

Las Vegas, NV 89134

J. A. Canepa

Laboratory Lead for YMP

EES-13, Mail Stop J521

M&O/Los Alamos National Laboratory
P.O. Box 1663

Los Alamos, NM 87545

Repository Licensing & Quality
Assurance
Project Directorate
Division of Waste Management, MS. T7J-9
US NRC
Washington, DC 20555

Senior Project Manager for Yucca
Mountain

Repository Project Branch

Division of Waste Management, MS T7J-9

US NRC

Washington, DC 20555

NRC Document Control Desk -

Division of Waste Management, MS T7J-9
USNRC

Washington, DC 20555




Chad Glenn

NRC Site Representative

301 E Stewart Avenue, Room 203
Las Vegas, NV 89101

Center for Nuclear Waste
Regulatory Analyses
Southwest Research Institute
6220 Culebra Road

Drawer 28510

San Antonio, TX 78284

W. L. Clarke

Laboratory Lead for YMP '
M&O/ Lawrence Livermore Nat’l Lab
P.O. Box 808 (L-51)

Livermore, CA 94550

Robert W. Craig
Technical Project Officer
US Geological Survey
1180 Town Center Dr.
Las Vegas, NV 89134

J. S. Stuckless,

Senior Science Advisor

MS 425

Yucca Mountain Project Branch
US Geological Survey

P.O. Box 25046

Denver, CO 80225

L. D. Foust, Asst. General Mgr.
Nevada Site

TRW Environmental Safety Systems
1180 Town Center Dr.

Las Vegas, NV 89134

A.L. Flint

U. S. Geological Survey
1180 Town Center Dr.
Las Vegas, NV 89134

Robert L. Strickler

Vice President & General Manager
TRW Environmental Safety Systems, Inc.
2650 Park Tower Dr.

Vienna, VA 22180

Jim Krulik, Technical Program Officer
US Bureau of Reclamation

Code D-8322

P.O. Box 25007

Denver, CO 80225-0007

Distribution - 2

B. T. Brady

Records Specialist
US Geological Survey
MS 421

P.O. Box 25046
Denver, CO 80225

M. D. Voegele

Deputy of Technical Operations
M&O/SAIC

1180 Town Center Dr.

Las Vegas, NV 89134

A.T. Tamura

Science and Technology Division
OSTI

US Department of Energy

P.O. Box 62

Oak Ridge, TN 37831

P. J. Weeden, Acting Director
Nuclear Radiation Assessment Div.
US EPA ’
Environmental Monitoring Sys. Lab
P.O. Box 93478

Las Vegas, NV 89193-3478

John Fordham, Deputy Director
Water Resources Center

Desert Research Institute

P.O. Box 60220

Reno, NV 89506

The Honorable Jim Regan

Chairman

Churchill County Board of
Commissioners

10 W. Williams Avenue

Fallon, NV 89406

R.R. Loux

Executive Director

Agency for Nuclear Projects
State of Nevada

Evergreen Center, Suite 252
1802 N. Carson Street
Carson City, NV 89710

Brad R. Mettam

Inyo County Yucca Mountain
Repository Assessment Office

P. O. Drawer L.

Independence, CA 93526

Vernon E. Poe .

Office of Nuclear Projects
Mineral County

P.O. Box 1600
Hawthorne, NV 89415




Les W. Bradshaw

Program Manager

Nye County Nuclear Waste Repository
Project Office

P.O. Box 1767

Tonopah, NV 89049

Florindo Mariani

White Pine County Coordinator
P. O. Box 135

Ely, NV 89301

Tammy Manzini '

Lander County Yucca Mountain
Information Officer

P.O.Box 10

Austin, NV 89310

Jason Pitts

Lincoln County Nuclear Waste
Program Manager

P. O. Box 158

Pioche, NV 89043

Dennis Bechtel, Coordinator

Nuclear Waste Division

Clark County Dept. of Comprehensive
Planning

P.O. Box 55171

Las Vegas, NV 89155-1751

Juanita D. Hoffman

Nuclear Waste Repository
Oversight Program

Esmeralda County

P.O. Box 490

Goldfield, NV 89013

Sandy Green

Yucca Mountain Information Office
Eureka County

P.O.Box 714

Eureka, NV 89316

Economic Development Dept.
City of Las Vegas

400 E. Stewart Avenue

Las Vegas, NV 89101

Community Planning & Development
City of North Las Vegas

P.O. Box 4086

North Las Vegas, NV 89030

Librarian

YMP Research & Study Center
1180 Town Center Drive

Las Vegas, NV 89134

Distribution - 3

Library Acquisitions
Argonne National Laboratory
Building 203, Room CE-111
9700 S. Cass Avenue
Argonne, IL 60439

Glenn Van Roekel
Manager, City of Caliente
P.O. Box 158

Caliente, NV 89008

G. S. Bodvarsson

Head, Nuclear Waste Department
Lawrence Berkeley National Laboratory
1 Cyclotron Road, MS 50E

Berkeley, CA 94720

Steve Hanauer (RW-2)
OCRWM

U. S. Department of Energy
1000 Independence Ave.
Washington, DC 20585

Susan B. Jones

U.S. Department of Energy

Yucca Mountain Site Characterization
Office

P.O. Box 30307

Las Vegas, NV 89036-0307

Stephan J. Brocoum

U.S. Department of Energy,

Yucca Mountain Site Characterization
Office

P.O. Box 30307

Las Vegas, NV 89036-0307

Dennis R. Williams

U.S. Department of Energy,

Yucca Mountain Site Characterization
Office

P.O. Box 30307

Las Vegas, NV 89036-0307

Richard L. Craun

U.S. Department of Energy .
Yucca Mountain Site Characterization
Office

P.O. Box 30307

Las Vegas, NV 89036-0307

Dwayne Kicker M&O/ MK

CRWMS M&O

1180 Town Center Drive MS423/618E
Las Vegas, NV 89134




John Pye, M&O/ MK

CRWMS M&O

1180 Town Center Drive MS423/618E 2
Las Vegas, NV 89134

Rick Nolting M&O/MK .

CRWMS M&O

1180 Town Center Drive MS423/618E
Las Vegas, NV 89134

B LA e

Dan McKenzie M&O/MK

CRWMS M&O

1180 Town Center Drive MS423/618E
Las Vegas, NV 89134

David Kessel M&O/ SNL
CRWMS M&O

1180 Town Center Drive MS423
Las Vegas, NV 89134

William Boyle

DOE/ YMSCO

P.O. Box 30307

North Las Vegas, NV 89036-0307

Carl Brechtel

Agapito and Associates, Inc.
2620 Regatta Drive, Suite, 203
Las Vegas, NV 89128

Robert W. Clayton

M&O/ WCFS

1180 Town Center Drive MS423
Las Vegas, NV 89134

Richard C. Quitmeyer

Mé&O/ WCFS

1180 Town Center Drive MS423
Las Vegas, NV 89134

Mark C. Tynan :
DOE/YMPSCO :
1180 Town Center Drive MS523/HL
Las Vegas, NV 89134

Robin Datta

M&OWCFS

1180 Town Center Drive MS423
Las Vegas, NV 89134

Distribution - 4

MS

1330 K. Hart, 6811
100/1.2.3.2.6.2.1/SAND952183/QA

1330  WMT Library, 6752

9018 Central Technical Files, 8940-2

0899  Technical Library, 4415

0619 Review and Approval Desk,
12690, For DOE/OSTI




