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Group (Tiva Canyon, Yucca Mountain, Pah Canyon, and Topopah Spring tuffs), joints are subdivided into
three groups based on their generating mechanism and time of occurrence:  early cooling joints, later
tectonic joints, and joints due to erosional unloading (DIRS 151945-CRWMS M&O 2000, pp. 4.7-5 to
4.7-7).  Each type of joint exhibits different characteristics with respect to its length, orientation, and
connectivity.  The cooling and tectonic joints have similar orientations (generally running north-south),
but cooling joints include irregularly spaced horizontal joints as well.  Joints due to erosional unloading
are variably oriented but tend predominantly east to west, cross-wise to the cooling and tectonic joints.
Tectonic joints occur throughout the Paintbrush Group and cooling joints are identified in each of the
welded units.  In general, the highest joint frequencies and connectivities occur in the units of the Tiva
Canyon and Topopah Spring tuffs and the lowest occur in the nonwelded Yucca Mountain and Pah
Canyon tuffs.  Most joints, particularly cooling joints, are confined to specific rock units and do not cross
unit boundaries.  They do not generally form through-going features like faults.  Geologic,
geoengineering, and hydrologic aspects of fractures are discussed in detail in the Yucca Mountain Site
Description (DIRS 151945-CRWMS M&O 2000, pp. 4.6-17 to 4.6-19, 4.7-5 to 4.7-7, 4.7-36 to 4.7-40,
and 8.9-1 to 8.9-15).

DOE identified and described alternative tectonic models to explain the current geologic structure
resulting from past tectonic processes and deformation events that have affected the Yucca Mountain site.
These models are described in the Yucca Mountain Site Description (DIRS 151945-CRWMS M&O 2000,
Section 4.3), and were considered by the experts in the Probabilistic Seismic Hazard Analysis (DIRS
100354-USGS 1998, all) discussed below.  Computer models provide a means of integrating data on
volcanism, deposition, and fault movement, and include a representation of the existing geologic
structures and the processes that operate at depth.  Tectonic models provide a basis for evaluating the
processes and events that could occur in the future and potentially affect the performance of a repository.
The DOE hazard assessments used models that are supported by data.

3.1.3.3  Modern Seismic Activity

DOE has monitored seismic activity at the Nevada Test Site since 1978.  The epicenters of many
earthquakes that the Southern Great Basin Seismic Network has located within 20 kilometers (12 miles)
of Yucca Mountain do not correlate with mapped surface traces of Quaternary faults (DIRS 151945-
CRWMS M&O 2000, pp. 12.3-17 and 12.3-18).  This lack of correlation is a common feature of
earthquakes, particularly those of smaller magnitude, in the Great Basin and elsewhere.  Earthquakes in
the Yucca Mountain region have focal depths (the point of origin of an earthquake below the ground
surface) ranging from near-surface to about 5 to 12 kilometers (3 to 7 miles) (DIRS 151945-CRWMS
M&O 2000, p. 12.3-18).  The earthquake focal mechanisms are strike-slip to normal oblique-slip along
moderately to steeply dipping fault surfaces.  These focal mechanisms indicate the nature of the fault
planes on which the earthquakes occur, as shown in Figure 3-9.

The largest recorded historic earthquake within 50 kilometers (30 miles) of Yucca Mountain was the
Little Skull Mountain earthquake in 1992 (DIRS 151945-CRWMS M&O 2000, p. 12.3-7 and Figure
12.3-4, p. F12.3-4), which had a Richter magnitude of 5.6 (DIRS 151945-CRWMS M&O 2000,
p. 12.3-18).  This seismic event occurred about 20 kilometers (12 miles) southeast of Yucca Mountain,
about a day after the magnitude 7.3 earthquake at Landers, California, 300 kilometers (190 miles) south-
southeast of Yucca Mountain.  The Little Skull Mountain event caused no damage at Yucca Mountain,
although some damage occurred at the Field Office Center in Jackass Flats (DIRS 151945-CRWMS
M&O 2000, p. 12.3-18) about 5 kilometers (3 miles) north of the epicenter.

Seismic Hazard
DOE based the design ground motion and fault displacement that could be associated with future
earthquakes at Yucca Mountain on the record of historic earthquakes in the Great Basin, evaluation of
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prehistoric earthquakes based on investigations (trenching and detailed mapping) of the faults at Yucca
Mountain, and observation of ground motions associated with modern earthquakes using the Southern
Great Basin Seismic Network.

Experts have evaluated site data and other relevant information (including differing models) to assess
where and how often future earthquakes will occur, how large they will be, how much offset will occur at
the Earth’s surface, and how ground motion will diminish as a function of distance.  Two panels of
scientific experts conducted the Probabilistic Seismic Hazard Analysis (DIRS 100354-USGS 1998, all);
one panel characterized sources of future earthquakes and their potential for surface fault displacement
and the second addressed ground motion for the Yucca Mountain region.  The results of this analysis are
hazard curves that show the ground motions and potential fault displacements plotted with annual
frequency of being exceeded.  These are used to determine the design-basis ground motions and to assess
the postclosure performance of the site (DIRS 151945-CRWMS M&O 2000, pp. 12.4-3 to 12.4-7).
Figure H-1 in Appendix H shows the summary hazard curve for horizontal peak ground acceleration
generated from the analysis.

The expert assessments indicate that geologic fault displacement hazard is generally low.  For locations
not on a major block-bounding fault, displacements greater than 0.1 centimeter (0.04 inch) will be
exceeded an average of less than once in 100,000 years, whereas the mean displacements that are likely to
be exceeded on the block-bounding Bow Ridge and Solitario Canyon faults are 7.8 and 32 centimeters
(3.1 and 13 inches), respectively (DIRS 151945-CRWMS M&O 2000, p. 12.3-86).  Mitigating potential
fault displacement effects would involve avoiding faults in laying out repository facilities (DIRS 151945-
CRWMS M&O 2000, p. 12.3-92).

Ground motion studies have investigated the level of shaking produced at Yucca Mountain by both local
and regional earthquakes, and have estimated expected ground motion from hypothetical earthquakes.
These predictions of probable ground motion amplitudes and frequencies support preliminary design
requirements (the Exploratory Studies Facility), and future studies will provide additional site-specific
information on soil and rock properties that will enable refinement of preliminary results and facilitate
design analyses to mitigate seismic risk to a potential repository (DIRS 101779-DOE 1998, Volume 1,
pp. 2-86 and 2-87).

The seismic design basis for the repository specifies that structures, systems, and components important
to safety should be able to withstand the horizontal motion from an earthquake with a return frequency of
once in 10,000 years (annual probability of occurrence of 0.0001) (DIRS 103237-CRWMS M&O 1998,
p. VII-3).  A recent comprehensive evaluation of the seismic hazards associated with the site of the
proposed repository (DIRS 100354-USGS 1998, Figure 7-4) concluded that a 0.0001-per-year earthquake
would produce peak horizontal accelerations at a reference rock site at Yucca Mountain of about 0.53g
(mean value).  DOE needs to complete additional investigations of ground motion site effects before it
can produce the final seismic design basis for the surface facilities.

A recent study published in Science magazine (DIRS 103485-Wernicke et al. 1998, all) claims that the
crustal strain rates in the Yucca Mountain area are at least an order of magnitude higher than would be
predicted from the Quaternary volcanic and tectonic history of the area.  If higher strain rates are present,
the potential volcanic and seismic hazards would be underestimated on the basis of the long-term
geologic record.

As part of the Yucca Mountain site characterization activities, DOE established a 14-station, 50-kilometer
(30-mile), geodetic array, centered on Yucca Mountain, and conducted surveys in 1983, 1984, and 1993.
As interpreted by U.S. Geological Survey researchers (DIRS 103457-Savage et al. 1994, all), the surveys
indicated no large strain accumulation and thus do not support the claims in DIRS 103485-Wernicke et al.
(1998, all).  The Yucca Mountain array was resurveyed by the U.S. Geological Survey in 1998
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(DIRS 118952-Savage, Svarc, and Prescott 1999, all).  After correction for deformation associated with
the Little Skull Mountain earthquake, the data continue to indicate a strain rate about an order of
magnitude lower than that reported by DIRS 103485-Wernicke et al. (1998, all).

DOE is continuing to fund additional investigations on the crustal strain rate in the Yucca Mountain
region through a grant to the University of Nevada.  Dr. Wernicke of the California Institute of
Technology (Cal Tech) continues to monitor conditions as a principal investigator under a subcontract,
and a group at the University of Nevada at Reno is tasked with providing an independent evaluation of
the assumptions and processing that support the Cal Tech results.  This study involves 32 geodetic
monument sites with continuous Global Positioning System measurements, a significant improvement
over the study reported in Science in 1998.  The first report (DIRS 156302-Marks 2001, all) from this
effort was issued during 2001 and provided a status based on data collected through May 2001.
According to the report, preliminary findings from this ongoing study are that strain is accumulating in
the Yucca Mountain region, but at a notably lower rate than previously reported by DIRS 103485-
Wernicke et al. (1998, all).  Improved results are expected over the next year of the study, including a
better characterization and explanation for the strain accumulation.  DOE believes the results of this study
will confirm the lower crustal strain rates as reported by the U.S. Geological Survey.  However, if higher
crustal strain rates are shown to exist, DOE will reassess the volcanic and seismic hazard at Yucca
Mountain.

3.1.3.4  Mineral and Energy Resources

The southern Great Basin contains valuable or potentially valuable mineral and energy resources,
including deposits with past or current production of gold, silver, mercury, base metals, and uranium.  The
proximity of known deposits and the identification of similar geologic features at Yucca Mountain have
led some investigators to propose that the analyzed Yucca Mountain land withdrawal area (see
Figure 3-2) could have the potential for mineral resources (DIRS 103483-Weiss, Noble, and Larson 1996,
p. 5-26).

DOE site investigations included evaluation of the potential for mineral and energy resources in the
analyzed withdrawal area because the presence of such resources could lead to exploration and
inadvertent human intrusion (see Chapter 5).  The Yucca Mountain Site Description (DIRS 151945-
CRWMS M&O 2000, Section 4.9) describes results of investigations that address relevant natural
resources.  Site characterization investigators identified no economic deposits of base or precious metals,
industrial rocks or minerals, and energy resources, based on present use, extraction technology, and
economic value of the resources (DIRS 151945-CRWMS M&O 2000, p. 4.9-12 to 4.9-14).  DOE believes
the potential for economically useful mineral or energy resources in the analyzed Yucca Mountain
withdrawal area is low.

3.1.4  HYDROLOGY

This section describes the current hydrologic conditions in the Yucca Mountain region in terms of
surface-water and groundwater system characteristics.  The region of influence considered for surface
water includes construction or land disturbance areas that could be susceptible to erosion, areas affected
by permanent changes in surface-water flow, and areas downstream of the proposed repository that could
be affected by eroded soil or potential spills of contaminants.  The groundwater region of influence
includes aquifers that would underlie areas of construction and operation, aquifers that could be sources
of water for construction and operations, and aquifers downgradient of the proposed repository that
repository use, including long-term releases, could affect.  Section 3.1.4.1 describes surface-water
conditions, and Section 3.1.4.2 describes groundwater conditions.


