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Study 53.A1741: HistO and current sebmlcty

PREFACE
This study plan summarizes and extends the discussions of Study

83.1.17.4.1 in the Site Characterization Plan (SCP). Sections 1, 4, and 5 are
drawn from the statutory SCP and from related Project documents; those
sections show the study in the context of the SCP. Sections 2 and 3 discuss
the bases for the planned tests and the plans themselves in detail generally
beyond that in the SCP. Because the study plan incorporates the most recent
planning for the study, it occasionally departs from the statutory SCP,
reflecting modifications that have been accommodated through the Project
changecontrol process (Interim Change Notices).

Sections 1, 4, and 5 of this plan were written mainly by Frances R.
Singer, sections 2 and 3 by Margaret G. Hopper and Mar E. Meremonte
Activity 1), Charles G. Bufe (Activity 2), and Albert M. Rogers (Activity 3).

Davi M. Shedlock was the primary reviewer of the plan. WYR Keefer and
DvdSchicher shared in writing and review of the plan.
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ABSTRACT
Study 83.1.17.4.1 will gather information on earthquakes at Yucca

Mountain and in the surrounding region which will contribute to an
evaluation of these data in terms of regional tectonics and potential
volcanism. To do so, one of the three activities in the study will compile the
historical earthquake record for the southern Great Basin. The second
activity will monitor current seismicity at Yucca Mountain and the
surrounding region. The third activity will evaluate the potential for induced
seismicity at the site, and the prevalence of seismicity induced by
underground nuclear explosions and reservoir impoundment in the current
and histonical earthquake catalogs.

The information from this study is needed to improve confidence levels
in earthquake hazard assessment and in estimates of fault displacement and
vibratory ground motion parameters used to predict repository performance.
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FIGURES

FIGURE

141 Relation of Study 8.3.L17A.1 to the preclosure tectonics program

1-2 Information required from Study 83..174.1 for Issue resolution through
studies In the predosure tectonics program

3.2-1 Southern Great Basin Seismic Network seismograph stations

3.2.2 Southern Great Basin Seismic Network seismograph stations; all but the
existing FM stations are tentative sites for new stations that will be
part of the Network upgrade

3.2.3 Schematic of data flow from the existing SGBSN In Nevada through the
computer system in Golden, Colorado

3.24 Schematic of data flow from the upgraded SGBSN In Nevada through the
computer system In Golden, Colorado

3.2-S Seismic events In the southern Great Basin, August 1978 through
December 1987

S-l Schedule for Study U117.1

TABLES

TABLE

1-1 Characterization parameters supported by Study 63.L17A.1

3.1 Technical procedures to be used In Activity 93.1 12

3-2 Actual vs. computed explosion hypocenters

4.1 Information to be provided to other studies by Study 83.1.17.1

RevO 7/3/90 vu



Study U.117A.: Htorkal and current selsooldty

STUDY 83.1.17A.1
HISTORICAL AND CURRENT SEISMICITY

Study 83.1.17.4.1 consists of three activities:

* 83.1.17.4.1.1 Compile historical earthquake record

* 83.1.17.4.12 Monitor current seismicity

* 83.1.17.4.13 Evaluate potential for induced seismicity at the site

The study is part of the preclosure tectonics program (fig. 1-1); it is one of a
series of related studies that collect and synthesize information about the
occurrence of earthquakes in the site region in order to estimate the
vibratory ground motion hazard to the proposed repository.

1. PURPOSE AND OBJECTIVES OF THE STUDY

The objective of this study is to compile information on reported and
instrumentally recorded earthquakes that characterize the earthquake
potential near Yucca Mountain. Objectives specific to each activity are
discussed in sections 3.1, 3.2, and 33.

1.1 Information to be obtained and how that information will be
used

Information on current and historical seismicity will be obtained by-

* compiling the historical earthquake record for the southern Great
Basin

* monitoring current seismicity at Yucca Mountain and the surrounding
region

* identifying earthquakes in the historical record that have been induced
byunderground nuclear explosions (UNEs) and by the impoundment
of Lake Mead

* evaluating the potential for induced seismicity at Yucca Mountain by
the excavation of the underground repository

Tbe combined data (fig. 1-2) will be used to help identify and characterize
potentially relevant earthquake sources for the deterministic hazard analysis
(Study 83.1.173.1) and potentially contributing earthquake sources for the
probabilistic hazard analysis (Study 83.1.173.6). The study will also
contribute to the development of regional earthquake ground-motion models
(Activity 83.1.1733.1) and to determinations of the effects of local geology
and depth of burial on ground motion at the site (Activity 83.1.173.4.1).

The specific information to be obtained in each activity is discussed in
sections 3.1.1, 3.2.1 and 3.3.1. Specific uses of the information for measuring
repository performance against goals for performance measures are
discussed in sections 12,3.1.9,3.2.9 and 33.9; uses of the information for
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supporting other studies are discussed in section 4 and summarized in table

1.2 Rationale and justification for the Information to be
obtained: why the information is needed

The information from this study is needed as a basis for evaluating the
hazards posed by future ground motions in the Yucca Mountain area. As
noted in sections 1.1 and 4, the information is needed mainly as input to
other studies that determine the potential effects of future earthquakes and
consequent ground motions on repository design and performance. As such,
information from this study is not intended to directly satisfy design and
performance goals for design and performance issues (fig. 1.2). It will
however, provide information that will be used in the assessment of several
characterization parameters in Studies 83.1.173.1, 83.1.1733, 83.1.173.4,
83.1.173.5, and 83.1.173.6 (Table 1-1). These characterization parameters
will in turn be used to quantify design and performance parameters.

The specific characterization parameters in other studies that are
supported by this study are shown in Table 1-1. These characterization
parameters are used as input to the evaluation of preclosure seismic hazards,
including the identification of earthquake sources, the relation between
earthquake recurrence and earthquake sources, and ground motion
attenuation relationships. Accurate locations of current seismicity as well as
a complete set of information from historic earthquakes provide valuable
data regarding contemporary seismicity. These data are integrated with
other data sets such as neotectonic and paleoseismic data to fully identify a
range of potential seismic sources. In addition, it is important to compare
current rates of seismicity with recurrence rates based on Quaternary fault
studies. Lastly, southern Great Basin earthquakes recorded on the regional
seismic network provide data on amplitude decay with distance that is useful
as input to define the appropriate attenuation equations for the Yucca
Mountain region.

Finally, information from this study will contribute indirectly to Issue 1.1
(limiting radionuclide releases to the accessible environment) through the
postclosure tectonics program. This will be accomplished through its
contribution to Activity 83.1.8.1.13 (presence of-magma bodies in the
vicinity of the site) which addresses the performance parameter on the
annual probability of a volcanic eruption that may penetrate the repository.

RevO0 7/3/901. 1.2
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2. RATIONALE FOR SELECTING THE STUDY
This section discusses the bases for the tests planned for this study. The SCP

discusses the bases for the study in the context of the preclosure tectonics program.
The test plans themselves are discussed in section 3.

2.1 Activity 83.1.17A.1.1 Compile historical earthquake record

2.1.1 Rationale for the selected test

Compilation of the historical seismic record is necessary to support
deterministic and probabilistic hazard studies (see section 1.1). Data from two
sources-non-instrumental historical sources and instrumental records-are needed
to characterize the historical seismicity in the vicinity of the Yucca Mountain site as
completely and accurately as possible. The above procedure is the only means of
achieving this goal; there are no alternatives to be considered.

2.1.2 Rationale for selecting the number, location, duration, and timing of the test

All historical (pre-1978) earthquakes that can reasonably be found within the
published literature will be examined. The number of different kinds of information
collected for each earthquake will depend on the magnitude and vintage of that
particular event.

The initial data search will be limited to the existing boundaries of the Southern
Great Basin Seismic Network (SGBSN), shown i figure 32-1. These boundaries
extend well beyond the 100-km radius in which significant earthquakes are most
likely to affect the performance of the repository. Large (magnitude 5.5 or greater)
shocks within the 100-km radius will be studied m the greatest detail. However,
larger earthquakes beyond the 100-km radius should also be considered and
investigated in detail if it is found that they might affect the Yucca Mountain site at
or above the Modified Mercalli inte sity-ViIl;evel (the level of cosmetic, non-
structural damage). Following is a list of those events with magnitude greater than
5.5 that have occurred historically within 200 km of Yucca Mountain (only the
February 11, 1949, event can be accurately located within about 025 degrees):

DisL(km)
Lat. (N) Long. (W) Date rume Me from YM

370 1180 Sep. 4, 16:00:00 63 150-200
36.0 117.0 Nov. 4, 1908 0837.00 S.7. 100-50
37S 117.0 Nov. 7, 1910 17:0 5.7 50100
36.983 11705 Feb. 12, 1949 21X05X2330 5.5 .100D

Since subsequent studies will draw on the results of this activity, a report on the
historical seismicity should be completed by 1991.

2.1.3 ConstraInts: factors affecting selection of tests

The choice of the test method for this activity was not affected by the following
factors: impacts on the site; simulation of repository conditions; limits and

Rev 0 7/3/90 2-1
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capabilities of analytical methods; timing; scale and applicability of measurements;
and interference with other tests or the exploratory shat.

2.2 Activity 83.1.17A.1.2 Monitor current seismicity

This activity began in 1978 with the installation of the Southern Great Basin
Seismic Network. The original choice of monitoring and analysis techniques was
limited by the sensor, telemetry, and computer technologies available at the time.
Advances in these technologies have now dictated an upgrade of the seismic
network in order to provide the information required for issue resolution (see sec.
12) and for input to other studies (see sec. 4) with the required degree of accuracy
and confidence.

2.2.1 Rationale for the types of tests selected

In order to characterize the seismicity of the Yucca Mountain region in the time
available for site characterization, it is necessary to refine the pattern of earthquake
occurrence defined by the historical intensity data and sparse historical instrumental
data. This is being done through a single test-the regional monitoring of
earthquake activity. MIis ongoing test, described in detail in sections 3±1 and 32.2,
is lowering the detection threshold and improving hypocenter locations; there are no
alternatives that would provide the required information.

2.2.2 Rationale for selecting the number, location, duration, and timing of tests

2.2.2.1 Number

The number of earthquakes located, number of focal mechanisms determined,
spectra computed, etc., are dictated largely by scientific judgment based on the
quality of available data. The calculation of earthquake hypocenters is usually not
attempted with fewer than five stations, and focal mechanisms require data with
adequate coverage of the focal sphere. The continued availability of digital
waveforms and primary data such as arrival times, amplitudes, and durations allows
flexibility with regard to topical studies iind the selection of data for reanalysis or
more detailed analysis.

2±2.2 Location

The regional seismic network extending from Yucca Mountain outward 100 to
160 kmn is designed to provide information on the regional tectonic style as well as
data from possible source zones for earthquakes potentially damaging to critical
facilities. The location of the repository site and the location of seismogenic
structures largely dictates the distribution of stations in the upgraded, telemetered
seismic network However, the configuration of the seismic network is also
constrained by physical or legal access to potential station sites, impact of
topography on line-of-sight telemetry between stations and nodes, and the
requirement for A.C or D.C power at the nodes. The highest station density is at
Yucca Mountain. Portable seismographs will be used for special studies such as
obtaining high-dynamic-range data that are suitable for calculating earthquake
source parameters (e.g., stressdrop and moment), obtaining accurate aftershock
locations, monitoring mnicroseismicity in the vicinity of suspect tectonic features, or
measuring local site effects on ground motion.

ReyO 7/3/90 2^2
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2.2.23 Duration and timing

Monitoring activity was begun in 1978 and will coptinue through site
characterization. If the site is found suitable, it is anticipated that seismic
monitoring will continue through licensing and operation of the repository. The
network upgrade will be completed as soon as possible in order to maximize the
amount of high quality data available during site characterization. Final analysis
and synthesis of the data should be done as late as feasible in the characterization
period to ensure that all available earthquake data are utilized.

2.23 Constraints: factors affecting selection of tests

The choice of the test method for this activity was not affected by the following
factors: impacts on the site; simulation of repository conditions; and design and
construction of the facility. Specifically, installation of seismometers or
accelerometers at the surface or in shallow postholes, will have no impact on the
ability of the repository to isolate waste. Similarly, installation of seismic sensors in
existing intermediate depth boreholes is not expected to interfere with other tests or
with the exploratory shaft. However, construction activities at Yucca Mountain will
impact seismic monitoring of the site by increasing background noise at the local
seismic stations, and may require that sensors be relocated. With regard to the
limits and capabilities of the planned methods and the scale and applicability of the
measurements to be made, the limited time available for seismic monitoring is short
in relation to the time scale for tectonic processes (ie, faulting cycles) in the site
region. This constrain places some uncertainty on the representativeness of the
observed seismicit (see sec. 32.8).

23 Activity 83.1.17A.13 Evaluate potential for Induced seismicity at
the site

In order to achieve the objective of this activity-evaluation of the potential for
human activities to significantly perturb the natural seismic hazard at the site by
inducing seismicity at or near the site-several questions need to be addressed,
including:

* To what distance and for what time period around a nuclear event do UNE
aftershocks occur?

* What is the correlation between earthquake occurrence in the region and the
impoundment of Lake Mead?

* What is the likelihood of mining-induced seismicity associated with the
excavation of the underground repository?

Toprovide satisfactory answers to these questions it is necessary to compile and
synthesize data from the historical and current earthquake records that will provide
a reliable basis for distinguishing between natural and induced seismicity in the
Yucca Mountain area. This activity should be considered exploratory, as it is
designed not only to assess the behavior of the data, but also to determine the
analyses that are most likely to be productive. It is possible that new analysis
methods may be discovered in this process or existing methods ma have to be
modified. Given the complexities of the geology of the southern Great Basin and of
the physics of induced seismicity, it is virtually impossible to specify all the
characteristics of the analyses apnori.

ReyO 7/3/90a 2-3
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23.1 Rationale for the yes of tests selected

TLis activity consists of three separate tests: (1) Correlate earthquake
occurrences and UNE occurrences; (2) correlate earthquake occurrences
with the impoundment of Lake Mead; and (3) assess the likelihood of
mining-induced seismicity. Each of these tests addresses one of the three
primay sources of potential seismicity induced by human activity in the
region; detailed descriptions are given in sections 3.3.1 and 33.2 There are
no alternatives to the planned procedures that would achieve the primary
objective of the activity.

23.2 Rationale for selecting the number, location, duration, and timing of
tests

Three tests are required because explosion-induced seismicity, reservoir-
induced seismicity, and minrig-induced seismicity involve different trieng
mechanisms and require analysis of different data sets. Explosion-inlduced
seismicity is believed to be limited to several tens of kilometers from the
Nevada Test Site (NTS), and reservoir-induced earthquakes to comparable
distances from Lake Mead. However, data from beyond this range will be
examined when such data are considered relevant for comparative purposes.
As data on mining-induced seismict in the southern Great Basin may be
sparse, the analysis of the potential for mining-induced seismicity will require
an extensive literature search and examination of a larger region.

The duration and timing of this activity are not dependent on other
activities, but its completion may affect the timing of other studies, as noted
below.

233 Constraints: factors affecting selection of tests
Because this activity involves a literature search and computer analysis of

data, the choice of test methods was unaffected by the following factors:
impacts on the site; simulation of repository conditions; limits and
capabilities of analytical methods; scale and applicability of measurements;
and interference with the exploratory shaft Neither is there any direct effect
on the design and constrction of the facility or the ability of the site to
isolate the waste. The activity does draw on datafrom other sources, but the
selected methods were not influenced by the analytical methods used in
other studies. The activity does not interfere with other studies, except that,
with regard to timing, its results are required in the assessment of the
probabilistic groundmotion hazard (Study 83.1.173.6) and the assessment of
relevant earthquake sources (Study 83.1.173.1).

RevO 7/3/90 24
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3. DESCRIPTION OF TESTS AND ANALYSES
This section summarizes the tests that are planned for the three activities

in this study. The bases for selecting the types of tests planned for each
activity are discussed in section 2.

3.1 Activity 83.1.17.4.1.1 Compile historical earthquake record
The objective of this activity is to compile a record of historical (pre-

1978) seismic events in the southern Great Basin or within 100 km of Yucca
Mountain. The above statement of objective also indicates the single test to
be conducted in the activity, which can be divided into two elements-
compilation of non-instrumental data and compilation of instrumental data-
as described below.

3.1.1 General approach

The basic non-instrumental data to be compiled will consist of anecdotal
accounts of earthquake effects from a variety of historical documentary
sources. These data will be gathered from as many prunmay and secondary
sources as possible, sorted by earthquake date and report location, and listed
in a catalog. Questions pertaining to observed times, dates, and locations
will be resolved, when possible, among the various sources of accounts of the
earthquake.

Modified Mercalli intensities (MMIs) will be assigned to these data
whenever the quality of 'the information is sufficient to allow it. The assigned
MMIs will be plotted on a map, isoseismals drawn, the epicentral intensity Io
assigned, the intensity center located, and felt area and isoseismal areas
found when there is sufficient data MMI attenuation curves will be fit to the
data for individual shocks when there is enough information available.
Regional MMI attenuation curves will also be calculated using combined
data from the best earthquake data sets.

A maximum earthquake intensity map will be made for the area within
the 100-km radius of Yucca Mountain, if adequate data are available to
prepare one. Given the sparsity of towns in the area, and their distribution in
time as well as space, this map may contain large gaps and be a fairly rough
estimate; but it will suggest the highest historic earthquake damage levels in
the area. In the event that a large enough earthquake occurs to generate
intensity data in the vicinity of Yucca Mountain, then the MMI maps may be
calibrated with instrumentally recorded parameters characterizing the
earthquake's size. It may then be possible to use this relationship between
MMI and magnitude, moment, peak acceleration, or whatever is deemed
most appropriate, to estimate any of the latter for historical non-,
instrumentally recorded earthquakes.

Acquisition of instrumental data records will depend on the availability
of the records and how well they have survived deterioration in storage,
especially for the pre- and early-1900 information.

The kinds of information (based primarily on listed SCP parameters) to
be compiled for each earthquake, if available, includes:
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* Date and origin time

* Hypocenter location and depth

* Hypocenter uncertainty estimate

• Magnitude (and magnitude type)

* Magnitude uncertainty estimate

* Maximum intensity (if reported felt)

* Duration

* Annotation of whether the event is an earthquake, UNE, cavity
collapse, etc.

Important earthquakes are those which have a magnitude of 5.5 or
greater, or which may have had a substantial impact on the site. For those
earthquakes, additional information will be collected or derived, as available.
The additional parameters include:

* Focal mechanism (strike, dip, rake)

* Seismic moment

* Stress drop

• Extent of surface rupture

• Epicentral intensity (MMI),

* Epicentral intensity (MMI) uncertainty estimate

* Total felt area

* Falloff of intensity (MMI) with distance

* Peak ground accelerations

* Peak ground velocities

* Coda duration

* Spectral amplitudes

3.12 Test method and procedures

Non-instrumental intensity data will be gathered according to the
methods outlined in Technical Procedure SP-15 (table 3-1). When
instrumental data exist for important earthquakes lacking information listed
above, standard technical procedures as described under section 3.2.2 and
shown in table 3-1 will be followed or new procedures will be developed
that are appropriate to the available data.

RevO0 7/3/90 -3-2
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3.13 QA level assignment

Quality assurance will be implemented according to Graded QA
procedures.

3.1A Required tolerances, accuracy, and precision

The expected accuracy and reliability of the compiled non-instrumental
historical earthquake information is described in Teclnical Procedure SP-15
(table 3-1). Most of the inaccuracies in this type of data result from the poor
quality and geographic distribution of available reports of earthquake effects,
and from the subjectivity inherent in the usage of the intensity scale.
Inaccuraces at this levl result in inaccuracies in parameters estimated from
this type of infomaton, such as magnitudes for preinstrumental earthquakes
or intensity attenuation.

After widespread instrumentation beginning in the early 1900s, the
accuracy of the instrumental sources increased dramatically, but still was
limited. Since the seismic arrays were regionally sited to the west of the
southern Great Basin in central and southern California, good azimuthal
control was not possible. It was not until the late 1960's that local seismic
networks were established to monitor earthquakes at the NTS, and then
primarily for the purpose of monitoring seismic activity surrounding a
nuclear blast.

Reasonably accurate locations can be computed for large earthquakes
because these events were recorded with good azimuth control by seismic
stations in many parts of North America. For important earthquakes,
original seismic records will be obtained, when available. These records will
be scaled and the necessary parameters will be calculated in those cases
where the literature search does not yield the pertinent parameters.

3.1.S Range of expected results

Since the seismic history of the Yucca Mountain region can be traced
back only to the mid 1800's (and instrumentally to the early 19Ws), the
ranges of the seismic parameters are not well established. The following
estimated ranges should be improved by the results of this activity.

• Earthquake dates: 1868 to present

* Hypocentral locations: within 100 km of Yucca Mountain site (farther
for selected larger earthquakes)

* Magnitudes: 02 (instrumental only) to 7.7 (outside study area, but
affecting it)

* Epicentral intensities: MMI VII-X-

* Felt areas: 13,000 to 1,000,000 km2

• MMI attenuation:
10 =-XI dropping to MMI=I-III in approximately 300-600

kan from the epicenter
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I =VII-IX dropping to MMI= I-HI in approximately 60-
350 km from the epicenter.

3.1.6 Equipment

Equipment to be used in the compilation, analysis, and archiving of the
data collected will be:

* Computer and associated standard peripherals

* Word processing software

* Data base management software

* Standard regression analysis software

* Standard graphics software

3.1.7 Data-reduction techniques

In this activity, standard techniques will be used to compile and analyze
historical, non-instrumental earthquake data. When applicable, Modified
Mercalli intensities will be assigned to the collected data, and isoseismal
maps will be drawn. From the data and isoseismal maps, a maximum
intensity map will Fe made for the area within 100 km of the Yucca
Mountain site. If the data permit, an MMI attenuation curve will be fit for
each of the more important-earthquakes affecting the site. A regional MMI
attenuation curve will be made, based on the earthquakes with the best data
sets found in this study."

Data reduction for most of the 'nstrumental seismic information has
been done by the original investigators of the network data. Their analyses
followed standard seismological procedures in use at the time of the initial
recordings Some of the historical catalogs, such as Gawthrop and Carr
(1988?, contain data that have been revised using more up-to-date
techniques. Recent publications examining some of the most significant
historical earthquakes in the region, such as Dixie Valley and Fairview Peak
in 1954 and Cedar Mountain in 1932, have also used up-to-date methods in
re-evaluating earthquake parameters (Doser, 1986).

3.1.8 Representatlveness of results

Because of limitations in the historic non-instrumental and instrumental
records, the finished catalog will vary in its representativeness of the actual
seismic record. The catalog should be complete for large shocks back to the
late 18Ws, with reasonable estimates of the epicenters and magnitudes even
for the preinstrumental shocks. The catalog may be complete or moderate
shocks back to the early to middle 1900's, when regional seismic networks
were being established. However, with respect to small shocksthe catalog
should be complete only since the beginning of the operation of the southern
Great Basin seismic network in 1978.

In general, it should be noted that the recorded seismic behavior of the
southern Great Basin, and the uncertainties involved, will differ from source
to source. With regard to instrumentally recorded data, estimated
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parameters are highly dependent on the array configuration, on location of
the array with respect to the earthquake, and the dynamic range of the array.

3.1.9 Relations to performance goals and confidence levels

The collection and synthesis of n.:n-instrumental and instrumental data
on the occurrence of earthquakes and attenuation of ground motion in the
Yucca Mountain area are essential for input to studies involving evaluation
of the deterministic and probabilistic seismic hazards of the repositor site.
These studies (e.g, 8.3.1.17.3.1, 83.1.1733, 83.1.173.5, and 83.1.173.6)
have a direct relation to design and performance goals as indicated in section
1z.

3.2 Activity 8.3.1.17A.1.2 Monitor current seismicity

The objectives of this ongoing activity are to provide empirical
information on:

* seismicity rates in the southern Great Basin

* the general regional orientation, depth, and style of faulting

* identification of specific seismogenic features, including faults and
active volcanic centers

* how seismic wave spectral amplitudes scale with earthquake magnitude
and stress drop and attenuate with distance in the region

* how ground motions vary with depth and with surface geology in the
site area

and to provide input to Investigation 83.1.173 (Studies to provide required
information on vibratory ground motion that could affect repository design or
performance for interpretations relative to earthquake occurrence, source
characteristics, wave propagation, and regional tectonics in the southern
Great Basin).

3.2.1 General approach

The Southern Great Basin Seismic Network (SGBSN), shown in figure
3.2-1, consists of 55 telemetered stations, covers an area of about 50,000 man7,
has been in operation since 1978, and is the primary source of information on
current seismacity in the Yucca Mountain region.

Current seismicity monitoring will be continued and intensified, using a
regional, telemetered network of high dynamic range seismographs, an array
of strong-motion accelerographs, and an array of portable event recorders

- that can be deployed with seismometers, accelerometers, or both.

The following products will be derived from the raw data produced by
this network:

a seismograms

* ground motion amplitude spectra
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* catalogs containing event origin times, hypocenters, magnitudes, and
uncertainties, and identifying whether the event is an earthquake or a
blast

* epicenter maps and vertical sections

* focal mechanisms

* seismic velocity models

* reports presenting and interpreting earthquake parameters and
propagation path effects

* reports relating seismicity to regional tectonics and volcanism

* for each of the larger earthquakes (M = 5.5 and above), a compilation
of available data on focal mechanism, seismic moment, source
dimension, stress drop, extent of surface rupture, epicentral intensity
with uncertainty, total felt area, falloff of intensity with distance, peak
accelerations and velocities, durations, and spectral amplitudes

The current network configuration has the following shortcomings. The
station spacing and lack of three component seismometers does not permit
earthquakes to be located with enough accuracy to better correlate them with
faults. Earthquakes with magnitudes outside the range ML= 0.0 to 2.5
saturate the instrumentation so that for these events magnitudes cannot be
estimated nor can site response. For those events that are on scale, site
response and attenuation estimates are limited to the frequency bandwidth of
5-10Hz.

In order to alleviate these problems it is necessary to increase the station
spacing to approximately 7 km within a radius of approximately 25 kan of
Yucca Mountain and a somewhat larger spacing beyond (giving the
maximum control on earthquake depth estimates near Yucca Mountain), to
add 3 component seismometers, and to increase the dynamic range to at least
120 db and the bandwidth to .1 to 50 Hz (Gomberg and others, 1990). All of
these improvements can be achieved with an upgraded SGBSN. The
upgraded field system of the SGBSN requires the addition of at least 70 new,
3 component, digital seismic stations and seven telemetry nodes. Each
telemetry node serves as a collection point where signals from a group of
remote stations are gathered together, event detection is Performed, and
data are packeted for transmission via satellite to the SGB SN headquarters
in Golden, Colorado. The use of digital data acquisition systems and broad
band, high dynamic range, 3-component seismometers at each remote
seismic station, and conversion from phone line to satellite telemetry will
permit on scale recording of seismic data in the required frequency
bandwidth for earthquakes in the magnitude range of ML = 0.0 to ML = 6.0.
Existing remote stations will be kept operational as long as is possible
without replacement of any hardware and signals from these will be
incorporated into the digital data stream at the telemetry nodes. Ihese
existing stations will provide complementary arrival time information that
will be useful in deriving hypocenter estimates. Because of the change in the
telemetry mode and the increased quantity of data that will be gathered, the
SGBSN upgrade also requires a new computer system in Golden for final
data acquisition, routine analysis, and archiving purposes. In addition to the
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scientific benefits, the upgraded network will operate at a reduced cost
relative to the existing SGBSN.

Figre 3.2-1 and 3.2-2 shows the existing network station distribution and
ble configuration for the upgraded SGBSN. Figures 32-3 and 3.24-

schematically show the data flow through the two systems.

32.2 Test method and procedures

This activity consists of a single, ongoing test which uses current,
standard seismological techniques for

• operation of telemetered and portable seismographs and
accelerographs

* calibration of seismographs

* calculation of magnitudes

* determination of hypocenters and origin times

• determination of focal mechanisms

* estimation of seismic moment, source dimension, and stress drop

These techniques are defined by the technical procedures shown in table
3-1.

3.23 QA level assignment,

Quality assurance will be implemented according to Graded QA
procedures.

3.2.4 Required tolerances, accuracy, and precision

No requirements for tolerance, accuracy, or precision have been
explicitly specified for this activity.

Precision of determining earthquake hypocenters, using standard
location methods such as HYP0*71, depends on the three-dimensional
geometry of the stations relative to the events, precision of timing of P and S
arrivals between stations for a given event, and use of an appropriate two-
dimensional crustal velocity structure and set of station corrections.
Accuracy of hypocenters depends on a priori knowledge of location of a few
master events, such as explosions, and the use of relative location algorithms
using time differences or station corrections derived from the master events
and {or) a detailed knowledge of the three-dimensional velocity structure
and use of a ray-tracing program to calculate travel times.

Standard errors given for hypocenters by location programs such as
HYPO-71 are measures of precision rather than accuracy and are based on
event-station raypath geometry and travel time residuals. Epicentral
standard errors for events within the SGBSN are typically on the order of 1
km. Standard errors in focal depth are larger and depend on the distance to
the nearest station and the magnitude of the event. Depth of focus can be
calculated from either direct or refracted P and S waves or both. For small
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events recorded only at short distances, depth control must come from
upming rays to the nearby stations; as a rule of thumb, the geometry is
suitable to determine focal depth if there is a station within an epicentral
distance of less than 1.0 to 1.5 times the focal depth. This is a problem for
small, shallow earthquakes in most of the network away from Yucca
Mountain. For larger events the focal depths are often controlled by a
combination of direct arrivals at near stations and refracted arrivals at more
distant stations. If the depth and velocity of the refractor are modeled
correctly, reliable focal depths can be determined in this way.

The SGBSN is situated in a region where there are many known seismic
sources (explosions). Data from these events provide an estimate of the
accuracy of shallow earthquake locations. Known and calculated
hypocenters are shown in table 3-2 for a suite of underground nuclear
explosions at the Nevada Test Site and for several other known blasts in the
region. Note that errors in depth are model dependent but are not generally
large, even though the distance to the nearest station may be many times the
focal depth, and there are no S readings for most of the events. Depth
control for some of these blasts is from refracted arrivals.

Uncertainties in focal mechanisms depend on the distribution of stations
with distance and azimuth and on knowledge of the true azimuth and angle
of emergence at the source. This, in turn, depends on having the correct
hypocenter and crustal velocity model. If focal mechanisms are assumed to
be double-couple, they~can sometimes be used to discriminate between
crustal models.

Uncertainties in magnitudes and in spectral amplitudes depend on the
accuracy of station calibration. For the existing network, use of nominal
station responses will result in 30 percent uncertainties, which translates to
about 0.1 magnitude unit. Use of actual calibration data will result in smaller
uncertaintes.

The network upgrade (see sec. $2.1) will improve the precision of
earthquake locations through higher station density and through better
identification of shear waves on horizontal component seismograms.
Increased dynamic range and frequency bandwidth will result in better
estimates of hypocenter, magnitude, moment, source dimension, stress drop,
and inelastic attenuation. The improvement in detection and location
capabilities will be qantified. After the network upgrade is completed or
when demonstrably improved crustal velocity models, location algorithms,
and (or) magnitude relations become available, then hypocenters and (or)
magnitudes will be recalculated for all events recorde since 1978. Thus, the
existing SGBSN earthquake locations and magnitudes should be considered
preliminary.

325 Range of expected results

Ranges of values expected for SGBSN data:

* Maximum magnitudes-45 or larger are rare, although two magnitude
6 earthquakes are known to have occurred within the southern Great
Basin in historic time
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* Minimum magnitudes-Yucca Mountain: magnitude 0 and larger
located. Coverage complete in most of surrounding region at
magnitude 15

* Focal depths-predominantly between 2 km and 12 kan

* Focal mechanisms-dominant orientations
Right lateral on faults striking N to NW
Left lateral on faults striking E to NE

Normal on faults striking N to NE
Thrust on faults striking W to NW

* Persistent localized swarms or foreshock-mainshock-aftershock
sequences

* Induced seismicty related to impoundment of Lake Mead and to
UNEs at the NS

• Seismicity that may be associated with dike injection or other volcanic
activity

32.6 Equipment

At present the telemetered network consists of 55 short-period vertical
components and 10 short-period horizontal components. The existing
stations will be replaced or supplemented with both telemetered and
autonomous three-component seismographs which have greater frequency
bandwidth and dynamic range than the existing stations.

Data flow for the present network is shown in figure 3.2-3. Data are
telemetered locally via radio to telephone line -drops and thence via
dedicated voice-grade telephone lines to G6lden,'Colorado, where the
signals are discriminated and fed to a film recorder and an analog-to-digital
convener. The converter is attached to a PDP 11-34 computer which detects
events and stores the raw waveform data on magnetic tape. The data are
analyzed interactively on a PDP 11-70 computer.: Post-processing is done
on a VAX computer. Dynamic range of the present network data is about 52
db.

Data flow for the upgraded seismic network is shown in figure 3.2-4.
When the network upgrade is completed, data from three-component
stations will be digitized and high and low gain channels will be radio-
telemetered to nodes. Events will be detected and event data and selected
continuous data will be telemetered via satellite to the National Seismic
Network's master station in Golden, Colorado. The SGBSN data will be
relayed to a dedicated YMP microVAX computer where automatic event
collation and phase processing will take place. Post-processing will be done
on the YMP SUN computer system.

If, for any reason, data should accumulate at a node, they are stored
locally on disk and can be retrieved with an Exabyte 8-mm tape unit.
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Eight autonomous digital strong motion accelerographs will be located at
Midway Valley to record strong ground motions from nearby moderate-to-
large earthquakes or more distant large-to-great earthquakes, and at more
distant sites to determine attenuation of strong ground motion in the
southern Great Basin. A portable array of eight higher gain autonomous
digital accelerographs with a combined 48-channel capacity will be used for
special studies, such as augmentng the telemetered network to obtain source
parameters for aftershocks or swarms, to measure effects of local site geology
on ground motion, or to obtain data required to estimate the effects of large
strike-slip or normal faulting earthquakes at the site.

Data from the eight strong-motion and the eight high-gain
accelerographs will be retreved with Exabyte 8-mm tape units. Details of
operation of these autonomous seismographs will be covered under
Technical Procedure SP-12

Dynamic range of the upgraded digital stations will be 135 db per
channel, with sampling at 1000 sps, decimated to 100 sps.

3.2.7 Data reduction techniques

With the present network, the detected events and calibration data are
retrieved from tape and analyzed interactively. Events are classified as local
(within the network), regional, or teleseismic by the analyst, who determines
P and S arrival times, direction of first motion, peak amplitudes, and signal
durations. A prelimina location is computed and the data are archived for
later processing on the VAX computer (see sec 322).

When the network upgrade is completed, data received from the
National Seismic Network's master station will be processed on line by the
microVAX computer. The data will be collated by event and P arrival times
automatically picked. The events will be classified as local, regional, or
teleseismic. Preliminary locations will be computed for local events, and the
horizontal components will be rotated into longitudinal and transverse
azimuths. The data will be low-pass filtered, Sv and Sh arrival times will be
determined, and the event will be relocated using both P and S arrivals.
Peak amplitude and duration will be automatically com:puted. Performance
of the automatic analysis system will be verified by a seismologist from time
to time. Waveform data will be archived in the standard SEED format for
ease of access by other investigators. Post-Processing and research
applications will be carried out on the SUN computer system.

Data from the eight strong-motion and the eight high-gain
accelerographs will be played back (from 8-mm tape) using Exabyte tape
units attached to the microVAX computer and analyzed in he same manner
as the telemetered data.

Details of data reduction are covered in technical procedures.

32.8 Representativeness of results

Data from the SGBSN have been used to locate earthquakes since 1978.
Earthquakes located with network data from 1978 through 1987 are shown in
figure 3.2-5. Coverage is complete at about magnitude 15. The denser
subnet at Yucca Mountain has been in place since 1981, with coverage to
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magnitude zero. Seismicity maps have shown similar patterns from year to
year, but some seismogenic features, such as the N-S trend of epicenters
through Beatty, were not evident until 10 yr of data had been accumulated.
Approximately 10,000 earthquakes have been located since 1978, and most of
these occur in persistent clusters. Uncertainties in the determinations of
earthquake parameters are discussed in section 32.4.

Seismic monitoring over 10 or 20 yr provides only a brief snapshot of
seisndcity in a tectonic domain (the Great Basin) known to be episodic in its
strain release on a scale of tens of thousands of years. The cluster of large
earthquakes to the northwest of the SGBSN in the first half of this century is
an example of this episodicity. Current (and historical) seismicity may be
representative of seismicity 50 yr in the future, but probably not 10,000yr
from now. Consequently, both seismic activity and geological information
will be used in Investigation 8.3.1.17.3 to identify earthquake sources and
characterize their earthquake potential.

3.2.9 Relations to performance goals and confidence levels

The uses of the information from this activity for measuring the
performance of the repository against the tentative goals for applicable
performance measures are discussed in section 12.

3.3 Activity 83.1.17A.4..3 Evaluate potential for Induced seismicity at the
site

The objective of this act is to evaluate the potential for human
activities to significantly perturb the natural seismic hazard at the site by
inducing seismicity at or near the site and (or) by changing the regional
seismic rates. To date, the human activities that have been identified as
having a potential to induce seismicity in the site region are UNEs
(underground nuclear testing of nuclear devices at the NTS), the
impoundment of Lake Mead, and the mining of the repository itself Three
types of tests, corresponding to the'three potential sources of induced
seismicity listed above, will be conducted to provide the information required
to achieve the objective of the activity.i These tests are discussed individually
below. The result of these studies will be a revised catalog of historical
earthquakes for the region within 150 km of the site that will include
annotated induced events and (or) revised seismic rates for each source zone
that excludes the events that are believed to be induced earthquakes. The
location of the Nevada Test Site and the zone of potential induced seismicity
associated with underground nuclear testing are shown in figure 3.2-1. Also
shown are the seismographic stations of the SGBSN. (Note: Lake Mead is a
short distance northwest of the station labeled EMN.)

3.3.1 Test 1: Evaluate Influence of UNEs on earthquake rates and (or)
Identify Induced earthquakes

33.1.1 General approach
In addition to performing review of the literature of studies describing

UNE-triggered seismicity, statistical analyses will be performed to evaluate
oible correlations between the magnitude, location, and origin time of

and earthquakes. Data on these parameters for both UNEs and
earthquakes have been compiled and are available in the published literature
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(Meremonte and Rogers, 1987; Rogers and others, 1983; Rogers and others,
1987; N.W. Howard, Lawrence Livermore Laboratory, written comm.;
Zander and Araskog, 1973; Springer and Kinnaman- 1971; Springer and
Kinnaman, 1975; U.S. Department.of Energy, 1985). No active data
collection is thus required for the present test; however, it will involve design
of the analyses, computer data manipulation, and statistical analyses and
interpretation of the data and results.

UNE activity clearly produces aftershock series for the high-yield
explosions, ie, those near 1 megaton. Events of lower yield can produce
aftershocks, but may not do so universally. At least two types of UNE
aftershocks are recognized: (1) those related to the cracking of rock and
subsequent collapse of the explosion cavity, which usually terminate
immediately after the collapse takes place; and (2) those related to the
release of preexisting tectonic stress triggered by processes such as wave
propagation, strain field changes, pore-pressure migration, and readjustment
of shear stress along existing faults. Most cavity-related events are too small
to be located by a regional network of seismographs, but those events that
are recorded are frequently recognized as cavity-related events by the
emergent character of the records. These events will be flagged in the
earthquake catalog.

Aftershocks of the second type listed above, however, are more difficult
to distinguish from natural seismic activity. This kind of aftershock series
appears to decay with time after the explosion and with distance from ground
zero. The properties of the induced seismicity and its physical origins are not
well understood, but certain experiments, described below, will attempt to
characterize this seismicityin a manner that will permit us to remove these
effects from the record. Two general approaches of addressing this problem
are contemplated: (1) to establish the excess induced seismic rate within
the regional rate data and to reduce -this rate in order to approximate the
natural tectonic rate; or (2) toexplicitly-deter nine probabilities of individual
earthquakes having been triggered by UNEs before computing rates that are
used in a hazard assessment. In either approach, induced events will not be
deleted from the published catalog. Probability of being triggered by a UNE
will be included as a parameter in the catalog listing for eachevent i the
region of UNE testing. It is anticipated that the above will be coordinated
with Sandia NationalAaboratory.

33.12 Test methods and procedures

Several techniques and variants on techniques will be used in this test,
including (1) development of statistical tests to evaluate changes in seismic
rates occumng in geographic and temporal subsets of the historical record in
relation to the catalog of nuclear events; (2) evaluation of changes in a- and
b-values (parameters that specify the exponential distribution of earthquake
magnitudes); (3) evaluation of interevent time statistics and changes relative
to nuclear event occurrence; (4) use of certain event-clustering algorithms to
identify events associated with nuclear events. These techniques will be
applied on a trial basis and described in detail by the methods required in the
development of 'Scientific Notebooks."
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33.13 QA level assignment

Quality assurance will be implemented according to Graded QA
procedures.

33.1.4 Required tolerances, accuracy, and precision

No explicit requirements for tolerance, accuracy, or preasion have been
secified for this test. Conclusions concerning the identiication of events in

e historical catalog that are aftershocks of ONEs depend in part on the
accuracy of locating earthquake hypocenters. Hypocentral errors result from
inaccuracy in the crustal velocity model used to locate the events, from
operator error in reading times of wave arrivals in the seismograms, and
from inherent computational stability due to the position of the earthquake
relative to the position and number of stations recording the event. The
standard error associated with the computational stability can be calculated
for most events and is included in the catalogs of events that will be used.
Errors associated with the structure of the earth are more difficult to
estimate. The hypocentral location accuracy for potentiall UNE-induced
events may be'estimated from the error in locating the IME as an unknown
event. Location errors for several UNEs from the present SGBSN are given
in table 3-2.

The problems ihat we propose to address are further complicated by the
variable nature of seismograph operation in this region. Only a few stations
existed in the southern Great Basin prior to about 1968. Since that time
several dense networks have been deployed for relatively short durations.
The regional SGBSN, now consisting of 55 stations (see figure 32-1), has
been operational since 1978. Clearly, if we wish to evaluate the spatial and
temporal variability of earthquake occurrence in this region, allowance must
be made for the spatial and temporal variability in detection of these events.
Although no clear cut method is presently known to deal with this problem,
the most straightforward methods should be attempted first. It is likely, for
example, that the data set would have to be partitioned into time and
distance segments that are more homogeneous. One might consider the
historic and current (post-1978) record separately or consider the records
compiled by Hamilton and Healy (1969) and Rogers and others (1977)
separate from the historic catalog or the current catalog. Because aftershock
effects are particularly strong at short times and close-in distances around a
UNE, it may be desirable to remove these data before analyses that seek to
identify more temporally and spatially distant events. This step could
prevent the masking of weak processes by strong processes in the statistical
analyses proposed below.

The dependence of UNE aftershock occurrence on the yield of the event
is also unknown. A separate pre-analysis of this effect might permit
restricting the full analysis to JNE events greater than a certain yield. Yield
itself is probably not a good measure of the size of a UNE and, thus, the
analysis should be based on UNE magnitude. The parameters being
provided by the computations involved in several of the experiments are
seismic rate parameters for the induced activity. It is difficult to estimate the
accuracy of these determinations in advance because the numbers of events
to be entered into the analysis for each sector is unknown. However, the
accuracy in these quantities will be estimated as part of the analyses. With
regard to the specification of an event as a UNE aftershock with a specified
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probability, the accuracy of this probability estimate will be dependent on the
type of statistical distribution associated with earthquakes following UNE
events, and the number of events defining these distributions.

33.1.5 Range of expected results

Aftershocks of UNEs are known to occur at least 15 km from ground
zero and as long as I mo after the nuclear test (Hamilton and Healy, 1969;
Ropers and others, 1977). It may be possible, however, on the basis of
statistical analysis of the data described above to determine whether
aftershocks occur to greater distances and for longer periods of time. The
analyses in this experiment will determine the geographical region and time
period over which nuclear event aftershocks occur and will assign individual
catalog events a probability of being induced, thus 'fiagging these events in
the catalog, and or will remove the excess induced seismic rates from the
rates in each soured zone.

33.1.6 Equipment

The only equipment required for these computational tests is a VAX
digital computer or other mincomputer withaFORTRAN compiler,
standard statistical analyses software, and plotting facilities.

33.1.7 Data-reduction techniques

This test consists entirely of data reduction: no data collection except
compilation of existing earthquake catalogs is required. A range of statistical
analyses will be conducted, as described in the test methods section. These
techniques will employ standard statistical analyses of data that have been
preprocessed as described.

33.1.8 Representativeness of results 7

The results of this test will be representative of the induced seismic
activity related only to past Une; the future rate of UNE-induced seismicity
will depend on the rate and yield of future LINE testing. The intent of these
analyses is to correct the historical catalog of seisnicity in this region and
(or) the seismic rates for each source zone for the effects of past UNE
testing. The corrected catalog of seismicity or seismic rates, representing
naturally occurring earthquakes within 150 km of the site over the last 100 yr,
should be representative of the short-term future natural activity.

With respect to uncertainties, there is a strong likelihood that some
naturally occurring seismic events will be assignedhigh probabilities of being
UNE aftershocks and, conversely, that some UNE aftershocks will be
assigned low probabilities. Nonetheless, because the spatial and temporal
distribution of UNE aftershocks will likely follow an exponential law, most of
these kinds of events will be identified because they are dose in time and
space to the UNE. Thus, the likelihood of misidentifying a given seismic
event is small, but unknown at present, for a large percentage of events.
Additional problems regarding the adequacy of the data, the data processing,
and analyses and interpretation of the data will be discussed in the "Scientific
Notebook for this test.
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3.3.1.9 Relations to performance goals and confidence levels

This test does not directly- support performance assessment or design, but
does have a bearing on the probabilistic hazard assessment due to
earthquake ground shaking and the characterization of the tectonic
environment around the site.

3.32 Test 2: Correlate earthquake occurrences with the Impoundment of
Lake Mead

332.1 General approach

A survey of the literature on Lake Mead-induced earthquakes will be
performed to examine if the impoundment of this large body of water, which
lies about 150 kan southeast of Yucca Mountain, will induce seismicity that
impacts the repository site.

3.32.2 Test methods and procedures

This test involves a reexamination of the literature and data concerning
the occurrence of earthquakes at Lake Mead to determine the temporal and
spatial extent of the effects of lake impoundment on seismic activity in the
southern Great Basin region. Existing data will be examined from the
SGBSN permanent network, and from a temporary portable array operated
near Lake Mead by the USGS in 1988. However, because of the sparse
coverage of the permanent network around the lake and the short duration
of operation of the temporary array, it may be necessary to augment these
data with new data gathered from either the Bureau of Reclamation strong
motion stations or from a temporary array comprised of portable
seismographs which will be part of the SGBSN upgrade. The study of Lake
Mead scismicity will include an evaluation of the maximum likely event that
might be induced there and its potential impact at Yucca Mountain. he
study will also consider the mechanism of induced seismicity and its probable
relationship to changing pore pressure in the rock below the reservoir.

3.323 QA level assignment

Quality assurance will be implemented according to Graded QA
procedures.

3.3.24 Required tolerances, accuracy, and precision

No explicit requirements for tolerance, accuracy, or precision have been
specified for this test.

3325 Range of expected results

The following characteristics of seismicity at Lake Mead have been
established in earlier studies (Mead and Carder, 1941; Jones, 1944; Carder,
1945; Carder, 1970; Rogers and Lee, 1976), and are expected to reflect future
trends:

* Tbe number of felt events in the Las Vegas and Boulder City areas
increased significantly in 1936, near the peak water level in that year,
about 1.5 yr after impoundment began.
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* About eight magnitude 5 events have occurred at Lake Mead since
impoundment, although no events this large have occurred since 1958.

* The occurrence of earthquakes near Lake Mead was correlated with
the annual cycle in water elevation from about 1938 through 1949, but
in subsequent years no correlation existed.

• Although no objective methods have been applied to determine the
radial extent of increased seismicity around Lake Mead, subjective
assessment of seisznicity maps of the region suggest that induced
seismicity is largely confined within 30 km of the lake perimeter.

* The seismic energy released in the Lake Mead vicinity is roughly
equivalent to the amount of energy release one would expect due to
increasing pore pressure and subsequent decrease in rock strength of
the upper crust.

• Renewed earthquake activity at mantudes large enough to be felt at
Boulder City has occurred in 198789 in a zone largely to the south
and east of Boulder City (Bufe, C., written comm.).

* Seismicity at Lake Mead and the maximum magnitude of these events
has declined with time, but seismicity remains elevated with regard to
the surrounding region.

* Seismicity at Lake Mead occurs on faults striking north as normal slip
and on faults striking northeast as dextral strike slip. In some cases
clusters of earthquakes can be associated with mapped faults such as
the Hamblin Bay, Mead Slope, Fortification Hill, Indian Canyon, and
Jeep Pass faults.

3.3Z6 Equipment

The only equipment required for this experiment is a VAX digital
computer or any other mini-computer with a Fortran compiler, standard
statistical analyses software, and plotting facilities.

3.32.7 Data-reduction techniques

No data reduction is planned, although the clustering algorithm to be
applied in the previous test above may shed light on the distance to which
Lake Mead has induced earthquakes. This test is primarily a reevaluation of
existing data and the establishment of a means of treating the seismicity at
Lake Mead in the current catalog and in future hazard calculations for the
Yucca Mountain site.

33.2.8 Representativeness of results

The findings and conclusions based on the past history of induced
seismicity related to the impoundment of Lake Mead and its effect on the
Yucca Mountain area are likely to be representative of the future history. If
seismicity at Lake Mead is geographically confined to a small region around
the lake and is magnitude limited, one could expect this pattern to continue
into the future. Identification of these induced events on the basis of the
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geographic criteria that will be established will permit separate treatment of
these events in hazard calculations.

33.2.9 Relations to performance goals and confidence levels

The statement in section 33.1.9 is applicable to this section.

33.3 Test 3: Assess ikselihood of mining-Induced seismicity

333.1 General approach

In this test, the literature and data concerning the occurrence of
earthquakes associated with mining excavations will be reviewed and
analyzed to determine whether the removal of rock from the proposed
underground repository has the potential for inducing seismicity in the Yucca
Mountain area. The most relevant examples to be studied are those related
to the mining activities at NTS for underground nuclear testing, other mining
operations in the vicinity of NTS, and the extensive coal mine workings in the
eastern Wasatch Plateau of Utah.

Mining-induced earthquakes (rock bursts) are believed to occur when
relatively small local cavity stresses triger failure in a much larger volume of
highly prestressed rock. This type of failure has occurred mostly- in deep
mines McGarr, 1984) under conditions where rock sample testing shows the
rock to be both very strong and very brittle (McGarr and others, 1975).
Sudden exfoliation has accompanied excavation at shallow depths in granite
quarries (Suppe, 1985). The failure is apparently associated with a "buckling
beam' instability as slabs of rock flex upward as the load is removed. This is
associated with large horizontal compressive stresses. Of particular
relevance to the planned excavations in Yucca Mountain is experience from
coal mines in the eastern Wasatch Plateau. Earthquake-like activity, clearly
related to mining extends from near the base of the mine to some depth
(Williams, 1987). However, the activity is associated with the removal of
massive amounts of material (several million tons per year) that is then
transported far from the site.

Considerable mining experience exists at the NTS (e.g., Zimmerman and
Finley, 1987), and no reports of mine-induced catastrophic failure are known.
The prospective Yucca Mountain mine excavation will not be much greater
in size and no deeper than other cavities on the test site and will be small
when compared with the Utah coal workings. Also, the material mined will
be left on the surface to minimize the change of loading. No examples of
explosive catastrophe associated with conditions of extensional tectonics
similar to those found in Yucca Mountain have been found in a limited
survey of the literature. A more comprehensive review of the literature will
be performed to increase the confidence in this finding.

333.2 Test methods and procedures

As noted in the above section, a survey and analysis of the literature and
data rtaining to induced seismicity resulting from mining activities within
the NtS and vicinity, and from coal mining in the eastern Wasatch Plateau,
will be conducted to address the designated parameter for this test.

ReyO 7/3/90 347J



Study S±L17AA: Rlsthorl and cunrent sAbmidty

3.333 QA level assignment
Quality assurance will be implemented according to Graded QA

procedures.

333.4 Required tolerances, accuracy, and precision

No explicit requirements for tolerance, accuracy, or precision have been
specified for this test.

333.5 Range of expected results
Large coal mine excavations and resulting rock bursts are known to have

caused earthquake-like activity in the eastern-Wasatch Plateau. These
operations, however, involve the removal of several million tons of material
each year that is then transported far from the mine location. In contrast, the
relatively small underground excavations that have taken place at the NTS
and vicinity have produced no reported mine-induced catastrophic failures.
The proposed Yucca Mountain mine excavation will not be much greater in
size and no deeper than other cavities on the test site, and will be tiny
compared with the Utah mine workings. Furthermore, the tectonic
environment where mining-induced seismicity has been induced differs from
that at Yucca Mountain. In view of the above, no mining-induced seismicity
of consequence is expected to occur during the excavation of the proposed
underground repository.

333.6 Equipment
No equipment is required for this test.

333.7 Data-reduction techniques
No data reduction techniques will be applied. This test is a compilation

of existing data and a review of these data an light of circumstances at Yucca
Mountain

333.8 Representativeness of results

The conclusions to be drawn from the data reviewed in this test are
expected to adequately characterize the occurrence and nature of potential
induced seismicity at Yucca Mountain due to the excavation of the
repository.

333.9 Relations to performance goals and confidence levels-,
As no induced seismicity is anticipated at Yucca Mountain due to mining

excavation, we do not expect the results of this test to have any impact on
performance goals and confidence levels.
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4. APPLICATION OF RESULTS
This section identifies other studies that will use the information

obtained from the present study (83.1.17.4.1). The description is
summarized from information in the statutory SCP. Related discussions in
section 1.2 draw on section 8.3.5 of the SCP to consider the uses of
information from the study in the context of issue resolution and
performance goals. Figure 1-2 and table 4-1 show what information from
the study willbe used and how that information will be used in specific
studies or activities.

Data from this study will be used in other studies in the preclosure
tectonics program (Program 83.1.17). Information from the study will be
used mainly in Investigation 83.1.173 (Studies to provide required
information on vibratory ground motion that could affect repository design or
performance)-

• to identify and characterize those earthquake sources that are relevant
to a deterministic seismic hazard analysis of the site (i.e., those
sources that could be active) and, if active, could cause severe ground
shaking at the site (Study 83.1.173.1)

* to select or develop ground-motion models that are appropriate for
estimating ground motion at the site (Study 83.1.17.3.3)

* to evaluate potential qarth uake sources for probabilistic hazards
analyses (Study 83.1.173.6

* to determine local-geologic and depth-of burial effects on ground
motion at the site (Activities 83.1.173.4.1 and 8.3.1.173.52)

Information from the present study will also be used in Investigation
83.1.17.4 (Preclosure tectonics data collection and analysis)-

* to determine if detachment tectonic models should be supported
(Study 83.1.17.4.5)

* to evaluate rates and orientations of historical and current lateral
structural movement (Study 83.1.17.4.11)

Finally, historical and current seismicity data will serve as input to the
postclosure tectonics studies (Investigation 83.1.8.1, Studies to provide
information required on direct releases resulting from volcanic activity) to
evaluate the presence of magma bodies in the vicinity of the site (Activity
83.1.8.1.13).

RevO0 7/3/90 141



Study 83.LI7AI: Hlstwdca and c~mat seminakty

S. SCHEDULE AND MILESTONES
Figure 5-1 shows the principal milestones for this study and all direct

scheduling ties to other studies. This information is abstracted from the most
current and complete Project schedule network (July 1989). Activities 1 and
3 will resume with work authorization, a level 3 milestone; data acquisition in
Activity 2, however, has continued under an exemption from the stop-work
order. Note that information on induced earthquakes (determined m
Activity 3) is progressielyr incorporated into the catalog of events prepared
annually as descrbed in Activity 2. These catalogs will provide data feeds
periodically to the activities shown on Figure 5-1.
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Table 1-1. Characterization parameters supported by Study 8.3.1.17.4.1
(modified from SCP Tables 8.3.1.17-Sb and 8.3.1.17.6b)

Characterization
parameters

Study

Identification of potential
earthquake sources in the
controlled area

Potentially relevant earthquake
sources in the region (e100 km)

Ground notion attenuation vith
distance

Spectral modification at facilities
important to safety due to local
geology

Time histories and response spectra
representative of controlllng
event(s)

Earthquake recurrence relationships
for local and regional sources

8.3.1.17.3.1.1 1- Identify relevant
earthquake sources

8.3.1.17.3.1.1 -- Identify relevant
earthquake sources

8.3.1.17.3.3 -- Ground notion from
earthquakes and UNE's

8.3.1.17.3.4 -- Effects of local
site geology on surface and
subsurface motions

8.3.1.17.3.5.2 -- Characterize
ground notion from controlling
seismic events

8.3.1.17.3.6.1 -- Evaluate
earthquake sources
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Table 3-1 Technical procedures to be used in Activity 8.3.1.17.4.12

Title Procedure

Operation and Calibration of SP-11
Remote Telemetered Seismic Array

Portable Seismic Array Studies SP-12

Earthquake Magnitude Determination SP-04
Procedure

Earthquake Location Procedure SP-01

Determination of Earthquake Focal SP-06
Mechanisms

Determination of Earthquake Source SP-05
Parameters

Compilation and Aaalysis of Non- SP-15
instrumental Historical Earthquake
Intensity Data
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Table 4-1 Information to be provided to other studies by Study 8.3.1.17.4.1

Information to be obtained from this study Nhere Information will be used' How information will be used

Activity I

Catalog of earthquake occurrences 8.3.1.17.3.1 To help identify and characterize
earthquake sources that are relevant
to a deterministic seismic hazard
analysis of the site

8.3.1.17.3.6.1 To determine the rate earthquakes have

occurred in the region surrounding the

site during historical times

Historical seismicity, focal mechanisms and

seismic energy release

8.3.1.17.4.5 To supply information on geometry and

displacement rate of detachment faults
proximal to Yucca Mountain.

8.3.1^.17.4.11.1 To evaluate rates and orientation of
historical and current crustal strait

in the Basin and Range Province and
the Yucca Mountain Region

Activity 2 8.3.1.17.3.1

Times, locations, recurrence, and lagnitudes of

earthquakes; orientation, depth, and style of

faulting

To help Identify and characterize
earthquake sources that are relevant
to a deterministic seismic hazard
analysis of the site

To potentially contribute earthquake
sources for the deterministic hazard

analysis

To develop regional ground-motion
models

8.3.1.17.3.6

8.3.1.17.3.3Magnitude and distance scaling
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Table 4-1 Information to be provided to other studies by Study 8.3.1.17.4.1 (continued)

Infomation to be obtained rm3 this study yhere information will be used' 11ow information will be used

Cround-motion variations

Recordings obtained at Yucca Mountain of small
earthquakes

Focal mechanism

8.3.1.17.3.4 To develop site correction factors and
response functions

8.3.1.17.3.5.2

8.3.1.17.4.5

If appropriate, to be used as Green's
functions in the simulation of
controlling earthquake motions

To supply information on geometry and
displacement rate of detachment faults
proximal to Yucca Mountain

8.3.1.8.1.1.3 To evaluate the presence of magma
bodies in the vicinity of the, site

Activity 3

Evaluation of
significantly
hazard at the
near the site

potential for human activities to
perturb the natural seismic,

site by inducing seismicity at or

8.3.1.17.3.1.1 To estimate magnitude-recurrence
relationships for earthquake sources
that are relevant to the deterministic
hazard analysis.

8.3.1.17.3.6.1 To estimate magnitude-recurrence
relationships for earthquake sources
that contribute to the probabilistic
seismic hazard at the site

'Study or activity In which information will be used:

8.3.1.8.1.1.3:

8.3.1.17.3.1:

8. 3.1.17.3.1.1:

Presence of magma bodies in the vicinity of the site

Relevant earthquake sources

Identify relevant earthquake sources

8.3.1.17.3.3: Ground motion from earthquakes and underground nuclear explosions
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Table 4-1 Information to be provided to other studies by Study 8.3.1.17.4.1 
(continued)

8.3.1.17.3.4:

8.3.1.17.3.5.2:

8.3.1.17.3.6:

8.3.1.17.3.6.1:

8.3.1.17.4.5:

8.3.1.17.4.11.1:

Effects of local site geology on surface and subsurface motions

Characterize ground motion from the controlling seismic events

Probabilistic seismic hazards analyses

Evaluate earthquake sources

Detachment faults at or proximal to Yucca fountain

Analyze lateral component of crustal movement based on historical 
faulting. seismicity, and

trilateration surveys
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