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Supplement A.3.6-C

Tectonic Provinces of the Site Region

1.0 Introduction

The identification of tectonic features which may act as potential sources of seismicity is
fundamental to the quantification of seismic risk. A tectonic framework is a
geographical description and interpretation of those tectonic features that could
potentially generate seismicity under the current stress regime. A tectonic feature is any
geologic structure or crustal element which is either directly observable on the Earth’s
surface, or which may be inferred from geophysical investigation. These features may be
grouped into tectonic provinces based on similar physical characteristics or geologic
history. Those tectonic features, or groups of similar features, which may be considered
to have seismologic potential are on the order of several tens to hundreds of kilometers
in extent. The seismogenic potential of the various categories of tectonic features in the
present (geologic sense) stress regime may then be assessed, often in terms of the
probability of occurrence of a certain magnitude earthquake.

The definition of tectonic provinces consists of three steps: (1) identifying potentially
seismogenic features, (2) defining the physical characteristics or criteria, based on
available, observable data which are diagnostic of earthquake activity, and, (3) assessing
the probability of activity for each tectonic feature.

The developmeat of a tectonic framework is accomplished by first identifying tectonic
features and structures with no attempt to assess the probability of activity or the
associated uncertainty. Once these features are identified, the probability of activity may
be assigned. The criteria used to assess the potential for seismic activity of a tectonic
feature, or class of features, is derived from expert opinion based on current scientific
understanding and cousensus. Those features potentially active may be geographically
depicted to yield a tectonic framework of the site region.

In many cases a seismic source zone may be associated with the location of tectonic
features within a given tectonic province. However, some seismic sources may be
defined on the basis of a spatial distribution of seismicity with no obvious tectonic
association. This is particularly true for the eastern United States, where the Charleston
earthquake of 1886 is an example of a strong motion event for which there is no
apparent association with a causative tectonic feature. The USGS, acting as consultant
to the NRC, has stated:

"Because the geologic and tectonic features of the Charleston region are similar to
those in other regions of the eastern seaboard, we conclude that although there is no
recent or historical evidence that other regions have experienced strong earthquakes,
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the historical record is not, of itself, sufficient grounds for ru'ing out the occurrence in
these other regions of strong seismic ground motions similar to those experienced near
Charleston in 1886. Although the probability of strong ground motion due to an
earthquake in any given year at a particular location in the eastern seaboard may be
very low, deterministic and probabilistic evaluations of the seismic hazard should be
made for individual sites in the eastern seaboard to establish the seismic engineering
parameters for critical facilities." (Perkins et al. 1988)

Several studies have attempted to define the tectonic provinces and seismic source zones
which may influence the hazard which earthquakes pose to the WVDP site. These
studies are described in the following sections.

20 D & Moore Site Eqvi | Studies - Sei ics (1970)

This report investigated the seismotectonic influence on the proposed expansion of the
fuel reprocessing facility at West Valley, NY. The Clarendon-Linden Structure and the
St. Lawrence River Valley were identified as historical seismic source zones which may
be potentially important sources of future earthquakes. The study also noted the
occurrence of several small shocks in the region which could not be associated with any
known geologic structure. Such events were attributed to local stress-related crustal re-
adjustments, or to some structural feature not identifiable from the existing data.

This deterministic analysis suggested a 0.12 g maximum horizontal ground acceleration,
based on an earthquake of MMI VII-VIII occurring about 37 km from the site near the
Clarendon-Linden Structure. The maximum magnitude was assumed to be equal to the
largest historical event.

3.0 EDAC Seismic Hazard Analysis (1975)

The EDAC study defined five source zones. The most important in terms of hazard
posed to the WVDP was their Source 1, which combined a structure trending east-west
across the Niagara Peninsula with the Clarendon-Linden Structure. The other source
zones used included the Adirondacks, the Eastern Mesozoic Basins / Appalachian fold
belts, the Ohio River Valley, and the Anna, Ohio area. The attenuation relationship
used (with no uncertainty considered) resulted in only the earthquakes from Source 1
defined as contributing to the seismic hazard. The recurrence relationships were not
conservative as they were obtained from a straight line fit through the entire data set,
rather than the cumulative number of events. The maximum magnitude was assumed to
be equal to the largest historic event, the Attica, N.Y. earthquake of 1929, and the
resulting site intensity was described as appropriate for the length of the historical record
of the Attica source.
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The methodology employed resulted in a value of peak ground acceleration that does not
increase with a longer return period. EDAC obtained a value of 0.042 g for peak ground
acceleration for any period greater than or equal to the return period of 135 years
(EDAC 1975).

4.0 NRC Hazard Study (1977)

The NRC used a unique source of uniform seismicity, the so-called Central Stable
Region, in the 1977 study. The model employed was a deterministic one in which the
mean rate of occurrence of an intensity greater than or equal to the site intensity was
determined, then subsequently converted into peak ground acceleration with no regard
for uncertainty. The effects of the simplified source zonation and neglected uncertainty
in the attenuation relationship, which tend to reduce calculated hazard, are offset by
conservatively specified attenuation coefficients and by the assumption that the mean
rate of exceedance of the site intensity is equal to the peak ground acceleration.

The NRC determined a value of 0.10 - 0.13 g for maximum ground acceleration with a
return period of 1000 years (NRC 1977, in Dames & Moore 1983).

5.0 TERA Corporation Seismic Hazard Analysis (1981)

The TERA Corporation seismic hazard analysis identified four zones which were
believed to contribute to the seismicity of the site region. The Buffalo-Attica zone, as
identified by TERA, was further subdivided into three sub-zones because of the
proximity of the zone to the site. The first included the Clarendon-Linden Structure and
the inferred westward trending structure of Hadley and Devine (1974). The second sub-
zone included only the Clarendon-Linden Structure. The third sub-zone identified by
TERA covered a wider area which assumed that the Buffalo-Attica source extends under
the WVDP site. The second seismic source was identified as a Background Scurce zone
and was defined as the host region for the WVDP. This zone is intended to account for
the diffused seismicity of the region. The third source zone defined by TERA was
termed the Southern St. Lawrence zone, an area typified by continuous, moderate
seismicity. The Central Appalachian Fold Belt, a zone of low activity, was the fourth
zone used in the TERA study,

TERA used a probabilistic methodology which explicitly considered the uncertainties
associated with assessing the zonation, the selection of the maximum earthquake, and the
determination of the recurrence relationship for the WVDP site. The best-estimate
curve determined from the study indicated a 0.06 g maximum acceleration for the site
with a return period of 100 years, and a (.14 g maximum acceleration in 1000 years
(TERA 1981).

Based on the above studies, the WVDP requested Department of Energy approval of a
0.12 g peak ground acceleration level (Knabenschuh 1982).
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6.0 Dames & Moore Seismic Hazard Analysis (1983)

The Dames & Moore probabilistic seismic hazard analy:is used seismic source zones
defined by several models of the regional tectonic framework. For the purpose of
deriving the curves that identify the level of hazard associated with a specified return
period subjective weights were assigned to the various models. These weights reflected
the subjective judgement that a particular tectonic model is the correct one for
describing seismic hazard, and are indicated in the following descriptions of each model.

Tectonic Lithofacies Province

This tectonic model is a generalization of the work complied by Williams (1978) for
the entire Appalachian Orogen from Alabama to Newfoundland, and the Tectonic
Map of Canada (1968). Williams’ (1978) model is based upon surface geologic
relations within the orogen. This model implies that the location of contemporary
seismicity in the northeastern US region is in some way fundamentally controlled by
the lithofacies distribution characterizing the tectonic evolution of the continental crust
of the eastern US. Basically, the same concept is employed in the development of
“tectonic provinces” for the determination of the Safe Shutdown Earthquake for a
nuclear power plant (US CFR 1989).

The dominant zone in this model (with respect to seismic hazard at WVDP) is the
Appalachian Basin, with a maximum historic magnitude of m, = 5.8, the Cornwell-
Massena 1945 (MMI-VIII) earthquake. The m, ., used for the analysis was 6.3 + 0.5.

The tectonic lithofacies model was given a weight of 0.10 in the final calculation of the
risk curves.

Hadley and Devine Provinces

This seism ¢ source zone model was developed by Hadley and Devine (1974) in
conjunction with the Atomic Energy Commission (later the NRC) as a means to
evaluate the distribution of seismic activity in relation to geologic structures and
tectonic provinces in the eastern US. Hadley and Devine prepared a seismotectonic
model that combines both seismicity and an inferred level of geologic structural
control. They investigated information regarding more than 60 earthquakes to identify
whether there was any basis for structural control as influencing both the size
mechanism and frequency of earthquakes within a particular region. Historical
earthquake intensities were not used, as Hadley and Devine were interested in the
areal distribution of seismic events, not total seismic energy release.

A36C.TSD A.3.6-C4
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The specific zones used in the hazard study are:

Edge of Precambrian: The boundary of this province reflects the edge of
Precambrian rocks of the Adirondack massif and the Laurentian shield.

Central Stable Region: This region embodies the bulk of the Appalachian
Basin (partly folded) and related successo: asins, the Michigan and Illinois
Basins. While much of the seismicity within this province is areally diffuse,
there are several seismic areas that have obvious structural control. These
include the Mississippi embayment (New Madrid region); Anna, Ohio; the
Clarendon-Linden Structure in Western New York and; the Ottawa Basin -
Lower St. Lawrence zone. The WVDP site lies within the Central Stable
Region .n this model.

Piedmont - Blue Ridge - Green Mountain Belt - New England Maritimes:
Seismicity within this province cannot generally be related to specific geologic
structures, although certain areas (i.e., Central Virginia Seismic Zone, the
Ramapo Fault zone, and the Connecticut River Basin) stand out as having a
higher frequency of seismic activity and epicentral trends suggesting some
geologic structural influence.

Faulted Fold Belt: The faulted part of the Appalachian fold belt has a higher
frequency of earthquake occurrence than the remainder of the Appalachian
folded belt. Generally considered to be the southernmost portion of the
Appalachians, where faulting has predominated over folding as the dominant
tectonic mode, epicentral alignments in several areas suggest geologic structural
control in the release of seismic energy.

Atlantic Coastal Plain: In general, the Atlantic Coastal Plan has a much lower
seismic frequency than other areas of the eastern United States. One
anomalous exception to this record of earthquake occurrence in the Coastal
Plain is the Charleston, S.C. area, site of the 1886 earthquake (MMI = X,
estimated m, = 6.8).

The dominant zone in this model was the Central Stable Region, with an ¢+ nated
maximum historic event of m, = 5.8 (Cornwell-Massena, 1944, and Mo~ cal, 1732).
For purposes of the seismic hazard analysis, an m, ., = 6.3 * 0.5 was u.cd in this

paper.

The Hadley and Devine (1974) seismic source zone model was given a subjective
weighting of 0.25.

A36C.TSD
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Seismic Source Zone Map - A Neotectonic Approach .

Dames & Moore (1983) developed empirical seismic source zones based upon
considerations of many factors which are believed to be important in the geneses of
intraplate seismicity. These factors may be grouped into three broad categories:

. Geopkhysical, including in situ stress, gravity, the geomagnetic field, seismic
travel-time residuals, and heat flow.

. Kinematic, e.g., differential vertical crustal movements obtained from releveling
and related dzta.

. Structural, including paleotectonic deformation deduced from evaluation of the
erosion resistance of rocks, the occurrence of Cretaceous and Cenozoic
deformation features, the distribution of fundamental tectonic lithofacies
boundaries, i.e., the evolution of the continental margin, and cross-strike
structure,

This model was assigned a weight of 0.15 in the calculation of seismic hazard.

New York State Electric and Gas (NYSEG) Regional Tectonic Provinces

NYSEG (1979) prepared a Preliminary Safety Analysis Report for a proposed nuclear
power plant site at New Haven, New York about 24 km east of Oswego, New York.
The determination of province boundaries was based on three factors, including
structural geology, Bouguer gravity gradient, and the distribution of earthquake
epicenters since 1930. The dominant zone in this model for WVDP was the
Clarendon-Linden Structure, with a maximum historic earthquake of m, = 5.3 (MMI
VII-VIII at Attica).

This model was assigned a weight of 0.15 in the calculation of seismic hazard.
Niagara Mohawk Power Corporation (NMPC) Tectonic Province Model

NMPC (1983) issued the Final Safety Analysis Report (FSAR) for the Nine Mile Point
Nuclear Station, Unit 2 near Oswego, New York. The seismic source zone model used
by NMPC to determine seismic hazard is a modified version of Hadley and Devine's
(1974) seismotectonic model of the eastern United States, discussed earlier, that
defines subprovinces on the basis of structural geology.

The dominant zone contributing to the seismic hazard at the site was the Clarendon-
Linden Structure, with a maximum historic magnitude of my, = 5.3. This model is a
special case of the tectonic lithofacies model.
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Dames & Moore assigned a weight of 0.15 to for this model.

Cross-Strike Lineaments

Odom and Hatcher (1980) classify two types of structural lineaments, basement-
controlled and supra-crustal. There are two types of basement-controlled structural
lineaments, active (reflecting motion of the basement) and passive (reflecting basement
surface irregularities). Supra-crustal cross-strike structural discontinuities are broad,
diffuse, transverse zones of structural disruption in the "overthrust belts" such as those
characteristic of the Appalachian Basin (Wheeler 1980). Where structural lineaments
have been studied, they have been found to have very long histories extending back to
late Precambrian-Cambrian time (Odom and Hatcher 1980). Six prominent cross-
strike features are postulated in West Virginia, Virginia, Maryland, Pennsylvania, New
York, and Southern Ontario (Diment et al. 1980; Chaffin, 1981) based principally on

the regional configuration of simple Bouguer gravity anomalies and the regional
aeromagnetic signature.

Crustal Block Seismic Source Zones

This set of zones combines the arguments posed by Diment et al. (1980) with those of

Wentworth et al. (1981). Earthquakes are assumed to occur within northwesterly
. trending crystal blocks and along the boundaries of northeast trending Mesozoic rift

basins. The dominant zone for this model is Zone 5, north and east of the site. The

largest historical event in this zone was the 1929 MMI VII-VIII Attica shock

(m, = 5.3).

This model was assigned a weight of 0.15 in the calculation of seismic hazard.

United States Geological Survey (USGS) Seismic Source Zones

The seismic source zones delineated by Algermissen et al. (1976, 1982) were derived
using a combination of geologic data, historical earthquake occurrences and expert
judgment, and as such, they represent one interpretation of tectonics for the eastern
United States. The WVDP site lies within Zone 093, close to the boundaries of Zones
116 and 115 which represent the Clarendon-Linden Structure. The largest historical
earthquake in Zone 115, the dominant zone in this model in the analysis, was the 1929
Attica MMI VII-VIII (estimated magnitude of m, 5.3).

Dames & Moore assigned a weight of 0.05 to this model.

The Hadley and Devine model was weighted highest of any single set of zones because it

was the most general interpretation and considered the historical earthquake record.
The NYSEG and Niagara Mohawk sources were weighted somewhat higher because they

‘ follow zonation practices based on 10 CFR 100 (Appendix A) deterministic practices.
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The Crustal Block and Neotectonic models were weighted higher because they were .
thought to represent timely thinking regarding the origin of seismicity in the eastern US.

The minimuin magnitude bound considered was my, = 4.5; uncertainty in the maximum
magnitude was accounted for by equally weighting three values including the best-
estimate and + 0.5 magnitude units. Two attenuation functions were employed in the
determination of acceleration at the site.

In all, forty-two seismic hazard curves were generated in this study. Based on the
subjective weight of each model, the median, 0.16 and 0.84 (+ approximately one
standard deviation) fractile curves were calcalated.

The study found a hazard of less than 0.07 g at the 0.84 fractile for a return period of 3 x
10% to 3 x 10? years (Dames & Moore 1983).

7.0 Dames & Moore Seismic Hazard Analysis (1992)

In 1983 the Electric Power Research Institute (EPRI) and the Seismicity Owners Group
(SOG) implemented a Seismic Hazard Research program to develop a methodology
using expert opinion to complement existing data. A parallel effort was undertaken in
1982 by the Lawrence Livermore National Laboratory (LILNL). These methodologies
represent an assemblage of the comprehensive analysis of geologic and geophysical data,
combined with the opinions of professional earth scientists with broad experience in
those properties that may influence the seismicity of the eastern United States.

The development of the EQHAZARD methodology of EPRI/SOG results largely from
the position of the Geological Survey regarding the Charleston, South Carolina
earthquake of 1886 stated previously. Research efforts have not yet identified a specific,
causative structure for the 1886 earthquake. No tectonic feature has been identified that
is capable of such a relatively large earthquake, and that is sufficiently unique to
preclude the possibility of a similarly large earthquake elsewhere in the eastern United
States. Probabilistic seismic hazard methodology is based on the premise that the
available data are not sufficient to fully characterize the seismicity and resulting ground
motion of earthquakes in the eastern United Staies. The EQHAZARD program is
designed to be applicable to any site in the central and eastern United States. The
EQHAZARD methodology has been reviewed for the NRC by the USGS (Perkins et al.
1988). The NRC (1988) issued a Safety Evaluation Report (SER) for the use of the
meihodology in determining the seismic hazard at sites in the central and eastern US.
The EQHAZARD computer code was developed during an intensive fifteen-month
research effort by EPRI/SOG and six Earth Science Teams (EST). The six ESTs
involved in the development were:

Bechtel Group, Inc.
. Dames & Moore, Inc.

A36C.TSD A.3.6-C-8



WVNS-SAR-001
TSD Rev. 2

Law Engineering Testing Company
Roundout Associates, Inc.

Weston Geophysical Corporation
Woodward-Clyde Consultants

The teams were chosen to achieve the interdisciplinary expertise necessary to evaluate
the various data sets, and to minimize interpretation bias. A series of developmental
workshops were held among the ESTs to consider the following topics:

Data requirements

Tectonic processes of the eastern US and their contribution to crustal stresses
Crustal stress regime

Geomechanical processes of failure

Tectonic framework

Estimation of seismicity parameters

A Methodology Development Team provided guidance for these workshops, and the
methodology was evaluated by a Senior Reviev. Panel. Using the same input data, each
team developed independent models of the tectonic framework of the eastern US, and
from these models specified a series of seismic source zones to be used in the calculation
of seismic hazard for a particular site.

The EPRI/SOG methodology provided the six ESTs with a high degree of flexibility in
the expression of alternative interpretations of earthquake causes and seismicity.
Tectonic features were identified from an examination of several data sets. The data
included geologic structure maps, potential field data (e.g., magnetic field, Bouguer
gravity, free-air gravity, isostatic gravity), and interpretive maps of crustal structure. As
only moderate-to-large earthquakes are capable of causing damage to structures, these
candidate features must be examined for specific characteristics required to generate
such events. Such features must also have a finite probability of activity in the present
stress regime.

The development of a tectonic framework was accomplished by first identifying téctonic
features and structures with no attempt to assess the probability of activity or associated
uncertainty. Once these features were identified, the probability of activity was assigned
by means of a formalized decision model employing criteria developed by each of the
ESTs.

The criteria employed were selected to be as diagnostic ui activity as the current state of
earth science practice permitted, and to be as independent as possible. The criteria
selected by the teams are discussed below.

. Spatial association.

A36C.TSD A.3.6-C-9
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A spatial association with seismicity was the most commonly used criterion. Spatial .
association of small-magnitude earthquakes with a tectonic feature may indicate that

the feature has the potential to generate larger earthquakes. The ESTs felt that the

location of future moderate-to-large earthquakes is characterized by small magnitude

events rather than by an absence of seismicity The occurrence of smaller magnitude

events may be indicate crustal loading in the vicinity of an impending larger

earthquake. Although the different teams used various definitions of spatial

association, the judgements were consistent by team for all features analyzed.

. Crustal scale expression.

In order for a candidate feature to have the potential to generate damaging
earthquakes it was assumed that it must have significant rupture dimensions, and so
the crustal scale expression or vertical extent of that feature must be indicative of
activity. The hypocenters of moderate-to-large earthquakes have been shown to lie
near the base of the seismogenic zone of the crust, and this is thought to indicate that
a feature with a deep crustal expression is more likely to be seismogenic than one with
a more shallow expression. Additional evidence of a deep-seated feature, or one with
a wide areal extent, may be inferred from various potential field data, or from deep
reflection or refraction profiling.

. Fault orientation relative to stress field. ’

Favorable fault orientation within the existing stress field may indicate the probability
of slip on a pre-existing fault. For such a fault, slip will coincide with the direction of
maximum resolved shear stress dependent on the ratio between principal stresses. This
judgment requires detailed knowledge of the three-dimensional state of stress and of
feature geometry, which is lacking for much of the central and eastern US. Most ESTs
used more qualitative estimates of the potential for fault activation under the assumed
NE-SW horizontal stress orientation.

. Geologically recent strain and paleoseismicity.

Evidence of geologically recent strain and paleoseismicity was also considered to be
indicative of potential activity. This evidence includes the stratigraphic and
geomorphic relationships near active fault zones, which enable fault displacement and
recurrence intervals to be estimated.

. Brittle reactivation.

Any geologic evidence of brittle reactivation, occurring when uplift and erosion brings

a structure into the seismogenic regime of the upper crust, may be discerned from
older episodes of ductile deformation. .

A36C.TSD A.3.6-C-10



WVNS-SAR-001
TSD Rev. 2

. High deviatoric stress.

Evidence of locally high deviatoric stress may be an indication of activity. Local
strength contrasts and structural complexities, e.g., an ultramafic pluton, may produce
stresses above normal ambient levels. However, the scarcity of in situ measurements
and the relatively shallow (1-2 km) depth of this data leads to problems in applying
this criterion to most localities.

. Crustal strength,

The ESTs also examined crustal strength as a criterion for controlling the occurrence
of earthquakes. Areas of low strength or spatial and temporal changes in crustal
strength may be a factor in seismicity, but, as in the case of in situ stress, may be
difficult to evaluate. (McCann et al. 1988; McGuire et al. 1988)

The first three criteria were selected as the most readily identifiable and useful in
quantifying the activity of specified tectonic features and were included as primary
criteria by most of the ESTs. The other criteria were used as secondary criteria that may
be important in the case of a particular feature, but may not be readily associated with
most features in the East. Using these physical criteria the probability of activity of each
of the candidate tectonic features was assessed by means of a Physical Characteristic
Matrix.

The Physical Characteristic Matrix is comprised of cells that represent a particular
combination of the characteristic criteria identified above, e.g., crustal scale expression of
the candidate feature, spatially-associated moderate-to-large earthquakes, or a favorable
geometry and sense of slip in relation to the existing stress field. A probability of from
0.0 to 1.0 is assigned, reflecting the confidence of the EST in the hypothesis that a
tectonic feature having the characteristics associated with a specific cell of the matrix is
active. The probability of activity P* is independent of time as long as the stress regime
is assumed constant. P* is a marginal probability, assigned to the feature without
considering other source zones that may be active.

The ESTs aiso assessed the probability of each tectonic feature exhibiting a particular
combination of physical characteristics. As these characteristics were assumed to be
independent, the probability that any tectonic feature has a specific set of physical
characteristics can be assessed by separately examining each characteristic.

After first determining the probability that a candidate tectonic feature belonging to a
specific cell of the Physical Characterization Matrix is active, and then assessing the
probability that a particular tectonic feature belongs to each cell, these two probabilities
were combined to yield the prebability that a feature is active (McCann et al. 1988;
McGuire et al. 1988, 1989ab).
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The majority of the seismic sources defined by the ESTs are related directly to specific
tectonic features and fall into three general categories:

. Single feature - single source, in which a single tectonic feature is interpreted as
an individual seismic source. The assigned probability that the source is active
is equal to the probability that the feature represented by the source is active.

. Class of features - single source, in which a class of features represents several
sources of similar tectonic origin and current tectonic setting. A single value of
dependent, marginal probability is made for the class as the characteristics of
any member are attributable to all members.

. Group of features - single source, in which a group of several small features in
close proximity, and havirg the same probability distribution of maximum
magnitude, are treated as a single source. The probability that the source is
active is equal to the probability that at least one of the member features is
active.

There are regions of historical seismicity that have been interpreted to contain at least
one active featuie. In the EPRI/SOG methodology these so-called default sources
account for seismicity that cannot be attributed to other identified sources. If the sum of
the probabilities of activity of the identified sources is less than unity, then some
presently unidentified feature must be active with a probability equali to the probability
of none of the known features being active.

Some areas of potentially damaging seismicity may not be associated with any
identifiable tectonic feature and are therefore modeled as an area source encompassing
the observed seismicity. The Physical Characteristic Matrix described previously does
not apply in these cases of featureless seismicity, and the probability of activity of the
area must be directly assessed on a subjective basis.

Background sources are specified to represent a region where no distinguishable tectonic
features or pattern of seismicity have been identified, but are considered to be capable
of potentially damaging earthquakes. As in the case of the featureless seismicity zone
described above, the probability of activity must be assessed directly. The probability of
activity of a background source is mc .eled as a spatial averige representing that fraction
of the source area that is capable of generating earthquakes with magnitudes larger than
the lower bounding value. A background source is modeled as always active.

The development of the source zones is described on a team-by-team basis in Seismic

Hazard Methodology: Volumes 5 through 10 (Barstow et al. 1986; Klimkiewicz et al.
1986; Litehiser et al. 1986; McWhorter et al. 1986; Statton et al. 1986; White et al. 1986).
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Previous studies (Dames & Moore 1983) of the risk posed to the WVDP have used 10
CFR Part 100, Appendix A ("Seismic and Geologic Siting Criteria for Nuclear Power
Plants") for guidance in selecting criteria to be used for seismic hazard investigation.
These criteria include the correlation o’ aistorical earthquakes with tectonic structures,
or any part of these structures, within 200 miles (323 kilometers) of the subject site.
Originally, EPRI considered only sources within 62 miles (100 kilometers) of a site for
inclusion in the calculation of seismic hazard. The USGS, in a review of the EPRI/SOG
methodology, noted that the 100-kilometer distance may not be adequately conservative
(Perkins et al. 1988). The USGS (and the NRC) have suggested a minimum inciusion
distancc of 200 kilometers. EPRI suggests including all sources within 100 kilometers of
a site, and highly active sources within 200 kilometers of the site, in the hazard
calculations (McGuire et al. 1989a). The inclusion of the New Madrid, Charleston, and
La Malbaie source zones is recommended if any of these sources are within 500
kilometers of the site. The source zones selected for inclusion in this study were chosen
considering the more conservative 200-mile radius criterion. Some zones initially
selected as input to the hazard calculation on the basis of this criterion were eliminated
from the fina! calculation by an examination of the source-by-source hazard calculations.
For those source zones discarded, the calculations showed no contribution by these
sources to the seismic hazard at the WVDP at an appropriate annual frequency of
exceedance level. For most of the ESTs the main contributor to the seismic hazard at
the site was the Clarendon-Linden Structure acting in combination with a background
source.

In the EQHAZARD program the parameters used to described seismicity, the a-value
(activity rate) and the b-value (relative frequency of different magnitudes), are allowed
to vary spatially within a large source. For each of the source zones listed in the tables
below the ESTs have specified smoothing options on the a- and b-values. Each option
specifies the degree of smoothing of the a- and b-values, including any prior distribution
of the b-value, with an associated degree of probability. The smoothing options,
estimated maximum magnitudes, probability of activity, and any source interdependencies
are listed in Tables 1 through 6.
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