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UPDATE OF DETERMINISTIC GROUND MOTION ASSESSMENTS
Revision 1 — April 6, 2001
Private Fuel Storage Facility
Skull Valley, Utah

1.0 INTRODUCTION

This report presents updated deterministic ground motion assessments for the Private Fuel
Storage Facility site located in Skull Valley, Utah. These assessments are based on the seismic
source and ground motion characterization presented in Geomatrix Consultants, Inc. (2001a
and 2001b).

2.0 APPROACH

The approach used to assess deterministic ground motions for the Skull Valley site follows the
methodology described in Geomatrix (1997). The standard approach used for deterministic
ground motion assessments for nuclear facilities is to use the 84™ percentile of the empirical
distribution of peak motions predicted for the maximum earthquake on each seismic source
occurring at the minimum source-to-site distance. We have extended this approach to include
the uncertainty in maximum magnitude, minimum source-to-site distance, and selecting
appropriate attenuation relationships in the estimation of the 84™ percentile ground motion

levels. The formulation used is given by the relationship:
P(Z>z)= Zp(mi) ' zp(rjlmi) 'ZP(Ak)' P(Z>:z !mi’rj’Ak) (1)
m r A

where p(m;) is the discrete probability density function for maximum magnitude, p(r;) is the
discrete probability density function for minimum distance given a maximum magnitude, p(4)
is the discrete probability density (weight) assigned to a particular attenuation relationship and
P(Z>z| my, r;, Ax) is the probability that ground motion parameter Z exceeds level z given
maximum magnitude »,;, minimum distance r;, and attenuation relationship 4. Assuming that
ground motions are log normally distributed about the median attenuation relationship A4,
P(Z>z| my, r;, Ax) is given by the standard log-normal distribution using the standard error
specified for 4, . Equation (1) is solved iteratively for the value of z that results in P( Z>z)
equal to 0.8416.
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3.0 SEISMIC SOURCES AND MAXIMUM MAGNITUDES

Deterministic ground motion assessments were made for the four nearby faults, the Stansbury,
East, West, and East Cedar Mountains faults. The characteristics of these sources are described
in Geomatrix Consultants, Inc. (2001a). Distributions for maximum magnitude are developed
for each source and are shown on Figure 6-6 of Geomatrix Consultants, Inc. (2001a). The
mean maximum magnitudes are M 7.0, 6.5, 6.4, and 6.5 for the Stansbury, East, West, and East
Cedar Mountains faults, respectively. The Canister Transfer Building lies 9, 0.9, 2.0, and 9 km
from the surface traces of the Stansbury, East, West, and East Cedar Mountains faults,
respectively. The distance to the rupture depends upon the assigned dip. Following the
assessment used for the probabilistic seismic hazard analysis (PSHA), dips of 45°, 55°, and 65°
were used, with equal weight assigned to each dip angle. An assessment was also made for the
occurrence of a random earthquake in the site vicinity using the methodology discussed by
Kimball (1983). The magnitude of the random event was assumed to be the maximum
magnitude for the areal source zone in which the site lies (uniform distribution from M 5.5 to

6.5) and the event is assumed to occur at a random location within 25 km of the site.

4.0 GROUND MOTION MODELS

The ground motion models used in this assessment are the set of 20 horizontal and 11 vertical
attenuation relationships used in the PSHA (Geomatrix Consultants, Inc., 2001a, Appendix F).
These relationships are empirical ground motion models that have been adjusted for source,
path and site effects. The site effects adjustment consists of two sets of factors, one based on
site response analyses and one based on empirical data, with weights of 0.67 and 0.33,
respectively. In addition, the attenuation relationships were adjusted for near-source effects
using the empirical model developed by Somerville and others (1997). Two effects are
represented, one resulting from directivity of rupture (a Doppler effect) and one representing a
systematic difference between fault-normal and fault-parallel motions (the horizontal response
spectral attenuation relationships used in the PSHA represent the geometric mean of the two
horizontal components). The effects first become significant at a spectral frequency of 1.67
(0.6-second period) and increase with decreasing spectral frequency (increasing period).

The magnitude of these effects is related to the size of the earthquake and to the geometric
relationship between the site, the length of the rupture, and the location of the point of rupture
initiation. For dip-slip faults, these are parameterized by the term ycos(¢), where ¢@is the angle
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between the rupture surface and a line drawn from the point of rupture initiation and the site
and y is the distance from the point of rupture initiation to the site measured along the fault”
divided by the length of rupture measured in the direction of slip (for dip slip faults, the rupture
width). Because most large normal faulting earthquakes appear to initiate near the base of the
seismogenic crust, sites located on the fault trace will have ¢ =0 and y near 1.0, and will thus
experience the maximum effect of both directivity and systematic fault-normal-to-fault-parallel
differences in ground motion. The values of ¢ and y were computed for each fault geometry
assuming that the maximum earthquake initiates at the base of the seismogenic crust. It was
assumed that the effect of rupture directivity affects vertical motions by the same amount as

horizontal motions.

5.0 RESULTS

Figure 1 compares the 84"-percentile response spectra for the five seismic sources for the fault-
normal component of motion. The ground motions from the East fault generally envelop those
for the other sources. The 84"-percentile peak horizontal acceleration for this source is 1.15 g
and the corresponding 84"-percentile peak vertical acceleration is 1.17 g. Figures 2, 3, and 4
compare the 84" percentile response spectra for the East fault with equal-hazard response
spectra for return periods ranging from 1,000 to 10,000 years. The equal-hazard spectra have
been adjusted for near-source ground motion effects as described in Geomatrix Consultants,
Inc. (2001b). The controlling deterministic spectra generally lie between the 5,000-yr and
10,000-yr return period equal-hazard response spectra.
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COMPARISON OF 84™-PERCENTILE DETERMINISTIC HORIZONTAL RESPONSE SPECTRA
(6% DAMPING) FOR THE FIVE NEARBY SEISMIC SOURCES. THE RESPONSE SPECTRA
HAVE BEEN ADJUSTED FOR DIRECTIVITY AND REPRESENT THE FAULT-NORMAL
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