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Abstract

Recommendations for seismic design ground motions for nuclear facilities require a consistency with 
both observed strong motion data and with seismological theory on the characteristics of strong 
shaking. Different recommendations are appropriate for various regions of the US, because both 
earthquake source characteristics differ and the earth's crustal properties vary with region.  

A database of recorded time histories forms the foundation of empirical recommendations for spectral 
shapes. This database includes motions recorded as recently as the 1999 Turkey and Taiwan 
earthquakes. Empirical attenuation equations derived primarily from California strong motion data 
form the basis for spectral shape recommendations for western US (WUS) sites on rock, and these 
spectral shape recommendations are confirmed and supported by the empirical database.  

For the central and eastern US (CEUS), a well-validated, simple model of strong motion allows 
quantification of the difference between WUS and CEUS motions, accounting for differences in both 
the seismic source and in path and site attenuation. This model adjusts the WUS empirical soft-rock 
spectral shapes to CEUS hard-rock conditions. These spectral shape recommendations are made for 
both the 1-corner and 2-corner seismic source model for the CEUS, which are competing models that 
imply different spectral shapes for design.  

Selecting the appropriate design spectrum or spectra requires a probabilistic seismic hazard analysis 
(PSHA) at the site for rock conditions. The seismic hazard is deaggregated at 10 and 1 Hz to 
determine the dominant magnitudes and distances at those frequencies. Two sets of spectral shapes 
are developed for those magnitudes and distances: one from the recommended functions, and a 
second from the attenuation equations used in the PSHA. In the CEUS, the designer will use both 
the 1- and 2-corner earthquake source models to develop weighted spectral shapes, both from the 
recommended functions and from the PSHA attenuation equations. The spectral shapes are scaled 
to match the uniform hazard spectrum (U-HS) amplitudes at 10 and 1 Hz, typically at the 10' annual 
frequency of exceedence level. The two sets of spectral shapes provide a consistency check with the 
UHS.  

For design recommendations, the UHS is modified by a scale factor to a Uniform Reliability Spectrum 
(URS). This scale factor achieves a relatively consistent annual frequency of plant component failure 
across the range of plant locations and structural frequencies. It does this by accounting for the slope 
of the seismic hazard curve, which changes with structural frequency and site location. For some 
sites and natural frequencies the URS exceeds the UHS, and at other sites and frequencies it lies 
below the UHS.  

For design purposes the spectral shapes determined from the attenuation equations are scaled to the 
10 Hz and 1 Hz URS amplitudes. The URS must be matched within certain tolerances by the scaled 
spectral shapes, but the use of two (or more) design shapes allows a more accurate representation 
of the seismic threat, for example when a broad-banded spectrum is unlikely.
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The database of recorded time histories on rock is divided into magnitude and distance bins, and three 
component records (two horizontals and one vertical) are archived on a CD-ROM for both the WUS 
and CEUS. We augmented available recorded rock motions for the CEUS by modifying WUS rock 
records to account for differences in seismic source and crustal properties between the two regions.  
This database allows designers to select one or a set of records from the appropriate magnitude and 
distance range and to adjust those records to match a rock design spectrum, for the derivation of 
detailed input motions.  

For these artificial motions, we recommend criteria for matching their spectra to the target (scaled) 
spectra. The matching criteria lead to mean-based fits, with half of the spectral values above the 
target and half below, within specified limits. The matching is done with the response spectrum at 
5% of critical damping, obviating the need to meet a minimum power spectral density requirement 
or to match at multiple dampings. However, checks are required of peak motion parameters, duration 
of shaking, and directional correlation.  

For soil sites, a PSHA is conducted for rock conditions to determine spectra scaled to the 10 Hz and 
1 Hz UHS amplitudes, as discussed above. These spectra represent control motions input to a soil 
model that calculates soil response and that accounts for uncertainties in soil properties. The soil 
analysis gives the mean soil amplification, its uncertainty, and its slope with increasing rock amplitude.  
These factors allow the engineer to estimate the soil UHS at 10- and 10-5 annual frequencies of 
exceedence, from which the 10 ' URS can be determined for that soil. Generic soil spectral shapes 
are not derived here because the soil spectra should be obtained from a site-specific analysis. The 
site-specific soil amplification studies yield spectral shapes that are scaled to the UHS (for a 
consistency check) and to the URS (for design purposes).  

The database of recorded time histories includes motions at WUS and CEUS soil sites, divided into 
magnitude and distance bins, and these three-component motions are archived on a CD-ROM. The 
CEUS soil site motions were derived from WUS soil motions by modeling differences in seismic 
sources and crustal properties between the two regions. These archived records allow designers to 
select one or a set of records from the appropriate magnitude and distance range and to adjust those 
records to match a soil design spectrum, for the derivation of detailed input motions.  

We demonstrate the procedures for developing design spectra for rock conditions and for four soil 
profiles in the WUS and in the CEUS, using as example sites a location in the Mojave desert, 
California, and Columbia, South Carolina. To demonstrate that the URS gives reliability-consistent 
design amplitudes, we examine eleven sites across the US and use three ground motion parameters 
at each. These results indicate that the URS, as calculated here, provides reliability-consistent designs 
over a range of site locations and structural frequencies.
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Figure 4-8

Response spectral shapes (5% damping) for the M 6.5, R = 10 to 50 km 
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magnitude bin for WUS soft rock site conditions.  

Response spectral shapes (5% damping) computed for the M = 6.5 
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Response spectral shapes (5% damping) computed for the 
M = 6.5 magnitude bin for WUS deep soil conditions.  

Response spectral shapes (5% damping) computed for the 
M = 7.5 magnitude bin for WUS deep soil conditions.
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1. INTRODUCTION

1.1 Historical Perspective 

The regulatory guidance for determination of seismic design basis ground motion at nuclear plant sites 
emphasizes the essential need for the design ground response spectrum to be a broad-band, smooth 
spectrum that has adequate energy in all frequencies represented by a plant's structures, systems and 
components. For this and economic considerations nuclear plants generally have been designed for 
a site-independent standard broad-band spectrum such as the Regulatory Guide 1.60 spectrum (NRC, 
1973), scaled to a site-specific peak ground acceleration value. Regulatory guidance for the 
determination of Safe ShutdownEarthquake (SSE) ground motion (NRC, 1997a) provides a hazard
consistent approach for determining the seismic design basis ground motion spectrum at a site. The 
procedure emphasizes site-specific determination of the SSE ground motion. Although a standard 
site-independent spectrum may still be used as the design basis ground motion spectrum, the 
procedure requires that this spectrum be scaled to the site-specific average ground motion levels for 
5 and 10 Hz, and 1 and 2.5 Hz, representing the controlling earthquake as determined from 
deaggregation of a probabilistic seismic hazard analysis. These guidelines substantially advance the 
state of practice for determination of seismic design basis ground motion by including the effects of 
specific, dominant earthquakes on the frequency content of ground motion. However, it is 
recognized that additional improvements could be provided with respect to site-specific spectral shape 
estimation.  

Revision 3 of the Standard Review Plan (SRP) 2.5.2 (NRC, 1997b) provides a hierarchy of 
acceptable approaches for the estimation of seismic ground motion at a site. In descending order of 
preference these are: 

1. The direct use of a sufficiently large number of both horizontal and vertical component strong 
motion recordings selected to model the site-specific conditions for the controlling 
earthquakes, including: magnitude, type of faulting, tectonic environment, distance, source 
depth, regional attenuation and local site wave propagation characteristics; 

2. For sites where a large enough ensemble of strong motion recordings is not available 
representing the site-specific controlling earthquake conditions, the guidance permits scaling 
strong motion recordings to represent the best estimate of the earthquake source, propagation 
path and site properties and doing sensitivity studies to evaluate the effects of scaling; 

3. For a combination of site and controlling earthquake conditions where representative strong 
motion recordings are not available, peak motion parameters (peak acceleration, spectral 

acceleration, velocity and displacement) estimated using state-of-the-art attenuation 
relationships appropriate for the region of the site and the site geology, may be used to scale 
site-independent, standard spectral shapes; and 

4. The use of theoretical-empirical estimation procedures may be used in a supplemental role 
when the appropriateness of the model is thoroughly documented.
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The development of the SRP ground motion estimation hierarchy attempts to reflect the current state 
of the profession's uncertainty in ground motion estimation methods together with limitations of 
available data and to provide reasonable assurance that the ground motion at any site would be 
conservatively estimated. Recent studies (EPRI, 1993a) have shown however that the uncertainty 
in ground motion estimates results from the complex interaction of the large number of parameters 
of the ground motion estimation model. It is difficult to capture the total uncertainty even with the 
large number of strong motion recordings now available in California. This fact is confirmed by each 
successive large earthquake, which seems to require modification of the empirically-based ground 
motion estimation models.  

The hierarchy also assumes that ground motion data are transferable from one region to another by 
matching important source properties such as magnitude, fault type, and tectonic environment; path 
properties such as distance, hypocenter depth, and attenuation; and site properties such as shear wave 
velocity. The EPRI (1993a) work has shown that these parameters contain significant random 
variability and uncertainty and interact in complex ways that are not likely to be adequately captured 
even by a reasonably large data set, and almost certainly would not be captured by a limited data set 
that would pass the site- controlling earthquake combination screening. In addition it is now 
recognized that strong motion recordings at sites in California and other active tectonic regions can 
not be transferred to continental interior regions. That is, it is not appropriate to use (without proper 
modification) empirical data from California to represent ground motions in the central and eastern 
United States (CEUS), and the available data set in the CEUS is too limited to use a direct empirical 
approach.  

For the above reasons it is necessary to use the theoretical-empirical modeling method to estimate 
ground motions in the eastern United States. The method, described in EPRI (1993a), uses a 
theoretical model to estimate ground motion amplitudes in the frequency band of interest to 
engineering analysis and design. The power of the method is that it can be validated using large 
California data sets that span a wide range of magnitudes. The method develops a theoretical 
estimate of the ground motion spectrum based on parameters of the fault rupture (magnitude, stress 
drop) and travel path (distance, crustal and surficial rock properties). In regions of few recordings 
of strong shaking, the parameters can be estimated with empirical data from seismograph records.  
This gives a means to reliably estimate strong ground shaking when records of only weak shaking are 
available. In addition, site-specific geology and soil information can be quantitatively incorporated 
directly into the ground motion estimation at any particular site. Thus the method can be applied to 
any site-controlling earthquake combination to estimate site-specific ground motion and its 
uncertainty. The method may be applied equally well to develop standardized response spectra for 
combinations of well-defined site categories, controlling earthquakes and tectonic or regional seismic 
wave propagation environments.  

The Regulatory Guide 1.60 spectrum was derived from a limited set of strong motion recordings 
primarily at deep alluvial sites in California, beyond 20 km from moderate to large magnitude 
earthquakes. The data set resulted in relatively high spectral amplification (Sa/A) in the frequency 
range of primary interest, but spectral amplification for frequencies above 10 Hz was too low even 
for California sites on rock conditions. Scaling this spectrum at 33 Hz to typical peak acceleration 
values derived from seismological considerations normally resulted in excessively conservative seismic
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demands on plant structures, systems and components (SSCs), particularly for sites located in the 
eastern United States. This reality stimulated extensive research to develop an "effective 
acceleration" parameter to scale the standard spectrum so that it would represent the appropriate 
level of regulatory conservatism (Kennedy et al., 1984; Kennedy et al., 1985; Luco et al., 1986; 
Power et al., 1986). More recently this work has been extended, taking the somewhat different 
direction of focusing on the role of inelastic energy absorption in the damaging effectiveness of 
ground motions (EPRI, 1993b). The results of the EPRI work indicate that high frequency motions 
above about 20 Hz are not likely damaging, except to brittle components such as relays and ceramic 
insulators. The work provides the basis for establishing a displacement criterion for conditioning the 
high frequency amplitudes and developing a damage-consistent ground motion spectrum. This 
displacement criterion would rely on structural response to condition the ground motion spectral 
shape and should adequately consider the response of secondary systems. Spatial coherency also has 
been shown to be an important consideration for establishing ground motion design spectra 
(Abrahamson et al., 1991). Incoherency increases with increasing frequency. Thus we need a 
criterion coupling the high frequency amplitude reduction based on inelastic energy absorption with 
the reduction caused by spatial incoherency is needed. These considerations will be very important 
in the development of standard response spectra for future application. It would be desirable to 
develop generic criteria for deriving a damage consistent response spectrum that is fully compatible 
and easily implemented with ground motion spectral estimates based on geotechnical considerations, 
either in a site-specific mode or for standardized spectra for different classes of site and regional 
attenuation conditions.  

The limitations in the use of the R.G. 1.60 spectrum involve both the shape of the spectrum and the 
consequences to structural design and liquefaction analyses. The limitations of the R.G. 1.60 shape 
fundamentally stem from its early development during the late 1960's and reflect both the limited data 
available and knowledge base at that time. Approximately 15 earthquakes were available with 
recordings at about 15 sites. The strong motion data set was comprised of earthquakes of varying 
magnitudes (M about 5.2 to over 7.5), mixed mechanisms, a large distance range, and poorly known 
site conditions (mostly deep soil; Newmark et al., 1973).  

To develop design spectra two teams (Blume et al., 1972 and Mohraz et al., 1972) separately 
analyzed almost identical data sets. To develop shapes, different normalization schemes were used 
by each team. In both studies, amplification or scale factors on peak ground motion parameters were 
derived from statistical analyses on normalized shapes to construct smooth design spectra for varying 
fractile and damping levels. In the Blume study, a single normalization parameter, peak ground 
acceleration ("A"), forms the basis for the shapes with scaling factors specified at fixed anchor points.  
Although data were partitioned, no clear trends in the shapes based on A level, site condition, or 
distance were discerned.  

In the Newmark study (Mohraz et al., 1972) spectral amplification factors on A, peak ground velocity 
("V"), and peak ground displacement ('D") were developed to construct the design spectrum. The 
Newmark study led to the scaling of A, V, and D over regions of reasonably constant spectral 
acceleration, velocity and displacement. Because the variability in strong ground motion data 
increases with increasing period, normalizing to high, medium, and low frequency parameters over 
high, medium, and low frequency ranges in the spectra results in scaling factors that reflect more
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uniform statistics. Because of this multiparameter scaling based on peak ground motion values and 
variable anchor points, the shape based on A, V, and D does, to some extent, accommodate site and 
magnitude dependencies in V/A and AD/V2 ratios. (These ratios are often labeled "V/A" and 
AD/V2," respectively.) 

Based on the two studies, the NRC adopted and formalized a slightly modified form of the single 
parameter shape (Newmark et al., 1973) as a recommendation in R.G. 1.60.  

The single parameter scaling resulted in a shape that was source, path, and site independent. That 
is, the relative spectral content did not vary and only the absolute levels changed with A (Coats, 1980; 
Gupta, 1990). A limitation that resulted from the small size of the data set available was that both 
the fractiles and damping scaling were not well constrained. In addition, due to the normalization to 
A, the fractiles were not uniform over frequency. The R.G. 1.60 horizontal component shape was 
generally representative of an 84w' percentile for M of about 6.75 at a deep soil site and at a distance 
of about 20-30 km, the 84"' percentile representing variability in spectra scaled to the same values of 
A, V, and D. The scale factors for the vertical component, 1 at high frequency (>3 Hz) and 2/3 at low 
frequency were reasonable for distances in the 20-40 km range for soil and about the 10-20 km range 
for rock. The appropriateness of these factors at other distance ranges was questionable, based on 
recent empirical data.  

Later analyses of spectral shapes (SaIA) with an emphasis on site conditions (Seed et al., 1976; 
Mohraz, 1976) attempted to resolve strong differences in shapes as well as V/A and AD/V 2 ratios 
based primarily on site stiffness. Depending on site conditions, site specific smooth response spectral 
shapes may significantly depart from these standard spectral shapes.  

Recent work shows that the dependence of spectral shapes on source, path, and site conditions is well 
constrained by both recorded motions and the results of well validated modeling (Silva, 1991; Silva 
et al., 1997). In general, shapes broaden and show a shifting of the peak spectral amplification to 
lower frequencies with increasing magnitude due to a decrease in the earthquake source comer 
frequency (Silva, 1991; Silva and Darragh, 1995). Site dependencies are reflected in an increase in 
spectral levels at low frequencies and a decrease in levels at high frequencies as site stiffness decreases 
due to a combination of site amplification and material damping. This site effect also results in a 
shifting of the peak spectral amplification to lower frequencies, presumably as a result of an increase 
in material damping with decreasing site stiffness. This is especially evident at very stiff (rock) sites 
(Silva and Darragh, 1995). An additional observation of site effects is the reduction in maximum 
spectral amplification with decreasing site stiffness. For rock sites, the maximum spectral 
amplification is approximately 2.1 to 2.3 and decreases for soil sites. This reduction in peak spectral 
amplification is directly related to the shear-wave velocity gradient in the relatively shallow (<200 ft) 
portion of the rock/soil column, and to nonlinear, amplitude-dependent response of the soil itself.  

In addition to these far-field dependencies, near-fault effects such as pulse-like motions can 
dramatically influence spectral content in large earthquakes (M a 6). Some of these effects are most 
pronounced within about 10 km: the fault normal component is about 30% larger than the fault 
parallel component in the frequency range 0.2 to 0.5 sec due primarily to rupture directivity, and the 
vertical motions can exceed the horizontal at frequencies above about 5 Hz. Directivity effects are
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strongest for strike slip motion on vertical faults but can also be significant for cases of updip 
directivity for sites located near dipping faults. Other factors, perhaps strongest at close distances, 
include hanging wall/foot wall site location as well as thrust verses strike slip or normal slip 
mechanisms. These additional factors can have significant impacts on spectral composition.  

In summary, the R.G. 1.60 spectral shape given A is very conservative for hard rock sites, at 
frequencies below 10 Hz and for distances exceeding about 10 km (Reed et al., 1993). For 
frequencies above 10 Hz the spectral shape is unconservative for these conditions. For soil sites, the 
degree of conservatism or underconservatism depends upon the particular site soil profile and whether 
the controlling magnitude differs significantly from about 6.75. The results of systematic SSI analyses 
(Power et al., 1986) for varying input motions and foundation conditions supported the desirability 
of site-specific ground motion characterization. The analyses also indicated that the R.G. 1.60 
spectral shape provides a generally conservative design basis due to its broad-band nature. Another 
issue associated with using the R.G. 1.60 spectral shape as the design motion at the ground surface 
is that it leads to problems when applied at softer soil sites. When using typical deconvolution 
methodology incorporating strain dependent soil degradation properties, numerical problems are often 
encountered when generating foundation level motions (EPRI, 1993a). These problems indicate that 
the broad-band nature of the R.G. 1.60 spectral shape is generally incompatible with the softer soils.  

R.G. 1.165, released in March, 1997, looks at the safe shutdown earthquake ground motion as a 
composite design motion resulting from many possible earthquakes. Two frequency ranges are 
defined: 5-10 Hz, for a high-frequency controlling earthquake, and 1-2 Hz for a low-frequency 
controlling earthquake. Deaggregation of seismic hazard is recommended for both frequency ranges, 
and the dominant magnitudes and distances from a seismic hazard perspective are identified. Spectra 
from these dominant events are then developed and scaled to probabilistic seismic hazard results for 
the high- and low-frequency controlling earthquakes. These spectra are smoothed and enveloped to 
obtain a safe shutdown ground motion.  

Several issues are not addressed by R.G. 1.165. Specifically, the spectral shapes to be used for 
dominant events are not documented, the ground motion time histories for use in dynamic analysis 
are not described, and the issue of soil response is not addressed in detail in terms of an acceptable 
procedure. Also, methods for modifying hazard-consistent spectra (with constant annual frequency 
of exceedence) to achieve risk-consistent spectra (with constant annual frequency of component or 
plant failure) is not addressed. The overall purpose of the current project is to facilitate the R.G.  
1.165 methodology by addressing these issues and documenting ground motion records and spectra.  
The following subsection describes details of the objectives of the current study.  

1.2 Objectives and Scope 

The overall objectives of this project are to (1) update the standardized design spectra used in the 
evaluation of nuclear facilities to accommodate the effects of magnitude, site condition, distance, and 
tectonic environment, (2) assemble a database of strong motion records appropriate for use in design 
analyses, (3) recommend procedures and requirements for the scaling of ground motion records to 
be consistent with design spectra, (4) develop recommendations for conducting site response analyses 
to produce soil motions consistent with rock outcrop hazard results (hazard consistency), and (5)
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develop recommendations on how to derive seismic design spectra that provide risk consistency 
(uniform conservatism) across structural frequency. These objectives support the goal of developing 
uniform hazard spectra and design spectra that take into account the seismic threat at a site and the 
response of surficial rock and soil to that threat. Figures 1-1 and 1-2 present flowcharts of the 
recommended procedure for developing design ground motions on rock and soil, respectively, with 
references to Sections of this report.  

The procedure for rock sites (Figure 1-1) starts with a probabilistic seismic hazaid analysis (PSHA) 
at a site using rock conditions. The hazard results at 10 and 1 Hz are then deaggregated following 
the method of RG 1.165 described in the previous section, and are scaled to achieve approximate 
risk-consistency over all sites and frequencies to calculate a Uniform Reliability Spectrum (URS).  
This deaggregation and scaling is described in Section 7 of this report.  

The scaled spectral values at 10 and 1 Hz are then used to scale rock spectral shapes for the 
appropriate magnitude M and distance R. This procedure is described in Section 4. With the scaled 
rock spectral shapes, time histories are selected from the appropriate M-R bin, as described in Section 
3. The time histories are then scaled to the URS at 10 and 1 Hz, are compared to the scaled spectral 
shapes, and are adjusted (using procedures described in Section 5) to match the target. For rock sites 
these adjusted time histories are used to conduct building dynamic analysis.  

For soil sites (Figure 1-2) the first five steps are the same as for rock sites, except that the uniform 
hazard spectrum (UHS) is not scaled to a URS but is used as calculated to define the target spectra.  
The reason is that the scaling of UHS to URS depends on the slope of the hazard curve, and for soil 
sites, the slope must be determined by several soil analyses at different amplitudes. Following the 
adjustment of time histories to match the target spectra, dynamic soil analysis is performed with 
parameter uncertainty, using the scaled rock time histories as input. Recommendations for this soil 
analysis are presented in Section 6. The relevant soil spectrum or spectra (depending on the number 
of dominant earthquakes) are calculated as the average spectrum (or spectra) over earthquake and 
soil uncertainties. These average spectra themselves become target spectra and are adjusted to a URS 
to account for the slope of the soil hazard curves, as described in Section 7. Then time histories from 
soil sites are chosen based on the dominant M and R values (in a similar manner to rock time 
histories, as described in Section 3). The soil time histories are then spectral matched to the target 
spectra (as described in Section 5) and are used as input to building dynamic analysis.  

Figures 1- 1 and 1-2 indicate that one or several time histories may be picked and adjusted to spectral 
shapes. While it may be possible to conduct a structural analysis with one time history that meets a 
target spectrum, it is preferable to conduct multiple analyses (perhaps up to 10 or 20) whose spectra 
on average, meet a target spectrum, so that the natural variability and phasing are peak-to-valley 
included in the analysis. For these records, a "weak matching" to the target spectrum may be 
appropriate. Details of these recommendations will be presented in an applications report to be issued 
at a later date.  

This project defines the recommended procedure for developing design ground motions in terms of 
databases (spectral shapes and time histories) and recommended methods of analysis (deaggregation 
and scaling of hazard results to achieve risk -consistency, scaling of spectral shapes, spectral matching,
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and soil dynamic analysis). Overviews of these databases and procedures are described in the 
following sections. Using these procedures, design ground motions can be calculated at sites that 
reflect up-to-date spectral shapes, both for the western US (WUS) and central and eastern US 
(CEUS). The motions will be approximately risk-consistent across frequency and for different 
seismic threats. Time histories of motion can be derived consistent with the spectral shapes for 
dynamic analysis. Finally, motions on soil sites can be derived by a procedure consistent with that 
for rock sites. None of these features are available in current methods of developing design ground 
motions.  

1.3 Development of Recommended Spectral Shapes 

The recommended spectral shapes accommodate continuous M and R scaling as well as potential 
differences in WUS and CEUS earthquake source processes. They are normalized by peak 
acceleration, since it is the spectral ordinate with lowest variability (Youngs et al., 1995), and are 
provided for both soft and hard rock site conditions (defined in Section 4) occurring in either western 
United States (WUS) or central and eastern United States (CEUS). Shapes for soil categories are 
not developed since soil response can depend heavily on the characteristics of control motions due 
to nonlinear dynamic material properties.  

The intended use of the revised motions is to provide more realistic spectral shapes for applications 
of the Regulatory Guide 1.165 (NRC, 1997a) procedure to develop an overall design spectrum. In 
this procedure, spectral shapes are scaled to the rock outcrop UHS at frequencies near 10 and 1 Hz.  
For both frequency ranges, shapes are used which reflect the dominant contributions in both 
magnitude and distance to the UHS. The advantage of this approach, combined with realistic spectral 
shapes, is that the scaled shapes will represent seismic events that dominate the hazard for different 
structural frequency ranges as well as distance ranges. The use of rock outcrop control motions 
avoids the ambiguities in going from soil surface motions to foundation levels and provides for the 
direct development of site specific motions that accommodate variability in dynamic material 
properties.  

Since the appropriate hazard level is provided by the UHS, which accommodates both epistemic and 
aleatory variability conditional on M and R, the revised shapes reflect median fractile estimates.  
Increased broadening of the shapes resulting from applying higher fractile levels is neither warranted 
nor desired as it can lead to potentially unconservative soil motions due to nonlinearity.  

The frequency range of the recommended shapes extends from the lowest frequency that can be 
reliably obtained from the current strong-motion data set from the WUS (principally California), 0.2 
Hz, to 100 Hz. The high frequency limit of 100 Hz permits the ratio of spectral acceleration/ peak 
ground acceleration to reach nearly 1 for hard rock site conditions. For soft rock conditions, this 
ratio will reach 1 at about 40-50 Hz. Criteria for spectrum compatible time histories extend to 25 Hz, 
which captures the range of primary importance to nuclear power plant structures and equipment (0.2 
Hz to 25 Hz) for both CEUS and WUS motions.  

The development of the spectral shapes for WUS conditions involves the use of empirical attenuation 
relations. Since these attenuation relations are generally defined over applicable magnitude and
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distance ranges, these considerations must also apply to the shapes. In general the shapes are 
considered valid in the M (moment magnitude) range of about 4.75 to 8.0 for both WUS and CEUS 
conditions. Regarding applicable distances, we consider WUS (soft rock) shapes valid from 0 to 
about 200 km for crustal earthquakes, with appropriate consideration for near fault effects (Section 
4), and out to about 400 km for CEUS conditions. The WUS shapes are considered appropriate for 
Cascadia subduction zone earthquakes for M up to about 9 and closest rupture distances out to about 
300 km (Section 4).  

1.4 Time History Database For Analysis 

An important aspect of this project is the development of a time history database for analyses. The 
database is parsed into M and R bins (Table 1-1) which were selected to preserve significant 
differences in spectral composition and time domain characteristics (e.g. duration). The bins are also 
appropriate for potential high and low frequency controlling earthquakes in both the WUS and 
CEUS. The WUS time history bins are the same ones used in developing the WUS spectral shapes, 
preserving consistency between an average bin shape (Appendix C) and the revised shapes (Section 
4) computed for bin average M and R values.  

The bin database is to provide appropriate records for spectral matching as well as scaling. Since 
each bin contains records reflecting ranges in M and R, guidelines are given for within bin M and R 
adjustments for either constant or narrow band scaling.  

For applications to the WUS, the bins are populated largely with recorded motions. Sparse bins have 
been supplemented with scaled empirical records (from adjoining bins) as well as a few direct finite
fault simulations. For the CEUS, since few recordings exist, the recommendation is to generate 
motions by scaling WUS records. The scaling procedure is the same as that used to correct the WUS 
rock shapes to CEUS conditions. While not as desirable as recorded motions, these time histories 
will be suitable for analyses. They should be replaced as appropriate data become available and as 
simulation methods improve and become better validated for CEUS conditions.  

1.5 Site Specific Soil Motions 

The most desirable form of site ground motion design requirements are based on hazard curves 
appropriate for the soil surface, embedment depth, and any other site conditions upon which category 
1 structures are founded. The site-specific hazard curves, from which the required sets of UHS may 
be obtained, should also accommodate uncertainty in site-specific dynamic material properties as well 
as local and regional seismicity and attenuation characteristics. This ideal situation of exact 
consistency among hazard curves for different elevations and soils at a site would then permit the 
seismic risk to all structures, systems, and components to be evaluated on a consistent basis. One 
calculation-intensive way to accomplish this is to perform seismic hazard analyses separately for all 
elevations and site conditions at a site. While this approach has been used on several occasions (for 
a single rock/soil column), it is not a particularly straightforward task, and involves many assumptions 
and several limitations. For one thing, a rock PSHA can be performed with regional, not site-specific 
data, and so can be completed prior to site-specific soil parameters being collected. Also, if multiple 
distinct soil columns exist at a plant site, or if some critical structures are founded on soil and some
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on rock, the same rock PSHA should be used for all. Finally, if new soil data are collected, the effects 
on design spectra can be determined quickly, without redoing the PSHA. For all of these reasons, 
it is recommended to perform the PSHA for appropriate rock (rock like) conditions, then modify the 
rock UHS to reflect the effects of local soils.  

There are several approaches to estimate soil UHS given rock outcrop UHS and these are 
demonstrated in Section 6. These methods are compared to directly computed soil UHS using site 
specific attenuation relations. Applying these methods at two hazard levels one can then approximate 
the slope of the soil hazard curve. Also discussed are approximate methods to compute the soil 
hazard curve given rock UHS and a set of numerical convolutions. The method selected for a 
particular application will likely depend upon desired accuracy (minimize overconservatism), degree 
of currently available site information, and computational rigor required.  

1.6 Development of Uniform Reliability Spectra (URS) 

One of the objectives in developing seismic design spectra is to achieve approximate uniformity of 
seismic risk for structures, equipment, and components designed to those spectra, across a range of 
seismic environments, annual probabilities, and structural frequencies. By "seismic risk" we mean 
the annual frequency of failure of a plant system or of its components, as opposed to "seismic 
hazard" which is the annual frequency of exceedence of a level of ground motion. By "uniformity," 
we mean that the procedures should not result in relatively high seismic risk for certain conditions, 
and relatively low seismic risk for others.  

The procedures for developing risk-consistent spectra are illustrated by examining nine existing 
nuclear plant sites in the central and eastern US, and two hypothetical sites in the western US 
(California and Washington). Existing seismic hazard curves are used to convolve seismic hazard 
with component fragility curves to calculate probabilities of failure for a range of structural 
frequencies. The characteristics of seismic hazard span the range of amplitudes and slopes that can 
be expected in the US.  

A simple modification to the uniform hazard spectrum (UHS) is recommended to achieve a uniform 
reliability spectrum (URS) consistent across structural frequencies. This modification accounts for 
the varying slopes of the hazard curves; the UHS is increased where the slope is shallow (e.g., at low 
frequencies), and is decreased where the slope is steep, so that approximate uniform reliability risks 
result from choosing a modified UHS with a target annual probability of exceedence.  

1.7 Contents of Report 

Section 2 of this report presents a background on the differences between WUS and CEUS strong 
ground motions on rock sites. These are important differences, and they influence many of the 
procedures used in this project. We do not, for example, develop recommended spectral shapes 
empirically in the WUS, and apply those to CEUS earthquakes.

1-9



One of the fundamental results of this project is a library of strong motion records. For the WUS 
these are largely empirical records, for the CEUS these are largely synthetic time histories. These 
databases are described in Section 3.  

The design spectral shapes are documented in Section 4. These shapes are presented for the same 
M and R bins used for the strong motion library but are continuous functions of magnitude and 
distance, and Section 4 describes the scaling used to obtain the CEUS spectral shapes 

Synthetic motions are often used for time history analysis of structures, and we make 
recommendations on the spectral characteristics required of such synthetic motions to achieve an 
acceptable match with target design spectra. Guidelines are also presented for appropriate durations 
as well as V/A and AD/V2 ratios for scaled time histories. These recommendations are documented 
in Section 5.  

Section 6 examines several methods for deriving UHS for soil conditions given the rock UHS at the 
same site. As discussed above, several methods are available, and each is explored and demonstrated 
in this section.  

Finally, recommendations on achieving risk consistency across sites and structural periods are 
contained in Section 7. These recommendations take into account the absolute level of hazard and 
the slope of the hazard curve at different sites.  
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Table 1-1

B = both WUS and CEUS 
C = CEUS only
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WUS, CEUS M AND D BINS

Distance (km)

M 0-10 10-50 50-100 100-200 200-400 

5-6 B B B B 

6-7 B B B B 

7+ B B B B C
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Figure 1- 1: Flowchart of design ground motion procedure and application to rock sites. S3, S4, etc.  
refer to Sections of this report, TH = time history.
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Figure 1-2: Flowchart of design ground motion procedure and application to soil sites. S3, S4, 
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2 CHARACTERISTICS OF WUS AND CEUS STRONG GROUND MOTIONS AT 
ROCK SITES 

Ground motion observations of both small and intermediate magnitude earthquakes that have 
occurred in eastern North America show larger peak ground accelerations as well as higher spectral 
amplitudes for frequencies > 5 Hz than would be expected based on recordings in western North 
America, principally California (Brady et al., 1981; Chang, 1983; Borcherdt, 1986; Wesson and 
Nicholson, 1986; Weichert et al., 1982; 1986; Munro and Weichert, 1989; Silva and Darragh, 1995).  
In addition to these observations at high frequencies, intermediate magnitude (M z 6.2) earthquakes 
have shown an opposite trend for frequencies below about 2 Hz, having lower motions than 
comparable (M, distance, and site condition) WUS recordings would suggest (Boore and Atkinson, 
1992; Atkinson, 1993; Silva and Darragh, 1995). This latter observation, in terms of strong ground 
motions, is principally limited to the 1988 M 5.8 Saguenay, Canada earthquake but is supported by 
inferences from intensity data (Atkinson, 1993), regional seismograms (R z 1,000 km) of early 
instrumental recordings in eastern North America (Atkinson and Chen, 1997), and teleseismic data 
of worldwide intraplate earthquakes (Boatwright and Choy, 1992).  

The differences in high frequency spectral content between WUS and CEUS strong ground motions 
is pervasive and reasonably well understood (Boore and Atkinson, 1987; Boore et al., 1992; EPRI, 
1993; Silva and Darragh, 1995; Atkinson, 1996) especially for very stiff (rock) site conditions. As 
a result, there is little doubt that future earthquakes occurring in the CEUS will have high frequency 
spectral characteristics at rock sites distinctly different than the WUS (California) experience.  
Conversely, the differences in low frequency spectral content between WUS and CEUS strong 
ground motions is neither well constrained through direct observations nor understood physically.  
The following discussion illustrates the differences between WUS and CEUS rock site motions and 
suggests the physical bases for the differences.  

2.1 Differences Between CEUS And WUS Rock Site Strong Ground Motions 

Observations of strong ground motion due to small magnitude earthquakes occurring in eastern North 
America, although not causing damage to engineered structures, have shown considerably higher 
peak accelerations than would have been expected based upon WUS experience (Brady et al., 1981; 
Chang, 1983; Wesson and Nicholson, 1986; Weichert et al., 1982; 1986; Munro and Weichert, 1989).  
In addition to the relatively higher peak accelerations associated with these CEUS events, response 
spectral ordinates appear richer in energy for frequencies exceeding about 5 Hz (Brady et al., 1981; 
Borcherdt, 1986).  

It has been known for some time that ground motion for the CEUS attenuates less rapidly with 
distance than ground motion in the WUS for events of similar moment magnitudes and source depths 
(Nuttli, 1981; EPRI, 1993; Atkinson and Boore, 1995). The difference in attenuation rate has been 
attributed to the higher absorptive characteristics generally present in the crust and upper mantle 
beneath the WUS as compared to the CEUS (Nuttli, 1981; Herrmann and Nuttli, 1982; Singh and 
Herrmann, 1983; Boore and Atkinson, 1987; Toro and McGuire, 1987; Frankel et al., 1990; Hanks 
and Johnston, 1992; EPRI, 1993; Frankel, 1994; Benz et al., 1997). This difference is probably a
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consequence of active plate margin tectonics in the WUS as opposed to conditions representative of a stable continental interior in the CEUS.  

For close-in recordings, where the propagation path is short (< 20 to 30 kin), the difference in crustal 
attenuation between the WUS and CEUS was thought to have a minimal effect, and strong ground 
motion was expected to be comparable in the two tectonic environments (Campbell, 1981, 1986; 
Kimball, 1983). However, close-in (< 20 kin) strong motion recordings of the 1978 Monticello, 
South Carolina earthquakes with moment magnitudes of approximately 3 produced a maximum peak
horizontal acceleration of 0.25g (Bradyet al., 1981; Mork and Brady, 1981) and the 1986 Painesville, 
Ohio earthquake with a magnitude of 5.0 (mig) produced a peak acceleration of nearly 0.20g at an 
18 km epicentral distance (Wesson and Nicholson, 1986). Both values are significantly higher than 
would be expected for earthquakes of similar magnitude and distance in the WUS. Recordings from 
both of these earthquakes also show unexpected high-frequency energy content in the response 
spectra compared to similar magnitude WUS recordings (Silva and Darragh, 1995).  

Other sources of data also indicate that CEUS ground motions, recorded at rock or very shallow soil 
sites, are richer in high-frequency energy relative to analogous WUS ground motions. 'rhese include 
aftershocks of the 1982 Miramichi, New' Brunswick earthquake (Cranswick et al., 1985), the 1982 
Enola, Arkansas swarm (Haar et al., 1984), aftershocks of the 1986 Painesville, Ohio event 
(Borcherdt, 1986), the 1985 Nahanni earthquakes (Weichert et al., 1986), the 1982 New Hampshire 
earthquake (Chang, 1983), and the M 5.8 1988 Saguenay earthquakes (Boore and Atkinson, 1992).  
The trends shown in these CEUS data indicate significantly more spectral content at high frequencies 
compared to WUS rock motion of comparable magnitudes and distances (Fletcher, 1995; Silva and 
Darragh, 1995).  

2.1.1 Effects of Shallow Crustal Damping 

The difference in spectral content can perhaps be most easily seen in spectral amplification (spectral 
acceleration SA/PGA) computed from recordings typical of WUS and CEUS tectonic environments.  
Figure 2- 1 show's average spectral shapes (SA/PGA) computed from recordings made on rock at 
close distances (!< 25 kin) for M = 6 and 5 earthquakes in CEUS and WUS tectonic 
environments, using records archived for this project. The differences are significant and indicate that 
CEUS spectral content is higher than that in the WUS for frequencies greater than approximately 10 
Hz.  

The controlling mechanism for the differences in high frequency spectral content (at close distances) 
between WUS and CEUS ground motions is thought to be due to differences in damping in the 
shallow (I to 2 km) part of the crust (Boore and Atkinson, 1987; Silva et al., 1989a, 1989b; Silva, 
1991; Silva and Darragh, 1995). The effects of shallow' crustal damping were first pointed out and 
quantified by Hanks (1982) and Anderson and Hough (1984). The parameter that controls the 
shallow damping is termed kappa and is defined as the thickness of the zone over which the damping 
is taking place times the damping and divided by the average velocity over the zone of damping 
(Appendix D).
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In a recent study, kappa values have been estimated by fitting spectral shapes computed from the 

stochastic ground motion model (Appendix D) to shapes computed from motions recorded at rock 

sites in eastern North America, WUS, Mexico, Italy (Friuli), USSR (Gazli), and Taiwan (SMART1) 

(Silva and Darragh, 1995). The kappa values are listed in Table 2-1; they reflect properties in the top 

1-2 km of the crust. Results of these analyses indicate that kappa depends strongly on the material 

properties of the site. Rock sites characterized as soft, such as sedimentary, showed significantly 

higher kappa values than those characterized as hard, e.g. crystalline basement. Hard and soft rock 

sites may exist in either the WUS or CEUS; however, on the average, sites in stable cratonic regions 

such as the CEUS are more likely to be classified as hard in the top 1-2 km (low Y,) while those 

associated with active tectonic regions such as the WUS are more likely to be soft in the top 1-2 km 

(high Kc).  

2.1.2 Effects of Crustal Amplification 

An example of generic crustal models reflecting typical WUS soft rock and CEUS hard rock crustal 

conditions is shown in Figure 2-2 for both compression- and shear-wave velocities. The CEUS model 

is the midcontinent structure from EPRI (1993) and is considered appropriate for strong ground 

motion propagation in the CEUS except for the Gulf Coast region (Toro et al., 1997). The Gulf 

Coast region is typified by a crustal structure somewhat intermediate between those of the CEUS and 

WUS and is predicted to have correspondingly different wave propagation characteristics and strong 

ground motions (EPRI, 1993; Toro et al., 1997). The WUS model reflects an average of several 

California crustal models (Silva et al., 1997) representing the most seismically active regions, the 

north coast and peninsular range areas.  

The differences in the shallow crustal velocities between the WUS and CEUS models is striking, 

particularly over the top 2 to 3 km, and the effects on strong ground motions are profound. In terms 

of amplification from source regions below about 5 km to the surface, the difference between hard 

(CEUS) and soft (WUS) crustal conditions is a factor of about 3 in amplification for frequencies 

exceeding about 5 Hz (Figure 2-3). All else being equal, WUS ground motions above -5 Hz would 

then be expected to be nearly three times larger than corresponding CEUS motions. As suggested 

earlier however, pervasive observations reflect the opposite: high frequency CEUS motions generally 

exceed comparable WUS motions. Damping in the shallow crust, parameterized through kappa, is 

much greater in soft crustal rocks resulting in a dramatic loss in high frequency energy content 

compared to hard rock conditions. The differences in shallow crustal damping, or kappa, between 

soft and hard crustal conditions is a combined effect of lower velocities (Figure 2-2) as well as larger 

intrinsic damping. Kappa is defined as: 

H 1 
VS Qs - (2-1) Vs Q, 2"il 

where H is the thickness of the shallow crustal damping zone (1 to 2 km, Anderson and Hough, 1984; 

Silva and Darragh, 1995), Vs and Qs are the average shear-wave velocities and quality factors over 

depth H, and ms is the corresponding critical damping ratio (decimal). For soft rock conditions both 

the velocities and Q values are lower than hard rock conditions resulting in very large differences in
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kappa values and corresponding energy absorption at high frequency. Table 2-1 lists kappa values 
determined at both WUS and CEUS rock sites (Silva and Darragh, 1995) and shows the strong 
dependence upon surficial geology in terms of rock quality. Hard and soft conditions can exist in 
both WUS and CEUS and are reflected in distinct kappa values, increasing as the rock quality 
degrades. On average, kappa values for the WUS are about 5 times larger than for the CEUS (0.037 
sec and 0.008 sec, Table 2- 1).  

To illustrate the effects of kappa on strong ground motions, Figures 2-4 and 2-5 show response 
spectral shapes (5% damping) and absolute spectra computed for an M 6.5 earthquake occurring at 
a distance of 25 km for WUS parameters (see Table 2-2, parameter values from Silva et al., 1997) 
using a range of kappa values from 0.005 sec to 0. 160 sec. For the shapes, Figure 2-4, increasing 
kappa results in a shift in shapes to lower frequencies as the PGA and high frequency spectral 
amplitudes decrease. For fixed magnitude, the frequency range of maximum spectral amplification 
is a good estimator of shallow crustal damping (Silva and Darragh, 1995).  

The absolute spectra shown in Figure 2-5 further illustrate the effects of kappa on high frequency 
strong ground motions. A factor-of-two change in kappa results in about a 50% change in peak 
acceleration. The average difference in WUS and CEUS rock site kappa values of about 5 (Table 
2- 1) results in a difference of about a factor of four in high frequency ground motions, exceeding the 
factor of about three in the difference in high frequency (5 Hz) crustal amplification (Figure 2-3).  
Close-in strong ground motions (that is, at :< 50 km; "near-source" is reserved for distances •< 10-15 
kin), would be expected to be lower at CEUS rock sites than WUS rock sites at low frequencies, 
because differences in deep crustal properties such as frequency dependent damping (Q(f)) and depth 
to the Moho and Conrad discontinuities do not have large effects (EPRI, 1993). At high frequencies 
the converse would be expected, providing source processes are similar in both regions. Several lines 
of evidence suggest that this is not the case however, with CEUS sources generating more high
frequency energy, than WUS sources for the same M.  

2.1.3 Effects of Source Processes 

Another factor regarding the differences in spectral composition between WUS and CEUS strong 
ground motions at rock sites is the probable differences in earthquake source processes. Prior to the 
occurrence of the 1988 M 5.8 Saguenay earthquake, there was thought to be a difference of about 
a factor of two in stress drop (the difference in average stress across the rupture surface before and 
after an earthquake) between WUS and CEUS sources with the CEUS having larger stress drop 
values, about 100 bars compared to about 50 bars for the WUS (Atkinson, 1984; Boore, 1986).  
These measures of stress drop, termed Brune stress drops (Brune, 1970; Appendix D), are primarily 
based on high frequency ground motion levels assuming that in the frequency domain the source can 
be represented by a single- corner- frequency source model.  

An alternative measure of stress drop is based on the ratio of the seismic moment (M.) to the rupture 
area and is termed the static stress drop. The stress drop equation for a circular rupture surface is 
given by

2-4



Aa 7 Mo 
16 _4 (2-2) 

(Area / n) 3 

where Area is the area over which rupture occurs. This measure of stress drop was also thought to 
be higher (by about a factor of two) for earthquakes occurring in the CEUS compared to the WUS 
(Kanamori and Anderson, 1975; Kanamori and Allen, 1986). For static stress drops, the scaling of 
strong ground motions is not at all clear. However, since the average slip (fault displacement) is 
proportional to moment, and strong ground motions increase with slip (for fixed rupture area), strong 
ground motions must increase with static stress drop, at least at low frequency.  

Apart from the differences in stress drops (Brune and static), overall source processes were thought 
to be similar in both tectonic regimes. The stochastic single-corner-frequency point-source model 
(Appendix D), originally developed by Hanks and McGuire (1981), provides accurate predictions of 
WUS strong ground motions using a stress drop of about 50 bars (Boore, 1986; Boore et al., 1992; 
Silva and Darragh, 1995) although with a tendency to overpredict low frequency (• 1 Hz) motions 
for large magnitude earthquakes (Atkinson and Silva, 1997).  

For the CEUS, the simple point-source model with a stress drop of about 100 bars, about double that 
of the WUS, provided good agreement with existing data (Atkinson, 1984; Boore and Atkinson, 
1987; Toro and McGuire, 1987) until the occurrence of the 1988 M 5.8 Saguenay earthquake.  
Strong ground motions from this earthquake, the largest to have occurred in the CEUS in over 50 
years, depart significantly from predictions of the simple 100 bar stress drop model (Boore and 
Atkinson, 1992). The stress drop required to match high frequency strong ground motions for this 
earthquake exceed 500 bars, while the intermediate frequency spectral levels are overestimated by 
a factor of two or more, requiring a significantly lower stress drop (Boore and Atkinson, 1992).  
Concurrently, Boatwright and Choy (1992) using teleseismic (low frequency, _! 2 Hz) data, showed 
that the source spectra of large intraplate earthquakes differ in general from the simple single-corner
frequency omega-square model, suggesting the presence of a second comer frequency. Based on the 
limited ground motion data in the CEUS as well as inferences from intensity observations, Atkinson 
(1993) developed an empirical two-corner source model for CEUS earthquakes. In this model, the 
high frequency spectral levels are consistent with Brune stress drop of about 150 bars while the 
equivalent stress drop for the low frequency spectral levels is about 40 to 50 bars (Atkinson, 1993), 
assuming the crustal model shown in Figure 2-2. This two-corner model currently provides 
reasonable estimates of recorded CEUS ground motions over the frequency range of the majority of 
the data, about 10.0 to 0.1 Hz, while the single-corner-frequency model, with stress drops ranging 
from about 120 to 150 bars, overpredicts ground motions in the frequency range of about 1 Hz to 
0.1 Hz but gives a better fit in the 2 to 10 Hz frequency range (Atkinson and Boore, 1998). Both the 
double and single-corner source models, with stress drops below 200 bars, underpredict ground 
motions • 2 Hz for the Saguenay earthquake by factors of 2 to 3 suggesting anomalous high 
frequency levels for this event. While it currently appears that the two-corner source model may be 
the more appropriate model for CEUS strong ground motions, it is evident that in predicting strong 
ground motions for engineering design, significantly more variability should be accommodated in 
applications to the CEUS than to the WUS. This increased variability should accommodate both 
randomness (aleatory variability) in stress drop above that for the WUS as well as uncertainty
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(epistemic variability) in the source model. The larger variability in the CEUS should bK represented 
in the PSHA for a site, and will be reflected in the mean hazard for the site.  

For the WUS, recent work has shown some interesting results regarding earthquake source spectra.  
In the context of the single -corner- frequency model, stress drop appears to be magnitude dependent 
(Silva and Darragh, 1995; Atkinson and Silva, 1997; Silva et al., 1997), decreasing from about 100 
bars for M 5.5 to about 50 bars for M 7.5 with an average value of about 70 bars. Since inferences 
on stress drop for CEUS sources are based predominantly on small magnitude earthquakes, M z 5.2 
(Atkinson, 1993), scaling of stress drop with magnitude similar to WUS would imply significantly 
lower stress drops for large magnitude earthquakes. The 150 bar stress drop for CEUS may reflect 
a value appropriate for M near 5.5. Assuming WUS stress drop scaling with M would result in an 
average stress drop of about 120 bars for M ranging from 5.5 to 7.5.  

A model that appears to be more consistent with WUS source spectra inferred from the strong motion 
data is similar to the CEUS two corner model but with a less pronounced spectral sag at intermediate 
frequencies. The two-corner nature of WUS source spectra is filled-in by crustal amplification 
(Figure 2-3) resulting in a comparatively subtle feature in strong ground motions compared to CEUS 
data (Atkinson and Silva, 1997). This observation may provide some comforting linkage to CEUS 
source processes suggesting an appealing underlying similarity. IHowever, CEUS sources, for the 
same magnitude, do appear to be considerably more energetic at high frequency, and this is reflected 
in larger Brune stress drops by a factor of about two on average.  

To illustrate the effects of stress drop on ground motions, Figures 2-6 and 2-7 show response spectral 
shapes and absolute spectra (both for 5% of critical damping) computed for M 6.5 at a distance of 
25 km using WUS parameters (Table 2-2). For the shapes, Figure 2-6, the effect of stress drop is 
small, with differences occurring at low frequency below about I Hz. Spectral shapes are largely 
independent of stress drop for ranges of 2 to 3 over most of the frequency band of interest.  

The absolute spectra shown in Figure 2-7 illustrate the large effect Brune stress drops have on strong 
ground motions. The effect is strongest for frequencies exceeding the source corner frequency (Silva, 
1993), about 0.2 Hz for a stress drop of 65 bars, and results in about a 70% change in peak 
acceleration for a factor-of-two change in stress drop. For the single-corner-frequency Brune source 
model, stress drop is a controlling parameter in absolute levels of strong ground motions.  

Comparisons of WUS to CEUS response spectra are shown in Figures 2-8 and 2-9 for shapes and 
absolute spectra respectively. Also illustrated in the figures are the differences between the single
and double-corner source spectral models. In Figure 2-8, the difference in spectral shapes between 
the WUS and CEUS at single-corner models (solid and long dash lines) is clearly illustrated in the 
maximum spectral amplifications at about 5 Ilz for the WUS and at about 40 Hz for the CEUS.  

The difference between the single- and double-corner source models is also clearly illustrated. For 
the WUS, the difference is mainly at low frequency and is not large, about 20% near 0.3 Hz. For the 
CEUS, the single corner source model significantly exceeds the double corner below about 2 Hz. The 
largest difference occurs near 0.4 l-z and is a factor of over 3 in 5% damped spectral acceleration.
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Choices between the two source models for the CEUS, single or double comer, clearly have major 
impacts on design motions.  

The corresponding absolute spectra (not scaled) are shown in Figure 2-9. The WUS and CEUS 
single-corner spectral estimates are nearly the same for frequencies up to about 5 Hz. This is the 
result of compensating effects previously discussed, higher stress drop for CEUS (Table 2-2) and 
larger amplification factors for WUS (Figure 2-3). Beyond about 5 Hz, the differences in kappa 
values (0.04 sec compared to 0.006 sec, Table 2-2) result in the difference in high frequency spectral 
estimates.  

To see how well the simple point-source models (single and double corner frequency) capture the 
differences in shapes between the WUS and CEUS rock motions that were illustrated in Figure 2-1, 
Figures 2-10 and 2-11 compare model predictions to M 6 statistical shapes. Figure 2-10 for the 
WUS compares both the single- and double-comer model predictions to the statistical shape. Both 
models capture the overall shape reasonably well but overpredict at low frequency (below 1 to 2 Hz).  
The double-corner model provides a better fit but still shows overprediction in this frequency range.  

The comparison to CEUS M -,6 is shown in Figure 2-11. There is only one earthquake, 1985 
Nahanni, with hard rock site recordings (3 stations) in this magnitude and distance range. Both 
spectral models capture the difference in shape between WUS and CEUS equally well with the single
comer model showing an overprediction at low frequency (< 1 Hz) similar to the WUS.  
Interestingly, the double-corner model shows an underprediction for frequencies below about 2 Hz.  
Since this is only a single earthquake and variability is large in CEUS strong ground motions, these 
results should not be interpreted as a potential bias in the model for spectral shapes, but they do 
emphasize the current state of uncertainty regarding CEUS strong ground motions. Although the 
data have been processed, the overprediction beyond about 20 Hz may be an artifact of the 
instruments, which had a cutoff frequency of about 25 Hz.  

For a comparison at M 5 , Figures 2-12 and 2-13 show results for the WUS and CEUS respectively.  
For the WUS, Figure 2-12 shows reasonable model predictions down to about 1 Hz, below which 
the number of spectra is greatly reduced because of increasing noise levels. Figure 2-13 shows the 
corresponding plot for CEUS M 5 comparisons. The models capture the shift in shape to higher 
frequency but overpredict for frequencies above about 20 Hz. As with the M 6 comparison, the 
low frequencies are enveloped by the two models. Since the M 5 statistical shape reflects the same 
Nahanni earthquake sequence with two aftershocks, model departures from observations are not 
considered particularly significant.  

These comparisons to CEUS statistical shapes point out the quandary in estimating strong ground 
motions in the CEUS. Sufficient recordings at close distances (_ 50 km) for earthquakes of 
engineering significance (M > 5) are not available to unequivocally distinguish between plausible 
models.  
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Table 2-1 

KAPPA VALUES FOR "AVERAGE" SITE CONDITIONS IN WUS AND CEUS* 

Tectonic "Average" Site N+ Median Kappa Y Range of Kappa for This 
Condition (sec) Site Condition (sec) 

WUS Hard rock 11 0.026 0.58 0.010 - 0.060 

Weathered 9 0.035 0.52 0.015 - 0,100 
hard rock 

Soft rock 15 0.045 0.51 0.015 - 0.080 

Sheared rock 4 0.062 0.41 0.040 - 0.120 

Combined 39 0.037 0.59 0.010 - 0.120 

CEUS Hard rock 16 0.007 0.42 0.004 - 0.016 

Soft rock 3 0.017 0.09 0.015 - 0.018 

Sheared rock 1 0.025 0.025 

Combined 20 0.008 0.55 0.004 - 0.025 

* Based on template fits using spectral shapes (Silva and Darragh, 1995) 

+ Number of records 

"Average" Site Condition is defined as: 

Hard Rock: WNA as granite, schist, carbonate, slate 
ENA as granitic pluton, carbonate, sites in Canadian Shield region (Saguenay, New 
Hampshire).

Weathered 
hard rock: WNA as weathered granitic rock and tonalite

Soft rock: WNA as sandstone and breccias 
ENA as sandstone and claystone 

Sheared rock: WNA as site near fault zone (Gilroy #6) or greenstone site in Franciscan 
(Redwood City, Hayward).  
ENA as site near fault zone (Nahanni River Site #1)
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Table 2-2 

POINT-SOURCE PARAMETERS 

WUS CEUS 

Au (bars) 65 120 

kappa (sec) 0.040 0.006 

Q. 220 351 

S0.60 0.84 

1 (km/sec) 3.50 3.52 

p (g/cc) 2.70 2.60 

Amplification soft rock (Figure 2-3) hard rock (Figure 2-3) 

Double Corner Atkinson and Silva (1997) Atkinson (1993)
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Figourc 2- 1. Comparion of response spectral shapes (SAtIPGA. 51.4 damping) between CEUS 
(dashed line), and WUS (solid line) crustal conditions tIbr earthquakes recorded at rock sites: M 
634, (upper) and M 5ý4 (lower.
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Figure 2-4. Response spectral shapes (SA/PGA, 5% damping) computed for M 6.5 at a 
distance of 25 km for a suite of kappa values using WUS parameters (Table 2-2). The lowest 
kappa value shows the highest high-frequency amplification, the highest kappa value shows 
the highest low-frequency amplification.
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amplitudes.
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Figure 2-6. Response spectral shapes (SA/PGA, 5% of critical damping) computed for M 6.5 
at a distance of 25 km for a suite of stress drop values using VWUS parameters (Table 2-2).  
Spectral shapes reduce with increasing stress drop, beginning with 32 bars.
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increase with increasing stress drop, beginning with 32 bars.
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3 TIME HISTORY DATABASE FOR ANALYSES

The time history database provides a suite of motions for structural and soil column analyses. For 
this intended use, it is assumed the motions will undergo a scaling or matching process to the desired 
hazard levels (Section 5). The parceling of time histories into magnitude and distance bins provides 
implicit guidelines on the amount of recommended scaling.  

In addition to the magnitude and distance bins, an additional screening is done on duration for WUS 
records. This duration screening results in time histories that are expected to be unbiased in time 
domain characteristics that affect nonlinear structural or soil column analyses. Since a robust measure 
of duration that is significant to nonlinear structural analysis eludes quantification, the duration criteria 
are not imposed in a strict manner. The magnitude and distance bins and the duration criteria are 
discussed in Section 3-1.  

The library of time histories for analysis is intended to rely on recorded motions for WUS conditions.  
While the field of modeling has progressed significantly in the last few years as a direct result of the 
increase in the number of recordings and an emphasis on thorough validations (Appendix D), 
uncertainties remain as to whether purely synthetic records reflect appropriate phasing between 
components, frequency-to-frequency variations, and effects of rupture directivity. This is a significant 
issue for the CEUS because that region has not produced many records, particularly for magnitude
distance combinations of relevance to engineering design. To preserve as much of the natural 
attributes of recorded motions as possible, we recommend using the WUS bin records as inputs to 
CEUS spectral matching analyses. To assist this process, the CEUS analysis time history bins have 
been supplemented with scaled WUS recordings taken from the WUS bins. The scaling process 
involves computing response spectral transfer functions for WUS rock to CEUS rock and for WUS 
deep soil to CEUS deep soil. The scaling process uses the single-comer-frequency point-source 
model (Appendices D and K). The transfer functions for horizontal and vertical motions are then 
applied to the WUS empirical rock and soil bin spectra. This process results in scaled CEUS target 
spectra, and the WUS bin records are then used as input to a weak spectral matching process (Silva 
and _ee, 1987). This process results in fully populated CEUS rock and soil bins, supplemented with 
hybrid empirical records that maintain realistic phase and amplitude relationships between components 
and realistic frequency-to-frequency variability. The supplemental bin records should be used only 
as inputs to additional scaling or matching procedures and are not intended to be used to develop 
CEUS spectral shapes or spectral levels.  

For CEUS single-comer-frequency source models, the main difference betweenWUS and CEUS rock 
motions is at high frequency (> 5 Hz, Figure 4-10) and the issue in fitting CEUS spectra is the ability 
of the matching process to sufficiently scale up the high frequencies. The double-comer CEUS 
shapes are similar to the single-comer but incorporate a broad spectral sag. At very low frequency 
the two shapes are the same because they reflect similar M (or seismic moments). Spectral matching 
or scaling empirical WUS motions to double-comer CEUS spectra thus presents issues similar to 
matching CEUS single-corner spectra. Examples of this process are presented in Section 3.2.
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An aspect of the resulting CEUS time histories that is largely lost in the scaling approach is the 
observed general increase in durations over corresponding WUS rock time histories (Atkinson, 1995).  
Since too few records exist of sufficiently large magnitudes and distances to be of engineering 
significance, an assessment of differences in durations between WUS and CEUS conditions and their 
corresponding effects on engineering analyses is currently not available. Users of this time history 
database in applications to CEUS conditions may wish to select the longer duration records from the 
bins as a sensitivity analysis. This is the type of test that was envisaged in populating one bin (Table 
3-3) with 30 three component sets of time histories. Appendix B contains the WUS and CEUS 
analysis time history catalog, and separate CD ROMs contain the analysis time histories (acceleration, 
velocity, and displacement time histories) and the 5% damped response spectra and durations 
(Section 3.2).  

3.1 Site Conditions For Time Histories 

Site conditions for the time history database consist of soft rock and firm soil for WUS motions. A 
convenient site categorization scheme that has been applied to most of the strong motion sites in the 
US and many abroad is shown in (Table 3-1). Categories A and B are considered appropriate for soft 
rock and categories C and D for deep firm soil site conditions. The soft rock site conditions for the 
time histories are consistent with the corresponding site conditions for the response spectral shapes 
(Section 4).  

For CEUS deep (> 300m) soil conditions, the use of corresponding WUS deep soil motions is 
appropriate because the time histories are intended as inputs to scaling or matching processes.  
Additionally, deep firm soils (both cohesive and cohesionless) located in the CEUS are not considered 
to be fundamentally different in dynamic material properties from similar soils located in the WUS.  
Therefore the CEUS soil motions will be more similar to WUS deep soil motions than corresponding 
rock motions (Section 6). While the input motions (base of soil and rock outcrop) may be very 
different between WUS and CEUS conditions, the filtering properties of deep soils significantly 
reduce the differences. This expectation is strengthened by the observation of possibly similar double 
corner source spectra in both WUS and CEUS motions that is manifested much more subtly in the 
WUS due to larger crustal amplification (Section 2).  

3.2 Magnitude and Distance Bins for Time Histories 

Magnitude and distance bins reflect expected differences in spectral shapes and in time domain 
characteristics (e.g. duration) that may be of potential significance to engineering analyses. Bin 
centers and widths control the maximum scaling of records within a bin by a constant factor to adjust 
for magnitude and distance differences without compensating for changes in spectral shapes. The bin 
widths also minimize the use of motions with inappropriate time domain characteristics. Continuous 
scaling approaches would accommodate potential changes in response spectral shapes (Section 3.3; 
Carballo and Cornell, 1998), particularly for differences in magnitudes (record-to- target) larger than 
about 1/2 unit in magnitude.  

The distance and magnitude bins are listed in Table 3-2. The distance bins are broadly separated into 
near-source (0 to 10 km fault rupture distance) and beyond (> 10 km). Near-source conditions may
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be strongly magnitude (source size) and mechanism dependent and may extend beyond 10 kIn, 
particularly for large (M > 7) sources. However, the objective here is to capture the overall shorter 
durations displayed by close-in records and the potential pulse-like low-frequency characteristics of 
rupture toward a site, both of which are strongly prominent at very small fault distances.  

Because duration of shaking may play a significant role in many structural and soil analyses, we apply 
duration criteria to the magnitude and distance bins. Duration of shaking, expressed as a number of 
uniform stress cycles, has an influence in the generation of excess pore pressure in soils. This excess 
pore pressure affects the soil's capacity for failure. The duration definition selected here, which is 
the time for the cumulative energy (Arias, 1969; Husid, 1969; Dobry et al., 1978) to grow from 5% 
to 75% of its total value, has been shown to correlate with inelastic structural response for stiff 
systems (Kennedy et al., 1984). While not being strictly applicable to a duration measure controlling 
soil deformation, the selected criteria will restrict ranges in time domain characteristics to those that 
are representative of bin averages.  

We use a recently developed empirical relation for WUS strong ground motions to represent the bin 
average of the 5% to 75% cumulative Arias intensity. The empirical relation is described in Appendix 
I and is plotted in Figures 3.1 to 3.3 for M 5.5, 6.5, and 7.5, respectively. In the figures, the vertical 
bars represent + 1 sigma ranges, with the distance bins (0 to 10 km, 10 to 50 km, 50 to 100 kIn, 100 
to 200 kIn) spanned by the horizontal dashed lines. Duration ranges for the M and R bins are taken 
as + 50% (log additions) of the expected median values (solid lines) evaluated at the average (log) 
bin distance interval (Table 3-2). Liberal duration ranges are considered appropriate because a 
definitive, causative relationship between strong motion duration and structure and soil response has 
not yet been quantitatively established. The selected duration criteria for the magnitude and distance 
bins are represented by the areas enclosed by the dashed lines in Figures 3-1 to 3-3.  

To allow a reasonable statistical interpretation of structural and soils analyses, a target number of 
three-component sets of time histories was set at 15. This number represents a reasonable 
compromise, allowing the bins to be fully populated with recorded motions (WUS) but not making 
the bins overly wide in magnitude or distance range. For each of the bins, the numbers of three 
component recordings are listed in Tables 3-3 and 3-4 for WUS and CEUS respectively, along with 
bin average magnitudes and distances. The WUS records were selected from the WUS strong motion 
catalog (Appendix A) by applying the bin criteria and then randomly selecting subsets of 15 (for bins 
that exceeded 15 three component sets). The duration criteria were applied to the log average 
duration of the two horizontal components. Since the M 5.5, 0 to 10 km bin was sparsely populated 
and near-source effects are not considered significant for M 5 to M 6 earthquakes, the 0 to 10 km 
and 10 to 50 km distance bins were combined into a single 0 to 50 km bin. Also, to provide a bin for 
assessing the effects of the number of records on the statistical stability of analysis results, the number 
of three-component sets in the M 6.5, 10 to 50 km rock bin was increased from 15 to 30. For the 
large-magnitude (M > 7+), close distance (0 to 10 kIn) bin, an effort was made to include sites that 
recorded both forward and backward directivity. For the soil records, sufficient data are available 
and the number of sets was increased to 18. Because the magnitude of the 1995 Kobe earthquake 
is near M 7 (M 6.9), the soil site Takarazuka, at the end of the rupture (maximum directivity), is 
included in two magnitude bins (M 6 to 7 and M 7+). The large magnitude (M 7+) close distance 
(0 to 10 km) rock records are dominated by motions obtained during the 1999 Chi Chi earthquake.
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To reduce the number of Chi Chi records in this bin and because uncertainty exists regarding site 
classification, several M 6.9 rock site records were added. These include the sites BRN, CLS, and 
LGPC for the 1989 M 6.9 Loma Prieta earthquake, site GAZ for the 1976 M 6.8 Gazli earthquake, 
and sites KBU and KJM for the M 6.9 1995 Kobe earthquake. Also, the M 6.8 Gazli earthquake is 
included as both WUS and CEUS. The earthquake was recorded at only one rock site and its 
horizontal component spectra peak near 10 Hz, so it is considered intermediate between WUS and 
CEUS rock (Figure 2-8) (Silva and Darragh, 1995).  

3.3 WUS to CEUS Scaling 

To illustrate the process of scaling the WUS analysis time histories to CEUS conditions, an example 
is presented for the M 6.5, R = 0 to 10 kin, rock site bin (Table 3-5).  

3.3.1 WUS to CEUS Transfer Functions 

The WUS to CEUS transfer functions were computed for rock conditions (going from soft rock in 
the WUS to hard rock in the CEUS, see Figure 2-2) and for deep soil conditions (Silva, 1997), for 
both horizontal and vertical components of motion. Because of nonlinear site response, the 
horizontal-component transfer functions are magnitude and distance dependent. A linear site response 
model (Silva, 1997; EPRI, 1993) was used for vertical components, but the transfer functions still 
vary with magnitude and distance because of incidence angle variation with both source depth and 
distance (Tables 2- 1 and 2-2 show WUS and CEUS point-source parameters, respectively). For M 
6.5, an example suite of median transfer functions is shown in Figure 3-4. The transfer functions for 
rock (both horizontal and vertical) show peaks at high frequency, which are consistent with the 
expected high frequency peak in CEUS hard rock spectral acceleration. For the horizontal 
component transfer functions for deep (> 300m) soil sites, Figure 3-4 suggests similar WUS and 
CEUS response spectra at high loading levels (amplification near unity). Soil nonlinearity evidently 
masks the differences in frequency content between WUS soft rock and CEUS hard rock control 
motions (Silva and Darragh, 1995: Silva, 1991). Similar trends are seen in the M 5.5 and M 7.5 
transfer functions, where magnitudes were selected to be equal to the analysis time history bin center 
magnitudes (Table 3-5). Distances at which the transfer functions were computed (1, 5, 30, 75, and 
130 kin) span the range of bin mean distances. The transfer function closest to the actual site-to
earthquake rupture distance was used to transform a WUS record to a CEUS record.  

3.3.2 Example Case: M 6.5, R = 0 to 10 km, Rock Bin 

For this example we selected the north (000) component of the Los Gatos Presentation Center 
(LGPC) site, which recorded the 1989 M 6.9 Loma Prieta earthquake. The site is located at a closest 
rupture distance of 6.1 km (Appendix A) and reflects WUS rock conditions. The north component 
acceleration and (processed) velocity and displacement time histories are shown in Figure 3-5, and 
the response spectra shown in Figure 3-6, for all three components. To scale this recording to CEUS 
hard rock conditions, the response spectrum is multiplied by the appropriate transfer function (Figure 
3-4) to produce a CEUS hard rock target. The original WUS soft rock recording is then used as an 
input (basis) motion to a weak matching process (1 to 2 iterations). The resulting time history is 
shown in Figure 3-7, with the scaled CEUS hard rock response spectra shown in Figure 3-8, for all
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three components. Comparing the WUS and CEUS time histories in Figures 3-5 and 3-7 
respectively, the effects of scaling are mostly apparent in acceleration, dramatically increasing the 
frequency content and level of motion. The amplitudes and frequency contents of the velocity and 
displacement time series remain largely unaltered, as most of the amplification is at frequencies 
exceeding about 3 Hz (Figure 3-4). The scaled response spectra (Figure 3-8) reflect the shift in peaks 
from about 3 Hz for horizontal components and 10 Hz for the vertical component for WUS soft rock 
(Figure 3-6) to about 20 Hz and 30 Hz respectively, for CEUS hard rock site conditions. The 
frequency-to-frequency variation is largely unchanged. The low-frequency (• 2 Hz) spectra are 
essentially unaltered in this process, preserving attributes of near-source records such as differences 
between fault normal and fault parallel components and the effects of rupture directivity on the 
average horizontal and vertical components.  

Although the low-frequency response spectra remain largely unaffected by the scaling process, high
pass filtering of the scaled records at 0.1 Hz can affect the character of the velocity and displacement 
time histories. The filters applied to the scaled records consist of causal four-pole Butterworth filters, 
high-pass at 0.1 Hz and low-pass at 62.5 Hz. The filters are applied to each record and are intended 
to remove any spurious effects of the scaling and fitting process well outside the general frequency 
range of interest, 0.5 to 25 Hz. Causal filters are desirable because they minimize the potential effects 
of distortion due to wraparound of the filter transients. However, there may potentially be 
undesirable consequences of causal high-pass filters. The character of low-frequency time histories 
such as velocity and displacement may be altered as a result of the process. Comparing the velocity 
and displacement time histories for WUS soft rock and CEUS hard rock in Figures 3-5 and 3-7 
respectively, differences in characteristics are apparent. Although the amplitudes are nearly the same, 
the initial peaks have sign reversals in the velocity records, and the largely single-sided WUS 
displacement time history near 8 sec has become a double sided pulse. While differences in the 
velocity records are not likely to result in significantly different structural demands at intermediate 
frequencies, the differences in displacements may be an issue in structural analyses. The double-sided 
pulse resulting from the causal filters may produce larger demands on long-period structures than the 
single-sided pulse, because there are more cycles and larger positive-to-negative excursions in 
displacement. This is only an issue for close-in (near source) short duration records and can be 
corrected by removing the causal filter and applying an appropriate acausal filter. Figure 3-9 
illustrates the results of this process and shows both velocity and displacement time histories scaled 
to CEUS conditions. These records have very similar characteristics to those from the original 
processing (Figure 3-5). In this case the modulus of the Butterworth filter was applied in the 
frequency domain. Figure 3-10 compares the response spectra computed from the two time histories, 
filtered with a causal and with an acausal four-pole Butterworth high-pass filter, showing little 
difference between the two.  

3.4 Matching WUS Time History to CEUS Spectrum 

To demonstrate the process of closely matching a WUS motion to a CEUS spectral target, typical 
10- rock UHS are used as targets, and the rock site Ferdows record from the 1978 M 7.4 Tabas 
earthquake is used as a WUS input motion (bin M 7+, distance 50 to 100 km rock; Table 3-3). The 
two target spectra are shown Figure 3-11. The spectra illustrate the large differences in WUS and
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CEUS spectral amplitudes and shapes, reflecting differences in both hazard environment and in strong 
motion generation and wave propagation between the two regions.  

Figure 3- 12 shows the result of matching the WUS record to the WUS UHS, and Figure 3-13 shows 
the resulting time histories. The fit is acceptably close and the resulting time histories, as expected, 
are realistic in acceleration as well as integrations to velocity and displacement. Figure 3-14 shows 
the spectral match for the CEUS. Using the original sample internal of 0.02 sec, with a Nyquist 
frequency of 25 Hz, results in the low spectral values between 25 and 100 Hz (dashed line in Figure 
3-14) and a low peak acceleration of 0.269g (target = 0.298g). Interpolating the record to 200 
samples per second results in an improved match beyond 25 Hz and at peak acceleration. The 
resulting time histories are shown in Figures 3-15 and 3-16 for the two sample intervals (0.02 sec and 
0.005 see). The time histories are nearly identical and are comparable in overall shape to those 
resulting from the WUS match (Figure 3-13). The comparison of the corresponding Fourier 
amplitude spectra is shown in Figure 3-17. The result of matching to WUS and CEUS targets largely 
reflects a broad-band scale factor applied to the Fourier amplitude spectrum of the recorded motion.  
Decreasing the sample interval actually lowers the Fourier amplitude spectrum near 25 Hz as 
additional energy is available beyond 25 Hz for the higher frequency oscillators. The 25 Hz Fourier 
amplitude value for the 0.02 sec CEUS spectral match has the largest amplitude of all frequencies, 
suggesting an aliased record. Although this is not obvious in comparing Figures 3-15 and 3-16, the 
time history obtained using a higher Nyquist frequency (Figure 3-16) shows overall larger 
accelerations than the record with a sample interval of 0.02 sec. This may be a consequence of 
aliasing, however one would normally expect enhanced motions at frequencies below the Nyquist (25 
Hz). Overall, these comparisons indicate that WUS motions can be used as inputs to matching CEUS 
spectra provided the sample interval reflects a Nyquist frequency (,§ = [2 At] 1) of at least 100 Hz.  
As a corollary, CEUS records could be used as input to matching WUS targets as well.  
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Table 3-1 

GEOTECHNICAL SUBSURFACE CHARACTERISTICS 

A = Rock. Instrument on rock (Vs > 600 mps) or < 5m of soil over rock.  

B = Shallow (stiff) soil. Instrument on/in soil profile up to 20m thick overlying rock.  

C = Deep narrow soil. Instrument on/in soil profile at least 20m thick overlying rock, in a 

narrow canyon or valley no more than several km wide.  

D = Deep broad soil. Instrument on/in soil profile at least 20m thick overlying rock, in a broad 

valley.  

E = Soft deep soil. Instrument on/in deep soil profile with average Vs < 150 mps
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TFor M 5.5 bin, too few records were available for 0-10 km, so distance bins 0-10 km and 

10-50 km were combined to 0-50 km 

"**5% - 75% total cumulative Arias Intensity 

"***CEUS only
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Table 3-2 

MAGNITUDE AND DISTANCE BINS AND DURATION CRITERIA

Duration (sec)** 

M R (km) Rock Soil 

5.5 (5 -6) 0 - 50* 1. 1 - 3.6" 1.6 - 4.8" 

50- 100 3.6-8.2 2.9- 6.4 

6.5(6-7) 0-10 2.6-5.8 3.1- 7.0 

10-50 3.1-7.0 3.6- 8.2 

50- 100 5.1- 11.6 5.7- 12.8 

100-200 8.1 - 18.3 8.7- 19.5 

200 - 400*** 

7.5 (7+) 0- 10 6.1 - 13.8 6.6- 15.0 

10- 50 6.6- 14.0 7.2- 16.1 

50- 100 8.7- 19.5 12.2- 27.5 

100-200 11.7-26.3 16.2-36.5 

200 - 400"' _



Table 3-3 

WUS TIME HISTORY BINS 

M M R (km) R (km) Number of sets 

5-6, 5.50 0-50 17.29 15 

rock 6.00 50-100 64.88 15 

5-6, 5.77 0-50 16.97 15 

soil 5.75 50-100 64.38 15 

6-7, 6.53 0-10 6.00 15 

rock 6.39 10-50 31.29 30 

6.38 50-100 66.12 15 

6.66 100-200 89.03 15 

6-7, 6.58 0-10 5.74 18 

soil 6.41 10-50 27.83 15 

6.57 50-100 67.10 15 

6.64 100-200 131.53 15 

7+, 7.25 0- 10 5.83 15 

rock 7.38 10-50 31.48 15 

7.49 50- 100 76.88 15 

7.49 100-200 135.03 15 

7+, 7.40 0-10 4.62 21 

soil 7.47 10-50 29.60 15 

7.53 50- 100 68.79 15 

7.44 100-200 134.73 15
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Table 3-4 

CEUS TIME HISTORY BINS

M M R (km) R (km) Number of sets** 

4.5* - 6, 5.50 0- 50 17.29 0 (15) 

rock 5.85 50- 100 78.34 8 (7) 

4.5* - 6, 5.69 0 - 50 18.81 1(14) 

soil 5.66 50 - 100 64.99 2 (13) 

6-7, 6.53 0-10 6.18 2(14) 

rock 6.32 10 - 50 28.58 1 (14) 

6.38 50 - 100 66.12 0 (15) 

6.66 100 - 200 89.03 0 (15) 

6-7, 6.58 0-10 5.74 0(18) 

soil 6.41 10-50 27.83 0(15) 

6.57 50 - 100 67.10 0 (15) 

6.64 100 - 200 131.53 0 (15) 

7+, 7.25 0- 10 5.83 0 (15) 

rock 7.38 10-50 31.48 0(15) 

7.49 50 - 100 76.88 0 (15) 

7.49 100-200 135.03 0(15) 

7+, 7.40 0-10 4.62 0(21) 

soil 7.47 10-50 29.60 0(15) 

7.53 50 - 100 68.79 0 (15) 

7.44 100- 200 134.73 0 (15)
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Table 3-5 

WUS ANALYSIS TIME HISTORY STATISTICS

Mamnitude Bins (M) 
W Bin Center 

5-6 5.5 
6-7 6.5 
7+ 7.5 

Distance bin (Iam) M R Number PGA*(g), PGV*(cm/sec), PGD*(cm), PGV cm/sec PGA PGD* 
(km) of sets (PGA g PGV2 

0 - 10, rock 6.53 6.00 15 0.46, 0.64 36.63, 0.74 7.63, 0.89 79.35, 0.35 2.57, 0.41 
7.25 5.83 15 0.39, 0.73 53.74, 0.73 22.86, 0.65 138.42, 0.58 3.01, 0.52 

0 - 10, soil 6.58 5.74 18 0.41, 0.46 54.65, 0.51 19.61, 0.65 132.40, 0.43 2.66, 0.40 
7.40 4.62 21 0.34, 0.50 69.89, 0.44 50.15, 0.70 205.72, 0.44 3.42, 0.42 

10 - 50, rock 6.39 31.29 30 0.11,0.70 7.40,0.79 1.61, 1.22 68.62,0.52 3.11,0.53 
7.38 31.48 15 0.15,0.90 17.88, 0.88 9.27, 1.37 115.67, 0.68 4.40, 0.58 

10 - 50, soil 6.41 27.83 15 0.14, 0.64 10.37, 0.73 2.46, 1.20 71.79, 0.33 3.24, 0.50 
7.47 29.60 15 0.16, 0.58 27.48, 0.74 18.28, 0.78 172.30, 0.27 3.79, 0.51 

50 - 100, rock 6.00 64.88 15 0.05, 0.38 2.27, 0.55 0.23, 0.83 42.01, 0.44 2.37, 0.58 
6.38 66.12 15 0.04, 0.54 2.75, 0.61 0.51, 1.02 69.38, 0.41 2.64, 0.51 
7.49 76.88 15 0.06,0.37 7.18, 0.57 5.68, 0.96 119.02, 0.46 6.52, 0.36 

50 - 100, soil 5.75 64.38 15 0.06, 0.78 3.22, 0.70 0.36, 0.87 50.33, 0.22 2.20, 0.40 
6.57 67.10 15 0.06, 0.57 5.72, 0.60 1.33, 0.75 93.72, 0.39 2.44, 0.62 
7.53 68.79 15 0.07, 0.53 12.15, 0.52 7.33, 0.88 178.14, 0.49 3.32, 0.46 

100 - 200, rock 6.66 89.03 15 0.03, 0.87 2.86, 0.55 1.05, 0.63 101.82, 0.54 3.55, 0.38

*Median values
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Table 3-5 (cont.) 

WUS ANALYSIS TIME HISTORY STATISTICS 
Magnitude Bins (M) 

g Bin Center 

5-6 5.5 

6-7 6.5 

7+ 7.5 

PGV* (cm/sec PGA PGD* 
Distance bin (km) M R Number PGA*(g), PGV*(cm/sec), PGD*(cm), PGA g PGV2 

(kIn) of sets oGn o11 o11 
Gin Gin 

100 - 200, rock 7.49 135.03 15 0.03, 0.34 5.78, 0.64 3.83, 1.05 177.22, 0.48 3.67, 0.61 

100 - 200, soil 6.64 131.53 15 0.03, 0.78 3.22, 0.59 0.92, 0.94 97.91, 0.51 2.86, 0.41 

7.44 134.73 15 0.05, 0.39 7.75, 0.40 4.91, 0.55 166.48, 0.26 3.73, 0.61 

0 - 50, rock 5.50 17.29 15 0.16, 0.92 7.52, 0.99 0.76, 1.28 45.92, 0.41 2.17, 0.33 

0 - 50, soil 5.77 16.97 15 0.20, 0.43 10.83, 0.54 1.31, 0.79 53.32, 0.26 2.22, 0.25 
*Median values



Table 3-6 

CEUS ANALYSIS TIME HISTORY STATISTICS
Magnitude Bins (M) 

Range Bin Center 

5-6 5.5 

6-7 6.5 
7+ 7.5 

Distance bin M R Number PGA*(g), PGV* (cm/sec), PGD*(cm), PGV*(cm/sec), PGA • PGD*, 

(Ian) (kim) of sets a, Gyin , a1n otn 

O - 10, rock 6.53 6.18 2(14) 1.16, 0.66 39.74, 0.66 7.84, 0.94 34.37, 0.42 5.63, 0.45 

7.25 5.83 0(15) 0.89, 0.90 58.40, 0.40 22.33, 0.57 65.84, 0.67 5.70, 0.45 

O - 10, soil 6.58 5.74 0(18) 0.61, 0.44 59.36, 0.49 18.56, 0.62 97.46, 0.36 3.15, 0.34 

7.40 4.62 0(21) 0.38, 0.54 59.38, 0.42 31.90, 0.59 156.54, 0.39 3.36, 0.36 

10 - 50, rock 6.32 28.58 1 (14) 0.25, 0.78 7.95, 0.62 1.70, 0.99 31.75, 0.51 6.58, 0.70 

7.38 31.48 0(15) 0.34, 0.94 19.85, 0.83 9.17, 1.14 58.24, 0.72 7.78, 0.63 

10 - 50, soil 6.41 27.83 0(15) 0.30, 0.61 15.33, 0.74 2.83, 1.08 51.74, 0.35 3.49, 0.47 

7.47 29.60 0(15) 0.23, 0.57 29.58, 0.72 13.86, 0.98 128.74, 0.27 3.57, 0.35 

50 - 100, rock 5.85 78.34 8(7) 0.06, 1.41 1.24, 1.40 0.10, 1.57 21.28, 0.36 3.61, 0.50 

6.38 66.12 0(15) 0.09, 0.55 2.99, 0.53 0.46, 0.83 32.59, 0.33 4.66, 0.52 

7.49 76.88 0(15) 0.15, 0.49 7.33, 0.50 3.98, 0.76 50.29, 0.56 10.60, 0.46 

50 - 100, soil 5.66 64.99 2 (13) 0.13, 1.20 4.74, 0.85 0.31, 1.35 37.05, 0.52 1.72, 1.18 

6.57 67.10 0(15) 0.15, 0.59 8.35, 0.58 1.43, 0.65 56.04, 0.36 3.01, 0.48

*Median values



Table 3-6 (cont.) 

CEUS ANALYSIS TIME HISTORY STATISTICS 
Magnitud Bins (M) 

Range Bin Center 

5-6 5.5 

6-7 6.5 

7+ 7.5 

Distance bin M R Number of PGA*(g), PGV*(cnmsec), PGD*(cm), PGV*(cm-sec), PGA - PGD* 

PGA g PGV2 

(Ian) (Ian) sets Gb Ob G,, Gin Gi 

50 - 100, soil 7.53 68.79 0(15) 0.12, 0.55 14.41, 0.47 5.54, 0.72 124.27, 0.47 3.03, 0.42 

100 - 200, rock 6.66 89.03 0(15) 0.08, 0.95 3.23, 0.65 0.85, 0.44 41.14, 0.47 6.29, 0.49 

7.49 135.03 0(15) 0.09, 0.32 6.85, 0.56 3.08, 0.86 72.50, 0.47 6.07, 0.39 

100 - 200, soil 6.64 131.53 0(15) 0.10, 0.80 5.56, 0.66 0.96, 0.70 56.53, 0.40 2.98, 0.45 

7.44 134.73 0(15) 0.11, 0.43 9.60, 0.44 3.77, 0.42 91.20, 0.37 4.22, 0.56 

0 - 50, rock 5.50 17.29 0 (15) 0.29, 0.96 7.24, 0.93 0.59, 1.16 24.86, 0.41 3.20, 0.27 

0-50, soil 5.69 18.81 1(14) 0.31, 1.09 11.12, 1.21 1.01, 1.37 36.31, 0.27 2.46, 0.34 

*Median values
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Figure 3-1. Example of duration bin criteria for M 5.5 bin and rock site conditions. Solid line is 
WUS empirical relation for 5 to 75% Arias Intensity (Appendix I) and X's reflect +la fractiles.  
Boxes represent +50% duration bin (horizontal dashes) and distance bins: 0 to 10 kin, 10 to 50 kin, 
50 to 100 kmn, 100 to 200 km (vertical dashes).
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spectra) computed for M = 6.5 and a suite of distances.  
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Figure 3-5. Acceleration, velocity, and displacement time histories from the 1989 M Loma Prieta 
earthquake recorded at the Los Gatos Presentation Center site (component 000), rupture distance 
of 6.1 km.
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Figure 3-6. Response spectra (5% damping) for the motions recorded at site LGPC from the 
1989 M 6.9 Loma Prieta earthquake.
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Figure 3-7. Acceleration, velocity, and displacement time histories from the 1989 M 6.9 Loma 
Prieta earthquake (Figure 3-5) scaled to CEUS hard rock site conditions.
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Figure 3-8. Response spectra (5% damping) for the recorded motions from the 1989 M 6.9 Loma 

Prieta earthquake (Figure 3-7) scaled to CEUS hard rock conditions.
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Figure 3-9. Acceleration, velocity, and displacement time histories from the 1989 M 6.9 Loma Prieta 
earthquake (Figure 3-5) scaled to CEUS hard rock site conditions, acausal high-pass filter.
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Figure 3-10. Comparison of 5% damped response spectra computed from scaled CEUS records to 

causal and acausal high-pass filters with 0.1 Hz comer frequencies. Corresponding time histories are 

shown in Figures 3-7 and 3-9 respectively.
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Figure 3-11. Comparison of 5% damped rock outcrop IJHS spectra for CEUS and WUS conditions.
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Figure 3-14. Spectral match of WUS record to CEUS target: 10- rock UHS using two sample 
intervals, 0.02 sec and 0.005 sec.
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4 DEVELOPMENT OF DESIGN RESPONSE SPECTRAL SHAPES 

In this section we document the recommended spectral shapes for both WUS (soft rock) and CEUS 
(hard rock) for 5% of critical damping. Recommendations for other damping levels are discussed in 
Section 4.8. For crustal earthquakes, the shapes are valid for moment magnitudes ranging from M 
4 to M 8. For applications to subduction zone events (i.e. the Cascadia subduction zone) the 
shapes are valid up to M 9. The possible effects of mechanism and near-source conditions on the 
base shapes are discussed in Section 4.6.  

In developing spectral shapes, three issues of particular significance arise: (1) selection of an 
appropriate normalization frequency and fractile level, (2) the paucity of data in the CEUS for M > 
4.5, and (3) the likelihood that CEUS earthquake source processes for magnitudes larger than about 
M 6 produce significantly less intermediate frequency energy than corresponding WUS source 
processes (see Section 2 and Appendix D).  

The first issue, selection of an appropriate normalization frequency and fractile level, is complicated 
somewhat by the desirability of having the fractile level uniform across frequency. This uniformity 
is highly desirable, as it is implicit in maintaining risk consistency (Section 7) or a constant level of 
conservatism in design analyses. Unfortunately, strong ground motions in the WUS (the tectonic 
regime with the most complete database in terms of magnitude and distance ranges) are characterized 
by a frequency-dependent, as well as magnitude-dependent, variability. Regression analyses on WUS 
strong ground motion data generally show empirical scatter (variation about the median) that 
decreases with increasing frequency (Abrahamson and Shedlock, 1997). This variability also 
decreases with increasing magnitude (Youngs et al., 1995) or ground motion amplitude (Campbell, 
1993), particularly for M ', 6. These statistical properties are likely real and stable, not reflecting 
spurious trends due to a sparse sample size. They are probably related to fundamental physics of 
earthquake source, path, and site processes and can reasonably be expected to occur in the CEUS 
as well as the WUS.  

The second issue relevant to developing response spectral shapes for the CEUS, the paucity of strong 
motion data, precludes a purely statistical approach to developing shapes. The direct effect of a small 
sample size is the necessity of using physical models, resulting in a significantly higher uncertainty in 
the shapes for applications to CEUS sites.  

The third issue is driven largely by the lack of CEUS data for M z 6 and contributes substantially to 
the larger uncertainty in CEUS shapes: the possibility that source processes in tectonically stable 
regions emit less intermediate frequency energy than corresponding sources in active regions (WUS).  
This difference in spectral content manifests itself seismologically in a second comer frequency 
(Section 2), which results in response spectral shapes that contain a well- developed spectral sag in 
a frequency range (near 1 Hz) that varies with magnitude. WUS sources do not show such a well
developed spectral sag, and it is not reflected in empirical attenuation relations. Recent studies, 
however, suggest that the sag may be present in a much more subtle form, being obscured (filled in) 
by amplification due to generally softer crustal rocks in the WUS as compared to CEUS crustal 
conditions. Theoretically this is appealing, suggesting an intrinsic commonality between WUS and 
CEUS source processes, although there is no compelling argument to prove this should be the case.
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The possibility of commonality does not increase our confidence (lower the level of uncertainty) in 
CEUS shapes because the current state of knowledge does not reflect a high level of confidence in 
the physical process that produces a stable and predictable spectral sag for large magnitude (M > 6) 
earthquakes. As a result, until more CEUS data become available for M > 6 earthquakes, some 
uncertainty will exist as to the appropriateness and degree of sag in CEUS spectral shapes. The 
perspective taken in developing shapes for the CEUS is not to attempt resolution of this issue, but 
to produce spectral shapes using models that reflect both possibilities, i.e., with and without an 
intermediate-frequency spectral sag.  

4.1 Approach 

The overall approach taken to define response spectral shapes applicable to WUS and CEUS 
conditions is to rely as much as possible on recorded strong ground motions. These motions are 
supplemented, where necessary, by ground motion estimates from well-validated theoretical models.  
This approach will result both in confidence in the use of the spectral shapes as well as reasonable 
stability over time because the theoretical estimates will provide a guide where data are sparse, and 
will avoid fluctuations in empirical approaches caused by many data from one event.  

To develop shapes appropriate for the WUS that incorporate magnitude and distance scaling, a suite 
of empirical attenuation relations were used and their estimates were averaged for a set of magnitude 
and distance bins. The empirical relations were weighted based on a goodness of fit evaluation 
(Section 4.4) with statistical shapes (Kimball, 1983). The statistical shapes are computed for the 
magnitude and distance bins from recorded motions listed in the strong motion catalog (Appendix 
A). The use of empirical relations rather than the statistical shapes directly (Mohraz et al., 1972; 
Newmark et al., 1973) provided a formalism for sampling expert opinion in smoothing, interpolation, 
and extrapolation within the poorly sampled bins and oscillator frequencies. Incorporating a robust 
weighting scheme based on how well each relation fits statistical shapes reduced bias in the selection 
of the empirical relations.  

The spectral shapes from the weighted empirical relations were then fit to a functional form with 
magnitude and fault distance as independent variables. This process resulted in an attenuation relation 
for smooth WUS shapes that was largely driven by recordings and that incorporated the knowledge 
of a number of researchers of strong ground motions. The approach of producing an attenuation 
relation for shapes has the advantage of simplicity as well, being a continuous function of magnitude, 
distance, and frequency (Section 4.4).  

For applications to the CEUS, insufficient data preclude a similar empirical approach, necessitating 
consideration of physical models. In general, reliance on model predictions for regions of sparse data 
results in increased uncertainty in the shapes. For the CEUS, this is further complicated by 
observations that strongly suggest the possibility that the spectral content in the intermediate 
frequency range for large magnitude CEUS sources is significantly different (lower) than 
corresponding WUS sources (Section 2). Because this issue is currently unresolved, consideration 
must be given to multiple CEUS spectral models.
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To minimize the dependence on models in developing CEUS spectral shapes, we used model 
predictions in the form of ratios to produce transfer functions. The transfer functions, which are 
ratios of CEUS model shapes to WUS model shapes, were then applied to the empirical WUS shapes 
to produce shapes appropriate for CEUS conditions. We then fit an attenuation relation for the 
CEUS spectral shape.  

The use of ratios of model predictions rather then model results directly minimizes the impact of 
potential model deficiencies. Another advantage of this approach is the emphasis placed on model 
validations for both WUS and CEUS conditions (Section 4.3).  

4.2 WUS Statistical Spectral Shapes 

Statistical response spectral shapes (Kimball, 1983) were developed for a suite of magnitude and 
distance bins by sampling the WUS strong motion data base (Appendix A). Shapes for 5% of critical 
damping were developed by normalizing each response spectrum by the spectral ordinate at the 
selected frequency and then averaging the scaled records within each bin. A lognormal distribution 
was assumed. The resulting suites of normalized spectra provided a basis for choosing the best 
normalization frequency and fractile level. This choice is illustrated in Section 4.2.2 below.  

4.2.1 Magnitude and Distance Bins for WUS Spectral Shapes 

Implicit in the selection of appropriate magnitude (M) and distance (fault distance, R) bins is the 
classic tradeoff of resolution and stability. In this context, resolution refers to the ability to clearly 
distinguish M and R dependencies in the spectral shapes (which is enhanced by more bins) while 
stability relates to low variability or statistical stability (which is enhanced by fewer bins, and more 
data in each bin). In terms of spectral shapes, high stability also results in the desirable feature of 
smoothness, or less variability from frequency to frequency.  

The selection of bin widths and boundaries, in addition to achieving an acceptable compromise 
between resolution and stability based upon the distribution (in M and R) of data, was also 
conditioned by knowledge of shape sensitivity to M and R. In general, the distance dependency for 
WUS spectral shapes is small (less than about 30%) within about 30 to 50 km from the source. For 
CEUS spectral shapes the corresponding distance is about 50 to 100 km (Silva and Green, 1989).  
On the other hand, near-source effects are particularly strong for fault distances within about 10 to 
15 km, particularly for vertical strike-slip mechanisms (Somerville et al., 1997). Additionally, seismic 
hazard is generally dominated by sources within about 100 km for WUS (about 200 km for Cascadia 
subduction zone sources), and within about 300 km for CEUS sources. For response spectral shapes, 
beyond about 50 km for WUS and 70 to 100 for CEUS, a factor of 2 change in distance results in 
about a 30% (factor of 1.3) change in spectral shape (Silva, 1991). With these considerations, 
distance bins of 0 to 10, 10 to 50, 50 to 100, 100 to 200 km for both WUS and CEUS shapes were 
considered appropriate with an additional bin of 200 to 400 km for CEUS shapes.  

Magnitudes of about 5 to about 8 dominate the hazard for both the WUS and CEUS (except for sites 
affected by the Cascadia subduction zone sources). While a half magnitude change in M results in 
a 30 to 50% change in PGA normalized shapes (Silva and Green, 1989; Silva, 1991) depending upon
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M and frequency, half M bins are too sparse at the larger M (M > 6.5). As a result, unit magnitude 
wide bins were selected centered on half magnitudes: M 5.5, 6.5, and 7.5 with ranges of 5 to 6, 6.01 
to 7, and 7.01 and larger. Table 4-1 shows the bins along with summary statistics. For completeness, 
statistics for soil sites (Geomatrix classifications C and D, Appendix A) were included, in addition 
to a 0 to 50 km distance bin.  

4.2.2 Development of WUS Statistical Spectral Shapes 

The first issue to resolve in developing the set of shapes for applications to WUS and CEUS 
conditions was the appropriate normalization frequency and fractile level. To approach this issue, 
median bin shapes were computed for a suite of normalization frequencies to determine the degree 
of similarity between the shapes. Figure 4.1 shows an example for the M 6.5 and D = 10 to 50 km 
bin for normalization frequencies of 0.5, 1.0,5.0, 10.0,20.0, 34.0, and 100.0 Hz (the last value being 
equivalent to PGA). The shapes were computed down to frequencies that were 125% (factor of 
1.25) of processing comer frequencies (Appendix A). This resulted in an increase in variability at 
lower frequencies as records dropped out due to noise contamination. For all seven normalization 
frequencies, the shapes were quite similar, and scaling each shape to unity at 100 Hz (PGA) 
presented a more convenient display (Figure 4.2). Similar results were obtained for the other bins 
suggesting a convenient resolution to the issue of selecting an appropriate normalization frequency.  
Since peak ground acceleration has the lowest variability among response spectral ordinates in the 
frequency range of 100.0 to 0.2 Hz (Abrahamson and Silva, 1997; Campbell, 1997, Boore et al., 
1997; Sadigh et al., 1997), it is an attractive as well as conventional normalization parameter (Seed 
et al., 1976). Similar results would be obtained if normalization were done using spectral acceleration 
at any other frequency.  

The selection of an appropriate fractile level for spectral shapes must consider the manner in which 
the shapes are to be used (Section 1). Current regulatory guidance (R.G. 1.165) recommends 
probabilistic seismic hazard evaluations for rock outcrop (or its equivalent), with coupling to 
deterministic evaluations using deaggregation of the uniform hazard spectrum (UHS), the 
deaggregation being done at several frequencies. Deterministic spectra are then scaled to the UHS 
at the deaggregation frequencies as a check on the suitability of the UHS and to provide control 
motions for site response evaluations. The deterministic spectra may be computed from the 
attenuation relations used in the UHS or may be based on the recommended spectral shapes.  
Additionally, the recommended spectral shapes may be used to evaluate existing design motions at 
the rock outcrop level. As a result, the development of median shapes is most consistent with 
intended uses, particularly in the context of UHS, where the desired hazard is appropriately set at the 
UHS exceedence level.  

The bin statistical shapes (median + 1 sigma) normalized by peak ground acceleration are shown in 
Figures 4.3 to 4.5 for rock and Figures 4.6 to 4.8 for soil.  

4.3 Ground Motion Model for Spectral Shapes 

The most desirable feature in a ground motion model for spectral ordinates is the ability to reliably 
and accurately capture magnitude, distance, and site dependencies with a minimum of parameters.
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A necessary aspect of any ground motion model implemented in engineering design practice is a 
thorough validation with recorded motions. Since all models are mathematical approximations to 
complicated physical processes, rigorous validation exercises are necessary to assess model accuracy, 
reveal strengths and shortcomings, and constrain parameter values and their uncertainties (Roblee et 
al., 1996). Ideally, a ground motion modelwill be validated over the ranges of magnitudes, distances, 
site conditions, and tectonic environments for which it is implemented. In this sense, the model is 
more an interpolative tool that can be used with a confidence level reflected in quantified validation 
exercises (Abrahamson et al., 1990; EPRI, 1993; Silva et al., 1997). While this is becoming possible 
for WUS tectonic conditions, it is clearly not the case for the CEUS (Section 2). Because of the 
paucity of recording in CEUS conditions, thorough validation exercises to assess model accuracy and 
parameter distributions are not possible. This situation necessarily results in significantly higher 
uncertainty, which can be assessed only in a qualitative manner (Appendix D).  

4.3.1 Point-Source Model 

Since response spectral shapes are intended to reflect average horizontal motions at sites distributed 
at the same fault distance from the source, the effects of source finiteness are expected to be minimal 
(Silva and Darragh, 1995). The effects of rupture directivity and source mechanism on spectral 
shapes (Section 4.6) increase the variability associated with spectral shapes at close distances (R • 
15 km) and at low frequency (5 1 Hz) but have little effect on the average shape. As a result, a 
point-source model with its attractive simplicity is appropriate. The stochastic point-source model, 
in the context of strong ground motion simulation, was originally developed by Hanks and McGuire 
(1981) and refined by Boore (1983; 1986). It has been validated in a comprehensive manner with 18 
earthquakes at about 500 sites (Silva et al., 1997) and is described in detail in Appendix D. Table 4-2 
lists the parameters used to develop the spectral shapes and transfer functions.  

For applications to the CEUS, a single significant set of observations may fundamentally increase 
uncertainty in model predictions of spectral shapes. This phenomenon was illustrated with ground 
motions generated by the 1988 M 5.8 Saguenay, Ontario earthquake. Even prior to this earthquake, 
high frequency (> 5 Hz) motions at hard rock CEUS sites were known to be significantly greater than 
motions recorded on typical WUS soft rock conditions (Section 2). A number of small earthquake 
(M _< 5) CEUS data showed this increase in high-frequency content, and less damping in the shallow 
crust (I to 2 km) of the CEUS was considered the likely cause for the difference (Silva and Darragh, 
1995). This difference was observed for the Saguenay earthquake as well as the M 6.4 1985 Nahanni 
aftershock earthquakes. However, the Saguenay earthquake also showed anomalously low 
intermediate- frequency (0.5 to 2 Hz) energy (Boore and Atkinson, 1992; Atkinson, 1993; Silva and 
Darragh, 1995). This observation along with others (Choy and Boatwright, 1988; Boatwright and 
Choy, 1992; Atkinson, 1993; Boatwright, 1994) has led to the speculation that CEUS source 
processes may possess differences from WUS source processes that result in stable and significant 
differences in intermediate frequency content for earthquakes with magnitude (M) greater than about 
5 (Atkinson and Boore, 1995; 1998). Seismologically this spectral sag may be interpreted as the 
presence of second corner frequency or change in slope of the earthquake source spectrum 
(Boatwright, 1994; Atkinson and Boore, 1998). Interestingly, recent observations have suggested 
this may be the case for WUS earthquake source as well (Silva et al., 1997; Atkinson and Silva, 
1997), but manifested in a much more subtle effect on response spectra due to differences in crustal
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conditions between WUS and CEUS (Appendix C). An example comparison of response spectra 

computed for M 6.5 at a distance of 25 km using both WUS and CEUS single-and double-corner 

frequency point- source models is shown in Figure 4.9 for shapes and Figure 4.10 for absolute spectral 
levels. The two single corner frequency shapes for the WUS and CEUS (solid lines) show large 
differences over the entire frequency range. The WUS shape exceeds the CEUS for frequencies less 
than about 10 Hz where the shapes cross. The WUS shape peaks near 5 Hz while the CEUS shape 
has a maximum amplification in the 30 to 50 Hz frequency range. These trends are very similar to 
the empirical WUS and CEUS rock site spectra shown in Section 2.  

Comparing the single- and double-corner frequency spectra for WUS and CEUS, Figure 4.9 shows 
the spectral sag significantly more pronounced for the CEUS. At low frequencies (below about 1 Hz) 
the double corner CEUS spectrum is about a factor of 3 lower than the single corner CEUS spectrum.  
Over the same frequency range, the difference between single and double comer shapes for the WUS 
is only about 10 to 20%.  

Comparing the absolute levels, Figure 4.10 shows that at low frequencies, the single-corner frequency 
model (solid lines) predicts similar motions for WUS and CEUS conditions. Peak accelerations for 
CEUS conditions are predicted to be larger than for WUS conditions, reversing the trends between 
spectral shapes (normalized by peak acceleration) and absolute spectral levels (Silva, 1991).  

Though shifted in frequency, the differences between WUS and CEUS rock site shapes are not unlike 
the differences in the WUS statistical spectra between soft rock and deep soil shown in Figure 4.11.  
This is consistent with the explanation that CEUS spectral shapes are caused by the hard crustal 
conditions found there (Appendix C).  

4.3.2 Comparison of Model Shapes to WUS Statistical Shapes 

To provide a qualitative evaluation of model performance, Figure 4.12 compares model shapes to 

WUS statistical shapes in the distance range of 10 to 50 km and for magnitudes near 5.5, 6.5, and 7.5.  
Model shapes for both single and double corner source spectra are shown illustrating the generally 

small difference between the alternative source models for WUS conditions. In general, the model 

shapes reflect the statistical shapes very well for the M 5.5 and M 6.5 bins and over-predict for the 
M 7.5 statistical shape.  

The well developed spectral sag in the M 7.5 R = 10 to 50 km statistical shape bin is also not matched 
by the empirical attenuation equations (Figure 4- 14c). Since this magnitude bin is sparsely populated 
(Table 4-1), the statistical shapes may be biased by sampling only a few earthquakes and rock sites.  
It is intriguing nonetheless that the statistical shapes for M greater than 7 at rock sites show evidence 

of a well-developed second corner frequency source spectrum. The developers of the empirical 
attenuation relations used here have chosen to ignore this observation (Section 4.4), because of the 
few data on which it is based.
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4.3.3 WUS to CEUS Transfer Functions

Using the point-source model, median spectral shapes were computed for single-corner WUS 
conditions and both double and single corner CEUS conditions using the parameters listed in Table 
4-2. Ratios of the shapes, CEUS/WUS, for a dense grid in magnitude and distance were taken to 
provide transfer functions to apply to the weighted empirical shapes (Section 4.4). An example suite 
of the transfer functions is shown in Figure 4-13.  

4.4 Design Response Spectra 

4.4.1 Western US Spectral Shapes 

The approach used to develop spectral shapes for rock site conditions appropriate for the WUS 
consisted of the following steps: 

1. Use a number of empirical strong ground motion attenuation relationships to compute 
spectral amplification values, the ratio SA/PGA for the magnitude range (5 < M < 8) and 
fault distance range (0.1 < R* < 200 kin) of interest.  

2. Develop weights to apply to the relationships based on comparisons with a common set of 
recorded strong motion data.  

3. Compute a weighted average of the empirical attenuation relationship spectral shapes for a 
dense grid of magnitude and distance pairs.  

4. Develop a functional form to define spectral amplification over the magnitude and distance 
range of interest.  

Five recently published empirical attenuation relationships were chosen to develop the spectral shapes 
for the WUS: Abrahamson and Silva (1997), Boore and others (1997), Campbell (1997), Idriss 
(1991), and Sadigh and others (1997). These relationships are henceforth referred to as A&S 97, Bao 
97, C 97, 1 91, and Sao 97, respectively. The spectral shapes predicted by these relationships are 
compared on Figure 4-14 to the statistical spectral shapes developed in Section 4.2. Note that the 
Bao 97 relationship is limited to 5.5 < M : 7.5 and R < 80 km and the C 97 relationship is limited 
to R :g 60 km. The selected attenuation relationships have 14 spectral frequencies in common: 0.2, 
0.25, 0.333, 0.5, 0.667, 1.0, 2.0, 3.33, 5.0, 6.67, 10.0, 13.33, 20, and 34 Hz. (Note that C 97 does 
not contain 0.2 Hz and Bao does not contain 0.2, 0.25, and 0.333 Hz. Also, the Bao 97 spectral 
accelerations for frequencies between 10 and 40 Hz were calculated here by linear interpolation in 
log-log space as recommended by D. Boore [personal communication, 1998]). Spectral 
amplifications were computed for each attenuation relationship by dividing the predicted spectral 
acceleration at each frequency by the predicted peak ground acceleration.  

*For each empirical relation the appropriate distance definition is used.
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4.4.2 Development of Weighted Empirical Spectral Shapes

The weights to be applied to the spectral shapes defined by the five empirical attenuation relationships 
were based on the relative ability of the relationships to predict the spectral shapes computed from 
the strong motion data base described in Section 4.2. To allow for the possibility that the relative 
prediction ability varies as a function of magnitude and distance, weights were computed for each of 
the 12 magnitude and distance bins defined in Section 4.2.  

We defined the residual (W(fij)k to be the difference between the log of the spectral amplification for 
frequencyf of the j' recorded motion from the ih earthquake, (SA(f)IPGA)?f (the geometric mean of 
the two horizontal components) and the log of the spectral amplification predicted by the ed 
attenuation relationship for magnitude Mi and source-to-site distance Ri.  

(e(f),)k = lnJ(SA(f)/PGA)j] - ln[(SA(f)IPGA)k] (4-1) 

These residuals are assumed to be normally distributed with a random effects variance structure (e.g.  
Brillinger and Preisler 1984, 1985; Youngs and others, 1995): 

(r(f)ij)k = el(f)i +8 2 (f)ij (4-2) 

where c,(f)i and s2(f)ij are independent, normal variates with variances r,'(/) and r2
2(f), respectively.  

Two approaches were used to assign weights to the five attenuation relationships for each spectral 
frequency within each magnitude and distance bin. The first approach was based on the relative bias 
of the relationships. For each frequency in each M and R bin, the mean residual for the k' attenuation 
relationship, (I)k, is found by maximizing the generalized normal distribution likelihood function: 

exp[ -(1Kf)ij)k- (f)k]TV(f) kl[ (r(f)ij)k- Vf)] 

L( (f)k,zl(f)k, 2 (f)k) = 2 (4-3) 
2X 1VVf)k 1 "2 

where V(f) is the block-diagonal variance matrix of (CQ()k- (th. Figure 4-15 shows the mean 
residuals and their 90% confidence intervals for the five attenuation relationships and 12 magnitude
distance bins.  

The t statistic, tk = I (f)kJ/u[ (f)k], together with the cumulative T distribution can be used to 
compute the probability a sample of size n from a population with zero mean would have a mean 
residual as large as I (fOk, P(T<-kljn-1). If one considers that the relationships with the higher 
probability of producing the computed t statistic should be given higher weight, then the relative 
weight for the /e attenuation relationship, W(1)kT can be defined as: 

T.k = P(T<-t(f)kln-1) 
- , EP(T: t(f)k In-1) (4-4) 

k
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These are referred to as "T"' weights.

The second weighting approach uses relative likelihoods under the assumption that the mean residual 
is zero. The likelihood function is given by: 

exp2 1 
L( (f)k=Otl(f)kt 2 (f)k) = 2 (45) 

27 I vqf)kl1 " 

where V(f)k is the block-diagonal variance matrix of (f))k. Equation (4-5) gives the probability of 

observing the sample set of residuals, given that the mean residual is zero. If one considers that the 
relationships with the higher likelihood should be given higher weight, then the relative weight for 
the ke attenuation relationship, W(f)O can be defined as: 

W L _L(f)k 
- EL(f)k (4-6) 

k 

These are referred to as "L" weights.  

The top plots in the two columns of Figure 4-16 show examples of the "T" and "L" weights for one 
of the 12 magnitude-distance bins. The weights display a highly irregular pattern, reflecting the 
variability in the mean residuals shown on Figure 4-15. The approach to developing the response 

spectral shapes outlined in Section 4.1 is based on the use of the empirical attenuation relationships 
to provide smoothly varying estimates of response spectral shapes over a magnitude and distance 
range that extends beyond the bulk of the recorded data. The use of the highly variable weights 

shown at the top of Figure 4-16, while providing a close match to the recorded data set, would 
rapidly switch from strongly favoring one attenuation relationship to favoring another over short 

frequency intervals, and thus tend to defeat the purpose of using the smooth empirical attenuation 
relationship spectra. In addition, limitations in the band-width of the processed data for the smaller 
recordings results in no weight estimates for some frequencies. These two issues were addressed by 
smoothing the weights across frequency with a Gaussian smoothing operator. The smoothed weights 
are defined by: 

SWfj )k'exp( -ln(f/fi)2/h 2) 

)k (4-7) 

Zexp(-i jlfi)2 2) 
j= 1 

wherefj, j = 1 to J are the 14 common spectral frequencies defined above and h determines the width 

of the smoothing operator. Larger values of h produce greater smoothing. The remaining plots on 
Figure 4-16 show smoothed weights for values of h of 0.25, 0.5, and 1.0.
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Figure 4-17 shows examples of the weighted average empirical spectral shapes computed for the 
average magnitude and distance of two of the magnitude-distance bins using smoothed "L" and "T" 
weights. As indicated on the plot, variations in h have a very minor effect on the computed spectral 
shapes. Also, the "L" an "T" weights produce very similar spectral shapes. Therefore, the smoothed 
"L" and "T"' weights were averaged to produce the final set of weights. A smoothing parameter of 
h = 1.0 was chosen for the final weights to produce a smoothly varying final set of weights. These 
are shown on Figure 4-18. Figure 4-19 shows examples of the weighted empirical response spectral 
shapes for magnitude of M 5 to 8 and distances of 1 to 200 km.  

4.4.3 Magnitude and Distance Dependencies of Weighted Empirical Spectral Shapes 

The response spectral shapes shown on Figure 4-19 vary with magnitude and distance. In order to 
provide relationships for specifying a response spectral shape for any magnitude and distance within 
the specified range of the attenuation relationships, a function form was fit to the weighted empirical 
spectral shapes. Figure 4-20 shows the statistical spectra for magnitude M 6 to 7 and R 10 to 50 km 
data. This spectral shape can be closely matched by the ad hoc relationship: 

ln[SA(f)IPGA] C1 +c 4 [exp(Cf) (4-8) 
cosh(C2f 3) f C I j 

The form of Equation (4-8) is not based on a physical model, but is rather designed to fit the general 
characteristics of the spectral shapes. The first term fits the high frequency portion of the spectrum, 
decreasing exponentially to zero with increasing frequency. The second term models the low 
frequency portion of the spectrum. The factor exp(Csf) controls the transition of control from the 
low frequency to high frequency terms.  

Coefficients C1 through C6 were defined as functions of magnitude and/or distance by creating a data 
set of 651 response spectral shapes (31 magnitudes times 21 distances) at 0.1 magnitude units from 
M5 to M8 and at fault distances (R) of 0.1, 1, 2, 3, 5, 10, 12, 15, 20, 25, 30, 40, 50, 60, 70, 85, 100, 
125, 150, 175, and 200 km. Each response spectral shape contained spectral amplifications at the 
14 frequencies common to the five empirical attenuation relationships. In addition, fitting time 
histories to the response spectral shapes requires specification of the spectral amplifications in the 
frequency range of 0.1 to 100 Hz. The solid diamonds shown on Figure 4-20 indicate the spectral 
amplifications predicted by an extrapolation of Equation (4-8), which was fit to the frequency range 
of 0.2 to 34 Hz. As indicated, the functional form provides a good fit in the extrapolated range both 
for f> 34 Hz and f < 0.2 Hz. The poorest fit is at 0.1 Hz, where the statistical spectra are becoming 
somewhat biased due to the exclusion of records with limited band-widths. The 651 weighted 
empirical spectral shapes were extended from the frequency range of 0.2 to 34 Hz to the frequency 
range of 0.1 to 100 Hz by fitting Equation (4-8) to each spectral shape and then using the parameters 
of that fit to predict spectral amplifications in the frequency range of 0.1 to 0.2 Hz and 34 to 100 Hz.  

The entire extended data set was then used to obtain expressions for coefficients C1 through C6 by 
nonlinear least squares. The best fit was found by the parameter set listed in Table 4-3. Figure 4-21 
shows examples of the response spectral shapes predicted using these relationships.
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4.4.4 Model for Central and Eastern US Spectral Shapes

The approach used to develop spectral shapes for rock site conditions appropriate for the CEUS 
consisted of the following steps: 

1. Use numerical modeling to develop scaling relationships between CEUS and WUS response 
spectral shapes.  

2. Use the scaling relationships from step 1 to convert the weighted empirical WUS spectral 
shapes to CEUS spectral shapes.  

3. Develop a functional form to define spectral amplification over the magnitude and distance 
range of interest.  

These steps are discussed in the following subsections.  

4.4.4.1 Scaling of WUS Weighted Empirical Spectral Shapes to CEUS Conditions 
The scaling relationships for transferring WUS spectral shapes to CEUS spectral shapes are described 
in Section 4.3 and are shown on Figure 4-13. These scaling relationships were used to scale the 
extended (0.1 to 100 Hz) weighted empirical WUS response spectral shapes to produce CEUS 
spectral shapes. As discussed in Section 4.3, two sets of scaling relationships were defined, one based 
on single corner frequency CEUS earthquake source spectra and one based on double corner 
frequency CEUS earthquake source spectra. Both scaling relationships assume a single corner 
frequency WUS earthquake source spectra. Figure 4-22 shows examples of the CEUS response 
spectral shapes scaled from the weighted empirical WUS spectral shapes using the scaling 
relationships shown on Figure 4-13.  

One problem that was encountered was an inconsistency or flat portion in CEUS spectral shapes 
around 10 Hz. Close comparison of the model and attenuation-based WUS spectral shapes indicated 
that the model shapes showed slightly higher spectral amplifications than the attenuation-based 
spectra around 10 Hz. This over-prediction or bias of WUS model spectral shapes caused an under
prediction of the CEUS/ WUS transfer function. As a result, the transfer function was slightly 
increased around 10 Hz. Figure 4-23 shows examples of the scaled (before adjustment) and adjusted 
spectral amplifications, for both the single- and double-corner CEUS spectral models.  

4.4.4.2 Modeling the Effect of Magnitude and Distance on CEUS Spectral Shapes 
Using the same approach as for WUS response spectral shapes, a functional form was fit to the scaled 
and adjusted empirical spectral shapes. A modified form of Equation (4-8) was used to model the 
CEUS shapes. The relationship is: 

ln[SA(f)PGA] = C1  . exp(Cf) C7exp(C 8f) (4-9) 
cosh(C2, 3) fC C9

4-11



A second term was added to the low-frequency portion of the model to provide more flexibility in 
the shape. Coefficients C1 through C9 were defined as functions of magnitude and/or distance using 
the data set of 651 CEUS response spectral shapes (31 magnitude values times 21 distances) by 
nonlinear least squares with the spectral amplifications in the frequency range of the adjustment down 
weighted to reduce their influence on the fitted parameters.  

For the single and double comer frequency CEUS earthquake spectra, the resulting coefficients are 
listed in Table 4-3. Figures 4-24 and 4-25 shows examples of the response spectral shapes predicted 
using these relationships.  

4.5 Comparison of Recommended Shapes to Current Regulatory Guidance 

In this section we compare Newmark and Hall (1978) and Regulatory Guide 1.60 (1973) design 
spectra to both WUS and CEUS recommended design spectra for the most populated distance bin 
(0 to 50 km) and mean magnitudes of M 5.6, M 6.4, and M 7.3 (Table 4-1). Figure 4-26 shows 
comparisons to WUS recommended shapes and Figure 4-27 shows analogous comparisons to CEUS 
shapes. For Newmark and Hall design shapes, WUS bin median values for peak accelerations, 
velocities, and displacements are used for both WUS and CEUS conditions. Both median and 1
sigma amplification factors are used for the Newmark and Hall design spectra.  

For the WUS motions, Figure 4-26 shows a reasonably good comparison between the Newmark and 
Hall spectra and the recommended shapes. The empirical PGV/PGA ratio is about 60 cm/sec/g for 
M 6.3 and 7.3. Increasing this ratio to the value recommended by Newmark and Hall (1978) of about 
90 cm/sec/g would increase the low frequency levels but result in peak velocities not supported by 
the data. The dependence of the Newmark and Hall design shapes on peak parameters captures some 
of the effects of the empirical magnitude dependency and would presumably capture elements of the 
distance dependency as well. Conversely, the fixed R.G. 1.60 shape is quite conservative even for 
M 7.3, since it was based on M- 6.7, used a mixture of rock and soil data, and was derived with 1
sigma amplification factors (Figure 4-26).  

For the CEUS, Figure 4-27 shows a similar suite of plots but with recommended shapes for both the 
single- and double-corner CEUS source models. The Newmark-Hall design shapes use the WUS bin 
parameters because comparable empirical CEUS data are not available. The expected peak 
accelerations for CEUS rock motions are larger than corresponding WUS rock motions, so the CEUS 
shapes (SA/PGA) appear to be lower than WUS shapes at low frequencies. In absolute levels 
however, single comer WUS and CEUS spectra have comparable spectral levels for frequencies 
below about 3 Hz (see Figure 4-10). Normalizing at around 1 to 5 Hz would be more indicative of 
absolute levels and would result in similar comparisons with WUS shapes (Figure 4-26) at 
frequencies _g 5 Hz while showing a larger difference between the R.G. 1.60 and recommended 
shapes at high frequencies (as illustrated in Figure 4-10).  

4.6 Effects of Source Mechanism and Near-Fault Conditions on Response Spectral Shapes 

Since both the WUS and CEUS shapes are intended to reflect an average horizontal component for 
a random source mechanism located at a fixed rupture distance (but at a random azimuth with respect
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to a rupture surface), it is important to assess the effects implied by these limitations. Both source 
mechanism (reverse, oblique, strike-slip, normal) as well as hanging-wall vs. foot-wall site location 
for dipping faults have frequency-dependent effects (Abrahamson and Shedlock, 1997). Additionally, 
for potential sites located in the NW Pacific region of WIUS, the tectonic environment may include 
the contribution of large (M 9) subduction zone earthquakes. Such sources may dominate the low 
frequency portion of the UHS requiring appropriate shapes for scaling.  

For large magnitude (M 2 6.5) earthquakes, rupture directivity affects both low frequency spectral 
levels (• 1 Hz) and time domain characteristics. Rupture towards a site enhances average spectral 
levels and reduces durations, while rupture away from a site reduces motions and increases durations, 
all of these changes being relative to average conditions (Somerville et al., 1997; Boatwright and 
Seekins, 1997). Differences in fault normal and fault parallel motions are also affected by rupture 
directivity and can be large at low frequencies (Somerville et al., 1997). Design decisions on whether 
to incorporate component differences in spectral levels and time domain characteristics should be 
made on a site-specific basis with consideration of uncertainties and the implications for analyses.  
Fault normal and fault parallel motions may not define principal directions for design purposes and 
these implications must be considered in two-dimensional analyses.  

These source mechanism and near-fault issues become relevant when a high degree of certainty exists 
in the nature of the controlling sources as well as the source-site geometry. In calculating the hazard 
levels for a site, it is assumed that the appropriate degree of seismotectonic knowledge as well as 
epistemic uncertainty is incorporated in the attenuation relations used in the probabilistic hazard 
analysis. The UHS levels will then reflect appropriate contributions of source mechanism and site 
location. The recommended spectral shapes developed here, which are appropriate for average 
conditions, are scaled to the UHS at selected frequencies and do not reflect either conservatism or 
unconservatism in the frequency dependence of spectral levels based on source mechanism and site 
location.  

4.6.1 Effects of Source Mechanism 

Assessment of the effects of source mechanism, which is taken to include hanging wall vs. foot wall 
effects, relies on WUS empirical motions and is strictly appropriate for those conditions. Of the five 
empirical attenuation relations considered in the development of the WUS shapes (Section 4.4.1), two 
include frequency-dependent source mechanism effects (Abrahamson & Silva, 1997; Boore et al., 
1997) and only one includes frequency-dependent hanging wall vs. foot wall effects (Abrahamson & 
Silva, 1997). To illustrate possible source mechanism effects on the revised WUS shapes, Figure 4
28 shows spectral shapes computed for the two relations for M 5.5 and M 6.5 earthquakes at a 
distance of 25 km. When normalizing by peak acceleration, the maximum effect of source mechanism 
is at low frequency (0.2 Hz) and shows a maximum expected range of about 50%. The shape for the 
strike-slip mechanism, the base case for the recommended shapes, is highest for frequencies below 
about 1 Hz, while normal faulting shapes are expected to be slightly higher than strike slip shapes for 
frequencies in the range of about 1 to 5 Hz. Since the normal faulting shape exceeds the strike-slip 
shape by less than 10%, use of the recommended shapes for normal faulting conditions is not 
considered to significantly underestimate design motions.
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However, for large magnitude (M _ 6.4) earthquakes occurring on reverse faults, Figure 4-28 shows 
that the expected shape is lower than the strike-slip shape by about 10% in the 1 to 2 Hz frequency 
range. Scaling the reverse mechanism shape to a UHS in the 1 to 2 Hz range could then result in 
larger predicted motions for frequencies above the scaling frequency than scaling the recommended 
spectral shape. For sites controlled by reverse mechanism sources, care should be taken in evaluating 
the development of the low frequency design motions for frequencies in the range of the low 
frequency scaling frequency to the crossover frequency for the next deaggregation frequency (Section 
5.5).  

To examine the expected effects of site location for dipping faults, Figure 4-29 compares shapes 
computed for strike-slip mechanism to shapes computed for a dipping fault for both hanging-wall and 
foot-wall site locations. These site dependencies are strongest in the fault distance range of 8 to 18 
km and are based on Somerville and Abrahamson (1995) and included in the Abrahamson and Silva, 
1997 relationship. The Boore et al., 1997 relation includes an M, R, and frequency-independent 
hanging wall vs. foot wall effect implicitly in its distance definition. As a result their shapes are 
largely site location (hanging wall vs. foot wall) independent.  

The hanging-wall vs. foot-wall frequency dependencies illustrated as amplification factors in Figure 
4-29 are actually strongest for large magnitude (M > 6.5) and at high frequency (PGA) and represent 
a maximum factor of about 1.4 for the horizontal component and about 1.9 for the vertical 
component (ratio of hanging-wall to "not-hanging-wall" PGA values). Since the hanging- wall shape 
is lower than the strike-slip shape (the basis mechanism for the recommended spectral shapes) by 
about 10% in the I to 2 Hz frequency range, scaling the hanging-wall shape instead of the strike-slip 
shape to the UHS in the 1 to 2 Hz frequency range will result in higher spectral levels for frequencies 
above the scaling frequency. Modifications to the recommended spectral shapes should be made on 
a site-specific basis, using all relevant records applicable to the site and the fault generating the 
hazard.  

4.6.2 Subduction Zone Spectral Shapes 

The possible occurrence of Cascadia subduction zone earthquakes with magnitudes up to M 9.0 can 
be significant contributors to the low frequency UHS for sites located in the Pacific Northwest 
(including Northern California), particularly near the Pacific coast. As a result, comparisons of 
empirical (Youngs et al., 1997) M 9.0 shapes at a suite of distances were made to the recommended 
shape for M 8.0 (the largest magnitude for which the empirical WUS relations are considered valid).  
The recommended shape is computed for a distance of 25 km since the dependence on distance is 
small within about 50 km. The comparisons are shown in Figure 4-30. Interestingly, for the same 
peak accelerations, the crustal earthquakes for M 8.0 are expected to have larger low frequency (• 
2 Hz) motions than M 9.0 subduction zone earthquakes. The maximum difference in the 1 to 2 Hz 
range is about 10% and would be larger for smaller magnitude Cascadia sources. As with the source 
mechanism comparisons, if large magnitude (M > 8) subduction zone earthquakes contribute 
substantially to the low frequency hazard, appropriate spectral shapes should be developed on a site
specific basis.
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4.7 Vertical Motions

Current regulatory guidance for vertical (V) ground motions specifies spectral levels that are equal 
to the horizontal (H) at frequencies > 3.5 Hz and that are 2/3 the horizontal for frequencies < 0.25 
Hz, with the ratio varying between 1 and 2/3 between 3.5 Hz and 0.25 Hz (R.G. 1.60). As with the 
horizontal spectral shape, the implied V/H ratio is independent of magnitude, distance, and site 
condition and is shown in Figure 4-31. For the Newmark-Hall design motions, the V/H ratio is taken 
as independent of frequency as well as magnitude, distance, and site condition, having a constant 
value of 2/3 (Figure 4-31). With the dramatic increase in strong motion data since the development 
of these design specifications in the 1970's, the conclusion that the vertical and average horizontal 
ground motions vary in stable and predictable ways with magnitude, distance, and site condition has 
become increasingly compelling. In general, vertical motions exceed horizontal (average of both 
component) motions at high frequency and at close fault distances (within about 10 to 15 km). The 
amount and frequency range of the exceedence depends on magnitude, distance, and site conditions.  
For different site conditions, time domain characteristics of vertical motions can be quite different at 
close distances and may be a consideration in selecting input motions for spectral matching or scaling 
procedures. Appendix K illustrates the expected differences in vertical and horizontal motions based 
on magnitude, distance, and site conditions and forms a background for the procedures recommended 
to develop vertical component spectra that are consistent with the WUS and CEUS revised rock 
horizontal component shapes.  

Because structures, systems, and components have limited capacities for dynamic vertical demands, 
it is important to accommodate stable and predictable differences in vertical loads based on significant 
contributors (M and R) to the seismic hazard at a site. Since there are fewer attenuation relations 
for vertical motions in the WUS and currently none available for the CEUS, the general approach to 
developing vertical component design spectra is to use a frequency- dependent V/H ratio. It is 
difficult to capture the appropriate degree of uncertainty in the V/H ratio as well as the corresponding 
hazard level of the vertical component design spectrum after scaling the horizontal UHS spectrum 
by the V/H ratio. Thus, the usual assumption is that the derived vertical motions reflect a hazard level 
consistent with the horizontal UHS. To maintain consistency with the horizontal median shapes 
developed earlier in this Section, median V/H ratios are developed.  

4.7.1 V/H Ratios for WUS Rock Site Conditions 

Of the five empirical WUS attenuation relations used in developing the horizontal spectral shapes 
(Section 4.4.1), three include vertical motions: Abrahamson and Silva, 1997; Campbell, 1997; and 
Sadigh et al., 1997 (verticals from Sadigh et al., 1993). To develop V/H ratios for WUS rock site 
conditions, median V/median H ratios for strike slip mechanisms were produced for each relation and 
averaged assuming equal weights. The resulting V/H dependencies on magnitude and distance are 
illustrated in Figures 4-32 and 4-33. Figure 4-32 shows expected ratios for M 5.5, M 6.5, and M 
7.5 earthquakes for a suite of distances ranging from 1 to 50 km. The ratios are magnitude
dependent, decreasing with decreasing magnitude and with the sensitivity to magnitude decreasing 
with increasing distance.
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These effects are likely driven by the differences in magnitude scaling (change in spectral levels with 
magnitude) between the horizontal and vertical components. The dependence of the V/H ratios on 
magnitude decreases with distance (Figure 4-32) as the difference in magnitude scaling between the 
vertical and horizontal components decreases.  

The effects of source mechanism on the V/H ratios (included only in the Abrahamson and Silva, 1997 
relation) is small, with strike slip ratios generally exceeding the ratios for oblique, reverse, and normal 
faulting mechanisms. For hanging wall sites and for fault distances in the 4 to 24 km range, V/H 
ratios are higher at high frequencies by a maximum of about 30% for M greater than about 6 
(Abrahamson and Somerville, 1996; Abrahamson and Silva, 1997). These effects should be 
considered in developing vertical component spectra for both WUS and CEUS sites, when the 
geometry of a site with respect to a dominant fault is known.  

Figure 4-33 illustrates the distance dependencies for each magnitude, showing a stronger distance 
effect with increasing magnitude. The peaks in the V/H ratios near 15 Hz are stable with magnitude 
and distance, and are controlled by the frequency of maximum spectral amplification for the vertical 
motions. The slight troughs in the ratios in the 1-3 Hz frequency range vary with magnitude (see 
Figure 4-32) and are controlled by the peaks (maximum spectral amplifications) in the horizontal 
component spectra. These features, as well as the differences in magnitude scaling between 
horizontal and vertical spectra, are illustrated in Figures 4-34 and 4-35. These figures show expected 
median spectra (5% damped) for horizontal and vertical components from the Abrahamson and Silva, 
1997 empirical relations for a suite of magnitudes. For the horizontal component spectra, Figure 4-34 
shows the strong shift in peak values with increasing magnitude while the vertical spectra (Figure 4
35) show peaks at a constant frequency in the 10-20 Hz range.  

The location of peaks in V/H ratios results from peaks in the vertical spectra and are likely controlled 
by the shallow damping (Figure 2-4 and Appendix K). As a result, these peaks are expected to occur 
at a higher frequency for CEUS hard rock conditions, which have lower damping values (Appendix 
K). Additionally, for WUS empirical relations, smaller V/H ratios occur at low frequency (: 2 Hz) 
with soil sites (Appendix K) where the effects of nonlinearity in the horizontal component is small.  
This suggests that for linear response conditions, the V/H ratio increases with profile stiffness. As 
a result, V/H ratios for hard rock conditions in the CEUS would be expected to be somewhat higher 
overall than WUS soft rock conditions.  

These trends suggest that magnitude and distance dependencies may be largely captured by the 
expected peak acceleration of the horizontal motions, with larger V/H ratios associated with higher 
expected horizontal peak accelerations. The trends in Figures 4-32 and 4-33 clearly show V/H ratios 
exceeding unity at high frequencies for distances out to about 20 km for M 7.5 earthquakes. The 
average expected horizontal peak acceleration for M 7.5 at 20 km is about 0.3g suggesting that the 
current R.G. 1.60 ratio may be appropriate for conditions where the design peak accelerations are 
less than about 0.3g. The conventional assumption of vertical spectra taken as a constant 2/3 the 
horizontal is unconservative in the 10 to 30 Hz frequency range even out to 50 km.  

To provide for a reasonable accommodation of magnitude and distance dependency in the revised 
vertical motions for WUS rock site conditions, Figure 4-36 shows recommended V/H ratios for
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ranges of expected horizontal peak accelerations. These ratios are simply the averages of the 
empirical relations. The values are listed in Table 4-4. The ranges in horizontal peak accelerations 
are intended to capture important M and R dependencies, maintain reasonable conservatism, and 
result in a procedure that is simple to implement. Direct multiplication of the revised horizontal 
shapes by these smooth V/H ratios is intended to result in smooth vertical spectra appropriate for 
design and analyses.  

4.7.2 V/H Ratios For CEUS Rock Site Conditions 

For applications to CEUS hard rock site conditions, the only numerous empirical V/H ratios available 
are for small magnitude (M _< 5) earthquakes recorded at distances beyond about 20 km at hard rock 
sites (Atkinson, 1993). This empirical ratio, computed for Fourier amplitude spectra, is defined only 
from 1 Hz to 10 Hz and decreases from a value of 0.9 at 1 Hz to 0.7 at 10 Hz. The ratio is 
independent of distance and is based on recordings at sites in the distance range of about 20 to 1,000 
km. This trend of decreasing V/H ratio in the I to 10 Hz frequency range, although weak, is opposite 
to the trend shown in the WUS V/H ratios. This difference may reflect differences in Fourier 
amplitude and response spectra but the average value of about 0.8 suggests higher V/H ratios at large 
distance for CEUS rock sites than WUS rock sites. For linear response conditions, this trend is 
consistent with increasing V/H ratios as profile stiffness increases. This results from less shear-wave 
(SV) energy being converted from the vertical component to the horizontal component due to wave 
refraction, for stiffer profiles.  

A few V/H ratios are available from recordings at CEUS rock sites (and other intraplate sites) for 
earthquakes with magnitudes greater than M 5. Figure 4-37 shows results from the M 5.9 Saguenay 
and M 6.8 Nahanni and Gazli earthquakes. For the Saguenay earthquake, the V/H ratio varies 
between about 0.7 and 1 suggesting a higher ratio in the CEUS than the WUS at large distances 
(average distance is 111 km). While the ratio was computed from a large number of sites, it is still 
a single earthquake that is both deep, with a hypocentral depth of about 30 km, and considered 
anomalous in its high frequency spectral levels (Boore and Atkinson, 1992). For the larger magnitude 
data (Gazli and Nahanni earthquakes) only three sites are available for V/H ratios. Sites Karakyr and 
S 1, for the Gazli and Nahanni earthquakes respectively, are located very close to the rupture surfaces 
at an average distance of about 4.5 km. Site Karakyr is not considered a hard rock site, having about 
1.4 km of sedimentary rock (with some clays) overlying a hard schist basement rock (Hartzell, 1980).  
This geology, with an estimated kappa value of 0.015 sec, may be considered a CEUS soft rock site 
(Silva and Darragh, 1995). The V/H ratio for the most distant Nahanni site at 16 km (S3, Figure 4
37), shows ratios consistent with those of the Saguenay earthquake, ranging from about 0.6 to about 
1 for frequencies above 1 Hz. Interestingly, for frequencies : 0.6 Hz, the V/H ratio is near 2. These 
V/H ratios from Nahanni are for only a single earthquake, as with Saguenay, and at only a single site 
but they do suggest the possibility of higher ratios for CEUS sites as well as a high degree of 
uncertainty in the ratios.  

For the near source V/H ratios (distance of 4.5 km), Figure 4-37 shows ratios near unity up to about 
5 Hz and values near 2 for frequencies above 10 Hz. These trends are consistent at the two sites for 
the two earthquakes. Both sites (Karakyr and Site 1) have vertical peak accelerations exceeding lg 
(1.3g for Gazli and 2.lg for Nahanni, Appendix A), about double the average horizontal peak
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accelerations. These results, reflecting few data for poorly understood earthquakes and largely 
unknown site conditions, indicate that very large V/H ratios may be likely at very close rupture 
distances to CEUS earthquakes. Larger than average high frequency (Ž 3 Hz) ratios likely result 
from both S 1 and Karakyr being located on the hanging wall of the fault. As with the more distant 
Nahanni site, S3, these results suggest higher V/H ratios for CEUS rock sites than WUS sites and 
show that ratios at near-fault sites can be quite large at high frequencies.  

To develop recommended V/H values for applications to CEUS rock sites, the simple point source 
model (Section 4.3) was extended to consider P-SV waves and was used to estimate vertical 
component spectra (Appendix K; EPRI, 1993). The model predicts the general trends in the WUS 
V/H ratios and has been validated at rock sites that recorded the 1989 M 6.9 Loma Prieta earthquake 
(EPRI, 1993), so V/H ratios computed for the generic CEUS rock site conditions (Figure 2-2) may 
be used with reasonable confidence to develop guidelines. The V/H ratios predicted by the model 
for CEUS conditions are illustrated in Figure 4-38. The low frequency peaks (1 to 30 Hz) result from 
resonances associated with compressional- and shear-wave velocity profiles and would be smoothed 
out if the velocities were randomized. The peak in the ratios near 60 Hz is associated with the 
vertical spectra and corresponds to the peak in the WUS ratios (Figures 4-35 and 4-36) but shifted 
from about 15 to 20 Hz to about 60 Hz because of the lower kappa values for the CEUS vertical 
motions (K = 0.003 sec). The magnitude dependencies in the CEUS ratios are smaller than for the 
WUS probably because the WUS model currently does not include magnitude saturation, apart from 
a stress drop that decreases with increasing magnitude (Section 6; Atkinson and Silva, 1997). Since 
this stress drop scaling affects both vertical and horizontal components equally, the simple model does 
not show the same trends as the empirical V/H ratios (Figure 4-32). However, the model does show 
higher ratios at low frequencies (< 3 Hz) than the WUS ratios, consistent with available observations.  
Based on the trends shown in the model predictions as well as the CEUS recordings, a reasonable 
approach to defining recommended ratios is to shift the WUS ratios to higher frequencies, so that the 
peaks correspond to about 60 Hz. Also the low frequency WUS levels should be scaled up by about 
50% (factor of 1.5), a proportion reflected in comparing the CEUS and WUS model estimates of the 
V/H ratios (Appendix K). The recommended ratios are shown in Figure 4-39 and are listed in Table 
4-5. Maintaining the same peak acceleration ranges in the horizontal component for the CEUS V/H 
ratios adds conservatism necessitated by the large uncertainties. For cases where the site is located 
on the hanging wall of a dipping fault within a rupture distance of about 20 km, the V/H ratio could 
be significantly larger (z 30%) for large magnitude earthquakes, warranting careful site-specific 
studies.  

To illustrate the vertical spectra resulting from the process of scaling the horizontal spectra, Figure 
4-40 shows WUS vertical motions while Figures 4-41 and 4-42 show corresponding CEUS vertical 
motions. Both WUS and CEUS verticals are based on the M 6.4 bin shapes shown in Figures 4-26 
and 4-27 and reflect vertical motions relative to I g horizontal motions. For the WUS verticals, the 
vertical peak acceleration exceeds the horizontal for horizontal peak accelerations exceeding 0.5g.  
For peak horizontal accelerations in the 0.2 to 0.5g range, the vertical spectra exceed the horizontal 
spectra in the frequency range of about 10 to 30 Hz, but the vertical peak accelerations are lower than 
the horizontal. At low frequency, below about 3 Hz, the verticals spectra are about one half the 
horizontal. For the CEUS verticals shown in Figures 4-41 and 4-42, both the single and double
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comer vertical spectra show trends relative to the horizontals that are similar to the WUS but shifted 
to higher frequencies, as expected.  

In general, both WUS and CEUS V/H ratios provide smooth and reasonable vertical motions when 
applied to the recommended spectral shapes for horizontal components.  

4.8 Intermediate Rock Site Conditions 

For rock site conditions intermediate to the CEUS and WUS (which have kappa values of 0.006 sec 
and 0.04 sec respectively), an appropriate mix of the WUS and CEUS shapes should be based on a 
site specific kappa value. Weights for the WUS and CEUS rock shapes can easily be determined 
using the following equations: 

S= KW WW+KEWE (4-10) 

WW+ WE = 1 (4-11) 

where K. is the site specific kappa value, Ww and WE are the WUS and CEUS shape weights, and icw 
and KE are the WUS and CEUS rock kappa values. For is values outside icw and iCE, the shape for the 
closest kappa value should be used.  

If a site specific kappa value is not available, a reasonable approach would be to use the inverse of 
the average shear-wave velocity over the top 30m in Equation 4.10 in lieu of the kappa values (see 
Equation D5, Appendix D). Appropriate average shear-wave velocity values for the WUS and CEUS 
rock sites are 520m/sec and 2,800m/sec respectively. The weights used for the CEUS and WUS 
shapes should also be used for a weighted V/H ratio.  

4.9 Estimation of Spectra For Other Dampings 

Several methods are available to estimate design response spectra for dampings other than 5%. All 
are based on scaling the 5% damped spectrum higher or lower. The scaling factors are a function of 
natural frequency.  

4.9.1 Random Vibration Methods 

The most theoretically consistent method of accounting for damping is through random vibration 
theory. The recommended procedure is as follows.  

For frequencies 1 < f< 5 Hz, the procedure of Rosenblueth (1980) should be used. This scales the 
spectral acceleration SA at any frequency f and damping ý by spectral acceleration at • = 0.05 by: 

r 1 + 4.9 TfD 1-°.41 SA (f, •) = SA (f, 0.05) 1 + 4.9 x0.5fD (4.12)
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where D is strong motion duration. For frequencies of 5 Hz and above, the recommended procedure 
is based on the concept of Vanmarcke (1976) that the response is controlled by a static portion 
(governed by PGA) and a dynamic portion (governed by equation 4.10). This procedure provides 
a transition to the peak ground acceleration (PGA)-controlled portion of the spectrum in a realistic 
way as follows: 

SA(f•)=PGA2 + [SA (f, 0.05)2 _ PGA[2] 1 +4.9 fD -0.821/2 (4.13) 
1 +4.9 x 0.05 f D 

where the second term on the right-hand-side (involving a subtraction) should not be less than 0.  

The strong-motion duration D is distance dependent. For the WUS, D can be estimated from 
Abrahamson and Silva (1997). For the CEUS, D can be estimated from Atkinson and Boore (1997).  

The two equations above allow estimation of dampings in the range of 0.5% to 20% from a design 
spectrum that is developed for 5% damping. These equations are applicable to both horizontal and 
vertical motion.  

For frequencies below 1 Hz, equation (4.10) can be used as an approximation, but at very low 
frequencies (0.2 to 0.1 sec) it should be checked to ensure that spectral displacements are 
approaching the peak ground displacement for all dampings.  

4.9.2 Empirical Methods 

Several empirical methods have been developed based on recorded motions in California and these 
can be used to produce spectra at dampings other than 5%.  

Abrahamson and Silva (1996) developed a model of the effects of damping based on statistical 
analyses of strong motion records. Their scaling factor is as follows: 

In[ SA fCl(f, I) for f>1.43Hz 

SA (f, 5 %) =cl(f, ý) + g2 (f, •)(M-6)+g3 (f {)(8.5-M)2 for f<1.43Hz (4.14) 

Coefficients for equation 4.12 are listed in Tables 4-6 through 4-8. Separate coefficients are given 
for horizontal and vertical motions, and scaling factors are reported for periods of 5 sec to 0.02 sec 
(0.2 Hz to 50 Hz). They are applicable to damping values between 0.5% and 20%.  

Idriss (1993) also developed empirical scale factors for damping based on ground motions during the 
1971 San Fernando and 1979 Imperial Valley earthquakes. His scale factor is defined as: 

SA (f, ý) = al-b1 ln(ý) for ý___5% 
SA (f, 5%) f a2-b 2 ln(ý) for ý>5% (4.15)
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The coefficients a, , a2 , b1 and b., are listed in Table 4-9 for a range of natural periods from 0.03 sec 
to 5 sec (33 Hz to 0.2 Hz). These scaling factors are applicable to horizontal motions and to 
damping values between 1% and 15% (Idriss, personal communication, 1999).  

Newmark and Hall (1978) recommended scale factors for different damping values, but these were 
for different parts of the spectrum controlled by peak acceleration, velocity, and displacement. That 
is, separate scaling factors were not developed frequency-by-frequency, but were developed for the 
high-frequency range (3 to 8 Hz), the mid-frequency range (.3 to 3 Hz) and the low-frequency range 
(below 0.3 Hz). This worked well when scaling spectra from peak values but would leave 
discontinuities if applied to uniform hazard spectra. For this reason the Newmark and Hall damping 
factors are not recommended.  
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Table 4-1 
WUS STATISTICAL SHAPE BINS

Magnitude Bins (M) 
Range Bin Center 
5-6 5.5 
6-7 6.5 
7+ 7.5 

Distance Bin - Number PGA*(g), ,yu PGV*(cm/sec) PGD*(cm), PGV* (cm/sec PGA.PGD* (km) M R of PGA g PGV2 (km) Spectra IJn 

0 - 10, rock 5.54 7.91 30 0.18, 0.91 8.14, 1.14 0.80, 1.60 44.50, 0.58 2.17, 0.28 

6.53 5.75 32 0.44, 0.76 32.65, 0.93 06.22, 1.26 73.51, 0.40 2.54, 0.42 

7.27 4.20 6 0.93, 0.26 81.73, 0.25 47.42, 0.66 87.94, 0.39 6.47, 0.60 

0 - 10, soil 5.76 7.80 24 0.26, 0.65 18.57, 0.56 3.11, 0.46 70.72, 0.33 2.32, 0.35 

6.46 6.00 77 0.38, 0.43 46.88, 0.59 14.79, 0.89 122.00, 0.44 2.54, 0.41 

7.05 8.90 4 0.40, 0.62 44.46, 0.56 21.27, 0.25 110.42, 0.07 4.25, 0.24 

10 - 50, rock 5.57 21.80 180 0.11, 0.87 5.08, 0.85 0.54, 1.04 46.96, 0.37 2.24, 0.38 

6.43 30.28 238 0.13, 0.73 8.81, 0.76 1.96, 1.01 70.41, 0.49 3.09, 0.54 

7.27 31.00 6 0.17, 0.85 8.80, 0.88 2.50, 1.56 50.59, 0.37 5.51, 0.90 

10 - 50, soil 5.69 21.82 378 0.11,0.73 6.63, 0.77 0.87, 0.94 59.88, 0.34 2.16, 0.33 

6.35 28.27 542 0.14, 0.63 10.77, 0.74 2.25, 1.04 78.77, 0.41 2.57, 0.41

* median values



Table 4-1 (cont.) 
WUS STATISTICAL SHAPE BINS 

Magnitude Bins (M) 

Range Bin Center 
5-6 5.5 
6-7 6.5 
7+ 7.5 

- NumberPGV * cm/sec PGA-PGD* 
Distance Bin R Number PGA*(g), al, PGV*(cm/sec) PGD'(cm), - (-), 2 ,ln DitneBn M Rof PGA g PGV2 ' 

(km) (km) Spectra ', ln Gin PGA 

10 - 50, soil 7.29 33.46 56 0.16, 0.35 22.38, 0.38 10.46, 0.39 141.17, 0.36 3.25, 0.56 

50- 100, rock 5.91 64.27 34 0.05, 0.40 2.22, 0.53 0.21, 0.83 41.16, 0.43 2.24, 0.57 

6.51 70.35 102 0.06, 0.51 3.87, 0.82 0.79, 1.23 69.89, 0.56 2.88, 0.56 

7.32 81.46 10 0.06, 0.52 5.16, 0.87 2.64, 1.17 80.63, 0.45 6.23, 0.50 

50 - 100, soil 5.80 67.22 42 0.06, 0.80 3.12, 0.78 0.38, 0.92 53.20, 0.23 2.28, 0.49 

6.49 67.34 158 0.07, 0.67 6.23, 0.78 1.26, 0.99 88.00, 0.42 2.26, 0.44 

7.31 76.57 14 0.10, 0.12 11.24, 0.34 5.42, 0.60 111.37, 0.35 4.24, 0.50 

100 - 200, 5.4 107.80 2 0.02, ---- 1.16, ---- 0.10, ---- 49.72, ---- 1.74,-...  
rock 6.64 114.57 14 0.02, 0.86 2.03, 0.38 1.09, 0.68 132.54, 0.59 3.98, 0.27 

7.30 152.01 14 0.03, 0.47 5.55, 0.66 2.43, 1.06 184.16, 0.35 2.34, 0.31 
100- 200, soil 6.0 105.00 2 0.03, ---- 1.50, ---- 0.11, ---- 42.92, 1.74, 

* median values

t'.



Table 4-1 (cont.) 

WUS STATISTICAL SHAPE BINS

Magnitude Bins (M) 
Range Bin Center 
5-6 5.5 
6-7 6.5 
7+ 7.5 

Distance Bin M R Number PGA**(g), ;, PGV*(cm/sec) PGD*(cm), PGV* (cm/sec) PGA.PGD* 
(km) (km) of Gi•n (Yin PGA g PGV2 In 

Spectra Gin 

100 - 200, soil 6.64 132.97 28 0.03, 0.78 3.05, 0.58 0.89, 0.97 98.24, 0.53 2.90, 0.42 

7.31 147.07 88 0.04, 0.25 8.09, 0.39 3.50, 0.76 188.64, 0.36 2.25, 0.29 

0 - 50, rock 5.57 19.91 208 0.12, 0.89 5.39, 0.91 0.57, 1.14 46.73, 0.40 2.22, 0.37 

6.44 27.39 270 0.15, 0.84 10.27, 0.89 2.24, 1.10 70.77, 0.48 3.02, 0.53 

7.27 17.60 12 0.40, 1.07 26.82, 1.35 10.89, 1.94 66.70, 0.46 5.97, 0.69 

0 - 50, soil 5.69 21.10 398 0.12, 0.75 7.02, 0.79 0.93, 0.97 60.48, 0.34 2.16, 0.33 

6.37 25.50 619 0.16, 0.70 12.93, 0.87 2.85, 1.20 83.17, 0.44 2.57, 0.41 

7.27 31.82 60 0.17, 0.42 23.43, 0.42 10.97, 0.42 138.87, 0.36 3.30, 0.55

**Median values

tk 
00



Table 4-2 
POINT-SOURCE PARAMETERS* 

WUS CEUS 

Au (bars) 65 120 

kappa (sec) 0.040 0.006 

Qo 220 351 

0.60 0.84 
'1 

f3 (km/sec) 3.50 3.52 

p (g/cc) 2.70 2.60 

Amplification soft rock (Figure 2-3) hard rock (Figure 2-3) 

Double Comer Atkinson and Silva (1997) Atkinson (1993)

* based on Silva et al. (1997)
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Table 4-3 
RESPONSE SPECTRAL SHAPE COEFFICIENTS FOR 5% DAMPING

WUS CEUS (1C)* CEUS (2C)* 

1.8197 0.88657 0.97697 

0.30163 exp(-10.411) exp(-9.4827) 

0.4 74 98+0.034356M+0.00572041n(R+1) 2.5099 2.3006 

-12.650+M. [2.4796-0.14732M -7.4408+M[ 1.5220-0.088588M -12.665+M[2.4869-0.14562M 
+0.0346051n(0.040762R+1)] +0.00730691n(0. 12639R+1)] +0.0244771n(0.041807R+1)] 

-0.25746 -0.34965 -0.21002 

0.29784+0.010723M-0.0000133R -0.31162+0.0019646R 0.74361+0.000067 1R 

n.a. 3.7841 exp[- 13.476+M(4.4007-0.31651M 
+0.000235R)] 

n.a. -0.89019 0.95259+M(-0.58275+0.000166R) 

n.a. 0.39806+0.058832M -3.3534+0.44094M

Note: Equation (4-8) is used for the WUS; equation (4-9) is used for the CEUS.  

M = moment magnitude 
R = fault distance 
* 1C = single comer frequency model 
2 C = double comer frequency model

0



Table 4-4 

RECOMMENDED V/H RATIOS FOR WUS ROCK SITE CONDITIONS 

Frequency (Hz) _< 0.2g* 0.2 - 0.5g* > 0.5g* 

.100+00 .503E+00 .558E+00 .696E+00 

.333E+00 .503E+00 .558E+00 .696E+00 

.500E+00 .461E+00 .508E+00 .651E+00 

.667E+00 .458E+00 .495E+00 .645E+00 

.100E+01 .440E+00 .461E+00 .608E+00 

.118E+01 .434E+00 .454E+00 .597E+00 

.133E+01 .431E+00 .451E+00 .592E+00 

.167E+01 .420E+00 .447E+00 .585E+00 

.200E+01 .416E+00 .447E+00 .583E+00 

.217E+01 .417E+00 .452E+00 .592E+00 

.250E+01 .426E+00 .467E+00 .616E+00 

.278E+01 .436E+00 .482E+00 .638E+00 

.333E+01 .456E+00 .511E+00 .681E+00 

.417E+01 .495E+00 .571E+00 .758E+00 

.500E+01 .536E+00 .628E+00 .836E+00 

.588E+01 .581E+00 .691E+00 .918E+00 

.666E+01 .625E+00 .751E+00 .997E+00 

.833E+01 .715E+00 .888E+00 .119E+01 

.100E+02 .796E+00 .101E+01 .137E+01 

.111E+02 .840E+00 .107E+01 .144E+01 

.125E+02 .885E+00 .112E+01 .150E+01 

.167E+02 .904E+00 .114E+01 .152E+01 

.200E+02 .888E+00 .1 12E+01 .148E+01 

.250E+02 .810E+00 .102E+01 .133E+01 

.333E+02 .744E+00 .912E+00 .117E+01 

.500E+02 .704E+00 .848E+00 .107E+01 

.100E+03 .704E+00 .848E+00 .107E+01

*Range in rock outcrop horizontal component peak acceleration 
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Frequency (Hz) < 0.2g* 0.2 - 0.5g* > 0.5g* 

0.10 0.67 0.75 0.90 

10.00 0.67 0.75 0.90 

18.75 0.70 0.81 1.01 

22.06 0.73 0.85 1.08 

25.00 0.75 0.88 1.12 

31.25 0.77 0.95 1.25 

37.50 0.81 1.00 1.37 

41.67 0.84 1.07 1.44 

46.88 0.85 1.12 1.50 

62.50 0.90 1.14 1.52 

75.00 0.89 1.12 1.48 

93.75 0.81 1.02 1.33 

100.0 0.78 1.00 1.30

Range in rock outcrop horizontal component peak acceleration 
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Table 4-5 
RECOMMENDED V/H RATIOS FOR CEUS ROCK SITE CONDITIONS



Table 4-6a 
Horizontal c, values for separate damping levels 

for equation (4.12), Abrahamson and Silva (1996) 

Period cl cl cl cl cl cl cl cl 
(sec) (0.5%) (1.0%) (2.0%) (3.0%) (7.0%) (10.0%) (15.0%) (20.0%) 

5.00 0.3698 0.2891 0.1830 0.1084 -0.0812 -0.1763 -0.2964 -0.3899 
4.00 0.3955 0.3092 0.1957 0.1159 -0.0869 -0.1886 -0.3171 -0.4170 
3.00 0.4233 0.3310 0.2095 0.1241 -0.0930 -0.2018 -0.3393 -0.4463 
2.00 0.4526 0.3538 0.2239 0.1326 -0.0994 -0.2157 -0.3628 -0.4471 

1.50 0.4667 0.3648 0.2309 0.1368 -0.1025 -0.2225 -0.3741 -0.4920 

1.00 0.4780 0.3737 0.2365 0.1401 -0.1050 -0.2279 -0.3832 -0.5040 

0.85 0.4801 0.3753 0.2375 0.1407 -0.1054 -0.2289 -0.3848 -0.5061 

0.75 0.4808 0.3759 0.2379 0.1409 -0.1056 -0.2292 -0.3854 -0.5069 

0.60 0.4808 0.3759 0.2379 0.1409 -0.1056 -0.2292 -0.3854 -0.5069 

0.50 0.4808 0.3759 0.2379 0.1409 -0.1056 -0.2292 -0.3854 -0.5069 

0.46 0.4808 0.3759 0.2379 0.1409 -0.1056 -0.2292 -0.3854 -0.5069 

0.40 0.4808 0.3759 0.2379 0.1409 -0.1056 -0.2292 -0.3854 -0.5069 

0.36 0.4808 0.3759 0.2379 0.1409 -0.1056 -0.2292 -0.3854 -0.5069 

0.30 0.4808 0.3759 0.2379 0.1409 -0.1056 -0.2292 -0.3854 -0.5069 

0.24 0.4808 0.3759 0.2379 0.1409 -0.1056 -0.2292 -0.3854 -0.5069 

0.20 0.4808 0.3759 0.2379 0.1409 -0.1056 -0.2292 -0.3854 -0.5069 

0.17 0.4808 0.3759 0.2379 0.1409 -0.1056 -0.2292 -0.3854 -0.5069 

0.15 0.4616 0.3609 0.2284 0.1353 -0.1014 -0.2200 -0.3700 -0.4866 

0.12 0.4327 0.3383 0.2141 0.1268 -0.0950 -0.2063 -0.3469 -0.4562 

0.10 0.3885 0.3037 0.1922 0.1138 -0.0853 -0.1852 -0.3114 -0.4096 

0.09 0.3630 0.2838 0.1796 0.1064 -0.0797 -0.1730 -0.2910 -0.3827 

0.07 0.3193 0.2496 0.1580 0.0936 -0.0701 -0.1522 -0.2559 -0.3366 

0.06 0.2654 0.2075 0.1313 0.0778 -0.0583 -0.1265 -0.2127 -0.2798 

0.05 0.2212 0.1729 0.1094 0.0648 -0.0486 -0.1054 -0.1773 -0.2332 

0.04 0.1673 0.1308 0.0828 0.0490 -0.0367 -0.0798 -0.1341 -0.1764 

0.03 0.0933 0.0729 0.0462 0.0273 -0.0205 -0.0445 -0.0748 -0.0983 

0.02 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000



Table 4-6b 
Vertical c, values for separate damping levels 

for equation (4.12), Abrahamson and Silva (1996) 

Period cl ci c1 c1 ci c1 c1 c1 
(sec) (0.5%) (1.0%) (2.0%) (3.0%) (7.0%) (10.0%) (15.0%) (20.0%) 
5.00 0.4135 0.3230 0.2033 0.1196 -0.0871 -0.1872 -0.3114 -0.4065 
4.00 0.4462 0.3485 0.2193 0.1291 -0.0940 -0.2020 -0.3359 -0.4385 
3.00 0.4814 0.3760 0.2366 0.1393 -0.1014 -0.2180 -0.3625 -0.4372 
2.00 0.5186 0.4050 0.2549 0.1500 -0.1093 -0.2348 -0.3904 -0.5097 
1.50 0.5365 0.4190 0.2637 0.1552 -0.1131 -0.2429 -0.4039 -0.5273 
1.00 0.5511 0.4304 0.2709 0.1594 -0.1161 -0.2495 -0.4149 -0.5417 
0.85 0.5538 0.4325 0.2722 0.1602 -0.1167 -0.2507 -0.4169 -0.5443 
0.75 0.5548 0.4333 0.2727 0.1605 -0.1169 -0.2512 -0.4177 -0.5453 
0.60 0.5548 0.4333 0.2727 0.1605 -0.1169 -0.2512 -0.4177 -0.5453 
0.50 0.5548 0.4333 0.2727 0.1605 -0.1169 -0.2512 -0.4177 -0.5453 
0.46 0.5548 0.4333 0.2727 0.1605 -0.1169 -0.2512 -0.4177 -0.5453 
0.40 0.5548 0.4333 0.2727 0.1605 -0.1169 -0.2512 -0.4177 -0.5453 
0.36 0.5548 0.4333 0.2727 0.1605 -0.1169 -0.2512 -0.4177 -0.5453 
0.30 0.5548 0.4333 0.2727 0.1605 -0.1169 -0.2512 -0.4177 -0.5453 
0.24 0.5647 0.4411 0.2776 0.1634 -0.1190 -0.2557 -0.4252 -0.5551 
0.20 0.5776 0.4511 0.2839 0.1671 -0.1217 -0.2615 -0.4348 -0.5677 
0.17 0.5920 0.4623 0.2910 0.1713 -0.1247 -0.2680 -0.4457 -0.5818 
0.15 0.5965 0.4658 0.2932 0.1726 -0.1257 -0.2701 -0.4491 --0.5862 
0.12 0.5880 0.4593 0.2890 0.1701 -0.1239 -0.2662 -0.4427 -0.5780 
0.10 0.5732 0.4477 0.2818 0.1658 -0.1208 -0.2595 -0.4316 -0.5634 
0.09 0.5471 0.4273 0.2689 0.1583 -0.1153 -0.2477 -0.4119 -0.5378 
0.07 0.5062 0.3954 0.2488 0.1464 -0.1067 -0.2292 -0.3811 -0.4976 
0.06 0.4615 0.3604 0.2268 0.1335 -0.0972 -0.2090 -0.3475 -0.4536 
0.05 0.4216 0.3293 0.2072 0.1220 -0.0888 -0.1909 -0.3174 -0.4144 
0.04 0.3751 0.2930 0.1844 0.1085 -0.0790 -0.1698 -0.2824 -0.3687 
0.03 0.2507 0.1958 0.1232 0.0725 -0.0528 -0.1135 -0.1887 -0.2464 
0.02 0.000o 0 .0000 0 .0000 0 .0000 0 .0000 0 .0000 0.0000 0.0000



Table 4-7a 
Horizontal g2 values for separate damping levels 

for equation (4.12), Abrahamson and Silva (1996)

Period g2 g2 g2 g2 g2 g2 g2 g2 
(sec) (0.5%) (1.0%) (2.0%) (3.0%) (7.0%) (10.0%) (15.0%) (20.0%) 
5.00 0.0214 0.0168 0.0106 0.0063 -0.0047 -0.0102 -0.0172 -0.0226 
4.00 0.0189 0.0148 0.0094 0.0055 -0.0042 -0.0090 -0.0152 -0.0199 
3.00 0.0157 0.0122 0.0078 0.0046 -0.0034 -0.0075 -0.0126 -0.0165 
2.00 0.0111 0.0087 0.0055 0.0032 -0.0024 -0.0053 -0.0089 -0.0117 
1.50 0.0078 0.0061 0.0039 0.0023 -0.0017 -0.0037 -0.0063 -0.0083 
1.00 0.0033 0.0025 0.0016 0.0010 -0.0007 -0.0016 -0.0026 -0.0034 
0.85 0.0014 0.0011 0.0007 0.0004 -0.0003 -0.0007 -0.0011 -0.0015 
0.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.46 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



Table 4-7b 
Vertical g2 values for separate damping levels 

for equation (4.12), Abrahamson and Silva (1996)

Period g2 g2 g2 g2 g2 g2 g2 g2 
(sec) (0.5%) (1.0%) (2.0%) (3.0%) (7.0%) (10.0%) (15.0%) (20.0%) 
5.00 0.0247 0.0193 0.0122 0.0072 -0.0052 -0.0112 -0.0186 -0.0243 
4.00 0.0218 0.0170 0.0107 0.0063 -0.0046 -0.0099 -0.0164 -0.0215 
3.00 0.0181 0.0141 0.0089 0.0052 -0.0038 -0.0082 -0.0136 -0.0178 
2.00 0.0128 0.0100 0.0063 0.0037 -0.0027 -0.0058 -0.0096 -0.0126 
1.50 0.0090 0.0071 0.0044 0.0026 -0.0019 -0.0041 -0.0068 -0.0089 
1.00 0.0038 0.0029 0.0018 0.0011 -0.0008 -0.0017 -0.0028 -0.0037 
0.85 0.0016 0.0013 0.0008 0.0005 -0.0003 -0.0007 -0.0012 -0.0016 
0.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.46 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



Table 4-8a 
Horizontal g3 values for separate damping levels 

for equation (4.12), Abrahamson and Silva (1996)

Period g3 g3 g3 g3 g3 g3 g3 g3 
(sec) (0.5%) (1.0%) (2.0%) (3.0%) (7.0%) (10.0%) (15.0%) (20.0%) 

5.00 -0.0166 -0.0130 -0.0082 -0.0049 0.0036 0.0079 0.0133 0.0175 
4.00 -0.0146 -0.0114 -0.0072 -0.0043 0.0032 0.0070 0.0117 0.0154 
3.00 -0.0121 -0.0095 -0.0060 -0.0036 0.0027 0.0058 0.0097 0.0128 
2.00 -0.0086 -0.0067 -0.0042 -0.0025 0.0019 0.0041 0.0069 0.0090 
1.50 -0.0061 -0.0047 -0.0030 -0.0018 0.0013 0.0029 0.0049 0.0064 
1.00 -0.0025 -0.0020 -0.0012 -0.0007 0.0006 0.0012 0.0020 0.0027 
0.85 -0.0011 -0.0009 -0.0005 -0.0003 0.0002 0.0005 0.0009 0.0012 
0.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.46 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



Table 4-8b 
Vertical g3 values for separate damping levels 

for equation (4.12), Abrahamson and Silva (1996)

Period g3 g3 g3 g3 g3 g3 g3 g3 
(sec) (0.5%) (1.0%) (2.0%) (3.0%) (7.0%) (10.0%) (15.0%) (20.0%) 

5.00 -0.0191 -0.0150 -0.0094 -0.0055 0.0040 0.0087 0.0144 0.0188 
4.00 -0.0169 -0.0132 -0.0083 -0.0049 0.0036 0.0076 0.0127 0.0166 
3.00 -0.0140 -0.0109 -0.0069 -0.0040 0.0029 0.0063 0.0105 0.0138 
2.00 -0.0099 -0.0077 -0.0049 -0.0029 0.0021 0.0045 0.0075 0.0097 
1.50 -0.0070 -0.0055 -0.0034 -0.0020 0.0015 0.0032 0.0053 0.0069 
1.00 -0.0029 -0.0023 -0.0014 -0.0008 0.0006 0.0013 0.0022 0.0029 
0.85 -0.0013 -0.0010 -0.0006 -0.0004 0.0003 0.0006 0.0010 0.0012 
0.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.46 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

00



Table 4-9 
Coefficients for Equation (4.13), Idriss (1993)

Period - sec a, b, a2  b2 

0.03 1 0 1 0 

0.05 1.1142 0.0709 1.0830 0.0505 

0.075 1.3513 0.2183 1.2902 0.1803 

0.1 1.4918 0.3056 1.4179 0.2597 

0.15 1.5796 0.3601 1.4992 0.3102 

0.2 1.6148 0.3820 1.5340 0.3318 

0.25 1.6148 0.3820 1.5340 0.3318 

0.3 1.6148 0.3820 1.5340 0.3318 

0.35 1.6060 0.3765 1.5224 0.3246 
0.4 1.5972 0.3711 1.5108 .03174 

0.5 1.5796 0.3605 1.4992 0.3102 

0.6 1.5445 0.3383 1.4876 0.303 

0.7 1.5269 0.3274 1.4876 0.303 

0.8 1.5094 0.3165 1.4760 0.2958 

0.9 1.4918 0.3056 1.4690 0.2914 
1 1.4742 0.2947 1.4644 0.2885 

1.5 1.4391 0.2728 1.4644 0.2885 

2 1.4216 0.2619 1.4644 0.2885 

3 1.4040 0.2510 1.4644 0.2885 

4 1.4040 0.2510 1.4644 02885 

5 1.4040 0.2510 1.4644 0.2885
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Figure 4- 1. Response spectral shapes (5% damping) for the M 6.5, R = 10 to 50 km bins normalized 
by spectral ordinates at a suite of frequencies (0.5 to 100.0 Hz)
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Figure 4-6. Response to spectral shapes (5% damping) computed for the M = 5.5 
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Figure 4-7. Response spectral shapes (5% damping) computed for the M 6.5 
magnitude bin for WUS deep soil conditions.  
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Figure 4-9. Response spectral shapes (5% damping) computed for M = 6.5 at R = 25 km using 
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Figure 4-16. Relative bias ("IT') weights (left column) and relative likelihood ("L") weights (right 
column) for M 6-7 and R 10-50 km magnitude distance bins. Top plot in each column shows 
weights computed using Equations (4-4) and (4-6). The remaining plots show the smoothed 
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Figure 4-17. Example comparisons of the statistical spectral shapes from Figure 4-5 with spectral 
shapes predicted by the weighted combination of the five attenuation relationships. Weighted 
empirical spectral shapes are shown for smoothed "T' and "L" weights and values of h from 0.25 
to 1.0.
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Figure 4-18. Relative weights used to obtain weighted empirical attenuation spectral shapes. The 
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Figure 4-19. Weighted empirical attenuation response spectral shapes obtained using the relative 

weights shown on Figure 4-18.  
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Figure 4-20. Example of a fit of Equation (4-8) to an individual spectral shape.  
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Figure 4-21. Example WUS response spectral shapes predicted by Equation (4-8) with parameters 

listed in Table 4-3 compared to the weighted empirical spectral shape data used in the fit.
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Figure 4-22. Example EUS response spectral shapes obtained by scaling weighted empirical WUS 
response spectral shapes.
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Figure 4-23. Examples of adjustments to scaled EUS response spectral shapes to remove valley near 
10 Hz.

4-67

5

2 

.5

.1 

.05 

.02 

.01 

.005 

.002

0.  

I~~~ 7, R 30 | IrI II I I corner ll 

0 Scale from • 

A 

41 

S 

S 

S 

9 

e 

e 

M 7, R 30 kmn, 1 corner 
o Scobed from WUS 
* Adlusted 

S I .,.| ... .. l • | I i

S *+ 

4e 5 

S 
e 

S 

M 7. R 30 kmn, 2 comer 
0 Scaled from WUS 
C Adjusled 

I . . *t . . . + I , i I . .



2 
1 

.5 

~ .2 

r .05 1km 5km 20 km 

.02 0/ W W6 " M ,6 .0-.  
.01 a /M7 M 7 uM7 

.005 

.002 
5!T 

2 

.1 

,j .05 5km 100 km 200km 

0M5 0M5 - M 5 
.02 MM 6 M 6 M 6 
.01 DM7 D M 7 M 

.005 *MS * 8 M8 

.002 -.  
.1 .2 .5 1 2 5 10 20 50100.1 .2 .5 1 2 5 10 20 50100.1 .2 .5 1 2 5 10 20 50100 

Frequency (Hz) Frequerncy (Hz) Frequency (Hz) 

Figure 4-24. Example EUS single-corner response spectral shapes predicted by Equation (4-9) with 

parameters listed in Table 4-3 compared to the scaled and adjusted EUS spectral shape data used 

in the fit.
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Figure 4-25. Example EUS double-corner response spectral shapes predicted by Equation (4-9) 
with parameters listed in Table 4-3 compared to the scaled and adjusted EUS spectral shape data 
used in the fit.
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magnitudes 5.6, 4.4, and 7.3. Peak parameters are taken from Table 4-1 for the Newmark-Hall 
shapes.

4-70



C)

S/i/ 
S/ "/ / 

a.  

0 / 

C:) 

10 -1 10 010 1 

Freqluencý (Hz) 

M=6.41 R=27.4 KM, ROCK 
PGi)=o.15 G, PGV=I0.27 CM/5, PGD=2.24 CM 

LEGEND 

5% DAMPED, RECOMMENDED NIRC SPECTRA, 50th percentile 

5% DAMPED, NEWMARK&HAlLL SPECTRAI WUS, 50th percenti le 

5% DA•MPED, NEWlMIRK&H-IALL SPECTRA, 84th percentile 
5% DAMPED, REG GUIDE 1.60 

Figure Set 4-26 (Cont'd)

4-71

I0 2



0:

I 

0~ 

// 

/ II 
C: / 1 

I /t 

/ /I 

/ 

// 

/ 

10 -1 lo 0 10 1 

Fretquenty (Hz) 

M=7.3., R=17.6 KN, ROCK 
PGA=O.40) G, PGV=Z6.82 CM/S, PGD=1O.89 CM 

LEGEND 
5% DAqMPED, RECOMMENDED NRC SPECTRA, 50th percenti [e 

5% DAMPED, NEWMARK&HALL SPECIRA WUS, 50th percenti le 

5% DAqMPED, NEWMARK"PLL SPECTRA, 84lh percentile 

5%. DAMPED, RIC GUIDE 1.60 

Figure Set 4-26. (Cont'd)

4-72

10 2



0

/m Ii / we 

I F 
• i / I/ 

/ I • 

(0/ 

to 01 

'Ig 

M . R , ROCK //.  

PGA=O.12 G, PGV=5.39 CM/S, PGD=0.57 CM 

LEGEND 
5% DAMPED, RECOMMENDED NRC SPECTRA CEUS I1 CORNER, 50th percent i Ile 

S....5% DAqMPED, RECOMMENDED NRC SPECTRA CEUS 2 CORNER, 50th percent ilIe 

5% DAMPED, NIEIMPRK&HA•LL SPECTRA, 50th percentil]e 

5%. DAMPED, NEW•MARK&,HALL SPECTRA, 841h percentle 

-- • -- 5% DAMPED, REG GUIDE 1.60 

Figure Set 4-27. Comparison of recommended CEUS shapes (solid line) to current regulatory 
guidance R.G. 1.60 and Newmark-Hall shapes for the distance bin 0 to 50 km and for mean 
magnitudes 5.6, 6.4, and 7.3. Peak parameters are taken from Table 4-1 for the Newmark-Hall 
shapes.

4-73



-4 

0 

C 

0

NiJ 
I

10-I 10 0 0 1 I0 2 

Frequency (Hz)

M=6.4, R=27.4 KM, ROCK 
PGA=0.15 G, PGV=O. U 7 CM/5, PGD=2.24 CM 

LEGEND 

5% DAMPED, RECOMMENDED NRC SPECTRA CEUS I CORNER, 50th percentile 
... 5% DAMPED, RECOMMENDED NRC SPEC-TRA CEUS 2 CORNER, 50th percentile 

5% DAMPED, NEIMARK&HALL SPECIRA, 50th percentile 

5% DAMPED, NELMARK2I-IALL SPECIRA, 24th percentile 
- - 5% DAMPED, REG GUIDE 1.60

Figure Set 4-27. (Cont'd)

4-74



ID -11 0

I / 

• • /, •,,/ i,

l / / 

/ 

I • ' 

0.=04 /, -G=68 M5,PD1.9 

•I," 

Ct I 

II 

II 
,l"-I 

LEGEND 
5% DAQMPED, RECOMMENDED NRC SPECTRA CEUS 1 CORNER, 50th percentil]e 

S....5% DAMPED, RECOMMENDED NRC SPECTRA CEUS 2 CORNER, 50th percentile 

5% DAMIPED, NEWMARK&HALL SPECTRAl, 50th percent ile 

5% DAMPED, NEb•MARKWHALL SPECIRA, 841h percentile 

-- - -- 5% DAMIPED, REG GUI]DE 1.GO 

Figure Set 4-27. (Cont'd)

4-75

10 2

0D



0--

10 -3
Frequency (Hz)

100 101 

Frequency (Hz)
10 2

LEGEND 
S7. DAMPED, STRIKE-SLIP 

5% DAMPED, OBLIQUE 

-- - 5% DAMPED, REVERSE 

/ O 5% DAM1PED, NORMA~L 

f "&S97, M 5.5 , , , 
C) I 111111 1 1 I1 1 1 a I 

10-1 to 0  10 1 10 2 

Fr-cjuencu (Hz) 

R = 25 KM, ROCK 
EMPIRICAL WUS 
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Figure 4-36. Recommended V/H ratios (5% damped) for WUS soft rock site conditions for ranges 
in horizontal component peak accelerations.  
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Figure 4-39. Recommended V/H ratios (5% damped) for CEUS hard rock site conditions for ranges 

in horizontal component peak accelerations.
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Figure 4-40. WUS vertical component response spectra (5% damped) based on the M 6.4, 
R = 27.4 km horizontal shape (Figure Set 4-26) and recommended V/H ratios (Table 4-4).
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5 CRITERIA FOR EVALUATION OF GROUND MOTIONS FOR THE ANALYSIS 

OF NUCLEAR FACILITIES 

5.1 Introduction 

This section summarizes the recommended criteria for developing and evaluating artificial ground 

motions used to estimate the seismic response of nuclear power plants and other critical nuclear 

facilities.  

The current version (NUREG-0800) of the USNRC Standard Review Plan (SRP) incorporates a 

specific requirement to consider the minimum Power Spectral Density (PSD) of ground motion 

records input to building, component, and soil models. Prior to this SRP, ground motion time 

histories used for such analyses were evaluated based solely upon comparison of their response 

spectra with the design response spectrum for the site. The response spectrum enveloping criteria

was based upon the engineering judgment that if the response spectral input at a given frequency 

exceeds the corresponding design spectral criteria, the computed system response at that frequency 

will exceed the response from the criteria input.  

However, it was recognized that a design response spectrum could be enveloped by the computed 

free-field response spectrum across a given frequency range, even though the PSD (or equivalently 

the Fourier amplitude spectrum) of the input ground motion could possess low levels (gaps) within 

the same frequency range. For this case, the computed system response may be underpredicted if, 

for example, the soil-structure interaction (SSI) frequencies fall within those gaps. In addition, the 

development of large structural response computer codes currently used for system evaluations has 

made the ability to perform simple checks of computed response more difficult for the reviewer.  

Because of the ambiguities in the definition of a PSD as well as the effort involved in developing a 

minimum PSD requirement for an arbitrary target response spectrum, revised criteria are proposed 

herein that can be used to evaluate ground motion time histories to be used in the design or evaluation 

of critical facilities. These revised criteria eliminate the need for a separate PSD check but require that 

the target 5% damped response spectrum be closely matched both from above and below. The intent 

of the more stringent matching criteria is to ensure that the developed ground motion does not 

possess any significant gaps in frequency content. These revised criteria satisfy the general intent of 

the criteria contained in the SRP, which is currently defined in detail only for the spectral shape 

embodied by the R.G. 1.60 spectrum.  

5.2 Current Regulatory Criteria 

In the current regulatory environment, the minimum PSD requirement is included as an additional 

check on the developed ground motion along with the enveloping criteria of the design response 

spectra. The PSD criteria was included in the SRP as a result of the studies conducted as part of the 

resolution of the USI A-40 issues (NUREG/CR 5347, 1989). The detailed specification of the 

minimum PSD for motions associated with the R.G. 1.60 spectrum was added in an attempt to ensure 

that no gaps at critical frequencies would occur in the selection of free-field ground motion time 

histories used in the system response analyses. However, due to the difficulties encountered in

5-1



generating time histories that closely match both target response and PSD spectra, it was 
recommended that a minimum PSD requirement should be included to ensure that the ground motion 
record had no significant gaps in frequency content. The primary evaluation criteria remains the fit 
of the calculated response spectrum to the target response spectrum.  

To satisfy these recommendations, the following procedure was included in Revision 2 to the SRP 
when the target response spectrum under consideration is the R.G. 1.60 spectrum: 

0 The average PSD should exceed 80% of the specified target over the frequency range from 
0.3 Hz to 24 Hz.  

0 At any frequency, the average PSD is computed over a frequency band of + 20% centered 
on the frequency at which the PSD is being calculated.  

0 The duration of the ground motion used in the definition of the PSD is the strong motion 
duration for which the Fourier components of the ground motion are calculated.  

0 For the case where an ensemble of time histories is used for the generation of spectra, the 
PSD of the ensemble can be generated at the 84th percentile level and compared to the 
appropriate target PSD.  

The frequency range specified, from 0.3 Hz to 24 Hz, is based on two relatively subjective 
considerations. First, the power in actual ground motion recordings above 24 Hz was considered 
negligible so that there is no need to consider spectral content above this value. Secondly, the check 
below 0.3 Hz was considered unnecessary since most nuclear facilities are relatively stiff and have 
response frequencies well above this lower bound cutoff. However, since those recommendations 
were promulgated, several issues have arisen which make these limits potentially problematic. First, 
at some deep soil sites, it was noted that site response fundamental frequencies extend to values well 
below 1 Hz. The details of the ground motion at these low frequencies could become important in 
evaluating site response, requiring more consideration of the frequency content at these lower 
frequencies of interest. Secondly, at some CEUS rock sites, rock outcrop motions may have 
significant energy at frequencies as high as 50 Hz (Silva and Darragh, 1995). Thus, even though these 
motions may not have a significant percentage of their total power at these high frequencies, the 
Fourier amplitudes of the high frequency components of the motion could become important when 
these rock outcrop motions are used as input to convolution calculations to determine surface 
motions at low frequency soil sites.  

For design response spectral shapes other than the R.G. 1.60 shape, the SRP does not provide 
specific guidance but indicates that the procedures used to develop the minimum PSD associated with 
the R.G. 1.60 shape be used to develop PSD requirements for these other spectral shapes. This is not 
always a simple task, but generally can require the investment of some significant effort for a given 
target spectrum. For this study, where spectral shapes are being developed as continuous functions 
of distance and magnitude (Section 4), such an effort can prove daunting. As a result, guidelines are 
recommended here that can be used to ensure that artificial design ground motions developed for 
response analyses satisfy the intent of the SRP.
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In addition to the minimum PSD requirement, other characteristics of the developed ground motions 
are important in judging their adequacy. The strong motion duration, peak velocity and displacement 
parameters, and correlation among the three component motions of an artificial record set are of 
interest to ensure that the records are sufficiently "earthquake-like" to satisfy the intent of the SRP.  
Part of criteria recommended here therefore involve the characteristics of the empirical WUS data 
base (Appendices A, B, and F).  

5.3 Recommended Regulatory Criteria 

Based on the results of numerical studies described in the following paragraphs, together with 
discussions with the project Peer Review Panel, a number of conclusions were reached on 
recommendations for artificial ground motion records. These artificial records must be generated to 
"match" or "envelop" given response spectral shapes associated with appropriate magnitude and 
distance bins (Section 3) and to satisfy other general characteristics associated with these bins. To 
evaluate the adequacy of artificial records, the following information should be made available with 
each record. This information can then be used for comparison with bin characteristics.  

0 Plots of time history and Arias Intensity function; 

0 Plots of Fourier amplitude and smoothed Fourier amplitude spectra, scaled by the factor FT 
as discussed in Section 5.4.3 to correlate with bin duration characteristics; 

0 Comparative plots of 5% damped target response spectrum and spectrum resulting from the 
ground motion; 

0 Total duration of the record, time increment, frequency window and Nyquist frequency; 

0 Strong motion duration of the record as defined by the 5%-75% Arias Intensity; 

0 Peak motion parameters PGA, PGV and PGD, and ratios PGV/PGA, PGD/PGA and PGA
PGD/PGV2.  

Based upon this information the following general criteria are recommended to evaluate the adequacy 
of the artificially developed ground motions.  

(a) The general objective is to generate an artificial or synthetic accelerogram that achieves 
approximately a mean-based fit to the target spectrum. That is, the average ratio of the 
spectral acceleration calculated from the accelerogram to the target, where the ratio is 
calculated frequency by frequency, is only slightly greater than 1. The aim is to achieve an 
accelerogram that does not have significant gaps in the Fourier amplitude spectrum but that 
is not biased high with respect to the target. An accelerogram that exceeds the target may 
overdrive a site soil column or structure where nonlinear response is of interest.  

(b) Records should have a sufficiently small frequency window and sufficiently high maximum 
frequency (or alternatively time increment and maximum duration). The total duration of the
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record can be increased by zero packing to satisfy these frequency criteria. It is recommended 
that records have a maximum frequency window of 0.05 Hz with a Nyquist frequency of at 
least 50 Hz, or a time increment of at most 0.010 seconds for a total duration of 20 seconds.  
If frequencies higher than 50 Hz are of interest, then the time increment of the record must 
be suitably reduced to provide a Nyquist frequency above the maximum frequency of interest.  
Such records can be easily generated with currently available computer power and software.  
This recommendation is similar to that presented in NUREG/CR-5347.  

(c) Spectral accelerations at 5% damping should be computed at a minimum of 100 points per 
frequency decade, uniformly spaced over the log frequency scale from 0.1 Hz to 50 Hz or the 
Nyquist frequency. This results in an increment in loglO frequency of 0.01. If the target 
response spectrum is assumed to be defined in the frequency range from 0.2 Hz to 25 Hz, the 
comparison of the artificial motion response spectrum with the target spectrum should be 
made at each frequency computed above in this frequency range. The number of frequencies 
at which spectra are computed is therefore increased from 57 (Table 3.7.1-1 of the SRP) to 
well over 200 from 0.2 Hz to 25 Hz as recommended herein. Again, with current computer 
power generally available, this requirement should pose no hardship and should result in an 
accurate representation of the computed spectra.  

(d) The computed 5% damped response spectrum of the accelerogram (if one artificial motion 
is used for analysis) or of the average of all accelerograms (if a suite of motions is used for 
analysis) should not fall more than 10% below the target spectrum at anyone frequency point.  
Since the objective is to achieve a mean based fit to the target spectrum, many more points 
will generally fall below the target spectrum than the 5 point limit mentioned in the current 
SRP. However, to prevent large frequency ranges falling below the target, no more than 9 
adjacent spectral points may be allowed to fall below the target spectrum at any frequency.  
Using the frequency spacing mentioned above, this corresponds to a moving frequency 
window of +10% centered on the frequency.  

(e) The computed 5% damped response spectrum of the artificial ground motion (if one motion 
is used for analysis) or the mean of the 5% damped response spectra (if a suite of motion is 
used for analysis) should not exceed the target spectrum at any frequency by more than 30% 
(a factor of 1.3) in the frequency range between 0.2 Hz and 25 Hz.  

(f) Because of the high variability in time domain characteristics and because few CEUS 
recordings are available to quantify these characteristics, strict time domain criteria are not 
recommended. In general, artificial motions should have durations (5%-75% Arias intensity), 
and ratios PGV/PGA and PGA-PGD/PGV2 that are generally consistent with bin average 
values. For WUS motions, strong motion durations should generally be within about + 50% 
of the bin median values (see Section 5.5.2) and PGV/PGA and PGA-PGD/PGV2 values 
should be within + 1 sigma of the bin median values. It would be appropriate for CEUS 
acceleration time histories (excluding the 0 to 10 km distance bin) to have durations on 
average larger than WUS motions by 20 to 50% with this difference decreasing substantially 
for velocity and displacement time histories. This recommendation is particularly appropriate 
for rock outcrop motions.
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(g) Directional correlation coefficients between pairs of records are typically required to be 
relatively low to ensure that a structure or structural element cannot be oriented in an analysis 
in such a manner so as to minimize some important directional response quantity of interest.  
However, if the limiting value is made too low, a significant number of empirical recordings 
in any earthquake bin may unnecessarily be eliminated from further consideration as a seed 
for generating design ground motions. Since the response quantity is a function of the 
structural characteristics and not of the empirical bin data sets, it is recommended that the 
upper limit for the zero-log cross-correlation coefficient between any two design ground 
motions be 0.3. For correlation coefficients less than this limit, no significant reduction in 
response will be attained by orientation of the structure.  

If these general criteria are followed, the matching requirements to the 5% damped response 

spectrum should be adequate to ensure that no gaps in the PSD or Fourier amplitude spectrum will 
occur over a significant frequency range. There is no special need to evaluate the PSD of the ground 
motion to compare with minimum PSD targets.  

5.4 Description of Analyses 

Empirical records appropriate for analyses have been catalogued into magnitude and distance bins 
(Section 3). These distance and magnitude bins are listed in Table 5.1. The four distance bins selected 
are labeled"Dl" (0- 10km), "D2" (10-50km), "D3" (50-1 00km) and"D4" (100-200km) and the three 
magnitude bins are labeled "M55" (M5-M6), "M65" (M6-M7) and "M75" (M7+). These magnitude 
and distance ranges for each bin were selected based upon the judgment of the investigators to arrive 
at ranges considered to be most significant. If a larger number of bins were selected, for example, the 
population within each bin would decrease, and this could lead to difficulties in developing average 
bin characteristics. If fewer bins were selected, then characteristic differences in recordings that were 
felt to be significant could be lost. The recordings contained within each bin listed in Table 5.1 
represent the WUS database (Appendix A). Clearly some bins do not have sufficient empirical data 
with which to define average characteristics and must be supplemented as described in Section 3.  

It should be mentioned that a number of approaches in the open literature are used to develop 
appropriate artificial time histories. These approaches are based on either time domain or Fourier 
domain methods that satisfy matching or enveloping criteria of a target response spectrum. It is not 
the objective of this project to either describe or evaluate these approaches, but rather to describe 
criteria that can be used to evaluate the appropriateness of given time histories developed by 
Applicants for use in various system response analyses. As mentioned previously, the primary 
criterion used to judge the adequacy of such time histories is to ensure that the computed response 
spectrum closely matches the target response spectrum and ensures that no significant gaps in 
frequency content exist.  

From the outset of this effort, it was recognized that the use of a PSD criterion to evaluate the 
frequency gap issue has inherent problems with respect to application. First, several different 
expressions for computation of PSD are available in the open literature. These definitions may not 
be equivalent to one another. This was also noted in the comments provided by Kennedy (Appendix
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A to NUREG/CR-5347), which was the study on which the revision to the current SRP was based.  
Secondly, it has been noted that there could be a disconnect encountered between the definition of 
time duration of the ground motion used in the development of the Fourier components of the ground 
motion and the duration used in computing the PSD as described in the SRP.  

For example, in generating artificial time histories, it is usual to extend the initial trial record by zero 
packing to an integral power of two (2). The record duration used in the Fourier computation with 
the FFT procedures is then relatively long, consistent with the zero packed record length. In the 
computation of the PSD, as described in the SRP, the duration mentioned refers to the strong motion 
duration. Thus, unless one is careful during the review process, the duration used in the FFT and the 
PSD computations can be different, and can lead to an inconsistency in the computation of the power 
in the record.  

In the work described in the following paragraphs, the average Fourier amplitude spectrum of the 
empirical records in each bin was computed. Examples of these bin averaged Fourier amplitude 
spectra are shown in Figures 5-lA and 5-lB and represent some typical results. In these and later 
figures, the following notation is used to represent a set of strong motion records: 

DlRM65H 

where D1 is the distance bin as defined above, 
R means rock (or S means soil) 
M65 is the magnitude bin as defined above, 
H means horizontal (or V means vertical).  

The Fourier amplitudes for each of the records in the bin, which were first scaled to 1g, were 
computed and then averaged over the bin without any weighting considered. The shapes plotted in 
Figure 5-1A compare the horizontal and vertical records in a particular bin (D1RM65) and indicate 
the general increase in high frequency content of the vertical records with respect to the horizontal 
records. Figure 5-1B presents a similar comparison of the bin results as a function of magnitude for 
a given distance bin. Again, the averages show the same general shape with an increase in Fourier 
amplitude with magnitude. The average Fourier amplitude spectra for all the bins are shown in 
Appendix E.  

In the calculations performed to address the frequency gap issue, the general procedure consisted of 
(a) selecting target response spectral shapes with different characteristics, (b) generating artificial 
records that satisfy the enveloping criteria of the SRP, (c) introducing gaps into these artificial records 
at various frequencies, and (d) determining the influence of these frequency gaps on the recomputed 
5% response spectra. In generating appropriate records, the ability to match a given target spectrum 
reasonably closely is controlled by two characteristics of the spectrum. First, if the target spectrum 
consists of a series of straight line segments (as plotted, say, on arithmetic spectral acceleration vs.  
log frequency scales), the discontinuities in the slope of the spectrum can cause difficulties in the 
iteration process used to generate the artificial time history. Secondly, if the shape of the spectrum 
is very peaked (relatively large amplification ratio over a narrow frequency band), the iteration
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process may again have difficulties in convergence. A number of such spectral shapes were used and 
the results of some of these computations are presented in the following paragraphs.  

5.4.1 Generation of Artificial Enveloping Time Histories, Segmented Target 

In generating these trial time histories, a relatively peaked spectral shape of the acceleration spectrum 
was generated early in the study using the median shape computed for the D2RM55H bin (distance 
10-50 kin, rock site, magnitudes 5-6, horizontal direction) and shown in Figure 5-2. This spectral 
shape was computed from all the records (unweighted) in this particular bin and was not modified to 
match data in adjacent bins. It should be noted that this spectral shape is not necessarily the same as 
that shown in Section 4 for the given average magnitude and distance, although it is not too different.  
This smooth bin spectral shape was then enveloped with a series of closely matching straight-line 
segments. For general interest, a comparison of this segmental shape is made with the NUREG-0098 
median rock spectral shape in Figure 5-2. The target spectrum is significantly narrower and more 
peaked than the generic spectrum.  

Eight different time histories were then developed that generate response spectra that envelop this 
target segmental shape. The computer program CARES, which operates in the frequency domain, 
was used in these calculations (Costantino et al., 2000). A random phase spectrum was generally used 
in these computations, as this was simplest to perform and was as appropriate as any other 
assumption. The enveloping criteria used in each case satisfies the current SRP recommendations (no 
more than 5 spectral points falling below the target, with no one point falling more than 10% below 
the target spectrum) over the frequency range from 0.2 Hz to 34 Hz as recommended in Table 3.7.1
1 of the SRP.  

The particular characteristics of these artificially generated time histories are listed in Table 5-2.  
Record I has a strong motion duration (Arias Intensity from 5%-75%) of 6.3 seconds. This duration 
characteristic is long for this particular bin as can be noted from Figure 5-14A, where the bin average 
is shown to be about 2.5 seconds, with the +50% variations extending from about 1.6 seconds to 
about 3.8 seconds. A summary of these bin characteristics is presented in Appendix F. This artificial 
trial record used the most data points in the calculation by zero padding the record to achieve a total 
duration of 20 seconds. The frequency increment generated by the one-sided FFT routine is 0.05 Hz 
with a maximum frequency retained in the calculation of over 200 Hz. Records 2 through 4 have 
about the same duration as Record 1 but half the number of time steps of the previous record. Record 
4S uses a longer zero padded length but with the same total number of time steps as Record 4, while 
Record 4L uses an increased strong motion duration of 8.4 seconds. Record 5 uses the fewest number 
of time steps and keeps a total padded duration of 20 seconds. Record 1S has characteristics similar 
to Record 1 except that the strong motion duration is reduced from 6.3 seconds to 3.4 seconds, 
which is more in keeping with the average bin characteristic.  

Figures 5-3A through 5-3H plot the resulting 5% damped acceleration response spectrum for each 
generated motion, the segmented target spectrum and the computed error between the two spectra.  
It should be noted that in the CARES FFT computation, the frequency increment is selected as the 
inverse of the maximum total padded duration of the record while the maximum frequency is 
determined from the time increment of the record (defined through the Nyquist frequency). The
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spectra computed and shown in the plots of Figure 5-3 are typically cutoff at either 50 Hz or at the 
Nyquist frequency of the generated motions. Thus for Records 4, 4S, 4L and 5, the cutoff frequency 
is as low as 12.8 Hz since the time increment selected is relatively large. It should be reiterated that 
the purpose of these calculations was not to develop closely enveloping records. Rather it was to 
ensure that records could be generated that yield spectra reasonably close to the target response 
spectra after only a few iterations, even for this target spectrum, which has relatively poor matching 
characteristics (segmented and relatively peaked).  

The plots of Figures 5-3A through 5-3H indicate that the enveloping of such segmented response 
spectra can be easily achieved after only a few iterations with resulting errors in spectral amplitude 
less than 20% over the frequency range from 1 Hz to 25 Hz. This enveloping can be achieved 
provided that the record uses a sufficiently small frequency increment and sufficiently high cutoff 
frequency (or alternatively short time increment and long duration of the record). It has been our 
general experience that enveloping errors increase as frequency ranges approach the Nyquist 
frequency. The recommendations of NUREG/CR-5347 suggest a maximum frequency window of 
0.05 Hz. With a Nyquist frequency of at least 50 Hz, the number of Fourier components computed 
in the one-sided Fourier computation is then 1024 and number of time steps in the record is 2048.  
The corresponding time increment of the record is then about 0.01 seconds for a record duration of 
20 seconds. During the public comment period associated with the USI A-40 issues, some comments 
were received that recommended a large frequency window of 0.2 Hz. With today's available 
computational power on even the most ordinary desktop computer, such a recommendation does not 
have any real basis.  

5.4.2 Generation of Artificial Enveloping Time Histories, Smooth Target 

Figures 5-4A and 5-4B indicate similar results but using the smooth shape of the acceleration 
response spectrum rather than the segmented shape for the same bin (D2RM55H) discussed 
previously. As can be noted, the calculated artificial motions more closely envelop the smooth target 
spectrum as compared to the results of Figure 5-3, with errors between 1 Hz and 25 Hz on the order 
of 5%. This behavior confirms the general experience of the additional convergence difficulties 
introduced into the fitting process by the use of segmented target spectrum, which has been typical 
in the past. At low frequencies where the amplitudes of the target spectrum are low, the computed 
errors become larger although the closeness of the fit (on an absolute basis) is better than in the mid
frequency range. At the high frequency end of the spectrum, the errors in the fitting become larger 
as the Nyquist frequency is approached, as previously mentioned.  

Artificial recordings were also developed using the smooth spectral shape for the same bin 
(D2RM55H) as used above, but this time using the recommended spectral shapes documented in 
Section 4. A comparison of the spectral shapes using the recommended WIUS, CEUS 1-comer and 
CEUS 2-comer source models is shown in Figure 5-5 for the average magnitude and distance 
associated with the empirical bin data. In these calculations, artificial recordings were generated for 
four different assumed Fourier phase spectra; namely, a random phase and three phase spectra taken 
from three recordings contained in the empirical bin. Figures 5-6A through 5-6D show the developed 
spectral comparisons and corresponding error computations for the WUS bin spectral shape. Figures 
5-7A through 5-7D show similar results using the CEUS 1-comer model, again using the random
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phase spectrum and the phase spectra from the same three recordings used to generate matches to 
the WUS bin shape.  

Figure 5-8A is a plot of the Arias Intensity ratio as a function of time for the four time histories 
developed to envelop the WUS acceleration spectrum of Figures 5-6A through 5-6D. In addition, the 
Arias Intensity ratios for the three empirical recordings from which the phase spectra were taken are 
included on this figure. Figure 5-8B presents the same data, but plotted with respect to the time ratio 
(T/Tm.j for each record, since the artificial records were developed for a different duration than the 
records from which the source spectra were taken. The time characteristics of the Arias Intensity 
ratios for the artificial records show similar growth rates as those from which the phase spectra were 
obtained, while the random phase assumption shows a relatively uniform growth in intensity with 
time, as expected. Figures 5-9A and 5-9B show similar results for the time histories developed to fit 
the acceleration spectral shape associated with the CEUS 1-corner model used in Figures 5-7A 
through 5-7D.  

5.4.3 Comparison of Fourier Amplitude Spectra with Bin Averages 

Figure 5-10A compares the Fourier amplitude spectra for the various generated motions that were 
developed to envelop the segmented target spectrum (which itself envelops the median response 
spectrum computed for the bin, Figure 5-3). The Fourier spectra from the artificial records all envelop 
the bin average spectrum, with the exceedences increasing at the higher frequencies where the fits to 
the segmented target response spectrum showed high (positive) errors. Similar comparisons are 
shown Figures 5-1OB and 5- 10C for those artificial records enveloping the smooth target spectra of 
Figures 5-4 and 5-6. The same characteristic exceedences can be noted for these two example sets.  

One cause of the exceedence of the Fourier amplitude spectra from the generated motions over the 
bin target amplitude spectrum relates to the response spectra being higher than the target bin response 
spectrum. However, an additional important cause of this exceedence is the strong motion duration 
(TT) of the artificial record as compared to the bin average duration (TBA). To correct for this effect 
in order to make an appropriate comparison of Fourier amplitude spectra with the target bin average 
Fourier spectrum, either the Fourier amplitude spectrum of the trial motion should be reduced by the 
factor FT or the target bin average Fourier amplitude spectrum increased by FT, where 

FT = /TT/TBA 

As an example, using trial 1 record, the value of TT is equal to 6.3 seconds while the bin average 
TBA is about 2.5 seconds. The factor FT is then about 1.59. Thus the Fourier amplitude spectrum 
of the trial motion should be decreased by 1.59 when comparing with the bin average Fourier 
amplitude spectrum.  

To demonstrate this effect more clearly, the Fourier amplitude spectra from Trials 1 and IS are 
compared with the bin average in Figure 5-10D. This comparison shows that the Fourier amplitudes 
for Trial IS are closer to the bin average values. In addition, the ratio of the Fourier spectra from the 
two trials is plotted over the frequency range. The strong motion duration for trial 1S is 3.36 seconds
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leading to a value of FT of 1.16. The ratio of the factors FT for the two records is then 1.59/1.16 or 
1.37. This ratio is a reasonable approximation to the ratio of Fourier amplitudes for the two records.  
If a Fourier amplitude acceptance criteria is to be added in the future to these recommended criteria, 
such a scaling of the Fourier spectra is recommended.  

5.4.4 Influence of Gaps in the Fourier Spectrum 

Following the generation of the artificial ground motions that envelop the 5% target response 
spectrum for one of the bins, a series of gaps was placed in the Fourier amplitude spectra for the 
motions. We then determined the influence of these gaps on the 5% damped response spectra.  
Examples of this process are shown in Figures 5-11A through 5-11G for the record designated 
"t rial03", which was generated to envelop the segmented target spectrum. Gaps in the Fourier 
spectrum were located at frequencies centered at 0.5 Hz, 1 Hz, 2.5 Hz, 6 Hz, 10 Hz, 15 Hz and 25 
Hz, with the width of each gap chosen to be +20% of the center frequency and the depth of the gap 
varied by 10%, 20% and 30% of the Fourier amplitude. The phase spectra for these gaps were 
unchanged. For each revised record, the corresponding smoothed Fourier spectrum and the 5% 
damped response spectrum were calculated. The smoothing was conducted as described in Appendix 
A to Section 3.7.1 of the SRP, by computing the average over the frequency band of +20% of the 
frequency being evaluated.  

The results of this computation indicated that the reduction in the damped response spectrum was 
similar in magnitude to the reduction in the Fourier spectrum amplitudes at frequencies of 1 Hz, 2.5 
Hz, 6 Hz and 10 Hz. The gaps centered at 0.5 Hz and 15 Hz led to a reduction in the response 
spectrum amplitudes of about one-half the decrease in the Fourier spectrum amplitudes. The gap 
centered at 25 Hz led to a significantly smaller change in the recomputed response spectrum. Similar 
changes in response spectra were noted for the case of gaps placed in the "trialO 1" record described 
in Table 5-3.  

In addition, a similar computation was performed for the case of a gap placed in the Fourier spectrum 
at 2.5 Hz, but this time using a width of only ±10% in the frequency band. The results of this 
computation are shown in Figure 5-1 1H. For this case the error in the computed 5% damped 
response spectra is of the same order as that in the Fourier spectra. However, the resulting gaps in 
the smoothed Fourier spectra are now much smaller, as would be expected since the smoothed 
Fourier spectra are computed using a band width of +20%. Therefore, comparison of smoothed 
Fourier spectra alone are in general not enough to determine the potential significance of gaps in the 
input motions. A summary comparison of the magnitudes of change in 5% damped response spectra 
for a given change in Fourier amplitudes is shown in Figure 5-12, using the results for the "trial03" 
record shown in Figures 5-11A through 5-11G.  

5.4.5 Limitations on Exceedences of Response Spectra 

It is well known that the computed 5% damped response spectrum for a time history composed of 
a single frequency can be made to exceed a given target spectrum if no limitations are placed on the 
amount of the spectral exceedences that can occur at any one frequency. As an example, a time 
history was generated using a single frequency sine wave at 5 Hz with a magnitude of 1g. The 5%
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damped spectral amplification (SA/PGA) for this motion is shown in Figure 5-13A and is compared 
to the median spectrum shape obtained from the median empirical (WUS) data for bin D2RM55H.  
The sine wave record was then uniformly increased in magnitude to either totally envelop the bin 
target response spectrum or to minimally match at least 90% of the target. It is clear that if large 
exceedences of the target spectrum were allowed, such a severely gapped motion could satisfy the 
enveloping criterion alone. However, checking the corresponding Fourier spectrum, illustrated in 
Figure 5-13B, can uncover the gaps in frequency content in the record. The computed Fourier 
spectrum is very spiked in appearance although the amplitudes of the spikes depend on the specific 
details of the digitized record used in the FFT calculation.  

Unfortunately, the smoothing process typically used to plot computed Fourier amplitude spectra 
could serve to severely change the character of even this extreme example, as noted in Figure 5-13B.  
Care must then be used when judging such smoothed plots. A similar computation was made using 
a time history generated from three frequencies of 2.5 Hz, 5 Hz and 10 Hz and scaled to a lg 
amplitude. Again, the exceedences of the response spectrum are very large as shown in Figure 5-13C.  
Also, the computed Fourier spectrum shown in Figure 5-13D is very spiked although the smoothing 
process again tends to hide the spikes. This simple exercise serves to indicate that the acceptance 
criteria used to judge the adequacy of ground motions must also contain a maximum allowable 
spectral exceedence criteria as well as a recommendation on the appropriate frequency content of the 
generated record, as mentioned previously. In addition, reliance on the appearance of smoothed 
Fourier spectra alone are generally not adequate to judge frequency gaps in such motions.  

5.5 Other Important Ground Motion Characteristics 

In addition to the two primary acceptance criteria discussed above, other characteristics of artificial 
ground motions are considered significant when judging acceptability for use in design or evaluation 
of critical facilities. In Appendices E, F, and G, a number of parameters typically considered of 
interest in ground motion studies were computed for each record in the WUS empirical database and 
are summarized in scatter plots for each magnitude and distance bin.  

5.5.1 Peak Velocity and Displacement Parameters 

The velocity and displacement parameters of interest typically include the peak velocity ratio 
(PGV/PGA), the peak displacement ratio (PGD/PGA), and the parameter PGA.PGD/PGV2 . From 
the plots in Appendix F, it is evident that the scatter in these data is extremely high, but the data 
clearly indicate that the parameters are functions of both distance and magnitude as well as site 
condition (rock vs. soil sites). Average values of these parameters for horizontal motions in each bin 
of the WUS empirical data are presented in Table 4-1. These bin averages and uncertainties reflect 
equal weighting for each earthquake within any single bin.  

5.5.2 Duration Parameter 

In addition to the average parameters of Table 4-1, the recommended duration parameter for each 
bin has also been defined by an empirical WUS duration model (Appendix I). The results are shown 
in Figures 5-14A, B and C for horizontal motions in the various magnitude and distance bins for rock
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sites. The duration parameter is defined by the 5% - 75% Arias intensity, and is an important 
characteristic of the ground motion. As described by Kennedy (Appendix A to NUREG/CR-5347, 
1989), when an excessively long strong motion duration is selected, the computed combined 
responses of multimodal systems can be either severely overestimated or underestimated depending 
upon the details of the Fourier phasing selected in generating the ground motion.  

In addition, when using the generated ground motion to evaluate liquefaction potential of a particular 
soil site, the duration parameter becomes important when using either equivalent linear or nonlinear 
analyses to estimate soil site responses. It is therefore recommended that the duration of the artificial 
ground motion approximately satisfy the characteristics shown in Figure 5-14. The solid line in these 
figures indicates the median bin value, while the dashed limits indicate values 50% higher and lower 
than these median bin values. Dotted lines forming boxes indicate the + one sigma values for the bins.  
Scatter plots of the duration parameters from the WUS database are contained in Appendix I.  

In addition to this duration parameter, the Arias intensity and Cumulative Absolute Velocity (CAV) 
properties of each record in the empirical bins were evaluated to see if any particular characteristic 
emerges to differentiate the motions between bins. Figures 5-15A, B and C present plots of the results 
for a particular bin (D1RM55H). The total Arias intensity was computed for each record, scaled to 
a total value of unity, and the times associated with the 5% through the 100% Arias intensity ratio 
were determined in 5% increments. These times were normalized to a value of 1 for the total duration 
and were ordered. The minimum, 15th, 50th and 85th percentile and maximum time were determined 
for each Arias intensity level. Figure 5-15A presents the results, with the time parameter for each 
record scaled by its maximum duration. Results from the majority of the records indicate energy 
growth at the beginning of the records. This results from the selection of the long time window over 
which the records in the bin were digitized.  

Figure 5-15B shows similar results for the same bin but with the time for each record scaled to the 
time associated with the 95th percentile Arias intensity ratio (designated "T95"). Figure 5-15C shows 
a similar comparison for the case where the times for each record are scaled to the time window for 
the 5% to 95% Arias intensity ratio (designated "T5-95"). The results shown in Figures 5-15B and 5
15C are typical of all bins analyzed. They indicate the large scatter in the data and the different rates 
of growth in Arias intensity for the records in any one bin. Figures 5-16A and B show the results of 
similar calculations for CAV. In this case, scatter in the computed data is much less than in the Arias 
intensity function, which may indicate that the CAV is a more stable indicator of the characteristics 
of the time details of a given record. Scatter plots of both total Arias Intensity and CAV for the WUS 
database are contained in Appendix G.  

5.5.3 Component Correlation Characteristics 

The characteristics of the lag-zero cross-correlation coefficients of the three component data sets in 
the WUS empirical database were computed and are tabulated in Tables 5-4 and 5-5, with summary 
plots presented in Appendix F. Table 5-4 summarizes the average component correlations for the 
rock site bins for acceleration, velocity and displacement. Table 5-5 contains correlations for the soil 
sites. A typical plot is shown in Figure 5-17A and indicates a relatively wide scatter in the average
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values in each bin. In general, the correlation coefficient for acceleration records is somewhat smaller 
than for integrated velocity and displacement components.  

A comparison of the component correlations computed from the vertical and horizontal record pairs 
is also summarized in Tables 5-4 and 5-5 and a sample plot shown in Figure 5-17B for rock sites. The 
correlation between the vertical and each horizontal record of the data set is similar. Again, the results 
indicate higher correlation coefficients for velocity and displacement than with acceleration.  

The current NRC staff position limits the correlation between component pairs of artificial 
acceleration records of a three component enveloping set to a value of 0.16 or less. This is based on 
some early limited computational results generated by Chen (1975). More complete evaluations were 
generated by Hadjian (1978, 1981) who included the effect of recorder orientation to estimate 
maximum values of correlations for a somewhat larger data set. The results of this computation 
indicated maximum values of acceleration correlation coefficients of 0.32. The data summary of 
Tables 5-4 and 5-5 do not include the effect of recorder orientation. As mentioned in Section 5.3, a 
value of 0.3 is recommended for the acceptance criteria.  

5.6 Example Application of Spectral Matching Criteria 

A further expansion of these general recommendations is provided for the following case in which 
a typical Uniform Hazard Spectrum (UHS) is defined as the basic target spectrum for the site. The 
UHS is assumed to be based on studies using the latest ground motion information (source zones and 
attenuation models) appropriate for the site for which it is defined. The use of older hazard studies 
based on attenuation models no longer considered appropriate for the site could lead to the definition 
of target spectra that have deficiencies in certain frequency ranges. Generating appropriate ground 
motions for such deficient targets requires special considerations that are not incorporated into the 
following description.  

A schematic example of an appropriate UHS is shown in Figure 5-18A. The UHS is defined by 
spectral ordinates over a given frequency range (shown to be 0.2 Hz to 25 Hz in the figure) and its 
PGA. To properly generate ground motions that envelop this UHS and satisfy the generic criteria 

listed above, the spectrum needs to be extrapolated at the low and high frequency ends as shown in 
Figure 5-18A. As mentioned above, the purpose of these extrapolations is to generate ground 
motions that have realistic low and high frequency characteristics.  

In addition to the UHS, additional spectra are often generated from dominant earthquakes determined 
from the deaggregated hazard analysis. Such spectra are used to study nonlinear effects (liquefaction 
assessment, structural damage estimates, etc.). The use of ground motions generated from enveloping 
the very broad banded UHS spectrum could lead to overdriving systems and incorrectly predicting 
nonlinear responses. For such cases, ground motions are often generated for separate events that 
dominate the hazard at low frequency (1 Hz) and high frequency (10 Hz) to attempt to capture the 
nonlinear characteristics for these dominant events. The low frequency event is typically defined as 

a large magnitude, distant earthquake while the high frequency deaggregated event is a smaller, close
in earthquake.
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The spectra from the deaggregated events are then typically scaled back to the UHS at their 
corresponding frequencies. It should be noted that an interface frequency, f., can then be defined at 
the intersection of the two deaggregated spectra. For frequencies below f, the low frequency 
deaggregated spectrum is higher than the high frequency spectrum. For frequencies above f, the high 
frequency spectrum governs. In addition, a PGA for each of these two deaggregated spectra is also 
defined by the scaling process back to the UHS.  

Thus three spectra are often defined for a given site, namely the UHS and the two deaggregated 
scaled spectra. It should be noted that the maximum difference between the UHS and the 
deaggregated scaled spectra, particularly around the frequency f., is assumed to be less than 10%.  
If this gap between the UHS and the deaggregated spectra exceeds 10%, a third deaggregated 
spectrum should be defined and scaled back to some intermediate frequency so as to limit the 
maximum difference between the UHS spectrum and the other deaggregated spectra to less than 
10%. Site and structural response analyses can then be performed for either or all of the UHS 
spectrum and the scaled deaggregated events.  

In the following discussion, it is assumed that three such target spectra are defined, requiring that 
appropriate sets of time histories be generated to envelop each of these spectra. The following 
recommendations are provided to generate these three sets of time histories, each of which is intended 
to satisfy the general criteria listed above. If additional spectra are required to fill in areas where gaps 
exceed the 10% recommendation mentioned above, it should be obvious how to expand the 
recommendations below for the additional spectra.  

If a time history is generated to envelop the UHS, the upper and lower bound enveloping criteria 
listed above are shown schematically in Figure 5-18B. The PGA of the digitized time history should 
be at least equal to the PGA defined for the UHS. It is recommended that the strong motion duration 
associated with this UHS be the longer duration defined for the low frequency deaggregated event.  
The time step and total zero-packed duration of the motion should satisfy the general criteria 
mentioned above.  

If a time history is generated to envelop the low frequency deaggregated spectrum, the bounding 
process is similar to that described above, but becomes somewhat more complicated. As evident in 
Figure 5-18C, below the interface frequency fc, the bounding criteria should be controlled by the UHS 
spectrum while above f, the bounding criteria should be controlled by the deaggregated spectrum; 
that is, 

0.9*UHS < RS < 1.3*UHS for frequencies between 0.2 Hz < f < fc, and 
0.9*DES 1< RS < 1.3*DES 1 for frequencies between fc <f < 25 Hz.  

Where RS stands for the Response Spectrum of the artificial record and DES 1 is the deaggregated 
spectrum scaled to 1 Hz. The peak acceleration of the digitized record should equal or exceed the 
PGA of the low-frequency deaggregated spectrum. The strong-motion duration should be appropriate 
for the magnitude and distance of the low-frequency deaggregated event.
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If a time history is generated to envelop the high-frequency deaggregated spectrum, the bounding 
process is opposite to that described above; that is, below the interface frequency f0, the bounding 
criterion is the deaggregated spectrum while above the interface frequency f, the bounding criterion 
is the UHS. As shown in Figure 5-18D, the criteria 

0.9*DESlO < RS <1.3*DES10 for frequencies between 0.2 Hz < f < f,, and 
0.9*UHS < RS < 1.3*UHS for frequencies between f, < f < 25 Hz.  

The peak acceleration of the digitized record should equal or exceed the PGA of the high-frequency 
deaggregated spectrum. The strong motion duration should be appropriate for the magnitude and 
distance of the high frequency deaggregated event.  

5.7 Conclusions 

This study has led to recommendations that can be used to generate artificial records that envelop 
response spectra generated for a particular site and that have sufficient energy content at all 
frequencies of interest. The conclusions based on these studies are as follows.  

1. In the frequency range from 1 Hz to 15 Hz, the 5% damped response spectrum is about as 
sensitive to gaps in the frequency content of an artificial time history as is the smoothed 
Fourier amplitude spectrum. There is no need to have additional checks of Fourier spectra or 
PSD to ensure that no significant gaps in frequency exist.  

2. Artificial ground motions can be generated that envelop the target response spectra defined 
for the project. The artificial records must have small enough time increments and long 
enough zero packed durations to satisfy the requirements described in this section. These 
artificial motions should have peak motion characteristics and strong motion durations that 
are appropriate for the earthquake magnitudes and distances of interest.  

3. In general, the artificial record should have a response spectrum that does not fall more than 
10% below the target spectrum and does not exceed the target spectrum by more than 30%.  

Additionally, time domain characteristics should be generally consistent with bin average values of 
durations, and the ratios PGV/PGA and PGA.PGD/PGV2 . If these criteria are followed, artificial 
records can be developed that are considered appropriate for analysis of critical facilities.  

References 

Chen, C. (1975), "The Definition of Statistically Independent Time Histories", Journal of the 
Structures Division, Amer. Soc. of Civil Engrs, February.  

Hadjian, A.H. (1978), "On the Correlation of the Components of Strong Ground Motion", 
Proceedings, 2nd International Conference on Microzonation, San Francisco.

5-15



Hadjian, A.H. (1981), "On the Correlation of the Components of Strong Ground Motion - Part 2", 
Bull. Seism. Soc. Am., 71(4), 1323-133 1, August.  

Miller, C.A. and C.J. Costantino (2000), "CARES, (Computer Analysis for Rapid Evaluation of 
Structures)," Version 1.3, Costantino, Miller and Associates for Office of Nuclear Regulatory 
Research, U. S. Nuclear Regulatory Commission.  

NUREG-0800 (1989) "Standard Review Plan", Office of Nuclear Reactor Regulation, US Nuclear 
Regulatory Commission, Revision 2.  

NUREG/CR-3805, "Engineering Characterization of Ground Motion," R.P. Kennedy et al., for U.S.  
Nuclear Regulatory Commission, May 1994.  

Silva, W. J. and R. Darragh (1995), "Engineering Characterization of Earthquake Strong Ground 
Motion Recorded at Rock Sites", Elec. Power Res. Inst., Palo Alto, CA, Rept. TR-102261.

5-16



TABLE 5-1 
MAGNITUDE AND DISTANCE BINS FOR RECORD LIBRARY 

WUS EMPIRICAL MOTIONS

Magnitude Bins 

Distance 0n 

00-10 

10-50 

50 - 100 

100-200

Range: Bin Center: 
5-6 5.5 
6-7 6.5 
7+ 7.5 

Site TYxe Magnitude Direction 
Rock 5.5 H 

V 
6.5 H 

V 
7.5 H 

V 
Soil 5.5 H 

V 
6.5 H 

V 
7.5 H 

V 
Rock 5.5 H 

V 
6.5 H 

V 
7.5 H 

V 
Soil 5.5 H 

V 
6.5 H 

V 
7.5 H 

V 
Rock 5.5 H 

V 
6.5 H 

V 
7.5 H 

V 
Soil 5.5 H 

V 
6.5 H 

V 
7.5 H 

V 
Rock 5.5 H 

V 
6.5 H 

V 
7.5 H 

V 
Soil 5.5 H 

V 
6.5 H 

V 
7.5 H 

V

No. of Records 

28 
13 
24 
10 
6 
3 
24 
11 
87 
42 
4 
2 

184 
89 
200 
100 
6 
3 

370 
182 
504 
245 
56 
28 
34 
15 
76 
39 
10 
5 
38 
17 

132 
61 
12 
6 
2 
1 
12 

16 
8 
2 
1 

28 
14 
84 
42
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TABLE 5-2 
CHARACTERISTICS OF GENERATED 

ARTIFICIAL RECORDS

TRIAL 

Max Duration (secs) 

Time Increment (msec) 

Frequency Increment (Hz) 

Max Frequency (Hz) 

No. of Points in Record 

No. of Frequency Comps 
(one-sided FFT) 

Duration 5%-75% (sec) 

Duration 5%-95% (sec)

1 

20 

2.44 

0.05 

204.8 

8192 

4096 

6.312 

8.464

2 

20 

4.88 

0.05 

102.4 

4096 

2048 

5.83 

8.516

3 

20 

9.76 

0.05 

51.2 

2048 

1024 

6.406 

8.116

4 

20 

19.53 

0.05 

25.6 

1024 

512 

6.66 

8.144

4S 

40 

39.06 

0.025 

12.8 

1024 

512 

5.703 

8.242

4L 

40 

39.06 

0.025 

12.8 

1024 

512 

8.399 

11.094

TABLE 5-3 
PERCENT REDUCTION IN 5% DAMPED RESPONSE SPECTRUM

Gap Center 
Frequency (Hz) 

0.5 

1.0 

2.5 

6.0 

10.0 

15.0 

25.0 

0.5 

1.0 

2.5 

6.0 

10.0 

15.0 
25.0

% Reduction 

10% 
1.77 
8.4 

7.55 

7.52 

7.67 

7.73 

5.33 

4.32 

8.98 

9.22 

7.79 

9.25 

4.97 

1.88

in Fourier Amplitude 

20% 30% 

3.85 5.13 
16.73 25.03 
15.02 22.13 
15.04 22.38 
15.24 22.85 
15.48 22.67 
10.51 12.23 
8.7 13.02 

17.96 26.19 
18.42 27.17 
15.61 23.4 
18.49 27.14 
9.9 14.86 

3.77 5.65
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5 

20 

39.06 

0.05 

12.8 

512 

256 

6.563 

9.063

is 

20 

2.44 

0.05 

204.8 

8192 

4096 

3.356 

4.933

Trial Time 
History 

Trial01 

Trial03



TABLE 5-4

BIN CROSS CORRELATION STATISTICS FOR WUS ROCK SITE CONDITIONS* 

M 5 to 6 
Distance (km) 

Component 0-10 10-50 50-100 100-200 

H1 H2 (A) 0.24474 0.19976 0.09709 0.10252 

0.14561 0.16490 0.06540 

HI H2 (V) 0.23528 0.23007 0.13299 0.30565 

0.22155 0.17619 0.12378 

H1 H2 (D) 0.26467 0.23792 0.16215 0.48630 

0.28185 0.18582 0.18043 

"V H1 (A) 0.14208 0.12349 0.11489 0.09163 

0.13028 0.10356 0.07688 

"V H1 (V) 0.20656 0.14220 0.13540 0.08181 

0.16548 0.11067 0.11873 -

"V H1 (D) 0.24298 0.14093 0.21570 0.21314 

0.21375 0.13969 0.23893 

V H2 (A) 0.13294 0.11819 0.12307 0.05975 

0.07192 0.09809 0.07898 

V H2 (V) 0.13572 0.14827 0.22696 0.08052 

0.11772 0.11696 0.19476 

V H2 (D) 0.22698 0.16942 0.33728 0.06636 

0.15993 0.15386 0.32475

* Averages of absolute cross correlation values
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TABLE 5-4 (Cont'd)

BIN CROSS CORRELATION STATISTICS FOR WUS ROCK SITE CONDITIONS* 

M 6.01 to 7.00 
Distance (km) 

Component 0-10 10-50 50-100 100-200 

Hl H2 (A) 0.24003 0.16762 0.11364 0.16388 

0.15214 0.12874 0.10120 0.13329 

H1 H2 (V) 0.33729 0.19778 0.21573 0.24105 

0.16690 0.14620 0.19764 0.16954 

HI H2 (D) 0.45990 0.28682 0.36527 0.34095 

0.24497 0.20133 0.26016 0.23319 

" H1 (A) 0.11941 0.11436 0.14005 0.12966 

0.10825 0.10694 0.11210 0.08915 

"V H1 (V) 0.11435 0.16602 0.17746 0.17886 

0.20391 0.13839 0.12075 0.13957 

"V H1 (D) 0.27504 0.26410 0.26536 0.33865 

0.31230 0.21185 0.19269 0.26241 

"V H2 (A) 0.15335 0.10497 0.16704 0.11858 

0.13378 0.09000 0.13675 0.12004 

"V H2 (V) 0.24955 0.16984 0.18455 0.24106 

0.18884 0.13637 0.12658 0.12634 

"V H2 (D) 0.33334 0.23696 0.25052 0.27682 

0.26913 0.20953 0.19163 0.21686 
* Averages of absolute cross correlation values
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TABLE 5-4 (Cont'd)

BIN CROSS CORRELATION STATISTICS FOR WUS ROCK SITE CONDITIONS*

M 7.01 to 9.00 
Distance (kin)

Component 0-10 10-50 50-100 100-200 

HI H2 (A) 0.18850 0.05462 0.04872 0.12822 

0.12920 0.02904 0.03688 0.10639 

H1 H2 (V) 0.14420 0.14262 0.29599 0.19985 

0.13480 0.17780 0.20285 0.08094 

Hi H2 (D) 0.42750 0.31014 0.39377 0.20856 

0.48279 0.30137 0.09228 0.17709 

V H1 (A) 0.15807 0.11610 0.05123 0.06826 

0.10115 0.10228 0.04747 0.08540 

V H1 (V) 0.07071 0.13054 0.14465 0.09808 

0.05992 0.04417 0.12527 0.09805 

V H1 (D) 0.30899 0.13038 0.24319 0.11781 

0.15030 0.07088 0.27172 0.07158 

V H2 (A) 0.15152 0.07028 0.08265 0.10947 

0.12387 0.00809 0.04978 0.08325 

V H2 (V) 0.09780 0.08613 0.14775 0.15762 

0.10510 0.07046 0.12636 0.12961 

V H2 (D) 0.28972 0.13716 0.26869 0.18059 

0.10785 0.04979 0.14270 0.13162

*Averages of absolute cross correlation values
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TABLE 5-5

BIN CROSS CORRELATION STATISTICS FOR WUS SOIL SITE CONDITIONS*

M 5 to 6 
Distance (km)

Component 0-10 10-50 50-100 100- 200 

HI H2 (A) 0.17342 0.15696 0.12166 0.04541 

0.13459 0.12548 0.12533 -

H1 H2 (V) 0.11912 0.20268 0.14745 0.08703 

0.07992 0.16194 0.11952 -

H1 H2 (D) 0.26516 0.22215 0.20062 0.34246 

0.15645 0.16740 0.15146 -

V Hi (A) 0.07054 0.09544 0.08626 0.21234 

0.07015 0.09584 0.08382 

V HI (V) 0.15751 0.13181 0.12122 0.07902 

0.10079 0.10267 0.07863 

"V H1 (D) 0.16078 0.15458 0.15456 0.03081 

0.10520 0.13357 0.13590 

"V H2 (A) 0.09258 0.09794 0.10937 0.05739 

0.09860 0.08555 0.09215 

"V H2 (V) 0.14943 0.13624 0.12658 0.12212 

0.13762 0.12026 0.07452 

"V H2 (D) 0.19849 0.15261 0.14552 0.05378 

0.16820 0.14123 0.11392

Averages of absolute cross correlation values
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TABLE 5-5 (Cont'd)

BIN CROSS CORRELATION STATISTICS FOR WUS SOIL SITE CONDITIONS*

M 6.01 to 7.00 
Distance (km)

Component 0-10 10-50 50- 100 100-200 

HI H2 (A) 0.15101 0.13212 0.12411 0.13606 

0.10475 0.10877 0.09097 0.09504 

H1 H2 (V) 0.22037 0.19742 0.16072 0.15680 

0.20010 0.15411 0.13108 0.08728 

H1 H2 (D) 0.34518 0.25817 0.20460 0.22099 

0.18472 0.21086 0.16757 0.20771 

V H1 (A) 0.06658 0.09266 0.08217 0.08534 

0.04963 0.08532 0.08452 0.09121 

V H1 (V) 0.16802 0.13399 0.11214 0.13228 

0.14589 0.11937 0.09121 0.09081 

V H1 (D) 0.30871 0.18837 0.16510 0.17180 

0.17399 0.16174 0.17382 0.13845 

V H2 (A) 0.10072 0.09171 0.09194 0.12848 

0.09775 0.08664 0.08619 0.09290 

V H2 (V) 0.23739 0.14580 0.14041 0.12537 

0.15366 0.11026 0.12639 0.11255 

V H2 (D) 0.31197 0.11847 0.19019 0.20311 

0.16903 0.15402 0.16104 0.15927

* Averages of absolute cross correlation values
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TABLE 5-5 (Cont'd)

BIN CROSS CORRELATION STATISTICS FOR WUS SOIL SITE CONDITIONS* 

M 7.01 to 9.00 
Distance (km) 

Component 0-10 10-50 50 -100 100- 200 

H1 H2 (A) 0.11479 0.11722 0.08145 0.15557 

-- 0.07127 0.07346 0.08992 

HI H2 (V) 0.29831 0.16527 0.17689 0.28864 

-- 0.16624 0.15774 0.21156 

H1 H2 (D) 0.12485 0.28326 0.33767 0.36374 

0.23762 0.22174 0.24434 

V H1 (A) 0.12753 0.06408 0.04877 0.07670 

0.04024 0.03418 0.06024 

V H1 (V) 0.14516 0.12108 0.16002 0.13618 

0.08480 0.11337 0.11040 

"V H1 (D) 0.75292 0.17739 0.29925 0.13846 

0.16239 0.23191 0.13786 

"V H2 (A) 0.21432 0.09004 0.07420 0.06756 

0.09686 0.03698 0.06532 

"V H2 (V) 0.23649 0.14661 0.13237 0.11420 

0.10674 0.15797 0.08882 

"V H2 (D) 0.2510 0.14113 0.20146 0.12856 

-- 0.13691 0.16267 0.12542 
* Averages of absolute cross correlation values
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Figure 5-1A. Average smoothed Fourier amplitude spectra, distance 0-10 km, rock sites.
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Figure 5-lB. Average smoothed Fourier amplitude spectra, horizontal motions, distance 10
50 km, soil sites.
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MEDIAN SPECTRAL SHAPE 
D2RM55H.50 

TRIAL SEGMENqTED 
SPECTRAL FIT

..NUREGO098-ROCK-MEDTAN 
(PGVIPGA = 36 lps/g, 

PGA'PGD/PGV2 =6)

0.1 1 10

Frequency (Hz) 

Figure 5-2. 5% damped spectrum for distance bin D2, rock sites, magnitude bin M55, 
horizontal motion.

5-27

2.5 

2 

1.5 

1

lo-% 

mmmm' 

U~t

0.5 

0
100



.................... Target Spectrum Envelope Spectrum

S.......... Spectral Error (%)

3 

2.5

2

0.5 

0
0.1 1 10

FREQUENCY (hz) 

Figure 5-3A. 5% damped spectrum, trial 1
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Figure 5-3B. 5% damped spectrum, trial 2
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Figure 5-3C. 5% damped spectrum, trial 3
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Figure 5-3D. 5% damped spectrum, trial 4
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Figure 5-3E. 5% damped spectrum, trial 4S (shorter duration)
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Figure 5-3F. 5% damped spectrum, trial 4L (longer duration) 

5-33

Ca

40 

30 

20 

l0 

0 

-10

100



Envelope Spectrum .................... Target Spectrum 

---........ Spectral Error (%)

3 

2.5 

� 2 

0.5 

0 

0.1
FREQUENCY (hz) 

Figure 5-3G. 5% damped spectrum, trial 5
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Figure 5-3H. 5% damped spectrum, trial 1S (shorter duration)
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Figure 5-4A. 5% damped spectrum, trial SM01
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Figure 5-4B. 5% damped spectrum, trial SM02
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Figure 5-5. Spectral acceleration shapes for M = 5.57, R = 21.8 rock horizontal motion bin 
D2RM5511 
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Figure 5-6A. 5% damped spectrum, trial SM01, WUS spectrum, M = 5.57, R = 21.8 km 
(random phase spectrum)
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Figure 5-6B. 5% damped spectrum, trial SM02, WUS spectrum, M = 5.57, R = 21.8 km 
(record phase spectrum 1)
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Figure 5-6C. 5% damped spectrum, trial SM03, WUS spectrum, M= 5.57, R = 21.8 km 
(record phase spectrum 2)
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Figure 5-6D. 5% damped spectrum, trial SM04, WUS spectrum, M= 5.57, R = 21.8 km 
(record phase spectrum 3)
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Figure 5-7A. 5% damped spectrum, trial SMO0, CEUS 1-corner spectrum, M = 5.57, 
R = 21.8 km (random phase spectrum)
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Figure 5-7B. 5% damped spectrum, trial SM02, CEUS 1-corner spectrum, M = 5.57, 
R = 21.8 km (random phase spectrum 1)
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Figure 5-7C. 5% damped spectrum, trial SM03, CEUS 1-corner spectrum, M = 5.57, 
R = 21.8 km (random phase spectrum 2)
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Fgure 5-7D. 5% damped spectrum, trial SM04, CEUS 1-comer spectrum, M = 5.57, 
R = 21.8 km (random phase spectrum 3)
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Figure 5-8A. Arias Intensity ratios for trial records used to envelop V*US bin spectrum of 
Figure 5-6.
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Figure 5-8B. Arias Intensity ratios for WUS records scaled to maximum time duration.
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Figure 5-10A. Fourier amplitude spectra of envelope fits to 5% damped segmented target 
spectrum.
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Figure 5-10B. Fourier amplitude spectra of envelope fits to 5% damped smooth target 
spectrum
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Figure 5-10C. Fourier amplitude spectra of envelope fits to 5% damped smooth WUS target 

spectrum
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Figure 5-10D. Fourier amplitude spectra of enveloping fits to 5% damped segmented WUS 
target spectrum (bin D2RM55H)
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Figure 5-1 1A. Influence of gap in Fourier amplitudes at 0.5 Hz on 5% damped response spectra.  
Left: change in original Fourier amplitudes; center: change in smoothed Fourier amplitudes; 
right: change in 5% damped response spectrum
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Figure 5-1 lB. Influence of gap in Fourier amplitude at 1 Hz on 5% damped response spectra.  
Left: change in original Fourier amplitudes; Center: change in smoothed Fourier amplitudes; 
Right: change in 5% damped response spectrum.
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Figure 5-11C. Influence of gap in Fourier amplitudes at 2.5 Hz on 5% damped response spectra.  
Left: change in original Fourier amplitudes; Center: change in smoothed Fourier amplitudes; 
Right: change in 5% damped response spectrum.
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Figure 5-1 ID. Influence of gap in Fourier amplitudes at 6 Hz on 5% damped response spectra.  
Left: change in original Fourier amplitudes; Center: change in smoothed Fourier amplitudes; 
Right: change in 5% damped response spectrum.
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Figure 5-1 IF. Influence of gap in Fourier amplitudes at 15 Hz on 5% damped response spectra.  
Left: change in original Fourier amplitudes; Center: change in smoothed Fourier amplitudes; 
Right: change in 5% damped response spectrum.
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Figure 5-1 1G. Influence of gap in Fourier amplitudes at 25 Hz on 5% damped response spectra.  
Left: change in original Fourier amplitudes; Center: change in smoothed Fourier amplitudes; 
Right: change in 5% damped response spectrum.
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Figure 5-1 1H. Influence of narrower gap in Fourier amplitudes at 2.5 Hz on 5% damped 
response spectra. Left: change in original Fourier amplitudes; Center: change in smoothed 
Fourier amplitudes; Right: change in 5% damped response spectrum.  

5-61

0

-0.1 

-0.2 

-0.3

-0.4

1--

-- 1-C-I-;RR•I 

......... IFC-ERR32 

. ....... IC-RR33

0.1 t0o

I O II•MI I I I IMIII



30

EA F0.5 

S F1 .0 
S2O.  

00 F2.5 

SA F6.0 

A U FIO.0 

E3 F15.0 

10 F25.0 

00 

A 

0 I *I , I 

0 10 20 30 

% REDUCTION IN 
FOURIER AMPLITUDE 

Figure 5-12. Influence of gaps in the Fourier amplitude spectrum on reduction of 5% damped 
response spectra, record "trial 03".
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Figure 5-13A. 5% damped response spectra for ig sine pulse at 5 Hz.
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Figure 5-13C. 5% damped response spectra for ig pulse consisting of three frequencies (2.5, 5, 

and 10 Hz).
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Figure 5-13D. Fourier spectra for lg sine pulse consisting of three frequencies (2.5, 5, and 10 
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Figure 5-14C. Duration times from 5% - 75% Arias intensity, empirical WUJS data for rock 

sites, M 7+, horizontal motions.
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Figure 5-17A. Correlations of Hl-H2 acceleration pairs, WUS rock sites.

5-75

o1 ROCK M55 

* ROCK M65



0.5

0.4 
0 M75 

Z 0.3 0 
0 

• 0.2 

0.1 
0 

0 

00 

0 0.1 0.2 0.3 0.4 0.5 

V-HI CORRELATTON 

Figure 5-17B. Comparison of correlations of vertical-horizontal acceleration pairs at WUS rock 
sites.
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Figure 5-18B. Recommended upper- and lower-bound spectral limits to target UHS spectrum 
for time history designed to envelop UHS.  
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Figure 5-18C. Recommended upper- and lower-bound spectral limits to target low-frequency 
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6. PROCEDURES FOR DEVELOPING HAZARD-CONSISTENT SPECTRA ON SOIL 

6.1 Approaches 

Determining soil uniform hazard spectra (UHS) that are consistent with the underlying rock UHS is 

a challenging task. There are straightforward methods available, as described below, but they involve 

either performing a complete PSHA with soil attenuation equations, or extensive deaggregation of 

the rock hazard at multiple amplitudes and recalculation of soil hazard. For the latter approach the 

PSHA would not be repeated, per se, but there would be no simple, intuitive link between rock 

hazard results and soil hazard results. Such an intuitive link is desirable.  

Available approaches to estimating soil UHS can be divided into two broad categories. First are those 

that integrate over multiple rock amplitudes to calculate soil hazard (probability of exceedence vs.  

amplitude), from which UHS on soil can be derived. Second are approaches that use the rock UHS 

at a given annual probability to derive a soil UHS at that same probability. Both approaches and their 

variants are described here, and in subsequent sections, we present examples of applications using soil 

data from actual sites. Table 6-1 lists these approaches, with a short description and an indication 

of whether the approach integrates over multiple earthquakes and multiple amplitudes. This table also 

indicates a label for each approach. The approaches labeled 1, 2A, 2B, and 4 are illustrated in Section 

6.4 with quantitative calculations and comparisons for both eastern and western US seismic hazard 

conditions and multiple soil profiles. In developing these approaches we have benefitted from 

discussions with C.A. Cornell and P. Bazzurro, who have pursued similar work, most recently 

documented in Bazzurro (1998) and Bazzurro et al (1999). (Some of the notation below follows 

what is introduced in these references.) 

Approaches Based on Integration. If we define the amplitude on soil at a certain natural frequency 

to be AS , then the straightforward approach to calculate soil hazard is through a PSHA: 

P[As>z] = ffP[As>zlm,r]fm (m,r) dmdr (6-1) 

which is the standard PSHA equation in which z is soil amplitude, m is magnitude and r is distance.  

(Equation (6-1) ignores, for simplicity, rates of occurrence on different faults and is therefore the 

probability of exceedence for one random earthquake. Rates of occurrence from multiple sources 

could be incorporated into this and subsequent equations, at the expense of more cumbersome 

equations.1) We call this "Approach 4." It can lead to a defensible representation of soil hazard. The 

1The total frequency of exceedence from multiple faults can be written 

v (A s>z) = u'i Pi [A s>z] 
i 

where ui is the occurrence rate on fault i and Pi is the probability in equation (6-1).
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key to making this calculation defensible is to represent P [A S> z Im, r] accurately. This probability 
is related to the scatter observed from empirical data at soil sites when fitting an attenuation equation.  
The problem with this procedure is that empirical attenuation equations use observations at multiple 
sites, usually on similar soil conditions, whereas we are after the probability that AS > z for one 
specific site.  

An approximation to Approach 4 can be made by recognizing that soil response can be determined 
from the level of input motion and the magnitude and distance of the causative earthquake. Thus we 
can modify equation (6-1) to the following: 

P[A > z]= fffP[A >zlm,r,a]fMRt (m,r;a)f (a)dmdrda (6-2) 

P[A 3>z] = fffP[AF>Z IIm, r, alftfMR (m,r;a)fA (a)dmdrda (6-3) 
a 

where a is the amplitude of shaking on rock, for example the spectral acceleration at the same 
frequency as As, and fA(a) is derived from the hazard curve. We call this "Approach 3." The first 
equation above calculates P [A s > z] from the deaggregated rock hazard, i.e. from [a,m,r] sets. The 
second equation is equivalent except that it defines soil response by an amplification factor: 

AF = A ]a (6-4) 

where AF is a random variable with a distribution that can potentially be a function of m and r as well 
as a.  

Equation (6-1) can be written slightly differently by conditioning the first factor on a, as well as m 
and r, and using the AF form: 

P[A-'>z] = fffP[AF> z1m, r,a]fAL (a;m,r)fMR (m,r)dmdrda (6-5) 
a 

This formulation recognizes AF as being dependent on m, r and a and integrates over all m and r to 
calculate P[A S> z]. In effect it is doing the PSHA on a rock-modified-to-soil attenuation equation.  
Bazzurro (1998) found this method to be an accurate way to calculate soil hazard.
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Approach 3 can be approximated by recognizing that soil response is governed primarily by the level 
of rock motion and the magnitude of the event; given these two variables, distance does not have a 
significant effect. Thus: 

P[A ->z] = ffP[A s>zlm,a]fMtA(m;a) fA(a)dmnda (6-6) 

P[A'>zz] = ffP[AF>.iama]f•,t(m;a)fA(a)dmda (6-7) 
a 

This is a variant of Approach 3, and is labeled, "Approach 3A." For application of this method we 
would need only the conditional magnitude distribution for relevant amplitudes of a.  

Figure 6-1 represents Approaches 4 and 3 in graphical form. Part A of the figure shows the rock 
PSHA curve, and part B indicates soil amplitude AS as a function of rock amplitudes AR, for a given 
magnitude earthquake and for a soil that responds non-linearly to rock motion.  

For this soil, Figure 6-1 shows that scatter in rock amplitude (for a given M and a) translates to 

scatter in soil amplitude from aleatory uncertainties, as illustrated by the dashed distributions in Figure 
6-lB. These distributions are P [X > z / m, a] in equation 6-6. When rock variability is included, 
the solid distribution in Figure 6-1B results. This is P [AX > z / m, r] in equation 6-1. Often the 
uncertainty in soil response is smaller than for rock because the slope of soil AS vs. rock AR is less 

than unity. This effect is seen in observations: empirical attenuation equations often show less scatter 

for soil data than for rock data. The non-linear soil response means that the distribution of soil 

amplitudes will be negatively skewed relative to the rock amplitudes, as illustrated in part B. A 
possible resulting soil hazard curve is shown in Figure 6-1C.  

The translation of rock a (from scatter) to a soil a (from scatter) would take place as illustrated in 
Figure 6- 1B if soil parameters were known perfectly. Of course, they aren't: knowing rock motion, 
even from a specified magnitude event, does not allow us to predict soil motion perfectly even if 
multiple sets of dynamic soil properties are available. This is illustrated in Figure 6-2B. Part of the 

variability is random (aleatory), coming from random incidence angles, interference of waves, and 
source effects. The remainder is episternic uncertainty, i.e. we do not know precisely the dynamic 
soil characteristics, particularly at high amplitude levels. This uncertainty is represented by alternative 
possible soil amplification curves.  

These combined uncertainties will lead to a distribution of soil response that is larger (the dashed 

curve in Figure 6-2B). The combined distribution may have smaller or larger a than the rock 
distribution, depending on the amount of soil uncertainty and the degree of non-linearity (the slope 
of soil vs. rock response).
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The bottom graph, Figure 6-2C, shows the seismic hazard curve for the three sets of soil properties.  
Depending on the degree of uncertainty in soil properties and the amount of site-specific soil data 
available, the range in soil PSHA curves (Figure 6-2C) may be wide or narrow.  

If we are concentrating on calculating soil hazard at a specific annual probability p*, we can simplify 
the calculations further by focusing on a particular rock amplitude a' and associated magnitude m'.  
The soil amplification factor AF can be computed at a' and m', so that: 

AF(a,m) = AF(a',m) (6-8) 

This removes the magnitude dependence of equation (6-7), simplifying it to: 

P[As>z] = fP[AF(am')>Zlaifa(a)da (6-9) 

where the notation P [A F (a', m') > z/a la] means that the distribution of AF is calculated for a' and 
m . and a is used to calculate P[AF> zia]. This approach is labeled "Approach 3B," and was 
proposed by Bazzurro (1998).  

It would of course be possible to devise an intermediate approach between 3A and 3B, where AF is 
made a function of either m and a. Bazzurro (1998), for example, found AF for two saturated soil 
sites to depend on a but not m given a. Modeling one of these dependencies would be advised if 
Equation (6-9) proves to be too inaccurate for practical use.  

Figure 6-3 illustrates how Approach 3B works. Rock amplitude a' is determined from the rock 
seismic hazard curves (part A). Entering part B at rock amplitude a' gives for each of the three 
possible sets of soil characteristics, a distribution of soil response As (the solid distributions in Figure 
6-3B) that reflects random aleatory variabilities. Recognizing that the soil characteristics themselves 
are uncertain, we combine the solid distributions in Figure 6-3B to obtain the overall (dotted) 
distribution of A5 given a'. This is transformed to a distribution of amplification factor AF by dividing 
AX by a'. Then equation (6-9) is used to calculate the soil hazard curve (graph C). This will be most 
accurate at annual probabilities near p', as that is where AF has been calibrated.  

Approaches Based on UHS Scaling: Approach 3B above prompts the idea of simply scaling the rock 
UHS to calculate a soil UHS. If soil uncertainties are small, or if we can account for them explicitly, 
we can estimate the soil UHS accurately, for a given rock UHS. This would certainly be the most 
straightforward, intuitive approach. We label the simplest scaling "Approach 1." 

Figure 6-4 visually illustrates how this works. At a chosen annual probability p', the corresponding 
rock amplitude a' is chosen. For this a' and for a central magnitude m. (obtained from 
deaggregation) the distribution of soil response is obtained, accounting for soil uncertainties. (The 
soil distribution in Figure 6-4B corresponds to the dotted distribution in Figure 6-3B). The mean of
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this distribution for frequencyf is used to construct a UHS for soil (part C). Note that the mean of 
the distribution may be different from the value obtained with a "best estimate" set of parameters.  
Figure 6-4 illustrates this process for one frequency, but in its simplest form Approach 1 is applied 
to all frequencies simultaneously.  

Consideration of Multiple Frequencies. The discussion of Approach 1 implies that a single, 

broadband motion representing the rock UHS will be used to drive the soil calculations. It has been 

recognized that a broadbanded motion may be inaccurate in many applications (e.g. USNRC, 1997) 

and may in fact be unconservative. As an alternative, two earthquakes can be used: one that 

dominates at high frequencies (10 Hz) and another that dominates at low frequencies (1 Hz).  

Approach 1 can be cast in terms of AR = al0 and AR = a, , for 10 and 1 Hz, respectively. The 

amplification factor AF can be defined for all frequencies as the ratio of AX (f) / al0 and A! (f) / a1 .  

Using the amplitudes of 10 Hz and 1 Hz will simplify the analysis since, where magnitude values are 

required, they will be available from the rock PSHA results. The resulting soil UHS can be plotted 

and enveloped to obtain an overall UHS for soil. If more than two frequencies are necessary on rock 

to define specific events whose envelope matches the UHS, then these same frequencies can (and 

should) be used to calculate soil UHS. The use of two frequencies in this way is labeled "Approach 

2A." 

A variant of this approach recognizes that the magnitudes of earthquakes, for a given rock amplitude, 

may have a strong effect on non-linear soil behavior (through the duration of shaking and long period 

effects). Figure 6-5A shows the magnitude deaggregation at rock amplitude a'; this distribution can 

be discretized into three magnitudes mL, m., and mH. Then the rock amplitude a' can be translated 

into soil distributions for each magnitude, Figure 6-5B. These can be weighted (using weights 

derived from the deaggregation) to produce an overall distribution, the mean of which becomes one 

value on the soilUHS (Figure 6-5C). This is labeled "Approach 2B." The soil's (nonlinear) response 

to changing magnitudes is itself nonlinear: a one-unit magnitude increase hurts soil response more 

(drives it more nonlinear) than a one-unit magnitude decrease helps soil response. The result is that 

the mean soil amplitude considering M variability may be higher than if M variability is ignored, as 
illustrated in Figure 6-5B.  

Summary. This subsection has presented five approaches to defining UHS on soil. Subsequent 

sections will explore some of these approaches with specific, real soil columns to make comparisons 

and inferences on the best procedures to use for a proposed site. These example cases implicitly 

assume that site-specific shear-wave velocities are available, and that dynamic soil properties 

(damping and modulus) can be estimated.  

6.2 Development of WUS and CEUS Attenuation Relations 

Regional- and site-(soil column) specific attenuation relations are required to evaluate the suitability 

of various approaches for developing probabilistic soil spectra that are consistent with the 

probabilistic control motions (rock outcrop spectra). Soil-column-specific attenuation relations 

(median spectra and uncertainties) were used to generate uniform hazard spectra at the soil surface 

while regional-specific rock profiles were used to develop attenuation relations for outcropping rock.
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The soil uniform hazard spectra were then compared to soil motions generated by Approaches 1 and 
2 (involving soil response with rock input motion). This process was applied to four actual soil sites 
with measured properties: Savannah River, South Carolina, and California strong motion recording 
sites Gilroy Array No. 2, Meloland, and Rinaldi. Each soil site was assumed to be located in the 
CEUS and WUS (Section 6.3) necessitating the development of appropriate attenuation relations and 
their uncertainties.  

The process of developing site and region specific attenuation relations involved exercising the point 
source model (Appendix D) for a suite of magnitudes and distances and then regressing on the 
predicted ground motions. Regional- and site-specific elements were introduced through the 
selection of appropriate model parameters and their uncertainties. Parametric uncertainty about the 
median ground motion regression (which includes regression uncertainty) was estimated through 
multiple ground motion estimates at each magnitude and distance based on random model parameters.  
Total uncertainty was then estimated by adding modeling uncertainty (Appendix D) to the parametric 
and regression uncertainties. This process resulted in a regression equation for median ground 
motions (5% damped response spectra) as a function of magnitude and distance as well as estimates 
of the total uncertainty, both of which are required by probabilistic seismic hazard analyses. This 
process has been applied to a number of Department of Energy sites as well as many other 
commercial projects and forms the basis for a number of CEUS attenuation relations. As a result, 
the process is both mature and stable, undergoing the scrutiny of widespread application to 
engineered structures.  

6.2.1 Point Source Model Parameters 
Dependent parameters for the point-source model included source depth, stress drop (AY), Q (M) 
model (deep crustal damping), kappa (shallow crustal damping), a crustal model, and a shallow 
profile along with nonlinear dynamic material properties parameterized through G/Gm, and hysteretic 
damping curves. Independent parameters were magnitude and distance, which were selected to cover 
the appropriate range in M and R in the hazard analyses. Three magnitudes were run (M 4.5 CEUS 
soil only, 5.5, 6.5, and 7.5) over the distance range of 1 to 400 km (Tables 6-2 and 6-3).  

For the dependent parameters, base case (mean or median) values and their uncertainties are listed 
in Table 6-2 for the WUS and Table 6-3 for the CEUS. Source depth was based on region specific 
seismicity while Q(f) [Q(f) = Q, fl] models were based on inversions using the point-source model.  
WUS stress drops were based on inversions of the Abrahamson and Silva, 1997 empirical attenuation 
relation (Silva et al., 1997) and showed a magnitude dependency (EPRI, 1993; Atkinson and Silva, 
1997). CEUS stress drops (Table 6-3) were assumed to follow the same magnitude scaling as WUS.  
The M 5.5 stress drop was set to 160 bars to correspond to Atkinson's (1993) value, which was 
based on high frequency spectral levels from CEUS earthquakes. In her database of CEUS 
earthquakes the mean magnitude was about 5.5. Interestingly, these stress drop values resulted in 
an average (over magnitude) difference of about a factor of two between CEUS (117 bars, Table 6-3) 
and WUS (65 bars, Table 6-2), in agreement with Hanks and Johnston's (1992) analyses of intensity 
data.  

Kappa values were based on ground motion observations at hard rock sites in the CEUS (EPRI, 
1993; Silva and Darragh, 1995) and soft rock sites in the WUS. The WUS kappa value of 0.03 sec
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(Table 6-2) applied to the shallow portions of the Wald and Heaton (1994) crust (Table 6-4) and was 
adjusted to give a totalkappa value of 0.04 sec for WUS rock (EPRI, 1993; Silva and Darragh, 1995; 
Silva et al., 1997; Boore and Joyner, 1997). The remaining kappa, 0.01 sec, was contributed by the 
shallow geotechnical portion of the profile, which had a shear-wave velocity of about 250 m/sec at 
the surface and increased roughly linearly to 1 km/sec at a depth of 30m, where it merged with the 
Wald and Heaton (1994) crustal model. The shallow geotechnical profile was based on shear-wave 
velocity measurements at strong motion sites classified as rock (Appendixes A and C; Silva et al., 
1997). The profile was considered nonlinear to a depth of 150m (shear-wave velocity of 1 km/sec, 
Table 6-4) based on validations with recorded motions (Silva et al., 1997) and the damping for the 
shallow kappa contribution was taken from the rock damping curve at low strains. The crustal model 
is shown in Figure 6-6 along with the generic CEUS hard rock crustal model (Table 6-5).  

The kappa value for the CEUS rock site was 0.006 sec (Table 6-3), significantly lower than the 0.04 
sec value for the WUS rock site and was based on recordings (Section 2; EPRI, 1993). The 

variability in kappa (Y. = 0.30, was assumed to be the same in WUS and CEUS and was the observed 
variability in kappa values at rock sites in northern California that recorded the M 6.9 1989 Loma 
Prieta earthquake (EPRI, 1993). While this uncertainty of 0.3 for kappa may seem low to 
characterize both epistemic (uncertainty in the median value) and aleatory (uncertainty about the 
median value) variability in a site specific kappa value (Table 2-1), the point-source modeling 
uncertainty (Appendix D; Silva et al., 1997) already accommodates the effects of kappa variability.  
This arises because a fixed kappa value of 0.03 sec was used to characterize the linear rock damping 
at all rock sites in the validation exercises. As a result, site specific departures of kappa from the 
assumed value of 0.03 sec increased model deviations from recorded motions, and this resulted in 
larger estimates of model uncertainty. This also applied to shallow rock profiles (to a depth of a 
300m [1,000 ft]) and soil profiles, both of which were randomized in developing the attenuation 
relations. While it is possible that the total variability in the attenuation relations was overestimated 
due to this probable double counting, validations are sparse for the CEUS (and are nonexistent for 
deep soil sites), and are sparse for M larger than about 7.0 in the WUS. As a result, assessment and 
partition of appropriate variability is not an unambiguous issue, particularly in the CEUS, and the 
approach taken here was to follow prudent design practice and not underestimate uncertainty.  

The profile variability was taken over the top 300m to be as consistent as possible with the deepest 
soil profile (described in the next section), (Figure 6-6). Rock profile variability was incorporated 
using a profile randomization scheme that was based on an analysis of variance of over 500 measured 
profiles and has probabilistic models appropriate for WUS rock (both hard and soft) as well as soil 
conditions (EPRI, 1993; Silva et al., 1997). For WUS rock the soft rock model was used. For the 
CEUS profile, the WUS hard rock model was used, since there are few, if any, shallow geotechnical 
profiles with which to develop statistics on variability. Since the rock probabilistic model is only 
constrained to a depth of about 30m, only the top 30m of the rock profiles were randomized. To 
provide some consistency with the soil randomization, which included the entire soil column (typically 
300m), a 270m thick layer was randomized in velocity using a a,. of 0.3. This standard deviation is 
based on an analysis of variance of rock conditions beneath soil profiles. Figure 6-7 shows median 
and + l a shear-wave velocity profiles for the WUS and CEUS rock sites. The profile variability 
models for rock were based on an analysis of variance of all rock profiles in the database and 
therefore are appropriate for generic applications. Site-specific applications would likely result in a
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lower variability that reflects random (aleatory) variations over the dimensions of a foundation (or 
to a foundation dimension extending outside the footprint) as well as uncertainty in the mean or base 
case profile (epistemic). To develop these non-generic or small area models, multiple closely spaced 
holes are necessary. Such an analysis was undertaken at a deep soil site in the CEUS, and a footprint 
correlation model was developed by Gabriel Toro (Silva et al., 1997). However, similar data are not 
currently available for rock sites. The use of a generic statistical model for both WUS and CEUS 
rock sites therefore may also contribute to an overestimate of the variability in the rock outcrop 
attenuation relations.  

To accommodate potential nonlinear response in the shallow portion (top 30m) of the soft rock 
profile (Table 6-4, Figures 6-6 and 6-7), the modulus reduction and hysteretic damping curves shown 
in Figure 6-8 were used. These curves were developed by modeling the rock site motions produced 
by a recently developed empirical attenuation relation (Abrahamson and Silva, 1997). The generic 
WUS rock profile (Figure 2-2) was used in developing the G/G.. and hysteretic damping curves and 
was validated by modeling the motions recorded at about 150 soft rock sites (Silva et al., 1997).  

As with the soil material strain dependencies (Section 6.2.2), the rock G/Gma and hysteretic damping 
curves were randomized based on an analysis of variance of recent laboratory dynamic test results.  
To develop probabilistic models, multiple test results were analyzed and yielded standard errors 
(natural log) of 0.1 and 0.3 for G/Gmux and hysteretic damping respectively, these values calculated 
at cyclic shear strains of 0.03%. These variabilities were appropriate for within-class (cohesionless 
or cohesive) uncertainties and were used to generate suites of random curves that follow the shapes 
of the base case G/G. and hysteretic curves (EPRI, 1993). In the randomization process, upper and 
lower bounds of about + 2 Y were used to prohibit physically implausible excursions (EPRI, 1993).  

To model nonlinear response at the WUS rock site as well as the soil sites, RVT equivalent-linear 
analyses were performed (Appendix D). This process, the use of the simple point-source model 
coupled to RVT equivalent-linear site response, has been validated at about 500 sites for 17 
earthquakes. This validation showed that the process results in an acceptably accurate 
characterization of strong ground motions for engineering design (Appendix D).  

6.2.2 Soil Profiles And Nonlinear Properties 
Four measured shear-wave velocity profiles (soil sites) were considered to be located at both the 
WUS and CEUS sites (Section 6.3). The soil profiles were placed on top of the rock crustal models 
(Wald and Heaton, 1994 for the WUS site; Table 6-4). The profiles selected include Savannah River 
(generic) South Carolina; Gilroy Arroy site no. 2 in Northern California, which recorded the 1979 
M 5.7 Coyote Lake, 1984 M 6.4 Morgan Hill, and 1989 M 6.9 Loma Prieta (and aftershocks) 
earthquakes; Meloland in the Imperial Valley, which recorded the 1979 M 6.5 Imperial Valley 
earthquake; and the Rinaldi substation in Southern California, which recorded the 1994 M 6.7 
Northridge earthquake. All three California sites have recorded a maximum peak acceleration of at 
least 0.4g, with the Rinaldi site having a maximum peak horizontal acceleration of 0.84g (166.1 
cm/sec peak velocity, Appendix A).  

Base case shear-wave velocity profiles for the four sites are shown in Figure 6-9. The Rinaldi site, 
with a depth to 1 km/sec material of about 90m is comprised of cohesionless soils and is considered
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a stiff site. Meloland is a "bottomless" soft profile consisting mainly of silty clays and silty sands with 
clay zones having a plasticity index (PI) less than about 20 but with some medium hard (MH) clays 
(PI - 40). The soil profile was truncated at a depth of 300m. The Savannah River generic site is a 
firm deep CEUS site modeled to a depth of about 300m (Figure 6-9). It is comprised of silty sands 
and low PI clays. To sample a site with gravely soils, Gilroy was added. It is about 200m deep and 
consists of sands and silty sands with some thick gravelly zones. The low velocity zone at a depth 
of about 100m is comprised largely of gravels (EPRI, 1993).  

As with the shallow (top 300m) rock profiles, the soil profiles were randomized using the same 
approach but with a soil statistical model appropriate for a footprint areal extent. The resulting 
median and + 1 a profiles are show in Figure 6-10 for the Savannah River site. Compared to the rock 
site generic variability shown in Figure 6-7, the footprint soil site variability was significantly smaller.  
Part of the difference was caused by deep soil sites showing significantly smaller absolute variability 
than rock sites (EPRI, 1993; Silva et al., 1997). The remaining difference was attributed to variability 
over a limited area or similar depositional environment vs. generic conditions.  

In addition to velocity and layer thickness variability, depth to basement material was also varied + 
5% to accommodate changes that may occur over a site.  

For the soil sites, three different sets of G/Gm,, and hysteretic damping curves were used. At the 
Gilroy site, validation exercises in modeling the Coyote Lake, Morgan Hill, and Loma Prieta 
earthquakes at a number of soil sites showed that the EPRI (1993) curves were appropriate for Bay 
Area soils (Figure 6-11). Similar modeling exercises at the Rinaldi (Northridge earthquake) and 
Meloland (Imperial Valley earthquake) sites, as well as other soil sites in the two areas, showed that 
the EPRI (1993) curves for cohesionless soils and the Vucetic and Dobry (1991) curves for cohesive 
soils resulted in too much nonlinearity (overdamping). As a result, revised sets of curves were 
developed for Southern California and Imperial Valley soils by modeling exercises at a number of soil 
sites (Silva et al., 1997). The revised sets of region specific curves are shown in Figure 6-12 for 
Southern California soils and Figure 6-13 for Imperial Valley soils. For reference, G/G,, and 
hysteretic damping curve recommendations from SHAKE (1992) and Vucetic and Dobry (1991) are 
shown in Figures 6-14 and 6-15. The revised curves generally reflect more linear response, 
particularly at depth. This may result from the maximum depth over which the profiles are considered 
nonlinear, which was taken to be 150m based on extensive validation exercises. The SHAKE (1992) 
and Vucetic and Dobry (1991) curves are independent of depth and may not have been intended to 
be implemented over such large depth ranges.  

For the Savannah River generic site, the Rinaldi curves were used, as the soils at Savannah River are 
more similar in stiffness and grain size to southern California soils than to either northern California 
soils, more gravely soils, or Imperial Valley soils. These soils are much softer (Figure 6-9) and contain 
more clays.  

At the soil sites with depths exceeding 150m, profile damping was fixed at the low-strain value from 
the corresponding damping curves. The kappa values for the rock material was kept at 0.006 sec for 
CEUS sites and 0.03 sec for the WUS sites. For the WUS soil sites, the total kappa values were 
about 0.04 sec, similar to WUS rock and consistent with observations at low strains (Silva et al.,
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1997). For the CEUS soil sites, this process resulted in total kappa values for the soil sites between 
about 0.01 and 0.02 sec, as the low strain kappa values for the soil columns was about 0.01 sec. This 
suggested different spectral shapes for the same soil profile located in the WUS and CEUS, 
particularly at low loading levels.  

6.2.3 Attenuation Relations 

The functional form used in the regression analyses accommodated both a magnitude saturation, due 
to both a magnitude-dependent stress drop and potential nonlinear response, and a magnitude
dependent, far-field attenuation (Tables 6-2 and 6-3): 

ln(y) = C1 + C2 M + (C6 + C7 M) • In (R + e C4) + CI (M - 6)2 (6-10), 

where R is taken as the closest distance to the surface projection of the rupture (Boore et al., 1997).  
In arriving at this functional form, about 15 variations were used in regression analyses. This 
particular form resulted in an optimum combination of low sigma, accommodation of significant 
trends with M and R, stability over oscillator frequency (smoothness in spectral shape), and 
simplicity. The fictitious depth term, C4 in Equation 6-10, appeared to be strongly related to 
nonlinear response, being nearly constant for CEUS rock (with a value near 3) and increasing strongly 
with frequency for WUS rock and for all four soil profiles from a value of about 2 at 0.2 Hz to about 
3.5 at 10 Hz.  

To illustrate the nature of the fits to the simulations (300 for each site) as well as the distribution 
about the regression lines, Figures 6-16 and 6-17 show peak accelerations M 7.5 for WUS and CEUS 
rock conditions. In general, the model captures the trends in the simulations for both rock site 
conditions. The variability about the regression for the CEUS (Figure 6-17) is larger than that for 
the WUS (Figure 6-16) reflecting the larger variability in stress drop and source depth (Tables 6-2 
and 6-3) as well as shallow profile (Figure 6-7). The increase in variability at large distance for both 
WUS and CEUS resulted from the effects of variability in Q(f) while the large variability at close 
distance for the CEUS resulted from the large range in source depth. The difference in the variability 
between WUS and CEUS rock site conditions for peak acceleration is significant, being about 0.64 
for CEUS and 0.57 for WUS.  

6.2.3.1 Attenuation Relations for WUS and CEUS Rock Site Conditions 
Attenuation curves of peak acceleration for M 5.5, 6.5, and 7.5 for WUS and CEUS rock site 
conditions predicted by the regression equations are shown in Figures 6-18 and 6-19 respectively.  
Magnitude saturation at close distances is apparent in the jumps in peak acceleration as M increases.  
CEUS peak accelerations are close to the WUS at close distances and exceed the WUS at large 
distance. The WUS relation is generally consistent with empirical relations for comparable site 
conditions while the CEUS relation shows lower peak accelerations, particularly at large magnitude, 
than the (Toro et al., 1997; EPRI, 1993) relation. The difference results from the assumption of 
decreasing stress drop with increasing magnitude (Table 6-3). Toro et al. (1997) used a constant 
stress drop of 120 bars, perhaps resulting in motions that are too high at large magnitudes and 
somewhat low at small magnitudes.
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To illustrate the resulting spectra for typical conditions, Figure 6-20 shows spectral accelerations (5% 
damping) at a distance of 10 km for magnitudes 5.5, 6.5, and 7.5 for WUS rock site conditions.  
Since the regression coefficients were not smoothed (Equation 6-10), some of the crustal resonances 
are present in the spectra. Shallow profile resonances were smoothed in the profile randomization, 
and the bump in the spectra near 0.5 Hz results from a deeper crustal velocity discontinuity (Figure 
6-6). For M 6.5, Figure 6-21 shows median and + 1 0 estimates of the WUS rock site spectra 
computed from the simulations. Comparison with M 6.5 spectra computed with the attenuation 
relations (Figure 6-20) shows the regression equations provide good estimates of median motions.  
Interestingly, the logarithmic standard deviation displayed in Figure 6-21 decreased at low frequency, 
which is opposite the trend in most empirical regressions (Abrahamson and Shedlock, 1997). The 
modeling uncertainty, however, increases with decreasing frequency (Appendix D) and, when 
combined with the parametric uncertainty, reverses the trend exhibited in Figure 6-21. Apparently 
neither the model nor regressions on recorded motions capture deterministic elements in the WUS 
strong ground motions at low frequency. Interesting, the empirical relation of Campbell (1997), when 
including depth to basement material (V, - 3 kmn/sec) results in a largely frequency-independent 
sigma. Since the sigma is computed over all site conditions, the depth dependency suggests that the 
effects of deep sedimentary basins may not be fully captured in the other empirical relations, which 
neglect such a term.  

For the CEUS rock site conditions, Figures 6-22 and 6-23 show corresponding plots. The CEUS 
spectra show the expected shift in peak to higher frequencies (near 30 Hz) as well as the result of 
larger uncertainty at high frequency (Figure 6-23).  

Logarithmic uncertainties for both WUS and CEUS rock site conditions are shown in Figure 6-24.  
This sigma reflects variation about the median regression over the magnitude and distances listed in 
Tables 6-2 and 6-3. It includes only the variability in motions due to parametric variability as well 
as goodness-of-fit using the functional form shown in Equation 6-10. The difference between CEUS 
and WUS sigmas is about 30% at high frequency (PGA) but comparable at low frequency. As 
previously mentioned, the uncertainty for CEUS rock site conditions exceeds that for WUS because 
of the larger variability in stress drop and source depth (see Tables 6-2 and 6-3) and in the shallow 
(300m) part of the crustal models.  

6.2.3.2 Attenuation Relations For WUS and CEUS Soil Site Conditions 
This section illustrates the attenuation of peak accelerations and the magnitude dependence of 
response spectra at a distance of 10 km for the four soil profiles: Gilroy, Meloland, Rinaldi, and 
Savannah River Generic. For each profile results for both WUS and CEUS source and path 
conditions are presented.  

Gilroy Profile 
Figures 6-25 and 6-26 show peak acceleration attenuation and response spectra at 10 km, 
respectively, for profile Gilroy and for WUS conditions. For CEUS conditions, Figures 6-27 and 6-28 
show corresponding plots. This site has the most nonlinear set of G/Gm.x and hysteretic damping 
curves (Figure 6-11), and these curves, contribute to the magnitude saturation shown at high 
frequency particularly for CEUS rock control motions. Nonlinearity in soil response also controls 
the large shift in the peak spectra to lower frequency as magnitude increases. The two low velocity

6-11



zones in the Gilroy profile at depths of about 30m and 100m (Figure 6-9) contribute to high strains 
as loading levels increase.  

Meloland Profile 
Figures 6-29 through 6-32 show the attenuation of peak acceleration and the magnitude dependence 
of spectra at 10 km for the Meloland profile. Although the G/G,. and hysteretic damping curves for 
the Imperial Valley (Figure 6-13) are more linear than the EPRI (1993) curves (Figure 6-11), the 
softer profile (Figure 6-9) results in saturation effects similar to Gilroy.  

For the Meloland profile and both WUS and CEUS conditions, this saturation effect is very strong 
near 10 Hz (Figures 6-30 and 6-32). This trend indicates that the soils saturate in the levels of 
motions they can transmit as strains increase to high levels. This observation is not new, since soils 
are known to fail (lose shear strength) at very high loading levels and simply will not propagate waves 
with wavelengths shorter than about four times the width of the failed zone. However, early 
predictions on saturation of peak acceleration have routinely been exceeded, suggesting an incorrect 
assumption in the dynamic nonlinear properties of soils, particularly soft soils. The revised sets of 
G/Gmnx and hysteretic damping curves, based on modeling high levels of motions and recent 
laboratory testing (Figures 6-11 to 6-14), are believed to capture nonlinear properties reasonably well, 
suggesting that the degrees of saturation displayed in the spectra plots for profiles Gilroy and 
Meloland are appropriate for these sites. These results should be confirmed with nonlinear (effective 
stress) analyses with properties adjusted so that the nonlinear soil models produce the same G/Gm.  
and hysteretic damping curves used in the equivalent-linear analyses. This is an important issue and 
may have significant impacts on probabilistic seismic hazard analyses since the uncertainties typically 
used in attenuation relations assume a lognormal distribution, symmetric about the median in log 
spectral ordinates. Saturation, on the other hand, suggests a lower probability for motions above the 
median than below (equivalent fractile levels) with the difference increasing with cyclic shear-strains.  

Rinaldi Profile 
The stiffest profile is Rinaldi (Figure 6-9). This site recorded a maximum peak acceleration of 0.84g 
during the M 6.7 Northridge earthquake. It is located at a rupture distance of 7.1 km updip from the 
Northridge earthquake rupture surface. These are high motions for a soil site, and model predictions 
result in high motions for both WUS and CEUS conditions (Figures 6-33 to 6-36). The WUS peak 
accelerations (Figure 6-33) agree reasonably well with the Northridge recordings (0.63g for average 
horizontal component (Appendix A). For the CEUS, the maximum predicted peak acceleration for 
M 7.5 exceeds lg out to about 10 km (Figure 6-35), indicating that stiff soil profiles have the 
capacity to amplify high frequency ground motions in the CEUS.  

Another feature of interest includes comparing the WUS and CEUS Rinaldi soil spectra (Figures 6-34 
and 6-36 respectively). The WUS Rinaldi spectra have distinctly different shapes than the 
corresponding CEUS Rinaldi spectra, showing peak spectral amplification at considerably lower 
frequencies. For stiff soils, as well as soft soil at the lower loading levels (Figures 6-30 and 6-32), 
the soil spectra preserve a significant degree of the spectral shift between the WUS and CEUS rock 
motions (Figures 6-20 and 6-22). This is a significant issue and illustrates that care must be exercised 
in scaling WUS soil motions to CEUS conditions. For soft soils such as Meloland and for high 
loading conditions, e.g. M 7.5, Figures 6-30 and 6-32 suggest that this process may be acceptable,
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as the spectral shapes are similar for WUS and CEUS conditions. For M 5.5 however, the same 
figures show significantly different spectral shapes. These observations also indicate the difficulty in 
developing spectral shapes for generic soil site conditions.  

Savannah River Profile 
The generic Savannah River profile and the Meloland profile are the two deepest profiles analyzed 
(300m, Figure 6-9). The Savannah River profile is considered a firm soil. It has the highest shear
wave velocity at the surface, 400m/sec, with a broad soft zone extending from the near surface to a 
depth of about 70m. The attenuation of peak acceleration shown in Figures 6-37 and 6-39 indicate 
that this site is capable of transmitting high levels of high frequency motions, due largely to the 
assumed G/Gm,, and hysteretic damping curves (Figure 6-12). For M 7.5, at a distance of 10 km, the 
spectral shapes are similar for WUS and CEUS conditions but differ significantly for M 5.5, showing 
a pattern similar to Meloland.  

6.2.3.3 Uncertainty Estimates For Soil Sites 
The uncertainties about the regression equations over all magnitudes and distances (Table 6-2 and 
6-3) are shown in Figure 6-41 for WUS conditions and Figure 6-42 for CEUS conditions with the 
CEUS variability generally exceeding that of the WUS. These uncertainties result from the regression 
analyses and reflect parametric variability as well as goodness-of-fit provided by the regression 
functional form (Equation 6-10). They average about 0.5 (natural log units), lower than the 
corresponding sigmas for rock site conditions for frequencies above about 1 to 2 Hz (Figure 6-24).  
This reduction is likely due to the reduced profile variability, (compare Figures 6-7 and 6-10), and 
the effects of nonlinear response, which dampens variability in the control or input motions (EPRI, 
1993). These variabilities are used in the generic site hazard analyses. Modeling (or model) 
uncertainty, Appendix D, has not been added to the parametric plus regression sigma for the hazard 
study as it is the same for all rock and soil sites. Total uncertainty, which includes the addition of 
modeling uncertainty (Appendix D), would be the appropriate uncertainty to use in applications to 
assess probabilistic hazard at a site for design purposes.  

6.3 Seismic Hazard at CEUS and WUS Example Sites 

6.3.1 Introduction 

The purpose of testing soil amplification calculations is to ensure that methods of accounting for 
uncertainty in soil properties work in a variety of seismic hazard environments. To this end, we 
selected sites in both the central and eastern US (CEUS) and in the western US (WUS) that have 
high frequencies dominated by local sources of seismicity, and low frequencies dominated by more 
distant sources. In the CEUS the site was Columbia, South Carolina, which is about 130 km from 
the Charleston seismic zone (represented here by a fault). In the WUS we selected a site in the 
Mojave desert located about 30 km east of the San Andreas fault. Both sites are a good test of the 
soil amplification methodology, which uses one or a few events (magnitudes and distances) to 
calculate the effects of soil amplification, in order to accurately estimate uniform hazard spectra 
(UHS) on soil given the UHS on rock. It should be understood that the over-riding purpose here 
is not to make a perfectly accurate estimate of hazard at any one site, but to create several reasonable
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hazard representations that test the alternative soil amplification methodologies under extreme 
conditions.  

The four soil profiles examined in these seismic hazard test cases have been described in previous 
sections. They consist of a profile (no. 1) representative of the Savannah River site, a profile (no.  
2) for Gilroy, California, array station no. 2, a profile (no. 3) for the Meloland site in the Imperial 
Valley in California, and the profile for the Rinaldi substation site, California. In both the CEUS 
and WUS, attenuation curves for each region reflect the properties of crustal rocks in that region as 
well as the local soil properties.  

6.3.2 Seismic Hazard Environment, CEUS Example Site 

Columbia, South Carolina was the site chosen as the example site in the CEUS. Its seismic hazard 
is affected by a local source and by the Charleston earthquake zone, represented here by a fictitious 
fault (see Figure 6-43).  

Seismicity parameters of the two earthquake sources affecting Columbia were as follows. The local 
source consisted of a box surrounding Columbia, 220 km on a side, with a minimum magnitude 
M,,, of 4.5 (corresponding to mLg = 5, which is standard for CEUS seismic hazard assessments) and 
a maximum magnitude Mx of 6.5. The seismicity in the local source was taken to be exponentially 
distributed and spatially homogeneous, with a rate u. = 1.13E-2 and a b-value = 0.9. Both values 
came from the US Geological Survey assessment of seismicity for the national hazard maps, the rate 
being calculated as an average over the spatially-varying rate for the southeastern US derived by the 
USGS.  

For the fictitious Charleston fault, earthquakes between M=6.5 and 7.8 were considered equally 
likely, that is a characteristic magnitude model was used between these two magnitudes with a rate 
of occurrence u=1.54E-3, meaning a mean recurrence period of 650 years. This is the rate used by 
the USGS for the Charleston fault, although they used a single characteristic magnitude of 7.3. We 
assumed a range of magnitudes for this test example to make the task of choosing a single (or a few) 
analysis earthquakes more challenging.  

Contributions to hazard at Columbia. The Columbia site was selected because different 
earthquakes dominate the high and low frequency seismic hazard. This is illustrated in Figures 6-44 
and 6-45, which show the contributions to hazard at Columbia for 10 Hz and 1 Hz spectral 
acceleration (SA). The ground motion attenuation equation used for these calculations was the 
CEUS rock curve. For 10 Hz SA, the local background source dominated at all ground motions 
levels, as illustrated in Figure 6-44. For 1 Hz SA the Charleston fault was dominant for annual 
frequencies around 10. to 10. (see Figure 6-45), which is the level at which seismic design motions 
are selected. The background source dominated at very low ground motions (because the recurrence 
rate in the background is higher than for the Charleston fault) and at high ground motions (because 
background earthquakes can occur very close to Columbia, generating high levels of shaking).  

Figures 6-46 through 6-49 show the deaggregation of seismic hazard by magnitude, distance, and 
attenuation equation epsilon for 10 Hz and 1 Hz SA, respectively. This deaggregation was 
performed for 0.38g SA at 10 Hz, and 0.067g SA at 1 Hz, which are the levels corresponding to 10-
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hazard. For 10 Hz (Figures 6-46 and 6-47), the large contribution of small local earthquakes 
(M--4.5 to 6.5, R.-20 km) is evident. For 1 Hz (Figures 6-48 and 6-49), the dominance of large 
events from the Charleston fault (M-7.5, R_-130 km) is clear. For both natural frequencies the E 

values contributing to hazard are predominantly positive (see the bottom frame of Figures 6-46 and 
6-48), mostly from 0 to 1.5 for 10 Hz and 1.0 to 1.7 for 1 Hz. This means that ground motions 
higher than the median dominate the hazard, which is typical at 10 .4 ground motion levels.  

Choices of deaggregation events. With these contributions to seismic hazard, the choices for 
deaggregation seismic events for Approach 2B were made as follows. The general approach was 
to use three magnitudes, one at the mean deaggregation event, one higher or lower representing the 
non-dominant source, and a third value representing the dominant source. Weights on the 
magnitudes were assigned so that the non-dominant source received its appropriate weight, and 
weights for the mean magnitude and dominant source were assigned so the mean of the three 
magnitudes equaled the mean magnitude calculated from deaggregation of the hazard.  

For 10 Hz this worked as follows. The mean deaggregation magnitude was 5.6, a value of M=7.7 

was chosen to represent the contribution from the Charleston fault (this is the most likely magnitude 
of that contribution-see the top plot of Figure 6-46), and a value of M=4.6 was chosen as the mode 

of the contributions from local magnitudes. The M=7.7 value received a weight of 0.12 (obtained 
from the deaggregation), and the other two values received weights of 0.25 and 0.63, assigned to 
give the correct mean of 5.6. In summary, the three seismic events and their weights were: 

M = 4.6, R=8 km, weight=0.25, 
M = 5.6, R=8 km, weight=0.63, 
M = 7.7, R=130 km, weight=0.12, 

where the distances were picked from Figure 6-47 to correspond to the magnitudes being 
represented.  

For 1 Hz the choices were different. The mean deaggregation earthquake was 7.0 and a value of 
7.6 was chosen to represent the Charleston earthquakes (see the top plot of Figure 6-48). The total 
contribution from the Charleston fault to the 10 4 hazard is 0.70. A third magnitude representing 
local earthquakes was assigned the remaining weight of 0.3, and the value of this magnitude was 

selected to be 5.8, which was calculated so that the mean magnitude of the distribution (5.8) was 
preserved. To summarize, 

M = 5.7, R=20 km, weight=0.3, 
M = 7.0, R=100 km, weight=0.0, 
M = 7.6, R=130 km, weight=0.7.  

This then represents the case of a bi-modal magnitude distribution where the mean magnitude has 
a low probability of contributing to exceedences of the 104 UHS.
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For both of these derivations the single "design earthquake" was designated to be the central value, 
for use in Approach 2A.  

6.3.3 Calculated spectra. CEUS 

Rock motions. The seismic hazard calculations led to uniform hazard spectra (UHS) for rock 
conditions, for the Columbia site. In addition, the six deaggregation seismic events were used to 
calculate spectra. In this calculation the M and R value of each 10 Hz seismic event was used with 
the CEUS rock attenuation equation to calculate a spectrum; this spectrum was then scaled to the 
10' UHS value at 10 Hz (0.38g) to create 3 deaggregation event spectra. This process was repeated 
for 1 Hz, except that the spectra were scaled to the 10-4 UHS value at 1 Hz (0.067g). This process 
created 6 spectra, and these are plotted in Figure 6-50 along with the UHS. This plot illustrates the 
range of spectral shapes used in the deaggregation events.  

Soil motions. To calculate soil UHS, four alternative representations of the residual distribution 
for the four soil attenuation equations were investigated, as follows: 

"* Constant sigma, no truncation of residual distribution, 
"* Variable sigma, no truncation of residual distribution, 
"* Variable sigma, truncation of residual distribution at 1 a, 
"• Variable sigma, truncation of residual distribution at 1.5 x median.  

The 1 st alternative above is a standard assumption, particular for the CEUS. The 2nd alternative 
recognizes that the scatter around median predicted values of ground motion decreases with 
increasing amplitude, reflecting perhaps more homogeneous, repetitive characteristics of motion for 
large magnitude earthquakes. A variable sigma has been calculated for rock conditions in California 
from empirical data (Abrahamson and Silva, 1997; Campbell, 1997; Idriss, 1993; Sadigh et al, 1997) 
and the variation of sigma has generally been dependent only on magnitude. (Campbell, 1997, 
reports one equation where sigma varies with peak ground acceleration.) The 3 rd and 4' alternatives 
recognize that the amplitudes of motion on soil will saturate because of non-linear response, thereby 
creating a ceiling on the soil amplitudes that can occur, even for large input rock motions. These 
last two alternatives investigate the effects on hazard of recognizing this saturation of soil response.  

The values of sigma calculated for the four soil profiles (Savannah, Gilroy, Meloland and Rinaldi) 
are shown in Figures 6-51 through 6-54. Separate plots are shown for the soil profiles in the CEUS 
(top of each figure) and WUS (bottom of each figure). The standard deviation was calculated as a 
function of M and R, and curves are shown for six values of M and R as well as for a constant sigma 
(the first assumption listed above). Note that these standard deviations represent parametric 
variability and goodness-of-fit errors only, not modeling uncertainty.  

The choice of constant or variable a in the residual distribution does not make a large difference in 
the UHS for the CEUS rock site. This is illustrated in Figure 6-55. Rock motions remain largely 
linear, so there was no justification for truncation of the residual distribution. As a result, further 
comparisons with rock UHS are made with the variable a spectrum.
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The four alternatives for the soil residual distribution were used to calculate UHS for the Columbia 
site. These are shown in Figures 6-56 through 6-59, along with the rock UHS for comparison. The 
general observation from these figures is that the variable sigma UHS (alternative 2) indicates UHS 
similar to the constant sigma alternative (no. 1). The largest decrease in the UHS occurs when 
truncation is added (alternatives 3 and 4). Figures 6-56 through 6-59 show that truncating the 
residual distribution of soil response really limits the large amplitudes that can occur and reduces 
the calculated UHS.  

6.3.4 Seismic Hazard Environment. WUS Example Site 

A site in the Mojave desert of California was chosen as the example site for the WUS. This site, 
the nearby faults, and background seismicity points are illustrated in Figure 6-60.  

Seismicity parameters for the faults and background points were selected following the 
USGS/CDMG interpretation for California. In this interpretation, major earthquakes (M>6.5) are 
ascribed to faults and lower-level seismicity is ascribed to background points. The rate of activity 
of these background points, spaced at 0.10 longitude and latitude, is calculated based on a smoothed 
interpretation of historical seismicity. An exponential magnitude distribution with a b--0.9 is 
assigned to these points.  

The seismicity model for the faults was taken to be that used by the USGS/CDMG in deriving 
seismic hazard maps for California. That is, each fault is assumed to produce a single characteristic 
magnitude with a specified annual frequency of occurrence. The characteristic magnitudes and 
associated frequencies were taken from the USGS/CDMG work.  

Contributions to hazard at Mojave site. The Mojave site was selected because different sources 
of earthquakes dominate different natural frequency ranges of the ground motion spectrum. Figures 
6-61 and 6-62 show the contribution of background sources and faults to the seismic hazard on rock 
at 10 Hz and 1 Hz, respectively. For 10 Hz the background sources dominate the hazard; for 1 Hz 
the San Andreas fault gives the largest contribution to hazard.  

Figures 6-63 through 6-66 show the deaggregation of seismic hazard by magnitude, distance, and 
attenuation equation epsilon for 10 Hz and 1 Hz SA. This deaggregation was performed at 1.92g 
SA for 10 Hz and at 0.65g SA for 1 Hz, which are the levels corresponding to 10 .4 hazard. For 10 
Hz (Figures 6-63 and 6-64), the large contribution of the small background earthquakes (M=5 to 
6.5, R-20 km) is evident. For 1 Hz (Figures 6-65 and 6-66), the large events on distant faults 
produced most of the hazard.  

Choices of deaggregation events. With the contributions to hazard shown in Figures 6-63 through 
6-66, choices for the deaggregation seismic events were made in a manner identical to that for the 
CEUS. For 10 Hz the mean deaggregation magnitude was 6.1, and the resulting three seismic 
events and weights were as follows: 

M = 5.1, R=10 km, weight=0.05, 
M = 6.1, R=14 km, weight=0.90,
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M = 7.8, R=40 km, weight=0.05,

where the distances were picked from Figure 6-64 to correspond to the magnitudes being 
represented.  

For 1 Hz the choices for the three deaggregation seismic events were: 

M = 5.4, R = 10km, weight = 0.15, 
M = 6.7, R = 18 km, weight = 0.67, 
M = 7.8, R = 30 km, weight = 0.18.  

For both of these derivations the single "design earthquake" was designated to be the central value.  

6.3.5 Calculated Spectra, WUS 

Rock motions. The seismic hazard at the Mojave site led to UHS for rock conditions, and in 
addition six deaggregation seismic events were used to calculate spectra. Following the same 
procedure as for the Columbia site, the deaggregation spectra were scaled to the 10-4 UHS amplitude 
at 10 Hz and 1 Hz, as appropriate. These six spectra are shown in Figure 6-67, along with the 10' 
UHS spectrum.  

The constant a and variable a attenuation residual distributions were examined for the Mojave site, 
as they were for the Columbia site. Again, little difference between the two assumptions was 
calculated, as shown in Figure 6-68, except between frequencies of 5 to 20 Hz, where the variable 
a spectrum is up to 20% below the constant a spectrum. The variable a assumption was used for 
comparison purposes in the plots with soil UHS.  

Soil motions. For soil hazard calculations, four soil attenuation equations were investigated, and 
for each, four alternatives on the residual distribution were examined (these are the same four 
alternatives used for CEUS soil calculations): 

"* Constant sigma, no truncation of residual distribution, 
"* Variable sigma, no truncation of residual distribution, 
"* Variable sigma, truncation of residual distribution at 1 sigma, 
"* Variable sigma, truncation of residual distribution at 1.5 x median.  

This resulted in 16 different soil characteristics (four soils times four residual distribution 
alternatives). The 10 4 UHS for these 16 different characteristics are shown in Figures 6-69 through 
6-72. As for the CEUS soils, the largest change in UHS occurs when truncation of the residual 
distribution is included.  

6.4 Evaluation of Procedures to Develop Site-specific Soil Hazard Spectra 

Section 6.1 presented a number of approaches to estimating site-specific soil spectra that are 
consistent with a specified hazard level and that accommodate uncertainties in soil properties. In
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this section, comparisons are made among several of these approaches, and site-specific soil UHS 
are computed for the four soil profiles located in the WUS and CEUS (Section 6.3). The site
specific soil UHS presented in Section 6.3 reflect the desired hazard level with which to evaluate 
the various degrees of approximations using rock outcrop UHS and site response analyses.  
However, an issue exists in the soil UHS calculated with Approach 4 involving long return periods 
where the hazard may result from motions that significantly exceed the median ground shaking 
during earthquakes contributing to the hazard (see the epsilon distributions in Figures 6-46, 6-48, 
6-63, and 6-65). Under these conditions the site-specific UHS may overestimate the hazard at high 
frequency, as the residual dispersion does not reflect the soils limited capacity to transmit high levels 
of motion (i.e. its non-linearity). This issue is discussed in the next Section.  

6.4.1 Site-specific Soil UHS 

The site-specific UHS were considered to represent "truth" in the context of the analyses of Section 
6.1, as these spectra consist of amplitudes computed for the same probability of exceedence across 
structural frequency. However, as previously mentioned in Section 6.2, at high strains soil profiles 
tend to saturate, transmitting proportionally less high-frequency motion as loading levels increase.  
While this is reflected in the convolution analyses used to develop both the site-specific soil motions 
and the soil attenuation relations, the residual dispersion computed in a conventional (homoscedastic) 
regression analysis is a combination over all event (causative) conditions (all magnitudes and 
distances). As a consequence, for long return periods, much of the contribution to the soil UHS 
results from motions that significantly exceed median estimates for the magnitudes and distances 
dominating the hazard. These contributions are reflected in the deaggregation e values (McGuire, 
1995). This process can conceivably result in soil motions that imply control motions sufficiently high 
enough to fail the soil column. This apparent paradox, alluded to in Section 6.3, suggests that in the 
context of probabilistic seismic hazard analyses involving nonlinear site response, a magnitude- and 
distance-independent residual distribution may be inappropriate and can result in overly conservative 
soil motions. The "truth" or benchmark site-specific hazard level should then accommodate the 
appropriate (site-specific) amplitude dependencies in the residual dispersion as well as a distribution 
that accommodates negative skewness as depicted in Figure 6-2. Ongoing analyses of variance are 
intended to address this issue. These consist of developing an appropriate distribution for the residual 
dispersion about the regression as well as including potential amplitude or magnitude and distance 
dependencies in the standard error. Incorporating a residual dispersion in the development of the 
UHS that reflects an appropriate distribution of limiting values (perhaps a type II extreme value 
model) as well as conditional dependencies in the context of nonlinear response would provide a more 
appropriate benchmark or "truth" with which to evaluate the various approaches to developing hazard 
consistent soil spectra. While our current benchmark is limited in this respect because it uses a 
standard model of residual dispersion, it is consistent with current practice in the CEUS. WUS 
attenuation models do typically include a magnitude dependency in their standard errors (Abrahamson 
and Shedlock, 1997) resulting in a large decrease as magnitude increases for M Ž 6.5. However, 
the high frequency motions (> 5 Hz) are affected most by nonlinear saturation because of the 
contribution of low-magnitude (M < 6.5) close-in earthquakes. The magnitude dependency currently 
incorporated in WUS attenuation relations is not likely to resolve this issue, particularly since it is site 
independent, being applied at both rock and soil sites. As a result, we compare site-specific soil UHS 
with soil spectra computed using rock outcrop UHS and various approaches to conventional site
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response analyses for a variety of profiles as well as different hazard environments. These 
comparisons provide valuable insights into potential degrees of conservatism implicit in soil site UHS 
computed using standard models of residual dispersion. These analyses will indicate the strain levels 
(degree of nonlinearity) that may require more sophisticated dispersion models.  

6.4.2 Approaches To Developing Hazard-Consistent Site-specific Soil Motions Incorporating 
Profile Uncertainties 

The conventional approach to developing site-specific soil motions involves convolutional analysis, 
either equivalent-linear or fully nonlinear, using rock outcrop control motions at the soil/rock 
transition zone. For "bottomless" profiles the "rock" control motions may be input at a sufficiently 
deep location such that soil amplification extends to the lowest frequency of interest, generally about 
0.5 Hz. In the convolutional analyses, uncertainty in dynamic material properties is generally 
accommodated through parametric variations, either deterministically with upper-, mid-, and lower
range moduli or through a Monte Carlo approach using randomly generated properties with 
statistically based distributions. Uncertainties in soil properties and in model deficiencies (in the 
convolutional formulation) are accommodated by either smoothly enveloping the deterministic 
variations or selecting a fractile level, generally the mean, for the Monte Carlo approach. Both of 
these procedures appear to result in conservative spectral estimates since site variability is already 
accommodated in the variability associated with the attenuation relations used in developing the 
control (rock) motions. The approach using randomized material properties is preferred since the 
conservatism is quantified, provided the parameter distributions reflect a realistic assessment of how 
well the base case profile and nonlinear properties are known (epistemic uncertainty) and the 
variability over the site or footprint (aleatory uncertainty). A motivation for using the more 
conservative mean rather than median estimates, which acknowledges double counting site variability, 
is to accommodate a degree of model uncertainty in the convolutional formulation. Since this 
component of model uncertainty is currently unquantified, it is not possible to add it explicitly. It is, 
however, thought to be relatively small, based on validation exercises of the entire model (source, 
path and site, Appendix D). As a result, the possible double counting of site variability may be largely 
offset by neglecting the deficiencies in the convolutional formulation. For attenuation relations based 
solely on the validated stochastic point- or finite-source models (Appendix D; Silva et al., 1997) the 
inclusion of model uncertainty, accommodates the site model deficiencies for the vertically 
propagating shear-wave model using the equivalent-linear approximation.  

The various approaches to developing hazard-consistent site-specific soil spectra include the 
following, in increasing order of accuracy (these approaches were described and illustrated in Section 
6.1): 

Approach 1: rock UHS used as control motions, 

Approach 2A: develop transfer function for 1 Hz and 10 Hz design earthquakes, using a 
single magnitude for each frequency, 

Approach 2B: develop transfer functions for 1 Hz and 10 Hz design earthquakes 
accommodating magnitude distributions,
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Approach 3: approximations to UHS integrations (see Section 6.1 and Appendix J), 

Approach 4: UHS computed using site-specific soil attenuation relations.  

Approaches 1, 2A, 2B, and 4 are compared in the following sections, while Appendix J describes an 

evaluation of Approach 3 using different soil profiles and hazard environment. Approach 1 involves 

driving the soil column with the broad rock UHS spectrum and may result in unconservative high 
frequency motions, particularly in the context of equivalent-linear site response analyses.  
Additionally, the appropriate magnitude and time history duration are ambiguous using Approach 1 

for hazard environments that do not result in strongly unimodal M and R deaggregation. Approach 

2A recognizes that different earthquakes may dominate the high and low frequencies, and uses 

separate transfer functions for these events. This is the approach recommended by Regulatory Guide 

1.165 (USNRC, 1997). Approach 2B requires some elucidation. In this approach, mean, high and 

low percentile magnitudes from deaggregation for each design earthquake (e.g., 1 Hz and 10 Hz, 

Section 6.3) are used to scale spectral shapes to the 1 Hz and 10 Hz rock UHS, and the resulting 

control motions are used to develop weighted mean transfer functions for each design earthquake.  

The transfer functions are then used to scale each design earthquake or are combined to scale the 

rock UHS. The use of a three-point magnitude distribution for each design earthquake accounts for 

non-linear effects caused by a wide range of magnitudes contributing to the hazard.  

6.4.3 Control Motions 

Figure 6-73 shows a comparison of the WUS and CEUS rock outcrop UHS. The effects of both the 

hazard environment (Section 6.3) and attenuations relations (Section 6.2) are evident, with the WUS 

motions generally exceeding the CEUS motions by a factor of five or more for frequencies below 

about 10 Hz. The scaled design earthquakes were presented earlier in Figures 6-50 and 6-67 for the 

CEUS and WUS respectively. The difference in the hazard environments between the WUS and 

CEUS is evident in the large differences in the 1 Hz and 10 Hz magnitude distributions (Section 6.3).  

The difference in magnitudes for the 1 Hz and 10 Hz design earthquakes is 1.3 units for the CEUS 

(Figure 6-72) and only 0.4 units for the WUS (Figure 6-73). The effects of magnitude distribution 

in the rock UHS on nonlinear soil response are much less an issue for WUS conditions than CEUS, 

at least for the example sites, which were chosen to maximize the differences at 1 and 10 Hz.  

In the site response analyses, two additional issues are important: the degree of fit to the control 

motions (rock UHS and scaled design earthquake spectra computed using attenuation relations, 

Section 6.2) and the effect of control motion variability on median soil spectra. The first issue 

involves developing appropriate Fourier amplitude spectra for use in the RVT equivalent-linear soil 
analyses (Appendix D) that are consistent with target response spectra. To illustrate the RVT 

spectral matching process (Silva and Lee, 1987), Figure 6-74 compares a response spectrum 

computed using the CEUS attenuation relation (Section 6.2) for M = 7.5 and R = 1 km (target 

spectrum) to a spectrum resulting from spectral matching. The difference is less than a few percent 

over the entire frequency range.  

The second issue involving the effect of control motion variability is of potential significance since 

the convolutional process uses a fixed or constant control motion while varying site properties. This
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is not the process used in developing the attenuation relations where source, path, and site parameters 
were varied simultaneously. The implicit assumption involved in comparing results from these two 
different processes is that soil response is either independent or weakly dependent on control motion 
variability. To demonstrate any dependence, Figure 6-75 shows median and+ 1 a spectral estimates 
for CEUS conditions at M = 7.5 and R = 1 km varying only site properties while Figure 6-76 shows 
results for varying source, path, and site parameters simultaneously (Section 6-2). Although the 
variability is significantly larger when source and path parameters variations are added (oi PA 
increases from 0.17 to 0.44, a factor of about 2.6), the median spectra are nearly identical as 
illustrated in Figure 6-77.  

In the following sections, the profiles are discussed in order of decreasing overall stiffness as reflected 
in Figure 6-9. Each section presents results for CEUS conditions followed by WUS conditions, 
contrasting relatively low and high loading conditions (Figure 6-7 1). Approaches 1, 2A, 2B, and 4 
are compared along with the effects of truncating the deep profiles at depths of about 150m (500 ft) 
and 90m (300 ft). This comparison assesses the profile depth required in the site response analyses 
(as well as site characterization) to properly accommodate low frequency (0.5 Hz) soil motions.  

There are a number of competing effects operating in the following analyses. The degree and extent 
of these analyses are intended to provide useful insights into issues that are significant in developing 
site-specific soil motions.  

6.4.4 Example Case 1: Intermediate Depth Very Stiff Profile, Rinaldi 

The Rinaldi profile is about 80m deep, is considered a very stiff soil, and has a column resonance near 
2 Hz (Figure 6-9). All site properties, soil profile, depth to basement, and G/G, and hysteretic 
damping curves, as well as their variabilities are the same (same probabilistic models) in these analyses 
as those used in the development of the site-specific attenuation relations (Section 6.2, Figures 6-9 
and 6-12). This procedure was followed for all the profiles analyzed.  

6.4.4.1 CEUS Conditions 
To begin the approach comparisons, Figure 6-78 shows soil UHS computed using Approaches 1, 2B, 
and 4 for CEUS conditions. Approach 4 provides estimates of the UHS at the soil surface directly 
using the site-specific attenuation relation (Section 6.2) while Approach 1 simply uses the rock UHS 
as control motions. Approach 2B computes mean transfer functions for each design earthquake 
(based on 1 Hz and 10 Hz deaggregation) using the appropriate magnitude distribution for each 
earthquake. The two transfer functions are combined to scale the rock UHS or are used 
independently to scale the rock outcrop 1 Hz and 10 Hz design earthquakes to produce soil design 
earthquakes for cases where it may be desirable to perform two sets of design analyses. Figure 6-78 
shows nearly the same motions for both Approaches 1 and 2B, both being conservative compared 
to the soil UHS. For a linear system, Approaches 1 and 2B should produce identical results and for 
the loading levels (Figure 6-7 1), profile stiffness (Figure 6-9), and nonlinear properties (Figure 6-12) 
used, this is nearly the case.
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The median and + 1 a effective strains resulting from Approach 1 are shown in Figure 6-79. With 
median values generally less than about 102 %, little change in shear-wave velocity and hysteretic 
damping is expected (Figure 6-12) suggesting a nearly linear system. The apparent conservatism in 
Approaches 1 and 2B at frequencies exceeding 10 Hz shown in Figure 6-78 is about 20%. Near the 
fundamental column resonance at about 2 Hz and at low frequency (< 1 Hz) Approach 4 exceeds 
Approaches 1 and 2B by about 10%. Exceedence near a resonance is expected since there is a 
smoothing inherent to the regression process but the slight low-frequency underprediction and high
frequency exceedence are puzzling since the mean-to-median ratio resulting from profile variability 
is about 5% and the regression equations appear to provide a reasonable fit to the model predictions 
(Figures 6-16 and 6-17). Additionally, the RVT spectral matching process also appears to provide 
a good match to the target spectra, as Figure 6-74 suggests. While the degree of conservatism is 
larger than expected at high-frequency and requires further investigation along with the slight low
frequency underprediction, these results suggests that Approaches 1 and 2B are not likely to lead to 
unconservative spectral estimates for very stiff profiles under moderate loading conditions (peak rock 
outcrop acceleration of about 0.3g, Figure 6-73).  

The transfer functions used to scale the rock outcrop spectra are shown in Figures 6-80 through 6-82.  
Figure 6-80 shows the ratio computed for the 1 Hz scaled design earthquake and Figure 6-81 the 

corresponding ratios for the 10 Hz design earthquake. Figure 6-82 compares the two (1 Hz and 10 
Hz) mean ratios, the average of which is used to scale the rock outcrop UHS (Approach 2B). As 
expected, due to the largely linear response, little difference is seen between the ratios for frequencies 
below about 30 Hz, with about a 15% difference at peak acceleration (100 Hz). Approaches 1 and 
2B are equivalent under these conditions (strain ranges and nonlinear properties).  

For cases where multiple soil spectra are desired, Figure 6-83 compares 1 Hz and 10 Hz design 
earthquake soil motions (Approach 2A) with Approach 2B applied to the UHS along with Approach 
1 results since they both reflect the use of rock UHS spectra. The 1 Hz and 10 Hz soil spectra are 
very close to the scaled rock UHS over the frequency ranges of the bounding criteria discussed in 

Section 5. At peak acceleration (near 100 Hz) Approach 2B applied to the rock UHS exceeds the 
10 Hz soil motions by about 20%.  

Figures 6-84 and 6-85 compare Approaches 1 and 2B using conventional deterministic profile 

variations. The deterministic variations reflect changes in the base case shear modulus of a factor of 

2 and are shown in Figure 6-84. The mean and + 1 a spectra taken over the three spectra, reflecting 

base case and upper-and-lower-range profiles, are shown in Figure 6-85. The comparison in Figure 

6-84 between the spectrum computed using the base case profile and the mean Approach 2B 

spectrum illustrates the effects of profile randomization, generally smoothing through the base case 
resonance peaks. With the exception of the fundamental resonance peak, Figure 6-84 suggests that 

an average of the three spectra (base case and upper- and lower-range profiles) may provide an 

acceptable soil spectrum. Figure 6-85 shows this comparison and confirms that a smoothed average 
of the three provides a reasonable estimate of design levels.  

6.4.4.2 WUS Conditions 
For the Rinaldi profile, Figures 6-86 to 6-93 show corresponding plots for WUS conditions. For this 

case, changes in the loading conditions (Figure 6-73) determined by the WUS hazard environment
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as well as crustal structure resulted in distinctly different soil motions in both level and spectral shape.  
Figure 6-86 compares Approaches 1, 2B, and 4 and shows soil spectral shapes with peaks near 3 Hz 
compared to about 15 Hz for the same profile located in the CEUS (Figure 6-78). This difference 
results mainly from the difference in control motions, with a higher degree of nonlinearity for the 
WUS case contributing to the shift in peak spectral amplification to lower frequencies. For a deeper 
profile and a higher CEUS loading condition, the difference in spectral shapes between WUS and 
CEUS soil motions would diminish. However, a sufficient difference persists to conclude that the 
use of scaled broadband WUS deep soil motions is not appropriate for CEUS conditions.  

At these higher loading levels in the WUS the high-frequency exceedence extends to about 0.5 Hz 
and neither Approaches 1 nor 2B are below the Approach 4 UHS. The effective strains for Approach 
1 are shown in Figure 6-87 with a maximum in the median estimates of about &-f 0.2%. This reflects 
a substantial change in dynamic material properties with material damping increasing to about 15% 
in the top 15m or so (Figure 6-12).  

Exceedences of Approaches 1 and 2B over the soil UHS (Approach 4) spectra may actually not be 
as large as those depicted in Figure 6-86. The rock outcrop spectra are used as control motions for 
Approaches 1 and 2B and these contain amplification in the shallow portion of the soft rock profile 
(Figure 6-6). The very shallow portion of the WUS rock profile, with shear-wave velocities less than 
1 km/sec, is not present in the soil motions used to develop the WUS soil attenuation relations 
(Section 6.2). In these cases, the soil profiles are placed on top of the Wald and Heaton (1994) 
crustal model. This crustal model has a surface shear-wave velocity of 1 km/sec (Table 6-4) and 
reflects baserock or base-of-soil conditions. The potential differences in soft rock outcropping and 
baserock outcropping motions are not accommodated in the WUS approach comparisons. These 
differences are quantified in Section 6.10 and result in about a 5% to 15% reduction in soil motions 
when using baserock outcropping, as opposed to surface, control motions. These results apply to 
all WUS approach comparisons, decreasing the difference between soil UHS (Approach 4) and 
Approaches 1 and 2B analyses.  

For the WUS Rinaldi analyses, the accompanying transfer functions are shown in Figure 6-88 to 6-90 
and show smaller resonances than the corresponding CEUS ratios (Figures 6-80 to 6-82). This is 
related to the differences in impedance contrast at the soil/rock boundary caused by the differences 
in shear-wave velocity between the top layers of the WUS and CEUS crustal models. For the CEUS, 
the shear-wave velocity is 2.83 km/sec while it is only 1 km/sec for WUS (Table 6-4 and 6-5). These 
values, along with the different densities, reflect a 84% larger impedance contrast for CEUS 
conditions giving rise to more energy trapped in the soil column, all other factors being the same.  
This effect naturally competes with the higher loading levels for WUS conditions in terms of inducing 
strains in the soil column. As with the CEUS ratios, little difference is seen in the 1 Hz and 10 Hz 
WUS ratios, suggesting largely linear response. However, in this case, the similarity in 1 Hz and 10 
Hz ratios is driven largely by the similarity in 1 Hz and 10 Hz design earthquake scaled rock outcrop 
spectra (Figure 6-67). The similarity in the 1 Hz and 10 Hz control motions is reflected in Figure 6
91, which compares corresponding soil motions to Approaches 1 and 2B spectra. As with the CEUS, 
the 10 Hz spectrum controls at high-frequency (above about 3 Hz here) while the 1 Hz spectrum 
controls the low-frequencies.
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Figures 6-92 and 6-93 compare deterministic profile variations and show that either the base case or 
mean (over deterministic profile variations) spectra provide motions comparable to those of Approach 
2B. For very stiff profiles, these results and those of the previous section indicate that enveloping 
spectra based on conventional profile variations of twice and one half the base case shear moduli 
result in excessively conservative design motions. The implied velocity variation exceeds that 
typically associated with variability over a footprint or site area (Figure 6-10).  

6.4.5 Example Case 2: Deep Stiff Profile. Gilroy 2 

The Gilroy 2 profile is a deep stiff sandy to gravely profile with a depth of about 180m (Figure 6-9) 
with a column resonance at about 1 Hz. Material nonlinearity for this site is modeled using the EPRI 
(1993) G/G. and hysteretic damping curves (Figure 6-11). Gilroy 2 is located at a closest rupture 
distance of about 15 km from the 1989 M 6.9 Loma Prieta earthquake, and the site recorded an 
average horizontal component peak acceleration of about 35%g (Appendix A). The nearby hard 
California rock site Gilroy 1, about 2 km closer to the rupture, had a corresponding peak acceleration 
of about 50%g. Conversely, for'the M 5.8 Coyote Lake earthquake, the Gilroy 2 site peak 
acceleration exceeded that of Gilroy 1 by about 100% (about 20% g and 10% g respectively). These 
two sites, with low level aftershocks recorded as well, provide compelling evidence for nonlinear 
response as well as validation of the nonlinear material strain dependencies (EPRI, 1993).  

6.4.5.1 CEUS Conditions 
As with the previous analyses, Figures 6-94 to 6-105 show approach comparisons, effective strains, 
and transfer functions. In this case and for subsequent profiles, the comparisons are augmented with 
additional comparisons for profiles truncated at about 150m (500 ft) and 90m (300 ft) to assess the 
extent of profile depth required to capture potential amplification effects at low frequency (0.5 Hz).  

The comparisons of Approaches 1, 2B, and 4 shown in Figure 6-94 share features in common with 
the Rinaldi CEUS results (Figure 6-78) but with a smaller difference between the soil UHS and the 
spectra of Approaches 1 and 2B. A larger difference, however, exists between Approaches 1 and 2B 
at high frequency (> 10 Hz). This is the expected consequence of potential unconservatism at high 
frequencies resulting from driving the profile with a broad UHS (Approach 1). The larger difference 
in Approaches 1 and 2B for this site than for the Rinaldi profile is related to the more nonlinear 
material strain dependencies and softer profile. The effective strains are still relatively low, however, 
with median values less than about 0.05% (Figure 6-95).  

The transfer functions, Figures 6-96 to 6-98, show larger effects than for Rinaldi, particularly for the 
10 Hz design spectrum. The differences in the mean ratios, 1 Hz and 10 Hz shown in Figure 6-98, 
are still only significant at very high frequency, beyond about 30 Hz where they are up to about 30%.  
The difference between Approach 2B and the 10 Hz design soil spectrum (from Approach 2A) shown 
in Figure 6-99 is large above about 20 Hz, reflecting the tendency of Approach 1 to overdrive the 
soil column.  

Comparisons of Approach 2B with deterministic profile variations are shown in Figures 6-100 and 
6-101. As with the Rinaldi profile, enveloping is overly conservative. The mean spectrum from
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Approach 1 (Figure 6-101) is lower than Approach 2B at the fundamental resonance near 1 Hz and 
at high frequency, above about 10 Hz.  

To illustrate the effects of soil column truncation, Figures 6-102 to 6-105, show corresponding plots 
for column depths of 150m (500 ft) and 90m (300 ft) (Approach 2B reflects full column depth). For 
the profile truncated at 150m (full depth is about 180m), Figure 6-103 shows mean spectra (over 
deterministic profile variations) comparable to those in Figure 6-101 with the full profile, about 180m.  
Truncating to a depth of 90m (Figure 6-105), which is about half the original profile depth, results 
in slightly larger high frequency motion and lower motions at frequencies below the strain compatible 
fundamental resonance near 1 Hz (Figure 6-100). These results, strictly valid only for this profile, 
assumed material nonlinearity, and loading conditions suggest that at least 150m of profile is 
necessary to accommodate amplification effects frequencies of 0.5 Hz and above.  

6.4.5.2 WUS Conditions 
Figures 6-106 to 6-117 show the corresponding plots for the Gilroy 2 profile considering WUS 
conditions. For this case, the Gilroy 2 soil UHS (Approach 4) exceeds Approaches 1 and 2B but in 
this case by a larger amount (Figure 6-106). As discussed in Section 6.41, this feature likely results 
from the sigma or residual variability in the soil attenuation relations, which neglects the diminishing 
capacity of a soil column to transmit high frequency motions as the degree of nonlinearity (loading 
level) increases. As a result, the UHS computed for long return periods reflects sources generating 
rare, large earthquakes at close distances. High motions are then generated by sampling higher 
fractile levels. For these conditions, Approach 2B provides more reliable spectral estimates since it 
directly accommodates the soils amplification capacity. Additional verification will involve more 
accurately representing these site-specific soil capacities in models of the residual dispersion. The 
accompanying effective strains shown in Figure 6-107 are significantly larger as well, with shallow 
median values near 0.4%. For cases with effective strains larger than 1% over a depth range 
exceeding 10 to 20 feet, equivalent-linear results should be verified with corresponding nonlinear 
analyses. Sufficient care must be exercised with the nonlinear properties to ensure the nonlinear 
model matches the G/G, and hysteretic damping curves. The transfer functions illustrated in Figures 
6-108 to 6-110 show a stronger magnitude dependency than for the Rinaldi profile, a consequence 
of larger nonlinear effects (softer profile and more nonlinear material strain dependencies). The 
difference in the mean ratios for the 1 Hz and 10 Hz design earthquakes is only about 10% for 
frequencies 1 to 10 Hz range. As with the WUS Rinaldi results, Figure 6-111 shows that both the 
1 Hz or 10 Hz soil design motions from Approach 2A closely reflect the Approach 2B spectrum.  

For this case, the system is significantly nonlinear, (particularly for depths less than about 50m, see 
Figure 6-107), so the deterministic variation of two times the shear modulus (0.4 on shear-wave 
velocity) has a dramatic effect. Figure 6-112 shows shifts in the fundamental resonance of nearly a 
factor of ten (from about 3 Hz to 0.4 Hz) with a maximum range in spectral ordinates of nearly a 
factor of 8 around 3 Hz. These changes occur with a factor of 2 shift in overall stiffness (shear-wave 
velocity).  

For systems well into nonlinear response, the range in conventional deterministic profile variations 
can result in dramatic differences in ground motions. Enveloping the deterministic range is generally 
quite conservative but, as with the Rinaldi profile and the CEUS Gilroy 2 results, leads to varying
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degrees of conservatism with oscillator frequency. The mean spectrum over the three deterministic 
profile variations (Figure 6-113) shows some unconservatism near 1 Hz and may be inappropriate for 
both WUS and CEUS conditions near the column fundamental resonance. The trough in the -1 a 
(16nd percentile) spectrum near 3 Hz is due to the large variability in the spectra from the three 
deterministic profile variations at 3 Hz (Figure 6-112) resulting in a sigma (normal) that is near the 
mean value of about 1g. The +1 a value is then near 3g and the -1 a spectrum then is about 0.05g.  
Truncating the profile at 150m (500 ft) and 90m (300 ft) show results (see Figures 6-114 through 6
117) similar to the full profile with some unconservatism in the 0.5 to 1.0 Hz range (Figures 6-116 
and 6-117). These results suggest that fixed rules regarding required profile depths are going to be 
both elusive and conservative.  

6.4.6 Example Case 3: Deep Firm Profile. Savannah River Generic 

The Savannah River Generic profile (Figure 6-9) is very stiff near the surface, with a shear-wave 
velocity of about 400m/sec. It has a deep soft zone just below the surface extending to a depth of 
about 70m. Below that, the shear-wave velocity gradient is fairly steep and merges with the CEUS 
and WUS crustal models at about 300m (1,000 ft). The low-strain column resonance is at about 0.8 
Hz. Nonlinearity is modeled through equivalent-linear G/G,. and hysteretic damping curves that are 
based on modeling strong ground motions in southern California at sites comprised of predominantly 
cohesionless soils. These are the same sets of curves that were used for the Rinaldi profile analyses 
(Figure 6-12).  

6.4.6.1 CEUS Conditions 
Following the patterns of the previous analyses, Figures 6-118 to 6-129 show comparisons of 
Approaches 1, 2B, and 4, effective strains, transfer functions, and the effects of profile truncation for 
the Savannah River Generic profile. For the relatively low strain CEUS motions, Figure 6-118 shows 
Approach 4 soil UHS comparable to the spectra of Approaches 1 and 2B. As with the Rinaldi and 
Gilroy 2 profiles, the Approach 1 spectrum falls below that of Approach 2B as well as Approach 4 
for frequencies above about 10 Hz due to increased damping associated with the broadband control 
motions (rock outcrop UHS).  

The effective strains shown in Figure 6-119 are relatively low, with median values below about 0.02 
to 0.03%. The largest strains occur throughout the soft zone (Figure 6-9). With these strain values, 
modulus reduction is only about 0.8 to 0.9 and hysteretic damping ranges from about 2% to 4% 
(Figure 6-12). The combination of a firm profile and relatively linear G/G. and hysteretic damping 
curves results in nearly linear response but with an increase in damping of about 50% in the soft zone.  

The transfer functions shown in Figures 6-120 to 6-121 reflect the small degree of nonlinearity, 
showing small changes (about 20%) with earthquake magnitude. Differences in the mean ratios 
(Figure 6-122) are largest above 30 Hz (100 Hz reflects PGA scaling) and are about 20%. As with 
the previous CEUS cases, the 10 Hz design earthquake soil motion from Approach 2A compares 
favorably with Approach 2B for frequencies below about 20 Hz (Figure 6-123) but falls below at 
higher frequencies.
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Comparisons of Approach 2B to deterministic soil variations shown in Figures 6-124 and 6-125 
suggest that enveloping spectra for shear modulus variations of a factor of 2 will overestimate the 
effect of actual footprint variability (Figure 6-10), while a mean spectrum is unconservative, especially 
near the column resonance at about 0.5 Hz.  

Profile truncation to 150m, Figures 6-126 and 6-127, shows results very similar to the original profile 
of about 300m depth. However, truncation at about 90m (300 ft) results in motions that are too low 
for frequencies below about 0.8 Hz (Figures 6-128 and 6-129). These results are similar to those of 
Gilroy 2 for CEUS conditions (Figures 6-112 to 6-117).  

6.4.6.2 WUS Conditions 
Figures 6-130 to 6-141 contain the results for the Savannah River Generic profile considering WUS 
hazard and rock conditions. In this case, even with the WUS higher loading conditions, Figure 6-130 
shows that the Approach 4 soil UHS lies below those of Approaches 1 and 2B. Soil column 
saturation effects are insufficient to bring Approaches 1 and 2B spectra below the soil UHS at high 
frequency. A contributing factor may be related to the WUS Savannah River residual dispersion 
about the attenuation relation. It is among the lowest soil site sigmas overall (Figure 6-41) and is the 
lowest for frequencies exceeding about 1 Hz. A larger sigma would result in higher high frequency 
soil UHS.  

The effective strains shown in Figure 6-131 show median values around 0.1 to nearly 0.2% 

throughout much of the profile with +1Y values reaching 0.2%.  

The transfer functions (Figures 6-132 to 6-134) show about the same magnitude dependency as the 
CEUS but extending to lower frequency. The difference in the mean ratios is generally less than 
about 5%. This latter similarity is again driven by the similarity in control motions (Figure 6-67).  

Figure 6-135 shows the comparison of 1 and 10 Hz design events (Approach 2A) with Approaches 
1 and 2B. In this application the envelope of spectra developed for Approach 2A would be below 
Approaches 1 and 2B, over much of the frequency range.  

The effects of deterministic profile variations (Figures 6-136 and 6-137) show some exceedence of 
the base case profile spectrum for frequencies near 5 Hz, similar to the Rinaldi and Gilroy 2 profiles, 
again illustrating the effects of smooth (base case) vs. rough (randomized) profiles. In the context 
of nonlinear analyses, the median or mean spectrum computed with variation in soil properties is 
lower at high frequency than the spectrum computed from a mean or median profile. While the 
envelope of the deterministic profile variation spectra is overly conservative, Figure 6-137 suggests 
that the mean from Approach 1 may be unconservative at low frequency. Profile truncation to about 
150m (500 ft) in Figures 6-138 and 6-139 shows results very similar to the full profile (305m, 1,000 
ft) while truncation at 90m (300 ft), Figures 6-140 and 6-141, results in low motions at low frequency 
(below about 1 Hz). These results are similar to the CEUS conditions and to Gilroy 2 WUS and 
CEUS results as well. A tentative conclusion is that 150m of profile is adequate to reflect potential 
amplification for frequencies a3 low as about 1 Hz.

6-28



6.4.7 Example Case 4: Deep Soft Profile: Meloland

The Meloland Profile, located in the Imperial Valley of Southern California and Northern Mexico is 
the softest profile analyzed (Figure 6-9) and has a column frequency of about 0.5 Hz. While it is 
considered "bottomless' and extends kilometers in depth, it was truncated at a depth of 304m (1,000 
ft) for these analyses. It is the location of a recently installed (Caltrans) vertical strong motion array 
and the nearby CDMG strong motion site recorded the M 6.5 1979 Imperial Valley earthquake at a 
rupture distance of 0.5 km (average horizontal component peak acceleration of about 0.3g). The 
modulus reduction and damping curves used are shown in Figure 6-13. They are based on modeling 
strong motions from the 1979 Imperial Valley earthquake recorded at Meloland and nearby sites 
(Silva et al., 1997) and reflect relatively weak strain dependencies.  

6.4.7.1 CEUS Conditions 
For the Meloland profile, the standard suite of comparisons are shown in Figures 6-142 to 6-153.  
For this soft profile, the soil UHS (Approach 4) exceeds spectra computed with Approach 1 for 
CEUS conditions (Figure 6-142). As explained previously in regard to Figures 6-83, 6-94, and 6
124, the Approach 2B spectrum exceeds the Approach 1 spectrum at high frequency (> 10 Hz). The 
effective strains are relatively small, as shown in Figure 6-143 yet the soil UHS exceeds Approach 
I motions. For this soft soil, magnitude differences in the transfer functions shown in Figure 6-145 
for the 10 Hz design earthquake are large, reaching nearly a factor of 2 in total range near 10 Hz.  
The difference in mean ratios for the 1 Hz and 10 Hz design earthquake remains very small for 
frequencies below about 30 Hz but is important at peak acceleration (100 Hz), similar to the other 
profiles for CEUS conditions.  

The comparison between Approaches 1 and 2B and the 1 Hz and 10 Hz design earthquake soil 
spectra (Approach 2A) is illustrated in Figure 6-147. As with the other profiles, Approach 1 and the 
10 Hz soil Approach 2A design spectra fall below the Approach 2B spectra for frequencies above 
about 10 Hz. In this case, Approach 1, using the broad UHS rock spectrum, overdrives the soil 
column and is lower than the 10 Hz soil motion, which uses a rock shape reflecting a single 
magnitude. At lower frequencies, Approach 1 and the Approach 2A 1 Hz soil design spectrum are 
equivalent to the Approach 2B spectrum.  

Deterministic profile variations shown in Figures 6-148 and 6-149 reflect the same results as the other 
profiles. Enveloping reflects overly conservative motions for footprint profile variations while the 
average is too low at some frequencies. Profile truncation to -150m (-500 ft) adequately captures 
amplification at low frequency (to about 0.5 Hz) but the mean is low at high frequency (2 -- 10 Hz) 
(Figures 6-150 and 6-151) relative to Approach 2B. Truncation at 90m (300 ft) does not adequately 
portray the profile amplification at low frequency (0.5 Hz), (this observation is similar to the other 
profiles) and is a bit low at higher frequencies as well.  

6.4.7.2 WUS Conditions 

Figures 6-154 to 6-165 show results for the Meloland profile considering WUS conditions. The 
comparison of Approaches 1, 2B, and 4 is illustrated in Figure 6-154 and shows the expected 
exceedence of the soil UHS (Approach 4) over the spectra of Approaches 1 and slightly for 2B as
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well. The effective strains are large, with values significantly greater than for CEUS conditions. The 
median values are near 0.4% in the intermediate portion of the profile (compare Figures 6-107 and 
6-155).  

Magnitude dependencies in the transfer functions, Figures 6-156 and 6-157, are weak for the 1 Hz 
scaled design outcrop spectrum and strong for the corresponding 10 Hz spectrum, as they were for 
the Gilroy 2 and Savannah River Generic profiles (Figure 6-109 and 6-133). Because of the similarity 
in the 1 Hz and 10 Hz scaled rock outcrop spectra (Figure 6-173), the corresponding mean transfer 
functions are similar (Figure 6-158).  

Comparisons of the 1 Hz and 10 Hz design earthquake soil spectra (Approach 2A) with those of 
Approaches 1 and 2B are shown in Figure 6-159. These results are similar to those of the other 
profiles and show expected similarity. With 0.6 magnitude difference between 1 Hz and 10 Hz 
contributions and at similar distances, the distinction between the shapes is not significant in site 
response.  

The effects of deterministic profile variations are shown in Figure 6-160 and 6-161 and show results 
very similar to those of Gilroy 2 (Figures 6-112 and 6-113). There is a large variation in motions, 
a range of about a factor of 6 near 3 Hz for a factor of 2 range in shear-wave velocity. This is a 
strongly nonlinear system, due principally to the high loading level and low initial stiffness (its 
dynamic material strain dependencies are considered relatively linear). The combination of either a 
soft profile with relatively linear curves, as here, or a stiff profile and more nonlinear curves, such as 
Gilroy 2, results in a similar strong dependence on initial stiffness (variations in shear-moduli) under 
high loading conditions. The mean spectrum (over deterministic variations) is conservative for all 
frequencies (see Figure 6-161).  

Truncating the profile to 150m (500 ft) also produces a mean spectrum that is very close to the full 
profile (304m) and compares favorably with that of Approach 2B for frequencies down to about 0.5 
Hz (see Figures 6-162 and 6-163). It is, however, a bit high above the 2 Hz to 3 Hz frequency range 
(Figure 6-163). Truncation at 90m (300 ft) however, shows serious deficiencies at 1.0 Hz and below 
and larger motions above 2 to 3 Hz (see Figures 6-164 and 6-165).  

6.4.8 Baserock Motions 

Soft rock (WUS) shear-wave velocity profiles are characterized by steep shallow gradients (Figure 
2-2) with median surface velocities in the 200 to 300m/sec range. Median and 1 a shear-wave 
velocity profiles based on measurements made at WUS strong motion recording sites classified as 
rock are shown in Figure 6-166. This strong velocity gradient results in large amplifications (source 
region to surface) at high frequency (Figure 2-3). At the base of soil profiles, due to more limited 
weathering, basement rock generally does not show such characteristics. Most boreholes that 
penetrate soil and into competent rock do not extend deep enough to fully characterize shear-wave 
velocities 15 to 30m into basement material. Nonetheless, most existing profiles suggest a large jump 
in velocity over a short depth range into baserock material. For WUS conditions, this jump or very 
steep gradient typically reflects a baserock shear-wave velocity ranging from about I to 2 km/sec over 
a depth range of several to tens of meters. The very shallow (top 30m or so) gradient shown in
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Figure 6-166 is not typically present beneath soil profiles. As a result, the accompanying 
amplification present in motions recorded at soft rock sites may not be present in baserock motions 

that drive the soil column. Additionally, the variability of baserock motions, particularly for very deep 

profiles (> 150m), may also be significantly lower than rock outcrop motions due to a smaller 

variability in velocities, being less subject to weathering. While the issue of variability is currently not 

resolvable, the effects of the shallow soft rock velocity gradient on response spectra may be easily 

estimated.  

6.4.8.1 Development of Outcrop-to-Basement Spectral Correction Factors 

Two approaches are available to develop correction factors for conditioning soft rock (surface) 

motions to be more appropriate as base of soil control motions. An empirical approach that involves 

deconvolving strong motion recordings at soft rock sites with measured shear-wave velocities to base 

of soil velocities (1 to 2 km/sec) is currently underway as part of a PEER project (I.M. Idriss, 

personal communication, 1999). Another approach, implemented here, is analytical and involves 

point-source simulations (Appendix D) of motions at the surface of the soft rock profile (Figure 6

166) and progresses deeper (into higher velocities) in the profile by stripping off overlying materials.  

Taking ratios of motion at depth to surface motion results in depth- (velocity-) dependent correction 

factors. To provide statistical stability to the transfer functions or correction factors and to estimate 

their uncertainties, multiple simulations are run using the profile randomization scheme. The 

correction factors are then taken as ratios of median motions: depth as outcropping over surface.  

Potential nonlinearity is accommodated with equivalent-linear analyses using the rock G/G,. and 

hysteretic damping curves (Figure 6-8) and these parameters are also randomized.  

An example of the motions (5% damped spectral acceleration) computed for M = 6.5 at a distance 

of 25 km is shown in Figure 6-167. The suite of spectra reflect median motions computed at the 

surface and at increasing depths in the soft rock profile, from 1.5m (5 ft) with a surface velocity of 

305m/sec (1,000 ft/sec), to 386m (1,268 ft) with a corresponding "surface" velocity of 1,828m/sec 

(6,000 ft/sec). The decrease in spectral amplitudes begins below a depth of about 2m and 

progressively decreases in level and over a wider frequency range as more of the profile is stripped 

off. The resulting transfer functions are shown in Figure 6-168. These represent correction factors 

to be applied to surface motions to remove the effects of the shallow soft rock gradient to the same 

shear-wave velocity as that underlying a soil column. The factors range as low as about 0.5 near 3 

Hz for a shear-wave velocity of about 1.9 km/sec (6,000 ft/sec), showing the large effects of the 

shallow gradient (Figure 6-166).  

To assess the effects of potential nonlinearity on the correction factors, similar analyses were done 

for distances of 10 km (surface PGA z 0.3g) and 1 km (surface PGA - 0.5g). The resulting 

correction factors are shown in Figures 6-169 and 6-170 for distances of 10 km and 1 km 

respectively. The ratios actually increase, particularly at high frequency, because the surface (and 

shallow) motions decrease as the loading levels increase.  

6.4.8.2 Effects Of Baserock Motions On The WUS Soil Motions 
In developing the WUS soil attenuation relations (Section 6.2) the soil profiles were placed on top 

of the Wald and Heaton (1994) crustal model. This model has a surface shear-wave velocity of 1.0 

km/sec implying a jump in velocity at the soil/rock interface (Figure 6-9). The attenuation relations
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for WUS rock motions are appropriate for surface motions at an average soft rock site (Figure 6-6) 
and incorporate the shallow steep gradient shown in Figure 6-166. Since control motions for the 
WUS site response analyses are based on the soft rock attenuation relations, they incorporate near
surface amplification for velocities lower than 1 km/sec, not included in the simulations for the WUS 
soil attenuation relations. To assess the effects of using surface as opposed to baserock outcropping 
control motions, comparisons are made to the soil motions computed using Approach 1 with both 
sets of rock control motions.  

The modified WUS rock outcrop UHS for baserock conditions is shown in Figure 6-171 compared 
to the original spectrum. The modified spectrum is appropriate for outcropping rock with a shear
wave velocity of about 1 km/sec (300 ft/sec) and is considered to reflect a much closer representation 
of control motions used in developing the soil attenuation relations. It was produced by multiplying 
the rock surface UHS (solid line in Figure 6-171) by the ratio computed for the velocity of 914m/sec 
and 0.5g surface peak acceleration (Figure 6-170). It shows a maximum reduction of about 20% in 
the 2 to 3 Hz range and 15% at peak acceleration. This corrected motion is then used as an 
outcropping control motion for an Approach 1 analysis.  

For the Rinaldi profile, the results of using the modified motion as input to the soil column are shown 
in Figure 6-172. The solid line reflects Approach 1 soil spectra computed using the WUS UHS rock 
spectrum, and the dashed line shows the results using the modified control motion. The difference 
in soil spectra is about 10 to 15% over much of the bandwidth ( 11% at peak acceleration), nearly 
the same as the difference in control motions (Figure 6-171).  

The Gilroy 2 profile is softer with more nonlinear dynamic material properties and shows less of a 
difference (10% at peak acceleration, Figure 6-173). The Savannah River Generic profile is softer 
still, but with more linear dynamic material properties than Gilroy 2. It has the same G/G. and 
hysteretic damping curves as those used for the Rinaldi profile. Figure 6-174 shows nearly the same 
difference as Rinaldi (Figure 6-172), about 10 to 15% over much of the frequency range and 13% 
at peak acceleration. The softest profile, Meloland, also has the most linear dynamic material strain 
dependencies and shows a 10 to 15% reduction (Figure 6-175), 12% at peak acceleration.  

In general, the soil motions computed using the more appropriate baserock motions in place of rock 
outcrop motions showed broadband reductions ranging from about 5 to 15%. The reductions 
depended upon initial profile stiffness as well as dynamic nonlinear properties and are generally 
somewhat less than the differences in control motions, rock outcrop vs. base rock or base of soil 
conditions. The correction factors have uncertainties associated with them, based on profile 
uncertainties (Figure 6-7), so fractiles other than the median may be used. As with the V/H ratios 
(Section 4.7), the correction factors may be implemented for ranges in rock outcrop peak acceleration 
values.  

6.5 Conclusions and Recommendations 

In the proceeding analyses three major issues were addressed in developing site-specific soil motions 
based on a rock outcrop UHS: (1) evaluation of procedures to develop hazard consistent soil spectra,
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(2) assess minimum profile depth required to characterize soil motions in the frequency range of 0.2 
to 5.0 Hz, and (3) assess the effects of baserock vs. rock outcrop control motions on soil spectra.  

To address these issues, four deep profiles were analyzed reflecting a wide range in both overall 
stiffness (range in column frequency of 0.5 Hz to 2.0 Hz) and nonlinear dynamic material properties.  
To capture ranges in loading conditions of amplitude levels and spectral content, the four profiles 
were considered to be located in both the WUS (high hazard) and CEUS (moderate hazard) tectonic 
regions. Analyses consisted of comparisons of UHS computed directly for the soil sites using region
and site-specific soil attenuation relations with approaches that start from region-specific rock UHS 
and use traditional convolution analyses to produce site-specific soil motions.  

Results of the analyses indicate that a conventional soil UHS can result in large high frequency 
motions. This is likely due to a combination of a symmetric (in log) uncertainty about median 
attenuation estimates, ingoing the effects of profile saturation. However, the larger more significant 
effect is the inclusion of combinations of both high and low rock motions with large soil amplification.  
Such combinations are captured in the soil UHS by its very nature (aggregation of motions that 
exceed a given level) and are ignored in Approaches 1 and 2. As a result, at some exceedence level, 
Approaches 1 and 2 will become unconservative. Unfortunately, the exceedence level above which 
this occurs depends on the nonlinear properties of the soil column, range in loading levels, initial 
stiffness, and nonlinear dynamic material properties. Results presented herin suggest that for hazard 
levels up to 10', Approach 2B results in adequately conservative soil motions, however, more work 
is clearly needed.  

Further analyses showed that the conventional deterministic site property variation of a factor of 2 
on shear modulus is too large for footprint variability. This variation results in overly conservative 
envelope motions and mean values that are unconservative at low-frequencies, near the column 
frequency of deep profiles. Profile truncation to about 150m (500 ft) provides soil motions that 
largely capture site amplifications for frequencies down to about 0.5 Hz. Truncation to about 90m 
(300 ft) will likely produce unconservative soil motions for frequencies below about 1 Hz.  

The use of soft rock surface recordings as base-of-soil (baserock) control motions produces about 
5% to 15% larger soil motions compared to correcting these rock motions to rock-soil interface 
motions. The degree of conservatism depends on frequency, shear-wave velocity at the base of the 
soil column, and level of rock motion. The effect is broadband, extending from about 0.3 Hz to 100 
Hz (peak acceleration).  
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Table 6-1 
Approaches for Developing Soil UHS

Description 

PSHA using site-specific soil attenuation 

Calculate soil hazard from rock hazard and 
m and r deaggregation 

Calculate soil hazard from rock hazard and 
m deaggregation 

Calculate soil hazard using soil amplification 
for input amplitude a* and magnitude m* 

Scale rock UHS to soil UHS accounting for 
soil parameter uncertainty 

Scale rock UHS to soil UHS accounting for 
soil parameter uncertainty and m 
deaggregation 

Scale rock UHS to soil UHS using 
broadbanded input motion

Frequencies Used 

multiple 

several 

several 

one, e.g. PGA 

two, e.g. 10 and 
1 Hz 

two, e.g. 10 and 
1 Hz 

none

Integmation 

over m and r 

over a, and over 
m and r given a 

over a, and over 
m given a 

over a only 

none 

none 

none

Approach 4 

Approach 3 

Approach 

3A 

Approach 
3B 

Approach 
2A 

Approach 
2B 

Approach 1
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Table 6-2 
Parameters for WUS Rock Outcrop Simulations

M 5.5, 6.5, 7.5 

D(kin) 1, 5, 10, 20, 50, 75, 100, 200, 400 

30 simulations for each M, R pair = 810 runs 

Randomly vary source depth, Aar, kappa, Qo, profile 

Depth, ;, = 0.6, H (M > 5) = 8 km; Source, California Seismicity 

Lower Bound (km) H Upper Bound (In) 
M(km) 

5.5 2 6 25 

6.5 4 8 20 

7.5 5 8 15 

Am, a = 0.5, Based on California earthquake inversions (Silva et al., 1997) 

M Ao (bars) AVG. Aa (bars) = 65 

5.5 85 Based on inversions of the A&S 97 relation (BNL, 
1997) 

6.5 
64 

7.5 50

Q0, Qo = 275, Southern California inversions; a,,Q° = 0.4, (Silva et al., 1997)

i1 = 0.60, Southern California inversions; al = 0, (Silva et al., 1997) 

Varying Q, only is sufficient, since +1 Y covers range of Southern California inversions from 1 to 20 Hz

Kapp, , = 0.03 sec, a",G = 0.3 (EPRI, 1997): linear zone (Vs • 1 km/sec)

Profile, California soft rock: GEOMATRIX A + B over Wald and Heaton (1994) Los Angeles Crust, 
randomize to 30m ft

Geometrical attenuation Rc(+b , a = 1.0296, b = -0.0422 

R-(a+ b mw, R > 65 km 

Based on inversions of the Abrahamson and Silva (1997) relation
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Table 6-3 
Parameters for CEUS Rock Outcrop Simulations

M 5.5, 6.5, 7.5 

D(km) 1, 5, 10, 20, 50, 75, 100, 200, 400 

30 simulations = 810 runs 

Randomly vary source depth, AG, kappa, Q., il, profile 

Depth, 7m = 0.6, H (M > 5) = 10 Im; Intraplate Seismicity (EPRI, 1993) 

M Lower Bound (km) Upper Bound (In) M_ _ (ckm) 
5.5 3 8 30 

6.5 4 10 30 

7.5 5 12 30 

A__, •toA = 0.7 (EPRI, 1993) 

M AaY (bars) AVG. Aa (bars) = 122, Assumes M 5.5 = 160 bars 
(Atkinson, 1993) with magnitude scaling taken from WUS 5.5 160 (Table 6- 2) 

6.5 120 

7.5 95 

Q = 351, Saguenay inversions; ao = 0.4, (Silva et al., 1997) 

il = 0.84, Saguenay inversions; a, = 0, (Silva et al., 1997) 

Varying Q. only is sufficient, since +1 a covers range of CEUS inversions from 1 to 20 Hz 

Kapa, Kc = 0.006 sec al,, = 0.3, (EPRI, 1993) 

Profie, Midcontinent Crust (EPRI, 1993), randomize to 30m 

Geometrical attenuation R-•(+b), a = 1.0296, b = -0.0422 
R-(a+b 2, R > 100 km 

Based on inversions of the Abrahamson and Silva (1997) relation
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Table 6-4 
Southern California Crustal Model**

Thickness (kin) V. (kmlsec) Density (cgs) 

0.0015239 0.24383 2.0 

0.0024383 0.30478 2.0 

0.0030479 0.42670 2.0 

0.0042670 0.53337 2.0 

0.0033526 0.63091 2.0 

0.0042670 0.71624 2.0 

0.0057909 0.83016 2.0 

0.0067503 0.96617 2.0 

0.5 1.0 2.1 

1.5 2.0 2.3 

2.5 3.2 2.5 

23.0 3.6 2.6 

5.0 3.9 2.9 

4.5 3.0 

Table 6-5 
CEUS Crustal Model (EPRI, 1993 Midcontinent) 

Thickness (kin) V, (km/sec) Density (cgs) 

1.0 2.830 2.52 

11.0 3.520 2.71 

28.0 3.750 2.78 

4.620 3.35

**Wald and Heaton, 1994 begins at V, = 1 km/sec 
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Figure 6-1. Integrations to calculate soil hazard, for known soil properties and aleatory variability 
on soil response.
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Figure 6-2: Integration to calculate soil hazard with uncertain soil properties.
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Figure 6-3: Integration to calculate soil hazard using distribution of AF at a'.
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Figure 6-4: Scaling soil UHS from rock UHS, single magnitude.
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Figure 6-24. Variability in response spectral ordinates at WUS and CEUS rock sites resulting from 

parametric variability and regression fit over all magnitudes and distances (Tables 6-2 and 6-3).  
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Figure 6-25. Attenuation of median peak horizontal acceleration at M 5.5, 6.5, and 7.5 for soil 
profile Gilroy 2 and WUS conditions.
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Figure 6-26. Median response spectra (5% damping) at a distance of 10 km for M 5.5, 6.5, and 7.5 

for soil profile Gilroy 2 and WUS conditions.

6-65



10 1

Disiance

CEUS SOIL, GILROY 

LEGEND 
M=-7.5, SIGM-0 4978 

M-:.5, SlGM-0o.4978 

M7-5.5, SIG~M-o.4978 

*M=4.5, SIGM-=0.4978

Figure 6-27. Attenuation of median peak 
profile Gilroy 2 and CEUS conditions.

horizontal acceleration at M 5.5, 6.5, and 7.5 for soil
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Figure 6-28. Median response spectra (5% damping) at a distance of 10 km for M 5.5, 6.5, and 7.5 

for soil profile Gilroy 2 and CEUS conditions.
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Figure 6-29. Attenuation of median peak horizontal acceleration at M 5.5, 6.5, and 7.5 for soil 
profile Meloland and WUS conditions.
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Figure 6-30. Median response spectra (5% damping) at a distance of 10 km for M 5.5, 6.5, and 7.5 

for soil profile Meloland and WUS conditions.  
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Figure 6-31. Attenuation of median peak horizontal acceleration at M 5.5, 6.5, and 7.5 for soil 
profile Meloland and CEUS conditions.

6-70



St ~ I II I I I ! I l i i I I I I I 

m 

fo C

CD 

L /EEN 

[aJ "/ 

6-71 

I- / 

/ / 

I~l 

/ 

S., II fI I I I I 1 1 1I I I I ! f f I 1 I I I I I 

i0-' 10 0 i0n 02 

Freuency (Hz) 

GELS SOIL, MELOLPHD 
DISTAfICE= 10 KM 

LEGEND 

r~II-.5 

rl=5.5 

Figure 6-32. Median response spectra (5% damping) at a distance of 10 km for M 5.5, 6.5, and 7.5 
for soil profie Meloland and CEUS conditions.  
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Figure 6-33. Attenuation of median peak horizontal acceleration at M 5.5, 6.5, and 7.5 for soil 
profile Rinaldi and WUS conditions.
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Figure 6-34. Median response spectra (5% damping) at a distance of 10 km for M 5.5, 6.5, and 7.5 
for soil response Rinaldi and WUS conditions.  
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Figure 6-35. Attenuation of median peak horizontal acceleration at M 5.5, 6.5, and 7.5 for soil profile Rinaldi and CEUS conditions.
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Figure 6-36. Median response spectra (5% damping) at a distance of 10 km for M 5.5, 6.5, and 7.5 
for soil profile Rinaldi and CEUS conditions.
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Figure 6-37. Attenuation of median peak horizontal acceleration at M 5.5, 6.5, and 7.5 for soil 
profile Savannah River Generic and WYUS conditions.
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Figure 6-38. Median response spectra (5% damping) at a distance of 10 km for M 5.5, 6.5, and 7.5 

for soil profile Savannah River Generic and WUS conditions.
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Figure 6-39. Attenuation of median peak horizontal acceleration at M 5.5, 6.5, and 7.5 for soil 
protfile Savannah River Generic and CEUS conditions.  
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Figure 6-40. Median response spectra (5% damping) at a distance of 10 km for M 5.5, 6.5, and 7.5 

for soil profile Savannah River Generic and CEUS conditions.

6-79



0 
0 
,-J 

D i 

Lo 
D 

+ ~ +- + + 
7- +tj + 

/ 

L0I 
rd 

E +

tO 

0 
0 1 -- I I I I I l f I ItII I I l I I I I I i i i 

10 -1 10 0 10 1 i0 2 

Frequency (Hz) 

VARIABILITY, WUS SOIL 

LEGEND 
WUS SOIL (GILROyt2) SIGMA 

---- LWUS SOIL (ELOLflND) SIGMA 
+ WUS SOIL (RINALDIJ) SIGMA 

WUS SOIL (GENER]C SRS) S]CMA 

Figure 6-41. Variability in response spectral ordinates for WUS soil sites resulting from parametric 
variability and regression fit over all magnitudes and distances (Table 6-2 and 6-3).
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Figure 6-42. Variability in response spectral ordinates for CEUS soil sites resulting from parametric 

variability and regression fit over all magnitudes and distances (Tables 6-2 and 6-3).  
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Figure 6-43. Configuration of background source and Charleston fault affecting CEUS example site 
(Columbia, South Carolina).
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Figure 6-44. Contribution to seismic hazard by source for 10 Hz spectral acceleration, Columbia site.
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Figure 6-46. Deaggregation of seismic hazard by M, R, and a for 10 Hz SA at 0.38g, Columbia site.  
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Figure 6-47. Deaggregation of seismic hazard by M and R for 10 Hz SA at 0.38g, Columbia site.
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Figure 6-48:Deaggregation of seismic hazard by M, R, and a for 1 Hz SA at 0.067g, Columbia site.  
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Figure 6-49. Deaggregation of seismic hazard by M and R for 1 Hz SA at 0.067g, Columbia site.
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Figure 6-51. Variable o and constant c vs. frequency for Savannah profile.  
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Standard deviation of In (SA), Gilroy profile in CEUS
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Figure 6-52. Variable a and constant a vs. frequency for Gilroy profile.
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Standard deviation of In (SA), Meloland profile in CEUS
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Figure 6-53. Variable a and constant G vs. frequency for Meloland profile.
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Figure 6-54. Variable a and constant a vs. frequency for Rinaldi profile.
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CEUS uniform hazard spectra for rock 
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Figure 6-55: 10i4 UHS for rock, Columbia site, for constant c and variable a assumptions.
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Rock and soil UHS for Columbia site 
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Figure 6-56. 10- UHS for CEUS rock and four soils, Gilroy profile.
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Figure 6-57. 10-4 UHS for CEUS rock and Meloland profile.
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Figure 6-58. 10. UHS for CEUS rock and Savannah profile.  
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Rock and soil UHS for Columbia site 
Annual frequency = 1 E-4

1.00 10.00 

Frequency, Hz

Figure 6-59. 10' UHS for CEUS rock and Rinaldi profile.  
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Figure 6-60. Configuration of background source and Mojave fault affecting WUS example site 
(Mojave, California).
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Figure 6-6 1. Contribution to seismic hazard by source for 10 Hz spectral acceleration, MoJave site,
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1 Hz SA hazard contribution by source
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Figure 6-62. Contribution to seismic hazard by source for 1 Hz spectral acceleration, Mojave site.  
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Magnitude Deaggregation
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Figure 6-63. Deaggregation of seismicity hazard by M, R and F- for 10 Hz SA at 1.92g, Mojave 
site.  
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Figure 6-64. Deaggregation of seismic hazard by M and R for 10 Hz SA at 1.92g, Mojave site.
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Figure 6-65. Deaggregation of seismic hazard by M, R and P, for 1 Hz SA at 0.65g, Mojave site.  
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Figure 6-66: Deaggregation of seismic hazard by M and R for 1 Hz SA at 0.65g, Mojave site.
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Spectra for WUS rock attenuation 
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Figure 6-67: 10-i UHS for rock, Columbia site, with spectra from deaggregation earthquakes.
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WUS rock uniform hazard spectra 
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Figure 6-68: 1 0 ' UHS for rock, Mojave site, for constant a and variable a assumptions.  
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Figure 6-69: 104 UHS for WUS rock and Savannah site.
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Rock and soil UHS for Mojave site 
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Figure 6-70: 10' UHS for WUS rock and Giilroy profile.
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Figure 6-71: 10 ' UHS for WUS rock and Meloland profile.
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Figure 6-72: 10- UHS for WUS rock and Rinaldi profile.
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Rock UHS for WUS and CEUS 
Annual frequency= IE-4

0.014
0.10 1.00 10.00

Frequency, Hz 

Figure 6-73. 10. UHS for CEUS site (Columbia) and WUS site (Mojave).
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Figure 6-74. Comparison of spectral match (dotted line) to median spectrum computed for M = 7.5 

at a distance of 1 km (solid line): CEUS rock outcrop.
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Figure 6-75. Median and +a• spectra computed for M = 7.5 at a distance of I km using the Savannah 
River generic profile with site variations only (profile, G/Gmax, and hysteretic damping): CEUS 
conditions.
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Figure 6-76. Median and +a spectra computed for M=7.5 at an epicentral distance of 12 km 

using the Savannah River Generic profile with source, path and site variations: CEUS conditions.
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Figure 6-77. Comparison of median spectral estimates computed for M=7.5 at an epicentral distance 
of 1 km using the Savannah River Generic profile: varying site properties only (solid line) and varying 
source, path, and site properties (dashed line); CEUS conditions.
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Figure 6-78. Comparison of Approaches 1, 2B, and 4 10-4 UHS on soil for profile Pdnaldi: CEUS 

conditions.
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Figure 6-79. Median and ±a effective strains for soil profile Rinaldi using Approach 1: CEUS 
conditions.
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Figure 6-80. Comparison of transfer functions computed for the scaled 1 Hz design earthquake; soil 
profile Rinaldi, CEUS conditions.  
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Figure 6-81. Comparison of transfer functions computed for the scaled 10 Hz design earthquake, 
soil profile Rinaldi, CEUS conditions.
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Figure 6-82. Comparison of mean transfer functions computed for the scaled 1 Hz and 10 Hz 
design earthquakes; soil profile Rinaldi, CEUS conditions.
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Figure 6-83. Comparison of soil spectra for Approaches 1, 2A, and 2B; soil profile Rinaldi, 
CEUS conditions.
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Figure 6-84. Comparison of soil spectra for Approach 2B with base case profile and deterministic 

profile variations (_ factor of 2 on shear modulus); soil profile Rinaldi, CEUS conditions.
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Figure 6-85. Comparison of soil spectra for Approach 2B with mean and +la variations of base 
case (+ factor of 2 on shear modulus), soil profile Rinaldi, CEUS conditions.  
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Figure 6-86. Comparison of Approaches 1, 2B, and 4 10-4 UHS on soil for profile Rinaldi: WUS 
conditions.
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Figure 6-87. Median and + I a effective strains for soil profile Rinaldi using Approach 1: WUS 
conditions-
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Figure 6-88. Comparison of transfer functions computed for the scaled 1 Hz design earthquake; 
soil profile Rinaldi, WvUS conditions.  
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Figure 6-89. Comparison of transfer functions computed for the scaled 10 Hz design earthquake; 
soil profile Rinaldi, WUS conditions.
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Figure 6-90. Comparison of mean transfer functions computed for the scaled 1 Hz and 10 Hz 
design earthquakes; soil profile Rinaldi, WUS conditions.
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Figure 6-91. Comparison of soil spectra for Approaches 1, 2A, and 2B; soil profile Rinaldi, WUS 
conditions.
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Figure 6-92. Comparison of soil spectra for Approach 2B with base case profile and deterministic 

profile variations (± factor of 2 on shear modulus); soil profile Rinaldi, WUS conditions.  
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Figure 6-93. Comparison of soil spectra for Approach 2B with mean and +laF variations of base 
case (+ factor of 2 on shear modulus), soil profile Rinaldi, WUS conditions.  
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Figure 6-94. Comparison of Approaches 1, 2B, and 4 104 UHS on soil for profile Gilroy 2: 

CEUS conditions.
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Figure 6-95. Median and +1 a effective strains for soil profile Gilroy 2 using Approach 1: CEUS 
conditions.
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Figure 6-96. Comparison of transfer functions computed for the scaled 1 Hz design earthquake, 

soil profile Gilroy 2, CEUS conditions.
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Figure 6-97. Comparison of transfer functions computed for the scaled 10 Hz design earthquake: 
soil profile Gilroy 2, CEUS conditions.
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Figure 6-98. Comparison of mean transfer functions computed for the scaled 1 Hz and 10 Hz 
design earthquakes; soil profile Gilroy 2, CEUS conditions.
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Figure 6-99. Comparison of soil spectra for Approaches 1, 2A, and 2B; soil profile Gilroy 2, 
CEUS conditions.
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Figure 6-100. Comparison of soil spectra for Approach 2B with base case profile and 
deterministic profile variations & factor of 2 on shear modulus); soil profile Gilroy 2, CEUS 
conditions.  
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Figure 6-101. Comparison of soil spectra for Approach 2B with mean and +lo variations of base 
case (± factor of 2 on shear modulus), soil profile Gilroy 2, CEUS conditions.
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Figure 6-102. Comparison of soil spectra for Approach 2B (full profile) with base case profile 

and deterministic profile variations (+ factor of 2 on shear modulus) with profile truncated at 

150m; soil profile Gilroy 2, CEUS conditions.
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Figure 6-103. Comparison of soil spectra for Approach 2B (full profile) with mean and +I1a 
profile variations with profile truncated at 150m. Soil profile Gilroy 2, CEUS conditions.
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Figure 6-104. Comparison of soil spectra for Approach 2B (full profile) with base case profile 

and deterministic profile variations (± factor of 2 on shear modulus) with profile truncated at 90m; 
soil profile Gilroy 2, CEUS conditions.
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Figure 6-105. Comparison of soil spectra for Approach 2B (full profile) with mean and +la 
profile variations with profile truncated at 90m. Soil profile Gilroy 2, CEUS conditions.  

6-144



16 

,6 

16 

1.• 

.1.  

1 I I I I I I I I I I I I I II I I I I i I I i

10 -1 10 0 10 

Frequency (Hz) 

WUS 10E-4 APPROACH COMPARISON, G2

LEGEND 

APPROIACH 4, 

IPPROACH 1, 

APPROACH 2,

10-4 

10-4 

1 HZ

10 2

SOIL UNIFORM HAZARD SPECIRUM, PGA = 0.532 G 

ROCK CONTROL MOTION, MEAN PGA = 0.550 G 

AND 10 HZ DEAGGREGATION ECKS, MEAN PGA = 0.567 G
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Figure 6-107. Median and +la effective strain for soil profile Gilroy 2 using Approach 1: WUS 
conditions.
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Figure 6-108. Comparison of transfer functions computed for the scaled 1 Hz design earthquake: 
soil profile Gilroy 2, WUS conditions.
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Figure 6-109. Comparison of transfer functions computed for the scaled 10 Hz design 
earthquake; soil profile Gilroy 2, WUS conditions.
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Figure 6-110. Comparison of mean transfer functions computed for the scaled 1 Hz and 10 Hz 

design earthquakes; soil profile Gilroy 2, WUS conditions.
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Figure 6-111. Comparison of soil spectra for Approaches 1, 2A, and 2B; soil profile Gilroy 2, 
WUS conditions.
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Figure 6-112. Comparison of soil spectra for Approach 2B with base case profile and 
deterministic profile variations (+ factor of 2 on shear modulus); soil profile Gilroy 2, WUS 
conditions.

6-151

l I I I

- a-



S| i I I I I•I I I I I Ili i I I I I II 

CE 

CD 

I 2 
I S 

I . , 

10 ID I0 10 1\1 2 

WU5 / 10 PRAHCMAIO, G? 

LEGEN 

APROC 2, 1o HO AND 10 HZ 2EGRGTO SMA G .6 

PPPROPCH 1, 10- ROI K CONTRO MOH EQRTION, RAECASE, ME4IH PECEN11E PG =.6 0.1G 

APPROACH 1, 10-4 ROCK CONTROL MOTION, RAS CASE, MEANtt, PGA.4 = 0.G21 G 
APPROACH 1, 10-4 ROCk CONTROL MOTION, BASEF CASE, 16TH PERCENTILE, PG-A = 0.330 G 

Figure 6-113. Comparison of soil spectra for Approach 2B with mean and +la variations of base 
case (+ factor of 2 on shear modulus), soil profile Gilroy 2, WVUS conditions.  
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Figure 6-114. Comparison of soil spectra for Approach 2B (full profile) with base case profile 
and deterministic profile variations (+ factor of 2 on shear modulus) with profile truncated at 
150m; soil profile Gilroy 2, WUS conditions.
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Figure 6-115. Comparison of soil spectra for Approach 2B (full profile) with mean and + 1a 
profile variations with profile truncated at 150m; soil profile Gilroy 2, WUS conditions.

6-154



-[ - i I t I !i I I I I II I I I I I I f I 

CD 

/ " 

LI) 

10-1 1n0 01 10-2 

Frequennc (Hz) 

WU5 IOE-4 APPROACH COMPARISON, G2 
SOiL PROFILE TO 90 M (300 FT) 

LEGEND 
APPROACH 2, 1 HZ RN]D 10 HZ DEAGGREGRT]ON EQKS, MEAN PGA 0.567 G 

S.... APPROACH 1, 10-4 ROCK CONTROL MOTION, BASE CPSE PGA = 0.583 G 

---PROfACH 1, 10-4 ROCK CONTROL MOTION, BASE CASE (UPPER) PGA 0.942 G 

-- - - PPROACH 1, 10-4 ROCK CONTROL MOTION, BASE CASE (LOWER) PGA 0.377 G 

Figure 6-116. Comparison of soil spectra for Approach 2B (full profile) with base case profile 
and deterministic profile variations (+ factor of 2 on shear modulus) with profile truncated at 90m; 
soil profile Gilroy 2, WUS conditions.
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Figure 6-117. Comparison of soil spectra for Approach 2B (full profile) with mean and +1 a 
profile variations with profile truncated at 90m. Soil profile Gilroy 2, WUS conditions.  
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Figure 6-118. Comparison of Approaches 1, 2B, and 4, 104' UHS on soil for profile Savannah 

River Generic: CEUS conditions.
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Figure 6-119. Median and +la; effective strains for soil profile Savannah River Generic using 
Approach 1: CEUS conditions.

6-158



0

2 0io 

10O-1 10 0 •10 1 10 2 

Frequency (Hz) 

CEUS, IDE-4, 1HZ DESIGN, SR 
5URFACE MOTION, 1HZ TRANSFER FUNCTION 
WEIGHT5: ML=O. 30, MM--.00, MH=0.70 

LEGEND 

ML = 5.7, D 20 KM MEAN RATIO 

MM : 7.0, D :100 KM, DESIGN MEAN RATIO 

MH = 7.6, D -130 KM MEAN RATIO 

WEIGHTED MEAN RATIO 

Figure 6-120. Comparison of transfer functions computed for the scaled I Hz design earthquake; 
soil profile Savannah River Generic, CEUS conditions.
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Figure 6-121. Comparison of transfer functions computed for the scaled 10 Hz design 
earthquake; soil profile Savannah River Generic, CEUS conditions.
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6-161



C D -- - -- - - |- I I I I I I t I I ' ' '1 I I 1 | 1 

ED 

CC 

- // 

0, I I II I I I l i l 
I fI t 

10 - 10 0 10 1 10 2 

Frequency (Hz) 

CEU5, IDE-4 DESIGN SPECTRA, 5R 

LEGEND 

APPROACH 2, 1 HZ AND 10 HZ DEACGREGfITION EQKS, MEN PGA 0.355 G 

S.... APPROACH 1, 10-4 ROCK CONTROL MOTION, MEAlN PGA = 0.2G5 G 

I HZ MEAN'; PGA 0.185 G 
10 HZ NIEANI; PGA = 0.280 G 

Figure 6-123. Comparison of soil spectra for Approaches 1, 2A, and 2B; soil profile Savannah 
River Generic, CEUS conditions.
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Figure 6-124. Comparison of soil spectra for Approach 2B with base case profile and 

deterministic profile variations (+ factor of 2 on shear modulus); soil profile Savannah River 
Generic, CEUS conditions.
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Figure 6-125. Comparison of soil spectra for Approach 2B with mean and ±la variations of base 
case ½+ factor of 2 on shear modulus), soil profile Savannah River Generic, CEUS conditions.  
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Figure 6-126. Comparison of soil spectra for Approach 2B (full profile) with base case profile 

and deterministic profile variations (+ factor of 2 on shear modulus) with profile truncated at 
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Figure 6-127. Comparison of soil spectra for Approach 2B (full profile) with mean and +la 
profile variations with profile truncated at 150m. Soil profile Savannah River Generic; CEUS 
conditions.
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Figure 6-128. Comparison of soil spectra for Approach 2B (full profile) with base case profile 

and deterministic profile variations L+ factor of 2 on shear modulus) with profile truncated at 90m; 

soil profile Savannah River Generic, CEUS conditions.
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Figure 6-129. Comparison of soil spectra for Approach 2B (full profile) with mean and +Ila 
profile variations with profile truncated at 90m. Soil profile Savannah River Generic, CEUS 
conditions.  
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Figure 6-131. Median and +1o effective strains for soil profile Savannah River Generic using 
Approach 1: WUS conditions.
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Figure 6-132. Comparison of transfer functions computed for the scaled 1 Hz design earthquake; 
soil profile Savannah River Generic, WUS conditions.  
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Figure 6-133. Comparison of transfer functions computed for the scaled 10 Hz design 
earthquake; soil profile Savannah River Generic, WVUS conditions.
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Figure 6-134. Comparison of mean transfer functions computed for the scaled 1 Hz and 10 Hz 

design earthquakes; soil profile Savannah River Generic, WUS conditions.
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Figure 6-135. Comparison of soil spectra for Approaches 1, 2A, and 2B; soil profile Savannah 
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Figure 6-137. Comparison of soil spectra for Approach 2B with mean and +Icy variations of base 
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Figure 6-138. Comparison of soil spectra for Approach 2b (full profile) with base case profile and 

deterministic profile variations (+ factor of 2 on shear modulus) with profile truncated at 150m; soil 

profile Savannah River Generic, WIUS conditions.
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Figure 6-139. Comparison of soil spectra for Approach 2B (full profile) with mean and ± 1a profile 
variation with profile truncated at 150m. Soil profile Savannah River Generic, WUS conditions.
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Figure 6-140. Comparison of soil spectra for Approach 2B (full profile) with base case profile and 

deterministic profile variations (_+ factor of 2 on shear modulus) with profile truncated at 90m; soil 
profile Savannah River Generic, WUS conditions.
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Figure 6-141. Comparison of soil spectra for Approach 2B (full profile) with mean and ±lo; profile 
variations with profile truncated at 90m. Soil profile Savannah River Generic, WUS conditions.  
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Figure 6-142. Comparison of Approaches 1, 2B, and 4 soil spectra for profile Meloland; CEUS 

conditions.
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Figure 6-143. Median and +l effective strains for soil profile Meloland using Approach 1: CEUS 
conditions.
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Figure 6-144. Comparison of transfer functions computed for the scaled 1 Hz design earthquake; soil 
profile Meloland, CEUS conditions.
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Figure 6-145. Comparison of transfer functions computed for the scaled 10 Hz design earthquake; 
soil profile Meloland, CEUS conditions.
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Figure 6-146. Comparison of mean transfer functions computed for the scaled I Hz and 10 Hz design 
earthquakes; soil profile Meloland, CEUS conditions.
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Figure 6-147. Comparison of soil spectra for Approaches 1, 2A, and 2B; soil profile Meloland, 
CEUS conditions.

6-186



SI I I I | I' I | I I 4 I I I I I I ! |I i 

0 

r, I J 

0 

II 

SI I I I I I I II t I 4 I | I tI I I I i I I 

FrequencH (Hz) 

CEUS 10E-4 APPROACH COMPARISON, IV 

LEGEND 
APPROACH 2, 1 HZ AND 10 HZ DEAGGREGATION EQKS, MIEAN PG 0.395 G 
APPROACH 1, 10-4 ROCK CONTROL MOTION, BASE CASE PGA z 0.291 C 
APPROACH 1, 10-4 ROCK CONTROL MOTION, BASE CASE (UPPER) PGA 0.421 G 

-- APPROACCH 1, 10-4 ROCK CONTROL MOTION, BASE CASE (LOWER) PGA 0.193 G 

Figure 6-148. Comparison of soil spectra for Approach 2B with base case profile and deterministic 
profile variations (+ factor of 2 on shear modulus); soil profile Meloland, CEUS conditions.
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Figure 6-149. Comparison of soil spectra for Approach 2B with mean and +1l; variations of base 
case (+_ factor of 2 on shear modulus); soil profile Meloland, CEUS conditions.
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Figure 6-150. Comparison of soil spectra for Approach 2B (full profile) with base case profile and 

deterministic profile variations (+ factor of 2 on shear modulus) with profile truncated at 150m; soil 

profile Meloland, CEUS conditions.
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Figure 6-15 1. Comparison of soil spectra for Approach 2B (full profile) with mean and ±la; profile 
variations with profile truncated at 150m. Soil profile Meloland, CEUS conditions.
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Figure 6-152. Comparison of soil spectra for Approach 2B (full profile) with base case profile and 

deterministic profile variations (+ factor of 2 on shear modulus) with profile truncated at 90m; soil 
profile Meloland; CEUS conditions.

6-191

CEUS 
SOIL

! J

i I .I 6



- I I I I I i I I I I 

CE 

12\ 

I I/ 

a-'7 

SI I I I I I r I I I I L I iI I I I I I 

10 -1 i0 0 10 1 102 

Frequency (Hz) 

CEUS 10E-4 APPROACH COMPARISON, IV 
SOIL PROFILE TO 90 M (30D FT) 

LEGEND 

PPPROPACH 2, 1 HZ AND 10 HZ DEAGGREGATION EQKS, MEAN PGA 0.395 G 
-PPROAlCH 1, 10-4 ROCK CONTROL MOTION, BASE CASE, 84TH PERCENTILE, PCA = 0.407 ( 
SPPROPCH 1, 10-4 ROCK CONTROL MOTION, BASE CASE, IMEAN, PGA = 0.293 C 

APPROACH 1, 10-4 ROCK CONTROL MOTION, BASE CASE, IGTH PERCENTILE, PCA = 0.179 G 

Figure 6-153. Comparison of soil spectra for Approach 2B (full profile) with mean and ±1o profile 
variations with profile truncated at 90m. Soil profile Meloland, CEUS conditions.  
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Figure 6-154. Comparison of Approaches 1, 2B, and 4 soil spectra for profile Meloland: WUS 

conditions.  
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Figure 6-155. Median and +la effective strains for soil profile Meloland using Approach 1 WUS 
conditions.
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Figure 6-156. Comparison of transfer functions computed for the scaled I Hz design earthquake; 
soil profile Meloland, WUS conditions.
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Figure 6-157. Comparison of transfer functions computed for the scaled 10 Hz design earthquake; 
soil profile Meloland, WUS conditions.
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Figure 6-158. Comparison of mean transfer functions computed for the scaled 1 Hz and 10 Hz design 

earthquakes; soil profile Meloland, WUS conditions.
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Figure 6-159. Comparison of soil spectra for Approaches 1, 2A, and 2B; soil profile Meloland, 
WUS conditions.
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Figure 6-160. Comparison of soil spectra for Approach 2B with base case profile and deterministic 
profile variations C+ factor of 2 on shear modulus); soil profile Meloland. WUS conditions.
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Figure 6-161. Comparison of soil spectra for Approach 2B with mean and +1la variations of base 
case (+ factor of 2 on shear modulus), soil profile Meloland, WUS conditions.  
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Figure 6-162. Comparison of soil spectra for Approach 2B (full profile) with base case profile and 
deterministic profile variations (_ factor of 2 on shear modulus) with profile truncated at 150m; soil 
profile Meloland, WUS conditions.
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Figure 6-163. Comparison of soil spectra for Approach 2B (full profile) with mean and _+la 
deterministic profile variations with profile truncated at 150m. Soil profile Meloland, WUS 
conditions.
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Figure 6-164. Comparison of soil spectra for Approach 2B (full profile) with base case profile and 
deterministic profile variations (- factor of 2 on shear modulus) with profile truncated at 90m; soil 
profile Meloland, WUS conditions.
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Figure 6-165. Comparison of soil spectra for Approach 2B (full profile) with mean and ±lG profile 
variations with profile truncated at 90m. Soil profile Meloland, WUS conditions.
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Figure 6-166. Median and +la shear-wave velocities based on measurements at WUS rock 
strong motion sites. Geomatrix categories A and B (Appendix A) assumed to reflect rock site 
conditions. Dashed line is smooth model used in analyses.

6-205



I I I I liii, I I I 11111 I I I I III.

+-

-I-----

2

/ 

'4

LEGEND 

SURFACE; PGA 0. 140 g 
305 I/SEC (1000 FT/SEC); 1.5 N (5 FT) 
610 M/SEC (2000 FT/SEC); 13.4 M (44 FT) 
914 N/SEC (3000 FT/SEC); 26.8 N (88 FT) 
1219 N/SEC (4000 FT/SECJ; 66.526 M (218.273 FT) 
1524 M/SEC (5000 FT/SEC); 171.526 M (562.778 FT) 
1829 M/SEC (6000 FT/SEC); 386.526 M (1268.193 FTJ

I I I i

10 0 10 1 
Frequency (Hz)

102

NRC, AVERAGE HORIZONTAL SPECTRA 
M:6.5, D=25 KM, STRESS DROP = 55 BARS 

Figure 6-167. Median WUS rock response spectra (5% damping) computed for M = 6.5 at a 
distance of 25 km using the soft rock profile (Figure 6-166) and the point source model (Appendix 
D). Suite of depths (shear-wave velocities) reflect depth to which overlying materials are removed.  
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Figure 6-168. Depth-to-surface response spectral ratios (median estimates) computed for the suite 
of spectra shown on Figure 6-167.
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Figure 6-169. Depth-to-surface response spectral ratios (median estimates) computed for M=6.5 at 
a distance of 10 km.  
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Figure 6-170. Depth-to-surface response spectral ratios (median estimates) computed for M=6.5 at 
a distance of 1 km.  
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soft rock motions to base-of-soil motions.
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7 PROCEDURE FOR THE DEVELOPMENT OF RISK-CONSISTENT SPECTRA 

7.1 Introduction 

Within the general purpose of developing recommendations for earthquake ground motions is the 
specific goal of achieving consistency for different sites and site conditions. This raises the question 
of what is meant by "consistency," and over what range of sites and site conditions it is to be 
achieved. For the purposes of this project we mean by "consistency" that the ground motion 
recommendations result in facilities at different sites having about the same level of safety from 
earthquake-caused failures, no matter where there are located in the country. The achievement of 
consistency should be judged from highly seismic locations on the west coast of the US, to locations 
with the possibility of rare but large earthquakes on the east coast, to locations with low seismicity 
in the Midwest. The range of site conditions should span hard rock sites in the east, to soft rock sites 
in the west, to alluvium site conditions throughout the country that might reasonably be the 
foundation material for nuclear facilities (extremely soft soils being excluded).  

It is a major effort to evaluate the seismic safety of an existing nuclear facility, and many studies have 
undertaken that task. It would be an even more daunting task to estimate the seismic safety of an 
unspecified facility whose specific features and redundancies have not yet been defined. For this 
reason we judge the seismic safety of a facility by the safety of its individual components, for which 
we have extensive experience from detailed seismic safety evaluations, and do not attempt to estimate 
the safety of an integrated facility as a whole.  

Other parts of this project have derived ground motion spectral shapes and time histories for rock and 
soil sites, and have examined methods to scale ground motions to target spectra. Those results are 
to be used once the seismic hazard and a design spectrum are determined for a site, to obtain realistic 
spectral shapes for the controlling earthquakes and to derive time histories of motion for detailed 
analyses. The current recommendations (on risk- and hazard-consistent spectra) are to be used to 
determine the design spectra at a site, once the initial probabilistic seismic hazard results have been 
calculated.  

Many factors affect seismic safety, of course. First is the level of seismic hazard, how frequently large 
earthquake ground motions might occur. Second is how that frequency of occurrence changes with 
ground motion amplitude, which is quantified as the "slope" of the hazard curves. This slope can 
depend on the natural period of a specific component as well as on the seismic environment.  
Presuming the hazard curves have been defined for rock conditions, which is the typical case, a third 
factor is how any local soils amplify or deamplify the ground motion, recognizing that this 
amplification (or deamplification) depends on the amplitude of the incoming rock motion. The fourth 
factor is the facilities components: how robust are they to seismic shaking and how certain (or 
uncertain) are we of that robustness? 

The methods that follow account for the first, second and fourth factors, and lead to 
recommendations on deriving seismic design spectra that are consistent for a range of sites and 
seismic hazard conditions. While not all sites or conditions have been examined (it would be 
prohibitive in time and expense to do so), we are confident that the ranges of sites and conditions are
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wide enough that our recommendations are solid. With respect to accounting for the effects of local 
soils, the results presented here are less conclusive and do point to the critical issues that need to be 
addressed, rather than to the resolution of those issues.  

7.2 Methodology 

7.2.1 Concepts and Goals for Seismic Risk Consistency Across Sites 

The goal of achieving seismic risk consistency across sites is interpreted here as achieving the same 
levels of safety for the components of nuclear facilities to resist seismic shaking. Many studies of 
complete nuclear plants have been conducted in the US and overseas, but it would be difficult to 
interpret the results of those studies (even knowing the seismic design criteria) into a general 
recommendation for seismic components. Many components ofplants have a seismic ruggedness that 
is well above that required by regulations, for various reasons, and interpreting the seismic safety of 
a plant as if all its components were designed to just meet the overall site seismic design criterion 
would be erroneous. Further, there is no target overall or seismic plant-level failure frequency that 
has been deemed acceptable by nuclear agencies. From these numerous studies of nuclear plant 
seismic safety has come a wealth of experience on individual component ruggedness to seismic 
shaking. Thus it more fruitful to examine the goal of seismic risk consistency on an individual 
component basis. What we can achieve is a recommendation on ground motion spectra that is robust 
on a relative basis from site to site, based on component responses. Thus we judge the degree of "seismic risk consistency" by evaluating the probability of failure of components for a range of sites 
and site conditions.  

It is useful to first review the steps for specifying a required seismic capacity. This will introduce the 
nomenclature and clarify further discussions about design procedures and recommendations.  

The development of design earthquakes and required capacities for components and equipment of 
nuclear power plants (NPP's) can be represented as three steps, as illustrated in Figure 7.1.  

Step 1: Safe Shutdown Ground Motion. This step (illustrated in Figure 7.1 as 1A, IB, and 1C) 
derives amplitudes of the Design Response Spectrum (DRS) in units of spectral acceleration (or its 
equivalent), either from a hazard curve (1A), from an attenuation equation for a given M and R (IB), 
or from a "standard" (or "site-specific") spectral shape (IC) anchored to a ground motion amplitude.  
The DRS is specified over a range of structural frequencies. (We deliberately use the term "DRS" 
here in place of "SSE" to emphasize that a ground motion is being specified from the hazard analysis, 
not an earthquake defined by a magnitude M and distance R. The dominant M and R may well be 
specified, but this would be information in support of a ground motion leveL) 

Step 2: Demand Analysis. This step translates the DRS ground motions into "demand" in terms of 
force on members, stress, etc., (step 2 in Figure 7.1) using for example dynamic structural analysis.  
In standard NPP design (as represented byASCE [1986] 4-86 and USNRC Standard Review Plans) 
several factors contribute to conservatism in this step: 

Conservative damping values are used in estimating structural response.
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* Multiple SSI analyses are performed and the envelope of these results is used, and 
* any peaks in the response spectrum are broadened so that the structure at its natural 

frequency will be affected by those peaks.  

These factors lead to a conservative estimate of demand for the given DRS. That is, when the Design 
Response Spectrum is specified at the 84% level (e.g. as illustrated in 1B or 1C in Figure 1), the 
calculated demand is also at about the 84% level, because of conservatisms in traditional demand 
calculations.  

Step 3: Capacity Analysis. The required capacity of structural components is specified in terms of 
its fragility curve (illustrated as #3 of Figure 7.1). Here the fragility curve is a "composite" in the 
sense that it includes both randomness and uncertainty. As long as we are concerned only about 
mean or median risk numbers, we need not distinguish between randomness and uncertainty in the 
fragility curve. (This statement is true exactly for the mean and approximately for the median.) The 
High-Confidence of Low Probability of Failure (HCLPF) point on the fragility curve is a convenient 
point at which to specify the design capacity of a component. Traditionally, when randomness and 
uncertainty are segregated in component fragility analysis, the HCLPF corresponds to a 95% 
confidence (over uncertainty) of less than a 5% (over randomness) frequency of failure. When 
randomness and uncertainty are combined, this corresponds very closely to a 1% mean frequency of 
failure given the demand. Several points on the fragility curve of Figure 7.1 are identified: the 
HCLPF is indicated as the point at which there is a 1% frequency of failure for the given demand, 
CAPs0 indicates the point at which there is 50% frequency of failure, and CAP10 indicates the point 
at which there is 10% frequency of failure. Here, "failure" is defined in terms of the performance 
level for that component, ie. the component is affected to the extent that it cannot perform its 
intended function for the safety systems in which it participates.  

Several terms are important. First, "seismic margin" applies to the product of conservatisms 
introduced in step 2 (for demand analysis) and in step 3 (capacity analysis). Also, herein P refers to 
the logarithmic standard deviation of response, and Pc to the lwaithrlic standard deviation of 
capacity. The combined logarithmic standard deviation 03 equals V13 + p32, and this is the uncertainty 
measure used to characterize seismic fragility.  

For typical codes (e.g. ASCE [1986] 4-86 and the USNRC Standard Review Plans) the design 
philosophy is to ensure that the calculated demand given the SSGM is at about the 84% level (this 
distribution being over uncertainties in response), so point 2 divided by point 2' in Figure 7.1 can be 
represented as exp(1.0 OPR), assuming a lognormal distribution. Also, typical design codes for civil 
structures and mechanical systems adopt several conservatisms to ensure a mean capacity well above 
the calculated demand, such as: 

* Nominal capacities for members are chosen through the lowest data points, 
* Strength reduction factors are used, 
• Yield stresses are specified below average yield stress data, 
* Load factors may be applied, and 
* Ductility capacity in members above their yield strength may be present.
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These conservatisms mean that, if CAP10 is the measure of capacity, the ratio of CAP10/point 2 is 
typically 1.75 to 2.5. This ratio is illustrated with a value of 1.87 on Figure 7.1. For nuclear power 
plant design the factor of safety has typically been 1.25 to 1.5 (R.P. Kennedy, personal 
communication, 1997) on the HCLPF (point 3/point 2); this does not mean that nuclear plants have 
lower safety, just that the factor of safety is measured from a different point (the HCLPF vs CAPt0).  
Assuming a typical lognormal distribution for capacity (using Pc to represent logarithmic standard 
deviation), the ratio of CAP, to the HCLPF is exp(2.32 Pc ) because the HCLPF represents the 1% 
frequency of exceedence, by definition.  

We understand a desire by the NRC to achieve a Factor of Safety of 1.67 from the calculated demand 
(point 2) to the HCLPF (point 3). Note that this does not, by itself, imply more stringent seismic 
criteria than what has been practiced in the past; other factors (in particular, the DRS) need to be 
specified to determine absolute seismic design levels. For a factor of safety of 1.67, the total seismic 
margin on capacity CAPs (point 5/point 2) is 

1.67 exp( 1 .0 13R +2.32pc)-1 .67exp(2.3 2y+) (7.1) 
- 1.67exp(2.32p) 

The goal in developing risk-consistent spectra is to understand the relevant design codes and their 
implicit seismic margin, choose an appropriate DRS (perhaps scaled by some factor), and ensure that 
the resulting probability of component failure (represented by its mean or median) is acceptable.  
Factors that will influence the calculated probability of failure are: 

1. The annual probability of exceedence that is chosen for the DRS, and whether this choice is 

a median or mean value (over uncertainties in seismic hazard) 

2. The slope of the seismic hazard curve (annual probability of exceedence vs. ground motion) 

3. The design seismic capacity (whether it is measured at the HCLPF, CAP10, or some other 
value) 

4. The uncertainty in response, 

5. The uncertainty in capacity, 3c.  

With respect to item no. 1 above, we cannot make an independent recommendation, except to point 
out that if an acceptable failure frequency for components were adopted, a DRS could be designated 
(through its frequency of exceedence) to achieve that component failure frequency. With respect to 
mean vs. median hazard curves, there are advantages to using mean values, and these are reviewed 
below.  

The slope of the hazard curve, item no. 2, can be taken into account through a very simple 
modification of the uniform hazard spectrum. This is demonstrated in Section 7.3.

7-4



The choice of where the seismic capacity is measured is not really a choice. Tradition has linked the 
HCLPF to the 1% frequency of failure level, and we are reluctant to recommend major changes to 
design codes and procedures to implement a new definition of seismic capacity, even though some 
advantages would accrue by doing so. Thus the recommendation will remain to use the HCLPF 
defined at 1% frequency of failure.  

Items no. 4 and 5 above relate to uncertainties in facility response and component capacity under 
seismic shaking. These are not known before design, and it would be unworkable to require 
knowledge of a structure's or component's seismic response before it has been designed, in order to 
specify the seismic design requirement for it. Thus we pursue recommendations for a range of 13 
factors, the range being consistent with past experience.  

7.2.2 Factors Affecting Seismic Risk 

Numerous factors affecting the evaluation of seismic risk, evaluated here as the probability of 
seismically induced failure of a component. This failure probability can be represented as: 

PF = fH(a) d.Fla da (7.2) da 
0 

where H(a) is the hazard curve and PF/, is the probability of failure (the "fragility") given ground 
motion amplitude "a," which captures both response and capacity uncertainties (See Kennedy and 
Short, 1994, equation (5b) for further discussion.) 

The integrand in equation (7.2) is represented in Figure 7.2, which is a re-drawing of the bottom 
illustration in Figure 7.1 with two changes. First, the component fragility is represented as a density 
function, not a cumulative function (this is dP,,./da in equation (7.2)). Second, the abscissa of the 
plot has been translated back to ground motion amplitude units instead of demand units.  

In words, equation (7.2) says that the total annual probability of failure equals the probability that the 
component fragility is "a," times the annual probability that "a" is exceeded, integrated over all values 
of "a." If we move the density function of component fragility to the right (increase its strength), 
PF goes down. If we move it to the left, PF goes up.  

Several important effects of hazard curves and fragility curves on PF have been investigated by 
Kennedy and Short (1994). These are illustrated here on separate figures.  

The parameter 13 quantifies the uncertainty in the seismic fragility. For most equipment and 
components, 03 lies in the range 0.3 to 0.6. Figure 7.3 illustrates two seismic fragility distributions, 
C1 with a small 13 and C with a large 3, both with the same CAP10 value. That is, the area under both 
the C, and C2 curves below CAPIo is 10%. For DOE facilities, Kennedy and Short (1994) found that 
specifying the seismic fragility by CAPl0 resulted in the PF being insensitive to Pi. This means that the 
component with seismic fragility C, will have about the same failure probability PF as the component 
with seismic fragility C2. This occurs, as illustrated in Figure 7.3, because over the important range
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of amplitudes, sometimes C,>qC and sometimes C2>C1 , so that the total PF is about the same. For 
other definitions of component capacity, e.g. the HCLPF, this insensitivity does not hold. That is, 
if the component capacity is defined at the HCLPF, PF is sensitive to the 0 value of the component.  
This is illustrated in the next Section.  

Another effect relates to the slope of the hazard curve. Figure 7.4 illustrates two hazard curves with 
different slopes, and these are quantified by KH. KH is the negative slope of the hazard curve on log
log scale; steeper curves have higher KH values. Typical KH values for U.S. plants range from 1.5 to 
6. On the west coast KH tends to be higher (steeper hazard curves) because plants are designed closer 
to the maximum magnitudes on faults and the hazard curve falls off faster with higher ground 
motions. For a specific site, KH tends to be lower for low frequencies and higher for high frequencies.  

The other parameter related to KH that describes the hazard curve slope is AR, and the two are 
related by 

AR = 10K' or K 1 1 - 1 (7.3) 
log10 AR 

AR is the increase in ground motion corresponding to a factor of ten decrease in annual probability.  
As Figure 7.4 illustrates, KH=3 .3 2 corresponds to AR= 2 .0 and K,= 2 .10 corresponds to AR= 3 .0.  

Figure 7.5 compares two hazard curves with different slopes to a capacity curve. In this plot, the 
vertical axis is probability on a linear scale, so the hazard curves appear curved. If the hazard curves 
are equal at some annual probability (e.g. 10-) for a low-amplitude ground motion, the curve with 
the shallower slope (lower KH , higher AR) will cause a larger PF" This is the case because, at all "a" 
values of interest, H2(a)>H,(a).  

This means that if we use the ground motion a associated with same annual probability of exceedence 
as the starting point for design, we must have a factor that makes the required capacity depend on 
the hazard curve slope, to achieve consistent PF's for all slopes. The alternative would be to assume 
a worst case (shallow) hazard curve slope; then the design for components at a site with a steeper 
hazard curve will be overly conservative. Or, one could specify a very high DRS and no conservatism 
in the response/capacity analysis, but this would significantly change current design practice and 
would not be easily accepted.  

The quantitative effects of these sensitivities to 03 and slope are examined in Section 7.3 using actual 
sites and hazard curves from across the US.  

7.2.3 Risk Equation 

With some realistic assumptions on the shape of the hazard curve and the fragility curve, it is possible 
to derive a simple expression for P.. This derivation has been done elsewhere (e.g. Sewell et al, 
1990; 1996; Kennedy and Short, 1994), and is repeated here for completeness.
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First we assume that the hazard curve H(a) is linear on log-log scale, ie.  

H(a) = ka-Kj (7.4) 

Actual hazard curves tend to get steeper at higher amplitudes, but over the important range of 
amplitudes for PF calculations they can be approximated as linear on log-log scale.  

Second we assume that component fragilities are lognormally distributed. This means that 

PFla =1 expl-(n 2p2  f dy (7.5) y ,o =. P 2p2 
0 

where In y = In CAPs0.  

Substituting equations (7.4) and (7.5) into (7.2) gives 

P= f ka-,, 1 exp{I (ln a -- a) 2} da (7.6) far2"n3ep . 2V3 

0 

Transforming the integration variable a to variable x = In a gives 

PF k f exp{-Kxjix exp{- (x In)2 dx (7.7) 

The integrand above is in the form 

exp (cx) Z(x) (7.8) 

where c is a constant and Z(x) is the normal density function. The definite integral equation (7.7) can 
be solved by expansion or by published methods of integrating functions of normal probability 
distribution (e.g. Owens, 1980), yielding 

1 H) 

PF = kCAP5o -K exp {-(K 1)2} (7.9) 

This form, designated the "risk equation," was first derived by G. Toro during discussions with C.A.  
Cornell and published in Sewell et al. (1990, 1996). Expressing the hazard H(a') at a ground motion 
level a' corresponding to the uniform hazard spectrum (UHS), using equation (7.4) gives: 

.: l• •i • 7-7 ' " 
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H (a') = k(aI)-K(1

Solving for k and substituting into equation (7.9) gives: 

CAP50 - exp1(KHI3)21 
PF = H (a)K CAPo" exp 2 (7.11) 

We can now derive a probability ratio RP as the probability H(a') that a' will be exceeded, divided by 
the probability of failure PF : 

RP = H(a')/PF (7.12) 

This ratio is usually much greater than unity because PF is much less than the hazard at a'. RP can be 
expressed as: 

R,= CAP5) Ko' exp{-_(KH13)2 (7.13) a / 2 

Instead of using CAP5o to designate capacity, we can use the HCLPF, where for a lognormal 
distribution the two are related by 

HCLPF = CAP50 exp ( -x,43} (7.14) 

where xP, is the number of standard deviates corresponding to the frequency of failure at the HCLPF, 
which is 2.326 for 1% frequency of failure. Also, we can express the required HCLPF in terms of 
a' times a factor of safety FR : 

HCLPF = a' .FR (7.15) 

Solving these last two equations for CAP5o and a', and substituting into equation (7.13) gives: 

RP = FRH exp{xKHI3 - 1(KH(r3)2} (7.16) 

This gives a simple means to calculate PF = H(a' ) / RP, given that the hazard associated with the 
DRS at (a') is known. The probability ratio RP depends on the factor of safety FR , the hazard curve 
slope K., and 03 of the fragility function; for the HCLPF defined at the 1% frequency of failure point, 
x. = 2.326 as explained above.
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Equation (7.16) also gives an easy way to compute the effect of hazard curve slope and fragility 13 
on PF for a specified hazard corresponding to a selected Uniform Hazard Spectrum (UHS). Stated 
another way, if we pick a UHS at each site with the same annual probability of exceedence, and define 
the required seismic capacity in terms of a HCLPF using equation (7.15), then equation (7.16) allows 
us to examine the risk consistency across sites for different hazard curve slopes KH and fragility 
uncertainties 13. The use of equation (7.16) in this way is demonstrated in Section 7.3.  

A couple of points about the distributions of H(a') and PF are important. H(a') is uncertain because 
of lack of knowledge in the earth sciences about earthquake sources, ground motions, etc. This 
uncertainty has been quantified by EPRI and LLNL at CEUS plant sites and by utilities at several 
WUS plant sites. If we use the mean of this distribution we will achieve a mean PF for any set of 
design rules. The mean has the advantage that we can compute (and control) the mean PF for 
multiple plants. That is, we have n plants and an average acceptable probability of component failure 
at these plants, we can achieve that by specifying a mean PF at each plant. The disadvantage is that 
the mean is sensitive to low probability, high consequence assumptions in the seismic hazard analysis 
and is not as stable (from study to study) as the median.  

If we use the median H(a') we will achieve an approximate median PF . The median has the 
advantage that it is more stable than the mean, but a target mean or median PF for n plants cannot 
readily be translated to a required median PF at each plant. So use of the median H(a') leads to ill
constrained limits on PF over multiple plants. For this reason the use of the mean H(a) curve is 
recommended, although we show example results for both the mean and median in Section 7.3.  

A final point is that RP can be controlled by "deterministic acceptance criteria" associated with design 
codes and guides, and by a "scale factor" that moves the capacity up or down as a function of the 
hazard curve slope KH , the desired PF, or the desired RP for a given H(a). This scale factor is 
conveniently thought of as a scaling of the UHS to specify a DRS. The total factor of safety FR, 
defined in terms of point 1 on Figure 7.1 relative to the HCLPF, would then be: 

FR = aSF (7.17) 

where a is the conservatism achieved by design procedures (e.g. 1.67 onthe HCLPF) and SF is the 
scale factor. The new design spectrum is then the UHS scaled by SF. To avoid confusion in 
terminology we label this scaled spectrum the "uniform reliability spectrum" (URS). We examine one 
useful form of SF in Section 7.3.  

7.2.4 Accounting for Soil Amplification 

We have assumed in the derivations of the previous sections that hazard curves are available for a site 
at critical natural periods, so that the slope of the hazard curves can be determined. For sites located 
on rock the hazard curve will be determined by a probabilistic seismic hazard analysis (PSHA) for that 
site's rock conditions.
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For sites with uniform soil conditions across the site, it may be possible to perform the PSHA using 
site-specific soil attenuation equations. In this case the soil PSHA results can be used directly. For 
other sites with varying soil conditions, or where some structures will be founded on soil and some 
on rock, it is likely that the PSHA will be performed for rock conditions, and that a translation to 
hazard curves at the soil surface will be necessary. In fact, multiple translations on a building-specific 
basis may be required if soil conditions vary from building to building.  

The method of performing this translation to account for soil amplifications is important. Several 
factors complicate the analysis. First, a comprehensive PSHA includes uncertainties in rock hazard 
curves, and these must be translated into uncertainties in soil hazard curves. Second, there are always 
uncertainties in soil dynamic properties (e.g. shear wave velocity, stiffness, and damping 
characteristics), and these must be included. Third, soil response at high amplitudes will generally 
be non-linear. This is why the mean rock hazard curves cannot be simply translated to mean soil 
hazard curves; the distribution of hazard must be examined explicitly.  

Section 6 describes several methods of translating rock hazard curves to soil hazard curves, 
incorporating the above effects. The methods are demonstrated for a range of site conditions. Final 
recommendations on simple ways of accounting for soil effects, so that the UHS on soil can easily 
be derived from a PSHA on rock, await further verification of accuracy using a wider range of rock 
attenuation equation assumptions..  

7.3 Examples of Risk-consistent Spectral Amplitudes 

As recommended here, risk consistency will be achieved by modifying design spectral amplitudes at 
two frequencies (10 and 1 Hz) and scaling ground motion spectral shapes (from the appropriate M 
and R) to those modified amplitudes. The scaling of spectral amplitudes will be done at all 
frequencies to generate a uniform reliability spectrum (URS) for comparison purposes. As an 
example, eleven sites are examined in this subsection, using 10 and 1 Hz spectral amplitudes and 
PGA, to show the risk consistency achieved for those parameters.  

7.3.1 Example Sites 

With the derivation of probability ratio RP in Section 7.2, we can examine the risk-consistency of 
spectra for a range of sites with different hazard curve slopes and a range of fragility curve 13's. The 
hazard curve slopes KH will in general vary from site to site and across natural frequencies at any 
single site.  

To test several methods for uniform reliability spectra, we examined eleven sites and three ground 
motion measures at each site, as follows: 

1. Arkansas plant, PGA 6. Browns Ferry, SA 10 Hz 
2. Arkansas plant, SA 1Hz 7. Davis Besse, PGA 
3. Arkansas plant, SA 10 Hz 8. Davis Besse, SA 1 Hz 
4. Browns Ferry, PGA 9. Davis Besse, SA 10 Hz 
5. Browns Ferry, SA 1 Hz 10. Maine Yankee, PGA
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11. Maine Yankee, SA 1 Hz 23. Vogtle, SA 1 Hz 
12. Maine Yankee, SA 10 Hz 24. Vogtle, SA 10 Hz 
13. Seabrook, PGA 25. Zion, PGA 
14. Seabrook, SA 1 Hz 26. Zion, SA 1 Hz 
15. Seabrook, SA 10 Hz 27. Zion, SA 10 Hz 
16. Shearon Harris, PGA 28. California, PGA 
17. Shearon Harris, SA 1 Hz 29. California, SA 1 Hz 
18. Shearon Harris, SA 10 Hz 30. California, SA 10 Hz 
19. Susquehanna, PGA 31. Washington, PGA 
20. Susquehanna, SA 1 Hz 32. Washington, SA 1 Hz 
21. Susquehanna, SA 10 Hz 33. Washington, SA 10 Hz 
22. Vogtle, PGA 

For the first 27 sets of results we used the LLNL hazard curves calculated for the USNRC (Sobel, 
1994). For the "California" site, we calculated hazard at a site locaied near Santa Maria, California 
(120.52 W, 35.0f N), which has high frequencies dominated by nearby faults and long periods 
dominated by the more distant San Andreas fault. (A repeat of the 1857 earthquake dominates the 
long period hazard at this site.) For ground motion estimation the attenuation equation of 
Abrahamson and Silva (1997) was selected.  

The last site examined was in Washington, located at 1212 V and 46"N. This is in south-central 
Washington and also has high frequencies dominated by local earthquakes and low frequencies 
dominated by a large earthquake. In this case a large subduction zone earthquake controls the long
period hazard. We model this event using the assumptions of the US Geological Survey for the 
national seismic hazard maps. That is, an earthquake ofM -,9 occurs in the subduction zone with rate 

1/500 per year (credibility 1/3), or earthquakes of M- 8 to 9 occur with rate 1/110 per year 
(credibility 2/3). For both the California and Washington sites we model local earthquakes with the 
US Geological Survey gridded seismicity, as well as local faults for the California site.  

The hazard curves for the eleven sites are compared in Figures 7.6, 7.7 and 7.8 for PGA, SA at 10 
Hz, and SA at 1 Hz, respectively. The upper plot in each figure shows the raw hazard curves, the 
lower plot normalizes each curve by dividing the acceleration values by the acceleration at 10' annual 
probability. This shows that the site hazard curves encompass a range of slopes as well as amplitudes.  

Prior to addressing issues of risk consistency, it is useful to examine graphically the details of a 

calculation of PF. Figures 7.9 and 7.10 show the contributions to PF by PGA level, where equation 

(7.2) has been used to evaluate PF numerically. This calculation is for the Maine Yankee PGA hazard 
curve (taken from the LLNL study), shown at the top in both figures. The center plot in each figure 
shows a fragility curve, for 3 = 0.3 in Figure 7.9 and 3 = 0.6 in Figure 7.10. The bottom plot in each 
figure shows the contribution to PF as a function of ground motion level. For both figures the HCLPF 
was arbitrarily chosen to be 0.375 g.  

The 03 values of 0.3 and 0.6 were chosen to span the range of values observed for typical nuclear 
components and equipment (see Kennedy and Short, 1994). The observation from Figures 7.9 and
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7.10 is that contributions to PF come from a range of ground motion levels, from the HCLPF to two 
or three times the HCLPF.  

As a general rule the main contributions come from ground motions at the HCLPF level, to ground 
motions associated with 0.1 times the hazard at the HCLPF. In Figures 7.9 and 7.10 these are ground 
motions with 10 ' to 105 annual frequency of exceedence. This rule of thumb was used to develop 
procedures described in subsequent sections, to estimate risks for a rate of sites and hazard 
characteristics.  

7.3.2 Scaling Factor for Hazard Curve Slopes 

As described in Section 7.2, it is convenient to adopt a scale factor SF, to scale the UHS to account 
for the site-specific (and natural period-specific) slope of the hazard curve. R.P. Kennedy (personal 
communication, 1997) has suggested the following scale factor: 

SF = max{0.7,0.35ARL2} (7.18) 

which was derived by back-figuring the scale factor that would give an approximately constant value 
of RP (equation 7.16) for a given value of a and range of 03.  

Recall that as AR increases, the hazard curves become more shallow. Equation (7.18) indicates that 
for shallow hazard curves, SF increases, i.e. the design values become higher. With this definition, 
the URS can be thought of as: 

URS = UHS x SF (7.19) 

i.e. the URS is the UHS "corrected" for the slope of the hazard curve. For AR = 2.40 (which 
corresponds to slope K. = 2.63), SF = 1, i.e. the URS equals the UHS.  

Another way to look at the design is through the total factor of safety FR (see equation (7.17)). If 
the amount of conservatism in design codes and guides (sometimes referred to as the "deterministic 
acceptance criterion") is 1.67, then the total factor of safety FR is: 

FR = 1.67SF (7.20) 

The advantage of using a slope-dependent scale factor SF as defined in equation (7.18) is 
demonstrated in the next section.  

It is useful to demonstrate the effect of SF on the UHS. Figure 7-11 shows the 10. UHS for the 
Columbia site described in Section 6, compared to the URS calculated by scaling the UHS at each 
frequency by SF. For the Columbia site, SF > 1.0 at high frequencies and < 1.0 at low frequencies.  
This low frequency result comes from the rapid fall-off of hazard between 10. and 10-5 (see Figure 
6-45) from the Charleston fault. A site located in a region where the local zone dominates the low 
frequencies has a shallower hazard curve (see the"Local Background" curve in Figure 6-45). A more
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typical case for the CEUS is shown in Figure 7-12, which was calculated for the Columbia site using 
only the hazard from the local background source. In this case the URS > UHS at all frequencies.  
For the Mojave site, the hazard curve falls off steeply at all frequencies, so the URS < UHS (see 
Figure 7-13). This is not surprising given the high rate of occurrence of earthquakes in the region.  

7.3.3 Results for Example Sites 

Calculations were made of the probability ratio RP for the 33 site-parameter combinations listed in 
Section 7.3.1. This is an appropriate parameter to use because, if we start with the same hazard level 
H(a') at all sites and all natural periods, and achieve a consistent RP with our procedure, we will 
achieve a consistent probability of failure PF" 

With this background, Figure 7-14 shows RP values for the 33 site-parameter combinations, 
calculated using the mean hazard curve for each site. For this plot RP was calculated from the risk 
equation (eq. 7.16). The top plot in Figure 7-14 shows R1 when the design response spectrum (DRS) 
is taken to be equal to the UHS at the natural period of the parameter; the bottom plot shows RP 
when the DRS is taken to be the URS = UHS x SF, as in equation (7.19). The scale factor SF 
improves the consistency across sites and across parameters; results without SF vary from about 6 
to 130 (a factor exceeding 20), but with SF they vary from about 15 to 45 (a factor of 3). This 
remaining factor of 3 is the effect of P3. It would be inappropriate to define the URS on the basis of 
component response and capacity uncertainty. Options for choosing H(a') and PF for a range of J3 
values are reviewed in Section 7.3.4.  

Figure 7-15 shows how accurate the risk equation is, for the two definitions of DRS. An exact PF 

was obtained by numerical convolution of the hazard curve and fragility curve, and the figures show 
the ratio of approximate PF (from the risk equation) to exact PF (by numerical convolution). A ratio 
of 1.0 would indicate perfect accuracy in the risk equation. For DRS=UHS the risk equation is 
generally accurate (ratios of 1.0 to 1.3, with one exception for PGA at the California site); for the 
DRS = URS =- UHS x SF the results are slightly less accurate (ratios of 1.0 to 1.38). Note that ratios 
> 1 are "conservative," i.e. the risk equation overestimates PF. What this means is that, if we plot 
the "true" RP (calculated from the numerical convolution), the results are not quite as consistent as 
shown in Figure 7-14 (bottom), which was prepared with the risk equation. This is shown in Figure 
7-16 for the two definitions of the DRS. Values in Figure 7-16 (bottom) range from about 15 (for 
13=0.3) to 60 (for 13=0.6). This is still more consistent than for the DRS = UHS, where the values 
range from 7 to 160 (Figure 7-16 [top]), a factor > 20.  

Figures 7-14 and 7-15 were prepared using the risk equation with the slope of the hazard curve 
defined from 10- to 10- hazard. Results were checked using the slope at other points on the hazard 
curve and were not as consistent as this slope. Therefore the slope from the target UHS to an annual 
probability of 0.1 times that at the target UHS is recommended for use in determining the slope
dependent scale factor SF.  

All of the above results were calculated with mean hazard curves, so they correspond to mean PF's.  
Figures 7-17 and 7-18 show results (PF values, and ratios of exact/approximate PF) using the median 
hazard curves at each site. Because we are using a fragility curve that combines epistemic and
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aleatory uncertainty, and the fractile hazard always monotonically increase in annual frequency at any 
ground motion, the median hazard curve gives the median Pf. [Correctly stated, this is actually an 
estimate of the "median (over hazard epistemic uncertainty) of the mean (over fragility epistemic 
uncertainty) Pr."] But because the hazard epistemic uncertainty dominates, this is an accurate 
estimate of the median Pf. For these plots the UHS was taken to be the 10. ground motion from the 
median hazard curve, and the slope was calculated from 10- to 10.6. Also, results are not shown for 
the California and Washington sites, as we did not extensively model uncertainties and generate a 
broad distribution of hazards at these sites to calculate a median.  

Figure 7-17 (bottom) shows that selecting the DRS = URS = UHS x SF does about as well as for the 
mean hazard curve, but selecting the DRS = UHS does not (see Figure 7-17 [top]). This is primarily 
a result of inaccuracy in the risk equation - see Figure 7-18 (top).  

The conclusion from these comparisons is that the scale factor SF should be used to factor up the 
UHS to a URS, and the slope for the scale factor should be determined from the hazard level at the 
UHS to one-tenth that hazard level. In the examples above, the hazard level chosen was 104 and the 
slopes were determined from 10-4 to 10s.  

A second conclusion is that the risk equation (eq. 7.16) accurately estimates Rp, the probability ratio 
between hazard and risk. It is not perfectly accurate because the hazard curves are not perfectly 
linear (in log-log space). But it can be used to quickly and accurately determine the hazard-to-risk 
ratio, for decision purposes as described in the next section.  

7.3.4 Alternative Representations 

Having demonstrated a method of achieving consistent Rp values across all sites and parameters for 
a given component fragility 13, it is useful to review the alternatives available to specify seismic design.  
Ultimately the seismic ground motion criterion will be specified by a ground motion corresponding 
to a hazard level H(a') determined at a specified annual probability of exceedence, by a scaling factor 
SF, and by a deterministic acceptance criterion a. These will lead to an implied probability of failure 
PF. The parameters H(a'), SF, and a can chosen in many ways, depending on the ultimate objective.  
However, it is our understanding that a value of a = 1.67 is desired by the USNRC, and the previous 
section makes it clear that SF = max (0.7, AR12 ) is our recommendation for the scaling factor.  

One option is to specify H(a') to be consistent with previous design levels. Regulatory Guide 1.165, 
for example, concludes that the median of the median hazard level for seismic design at 29 plants 
designed according to Regulatory Guide 1.60 is 10.5 per year. That is, half of the plants had a seismic 
design with a median hazard above this value, half had a design below this level. This conclusion 
could also be extended to the mean hazard, which would indicate a value of about 10-' per year.  
Given these hazard levels, and given the above choices of a and SF, the associated PF could be 
calculated.  

An attractive alternative would be to specify an acceptable PF, and then back-figure (using a and SF) 
the associated H(a') required to achieve this PF. This would have the advantage of allowing P. for
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seismic failures to be made consistent with other failures, for example, to ensure that seismic criteria 

are not overly conservative or unconservative with respect to other challenges to plant safety.  

Recommending a method to select H(a') or PF is beyond the scope of the current project. However 

H(a') and PF are chosen, several other related issues need to be addressed as a part of the same 

decision process.  

First is the choice of using the mean vs. median hazard curves. Advantages of using the mean hazard 

curves have been made above: a target mean probability of failure for components over n plants can 

be achieved by specifying a mean PF at each plant, and this can be translated to a mean hazard curve.  

A target median probability of failure cannot be achieved by specifying a median PF at each plant.  

On the other side, the calculated median hazard has been more consistent from study to study than 

the mean, although with communication and feedback this wil probably not be the case for future 

studies. On balance we recommend that the mean P. be used to derive requirements for a mean 

H(a'), to be used for design.  

Second is the choice of which 03 value to use in calibrating the method. It would be less workable to 

specify the DRS to be dependent on the characteristics of individual components. Thus in specifying 

a design procedure (presuming the relationship between H(a') and PF is made explicit), a regulatory 

agency must decide whether to use an average 03 to pick H(a') for a given PF, or a worst-case 0 (i.e.  

a high value). Note that Kennedy and Short (1994) found that specifying the HCLPF in terms of the 

10% frequency of failure point removed this sensitivity to 03, but we do not recommend this re

definition of HCLPF - this would be too radical a change for designers to accept and adopt. Stated 

another way, if the H(a') value is selected a priori, then a regulatory agency must decide whether the 

PF for the average component (with an average 03) is acceptable, or whether the PF implied by the 

worst component (with the highest 03) is acceptable.  

Overall, our recommendation is that an average P3 be used, such as 0.45. This choice would result 

in less than a factor of 1.5 variation in PF for a given H(a') as a result of 13-values different from a 

central value - see Figures 7-14 and 7-16. A variation of 1.5 is small, given other variabilities, 

particularly if a conservative a value of 1.67 is specified. The use of an average P3 value will avoid 

the compounding of additional conservatisms.  

7.4 Summary 

This section has demonstrated a method to scale UHS at a site to achieve approximately risk

consistent seismic design spectra (herein called "design response spectrum," or DRS). The DRS is 

risk-consistent for sites and natural frequencies with a range of slopes on hazard curves, and is the 

recommended spectrum to use for scaling time histories for dynamic analysis. The consistency of this 

method has bben demonstrated at eleven sites with different characteristics of seismic hazard across 

the US.  

Several issues remain before a DRS method can be implemented. First, the annual frequency 

associated with the target UHS must be chosen, along with a selection of the mean or median UHS.  

Actually a better choice would be to select an acceptable seismically-induced mean annual frequency
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of failure for components, and back-figure the mean UHS that will give this mean frequency. A second issue is whether an average or conservative 03 is used to model components. We recommend 
an average 03 of 0.45, so that a mean frequency of component failure is achieved, rather than a 
conservative value. This avoids undesirable compounding of conservatisms.  

With these issues resolved, the DRS can be determined from a probabilistic seismic hazard analysis 
at a site. The advantage will be more consistent seismic designs across the frequency range and 
across the US.  

References 

Abrahamson, N.A. and W.J. Silva (1997). "Empirical response spectral attenuation relations for 
shallow crustal earthquakes." Seism. Soc. Am., 68(1), 94-127.  

ASCE (1986). Seismic analysis of Safety-Related Nuclear Structures and Commentary on Standard 
for Seismic Analysis of Safety Related Nuclear Structures, Amer. Soc. Civil Engrs., New 
York, Rept. ASCE 4-86, Sept.  

Kennedy, R.P. and S.A. Short (1994). "Basis for seismic provisions of DOE-STD- 1020." UCRL
CR- 111478, prepared for US DOE, April.  

Owens, D.B. (1980) A Table of Normal Integrals. Comm. Statist.-Simula. Computa., B9(4), 389
419.  

Sewell, R.T., G.R. Toro, and R.K. McGuire (1991). "Impact of Ground Motion Characterization 
on Conservatism and Variability in Seismic Risk Estimates," prepared for US NRC, May.  

Sewell, R.T., G.R. Toro, and R.K. McGuire (1996). "Impact of Ground Motion Characterization 
on Conservatism and Variability in Seismic Risk Estimates," US NRC, NUREG/CR-6467, 
July.  

Sobel, P. (1994). "Revised Livermore Seismic Hazard Estimates for Sixty-Nine Nuclear Power 
Plant Sites East of the Rocky Mountains," US NRC, April.

7-16



rlA- rl7B MiC 

Annual 
DR SAI• 

Rate of DRS DR 
Exceed. 0 

84% 
50%7 

DRS SA R freq G) 

1.0 2]IDRS 
3 

I' 

1 Componi 

Capacity 
Freq. of Curve 
Failure 0.5 1 C 

Dist of 
Response 1 1 

0.1 
0.01 

2' ©0 4 Demai 

1.67 et'J3R- .0 -- 1.87 ----- ---

1.67e'.ze- 32Pc 

-= 1.67e
2.

32 3 

Figure 7-1. Steps to designate required component capacity.

ency

7-17



W 
0 
L..  

wa 

0 

CI 
a) 

M 
0

CAPACITY
DISTRIBUTION \ dPF/a 

da

Ground Motion Amplitude a (log scale)

Figure 7-2. Graphical representation of curves for failure calculation.

7-18

HAZARD CURVE 
H(a)



W HAZARD CURVE H(a) 
L._ co 

C: 
"-J 
Ul) 

0 -o 

L CAPACITY 
"" IMPORTANT C 1 

RANGE 
..o OFa o C 

C 

CAP10 

Ground Motion Amplitude a (log scale) 

Figure 7-3. Alternative capacity distribution with same CAP1o.

APACITY 
C2

7-19



1

-K H =-3.32 

0 O 

131 
0 

W\ 

Figur -K.HzrdcrewthdfeeH lps 

0 

-00 
CD 

w 
-5 

10 

a' 2al 

Ground Motion Amplitude a 
(Log Scale) 

Figure 7-4. Hazard curve with different slopes.

7-20

0

Wa



-4
10 

S... HAZARD CURVE 
W, H 2(a), KH= 2.10 

cc$ •"HAZARD CURVE, 

S• ,C H l(a), KH =3.32 

0 

Cv 

* ~CAPACIiT) 
< 

10 

a't 2a' 3a' 

Ground Motion Amplitude a 
(log scale) 

Figure 7-5. Comparison of hazard curves with diferent slopes to capacity curve.

7-21

y,



PGA Hazard Curves
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normalized by the acceleration value corresponding to 10' annual probability.
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Figure 7-11. UHS for Columbia site, with URS calculated from seismic hazard analysis.
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UHS and URS, Columbia site, local background only 
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Figure 7-12. UHS for Columbia site, with URS calculated from seismic hazard analysis using 
background source only.
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UHS and URS, Mojave site 
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Figure 7-13. UHS for Mojave site with URS calculated from seismic hazard analysis.
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HCLPF1 design using factor 1.67
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Figure 7-14. Rp calculated from risk equation for 11 test sites and 3 parameters, using a = 1.67 
(top) and using a = 1.67 x SF (bottom).
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HCLPF1 design using factor 1.67
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Figure 7-16. RP calculated from direct integration for 11 test sites and 3 parameters, using a = 

1.67 (top) and using a = 1.67 x SF (bottom).
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HCLPF1 design using factor 1.67 
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Figure 7-17. Rp calculated from direct integration for 11 test sites and 3 parameters, using 
median hazard curves.
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HCLPF1 design using factor 1.67
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Figure 7-18. Ratio of approximate to exact PF using a = 1.67 (top) and using median hazard 
curves.
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8. CONCLUSIONS AND RECOMMENDATIONS

8.1 Response Spectral Shapes 

This report documents seismic response spectral shapes for design and analysis that were developed 
from empirical attenuation equations in the western US (WUS) and verified with observed data.  
These rock spectral shapes use continuous M and R scaling and are valid in the WUS for M in- the 
range 4.75 to 8 and R in the range 0 to 200 km. For Cascadia subduction zone earthquakes the 
shapes are valid for M up to about 9 and distances to 300 km.  

For the central and eastern US (CEUS), the WUS shapes were modified with a transfer function 
based on a random vibration model of strong ground motion that accounts for differences in source 
parameters, crustal damping, and near-surface damping. This transfer function was verified with 
observed data. CEUS rock spectral shapes are valid for M from 4.75 to 8 and R in the range 0 to 
400 km.  

These shapes will be scaled in design to a uniform hazard spectrum (UHS) at frequencies around 
1 and 10 Hz. The frequency range of these shapes is 0.2 to 100 Hz, which allows the ratio of 
spectral acceleration to peak ground acceleration to reach nearly unity for hard rock conditions. For 
soft rock conditions this ratio will reach unity at 40-50 Hz.  

The spectral shapes reflect median fractile estimates of spectral response. The shapes will be scaled 
to a UHS that reflects both epistemic and aleatory uncertainty, so further broadening or increasing 
the shapes by applying a higher fractile level is neither warranted nor justified.  

Spectral shapes for soil conditions have not been developed because soil response depends strongly 
on the characteristics of the rock control motions and on the nonlinear dynamic soil properties. This 
is stro-ngly-site-dependent problem. The report includes examples of how to develop hazard
consistent soil spectra.  

8.2 Time History Database 

An important part of the project has been the development of a time history database for analysis.  
Recorded time histories of strong ground motion are archived for M and R bins that were selected 
to preserve significant differences in spectral composition and time domain characteristics such as 
duration. Each bin contains records reflecting ranges in M and R, and the report includes guidelines 
to make within-bin M and R adjustments for spectral matching.  

In the WUS the bins are populated largely with recorded motions. Sparse bifns were supplemented 
with scaled empirical records (from adjacent bins) and with a few direct finite-fault simulations.  
Since few records exist for the CEUS, motions in the database were created by modifying WJUS 
motions to CEUS conditions. These motions are not as desirable as directly recorded data, and the 
database should be updated as new motions are recorded in the CEUS.
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8.3 Development of Artificial Time Histories

This report makes recommendations on how to develop artificial time histories of motion that match 
target response spectra. The database of motions described above would be the starting point for 
this development. Artificial motions should be computed at 100 points per frequency decade 
between 0.2 and 50 Hz (or at the Nyquist frequency, if higher). The basis for comparison between 
one or a suite of artificial motions and the target spectrum is at frequencies between 0.2 and 25 Hz.  
The report includes rules for acceptability of the artificial motions based on under- or over
estimation of the target response spectrum at multiple frequencies.  

There is no check required of the power spectral density function. However, the overall duration 
(5% to 75% Arias intensity) and ratios of PGV/PGA and PGA-PGD/PGV 2 must be consistent with 
bin averages from the time history database.  

The directional correlation between components of artificial motion (horizontal-to-horizontal and 
horizontal-to-vertical) should be checked. The lag-zero cross-correlation coefficient between two 
horizontal components, and between a vertical and a horizontal component, should not exceed 0.3.  
This will ensure that no significant reduction in directional response can be achieved by special 
orientation of the structure.  

These recommendations are sufficient to ensure that no significant gaps in Fourier amplitude spectra 
or power spectral density function will occur for the generated artificial motions.  

8.4 Hazard-consistent Spectra on Soil 

We examined multiple methods of calculating uniform hazard spectra on soil that would give UHS 
consistent with rock motions. These applications were for four soil profiles assumed to be located 
at a CEUS and a WUS site. Both sites were chosen so that different sources contributed to the 10 
and 1 Hz hazard, making the task of estimating soil response more challenging.  

The most direct method to estimate UHS on soil is to develop a site-specific attenuation equation 
for motions at the soil surface, and to use this in a seismic hazard analysis. The disadvantage of the 
direct approach is that the seismic hazard analysis must be redone for each set of soil depths and 
parameters at a facility, and must be redone when additional properties are measures in the field or 
the lab (shear wave velocity, damping, stiffness). We examined two approximate approaches (and 
variants of these) that were based on a rock UHS at the site and that could be used to estimate an 
approximate soil UHS. Each approach relies on estimating a dominant M and R from the rock 
hazard, and driving the soil column with several motions scaled to the rock UHS with that M and 
R. We also examined an approach based on integrating over the rock hazard curve, converting the 
rock motion to soil motion and calculating seismic hazard for soil amplitudes.  

A recommendation on the best method of estimating soil response awaits further comparisons to be 
made in a companion report on implementation of the methodology.
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8.5 Risk-consistent Spectra

Spectra that are risk-consistent in terms of nuclear power plant component failure frequencies can 
be achieved by accounting for the slope of the hazard curves at each frequency. These slopes are 
important because they affect the frequency of higher ground motions, given a design that for 
example is keyed to the 10' UHS. We recommend modifying the rock UHS, based on the slope of 
the hazard from 10W to 10W, to achieve a "uniform reliability spectrum" (URS) for design that 
achieves consistent component failure frequencies.  

The prescribed method of deriving the URS from the UHS is illustrated using three ground motion 
parameters (PGA and spectral acceleration at 10 and 1 Hz) at eleven nuclear plant sites across the 
US. The range of plant component failure frequencies is reduced from a factor of about 20 across 
all sites and parameters, to a factor of 3. This remaining factor results from different component 
failure uncertainties, and is not reducible within the context of current design procedures.  

A specific recommendation for a UHS modification to achieve a URS depends on the hazard level 
chosen for design (the example used here is 10 -4) and on the deterministic level of conservatism 
associated with design codes and guides (the example used here is a factor of 1.67 on the design 
motion). With other hazard levels or deterministic levels, different forms of the modification factor 
would be recommended, but they would achieve the same degree of consistency as illustrated here.
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APPENDIX A STRONG MOTION CATALOG (WUS) 

The following catalog lists the WUS processed recordings for each earthquake and site condition.
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PACIFIC ENGINEERING AND ANALYSIS STRONG-MOTION CATALOG (08/06/97)
Earthquake 

No. Location, 
Mech, Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest
s• CoSie (ki)(4) (5)

(km)(4) (5)

Filter Comers 
HP LP PGA PGV PGD (hz) (hz) (9) (cni/s) (an)

1935 1031 1838 6.2 5.5 6.0 0.0

0002 

0003 

0004 

0005 

0006 

0007 

0008 

0009 

0010 

0011 

0012

Helena, Montana 
00 

Helena, Montana 
01 

Humbolt Bay 
99 

Imperial Valley 
99 

Northwest Calif 
99 

Impajal Valley 
00 

Northwest Calif 
99 

Northem Calif 
99 

99 

Imperial valley 
99 

Nothwea Calif 
99 

Km Couny 
03

1935 1031 

1937 0207 

1938 0606 

1938 0912 

1940 0519 

1941 0209 

1941 1003 

1942 1021 

1951 0124 

1951 1008 

1952 0721

1918 

0442 

0242 

0610 

0437 

0945 

1614 

1622 

0717 

0411 

1153

0.0 0.0 0.0 0.0 

5.8 5.8 0.0 0.0 USGS 

0.0 0.0 0.0 5.0 USGS 

5.5 5.5 0.0 5.5 USGS 

7.0 0.0 7.2 0.0 USGS 

0.0 0.0 0.0 6.6 USGS 

0.0 0.0 0.0 6.4 USGS 

0.0 0.0 0.0 6.5 USGS 

0.0 0.0 0.0 5.6 USGS 

5.8 0.0 0.0 0.0 USGS 

7.4 0.0 7.7 0.0 USGS 

USGS

2022 
99 

2229 
99 

1023 
99 

117 
99 

1023 
99 

117 
00 

1023 
99 

1023 
99 

117 
99 

117 
99 

1023 
99 

135 

99 

135

to3

-- ..o . .

Carroll College 

Helena Fed Bldg 

Ferndale City Hall 

El Centro Array #9 

Ferndale City Hall 

El Centro Array #9 

Feradale City Hall 

Femdale City Hall 

El Camro Array #9 

El Centro Array #9 

Femdale City Hall 

LA - Hollywood Stor FF 

LA - Hollywood Stor Lot

8.0* 
999.9 

36.7* 
999.9 

73.7* 
999.9 

36.7* 
999.9 

55.0* 
999.9 

8.3 
12.0 

97.2* 
999.9 

49.6* 
999.9 

49.0* 
999.9 

28.5* 
999.9 

56.0* 
999.9 

120.5 

107.0 

120.5

EZA 

EAA 

BQD 

EQD 
C 

BQD 

EQD 
C 

BQD 

BQD 

EQD 
C 

EQD 
C 

BQD 

iPD 

C 

IPD

0.20 
0.20 
0.20 

0.50 
1.00 
0.50 

0.60 
0.50 
0.30 

1.50 
1.00 
0.60 

0.30 
0.50 
0.20 

0.20 
0.20 
0.20 

0.10 
0.50 
0.50 

0.50 
0.20 
0.50 

0.20 
0.10 
0.10 

0.40 
0.40 
0.15 

0.40 
0.50 
0.50 

0.50 
0.50 
0.50 
0.20

15.0 
15.0 
15.0 

20.0 
20.0 
20.0 

10.0 
10.0 
10.0 

20.0 
12.0 
12.0 

15.0 
11.0 
11.0 

15.0 
15.0 
15.0 

12.0 
13.0 
10.0 

13.0 
13.0 
13.0 

20.0 
15.0 
15.0 

20.0 
13.0 
12.0 

20.0 
12.0 
12.0 
17.4

0.102 7.3 
0.150 5.8 
0.173 16.5 

0.012 0.3 
0.047 0.7 
0.041 0.7 

0.019 1.2 
0.044 2.6 
0.038 3.2 

0.012 0.3 
0.012 0.5 
0.019 0.8 

0.030 1.4 
0.134 7.2 
0.097 5.4 

0.205 10.7 
0.313 29.8 
0.215 30.2 

0.018 1.5 
0.062 3.6 
0.039 3.2 

0.038 2.6 
0.114 5.9 
0.122 6.3 

0.033 1.1 
0.068 3.9 
0.044 4.0 

0.013 0.6 
0.029 2.4 
0.030 2.9 

0.031 2.1 
0.105 4.6 
0.110 6.1 
0.022 2.5

2.29 
1.00 
2.37 

0.57 
0.23 
0.45 

0.12 
0.30 
0.45 

0.01 
0.04 
0.06 

0.14 
0.58 
0.78 

9.16 
13.32 
23.91 

0.26 
0.89 
0.54 

0.26 
1.77 
1.15 

0.30 
1.37 
IA1 

0.14 
0.39 
0.92 

0.22 
0.47 
0.82 

0.68 
2.44 
1.68 
2.55

13.9 0.044 6.0 
14.7 0.057 5.3 
20.0 0.021 2.8

Site



EArthquake 

No. Location, 
Me*i, Dip (1)

Date & Time Magnmtude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
escription 

No. H/F

Closest Se Filter Comers 
Dist Codes HP LP PGA PGV PGD 
(km)(4) (5) (hz) (hz) (g) (cn/s) (-m)

99

0013 Northern Calif 
99 

0014 Southern Calif 
99 

0015 Imperial Valley 
99 

0016 Central Calif 
99 

0017 Northern Calif 
99 

0018 Iperi valley 
99 

0019 ElAlarmo 
99 

0020 San Francico 
02 

0021 Centa Calif 

99 

0022 Northern Calif

1952 0922 1141 

1952 1122 0746 

1953 0614 0417 

1954 0425 2033 

1954 1221 1956 

1955 1217 0607 

1956 1217 1433 

1957 0322 1944 

1960 0120 0326 

1960 0606 0117

CDMG 

USGS 

USGS 

5.2 5.2 0.0 5.5 USGS 

0.0 0.0 0.0 6.0 USGS 

0.0 0.0 0.0 5.5 USGS 

0.0 0.0 0.0 5.3 USGS 

0.0 0.0 0.0 6.5 USGS 

0.0 0.0 0.0 5.4 USGS 

0.0 0.0 0.0 6.8 USGS 

5.3 5.3 0.0 0.0 USGS 

0.0 0.0 0.0 5.0 USGS 

5.7 5.7 0.0 5.7 USGS

80053 Pasadena - CIT Athenaeum 
99 

283 Santa Barbara Courthouse 
99 

1095 Taft Lincoln School 
02 

1023 Feradale City Hall 
99 

1083 San Luis Obispo 
99 

117 El Centro Array #9 
99 

1028 Hollister City Hall 
99 

1023 Fendale City Hall 
99 

117 El Cua oArray #9 
99 

117 El Ceto Array #9 
99 

1117 Golde Gate Park 
02 

1028 Hollaer City Hall 

99 

1023 Femdale City Hall

107.0 

127.0 
109.0 

87.0 
85.0 

41.0 
42.0 

39.3* 
999.9 

70.0* 
999.9 

28.5* 
999.9 

28.0* 
999.9 

31.5* 
999.9 

28.4* 
999.9 

130.0 
999.9 

9.5* 
8.0 

14.9* 
999.9 

58.9*

C 

CQD 
B 

CQD 
B 

FQD 
B 

BQD 

CBB 

EQD 
C 

CHD 
C 

BQD 

EQD 
C 

EQD 
C 

IBA 
A 

CHD 
C 

BQD

0.20 15.0 0.042 7.5 
0.20 13.0 0.058 6.2 
0.50 12.5 0.027 2.9 
0.50 12.5 0.045 5.6 
0.20 12.1 0.053 9.2 
0.50 12.3 0.041 4.4 
0.50 14.3 0.087 12.1 
0.50 13.2 0.127 15.5 
0.05 13.2 0.109 6.6 
0.05 13.9 0.156 15.3 
0.05 13.2 0.178 17.5 

0.40 10.0 0.028 1.9 
0.30 12.0 0.062 5.6 
0.30 10.0 0.074 5.5 

0.20 13.0 0.028 2.4 
0.20 13.0 0.036 2.8 
0.50 13.0 0.054 3.3 

0.50 20.0 0.024 0.6 
0.60 15.0 0.006 0.4 
0.25 12.0 0.049 5.4 

0.30 11.0 0.020 1.6 
0.40 10.0 0.049 4.7 
0.50 10.0 0.051 3.9 

0.50 13.0 0.039 6.9 
0.20 20.0 0.159 33.9 
0.50 13.0 0.189 25.3 

0.60 15.0 0.028 0.9 
0.23 12.0 0.056 4.0 
0.20 15.0 0.042 3.7 

0.50 20.0 0.014 1.7 
0.10 15.0 0.033 4.1 
0.10 15.0 0.052 6.6 

0.30 25.0 0.047 1.1 
0.80 20.0 0.095 3.9 
0.30 20.0 0.112 4.6 

0.40 12.0 0.027 1.7 
0.40 11.0 0.041 2.2 
0.50 11.0 0.063 3.6 

0.30 15.0 0.016 0.9

4.79 
1.86 
0.86 
1.25 
2.53 
1.27 
2.81 
4.06 
4.56 
9.25 
8.99 

0.30 
1.17 
0.98 

0.74 
0.93 
0.55 

0.06 
0.06 
1.00 

0.26 
0.63 
0.42 

2.03 
13.34 
5.86 

0.07 
0.79 
0.70 

0.77 
2.89 
4.93 

0.18 
0.19 
0.43 

0.25 
0.38 
0.60 

0.17



Earthquake 
No. Location.  

Medi, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Desciption 

No. H/F

Closest 
Dist 
(kn)(4)

Site 
Codes 
(5)

Filter Corners 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (cm/s) (cin)

0.30 15.0 0.072 3.8 0.59 
0.40 15.0 0.065 3.0 0.35

0023 Hollister 
99 

0024 Hollister 
99 

0025 Parkfield 
00

1961 0409 0723 

1961 0409 0725 

1966 0628 0426

0.0 0.0 0.0 5.6 USGS 

0.0 0.0 0.0 5.5 USGS 

6.1 6.1 0.0 0.0 CDMG

1028 Hollister City Hall 
99 

1028 Holliser City Hall 
99

1013 Cholame#2 
00

CDMG 1014 Cholame#5 
00 

CDMG 1015 Cholame#8 
00 

CDMG 1016 Cholame#12 
00

USGS 1083 SanLuis Obispo 
00

CDMG 1438 Temblor pre-1969 
00

0026 Northern Calif 
99 

0027 Nofthem Calif 
99 

0028 Borrego Mtn 
00

1967 1210 1206 5.6 5.6 0.0 5.8 USGS 

1967 1218 1725 0.0 0.0 0.0 5.2 USGS 

1968 0409 0230 6.8 6.7 6.5 0.0 USGS 

USGS 

USGS

1023 Fundale City Hall 
99 

1028 HollinaCity Hall 
99 

117 El Cenro Array #9 
00 

135 LA - Hollywood Stor PE Lot 
00 

130 LB - Tenninal Island 
00

19.6* CHD 0.11 11.0 0.051 4.7 
999.9 C 0.25 11.0 0.074 6.3 

0.11 11.0 0.196 12.4 

12.6* CHD 0.30 13.0 0.049 3.0 
999.9 C 0.40 12.0 0.072 4.9 

0.30 11.0 0.075 9.7

0.1 IHD 0.20 
6.6 C 0.20 

-99.  
5.3 IHC 0.20 
9.3 C 0.20 

0.20 
9.2 ABB 0.20 
13.0 C 0.20 

0.20 
14.7 IBB 0.20 
17.3 B 0.20 

0.20 
60.0 CBB 0.20 
63.6 - 0.20 

0.20 
9.9 UA 0.20 
16.1 B 0.20 

0.20

1.77 
1.31 
4.29 

0.53 
0.71 
1.75

20.0 0.255 13.7 3.79 
10.0 0.476 75.1 22.49

21.0 
17.4 
20.0 
24.0 
20.0 
20.0 
20.0 
20.0 
20.0 
15.0 
15.0 
12.0 
16.9 
14.7 
15.1

0.138 6.9 
0.442 24.7 
0.367 21.8 
0.116 4.3 
0.246 10.2 
0.273 11.3 
0.053 4.6 
0.059 5.8 
0.063 6.8 
0.007 0.8 
0.012 1.0 
0.014 1.0 
0.136 4.4 
0.357 21.5 
0.272 15.0

30.8* BQD 0.40 12.0 0.032 3.3 
999.9 - 0.30 20.0 0.283 9.2 

0.20 13.0 0.113 11.1 

45.0* CHD 0.50 15.0 0.011 0.5 
999.9 C 0.30 15.0 0.013 2.0 

0.30 15.0 0.013 1.0

46.0 EQD 0.20 
45.0 C 0.20 

0.20 
217.4 IPD 0.20 
211.0 C 0.20 

0.10 
195.0 CCD 0.10 
187.0 C 0.10 

0.10 
203.0 CQD 0.50

16.4 
12.5 
12.8 
30.0 
13.0 
13.0 
20.0 
15.0 
15.0 
13.0

0.030 3.3 
0.130 26.3 
0.057 13.2 
0.005 1.1 
0.012 2.9 
0.011 2.3 
0.005 1.6 
0.010 2.8 
0.009 3.0 
0.004 0.5

2.66 
5.15 
3.83 
1.48 
3.60 
3.20 
2.10 
2.56 
3.55 
0.28 
0.30 
0.46 
1.10 
3.87 
3.40 

0.46 
1.23 
1.58 

0.09 
0.37 
0.27 

1.99 
12.18 
10.03 
1.10 
1.30 
2.33 
1.76 
2.53 
5.46 
0.38

99 99 999.9

CDMG 475 Pasadmna - Athenaeum



Earthquake 
No. Location.  

Mech, Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(kn)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP PGA PGV PGD 
Qiz) (hz) (g) (en s) (am)

00

SCE

0029 Lyte Creek 
03

1970 0912 1430 5.4 5.4 0.0 0.0 CDMG

280 San Onofre -So Cal Edison 
00 

24278 Castaic - Old Ridge Route 
99

CDWR 111 Cedar Springs, Allen Ranch 
99 

CDWR 112 Cedar Springs Pumphouse 
99

USGS 113 Colton, So Cal Edison 
99

CDWR 620 DevilN Canyon 
99 

CDMG 125 Lake Hughes #1 
99 

CDMG 24303 LA - Hollywood Stor FF 
99 

CDMG 278 Puddingstone Darn (Abutment) 
99 

LAFC 104 Saga Anita Dam 
99 

USGS 290 Wrightwood -6074 Peek Dr 
99

0030 Sma Femando 
02

1971 0209 1400 6.6 0.0 6.6 0.0 2 
99

CIT 

USGS

2516 Via Tejon PV

103 Anm Post Office 
99 

1004 Bakersfield -Harvey Aud 
99

200.0 B 0.50 13.0 0.007 1.4 
0.50 13.0 0.009 1.8 

124.7 ABB 0.20 15.0 0.062 1.9 
122.0 - 0.10 20.0 0.041 3.7 

0.20 20.0 0.045 3.7 

107.8* A-B 0.70 20.0 0.010 0.4 
999.9 B 0.50 20.0 0.021 0.9 

0.50 20.0 0.026 1.5 
20.6* AAA -99.  
999.9 A 0.60 15.0 0.071 1.8 

1.10 20.0 0.050 1.2 
23.7* AAB 1.00 15.0 0.037 1.3 
22.0 - 0.50 20.0 0.069 2.6 

0.40 15.0 0.077 3.7 
32.4* ACD 0.60 15.0 0.035 1.3 
29.0 C 0.40 12.0 0.033 1.6 

0.50 11.0 0.038 1.3 
21.9* CAA 1.10 30.0 0.084 1.8 
21.0 - 1.00 20.0 0.146 3.3 

1.00 30.0 0.151 5.6 
93.5* APC 1.10 15.0 0.006 0.3 
999.9 - 0.80 10.0 0.009 0.7 

0.35 20.0 0.008 0.6 
76.0* IPD 0.90 20.0 0.007 0.3 
999.9 C 0.30 20.0 0.017 1.0 

0.40 20.0 0.018 0.7 
32.8* IVB 0.35 20.0 0.014 0.7 
999.9 - 0.50 20.0 0.018 0.9 

0.50 20.0 0.019 0.9 
45.9* IGA 1.20 25.0 0.013 0.3 
999.9 - 1.00 25.0 0.042 1.6 

0.40 25.0 0.018 0.5 
15.4* BAB 0.60 40.0 0.078 2.3 
13.0 B 0.60 20.0 0.162 10.1 

0.70 30.0 0.200 10.5

65.1 
999.9 

169.0 
999.9 

120.0 
999.9

CBC 0.20 20.0 0.020 2.0 
0.20 20.0 0.026 3.8 
0.20 20.0 0.041 4.2 

AAC 0.50 35.0 0.015 0.7 
- 0.50 35.0 0.027 1.4 

0.50 35.0 0.037 2.2 
CCD 0.10 15.0 0.007 0.7 

0.10 13.0 0.007 1.4 
0.10 20.0 0.007 1.2

,>t

0.82 
0.64 
0.50 
1.72 
1.30 

0.03 
0.07 
0.15 

0.11 
0.06 
0.08 
0.14 
0.39 
0.11 
0.17 
0.14 
0.10 
0.18 
0.23 
0.02 
0.08 
0.10 
0.02 
0.14 
0.06 
0.12 
0.09 
0.12 
0.01 
0.10 
0.04 
0.25 
1.02 
0.62 

1.26 
2.19 
3.11 
0.20 
0.25 
0.30 
0.69 
1.08 
1.23



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest Site 
Dist Codes 
(k-)(4) (5)

Filter Corners 
HP LP PGA PGV PGD (hz) (hz) (g) (an/s) (an)

USGS 

USGS

105 Borrego Springs Fire Sta
105 Borrego Sprigs FreSta 

99 

1 Buena Vista -Taft
99 

ACOE 108 Carbon Canyon Dam 
99 

CDMG 24278 Castaic -Old Ridge Route 
99 

CDWR 111 Cedar Springs, Allen Ranch 
99 

CDWR 112 Cedar Springs -Pump 
99 

USGS 1013 Cholame-Shandon Array #2 @ 
99 

USGS 1015 Cholame-Shandon Array #8 
99 

USGS 113 Colton -So Cal Edison @ 
99 

CDMG 121 Fairmont Darn 
99 

USGS 998 Fort Tejon 
99 

CDWR 994 Gormon -Oso Pump Plant 
99 

CDMG 12331 Hamet Fire Station 
99 

ACOE 1035 Isabella Dam (Aux Abut) 
99 

USGS 135 LA -Hollywood Stor Lot 
99

212.0 AAC 0.10 30.0 0.005 1.2 
999.9 - 0.10 23.0 0.009 1.2 

0.10 30.0 0.009 1.2 
118.0 AQD 0.20 20.0 0.007 0.6 
999.9 - 0.10 13.0 0.012 1.5 

0.10 15.0 0.012 1.3 
66.4 AMA 0.50 35.0 0.043 1.6 
999.9 - 0.50 35.0 0.070 2.7 

0.50 35.0 0.071 3.9 
24.9 A-B 0.50 35.0 0.171 6.5 
24.2 B 0.50 35.0 0.324 15.6 

0.50 35.0 0.268 25.9 
86.6 AAA 0.20 35.0 0.009 0.9 
999.9 A 0.20 35.0 0.020 1.7 

0.20 35.0 0.015 1.4 
87.6 AAB 0.10 20.0 0.012 0.8 
88.0 - 0.10 20.0 0.027 2.0 

0.10 20.0 0.025 2.9 
219.0 IHD 0.10 50.0 0.004 1.3 
999.9 C 0.10 20.0 0.004 1.2 

0.10 30.0 0.005 1.1 
223.0 ABB -99.  
999.9 C 0.10 23.0 0.005 1.0 

0.10 23.0 0.006 1.6 
89.6 ACD 0.10 15.0 0.023 1.1 
91.0 C 0.10 13.0 0.032 1.8 

0.10 13.0 0.039 2.2 
29.1 AGA 0.50 35.0 0.039 3.5 
999.9 - 0.50 35.0 0.071 4.7 

0.50 35.0 0.109 6.5 
64.1 AAB 0.10 23.0 0.016 0.7 
64.0 - 0.10 20.0 0.026 1.1 

0.10 20.0 0.022 1.4 
48.1 EBC 0.10 23.0 0.039 3.6 
46.7 C 0.10 23.0 0.084 7.9 

0.10 30.0 0.105 6.8 
136.0 AQD 0.50 35.0 0.026 1.5 
999.9 C 0.50 35.0 0.033 2.2 

0.50 35.0 0.047 2.6 
113.0 AGA 0.10 20.0 0.006 1.3 
999.9 - 0.10 13.0 0.006 1.4 

0.10 13.0 0.009 1.6 
21.2 IPD 0.50 35.0 0.136 4.3 
24.6 C 0.20 35.0 0.210 18.9 

0.20 35.0 0.174 14.9

0>

1.13 
1.22 
0.90 
0.41 
1.51 
0.68 
0.93 
1.27 
0.85 
1.28 
2.31 
4.67 
0.53 
0.49 
0.57 
0.30 
0.31 
0.40 
1.18 
1.31 
0.92 

0.75 
0.97 
0.16 
0.29 
0.32 
0.71 
0.72 
1.10 
0.21 
0.36 
0.27 
0.72 
1.27 
1.76 
0.32 
0.38 
0.33 
1.33 
1.94 
2.03 
152 
12.40 
6.25



Earthquake 
No. Location, 

Med* Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

-4

Station (3) 
Description 

No. H/F 

CDMG 125 Lake Hughes #1 
99 

USGS 126 Lake Hughes #4 
99 

USGS 127 Lake Hughes #9 
99 

CDMG 128 Lake Hughes #12 
99 

USGS 130 LB - Terminal Island 
99 

CDWR 1041 Maricopa Array #1 
99 

CDWR 1042 Maricopa Array #2 
99 

CDWR 1043 Maricopa Array #3 
99 

CDMG 279 Pacoima Dam 
02 

USGS 262 Palndale Fire Station 
99 

CDMG 80053 Pasademn - CIT Ahenmeum 
99 

USGS 266 Pasadena - Old Seimno Lab 
99 

CDWR 269 PearblMossom Pump 
99 

CDMG 272 Potn Hueneme 
99 

CDMG 278 Puddingae Dam (Abut) 
99

Closest 
Dist 
(k-)(4) 

25.8 
23.4 

24.2 
19.6 

23.5 
20.2 

20.3 
17.0 

69.2 
61.4 

115.0 
999.9 

113.0 
999.9 

113.0 
999.9 

2.8 
999.9 

25.4 
28.6 

31.7 
25.7 

19.1 
21.9 

38.9 
37.4 

63.0 
62.0 

50.4 
999.9

Site 
Codes 
(5) 

APC 

IGA 
C 

AGA 

AEB 
B 

CCD 
C 

IBB 

IBB 

IBB 

AMB 

AQD 
B 

CQD 
B 

CGA 

AGB 
B 

BBD 

IVD

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (cm/s) (cm) 

0.20 35.0 0.098 11.4 2.76 
0.50 35.0 0.145 17.3 2.88 
0.50 35.0 0.110 14.0 1.93 
0.50 35.0 0.164 6.4 0.93 
0.50 35.0 0.192 5.6 0.92 
0.50 35.0 0.153 8.4 1.85 
0.50 35.0 0.088 2.3 0.87 
0.50 35.0 0.157 4.5 1.28 
0.50 35.0 0.134 3.9 1.12 
0.50 35.0 0.167 3.7 0.65 
0.50 35.0 0.366 17.0 1.65 
0.50 35.0 0.283 12.7 2.97 
0.10 50.0 0.017 3.9 3.03 
0.10 20.0 0.029 9.6 8.25 
0.10 20.0 0.029 6.8 6.17 
0.10 20.0 0.005 1.1 1.40 
0.10 13.0 0.007 1.7 1.53 
0.10 20.0 0.011 2.4 2.33 
0.20 20.0 0.007 0.7 0.22 
0.10 20.0 0.009 1.3 1.03 
0.20 15.0 0.009 1.1 0.41 
0.20 15.0 0.007 2.9 2.15 
0.20 20.0 0.008 2.2 1.85 
0.10 20.0 0.010 2.0 2.16 
0.10 35.0 0.699 56.5 18.25 
0.10 35.0 1.226 112.5 35.50 
0.50 35.0 1.160 54.3 11.73 
-99.  
0.50 35.0 0.121 12.3 2.65 
0.50 35.0 0.151 8.1 1.85 
0.50 35.0 0.095 4.5 0.70 
0.50 35.0 0.088 6.4 1.36 
0.20 35.0 0.110 13.3 7.78 
0.50 35.0 0.090 4.4 1.40 
0.50 35.0 0.089 5.3 0.86 
0.50 35.0 0.202 10.9 2.39 
0.20 35.0 0.050 2.1 0.95 
0.20 35.0 0.102 4.7 1.53 
0.20 35.0 0.136 5.6 1.61 
0.50 35.0 0.011 3.0 1.78 
0.50 35.0 0.027 6.1 3.50 
0.50 35.0 0.025 3.9 2.65 
0.50 35.0 0.036 1.6 0.51 
0.50 35.0 0.074 4.0 0.76 
0.50 35.0 0.065 3.1 0.43



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. RIF

Closest 
Dist 
(k-)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (cn/s) (cm)

USGS 314 San Diego Gas & Electric 
99 

USGS 465 San Juan Capistrano 
99

SCE 280 San Onofre -So Cal Edison 
99

LAFC 104 Santa Anita Dam 
99 

CDMG 285 Santa Felita Dam (Oudet) 
99 

CDWR 1027 Tehadampi Pump 
99

USGS 282 UCSB - Fluid Mech Lab 
99

ACOE 287 Upland -San Antonio Dam 
99 

CDWR 1102 Wheeler Ridge - Ground 
99 

ACOE 289 Whinier Narrows Dam 
99 

USGS 290 Wrightwood - 6074 Park Dr 
99

0031 Point Mugu 
02 

0032 Holliter 
00

1973 0221 1445 5.8 5.9 5.2 0.0 CDMG 

1974 1128 2301 5.2 5.2 4.5 0.0 CDMG 

USGS

272 Port Hueneme 
99 

47379 Gilry Army #1 
00 

1028 Hollister City Hall 
00

CDMG 1377 San Juan Bautista, 24 Polk St 
00

214.0 ABD 0.10 33.0 0.003 1.0 
999.9 - 0.10 30.0 0.006 1.5 

0.10 30.0 0.004 1.2 
104.0 ABC 0.50 35.0 0.021 2.0 
999.9 - 0.50 35.0 0.046 3.3 

0.50 35.0 0.035 3.7 
122.0 ABB 0.10 23.0 0.011 0.8 
999.9 - 0.10 20.0 0.013 1.7 

0.20 20.0 0.016 1.8 
27.0 IGA 0.20 35.0 0.062 3.9 
999.9 - 0.20 35.0 0.151 4.7 

0.20 35.0 0.212 6.1 
27.5 ABA 0.10 20.0 0.065 4.1 
999.9 - 0.10 20.0 0.148 9.4 

0.10 13.0 0.152 6.5 
68.0 AAA 0.20 35.0 0.045 1.7 
999.9 - 0.20 35.0 0.053 2.0 

0.20 35.0 0.025 1.0 
125.6 CPD 0.20 30.0 0.011 1.3 
999.9 - 0.20 30.0 0.017 2.7 

0.20 30.0 0.017 3.0 
58.1 AAA 0.50 35.0 0.032 1.3 
999.9 B 0.50 35.0 0.058 2.9 

0.50 35.0 0.079 3.5 
81.6 IBD 0.10 30.0 0.014 1.4 
82.0 C 0.10 23.0 0.027 2.0 

0.10 23.0 0.031 1.7 
45.1 IHD 0.10 30.0 0.032 3.7 
999.9 - 0.10 20.0 0.100 9.3 

0.10 20.0 0.107 9.7 
60.3 BAB 0.20 40.0 0.028 1.6 
60.7 B 0.20 30.0 0.061 2.6 

0.20 30.0 0.044 3.3 

25.0* BBD 0.15 30.0 0.047 2.2 
16.0 C 0.20 25.0 0.112 14.8 

0.20 30.0 0.083 4.6 

12.3* IFA -99.  
10.0 A 1.50 25.0 0.105 2.7 

1.10 25.0 0.132 4.0 
11.1* CHD 0.30 20.0 0.071 3.5 
10.0 C 0.40 15.0 0.089 6.2 

0.40 11.0 0.177 10.3 
11.4* AQD 1.00 20.0 0.046 1.5 
8.0 B 0.80 20.0 0.049 2.2

00

0.90 
1.16 
1.00 
0.67 
1.05 
0.79 
0.77 
0.74 
0.63 
1.80 
2.30 
2.89 
2.36 
7.02 
3.46 
0.28 
0.37 
0.13 
0.73 
1.41 
1.29 
0.54 
0.55 
0.50 
1.46 
1.47 
1.23 
2.61 
5.79 
5.04 
0.78 
0.47 
0.68 

0.39 
2.59 
0.80 

0.13 
0.17 
0.36 
0.56 
1.25 
0.10 
0.17



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(kin)(4)

Site 
Codes 
(5)

Filter Comers 
HIP LP 
(hz) (hz)

PGA PGV PGD 
(9) (ml/s) (-)

0.40 15.0 0.130 7.3 0.64

0033 Northern Calif 
99

1975 0607 0846 5.2 5.2 5.7 0.0 CDMG 1249 Cape Mendocino, Petrolia 
99

USGS 1023 Ferndale City Hall 
99 

CDMG 1398 Petrolia, General Store 
99 

CDMG 1277 Shelter Cove, Sta A 
99 

CDMG 1278 Shelter Cove, Sta B 
99

0034 Oroville 
01

S0035 Oroville 
16D 01

1975 0801 2020 6.0 5.7 0.0 0.0 CDWR 

1975 0802 2022 5.0 5.1 0.0 0.0 CIT

1051 Oroville Seismograph Station 
99

1545 Oroville Airport 
99

CDMG 1546 Up & Down Cafe (ORI) 
99

0036 Oroville 
04

1975 0802 2059 4.4 5.2 0.0 0.0 CIT

CIT

1544 Medical Center 
99 

1545 Oroville Airport 
99

CDMG 1546 Up& Down Cafe (ORI) 
99

0037 Oroville 
01

1975 0808 0700 4.7 4.9 0.0 0.0 CIT 1542 Bmedbeck Residence 
99

CDMG 1550 Duff Residence (OR5) 
99

C1T 1543 DWR Garage 
99

28.9* IFA 2.00 
999.9 A 1.50 

2.00 
22.8* BQD 0.20 
999.9 - 0.40 

0.40 
29.9* IMD 1.00 
999.9 - 0.45 

0.40 
59.2* IBA -99.  
999.9 - 1.00 

1.00 
60.2* IBB -99.  
999.9 - 1.30 

1.50 

9.5* AJA -99.  
8.0 - 1.00 

1.00 

14.6* ACD 0.30 
999.9 - 0.20 

0.40 
12.7* ADD 0.60 
999.9 - 0.70 

0.20 

11.1* ABB 0.80 
999.9 - 0.40 

0.35 
15.0* ACD 0.30 
999.9 - 0.30 

0.50 
12.4* ADD 0.70 
999.9 - 0.35 

0.40 

9.8* ACC 1.30 
999.9 - 0.70 

0.70 
10.9* ACD 1.00 
999.9 - 0.50 

0.80 
6.5* AAA 5.00 
999.9 - 1.50

30.0 
25.0 
20.0 
15.0 
15.0 
15.0 
35.0 
25.0 
30.0 

20.0 
20.0

0.026 0.8 
0.115 3.1 
0.179 4.9 
0.239 8.9 
0.173 11.8 
0.038 2.7 
0.041 1.8 
0.156 8.6 
0.131 7.8

0.04 
0.10 
0.16 
1.77 
1.58 
0.28 
0.10 
0.92 
0.55

0.032 1.5 0.11 
0.031 1.2 0.07

30.0 0.081 2.3 0.10 
25.0 0.093 2.8 0.11 

10.0 0.092 3.7 0.17 
10.0 0.072 2.8 0.22

25.0 
15.0 
25.0 
30.0 
25.0 
20.0 

30.0 
40.0 
30.0 
40.0 
30.0 
40.0 
40.0 
30.0 
30.0 

40.0 
30.0 
40.0 
40.0 
40.0 
40.0 
40.0 
50.0

0.015 1.1 
0.036 2.5 
0.015 1.4 
0.021 1.1 
0.034 1.1 
0.030 2.9 

0.030 1.1 
0.079 3.0 
0.043 2.2 
0.025 1.2 
0.020 2.2 
0.024 1.1 
0.065 1.1 
0.069 1.7 
0.050 2.5 

0.073 1.7 
0.168 3.1 
0.117 3.4 
0.051 0.7 
0.085 2.0 
0.061 2.2 
0.106 0.7 
0.141 1.1

0.32 
0.82 
0.33 
0.18 
0.15 
0.72 

0.83 
0.32 
0.22 
0.24 
0.62 
0.91 
0.14 
0.36 
0.43 

0.06 
0.17 
0.22 
0.05 
0.20 
0.12 
0.01 
0.04



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
Okn)(4)

Site 
Codes

(5)

Filter Corners 
HP LP PGA PGV PGD 
(hz) (hz) (g) (cm/s) (-r)

CDMG 1493 Johnson Ranch 
99 

CDMG 1496 Nelson Ranch (OR7) 
99 

CIT 1545 Oroville Airport 
99 

CDMG 1549 Pacific Heights Rd (0R4) 
99 

CDMG 1551 Summit Ave (OR6) 
99 

CDMG 1546 Up & Down Cafe (OR1) 
99

0038 Friuli, Italy 
99

0039 Gazli, USSR 
02 

0040 Fnmili, Italy 
99

1976 0506 2000 6.5 6.2 6.5 0.0

6.8 0.0 7.3 0.0

1976 0911 1631 5.5 0.0 0.0 0.0

8002 Barcis 
99

8004 Codroipo 
99 

8005 Conegliano 
99 

8007 Feltre 
99 

8012 Tolmezzo 
99 

9201 Karakyr 
01 

8023 Buia 
99

8014 Forgaria Comino 
99

3.00 
10.7* AAB 2.00 
999.9 - 1.00 

1.00 
6.7* ABB 1.50 
999.9 - 1.00 

1.20 
11.7* ACD 0.80 
999.9 - 0.70 

0.35 
12.0* ACD 0.80 
999.9 - 0.60 

1.00 
8.6* AAA 1.50 
999.9 - 1.50 

1.30 
13.3* ADD 0.70 
999.9 - 0.50 

0.40 

49.7* ABB 0.20 
999.9 - 0.20 

0.20 
34.6* ADD 0.10 
999.9 - 0.10 

0.10 
73.7* ADD 0.50 
999.9 - 0.50 

0.50 
97.1* ABA 0.20 
999.9 - 0.20 

0.20 
377* ABB 0.10 
999.9 - 0.10 

0.10

40.0 
50.0 
45.0 
40.0 
50.0 
40.0 
50.0 
50.0 
40.0 
30.0 
40.0 
40.0 
40.0 
40.0 
35.0 
35.0 
40.0 
40.0 
40.0 

37.0 
30.0 
30.0 
30.0 
25.0 
25.0 
25.0 
20.0 
20.0 
30.0 
30.0 
30.0 
45.0 
30.0 
30.0

0.209 1.8 
0.089 1.1 
0.191 3.9 
0.095 1.6 
0.110 1.3 
0.088 1.3 
0.114 1.9 
0.072 1.1 
0.047 1.1 
0.065 2.4 
0.042 1.0 
0.065 2.6 
0.069 2.1 
0.059 0.8 
0.101 2.3 
0.081 1.2 
0.048 1.2 
0.152 3.9 
0.101 3.5 

0.014 1.0 
0.029 1.3 
0.030 1.2 
0.035 5.9 
0.062 10.7 
0.090 8.5 
0.025 2.4 
0.049 3.5 
0.069 4.2 
0.019 0.8 
0.033 1.5 
0.038 1.3 
0.268 10.7 
0.351 22.0 
0.315 30.8

3.0* AAA 0.50 38.0 1.264 54.2 
999.9 - 0.50 38.0 0.608 65.4 

0.50 38.0 0.718 71.6

13.6* ABC 0.40 
999.9 - 0.20 

0.13 
18.2* ABB 0.60 
999.9 B 0.20 

0.30

20.0 
12.0 
20.0 
20.0 
15.0 
20.0

0.029 3.1 
0.041 6.2 
0.041 3.9 
0.046 3.1 
0.112 7.6 
0.093 8.4

C:

1976 0517

0.02 
0.02 
0.10 
0.05 
0.02 
0.05 
0.05 
0.07 
0.06 
0.27 
0.09 
0.27 
0.11 
0.02 
0.08 
0.04 
0.13 
0.20 
0.40 

0.18 
0.53 
0.27 
3.33 
3.03 
3.09 
0.70 
0.76 
1.03 
0.24 
0.26 
0.28 
2.50 
4.10 
5.10 

30.15 
25.29 
23.71 

0.68 
1.18 
1.02 
0.22 
0.94 
0.68



Earhquake 
No. Location, 

Me*, Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(km)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (cm/s) (cm)

8022 San Rocco 
99

0041 Friuli, Italy 
99

0042 Santa Barbara 
03

1976 0915 0315 0.0 6.1 0.0 0.0

1978 0813 6.0 5.1 6.0 0.0 USGS

8023 Buia 
99

8004 Codroipo 
99 

8014 Forgaria Cornino 
99 

8022 San Rocco 
99 

106 Cadhuma Dam Toe 
99

USGS 283 Santa Barbara Couthoime 
01

0043 Tabas, I=n 
02

1978 0916 7.4 7.7 7.4 0.0 69 Bajesman 
99 

70 Boshrooydh 
99 

9102 DMyhool 
01 

71 Fewdow 
99 

72 Kadma 
99 

73 Seddh 
99 

9101 Tabma 
02

17.9* ABA 0.40 15.0 0.013 1.8 
999.9 - 0.20 15.0 0.029 2.3 

0.40 20.0 0.072 4.3

10.8* ABC 0.50 
999.9 - 0.50 

0.50 
36.1* ADD 0.10 
999.9 - 0.10 

0.10 
13.5* ABC 0.50 
999.9 - 0.50 

0.20 
12.7* ABA 0.10 
999.9 - 0.10 

0.10 

36.6* AAA 0.20 
999.9 - 0.10 

0.20 
14.0* CQD 0.10 
0.0 B 0.10 

0.10 

121.2 - 0.05 
999.9 0.02 

0.02 
26.1 -C 0.06 
999.9 - 0.04 

0.04 
17.0* ABA 0.10 
999.9 - 0.10 

0.10 
94A -A 0.04 
999.9 0.02 

0.04 
199.1 - 0.05 
999.9 0.03 

0.02 
164.5 - 0.02 
999.9 0.02 

0.02 
3.0* ABB 0.05 
999.9 - 0.05 

0.05

48.0 
30.0 
33.0 
32.0 
28.0 
25.0 
48.0 
40.0 
42.0 
38.0 
32.0 
33.0 

29.0 
36.0 
30.0 
30.0 
26.0 
30.0

0.074 6.5 
0.110 10.2 
0.091 10.6 
0.013 4.0 
0.030 2.7 
0.019 3.7 
0.095 5.6 
0.260 9.3 
0.212 9.7 
0.058 6.3 
0.060 4.8 
0.134 7.6 

0.024 1.6 
0.072 6.3 
0.034 2.6 
0.077 3.5 
0.102 7.4 
0.203 16.3

0.029 5.7 
15.0 0.094 7.6 
15.0 0.067 5.7 

0.085 11.6 
20.0 0.107 13.7 
20.0 0.089 18.0 

0.183 12.0 
0.328 20.6 
0.406 26.5 
0.053 7.6 

20.0 0.087 5.7 
20.0 0.108 8.6 
20.0 0.026 7.4 
20.0 0.034 10.7 
20.0 0.037 11.4 
20.0 0.013 6.1 
20.0 0.026 5.6 
20.0 0.027 4.1 

0.688 45.6 
0.836 97.8 
0.852 121.4

0.34 
0.48 
0.90 

1.58 
2.22 
1.61 
1.74 
1.21 
1.90 
1.35 
1.07 
1.83 
2.12 
1.14 
1.99 

0.40 
1.26 
0.55 
0.83 
1.80 
2.99 

6.16 
10.77 
10.03 
8.36 
10.50 
18.27 
4.97 
12.56 
8.75 
6.78 
4.61 
9.69 
6.78 
10.60 
7.10 
11.61 
6.42 
4.91 
17.04 
36.92 
94.58

0044 Coyote Lake 1979 0806 1705 5.7 5.7 5.6 0.0 CDMG 57217 CoyoteLake Dom(SW Abut) 3.2 IFA 0.30 30.0 0.121 6.4 0.67



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(kmn)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (cints) (-n)

00

0045 fiperi Valley 
00

1979 1015 2316 6.5 6.6 6.9 0.0

00 

CDMG 47379 Gilroy Array #1 
00 

CDMG 47380 Gilroy Array #2 
00 

CDMG 47381 Gilroy Array #3 
00 

CDMG 57382 Gilroy Array #4 
00 

CDMG 57383 Gilroy Array #6 
00 

CDMG 57191 Halls Valley 
00 

CDMG 1377 San Juan Bautista 
00 

CDMG 1492 SJB Overpass, Bent 3 g.l.  
00 

CDMG 1492 SJB Overpass, Bent 5 g.L 
00 

UNAMUCSD 6616 Aeropuerto Mexicali 
00 

UNAM/UCSD 6618 Asraian 
00 

USGS 5054 Bonds Coiner 
00 

USGS 5060 Brawley Airport 
00 

USGS 5053 Calexic Fin Station 

00 

USGS 5061 Calipatria Fire Sit

1.6 - 0.30 
0.20 

9.3 IFA 0.30 
9.1 A 0.30 

0.25 
7.5 IQD 0.20 
7.4 C 0.20 

0.20 
6.0 IHD 0.30 
5.3 C 0.20 

0.15 
4.5 AHD 0.30 
3.7 C 0.20 

0.12 
3.1 IKB 0.10 
1.2 B 0.08 

0.20 
31.2 IFC 0.50 
30.0 B 0.30 

0.30 
15.6 AQD 0.20 
17.9 B 0.20 

0.20 
17.2 DQD 0.30 
19.2 B 0.60 

0.23 
17.2 DQD 0.30 
19.2 B 0.30 

0.25 

8.5 I-D 0.05 
1.4 C 0.05 

0.05 
12.9 IQD 0.20 
999.9 - 0.05 

0.05 
2.5 AQD 0.10 
2.6 C 0.10 

0.10 
8.5 AQD 0.10 
8.5 C 0.10 

0.10 
10.6 AQD 0.10 
10.6 C 0.10 

0.20 
23.8 BQD 0.10

40.0 
40.0 
40.0 
40.0 
40.0 
50.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
25.0 
25.0 
30.0 
25.0 
40.0 
20.0 
15.0 
15.0 
20.0 
20.0 
20.0 
50.0 
60.0 
60.0 
50.0 
50.0 
60.0

40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0

0.157 10.8 
0.279 20.3 
0.072 2.5 
0.103 3.4 
0.132 8.3 
0.166 7.0 
0.211 10.9 
0.339 24.9 
0.160 5.2 
0.272 18.7 
0.228 28.8 
0.387 11.7 
0.248 23.1 
0.271 26.3 
0.146 12.8 
0.434 49.2 
0.316 24.5 
0.027 1.3 
0.039 2.2 
0.050 4.8 
0.111 4.7 
0.108 7.6 
0.107 7.5 
0.060 2.3 
0.097 5.9 
0.124 7.6 
0.036 2.2 
0.073 5.6 
0.114 7A 

0.142 5.6 
0.327 42.8 
0.260 24.9 
0.835 11.1 
0.370 35.6 
0.221 42.4 
0.425 12.2 
0.588 45.2 
0.775 45.9 
0.146 8.4 
0.160 35.9 
0.220 38.9 
0.187 6.7 
0.275 21.2 
0.202 16.0 
0.055 3.9

1.31 
2.33 
0.41 
0.48 
1.52 
1.18 
2.29 
5.81 
1.26 
3.42 
4.87 
2.47 
2.60 
4.78 
3.92 
7.77 
3.85 
0.13 
0.27 
0.48 
0.95 
0.95 
1.02 
0.21 
0.55 
1.07 
0.23 
0.77 
1.08 

2.31 
10.10 
3.81 
5.17 
10.02 
11.70 
4.02 
16.78 
14.89 
3.49 
22.44 
13.46 
2.49 
9.02 
9.20 
2.76



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. HRF

Closest 
Dist 
(k-)(4)

Site 
Codes 
(5)

Filter Corners 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (an/s) (an)

00 

UNAMIUCSD 6604 Cero Prieto 
00 

UNAM/UCSD 6621 Chihuahua 
00

USGS 5066 Coachella Canal #4 
00

UNAM/UCSD 6622 Conipuertas 
00 

UNAM/UCSD 6617 Cucapah 
00 

UNAM/UCSD 6605 Delta 
00 

CDMG 5154 EC County Center FF 
00 

CDMG 5155 EC Meloland Overpass FF 
00 

USGS 5056 El Cntro Array #1 
00 

USGS 5115 ElCemto Array#2 
00 

USGS 5057 El Centr Array #3 
00 

USGS 955 El Catro Array #4 
00 

USGS 952 El Contro Array #5 
00 

CDMG 942 El Catro Array #6 

00 

USGS 5M28 El Cetro Aray #7

23.0 C 0.10 
0.10 

26.5 AVA 0.10 
23.5 B 0.10 

0.10 
28.7 IQD 0.05 
17.7 C 0.05 

0.05 
49.3 AQD 0.20 
49.0 C 0.20 

0.20 
32.6 IQD 0.20 
23.2 C 0.20 

0.20 
23.6 IQD 0.05 
12.9 C 0.05 

-99.  
43.6 IQD 0.05 
32.7 C 0.05 

0.05 
7.6 IDD 0.10 
7.6 C 0.10 

0.10 
0.5 IDD 0.10 
0.5 C 0.10 

0.10 
15.5 AQD 0.10 
22.0 C 0.10 

0.10 
10.4 IQD 0.10 
16.0 C 0.10 

-99.  
9.3 AQD 0.10 
999.9 D 0.10 

0.10 
4.2 IQD 0.10 
6.8 C 0.10 

0.10 
1.0 IQD 0.10 
4.0 C 0.10 

0.10 
1.0 IQD 0.20 
1.3 C 0.10 

0.10 
0.6 AQD 0.10

40.0 0.128 15.4 
40.0 0.078 13.3 

0.212 6.8 
0.169 11.6 
0.157 18.6 
0.218 5.1 
0.270 24.9 
0.254 30.1 

40.0 0.038 3.6 
40.0 0.115 12.5 
40.0 0.128 15.6 

0.075 2.9 
0.186 13.9 
0.147 9.5 
0.140 3.1 
0.309 36.3 

0.145 14.8 
0.238 26.0 
0.351 33.0 

50.0 0.246 18.1 
40.0 0.213 37.5 
35.0 0.235 68.8 
50.0 0.248 28.9 
40.0 0.314 71.7 
50.0 0.296 90.5 
40.0 0.056 3.8 
40.0 0.139 16.0 
40.0 0.134 10.7 
40.0 0.110 7.6 
40.0 0.315 31.5 

40.0 0.127 8.7 
40.0 0.266 46.8 
40.0 0.221 39.9 
40.0 0.248 16.0 
40.0 0.485 37.4 
40.0 0.360 76.6 
40.0 0.537 38.5 
40.0 0.519 46.9 
40.0 0.379 90.5 
40.0 1.655 57.5 
40.0 0.410 64.9 
40.0 0.439 109.8 
40.0 0.544 26.4

10.91 
6.22 
3.29 
4.25 
7.95 
1.28 
9.08 
12.89 
0.66 
2.33 
2.95 
0.98 
2.92 
2.49 
1.37 
10.44 

8.62 
12.06 
19.02 
9.70 
15.98 
39.35 
8.36 
25.53 
31.71 
2.14 
9.96 
6.97 
5.14 
14.34 

4.70 
18.92 
23.31 
10.66 
20.23 
59.02 
19.69 
35.35 
63.03 
26.41 
27.69 
65.89 
9.32



Earthquake 
No. Location, 

Mach, Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(km)(4)

Site 
Codes 
(5)

Filter Coners 
BP LP 
(hz) (hz)

PGA PGV PGD 
(g) (an/s) (an)

00 

CDMG 958 El Centro Array #8 
00

USGS 

USGS 

USGS 

USGS 

USGS

412 El Centro Array #10 
00 

5058 El Centro Array #11 
00 

931 El Centro Army #12 
00 

5059 El Centro Array #13 
00 

5165 El Centro Differential Array 
00

USGS 5055 Hohville Post Office 
00 

CDMG 724 Niland Fire Station 
00 

USGS 5051 Parachute Test Site 
00 

USGS 5052 PlaterCity 
00 

UNAM/UCSD 6619 SAHOP Cm Floses 
00 

USGS 286 Superstition Mm Camme 
00 

UNAM/IUCD 6610 Victoria 
00 

CDMG 5169 Weaunodand Fire Sta 
00

0.6 C 0.10 
0.10 

3.8 AQD 0.10 
3.8 C 0.10 

0.10 
8.6 AQD 0.10 
8.5 C 0.10 

0.10 
12.6 AQD 0.10 
12.6 C 0.20 

0.10 
18.2 IQD 0.10 
18.0 C 0.10 

0.10 
21.9 AQD 0.20 
22.0 C 0.20 

0.20 
5.3 IQD 0.10 
5.1 C 0.10 

0.10 
7.5 AQD 0.10 
7.5 C 0.10 

0.10 
35.9 AQD 0.10 
36.0 C 0.10 

0.10 
14.2 AQD 0.10 
14.0 B 0.10 

0.10 
31.7 AQD 0.10 
32.0 C 0.10 

0.10 
11.1 I-C 0.20 
8A C 0.20 

0.20 
26.0 AGA 0.10 
26.0 B 0.10 

0.10 
54.1 IQD 0.05 
43.5 C 0.05 

0.20 
15.1 ADD 0.10 
15.0 C 0.10 

0.10

40.0 0.338 47.6 24.68 
40.0 0.463 109.3 44.74 
40.0 0.439 22.3 11.87 
40.0 0.602 54.3 32.32 
40.0 0.454 49.1 35.59 
40.0 0.105 8.8 6.90 
40.0 0.171 47.5 31.10 
40.0 0.224 41.0 19.38 
40.0 0.140 11.1 6.82 
40.0 0.364 34.5 16.07 
40.0 0.380 42.1 18.59 
40.0 0.066 6.7 5.31 
40.0 0.143 17.6 11.30 
40.0 0.116 21.8 12.06 
40.0 0.046 3.2 1.67 
40.0 0.117 14.7 7.33 
40.0 0.139 13.0 5.84 
40.0 0.707 20.7 11.55 
40.0 0.352 71.2 45.80 
40.0 0.480 40.8 14.04 
40.0 0.230 9.9 5.69 
40.0 0.253 48.8 31.54 
40.0 0.221 49.8 31.96 
40.0 0.034 3.8 2.04 
30.0 0.109 11.9 6.88 
40.0 0.069 8.3 5.26 
40.0 0.159 6.8 4.76 
40.0 0.111 17.8 12.35 
40.0 0.204 16.1 9.94 
40.0 0.026 2.4 0.98 
40.0 0.042 3.2 1.34 
40.0 0.057 5.4 1.94 

0.379 9.2 1.53 
0.287 19.6 2.71 
0.506 30.9 5.64 

40.0 0.077 2.3 1.14 
40.0 0.109 5.2 2.21 
40.0 0.195 8.8 2.78 

0.059 1.6 0.68 
0.122 6A 2.09 
0.167 8.3 1.05 

40.0 0.082 6.8 2.58 
40.0 0.074 21.2 16.59 
40.0 0.110 21.9 10.00

1979 1015 2319 5.2 5.2 0.0 0.0 USGS 5054 Bonds Corner

,>

oD46 Imperial Valle 1506 AQD 3.00 35.0 0.052 0.9 0.02



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. RIF

Closest 
Dist 
Qmn)(4)

Site 
Codes

(5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (ca/s) (an-)

00

USGS 5060 
00 

USGS 5053 
00 

6605 
00

USGS 

USGS 

USGS 

USGSUt

USGS 952 
00 

CDMG 942 
00 

USGS 5028 
00 

CDMG 958 
00

USGS 

USGS

Brawley Airport 

Calexico Fire Station 

Delta 

El Centro Array #1 

El Centro Array #2 

El Centro Array #3 

El Catro Array #4 

El Centro Array #5 

El Centro Array #6 

El Cetro Array #7 

El CeItro Army #8 

El C•uto Amy #10 

El Cmtro Array #11 

El Cwtro Diff Aray

5055 Holtville Post Office

412 
00 

5058 
00

USGS 5165 
00

USGS

5056 
00 

5115 
00 

5057 
00 

955 
00

00 999.9 C 0.80 
0.30 

27.0* AQD 1.00 
999.9 C 0.80 

1.00 
15.0* AQD 0.90 
999.9 C 0.45 

0.40 
52.1* IQD 1.00 
999.9 C 0.80 

0.40 
26.1* AQD 0.80 
999.9 C 0.80 

0.70 
20.3* IQD 0.70 
999.9 C 0.60 

1.00 
17.9* AQD 0.60 
999.9 D 0.50 

0.80 
14.4* IQD 0.60 
999.9 C 0.50 

0.45 
13.8* IQD 0.50 
999.9 C 0.70 

0.60 
13.1* IQD 0.40 
999.9 C 0.60 

0.35 
13.1" AQD 0.70 
999.9 C 0.60 

0.40 
13.6* AQD 0.60 
999.9 C 0.70 

0.60 
15.1* AQD 0.60 
999.9 C 1.00 

0.50 
17.2* AQD 0.60 
999.9 C 0.70 

0.45 
13.3* IQD 0.60 
999.9 C 0.60 

0.70 
12.2* AQD 0.80

30.0 
30.0 
40.0 
30.0 
30.0 
40.0 
30.0 
35.0 
25.0 
25.0 
30.0 
40.0 
30.0 
30.0 
40.0 
25.0 
40.0 
40.0 
33.0 
40.0 
40.0 
40.0 
35.0 
50.0 
35.0 
35.0 
50.0 
30.0 
30.0 
50.0 
40.0 
40.0 
50.0 
45.0 
45.0 
35.0 
30.0 
30.0 
40.0 
35.0 
30.0 
40.0 
30.0 
30.0 
40.0

0.084 3.6 
0.100 8.2 
0.026 0.6 
0.034 2.0 
0.067 2.4 
0.035 0.9 
0.116 8.0 
0.068 5.2 
0.023 0.7 
0.059 2.6 
0.112 5.5 
0.027 0.4 
0.080 3.8 
0.029 1.1 
0.032 0.9 
0.150 9.5 
0.072 3.3 
0.031 0.6 
0.179 9.5 
0.112 4.2 
0.097 1.2 
0.262 8.8 
0.157 9.6 
0.079 0.8 
0.238 10.7 
0.239 13.3 
0.080 1.7 
0.189 12.1 
0.366 20.8 
0.0600 .8 
0.132 5.0 
0.192 12.2 
0.067 1.1 
0.120 5.6 
0.145 9.1 
0.021 0.4 
0.066 3.2 
0.037 2.9 
0.055 1.3 
0.124 7.3 
0.173 11.1 
0.097 1.6 
0.169 10.1 
0.135 6.7 
0.044 1.0

0.34 
1.42 
0.02 
0.16 
0.12 
0.05 
0.87 
0.51 
0.04 
0.21 
0.84 
0.03 
0.39 
0.12 
0.06 
0.95 
0.23 
0.07 
0.97 
0.30 
0.13 
0.64 
0.65 
0.07 
0.75 
1.06 
0.10 
1.15 
2.83 
0.06 
0.52 
1.00 
0.08 
0.35 
0.87 
0.06 
0.25 
0.44 
0.08 
0.74 
1.02 
0.08 
0.82 
0.41 
0.08



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. HIF

Closest 
Dist 
(km)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (cm/s) (-r)

00

0047 Inmperal Valley 
00 

0048 Livermore 
00

1979 1016 0658 0.0 5.5 0.0 0.0 CDMG 

1980 0124 1900 5.8 5.8 5.8 0.0 CDMG

5169 Westmorland Fire Sta 
00 

67070 Antioch-510GSt 
00

CDWR 1265 Del Valle Dam (Toe) 
00 

CDMG 57064 Fremont - Mission San Jose 
00 

CDMG 58219 APEEL 3EHaywardCSUH 
00 

CDMG 57134 San Ramon Fire Station 
00 

CDMG 57187 San Ramon - Eastman Kodak 
00 

CDMG 57063 Tracy - Sewage Treatm Plant 
00

0049 Livennore 
00

1980 0127 0233 5.4 5.4 5.5 0.0 CDMG 67070 Antioeh-S1OGSt 
00

CDWR 1265 Del Valle Dam (Toe) 
00 

CDMG 57064 Fremont - Mission San Jose 
00 

CDMG 58219 APEEL 3E Hayward CSUH 
00 

CDMG 5701 Livermore - FRgmdas Ranch 
00 

CDMG 57T0 Livemnoe -Morgan Terr Park 
00

999.9 C 0.60 30.0 0.127 7.3 
0.50 30.0 0.211 15.4 

11.2* ADD 1.00 50.0 0.115 2.0 
999.9 C 0.25 40.0 0.171 11.0 

0.70 40.0 0.089 4.7 

20.3 ACD 0.20 20.0 0.012 1.5 
20.8 B 0.20 13.0 0.051 5.1 

0.20 13.0 0.023 2.6 
12.9 ABB 0.30 30.0 0.083 4.2 
999.9 - 0.10 25.0 0.125 9.3 

0.15 20.0 0.229 20.5 
29.8 AMB 0.13 13.0 0.027 2.3 
33.1 B 0.30 13.0 0.044 4.4 

0.30 20.0 0.055 3.9 
31.0 BKA 0.23 25.0 0,020 1.1 
40.3 B 0.20 25.0 0.072 4.1 

0.20 25.0 0.057 2.7 
21.7 ABB 0.30 20.0 0.016 2.0 
16.7 C 0.15 15.0 0.058 3.3 

0.20 15.0 0.040 4.0 
17.6 ABB 0.40 30.0 0.042 2.8 
15.7 C 0.08 20.0 0.154 18.9 

0.20 20.0 0.076 6.1 
37.3 BQC 0.20 20.0 0.021 3.1 
28.5 C 0.15 20.0 0.050 7.5 

0.08 15.0 0.073 7.6 

30.9 ACD 0.30 15.0 0.015 0.8 
30.9 B 0.20 15.0 0.112 5.8 

0.30 12.0 0.050 2.7 
12.9 ABB 0.30 30.0 0.028 0.8 
999.9 - 0.40 25.0 0.043 1.8 

0.30 20.0 0.041 2.8 
29.8 AMB 0.20 15.0 0.017 1.5 
29.0 B 0.30 15.0 0.035 4.7 

0.25 12.0 0.038 3.3 
31.0 BKA 0.60 25.0 0.014 0.9 
37.8 B 0.30 20.0 0.053 4.5 

0.15 20.0 0.028 1.4 
3.6 ABB 0.30 30.0 0.098 2.5 
4.0 C 0.30 25.0 0.258 9.6 

0.30 20.0 0.233 11.4 
8.0 ABA 0.40 30.0 0.078 4.1 
10.1 B 0.25 30.0 0.198 11.7

0.56 
2.14 

0.15 
2.83 
0.62 

0.47 
0.80 
0.72 
1.00 
3.15 
3.71 
0.55 
0.85 
0.93 
0.20 
0.75 
0.40 
0.40 
1.00 
1.24 
0.45 
6.13 
1.69 
0.98 
2.35 
1.81 

0.11 
0.62 
0.32 
0.13 
0.14 
0.33 
0.23 
0.79 
0.52 
0.09 
0.58 
0.30 
0.17 
0.55 
1.18 
0.39 
1.02



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest Site Filter Comers 
Dist Codes HP LP PGA PGV PGD 
(kmi)(4) (5) (hz) (hz) (g) (cm/s) (-n)

CDMG 57187 San Ramon -Eastman Kodak 
00 

CDMG 57134 San Ramon Fire Station 
00

0050 Anza (Horse Cany) 1980 0225 1047 4.9 0.0 4.7 0.0 USGS 
00

5160 Anza Fire Station 
00

USGS 5044 Anza - Pinyon Flat 
00 

USGS 5045 Anza - Terwilliger Valley 
00 

USGS 5049 Borrego Air Ranch 
00 

USGS 5047 Randco De Anza 
00

0051 Mammoth Lakes 1980 0525 1634 6.3 6.1 6.1 0.0 CDMG 
03

54099 Convict Creek 
00

CDMG 54214 Long Valley dam (Upr L Abut) 
00 

CDMG 54301 Masmoth Lakes H. S.  
00

0052 Mammoth Lakes 1980 0525 1649 5.7 6.0 0.0 0.0 CDMG 
00

54099 Convict Creek 
00

CDMG 54214 Long Valley Dam (Upt L Abmt) 
00 

CDMG 54301 Mammoth Lakes H. S.  
00

0053 Mbamnoth Lakes 1980 0525 1944 6.0 6.1 0.0 0.0 CDMG 
00 (6.7)

54099 Convict Creek 
00

0.40 
17.6 ABB 0.30 
17.7 C 0.20 

0.25 
21.7 ABB 0.40 
25.5 C 0.40 

0.30 

12.1* AHC 0.50 
12.1 A 0.25 

0.60 
13.0* IGA 0.40 
12.0 A 0A0 

0.20 
5.8* I-A 2.00 
5.8 A 1.10 

1.30 
40.6* AAA 0.90 
41.4 B 0.60 

0.70 
19.6* IHC 0.60 
20.6 B 0.60 

0.50 

9.0* AQD 0.20 
999.9 - 0.10 

0.10 
15.5* IVA 0.10 
999.9 - 0.10 

0.10 
14.0* BVD 0.10 
999.9 - 0.50 

0.50 

16.3* AQD 0.50 
999.9 - 0.50 

0.50 
24.3* IVA 0.50 
999.9 - 0.50 

0.50 
14.2* BVD 0.10 
999.9 - 0.50 

0.10

30.0 
30.0 
25.0 
25.0 
20.0 
15.0 
15.0 

30.0 
25.0 
25.0 
30.0 
30.0 
25.0 
30.0 
30.0 
30.0 
40.0 
25.0 
25.0 
40.0 
40.0 
35.0 

41.0 
60.0 
50.0 
40.0 
57.0 
50.0 
60.0 
44.0 
51.0 

47.0 
35.0 
35.0 
27.0 
40.0 
30.0 
60.0 
50.0 
52.0

0.252 9.8 
0.037 4.0 
0.301 19.1 
0.097 5.6 
0.022 1.5 
0.049 3.4 
0.059 4.2 

0.037 1.4 
0.065 3.3 
0.066 2.6 
0.046 1.1 
0.110 2.5 
0.131 5.1 
0.068 1.7 
0.131 3.9 
0.081 1.7 
0.014 0.6 
0.047 2.6 
0.036 1.2 
0.052 1.6 
0.097 6.7 
0.092 6.0 

0.388 20.5 
0.416 23.3 
0.442 23.1 
0.123 8.4 
0.430 23.6 
0.271 13.9 
0.253 11.2 
0.321 15.7 
0.239 144 

0.129 9.0 
0.160 11.3 
0.178 12.2 
0.038 1.5 
0.194 5.1 
0.065 4.4 
0.264 9.0 
0.441 22.5 
0.390 23.9

17.4* AQD 0.20 40.0 0.195 8.5 
999.9 - 0.08 30.0 0.219 18.5 

0.08 35.0 0.208 16.1

-4

1.30 
0.50 
2.82 
0.62 
0.21 
0.43 
0.46 

0.91 
0.36 
0.16 
0.08 
0.11 
0.49 
0.06 
0.17 
0.06 
0.06 
0.28 
0.10 
0.12 
0.55 
0.45 

5.93 
4.66 
5.42 
1.72 
7.52 
3.06 
2.55 
1.57 
1.65 

1.05 
1.95 
2.26 
0.29 
0.65 
0.59 
1.56 
2.28 
2.72 

1.59 
4.87 
2.29



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(kin)(4)

Site 
Codes 
(5)

(5) Qi) Qz) (9) (cn/s) (cm)

Filter Comers 
HP LP (hz) (hz) PGA PGV PGD

CDMG 54214 Long Valley Dam (Downst) 
00 

CDMG 54214 Long Valley Dam (L Abut) 
00 

CDMG 54214 Long Valley Dam (Upr L Abut) 
00

0054 Manunoth Lakes 1980 0525 2035 5.7 5.7 0.0 0.0 CDMG 
00 (5.5)

54099 Convict Creek 
00

CDMG 54214 Long Valley Dam (Downst) 
00 

CDMG 54214 Long Valley Dam (L Abut) 
00 

CDMG 54214 Long Valley Dam (Upr L Abut) 
00

Oo 0055 Mammoth Lakes 
00

1980 0526 1858 0.0 6.1 5.8 0.0 CDMG 54099 Convict Creek 
00

CDMG 54214 Long Valley Dam (Upr L Abut) 
00

0056 Mammoth Lakes 1980 0527 1451 6.0 6.2 6.0 0.0 CDMG 
03

54100 Benton 
00

CDMG 54424 Bishop -Paradise Lodge 
00 

CDMG 54099 Convict Crek 
00 

CDMG 54214 Long Valley Dam (Upr L Abut) 
00

0057 Mammoth•Lakes 1980 0527 1901 4.9 5.0 0.0 0.0 USGS 
00 

USC

43 Flh & Game (FIS) 

00 

3 Green Church

19.7* IVA 0.30 
999.9 - 0.15 

0.20 
19.7* IVA 0.40 
999.9 - 0.35 

0.20 
19.7* IVA 0.35 
999.9 - 0.20 

0.10 

3.0* AQD 0.20 
999.9 - 0.20 

0.20 
14.4* IVA 1.00 
999.9 - 0.50 

0.30 
14.4* IVA 0.30 
999.9 - 0.50 

0.30 
14.4* IVA 0.30 
999.9 - 0.50 

0.40 

10.5* AQD 0.50 
999.9 - 0.50 

0.20 
17.5* IVA 0.50 
999.9 - 0.50 

0.50 

48.6* AQD 0.50 
999.9 - 0.50 

0.50 
43.7* CAA 0.20 
999.9 - 0.20 

0.20 
18.6* AQD 0.10 
999.9 - 0.10 

0.10 
20.0* IVA 0.50 
999.9 - 0.50 

0.20 

5.5* IQD 0.20 
999.9 - 0.20 

0.11 
4.7* IQD 0.80

40.0 
40.0 
35.0 
50.0 
50.0 
50.0 
35.0 
40.0 
40.0 

45.0 
35.0 
35.0 
40.0 
30.0 
30.0 
40.0 
40.0 
40.0 
35.0 
40.0 
40.0 

40.0 
30.0 
31.0 
30.0 
31.0 
23.0 

40.0 
38.0 
33.0 
50.0 
40.0 
40.0 
50.0 
40.0 
40.0 
43.0 
40.0 
51.0 

50.0 
50.0 
40.0 
30.0

0.078 4.4 
0.107 5.9 
0.070 5.5 
0.068 4.0 
0.104 6.6 
0.077 5.4 
0.119 4.3 
0.484 14.2 
0.188 10.8 

0.345 6.2 
0.380 13.3 
0.432 21.0 
0.058 2.1 
0.089 5.0 
0.046 2.3 
0.141 5.0 
0.231 18.3 
0.185 8.0 
0.146 5.0 
0.245 18.5 
0.195 8.0 

0.050 3.8 
0.133 7.8 
0.099 3.8 
0.027 1.2 
0.110 6.0 
0.071 6.3 

0.064 3.1 
0.109 7.0 
0.175 11.2 
0.084 3.0 
0.091 5.5 
0.114 5.3 
0.188 9.6 
0.266 19.1 
0.316 16.2 
0.314 11.7 
0.921 28.9 
0.408 33.9 

0.038 1.7 
0.103 4.2 
0.098 5.2 
0.079 2.2

0.42 
1.21 
1.33 
0.45 
1.06 
1.69 
0.53 
1.77 
3.28 

0.52 
1.16 
2.31 
0.12 
0.59 
0.35 
0.36 
1.56 
0.93 
0.36 
1.56 
0.82 

0.46 
0.82 
0.41 
0.22 
0.63 
0.65 

0.52 
0.98 
1.18 
0.77 
1.48 
1.41 
1.62 
1.74 
3.19 
1.08 
3.17 
6A1 

0.21 
0.37 
0.73 
0.19



Earthquake 
No. Location, 

Mach, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
Omn)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (an/s) (an)

USC 

USC 

USC 

USC

0058 Mammoth Lakes 1980 0531 1516 4.9 5.1 0.0 0.0 USGS 
00

00 

35 
00 

36 
00 

34 
00 

37 
00 

41 
00

USGS 42 
00 

USGS 43 
00 

USGS 44 
00

USC 

USC 

USC 

USC

0059 Vitoaia, Mexiw 
00

1980 0609 0328 0.0 6.1 6.4 0.0 UNAMUCSD

UN AM/UCSD

35 
00 

36 
00 

40 
00 

37 
00

Long Valley Fire Sta 

Mammoth Elan School 

USC Cash Baugh Ranch 

USC McGee Creek Inn 

Cashbough (CBR) 

Convict Lakes (CON) 

Fish & Game (FIS) 

Hot Creek (HCF) 

Long Valley Fire Ste 

Manmoth Elan School 

USC Corvict Lakes 

USC Mc7ee Crack Inn

6604 Cerro Prieto 
0 0 

6621 aiuma 
00

999.9 - 0.25 
0.30 

4.3* ACC 0.70 
999.9 0.70 

0.50 
8.7* AAB 0.60 
999.9 - 0.80 

0.60 
9.9* AQD 0A5 
999.9 - 0.50 

0.40 
1.8* AAD -99.  
999.9 - 0.70 

0.90 

11.8* IQD 0.40 
999.9 - 0.10 

0.20 
8.7* IQB 1.00 
999.9 - 0.80 

0.70 
7.7* IQD 0.60 
999.9 - 0.50 

0.30 
9.9* IQD 0.35 
999.9 - -99.  

-99.  
8.9* AAC 0.80 
999.9 - 0.60 

0.50 
7.3* AAB 0.45 
999.9 - 0.30 

0.40 
9.1* AAB 0.30 
999.9 - 0.50 

0.80 
74* AAD 0.50 
999.9 - 1.00 

0.60 

34.8* AVA 0.20 
999.9 B 0.20 

0.20 
36.6* IQD 0.20 
999.9 C 0.20 

0.20

25.0 0.167 10.7 
30.0 0.170 12.1 
20.0 0.018 1.0 
25.0 0.022 1.7 
20.0 0.031 1.6 
20.0 0.015 1.3 
20.0 0.050 2.8 
15.0 0.078 5.0 
20.0 0.025 1.9 
25.0 0.031 3.3 
20.0 0.038 2.9 

30.0 0.325 8.6 
25.0 0.131 5.0

80.0 
60.0 
60.0 
70.0 
60.0 
70.0 
60.0 
60.0 
50.0 
100.0 

20.0 
20.0 
20.0 
30.0 
15.0 
20.0 
40.0 
30.0 
30.0 
30.0 
20.0 
30.0

0.093 4.1 
0.106 2.6 
0.134 6.7 
0.114 2.0 
0.196 4.0 
0.206 6.5 
0.081 3.3 
0.281 9.5 
0.145 10.2 
0.049 1.8 

0.019 0.7 
0.026 1.2 
0.031 1.5 
0.045 1.5 
0.099 6.1 
0.091 6.1 
0.050 1.5 
0.164 6.0 
0.141 2.9 
0.179 3.6 
0.053 13.4 
0.184 5.5

62.5 0.304 12.1 
62.5 0.621 31.6 
62.5 0.587 19.9 
23.0 0.098 5.5 
22.0 0.150 24.8 
27.0 0.092 15.6

1.05 
1.06 
0.10 
0.24 
0.15 
0.19 
0.26 
0.30 
0.22 
0.46 
0.36 

0.53 
0.33 

0.22 
0.28 
0.40 
0.12 
0.29 
0.44 
0.27 
0.52 
1.19 
0.20 

0.06 
0.17 
0.12 
0.29 
0.57 
0.51 
0.16 
0.48 
0.20 
0.12 
0.44 
028 

4.9 
13.2 

9.4 
2.6 
9.2 
9.9



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest Site 
Dist Codes 
(km)(4) (5)

Filter Comers 
HP LP PGA PGV PGD 
(hZ) (hz) (g) (an/s) (an)

UN AM/UCSD 

UN AM/UCSD 

UN AM/UCSD 

0060 Mammoth Lakes 1980 0611 0441 0.0 5.0 0.0 0.0 USGS 
00 

USGS 

USC

6617 Cocapah 
00 

6619 SAHOPCasa Flores 
00 

6624 Victoria Hospital Sotano 
00

42 
00

Convict Lakes (CON)

43 Fish & Game (FIS) 
00

3 
00

USGS 44 
00

USC 

USC 

USGS 

USC 

USC

0061 Trinidad 
99

1980 1108 1027 0.0 0.0 0.0 0.0 CDMG

35 
00 

36 
00 

45 
00 

40 
00 

52 
00

Greaw Church 

Hot Creek (HCF) 

Long Valley Fire Sta 

Mammoth Elan School 

McGee Creek (MGE) 

USC Convict Lakes 

USC McGee Creek

1498 Rio Dell Oveapass E Ground 
99

CDMG 1498 Rio Dell Oveipam, FF 
99 

CDMG 1498 Rio Dell Overpass, W Groud 
99

41.9* IQD 0.20 49.0 0.067 10.9 
999.9 C 0.20 44.0 0.092 13.1 

-99.  
58.3* I-C 0.50 62.5 0.047 2.4 
999.9 C 0.20 28.0 0.101 7.8 

0.20 27.0 0.068 9.0 
62.6* -D 0.50 62.5 0.024 1.9 
999.9 - 0.20 26.0 0.045 5.2 

0.20 62.5 0.032 5.3 

7.6* IQB 1.50 80.0 0.091 1.1 
999.9 - 0.80 80.0 0.191 2.4 

1.50 70.0 0.183 2.2 
11.2* IQD 0.90 50.0 0.029 0.5 
999.9 - 0.90 60.0 0.061 1.6 

0.60 50.0 0.055 1.1 
12.0* IQD 1.00 30.0 0.024 0.5 
999.9 - 0.60 25.0 0.023 1.5 

0.40 30.0 0.033 1.4 
12.8* IQD 0.60 80.0 0.022 0.5 
999.9 - 0.60 60.0 0.065 1.3 

0.50 50.0 0.099 1.5 
14.2* AAC 0.60 20.0 0.004 0.3 
999.9 - 0.60 20.0 0.015 0.4 

0.60 20.0 0.006 0.3 
12.3* AAB -99.  
999.9 - 0.50 13.0 0.012 0.6 

0.80 15.0 0.018 0.8 
11.9* IQC 2.00 60.0 0.036 0.7 
999.9 - 1.00 70.0 0.066 1.4 

1.00 60.0 0.056 1.2 
9.1* AAB 1.00 40.0 0.038 0.4 
999.9 - 2.00 30.0 0.030 0.6 

2.00 30.0 0.046 0.6 
11.1* AAA 1.30 40.0 0.090 0.8 
999.9 - 0.70 35.0 0.078 1.6 

1.00 25.0 0.211 3.0 

71.9* APC 0.10 35.0 0.050 4.1 
999.9 B 0.10 45.0 0.163 9.0 

0.10 40.0 0.134 9.9 
71.9* IIC 0.10 30.0 0.028 2.7 
999.9 B 0.10 30.0 0.061 7.0 

0.10 30.0 0.147 8.5 
71.9* APC 0.10 40.0 0.041 3.7 
999.9 B 0.10 40.0 0.150 9.1

,0

5.1 
5.6 

0.5 
2.6 
2.1 
0.6 
2.5 
1.7 

0.03 
0.08 
0.05 
0.04 
0.07 
0.06 
0.03 
0.16 
0.14 
0.05 
0.05 
0.10 
0.04 
0.06 
0.03 

0.06 
0.05 
0.03 
0.08 
0.07 
0.02 
0.02 
0.02 
0.03 
0.10 
0.09 

4.06 
9.02 
9.89 
2.72 
7.03 
8.48 
3.66 
9.09



Earthquake 
No. Location, 

Mach, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(k-)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (an/s) (cm)

0.10 40.0 0.156 11.2 11.20

0062 TaiwanSMARTI(5) 1981 0129 
02

0063 Westmorland 
00

0.0 6.3 5.7 0.0 SMARTI COO 

SMARTI 106 

SMART1 112 

SMARTI MO0 

SMARTI M07 

SMARTI 001 

SMARTI 007

25 
99 

26 
99 

27 
99 

28 
99 

29 
99 

30 
99 

31 
99 

5060 
00

54099 Corvct Craek 
99

Bnwley Airport 

Niland Fire Station 

Parachute Test Site 

Sahon Sea Wildlife Ref.  

Superstiion Mtn Came 

Wesmnodand Fire Sta

1981 0426 1209 5.8 5.6 0.0 0.0 USGS

CDMG 724 
00

USGS 

USGS

5051 
00 

5062 
00

USGS 286 
00 

CDMG 5169 
00

0064 Maninoh Lakes 1983 0107 0138 0.0 5.2 0.0 0.0 CDMG 
99

21.0 IZD 0.20 25.0 0.043 1.7 0.40 
999.9 - 0.50 25.0 0.096 6.0 0.91 

0.20 25.0 0.114 13.4 1.93 
21.0 IZD 0.50 25.0 0.032 1.3 0.28 
999.9 - 0.50 25.0 0.090 4.2 0.81 

0.50 25.0 0.077 9.8 1.50 
21.0 IZD 0.20 25.0 0.060 2.0 0.46 
999.9 - 0.10 25.0 0.140 5.1 1.20 

0.10 25.0 0.113 12.5 2.14 
21.0 IZD 0.10 25.0 0.095 2.4 0.35 
999.9 - 0.10 25.0 0.082 4.8 1.00 

0.10 25.0 0.178 15.9 2.19 
21.0 IZD 0.20 25.0 0.050 1.5 0.34 
999.9 - 0.10 25.0 0.111 5.6 0.86 

0.10 25.0 0.109 10.9 1.74 
21.0 IZD 0.20 25.0 0.032 1.3 0.35 
999.9 - 0.20 25.0 0.089 6.4 0.91 

0.20 25.0 0.115 13.7 2.23 
21.0 IZD 0.20 25.0 0.028 1.9 0.42 
999.9 - 0.10 25.0 0.086 6.9 0.92 

0.20 25.0 0.080 11.7 2.18 

22.0* AQD 0.60 40.0 0.101 2.2 0.23 
999.9 C 0.15 40.0 0.169 12.7 3.09 

0.70 33.0 0.171 5.8 0.48 
19.4* AQD 0.25 40.0 0.126 2.9 0.47 
999.9 C 0.30 33.0 0.105 5.6 0.69 

0.30 33.0 0.176 6.6 0.80 
24.1* AQD 0.35 35.0 0.157 11.2 1.78 
999.9 B 0.10 30.0 0.242 39.2 26.88 

0.10 33.0 0.155 26.6 12.97 
10.1* AQD 0.25 50.0 0.214 4.8 1.08 
999.9 D 0.07 33.0 0.199 16.4 4.45 

0.08 33.0 0.176 12.3 2.33 
26.5* AGA 0.70 35.0 0.045 1.3 0.09 
999.9 B 0.70 30.0 0.071 3.6 0.24 

0.70 30.0 0.116 5.0 0.49 
13.3* ADD 0.90 40.0 0.838 10.4 0.46 
999.9 C 0.08 40.0 0.368 48.7 10.61 

0.05 40.0 0.496 34.4 10.89 

9.5* AQD 0.20 40.0 0.097 7.9 1.65 
999.9 - 0.15 30.0 0.165 14.4 2.05 

0.15 30.0 0.153 18.7 2.88



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. HF

Closest 
Dist 
(krn)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (an/s) (an)

0065 Mammoth Lakes 1983 0107 0324 0.0 5.4 0.0 0.0 CDMG 
99

0066 Coalinga 
03

1983 0502 2342 6.4 6.7 6.5 0.0 CDMG

54099 Convict Creek 
99

46314 Cantua Creek School 
99

CDMG 36452 Parkfield - Cholame 1E 
99 

CDMG 36230 Parkfield - Cholame 2E 
99 

CDMG 36228 Parkfield - Cholame 2WA 
99 

CDMG 36450 Parkfield - Cholame 3E 
99 

CDMG 36410 Parkfield-Cholame3W 
99 

CDMG 36412 Parkfield - Cholame 4AW 
99 

CDMG 36411 Parkfield - Cholame 4W 
99 

CDMG 36227 Partifelda - holume 5W 
99 

CDMG 36451 Paukfield -Cholane 6W 
99 

CDMG 36226 Parkfield - Cholame 8W 
99 

CDMG 36229 Paitdield - Cholame 12W 
99 

CDMG 36407 Purkfied -Fank Zme 1 
99 

CDMG 36413 Pazkfield -Fanlt Zoe 2 
99

10.8* AQD 0.30 40.0 0.073 5.7 
999.9 - 0.40 30.0 0.150 8.4 

0.20 30.0 0.101 7.1

25.5 AHD 0.20 
999.9 - 0.20 

0.20 
41.6 IHD 0.50 
999.9 - 0.20 

0.20 
40.5 UB 0.50 
999.9 0.50 

0.20 
42.8 IHD 0.20 
999.9 - 0.20 

0.20 
38.4 IMA 0.20 
999.9 - 0.20 

0.20 
43.9 IHC 0.20 
999.9 - 0.20 

0.20 
46.0 IHC 0.50 
999.9 - 0.20 

0.20 
44.7 IHC 0.20 
999.9 - 0.20 

0.20 
47.3 IHC 0.50 
999.9 C 0.20 

0.20 
49.0 IHC 0.20 
999.9 - 0.50 

0.20 
50.7 IQD 0.20 
999.9 C 0.20 

0.50 
55.2 IQD 0.20 
999.9 - 0.20 

0.20 
40.4 IHD 0.20 
999.9 - 0.20 

0.20 
37.9 IHD 0.50 
999.9 - 0.20

26.0 
23.0 
23.0 
30.0 
20.0 
20.0 
26.0 
23.0 
22.0 
23.0 
22.0 
26.0 
26.0 
23.0 
22.0 
27.0 
21.0 
24.0 
33.0 
21.0 
20.0 
30.0 
21.0 
23.0 
30.0 
22.0 
22.0 
30.0 
21.0 
28.0 
27.0 
23.0 
21.0 
30.0 
23.0 
21.0 
31.0 
20.0 
21.0 
33.0 
22.0

0.094 5.1 
0.227 23.6 
0.281 25.8 
0.059 6.6 
0.090 10.8 
0.089 15.2 
0.017 2.3 
0.026 2.9 
0.037 5.4 
0.044 5.1 
0.109 11.3 
0.114 9.6 
0.024 3.0 
0.044 4.4 
0.056 6.5 
0.034 4.5 
0.098 7.6 
0.084 8.3 
0.022 2.0 
0.047 5.0 
0.078 8.0 
0.041 3.5 
0.136 11.3 
0.136 9.1 
0.034 2.3 
0.147 10.8 
0.131 10.0 
0.037 3.2 
0.126 11.0 
0.102 9.9 
0.024 3.3 
0.098 8.6 
0.100 8.0 
0.023 3.0 
0.040 4.2 
0.053 5.5 
0.040 8.6 
0.194 23.3 
0.111 17.8 
0.039 3.8 
0.116 22.7

t-o

0.75 
0.97 
1.50 

1.86 
5.83 
3.71 
1.82 
2.66 
2.64 
0.52 
0.62 
1.40 
1.39 
2.60 
1.79 
0.60 
1.61 
1.75 
1.46 
1.86 
1.41 
0.50 
0.90 
1.32 
0.87 
1.79 
1.42 
1.14 
1.07 
1.28 
0.62 
1.34 
1.26 
0.90 
1.53 
1.25 
1.08 
1.01 
1.57 
2.45 
7.82 
4.79 
0.94 
6.05



Earthquake Date & Time Magnitude (2) Station (3) Closest Site Filter Comers 
No. Location. Descuiption Dist Codes HP LP PGA PGV PGD 

Me*h, Dip (1) YR MODY HRMN M ML MS OTH No. H/F (kin)(4) (5) (hz) (hz) (g) (cm/s) (an) 

0.20 25.0 0.133 19.7 4.40 
CDMG 36408 Parkfield-FaultZone3 36.4 IHD 0.10 31.0 0.049 6.0 2.32 

99 999.9 - 0.10 27.0 0.140 13.7 4.76 
0.10 22.0 0.164 24.5 4.94 

CDMG 36414 Padkfeld - Fault Zone 4 34.3 IPB 0.20 30.0 0.046 6.2 2.29 
99 999.9 - 0.20 22.0 0.067 12.6 3.36 

0.20 28.0 0.120 20.4 4.43 
CDMG 36454 Parkfield - Fault Zone 6 32.8 IPB 0.20 31.0 0.026 5.0 1.74 

99 999.9 - 0.20 24.0 0.055 9.1 3.85 
0.20 24.0 0.056 11.6 3.19 

CDMG 36431 Parkfield - Fault Zone 7 31.0 IQC 0.20 31.0 0.054 7.8 1.88 
99 999.9 - 0.20 30.0 0.122 21.1 7.34 

0.20 30.0 0.119 14.9 3.36 
CDMG 36449 Parkfield - Fault Zone 8 29.6 IMB 0.20 29.0 0.054 4.9 1.66 

99 999.9 - 0.20 21.0 0.131 17.3 4.21 
0.20 27.0 0.116 14.2 1.71 

CDMG 36443 Paikfield - Fault Zone 9 31.9 IPB 0.20 30.0 0.026 3.8 1.61 
99 999.9 - 0.20 23.0 0.057 9.4 2.91 

0.20 28.0 0.050 8.9 2.46 
CDMG 36444 Parkfield - Fault Zone 10 30.4 IQD 0.20 26.0 0.043 5.8 2.57 

99 999.9 - 0.20 24.0 0.073 15.3 7.05 
0.20 21.0 0.131 16.1 3.15 

CDMG 36453 Parkfield - Fault Zone 11 28.4 IMB 0.20 28.0 0.042 4.8 1.80 
99 999.9 - 0.20 21.0 0.097 11.9 2.35 

0.20 28.0 0.087 6.6 1.83 
CDMG 36138 Parkfield - Fault Zone 12 29.5 IHC 0.20 27.0 0.070 7.9 2.10 

99 999.9 - 0.20 20.0 0.110 12.1 3.26 
0.20 20.0 0.112 14.6 5.69 

CDMG 36456 Parkfield- FaultZone 14 29.9 IHC 0.10 30.0 0.097 11.4 4.13 
99 999.9 - 0.20 23.0 0.282 40.9 8.10 

0.10 23.0 0.274 28.3 5.10 
CDMG 36445 Pazkfield-FaultZone 15 29.9 IQB 0.20 24.0 0.084 10.4 2.08 

99 999.9 - 0.20 20.0 0.168 21.2 4.91 
0.20 22.0 0.117 14.1 2.94 

CDMG 36457 Pazkfield- Fault Zme 16 28.1 IQC 0.20 30.0 0.061 6.5 1.92 
99 999.9 - 0.20 26.0 0.195 17.7 3.48 

0.20 27.0 0.122 12.0 1.83 
CDMG 36415 PMkfield-Gold HiU 1W 46.5 [HD 0.20 30.0 0.035 4.7 1.53 

99 999.9 - 0.20 24.0 0.119 16.7 4.54 
0.20 22.0 0.065 10.1 2.57 

CDMG 36421 Pukfleld - Gold Hill 2E 32.3 IQD 0.20 32.0 0.035 3.3 0.90 
99 999.9 - 0.20 30.0 0.072 6.5 1.73 

0.20 30.0 0.076 7.6 1.40 

CDMG 36416 Pakild - Gold Hill 2W 36.6 IPB 0.20 32.0 0.036 4.4 1.58 
99 999.9 - 0.20 21.0 0.083 11.4 3.72



Earthquake 
No. Location.  

Mech. Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest Site Filter Comers 
Dist Codes HP LP PGA PGV PGD 
(kin)(4) (5) (hz) (hz) (g) (can/s) (can)

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG

36439 Parkfieid - Gold Hill 3E 
99 

36420 Parkfield - Gold Hill 3W 
99 

36433 Parkfield - Gold Hill 4W 
99 

36434 Parkfield - Gold Hill 5W 
99 

36432 Parkfield - Gold Hill 6W 
99 

36422 Parkdield - Stone Corral 2E 
99 

36437 Parkfield - Stone Corral 3E 
99 

36438 Parkfield - Stone Corral 4E 
99 

36455 Parkfield - Vineyard Cany IE 
99 

36448 Parikfield - Vineyard Cany 1W 
99 

36177 Parkfield -Vineyard Cany 2E 
99 

36447 Parkfield- Vineyrod Cany 2W 
99 

36176 Parkfield - Vineyard Cany 3W 
99 

36446 Parkfield - Vineyard Cany 4W 
99 

36440 Pa•kfild -Vineyard Cany 5W 
99

29.2 
999.9 

38.8 
999.9 

41.0 
999.9 

43.7 
999.9 

48.0 
999.9 

34.4 
999.9 

31.8 
999.9 

29.6 
999.9 

26.7 
999.9 

29.5 
999.9 

24.6 
999.9 

30.7 
999.9 

32.3 
999.9 

34.6 
999.9 

37.1 
999.9

IQD 

IPB 

IPB 

IPB 

IPC 

IMA 

IMA 

IMA 

iQC 

iQC 

IFA 

IHC 

IPA 

DMB 

IHB

0.20 20.0 0.074 11.7 
0.20 30.0 0.054 8.4 
0.20 26.0 0.094 11.0 
0.20 27.0 0.072 6.4 
0.20 36.0 0.067 7.5 
0.20 30.0 0.137 11.0 
0.20 30.0 0.122 9.0 
0.20 30.0 0.029 4.9 
0.20 31.0 0.056 8.1 
0.20 30.0 0.097 6.3 
0.20 30.0 0.034 3.9 
0.20 26.0 0.073 8.5 
0.20 30.0 0.054 5.9 
0.20 30.0 0.037 3.2 
0.20 30.0 0.059 8.2 
0.20 30.0 0.069 7.4 
0.20 35.0 0.033 4.0 
0.20 25.0 0.061 8.1 
0.20 30.0 0.095 7.1 
0.20 30.0 0.033 3.6 
0.20 23.0 0.151 8.7 
0.20 30.0 0.106 8.1 
0.20 26.0 0.030 3.0 
0.20 21.0 0.063 8.2 
0.20 22.0 0.072 6.7 
0.20 26.0 0.082 10.4 
0.20 24.0 0.167 20.9 
0.20 23.0 0.230 27.6 
0.50 28.0 0.068 6.1 
0.50 26.0 0.081 8.2 
0.50 23.0 0.087 11.1 
-99.  
0.20 30.0 0.161 16.2 
-99.  
0.20 40.0 0.057 5.2 
0.20 30.0 0.073 7.4 
0.20 30.0 0.083 6.9 
0.20 31.0 0.056 6.2 
0.20 30.0 0.098 11.8 
0.20 30.0 0.137 13.5 
0.20 30.0 0.024 2.8 
0.20 30.0 0.064 6.5 
0.20 27.0 0.046 4.2 
0.20 30.0 0.048 4.9 
0.20 21.0 0.062 6.9

2.64 
1.50 
2.87 
1.56 
1.77 
2.76 
1.74 
1.53 
2.28 
1.86 
1.53 
2.62 
1.55 
0.80 
1.55 
1.21 
1.65 
2.65 
1.75 
1.06 
2.92 
1.39 
0.89 
2.33 
1.39 
3.03 
5.03 
6.21 
1.49 
2.12 
2.41 

3.30 

1.54 
1.47 
1.22 
1.75 
2.95 
2.57 
0.64 
1.37 
0.95 
1.09 
1.47



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest Site Filter Comers 
Dist Codes HP LP PGA PGV PGD 
(k-)(4) (5) (hz) (hz) (g) (cm/s) (cm)

CDMG 

USGS 

USGS 

CDMG

0067 Coalinga 
02

>N 
U'

1983 0509 0249 5.0 5.3 4.7 0.0 USGS 

USGS 

USGS 

CDMG 

USGS 

CDMG 

CDMG 

USGS 

USGS 

USGS 

USGS

36441 Parkfield - Vineyard Cany 6W 

1162 Pleasant Valley P.P. - bldg 
01 

1162 Pleasant Valley P.P. - yard 
01 

46175 Slack Canyon 
01 

4 ALP (temp) 
99 

1607 Anticline Ridge Free-field 
99 

1607 Anticline Ridge Pad 
99 

46T05 Anticline Ridge -Palmer Ave 
99 

1606 Burnett Construction 
99 

46T04 CHP (temp) 
99 

46To7 Harris Ranch - Hdqtrs (temp) 
99 

5 LLN (temp) 
99 

6 Mrr (taep) 
99 

1604 OH City 
99 

1608 Oil Felds Fire Staion 
99

41.0 
999.9 

8.5 
999.9 

8.5 
999.9 

27.7 
999.9 

19.9* 
999.9 

12.6* 
999.9 

12.6* 
999.9 

12.6* 
999.9 

17.7* 
999.9 

16.7* 
999.9 

17.8* 
999.9 

13.1* 
999.9 

12.5* 
999.9 

13.3* 
999.9 

12.1* 
999.9

IPC 

AHD 

AHD 

IGA 

IQD 

IPA 

APA 

APB 

AHD 

AHD 

AHD 

IPA 

IQD 

APB 

APA

-99.  
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 

0.30 
0.20 
0.20 
2.00 
0.40 
0.50 
0.60 
0.50 
0.60 
1.00 
0.35 
0.40 
0.40 
0.50 
0.40 
0.80 
0.40 
0.50 
0.70 
0.70 
0.40 
0.40 
0.30 
0.30 
0.40 
0.15 
-99.  

0.70 
0.50 
0.70 
0.70 
0.70

30.0 
25.0 
27.0 
30.0 
20.0 
22.0 
31.0 
40.0 
31.0 
21.0 
21.0 
21.0 

35.0 
30.0 
30.0 
30.0 
30.0 
40.0 
45.0 
40.0 
35.0 
30.0 
25.0 
25.0 
30.0 
30.0 
25.0 
30.0 
25.0 
20.0 
20.0 
20.0 
15.0 
50.0 
50.0 
40.0 
50.0 
50.0 

40.0 
30.0 
30.0 
30.0 
30.0

0.038 4.8 
0.054 9.5 
0.076 5.4 
0.206 12.3 
0.380 32.4 
0.285 19.1 
0.353 16.1 
0.592 60.2 
0.551 36.4 
0.053 6.8 
0.166 16.1 
0.153 13.3 

0.018 1.0 
0.040 2.9 
0.021 1.5 
0.250 4.3 
0.576 16.5 
0.673 20.4 
0.380 8.1 
0.452 16.8 
0.412 23.2 
0.049 1.7 
0.292 12.1 
0.216 9.2 
0.077 2.0 
0.095 3.5 
0.095 4.5 
0.047 1.7 
0.145 5.2 
0.114 6.0 
0.071 1.8 
0.080 2.9 
0.154 6A 
0.059 2.2 
0.130 7.8 
0.076 3.8 
0.158 3.8 
0.130 4.6 

0.098 3.0 
0.250 9.3 
0.284 9.3 
0.147 2.9 
0.247 7.9

1.62 
2.76 
1.82 
2.53 
6.43 
2.59 
2.35 
8.77 
3.96 
2.42 
4.19 
2.72 

0.09 
0.39 
0.16 
0.11 
0.96 
1.18 
0.22 
0.85 
1.27 
0.10 
0.78 
0.64 
0.15 
0.37 
0.35 
0.12 
0.47 
0.33 
0.10 
0.13 
0.67 
0.18 
0.49 
0.38 
0.30 
0.48 

0.13 
0.71 
0.39 
0.11 
0.34



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. HIF

Closest 
Dist 
0kn)(4)

Site 
Codes (5)
(5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (ri/s) (cm)

CDMG 46T06 Oil fields -Skunk Hollow 
99

USGS 

USBR 

USGS 

USGS 

USGS

1609 Palmer Ave 
99 

1162 Pleasant Valley P.P. - yard 
99

7 
99

SGT (temp)

1605 Skunk Hollow 
99

8 
99

SUB (temp)

CDMG 1703 Sulphur Baths (tanp) 
99

USGS 

USGS 

USGS

0068 Coalinga 
02

1983 0611 0309 5.3 5.2 5.4 0.0 USGS

9 TRA (temp) 
99 

10 VEW (tcmp) 
99 

11 YUB (tamp) 
99 

1606 Bumett Constnruion 
99

CDMG 46-104 CHP (temp) 
99 

CDMG 1703 Sulphur Baths (temp) 
99

0069 Coahog 
02

1983 0709 0740 5.2 5.4 4.9 0.0 USGS 
(5.3 )

USGS

1607 Antdine Ridge Free.Field 
99 

1607 Aticline Ridge Pad

0.60 
12.7* APA 1.00 
999.9 - 0.50 

0.50 
12.7* APB 1.00 
999.9 - 0.50 

0.30 
14.6* AHD 0.40 
999.9 - 0.20 

0.50 
14.1* IZA 0.30 
999.9 - 0.10 

0.10 
12.4* APA 0.70 
999.9 - 0.30 

0.30 
14.5* IQD 0.40 
999.9 - 0.15 

0.10 
20.3* APA 0.50 
999.9 - 0.60 

0.80 
14.9* IQD 0.10 
999.9 - 0.20 

0.20 
12.6* IPA 0.08 
999.9 - 0.05 

0.05 
20.1* IQD -99.  
999.9 - 0.60 

0.40 

10.5* AHD 0.20 
999.9 - 0.15 

0.15 
10.0* AHD 0.20 
999.9 - 0.10 

0.10 
9.7* APA 0.20 
999.9 - 0.20 

0.20

11.0* 
999.9 

11.0*

IPA 0.30 
0.30 
0.45 

APA 0.30

30.0 0.178 5.0 0.26 
35.0 0.082 1.7 0.07 
35.0 0.313 9.3 0.41 
25.0 0.343 10.8 0.56 
30.0 0.095 2.1 0.13 
15.0 0.202 7.5 0.34 
20.0 0.289 13.6 0.75 
30.0 0.102 2.6 0.16 
30.0 0.078 9.5 1.04 
25.0 0.220 9.3 0.50 
50.0 0.071 2.7 0.15 
60.0 0.139 5.8 0.70 
60.0 0.244 7.4 0.68 
35.0 0.077 1.9 0.12 
25.0 0.171 6.1 0.49 
25.0 0.104 4.6 0.37 
50.0 0.079 2.0 0.15 
35.0 0.116 5.9 0.85 
40.0 0.216 12.2 1.42 
20.0 0.005 0.3 0.06 
15.0 0.008 0.5 0.04 
20.0 0.004 0.3 0.03 
50.0 0.079 4.9 0.36 
35.0 0.131 9.4 0.97 
30.0 0.088 6.9 0.70 
60.0 0.065 1.5 0.19 
60.0 0.146 8.7 1.09 
60.0 0.121 7.8 0.75 

40.0 0.034 1.3 0.10 
40.0 0.022 0.9 0.07

30.0 
25.0 
20.0 
15.0 
15.0 
15.0 
20.0 
20.0 
20.0 

40.0 
30.0 
40.0 
30.0

0.083 4.1 
0.165 8.0 
0.191 10.0 
0.028 3.8 
0.055 5.8 
0.061 4.7 
0.034 3.5 
0.044 5.1 
0.037 4.5 

0.115 3.7 
0.330 16.1 
0.275 8.9 
0.137 4.7

0.80 
2.43 
1.91 
0.76 
1.96 
1.95 
1.47 
2.29 
1.64 

0.43 
1.20 
0.46 
0.34

0>



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
Oun)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (an/s) (an)

99

USGS 1606 Burnett Constrution 
99

CDMG 46T04 CHP (temp) 
99

USGS 

USGS 

USGS 

USGS 

USGS
!~.

1604 Oil City 
99 

1608 Oil Fields Fire Station- FF 
99 

1608 Oil Fields Fire Stn -Pad 
99 

1609 Palmer Ave 
99 

1605 Skunk Hollow 
99

CDMG 1703 Sulphur Baths (temp) 
99

070 Coalinga 
02

1983 0722 0239 5.8 6.0 5.7 0.0 USGS 
(5.9 )

1651 Tranwmitter Hill 
99 

1606 Burett Construction 
99

CDMG 46T04 CHP (tamp) 
99 

USGS 1604 OilCity 
99 

USGS 1608 Oil Field Fire Sation - FF 
99 

USGS 1608 Oil Fields Fire Station Pad 

99 

USGS 1609 Pklsner Ave

999.9 - 0.40 
0.40 

15.9* AHD 0.40 
999.9 - 0.50 

0.40 
14.9* AHD 0.45 
999.9 - 0.30 

0.30 
10.0* APB 0.40 
999.9 - 0.20 

0.20 
11.9* IPA 0.25 
999.9 - 0.60 

0.12 
11.9* APA 0.40 
999.9 - 0.10 

0.40 
14.0* APB 0.60 
999.9 - 0.60 

0.50 
12.6* APA 0.50 
999.9 - 0.40 

0.30 
17.0* APA 0.50 
999.9 - 0.35 

0.40 
10.4* APA 0.30 
999.9 - 0.20 

0.30 

10.5 AHD 0.10 
999.9 0.30 

0.50 
10.0 AHD 0.30 
999.9 - 0.40 

030 
8.2 APB 0.60 
999.9 - 0.15 

0.80 
10.9 IPA 0.10 
999.9 - 0.20 

0.10 
10.9 APA 0.10 
999.9 - 0.05 

0.0: 
12.2 APB 0.20

USGS

30.0 
25.0 
30.0 
30.0 
30.0 
30.0 
25.0 
25.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
25.0 
25.0 
25.0 
20.0 
20.0 
30.0 
30.0 
20.0 
30.0 
30.0 
25.0 
30.0 
25.0 
30.0 

30.0 
30.0 
25.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
25.0 
25.0

0.378 16.1 
0.261 9.2 
0.074 3.2 
0.119 6.6 
0.149 7.7 
0.079 2.4 
0.204 8.0 
0,171 5.4 
0.210 4.6 
0.387 13.8 
0.370 12.4 
0.062 2.0 
0.088 3.0 
0.096 4.1 
0.073 1.9 
0.094 3.4 
0.109 4.0 
0.073 2.1 
0.109 3.2 
0.211 7.0 
0.161 3.1 
0.187 6.4 
0.141 6.2 
0.041 1.0 
0.055 2.2 
0.074 1.5 
0.114 3.3 
0.205 12.0 
0.194 9.9 

0.210 10.2 
0.269 14.2 
0323 16.2 
0.204 7.1 
0.324 14.4 
0.605 20.7 
0.56i 12.5 
0.866 42.2 
0.447 24.8 
0.135" 7.7 
0.219 14.0 
0.187 14.8 
0.152 8.5 
0.217 18.1 
0.210 14.8 
0.201 6.9

1.03 
0.53 
0.26 
0.50 
0.52 
0.22 
0.62 
0.38 
0.29 
1.59 
0.89 
0.22 
0.26 
0.71 
0.20 
0.53 
0.32 
0.10 
0.24 
0.43 
0.19 
0.32 
0.37 
0.09 
0.21 
0.15 
0.35 
1.34 
0.87 

1.09 
2.32 
1.43 
1.10 
1.39 
2.32 
1.20 
6.14 
223 
2.82 
2.85 
3.82 
3.19 
2.90 
4.39 
1.35



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(kin)(4)

Site 
Codes 
(5)

Filter Corners 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (an/s) (an)

99

USBR 

USBR 

USGS

1162 Pleasant Valley P.P. - FF 
99 

1162 Pleasant Valley P.P. - yard 
99 

1605 Skunk Hollow 
99

CDMG 1703 Sulphur Baths (temp) 
99

USGS

0071 Coalinga 
02

1983 0722 0343 4.9 5.0 0.0 0.0 CDMG

1651 Transmitter Hill 
99 

46T04 CHP (temp) 
99

CDMG 1703 Sulphur Baths (temp) 
99

0072 Coalinga 
02

1983 0725 2231 5.2 5.3 5.1 0.0 CDMG 
(5.1)

46T04 CHP (temp) 
99

CDMG 1703 Sulphur Baths (tamp) 
99

0073 Trinidad offshore 1983 0824 1336 0.0 5.5 5.7 0.0 CDMG 
99

1498 Rio Dell Overpass, E Ground 
99

CDMG 1498 Rio Dell Overpass, W Ground 
99

0074 Colinga 
00

1983 0909 0916 5.3 5.3 5.4 0.0 CDMG 46T04 CBIP (tm) 
99

CDMG 1703 Sulphur Baths (tmV) 
99

0.0 6.8 6.5 0.0 25 SMARTI COO

999.9 0.06 
0.09 

17.4 AHD 0.07 
999.9 - 0.03 

0.10 
17.4 AHD 0.40 
999.9 - 0.08 

0.10 
12.2 APA 0.10 
999.9 - 0.07 

0.10 
9.7 APA 0.30 
999.9 - 0.30 

0.30 
9.2 APA 0.10 
999.9 - 0.10 

0.08 

12.1* AHD 0.70 
999.9 - 0.50 

0.30 
13.7* APA 0.20 
999.9 - 0.50 

0.20 

12.7* AHD 0.30 
999.9 - 0.30 

0.10 
14.7* APA 0.40 
999.9 - 0.30 

0.30 

67.6* APC 0.30 
999.9 B 0.15 

0.30 
67.6* APC 0.50 
999.9 B 0.40 

0.20 

13.7* AHD 0.80 
999.9 - 0.90 

0.90 
18.4* APA 0.80 
999.9 - 0.80 

0.80 

83.0 IZD -99.

00

20.0 
20.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
40.0 
30.0 
30.0 
30.0 
25.0 
25.0 
40.0 
30.0 
40.0 

30.0 
25.0 
25.0 
20.0 
20.0 
20.0 

40.0 
40.0 
40.0 
30.0 
30.0 
25.0 

30.0 
30.0 
30.0 
40.0 
40.0 
35.0 

30.0 
20.0 
20.0 
20.0 
15.0 
15.0

0.272 12.8 
0.290 21.5 
0.128 5.9 
0.228 21.6 
0.408 18.9 
0.316 12.9 
0.602 34.8 
0.327 12.1 
0.230 10.0 
0.375 16.4 
0.233 18.9 
0.082 4.1 
0.141 5.5 
0.127 6.3 
0.394 11.0 
0.840 44.1 
1.083 39.7 

0.118 3.1 
0.148 5.7 
0.202 8.2 
0.029 1.1 
0.039 1.6 
0.030 1.0 

0.332 8.4 
0.431 18.7 
0.733 37.6 
0.139 6.5 
0.152 8.5 
0.230 10.9 

0.030 1.6 
0.194 8.5 
0.145 6.4 
0.033 1.8 
0.166 6.5 
0.128 4.6 

0.030 0.8 
0.023 1.0 
0.033 1.3 
0.016 0.6 
0.014 0.6 
0.016 0.6

3.31 
3.31 
2.50 
6.24 
5.64 
0.92 
8.06 
2.33 
2.89 
6.23 
2.65 
0.69 
0.79 
0.66 
3.60 
6.80 
5.41 

0.17 
0.43 
0.74 
0.17 
0.21 
0.16 

0.61 
1.21 
5.24 
0.32 
1.27 
0.76 

0.43 
0.82 
4.93 
1.62 
0.56 
0.84 

0.07 
0.09 
0.07 
0.04 
0.06 
0.06

0075 Taiwan SMARTl(25)1983 0921



Earthquake 
No. Location, 

Med, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(k-i)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (am/s) (an)

03

0076 Morgan Hill 
00

99

1984 0424 2115 6.2 6.2 6.1 0.0 CDMG

USGS

32 SMARTI EO1 
99 

33 SMART1 E02 
99 

62 SMART1 I01 
99 

61 SMARTI 107 
99 

28 SMARTI MOI 
99 

60 SMARTI M06 
99 

30 SMARTI 001 
99 

31 SMARTI 007 
99 

57066 Agnews State Hospital 
00 

1652 Anderson Dam (Downstream) 
00

CDMG 58375 APEEL 1 -Redwood City 
00 

USGS/CDMG 1180 APEEL 1E- Hayward 
00 

CDMG 47125 Capitola 
00 

CDMG 57007 Comlitos 

00 

CDMG 57217 Coyote Lake Dam (SW Abut)

999.9 - 0.20 
0.20 

83.0 IZD 0.50 
999.9 - 0.20 

0.20 
83.0 IZD 0.10 
999.9 - 0.10 

0.10 
83.0 IZD 0.10 
999.9 - 0.10 

0.10 
83.0 IZD 0.10 
999.9 - 0.10 

0.10 
83.0 IZD 0.10 
999.9 - 0.10 

0.10 
83.0 IZD 0.10 
999.9 - 0.10 

0.10 
83.0 IZD 0.10 
999.9 - 0.50 

0.10 
83.0 IZD 0.10 
999.9 - 0.10 

0.10 

29.4 AQD 0.20 
999.9 C 0.20 

0.20 
2.6 AFD 0.10 
999.9 B 0.10 

0.10 
54.1 IQE 0.50 
999.9 D 0.20 

0.20 
51.8 lED -99.  
999.9 - 0.20 

0.20 
38.1 AQC 0.20 
999.9 C 0.20 

0.20 
22.7 APB 0.20 
999.9 B 0.20 

0.20 
0.1 IFA 0.10

1,

25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 

18.0 
14.0 
13.0 
45.0 
30.0 
38.0 
28.0 
21.0 
23.0 

22.0 
19.0 
35.0 
30.0 
28.0 
27.0 
24.0 
26.0 
50.0

0.028 4.2 
0.028 3.5 
0.013 1.8 
0.028 
0.028 4.1 
0.005 0.5 
0.020 1.4 
0.022 2.2 
0.008 1.5 
0.023 3.9 
0.037 4.6 
0.009 1.4 
0.035 3.8 
0.032 4.0 
0.005 0.8 
0.020 2.7 
0.039 5.0 
0.010 1.7 
0.021 2.8 
0.031 4.3 
0.007 0.9 
0.028 3.2 
0.027 2.8 
0.015 1.6 
0.025 4.2 
0.026 3.3 

0.016 3.2 
0.032 5.0 
0.032 5.5 
0.204 9.8 
0.423 25.3 
0.289 27.6 
0.016 0.8 
0.046 3.4 
0.068 3.9 

0.041 2.6 
0.027 3.1 
0.045 2.1 
0.099 4.9 
0.142 8.1 
0.040 4.0 
0.081 6A 
0.109 10.8 
0.388 15.6

0.91 
1.16 
0.31 
0.96 
0.71 
0.20 
0.30 
0.41 
0.40 
0.87 
0.85 
0.43 
0.79 
0.97 

0.67 
0.82 
0.40 

1.10 

0.52 
0.69 

1.42 
1.10 

1.56 
2.33 
2.05 
1.81 
4.58 
6.33 
0.16 
0.66 
0.63 

0.75 
0.61 
0.39 
0.61 
1.62 
0.54 
1.17 
2.13 
2.65



Eathquake Date & Time Magnitude (2) Station (3) Closest Site Filter Comers 
No. Location, Description Dist Codes HP LP PGA PGV PGD 

Med, Dip (1) YR MODY HRMN M ML MS OTH No. H-F (km)(4) (5) (hz) (114 (g) (CM/s) (cmn) 

00 999.9 - 0.10 39.0 0.711 51.6 12.00 
0.10 45.0 1.298 80.8 9.63 

CDMG 57064 Franont - Mission San Jose 31.4 AMB 0.50 21.0 0.018 1.3 0.40 
00 999.9 B 0.50 21.0 0.025 2.4 0.76 

0.20 18.0 0.021 3.2 1.03 
CDMG 47379 Gilroy Army #1 16.2 IFA 0.10 33.0 0.092 3.3 1.07 

00 999.9 A 0.10 29.0 0.069 2.9 1.26 
0.10 40.0 0.098 2.9 1.02 

CDMG 47380 Gilmy Array #2 15.1 IQD 0.20 37.0 0.578 10.8 0.92 
00 999.9 C 0.20 31.0 0.162 5.1 IA2 

0.10 37.0 0.212 12.6 2.10 
CDMG 47381 Gilroy Array #3 14.6 IHD 0.10 42.0 0.395 9.9 1.22 

00 999.9 C 0.10 37.0 0.194 11.2 2.41 
0.10 32.0 0.200 12.7 3.45 

CDMG 57382 Gilroy Army #4 12.8 AHD 0.10 39.0 0.408 11.8 1.70 
00 999.9 C 0.10 25.0 0.224 19.3 4.33 

0.10 27.0 0.348 17.4 3.11 
CDMG 57383 Gilroy Array #6 11.8 IKB 0.10 30.0 0.405 14.1 1.86 

00 999.9 B 0.10 35.0 0.222 11.4 2.45 
0.10 27.0 0.292 36.7 6.12 

SCDMG 57425 Gilroy Array #7 14.0 AHB 0.10 40.0 0.428 5.4 0.93 
tj) 00 999.9 C 0.10 31.0 0.190 7A 2.06 

D 0.10 30.0 0.113 6.0 1.79 
CDMG 47006 Gilroy Gavilan CoHl. 16.2 AFB 0.50 42.0 0.081 2.3 0.41 

00 999.9 B 0.10 30.0 0.114 3.6 0.87 
0.10 30.0 0.095 2.9 0.93 

CDMG 57191 Halls Valley 3.4 ERC 0.20 28.0 0.110 12.2 1.25 
00 999.9 C 0.20 26.0 0.156 12.5 1.84 

0.20 30.0 0.312 39A 7.66 
USGS 1028 Hollister City Hall 32.5 CHD 0.20 25.0 0.118 3.9 1.07 

00 999.9 C 0.20 19.0 0.071 7A 1.60 
0.20 24.0 0.071 9.0 3.81 

USGS 1656 Holliver DUE Array 28.3 IQD 0.20 24.0 0.222 7.0 0.81 
00 999.9 - 0.20 29.0 0.089 8.7 1.72 

0.20 23.0 0.088 11.9 1.89 
USGS 1656 Hollister Diff Array #1 28.3 IQD 0.10 35.0 0.213 6.2 0.90 

00 999.9 - 0.20 33.0 0.095 9.7 1.53 
0.20 30.0 0.088 11.6 1.76 

USGS 1656 Hollister Diff Array #3 28.3 IQD 0.10 35.0 0.243 8.9 0.98 
00 999.9 0.10 30.0 0.078 7.2 1.47 

0.20 30.0 0.081 10.0 1.90 
USGS 1656 Holliste DiffArray #4 28.3 IQD 0.10 35.0 0.282 9.8 1.03 

00 999.9 - 0.10 30.0 0.098 10.3 1.68 
0.20 30.0 0.092 10.2 1.90 

USGS 1656 Hoimer DiffAmry #5 28.3 IQD 0.20 35.0 0.250 8.0 1.10



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

00

CDMG 

CDMG 

USGS 

USGS 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

0077 Bishop(RndVal) 1984 1123 1912 5.8 5.5 5.7 0.0 USGS 
00 

0078 Taiwan SMARTI(33)1985 0612 0.0 6.5 5.8 0.0 
99

56012 Los Banos 
00 

1377 San Juan Bautista 
00 

1655 San Justo Dam (L Abut) 
00 

1655 San Justo Dam (R Abut) 
00 

58235 Saratoga -WVC E Wall 
00 

58235 Saratoga - WVC NE Cornr 
00 

58235 Saratoga -WVC SE Comer 
00 

58223 SF Intern. Airport 
00 

58135 UCSCLick Observatory 
00 

1661 McGee Creek - Surface 
00 

25 SMARTI COO 
99 

62 SMARTI 101 
99 

61 SMARTI 107 
99 

28 SMARTI MOI 
99

Closest Site 
Dist Codes 
(km)(4) (5) 

999.9 

64.4 AHD 
999.9 C 

30.3 AQD 
999.9 B 

34.9 FPD 
999.9 

34.9 FWD 
999.9 

28.7 AQD 
999.9 

28.7 AQD 
999.9 

28.7 AQD 
999.9 

71.2 AHD 
999.9 C 

44.1 AKA 
999.9 E 

19.0* IQC 
999.9 

45.0 IZD 
999.9 

45.0 IZD 
999.9 

45.0 12D 
999.9 

45.0 IZD 
999.9 -

Filter Comers 
HP LP PGA PGV PGD (hz) (hz) (g) (,cm/s) (cm) 

0.20 30.0 0.098 10.3 2.00 
0.20 30.0 0.101 11.6 1.88 
0.50 20.0 0.011 1.0 0.50 
0.50 18.0 0.051 5.8 1.75 
0.50 18.0 0.057 8.3 1.89 
0.10 21.0 0.052 2.7 1.35 
0.10 21.0 0.044 4.3 1.73 
0.10 21.0 0.036 4.4 1.52 
0.50 32.0 0.033 2.2 0.52 
0.20 29.0 0.081 6.5 2.59 
0.20 30.0 0.070 5.1 1.86 
0.20 25.0 0.044 2.8 1.04 
0.20 24.0 0.078 7.0 3.07 
0.20 23.0 0.060 5.8 2.16 
-99.  
0.50 30.0 0.098 4.6 0.61 
-99.  
-99.  
0.20 30.0 0.041 3.5 0.99 
-99.  
-99.  
0.50 30.0 0.045 3.1 0.88 
-99.  
0.50 32.0 0.018 0.8 0.28 
0.50 26.0 0.048 3.2 0.40 
0.50 24.0 0.048 2.7 0.47 
0.50 22.0 0.031 1.2 0.32 
0.50 21.0 0.039 2.0 0.29 
0.50 22.0 0.076 3.6 0.62 

2.00 15.0 0.106 2.2 0.05 
1.50 40.0 0.088 1.8 0.07 
1.00 40.0 0.128 2.2 0.07 

0.20 25.0 0.021 0.9 0.16 
0.20 25.0 0.083 3.9 
0.20 25.0 0.051 3.1 
0.50 25.0 0.025 0.9 0.15 
0.50 25.0 0.142 5.6 0.37 
0.50 25.0 0.070 3.5 0.28 
0.20 25.0 0.014 0.6 0.25 
0.20 25.0 0.055 2.8 0.41 
0.20 25.0 0.040 2.2 0.29 
0.20 25.0 0.015 0.6 
0.20 25.0 0.031 2.0 
0.20 25.0 0.052 2.3



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. HIF

Closest 
Dist 
(kin)(4)

Site 
Codes 
(5)

Filter Comers 
HIP LP 
(hz) (hz)

PGA PGV PGD 
(g) (an/s) (an)

29 SMART1 M07 
99 

30 SMARTI 001 
99

31 
99

0079 Nahanni, Canada 1985 1223 
03

0080 Hollister 
00

6.8 0.0 6.9 0.0

1986 0126 1920 5.4 5.5 0.0 0.0 USGS

USGS 

USGS

SMARTI 007

6097 Site 1 
01 

6098 Site 2 
01 

6099 Site 3 
02

1656 Hollister DiffArray #1 
00 

1656 Hollister Diff Array #3 
00 

1656 Hollister Diff Array #4 
00

CDMG 47189 SAGO South -Surface 
00

0081 ML Lewis 
99

1986 0331 1155 5.6 5.8 5.5 0.0 CDMG

0082 Taiwan SMARTI(40) 1986 0520 
03

6.4 6.5 6.4 0.0

57191 Halls Valley 
99 

25 SMARTI COO 
99 

32 SMART1 EO1 
99 

62 SMART1 101 
99 

61 SMART1 107

45.0 IZD 0.20 
999.9 - 0.20 

0.20 
45.0 IZD 0.50 
999.9 - 0.50 

0.50 
45.0 IZD 0.20 
999.9 - 0.20 

0.20 

6.0 IZA 0.20 
999.9 0.05 

0.05 
8.0 IZA -99.  
999.9 - 0.10 

0.05 
16.0 IZA 0.05 
999.9 - 0.10 

0.05 

16.9* IQD 0.20 
999.9 - 0.10 

0.10 
16.9* IQD 0.30 
999.9 - 0.20 

0.40 
16.9* IQD 0.30 
999.9 - 0.10 

-99.  
14.9* IGB 0.30 
999.9 B 0.25 

0.15

25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0

0.021 0.7 
0.095 4.8 
0.050 3.1 
0.014 0.4 
0.063 2.0 
0.052 2.1 
0.014 0.9 
0.057 2.9 
0.048 2.8

62.5 2.086 40.5 
62.5 0.978 46.0 
62.5 1.096 46.1

62.5 
62.5 
62.5 
62.5 
62.5 

45.0 
45.0 
40.0 
40.0 
35.0 
40.0 
40.0 
35.0 

20.0 
20.0 
15.0

0.489 29.3 
0.323 33.1 
0.140 6.8 
0.148 6.1 
0.139 3.3 

0.172 5.2 
0.101 9.3 
0.114 8.3 
0.124 5.0 
0.106 7.9 
0.104 9.2 
0.073 4.1 
0.102 9.0 

0.053 3.4 
0.044 5.3 
0.090 9.3

15.5* IFC 0.40 20.0 0.072 3.9 
999.9 C 0.30 20.0 0.140 8.5 

0.10 20.0 0.159 18.4

64.0 IZD 0.20 
999.9 - 0.20 

0.20 
64.0 IZD 0.20 
999.9 - 0.20 

0.20 
64.0 IZD 0.20 
999.9 - 0.20 

0.20 
64.0 IZD 0.20

25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0

0.038 4.1 
0.172 33.0 
0.232 19.4 
0.046 4.9 
0.203 36.5 
0.183 15.1 
0.036 4.1 
0.183 32.4 
0.175 18.1 
0.041 3.7

0.20 
0.58 
0.81 

0.25 
0.31 

1.00 
0.85 

12.12 
9.67 
14.58 

7.61 
6.54 
3.02 
3.13 
1.06 

0.56 
1.95 
2.29 
0.51 
1.60 
1.41 
0.50 
1.91 

0.53 
1.27 
1.70 

0.56 
1.65 
4.40 

1.21 
6.94 
5.07 
1.15 
7.60 
3.06 
0.86 
6.90 
4.24



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
0an)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (cm/s) (an)

99 

28 SMART1 MO0 
99 

29 SMARTI M07 
99 

30 SMARTI 001 
99 

31 SMARTI 007 
99

0083 N. Palm Springs 
03

1986 0708 0920 6.0 5.9 6.0 0.0 USGS 
(6.0) 

USGS 

USGS 

USGS

5224 Anza - Red Mountain 
99 

5231 Anza - Tule Canyon 
99 

5160 AnzaFireStation 
99 

5073 Cabazon 
02

CDOT 754 Colton Interchange - Vault 
99

USGS 5157 Crnston Forest Station 
99

CDMG 12149 Desert Hot Springs 
01

USGS 5069 Fun Valley 
99

999.9 - 0.20 25.0 0.167 30.6 
0.20 25.0 0.150 17.7 

64.0 IZD 0.20 25.0 0.035 3.9 
999.9 - 0.20 25.0 0.156 26.3 

0.20 25.0 0.173 22.8 
64.0 IZD 0.20 25.0 0.039 4.2 
999.9 - 0.20 25.0 0.182 37.9 

0.20 25.0 0.254 23.7 
64.0 IZD 0.20 25.0 0.034 3.3 
999.9 - 0.20 25.0 0.106 20.7 

0.20 25.0 0.160 21.9 
64.0 IZD 0.20 25.0 0.074 4.3 
999.9 - 0.20 25.0 0.159 28.3 

0.20 25.0 0.163 16.1 

45.6 AGA 0.50 50.0 0.072 2.2 
999.9 A 0.30 35.0 0.104 5.2 

0.60 40.0 0.129 3.4 
55.4 AGA 0.40 30.0 0.049 2.6 
999.9 B 0.30 30.0 0.110 6.5 

0.35 35.0 0.095 7.5 
46.7 AHC 0.50 50.0 0.056 2.3 
999.9 A 0.50 40.0 0.099 5.8 

0.60 30.0 0.067 4.0 
16.3 AHD 0.20 45.0 0.363 7.4 
999.9 - 0.15 40.0 0.217 7.6 

0.15 40.0 0.212 16.3 
57.4 BHD 0.40 30.0 0.017 1.6 
999.9 - 0.40 30.0 0.042 3.5 

0.40 30.0 0.065 4.1 
35.3 AQB 0.70 45.0 0.118 4.0 
999.9 B 0.60 45.0 0.153 7.4 

0.60 45.0 0.169 11.7 
8.0 AQD -99.  
999.9 B 0.50 46.0 0.331 29.5 

0.50 40.0 0.271 15.7 
15.8 AHC 0.13 50.0 0.071 3.7 
999.9 B 0.21 35.0 0.129 6.4 

0.25 40.0 0.119 10.6 
43.3 AQD 0.50 47.0 0.094 3.1 
999.9 C 0.50 35.0 0.144 4.9 

0.50 31.0 0.132 4.9 
75.9 AQD 0.20 39.0 0.033 1.2 
999.9 B 0.20 25.0 0.041 2.3 

0.20 30.0 0.037 1.7 
34.9 AQB 0.40 50.0 0.097 3.6

7.067.06 
4.10 
1.05 
5.75 
4.02 
0.81 
8.54 
6.01 
0.99 
4.89 
3.73 
0.83 
6.83 
3.50 

0.21 
0.62 
0.46 
0.30 
0.71 
0.71 
0.23 
0.29 
0.50 
0.84 
1.96 
2.24 
0.40 
0.59 
0.43 
0.55 
0.91 
1.14 

5.69 
3.61 
0.67 
1.06 
1.38 
0.25 
0.73 
0.38 
0.42 
0.70 
0.91 
0.55

CDMG 12331 Hemet Fire Station 
99 

CDMG 23321 Hesperia 
99 

USGS 5043 Hurkey Creek Park



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest Site 
Dist Codes 
(km)(4) (5)

Filter Comers 
HP LP PGA PGV PGD (hz) (hz) (g) (cm/s) (an)
(liz) (liz) (g) (an/a) (an)

99 

CDMG 12026 Indio - Coachella Canal 
99

USGS 5067 Indio 
99

CDMG 22170 Joshua Tree 
99 

CDMG 707 Lake Mathews Dike Toe 
99 

CDMG 22T13 Landers Fire Station 
99

USGS 5071 Morongo Valley 
01

CDMG 13198 Murrieta Hot Springs 
99 

USGS 5070 North Palm Springs 
01 

CDMG 12025 Palm Springs Airport 
99 

CDMG 12168 Puerta La Cruz 
99 

CDMG 5253 Rancho Cucamonga ff 
99 

CDMG 13123 Riverside Airport 
99 

CDMG 12204 San Jacinto - Soboba 
99 

CDMG 12202 San Jacinto VaIL Cern 
99 

USGS 5230 Santa Rosa Mountain

999.9 B 0.60 50.0 0.240 7.4 
0.50 50.0 0.187 9.1 

45.7 IQD 0.50 40.0 0.054 1.8 
999.9 C 0.50 30.0 0.053 5.3 

0.50 33.0 0.050 3.2 
39.6 AHD 0.10 40.0 0.087 3.1 
999.9 - 0.10 35.0 0.064 6.6 

0.10 35.0 0.117 12.3 
29.8 AGC 0.50 36.0 0.040 3.6 
999.9 B 0.50 30.0 0.052 3.7 

0.50 24.0 0.065 3.9 
73.7 AJA 2.00 40.0 0.039 0.5 
999.9 - 1.00 50.0 0.061 1.5 

1.00 35.0 0.046 0.8 
38.2 AQD 0.50 40.0 0.055 2.4 
999.9 - 0.50 30.0 0.081 4.3 

0.50 30.0 0.098 4.6 
10.1 AHC 0.30 50.0 0.395 10.6 
999.9 B 0.08 50.0 0.218 31.4 

0.08 50.0 0.205 40.9 
63.3 IGA 0.50 28.0 0.032 0.8 
999.9 A 0.50 40.0 0.053 1.8 

0.50 40.0 0.049 1.3 
8.2 AHD 0.40 40.0 0.435 12.1 
999.9 B 0.15 20.0 0.594 73.3 

0.23 30.0 0.694 33.8 
16.6 IQD -99.  
999.9 C 0.20 50.0 0.158 12.4 

0.20 60.0 0.187 12.2 
71.9 AQB 0.20 44.0 0.035 1.6 
999.9 B 0.20 38.0 0.075 2.4 

0.20 32.0 0.055 1.8 
82.8 IHD -99.  
999.9 - 0.20 40.0 0.021 1.3 

0.30 40.0 0.019 1.1 
71.1 AQB 0.50 48.0 0.023 0.6 
999.9 B 0.50 40.0 0.051 1.2 

0.50 42.0 0.040 1.0 
32.0 AGC 0.50 50.0 0.203 6.4 
999.9 B 0.50 48.0 0.250 9.6 

0.50 49.0 0.239 9.2 
39.6 AQD 0.50 40.0 0.053 1.8 
999.9 C 0.20 38.0 0.069 3.1 

0.20 31.0 0.063 4.4 
43.8 AGA 1.00 50.0 0.051 1.5

0.45 
0.89 
0.62 
1.18 
1.23 
1.40 
2.21 
3.62 
0.60 
0.75 
0.48 
0.02 
0.08 
0.03 
0.42 
0.42 
0.53 
1.61 
8.51 
14.96 
0.31 
0.30 
0.32 
1.16 
11.46 
3.88 

2.30 
2.07 
0.34 
0.27 
0.32 

0.33 
0.27 
0.14 
0.14 
0.15 
0.76 
1.14 
1.21 
0.30 
0.99 
1.22 
0.10



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(km)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (cmls) (an)

99 

CDMG 12206 Silent Valley -Poppet F 
02

USGS 5038 Sunnymead 
99

CDMG 13172 Temecula Fire Station 
99

USGS 5072 Whitewater Trout Farm 
01

CDMG 13199 Winchester Bergman Ran 
99 

CDMG 13201 Winchester Page Bros R 
99

0084 Chalfant Valley 
Ut~ 00

1986 0720 1429 0.0 5.9 0.0 0.0 CDMG 54100 Benton 
00

CDMG 54171 Bishop- LADWP South St 
00 

CDMG 54424 Bishop - Paradise Lodge 
00 

CDMG 54T03 Lake Crowley - Shehom Re.  
00 

CDMG 54428 Zack Brothers Ranch 
00

0085 Chamift Valley 
00

1986 0721 1442 6.2 6.3 6.0 0.0 CDMG 54100 Benton 
00

CDMG 54171 Bishop- LADWP South St 
00 

CDMG 54424 Bishop -Paradise Lodge 
00

999.9 - 1.50 60.0 
1.50 60.0 

25.8 IGA 0.50 50.0 
999.9 A 0.50 47.0 

0.50 49.0 
44.4 BHD 0.50 40.0 
999.9 - 0.30 40.0 

0.40 40.0 
73.2 AQB 0.50 27.0 
999.9 C 0.50 25.0 

0.50 25.0 
7.3 AHC 0.50 40.0 
999.9 A 0.10 40.0 

0.15 45.0 
57.6 AGA 0.50 48.0 
999.9 A 0.50 42.0 

0.50 50.0 
46.8 IQD 0.50 59.0 
999.9 - 0.50 50.0 

0.50 37.0 

27.0* AQD 0.60 30.0 
999.9 - 0.30 30.0 

0.20 30.0 
24.0* AQD 0.10 40.0 
999.9 - 0.11 20.0 

0.10 20.0 
18.4* AVA 0.20 40.0 
999.9 - 0.11 30.0 

0.13 30.0 
26.0* AAB 0.70 30.0 
999.9 - 0.16 30.0 

0.16 25.0 
11.0* AAD 0.11 45.0 
999.9 - 0.11 40.0 

0.10 30.0 

37.2 AQD 0.50 30.0 
999.9 - 0.10 40.0 

0.20 33.0 
9.2 AQD 0.10 40.0 
999.9 - 0.10 40.0 

0.10 30.0 
23.0 AVA 0.10 50.0 
999.9 - 0.20 30.0 

0.10 40.0

0.102 2.2 
0.103 2.2 
0.095 3.0 
0,139 3.9 
0.113 4.0 
0.056 2.6 
0.093 3.9 
0.012 5.1 
0.028 1.2 
0.121 6.9 
0.098 4.6 
0.471 13.4 
0.492 34.7 
0.612 31.5 
0.072 1.6 
0.070 1.9 
0.093 1.8 
0.070 2.0 
0.106 3.8 
0.110 4.3 

0.030 1.3 
0.061 3.0 
0.052 2.4 
0.049 3.3 
0.129 8.5 
0.094 8.6 
0.067 2.9 
0.046 1.7 
0.095 6.3 
0.029 0.9 
0.051 2.2 
0.031 1.8 
0.205 5.4 
0.285 17.3 
0.207 22.3 

0.127 6.8 
0.209 13.6 
0.177 15.7 
0.140 6.7 
0.248 19.2 
0.175 19.4 
0.127 5.9 
0.165 4.9 
0.161 12.4

0.10 
0.10 
0.47 
0.55 
0.80 
0.33 
0.58 
0.56 
0.24 
0.53 
0.68 
1.02 
6.38 
4.58 
0.25 
0.19 
0.29 
0.34 
0.69 
0.64 

0.14 
0.57 
0.47 
0.96 
2.38 
3.05 
0.96 
0.24 
1.69 
0.06 
0.54 
0.53 
2.06 
4.00 
5A1 

1.53 
2.88 
3.12 
2.25 
7.04 
6.72 
1A1 
2.17 
3.26



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(km)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP 
(lz) (1z)

PGA PGV PGD 
(g) (an/a) (n)

CDMG 54099 Convict Creek 
00 

CDMG 54T03 Lake Crowley - Shehorn Res.  
00 

CDMG 54214 Long Valley Dam (Downstr) 
00 

CDMG 54214 Long Valley Dam (L Abut) 
00 

CDMG 54T04 Mammoth Lakes Sheriff Subst.  
00

USGS 1661 McGee Creek Surface 
00

CDMG 54101 Tinemaha Res. Free Field 
00 

CDMG 54428 Zack Brothers Ranch 
00

0086 Chalfant Valley 
00

1986 0721 1451 0.0 5.6 0.0 0.0 CDMG 54171 Bishop - LADWP South St 
00

CDMG 54424 Bishop - Paradise Lodge 
00 

CDMG 54428 Zadc Brothers Ranch 
00

0087 Chalfant Valley 
00

1986 0731 0722 0.0 5.8 0.0 0.0 CDMG 54171 Bishop -LADWP South St 
00

CDMG 54428 Zack Brothers Ranch 
00

0088 Taiwan SMARTI(45) 1986 1114 
02

7.3 7.0 7.8 0.0 25 SMARTI COO 

99 

32 SMART13E01

44.9 AQD 0.20 
999.9 - 0.10 

0.20 
36.0 AAB 0.50 
999.9 - 0.50 

0.50 
33.4 IVA 0.10 
999.9 - 0.10 

0.10 
33.4 IVA 0.10 
999.9 - 0.10 

0.10 
50.8 AVB 0.50 
999.9 - 0.50 

0.50 
36.3 IQC 0.10 
999.9 - 0.10 

0.10 
40.6 AVA 0.50 
999.9 - 0.50 

0.50 
18.7 AAD 0.20 
999.9 - 0.10 

0.10 

14.0* AQD 0.40 
999.9 - 0.23 

0.30 
14.0* AVA 0.20 
999.9 - 0.20 

0.20 
20.0* AAD 0.20 
999.9 - 0.13 

0.30

40.0 
30.0 
30.0 
40.0 
30.0 
30.0 
50.0 
40.0 
40.0 
43.0 
50.0 
50.0 
23.0 
20.0 
20.0 
50.0 
50.0 
35.0 
30.0 
30.0 
30.0 
50.0 
33.0 
33.0 

40.0 
25.0 
20.0 
40.0 
30.0 
30.0 
40.0 
35.0 
30.0

13.0* AQD 0.20 40.0 
999.9 - 0.10 20.0 

0.15 25.0 
21.0* AAD 0.22 40.0 
999.9 - 0.13 30.0 

0.11 30.0

39.0 IZD 0.10 
999.9 - 0.10 

0.10 
39.0 IZD 0.10

25.0 
25.0 
25.0 
25.0

0.036 3.1 
0.060 4.0 
0.071 3.9 
0.085 3.2 
0.163 7.0 
0.091 5.5 
0.047 3.4 
0.095 4.8 
0.056 6.4 
0.075 3.3 
0.082 7.0 
0.074 7.9 
0.026 1.6 
0.042 2.2 
0.048 2.8 
0.069 1.4 
0.078 2.3 
0.083 2.4 
0.023 1.7 
0.037 3.6 
0.037 6.3 
0.321 12.5 
0.447 36.9 
0.400 44.5 

0.057 2.2 
0.106 4.9 
0.070 6.5 
0.053 1.1 
0.037 1.9 
0.061 2.1 
0.079 2.1 
0.143 7.4 
0.108 5.1 

0.067 2.8 
0.120 10.4 
0.176 12.2 
0.046 1.6 
0.064 4.1 
0.060 4.3 

0.080 7.0 
0.122 29.4 
0.153 28.3 
0.075 6.9

1.09 
1.57 
1.07 
0.49 
0.77 
1.61 
1.01 
1.30 
2.58 
1.45 
1.34 
3.06 
0.39 
0.42 
0.54 
0.52 
0.65 
0.88 
0.54 
1.12 
1.21 
2.80 
7.01 
8.56 

0.23 
0.53 
0.56 
0.19 
0.34 
0.28 
0.15 
0.67 
0.58 

0.60 
271 
1.72 
0.37 
0.91 
0.84 

3.19 
9.74 
10.73 
3.47

- ----- == ý-- ------ - -------- - -- - ---- -



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(k-)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (an/s) (cm)

99

33 
99 

62 
99 

61 
99 

28 
99 

29 
99 

30 
99 

63 
99 

"-.4 
64 
99 

65 
99 

31 
99 

66 
99 

67 
99 

68 
99

0089 Whinier Narrows 1987 1001 1442 6.0 5.9 5.7 0.0 CDMG 
02

24A 
99

SMARTI E02 

SMARTI 101 

SMART1 107 

SMARTI MOI 

SMART1 M07 

SMARTI 001 

SMARTI 002 

SMARTI 004 

SMARTI 006 

SMARTI 007 

SMARTI 008 

SMARTI 010 

SMARTI 012 

161 Alhambra, Fremont Sch

CDMG 24402 Ahadena -Eaton Canyon

999.9 - 0.10 25.0 
0.10 25.0 

39.0 IZD 0.10 25.0 
999.9 - 0.10 25.0 

0.10 25.0 
39.0 IZD 0.10 25.0 
999.9 - 0.10 25.0 

0.10 25.0 
39.0 IZD 0.10 25.0 
999.9 - 0.10 25.0 

0.10 25.0 
39.0 IZD 0.10 25.0 
999.9 - 0.10 25.0 

0.10 25.0 
39.0 IZD 0.20 25.0 
999.9 - 0.10 25.0 

0.20 25.0 
39.0 IZD 0.10 25.0 
999.9 - 0.10 25.0 

0.10 25.0 
39.0 IZD 0.10 25.0 
999.9 - 0.10 25.0 

0.10 25.0 
39.0 IZD 0.10 25.0 
999.9 - 0.10 25.0 

0.10 25.0 
39.0 IZD 0.10 25.0 
999.9 - 0.10 25.0 

0.10 25.0 
39.0 IZD 0.10 25.0 
999.9 - 0.10 25.0 

0.10 25.0 
39.0 IZD 0.10 25.0 
999.9 - 0.10 25.0 

0.10 25.0 
39.0 IZD 0.10 25.0 
999.9 - 0.10 25.0 

0.10 25.0 
39.0 IZD 0.20 25.0 
999.9 - 0.10 25.0 

0.10 25.0 

13.2 AMD 0.40 50.0 
999.9 B 0.50 35.0 

0.30 40.0 
17.5 AQD 0.40 40.0

0.159 2.5 
0.189 23.2 
0.052 5.5 
0.136 13.7 
0.143 12.5 
0.075 7.1 
0.132 30.5 
0.141 29.8 
0.089 6.9 
0.118 23.3 
0.122 27.0 
0.078 6.1 
0.119 27.0 
0.141 21.8 
0.106 8.6 
0.156 26.8 
0.160 22.5 
0.063 6.3 
0.126 21.8 
0.174 21.2 
0.062 7.0 
0.160 20.4 
0.242 26.2 
0.081 7.2 
0.126 31.9 
0.163 25.3 
0.079 7.0 
0.171 24.5 
0.190 22.8 
0.106 8.7 
0.154 19.4 
0.164 23.2 
0.105 9.2 
0.142 24.5 
0.163 30.1 
0.0626.2 
0.148 24.2 
0.116 26.8 
0.065 6.1 
0.139 24.5 
0.159 23.3 

0.190 5.5 
0.333 22.0 
0.414 16.3 
0.163 3.3

8.26 
9A6 
3.03 
5.84 
6.07 
4.22 
9.05 
10.34 
3.22 
10.69 
9.64 
2.26 
8.91 
9.93 
3.19 
9.09 
7.62 
3.31 
9.66 
7.90 
4.66 
9.90 
11.56 
2.95 
9.11 
9.84 
2.44 
8.91 
8.65 
2.36 
8.17 
11.13 
4.18 
9.33 
13.21 
3.82 
9.97 
10.08 
1.99 
8.82 
10.61 

0.84 
2.42 
2.32 
0.44



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest Site 
Dist Codes 
(km)(4) (5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (enis) (mn)

01 

USC 90088 Anaheim - W Ball Rd # 
99 

USC 90093 Arcadia -Campus Dr# 
99 

CDMG 24087 Arleta - Nordhoff Fire Sta 
99 

USC 90069 Baldwin Park - N Holly # 
99 

USC 90094 Bell Gardens - Jaboneria # 
99 

USC 90014 Beverly Hills - 12520 Mulhol # 
99 

USC 90013 Beverly Hills - 14145 Mulhol # 
99 

USC 90061 Big Tujunga, Angeles Nat F # 
99 

USGS 951 Brea Dam (Downstream) 
99 

USGS 951 Brea Dan (L Abut) 
99 

USC 90087 Brea - S Flower Av # 
99 

USC 90012 Burbank - N Buena Vista # 
99 

USC 90052 Calabasas - N Las Virg # 
99 

USC 90053 Canoga Park -Topnga Can # 
99 

USC 90057 Canyon Country - W Lost Cany #

999.9 - 0.40 35.0 0.299 11.4 
0.40 35.0 0.151 5.7 

24.4 -D 0.60 25.0 0.062 1.8 
999.9 C 0.25 25.0 0.060 6.6 

0.50 25.0 0.055 3.4 
12.2 -D 0.28 25.0 0.229 6.2 
999.9 C 0.15 25.0 0.300 21.0 

0.38 25.0 0.163 6.8 
38.9 AQD 0.35 40.0 0.089 3.3 
999.9 - 0.40 30.0 0.093 5.4 

0.50 30.0 0.091 4.7 
11.9 -D 0.30 25.0 0.080 2.2 
999.9 B 0.13 25.0 0.127 8.6 

0.50 25.0 0.061 4.3 
9.8 -D 0.40 25.0 0.095 2.7 
999.9 C 0.25 25.0 0.219 18.9 

0.10 25.0 0.212 21.8 
27.2 -C 0.40 25.0 0.068 2.4 
999.9 B 0.35 25.0 0.089 5.1 

0.33 22.5 0.138 6.4 
30.3 -C 0.38 25.0 0.043 2.0 
999.9 C 0.33 25.0 0.104 6.5 

0.35 25.0 0.126 10.3 
25.5 -C 0.75 25.0 0.085 2.3 
999.9 B 0.40 25.0 0.126 4.6 

0.90 25.0 0.178 6.7 
23.3 IPD 0.50 40.0 0.094 3.1 
999.9 - 0.60 35.0 0.163 6.2 

0.60 40.0 0.313 14.5 
23.3 IPB 0.70 40.0 0.097 2.7 
999.9 - 0.50 40.0 0.118 6.2 

0.50 30.0 0.149 10.2 
17.9 -D 0.20 25.0 0.103 9.1 
999.9 C 0.16 25.0 0.115 7.1 

-99.  
23.7 -D 0.35 25.0 0.105 3.2 
999.9 C 0.25 25.0 0.233 16.0 

0.30 25.0 0.190 11.6 
53.3 -B 0.40 25.0 0.023 1.6 
999.9 B 0.33 25.0 0.042 2.3 

0.45 25.0 0.025 1.2 
47.4 -D 0.35 25.0 0.055 1.9 
999.9 C 0.25 25.0 0.139 7.9 

0.28 25.0 0.116 8.1 
46.4 -D 0.40 25.0 0.073 1.9

00

1.20 
0.50 
0.10 
1.33 
0.63 
0.56 
3.12 
0.73 
0.58 
0.55 
0.85 
0.75 
2.50 
0.54 
0.40 
2.54 
4.83 
0.32 
0.53 
0.58 
0.25 
0.58 
1.05 
0.19 
0.61 
0.37 
0.22 
0.36 
0.77 
0.20 
0.60 
0.82 
1.31 
1.21 

0.53 
1.33 
1.16 
0.15 
0.35 
0.13 
0.30 
0.76 
1.13 
0.26



Earthquake 
No. Location, 

Mech1 Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
0kn)(4)

Site 
Codes 
(5)

Filter Comers 
HP 12 PGA PGV PGD 
Qiz) (hz) (g) (Qn/s) (an)

99 

USGS 108 Carbon Canyon Dam (L Abut) 
99 

USC 90040 Carson -Catskill Ave # 
99 

USC 90081 Carson -Water St # 
99 

CDMG 24277 Castaic - Hasley Canyon 
99 

CDMG 24278 Castaic - Old Ridge Route 
99 

USC 90078 Conpton -Castlegate St # 
99 

USC 90068 Covina -S Grand Ave # 
99 

USC 90070 Covina -W Badillo # 
99 

USC 90079 Downey - Birdale # 
99 

CDMG 14368 Downey - Co Maint Bldg 
99 

USC 90066 El Monte -Fairview Av # 
99 

CDMG 13122 Feathedy Park -Maint 
99 

USC 90002 Fountain Valley -Euclid # 
99 

USGS 709 Garvey Re. - Control Bldg 
01 

USC 90063 Glendale -Las Palnas #

999.9 C 0.38 25.0 0.109 7.5 
0.23 22.5 0.103 7.0 

26.8 AMA 0.80 45.0 0.058 2.4 
999.9 - 0.80 40.0 0.200 6.5 

0.50 40.0 0.221 8.7 
28.1 -D 0.50 25.0 0.037 1.3 
999.9 C 0.18 25.0 0.042 3.8 

0.55 25.0 0.059 2.4 
24.5 -D 0.50 25.0 0.046 2.0 
999.9 C 0.20 25.0 0.104 9.0 

0.30 25.0 0.133 11.3 
70.9 A-B 0.50 20.0 0.021 1.5 
999.9 - 0.70 15.0 0.031 1.9 

0.50 15.0 0.035 2.6 
78.3 A-B 1.00 23.0 0.026 1.1 
999.9 B 0.80 15.0 0.071 4.4 

0.80 20.0 0.065 4.5 
16.9 -D 0.50 25.0 0.167 3.3 
999.9 C 0.09 25.0 0.332 27.1 

0.28 25.0 0.333 14.1 
17.1 -C 0.33 25.0 0.064 3.1 
999.9 C 0.45 25.0 0.076 5.4 

0.40 25.0 0.068 4.1 
14.2 -D 0.50 25.0 0.082 2.9 
999.9 C 0.28 25.0 0.134 7.7 

0.38 25.0 0.081 4.0 
56.8 -D 0.60 25.0 0.230 4.1 
999.9 C 0.28 25.0 0.243 13.7 

0.15 25.0 0.299 37.8 
18.3 AQD 1.00 40.0 0.177 3.3 
999.9 - 0.20 30.0 0.221 28.8 

0.25 30.0 0.141 13.4 
9.8 -D 0.30 25.0 0.136 4.8 
999.9 C 0.33 25.0 0.120 6.7 

0.13 25.0 0.228 15.0 
38.6 AMC 1.30 40.0 0.050 1.4 
999.9 0.80 25.0 0.071 3.6 

0.90 25.0 0.087 5.1 
35.0 -D 0.38 25.0 0.049 1.1 
999.9 C 0.30 25.0 0.071 4.1 

0.30 25.0 0.062 6.0 
12.1 APB 0.70 40.0 0.362 9.9 
999.9 - 0.15 40.0 0.384 15.8 

0.20 40.0 0.457 19.0 
19.0 -C 0.63 27.0 0.143 5.7

0.49 
0.85 
0.13 
0.51 
0.64 
0.15 
0.75 
0.32 
0.23 
1.91 
1.54 
0.16 
0.19 
0.31 
0.08 
0.40 
0.38 
0.19 
5.04 
1.48 
0.46 
0.90 
0.62 
0.22 
1.33 
0.63 
0.31 
1.92 
4.95 
0.23 
3.95 
1.60 
0.45 
0.93 
4.06 
0.07 
0.26 
0.33 
0.16 
0.76 
1.75 
0.75 
2.49 
4.31 
0.39



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(km)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP PGA PGV PGD 
(lz) (iz) (g) (-n/s) (-)

99 

USC 90065 Glendora - N Oakbank # 
99 

USC 90073 Hacienda Heights - Colima # 
99 

CDMG 12331 Hemet Fire Station 
99 

CDMG 13197 Huntington Beach - Lake St 
99 

CDMG 14196 Inglewood - Union Oil 
99 

CDMG 14403 LA- 116th St School 
99 

CDMG 24157 LA - Baldwin Hills 
99 

USC 90054 LA - Centincla St # 
99 

CDMG 24389 LA - Century City CC North 
99 

CDMG 24390 LA - Century City CC South 
99 

USC 90015 LA-ChalonRd# 
99 

USC 90033 LA -Cypress Ave # 
99 

USC 90025 LA - E Vernon Ave # 
99 

USC 90034 LA- Fletcher Dr # 

99 

CDMG 24303 LA -Hollywood Stor FF

999.9 C 0.28 25.0 0.296 17.1 
0.45 25.0 0.166 8.4 

69.7 -D 0.38 25.0 0.071 3.3 
999.9 B 0.35 25.0 0.092 3.4 

0.23 25.0 0.110 5.0 
10.5 -C 0.50 25.0 0.096 2.2 
999.9 C 0.23 25.0 0.195 8.6 

0.45 25.0 0.201 6.3 
105.0 AQD 1.00 30.0 0.027 0.9 
999.9 C 0.70 25.0 0.038 1.4 

0.80 25.0 0.032 1.6 
42.8 AQD 0.22 30.0 0.027 1.3 
999.9 - 0.25 25.0 0.045 1.7 

0.17 25.0 0.044 3.4 
25.2 IQD 0.50 30.0 0.069 2.4 
999.9 - 0.60 40.0 0.299 8.9 

0.25 40.0 0.247 18.1 
22.5 AQD 0.20 30.0 0.105 3.0 
999.9 - 0.20 30.0 0.294 17.6 

0.20 30.0 0.396 21.0 
27.0 IPB 0.40 35.0 0.114 4.0 
999.9 - 0.30 35.0 0.142 8.7 

0.40 30.0 0.159 8.0 
27.7 -D 0.33 25.0 0.032 1.2 
999.9 C 0.30 25.0 0.059 3.0 

0.25 25.0 0.044 2.6 
31.4 IQD 0.50 23.0 0.039 1.6 
999.9 - 0.60 30.0 0.078 3.1 

0.35 30.0 0.111 6.2 
31.3 IQD 0.40 30.0 0.021 1.7 
999.9 - 0.20 25.0 0.051 3.5 

0.30 25.0 0.063 5.4 
32.6 -B 1.00 25.0 0.019 0.7 
999.9 B 0.38 25.0 0.036 2.3 

0.75 25.0 0.020 1.1 
11.4 -C 0.40 25.0 0.084 2.9 
999.9 B 0.33 25.0 0.156 8.0 

0.28 25.0 0.137 9.1 
10.8 -D 0.40 25.0 0.086 2.7 
999.9 C 0.18 25.0 0.146 12.8 

0.16 25.0 0.175 8.8 
14.4 -D 0.30 25.0 0.103 7.6 
999.9 C 0.28 25.0 0.171 19.4 

0.30 25.0 0.213 12.6 
25.2 IPD 0.45 50.0 0.070 2.8

0

1.82 
0.81 
0.48 
0.50 
0.81 
0.25 
0.84 
0.62 
0.07 
0.13 
0.10 
0.26 
0.49 
1.27 
0.24 
0.78 
1.92 
0.49 
1.97 
1.75 
0.37 
1.40 
0.72 
0.27 
0.55 
0.34 
0.20 
0.34 
0.70 
0.25 
0.61 
0.83 
0.07 
0.21 
0.12 
0.29 
0.88 
1.35 
0.39 
1.43 
1.37 
1.03 
2.17 
1.45 
0.42



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(kn)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (an/s) (an)

99 

USC 90016 LA- N Faring Rd # 
99 

USC 90032 LA -N Figueroa St # 
99 

USC 90021 LA -N Westmoreland # 
99 

CDMG 24400 LA -Obregon Park 
99 

USC 90022 LA -S Grand Ave # 
99 

USC 90091 LA- Saturn St # 
99 

USC 90023 LA -W 70th St # 
99 

USC 90017 LA -Wonderland Ave # 
99 

USC 90060 La Crescenta - New York # 
99 

USC 90074 La Habra -Briarcliff# 
99 

USC 90072 La Punte -Rimgrove Av # 
99 

CDMG 24271 Lake Hughes #1 
99 

USC 90084 Lakewood - Del Amo Blvd # 
99 

CDMG 24526 Lasmasta -Med Off FF 
99 

USC 90045 Lawndale - Osage Ave #

999.9 C 0.40 25.0 0.221 9.0 
0.40 25.0 0.124 6.9 

28.5 -B 0.55 25.0 0.034 1.6 
999.9 C 0.55 25.0 0.048 2.2 

0.40 25.0 0.053 3.0 
11.4 -C 0.55 25.0 0.169 5.7 
999.9 B 0.30 25.0 0.151 7.9 

0.20 25.0 0.166 13.1 
16.6 -D 0.35 25.0 0.084 3.1 
999.9 B 0.30 25.0 0.214 9.7 

0.30 25.0 0.199 6.2 
13.9 AQD 0.50 35.0 0.144 5.2 
999.9 - 0.40 35.0 0.450 16.1 

0.40 35.0 0.400 22.9 
14.5 -D 0.30 25.0 0.122 3.5 
999.9 C 0.35 25.0 0.191 8.6 

0.28 25.0 0.149 8.0 
20.8 -D 0.28 25.0 0.041 2.0 
999.9 C 0.25 25.0 0.099 6.1 

0.23 25.0 0.141 4.5 
16.3 -D 0.30 25.0 0.077 2.8 
999.9 C 0.30 25.0 0.198 19.5 

0.20 25.0 0.151 8.7 
24.6 -A 0.55 25.0 0.024 0.9 
999.9 A 0.53 25.0 0.039 1.7 

0.70 25.0 0.047 1.5 
22.7 -C 0.38 25.0 0.090 2.8 
999.9 C 0.40 25.0 0.134 11.7 

0.30 25.0 0.141 10.9 
13.5 -C 0.50 25.0 0.064 2.6 
999.9 C 0.25 25.0 0.183 9.9 

0.25 25.0 0.131 7.3 
11.9 -D 0.45 25.0 0.076 2.5 
999.9 C 0.18 25.0 0.143 6.2 

0.50 21.5 0.118 5.9 
74.7 APC -99.  
999.9 - 0.90 20.0 0.035 2.5 

0.80 20.0 0.029 1.6 
20.9 -D 0.30 25.0 0.126 3.4 
999.9 C 0.30 25.0 0.277 28.5 

0.30 25.0 0.178 11.8 
69.5 IQC 1.30 35.0 0.027 0.8 
999.9 - 0.80 25.0 0.067 2.5 

0.60 25.0 0.071 2.8 
25.1 -D 0.33 25.0 0.031 2.0

1.43 
1.12 
0.13 
0.26 
0.29 
0.47 
1.10 
1.82 
0.43 
0.98 
0.72 
0.59 
2.18 
2.53 
0.29 
0.75 
1.19 
0.59 
0.68 
0.58 
0.45 
2.49 
1.51 
0.10 
0.17 
0.16 
0.40 
1.18 
1.69 
0.31 
2.23 
1.10 
0.19 
1.04 
0.42 

0.19 
0.18 
0.55 
4.52 
2.13 
0.03 
0.16 
0.17 
0,26



Earthquake 
No. Location, 

Med, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. HIP

Closest Site 
Dist Codes 
(km)(4) (5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (an/s) (an)

99 

CDMG 14395 LB - Harbor Admin FF 
99

USC 90080 LB - Orange Ave # 
99

CDMG 14242 LB -R. Los Cerritos 
99 

CDMG 14241 LB - Recreation Park 
02 

CDMG 24055 Leona Valley #5 - Ritter 
99 

CDMG 24309 Leona Valley #6 
99

USCt'. 90050 Malibu - Las Flores Canyon # 
99

CDMG 24396 Malibu - Point Dume Sch 
99 

USC 90051 Malibu - W Pacific Cst Hwy # 
99 

USC 90046 Manhattan Beach - Manhattan # 
99 

USC 90062 Mill Creek, Angeles Nat For # 
99 

CDMG 24283 Moorpark - Fire Sta 
99 

CDMG 24399 Mt Wilson - CIT Seis Sta 
01 

USC 90009 N Hollywood - Coldwater Can# 
99

CDMG 24279 Newhall - Fire Sta

999.9 C 0.35 25.0 0.066 5.3 
0.38 25.0 0.053 5.3 

34.2 IQD 0.20 25.0 0.028 1.6 
999.9 - 0.60 30.0 0.058 4.1 

0.25 25.0 0.071 7.3 
18.3 -D 0.55 25.0 0.136 3.4 
999.9 - 0.12 25.0 0.255 32.9 

0.28 25.0 0.149 10.3 
26.0 IQD 0.70 35.0 0.084 2.8 
999.9 - 0.25 40.0 0.159 16.9 

0.50 35.0 0.194 17.2 
30.5 IQD 0.60 20.0 0.038 1.6 
999.9 - 0.20 30.0 0.058 3.1 

0.30 25.0 0.051 6.8 
61.3 IQC 1.00 25.0 0.029 1.0 
999.9 - 0.80 25.0 0.047 2.1 

0.80 30.0 0.056 2.7 
64.8 I-D 1.00 25.0 0.024 1.0 
999.9 - 1.00 25.0 0.036 1.6 

0.80 25.0 0.053 1.9 
46.3 -B 0.65 25.0 0.015 1.0 
999.9 B 0.65 25.0 0.065 2.3 

0.65 25.0 0.055 2.2 
65.3 AMB 0.35 30.0 0.029 1.9 
999.9 - 0.35 25.0 0.048 2.4 

0.60 20.0 0.040 2.0 
60.0 -B 0.38 25.0 0.029 1.6 
999.9 B 0.40 25.0 0.038 2.5 

0.70 25.0 0.032 2.3 
28.9 -C -99.  
999.9 C 0.40 25.0 0.054 5.8 

-99.  
34.5 -B 0.70 25.0 0.040 1.6 
999.9 C 0.40 25.0 0.089 4.0 

0.63 25.0 0.071 3.3 
27.1 AQD 1.00 25.0 0.019 1.0 
999.9 - 0.80 15.0 0.039 3.1 

0.50 15.0 0.042 2.5 
21.2 IGA 0.40 40.0 0.119 3.3 
999.9 - 0.60 40.0 0.123 3.3 

0.70 40.0 0.186 4.6 
30.8 -C 0.20 25.0 0.059 2.7 
999.9 B 0.20 25.0 0.116 6.2 

0.30 25.0 0.250 14.3 
55.2 AQD 1.00 25.0 0.038 1.0

0.89 
0.71 
0.40 
0.63 
0.85 
0.38 
4.83 
1.36 
0.21 
2.90 
2.21 
0.23 
0.80 
1.64 
0.07 
0.14 
0.19 
0.10 
0.10 
0.11 
0.13 
0.14 
0.32 
0.15 
0.32 
0.18 
0.24 
0.28 
0.22 

0.85 

0.10 
0.52 
0.32 
0.08 
0.26 
0.26 
0.25 
0.37 
0.21 
0.49 
0.97 
1.11 
0.09



Earthquake 
No. Location, 

Mech. Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F 

99 

USC 90056 Newhall -W Pico Canyon # 
99 

USC 90003 Northridge - Saticoy St # 
99 

USGS 634 Norwalk - Imp Hwy, S Gmd 
02 

USGS 697 Orange Co. Reservoir 
99 

USC 90049 Pacific Palisades -Sunset # 
99 

CDMG 24088 Pacoima Kagel Canyon 
99 

USC 90005 Paooima Kagel Canyon USC # 
99 

USC 90007 Panorama City. Roscoe # 
99 

CDMG 80046 Pasadena - Brown Gym 
99 

CDMG 80053 Pasadena - Crr Athenaeum 
99 

CDMG 80052 Pasadena - CIT Bridge Lab 
99 

CDMG 80047 Pasadena - CIT Calif Blvd 
99 

CDMG 80051 Pasadena - CIT Indust Rel 
99 

CDMG 80049 Pasadena - CIT Kack Lab 
99 

CDMG 80054 Pasada - CIT Kesge Lab

Closest Site 
Dist Codes 
(krn)(4) (5) 

999.9 

57.1 -C 
999.9 

39.8 -D 
999.9 C 

17.2 IHD 
999.9 

23.0 APB 
999.9 

38.6 -B 
999.9 C 

37.9 AMB 
999.9 

34.0 -D 
999.9 B 

33.0 -D 
999.9 B 

15.5 -QD 
999.9 

15.4 CQD 
999.9 B 

15.5 -QD 
999.9 

15.5 AQD 
999.9 

15.5 BQD 
999.9 

15.5 -QD 
999.9 

17.4 -QD

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (cn/s) (an) 

0.50 15.0 0.044 2.9 0.31 
0.60 15.0 0.060 2.9 0.41 
0.30 25.0 0.035 1.7 0.17 
0.28 25.0 0.088 5.6 0.47 
0.38 25.0 0.055 3.9 0.32 
0.25 25.0 0.084 2.4 0.41 
0.23 25.0 0.161 8.5 0.72 
0.20 25.0 0.118 5.1 0.83 
0.60 45.0 0.096 2.9 0.30 
0.15 40.0 0.107 8.4 1A0 
0.15 45.0 0.248 20.7 4.21 
1.00 35.0 0.126 2.7 0.19 
0.40 30.0 0.185 10.2 0.96 
0.30 30.0 0.198 6.1 0.74 
0.28 25.0 0.035 1.3 0.25 
0.45 25.0 0.063 2.0 0.28 
0.50 25.0 0.038 2.0 0.33 
0.50 35.0 0.055 2.7 0.30 
0.35 20.0 0.166 6.2 0.68 
0.45 20.0 0.164 6.8 0.87 
0.53 25.0 0.076 4.0 0.57 
0.30 25.0 0.119 7.9 1.07 
0.23 25.0 0.133 5.5 0.60 
0.25 25.0 0.079 2.8 0.50 
0.25 23.5 0.105 7.2 0.81 
0.20 25.0 0.108 7.2 IA8 
0.50 40.0 0.161 3.7 0.48 
0.35 30.0 0.165 13.2 2.09 
0.35 30.0 0.149 9.1 1.24 
0.50 30.0 0.125 4.8 0.44 
0.30 40.0 0.174 11.5 1.68 
0.30 35.0 0.101 6.0 0.74 
0.70 40.0 0.132 3.6 0.28 
0.40 35.0 0.184 10.3 1.13 
0.25 35.0 0.147 15.0 2.72 
0.30 40.0 0.171 7.0 0.58 
030 40.0 0.177 8.1 0.96 
0.30 35.0 0.271 15A 2.33 
0.50 40.0 0.184 5.5 0.45 
0.30 25.0 0.239 8.4 0.99 
0.30 30.0 0.228 13.8 1.95 
0.60 60.0 0.096 4.0 0.41 
0.40 35.0 0.152 5.1 0.60 
0.25 35.0 0.188 14.1 2.63 
0.50 45.0 0.081 3.3 0.37



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest Site 
Dist Codes 
(km)(4) (5)

Filter Comers 
HP LP PGA PGV PGD (hz) (hz) (g) (cm/s) (-)

99 

CDMG 80048 Pasadena -CIT Lura St 
99 

CDMG 80050 Pasadena -CIT Mudd Lab 
99 

USC 90095 Pasadena -Old HouseRd# 
99 

USC 90047 Playa Del Rey - Saran # 
99 

CDMG 23525 Pomona - 4th & Locust FF 
99 

CDMG 23497 Randco Cucamonga - Law & J 
99 

USC 90044 Rancho Palos Verdes -Luconia # 
99 

CDMG 13123 Riverside Airport 
99 

CDMG 24274 Rosamond - Goode Ranch 
99 

USC 90019 San Gabriel - E Grand Av # 
99 

CDMG 24401 San Marino, SW Academy 
99 

USC 90077 Santa Fe Springs -E Joslin # 
99 

USC 90048 Santa Monica -Second St # 
99 

USC 90010 Studio City - Coldwaer Can# 
99 

USC 90006 Sun Valley - Roscoe Blvd #

999.9 - 0.40 40.0 
0.60 40.0 

15.5 AQD 0.43 50.0 
999.9 - 0.40 40.0 

0.30 40.0 
15.5 -QD 0.70 30.0 
999.9 - 0.40 30.0 

0.30 35.0 
14.5 -C 0.25 25.0 
999.9 C 0.28 25.0 

0.23 25.0 
28.8 -D 0.35 25.0 
999.9 E 0.40 25.0 

0.38 25.0 
28.8 IQD 0.80 40.0 
999.9 C 0.50 30.0 

0.55 30.0 
44.3 IHD 0.70 40.0 
999.9 B 0.60 50.0 

0.60 50.0 
37.7 -C 0.55 21.5 
999.9 C 0.45 21.5 

0.53 25.0 
56.8 AQB 3.00 50.0 
999.9 B 1.70 35.0 

2.00 45.0 
86.0 IQC 0.40 30.0 
999.9 - 0.40 20.0 

0.50 20.0 
9.0 -A 0.35 25.0 
999.9 A 0.35 25.0 

0.35 25.0 
14.7 AQD 0.60 40.0 
999.9 - 0.40 40.0 

0.40 40.0 
10.8 -D 0.25 25.0 
999.9 C 0.35 25.0 

0.35 25.0 
32.6 -B 0.53 25.0 
999.9 B 0.53 25.0 

0.28 25.0 
28.7 -D 0.35 25.0 
999.9 C 0.28 25.0 

0.30 25.0 
32.6 -D 0.25 25.0

0.112 8.0 
0.089 3.8 
0.236 5.0 
0.360 9.8 
0.352 18.1 
0.134 3.9 
0.137 9.4 
0.163 15.1 
0.102 3.5 
0.231 10.6 
0.258 8.0 
0.018 1.2 
0.025 2.5 
0.034 2.5 
0.055 1.3 
0.067 3.4 
0.056 2.5 
0.044 0.9 
0.060 1.5 
0.050 1.4 
0.017 0.9 
0.021 2.0 
0.021 1.6 
0.044 0.7 
0.050 1.4 
0.047 1.4 
0.021 1.2 
0.070 3.8 
0.065 3.2 
0.227 5.5 
0.304 23.0 
0.199 11.0 
0.142 5.4 
0.128 5.6 
0.204 12.8 
0.206 6.7 
0.426 38.1 
0.443 21.7 
0.021 0.8 
0.033 2.7 
0.034 4.1 
0.073 2.8 
0.177 14.2 
0.231 13.7 
0.093 3.9

0.99 
0.28 
0.61 
0.92 
2.35 
0.36 
1.30 
2.23 
0.89 
1.58 
1.23 
0.22 
0.47 
0.32 
0.13 
0.35 
0.22 
0.09 
0.18 
0.16 
0.11 
0.28 
0.24 
0.01 
0.05 
0.04 
0.11 
0.39 
0.31 
0.44 
3.34 
1.04 
0.74 
0.58 
2.60 
1.03 
3.54 
3.00 
0.13 
0.28 
0.60 
0.37 
1.15 
1.14 
0.43



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest Site 
Dist Codes 
(km)(4) (5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (an/s) (an)

99 

USC 90008 Sun Valley -Sunland # 
99 

USC 90058 Sunland - Mt Gleason Ave # 
99 

CDMG 24514 Sylmar - Olive View Mod FF 
99 

USC 90001 Sylnar -Sayre St # 
99 

CDMG 24436 Tarzana, Cedar Hill 
99 

USC 90082 Terminal Island -S Seaside # 
99 

USC 90038 Torrance - W 226th St # 
99 

CDMG 24047 Vasquez Rocks Park 
99 

USC 90090 Villa Park -Serrano Av # 
99 

USC 90071 West Covina - S Orange # 
99 

USGS 289 Whittier N. Dam upstream 
01

0090 WhiuierNarrows 1987 1004 1059 5.3 5.3 0.0 0.0 CDMG 
03

24461 Alhambr - Fremont Sdi 
00

CDMG 24402 Ahadem -Eaton Canyon 
00 

CDMG 14368 Downey - Co Maint Bldg 
00 

CMDG 14196 Inglewood - Union Oil

999.9 B 0.25 25.0 0.202 8.5 
0.28 25.0 0.223 13.3 

29.3 -B 0.35 25.0 0.043 2.3 
999.9 B 0.30 25.0 0.075 3.4 

0.38 25.0 0.074 3.2 
27.5 -C 0.30 25.0 0.072 3.5 
999.9 B 0.28 25.0 0.089 4.5 

0.28 25.0 0.072 4.0 
47.7 AQD 0.50 25.0 0.042 1.7 
999.9 C 0.35 20.0 0.065 4.4 

0.40 20.0 0.055 3.2 
38.6 -D 0.33 25.0 0.033 1.2 
999.9 B 0.25 25.0 0.051 4.2 

0.28 25.0 0.046 2.7 
43.0 A-B 0.70 40.0 0.248 5.9 
999.9 - 0.60 40.0 0.449 20.1 

0.60 40.0 0.644 22.9 
35.7 -D 0.28 25.0 0.021 1.2 
999.9 C 0.20 25.0 0.042 3.9 

0.28 25.0 0.041 3.1 
31.4 -E 0.40 25.0 0.025 1.2 
999.9 E 0.23 25.0 0.031 2.6 

0.28 25.0 0.051 2.4 
52.4 IBA 0.90 35.0 0.039 1.1 
999.9 - 1.00 25.0 0.060 2.1 

1.00 25.0 0.060 2.3 
30.1 -B 0.50 25.0 0.033 1.3 
999.9 B 0.70 25.0 0.046 1.4 

0.55 25.0 0.072 2.6 
10.5 -B 0.50 25.0 0.131 3.7 
999.9 C 0.23 25.0 0.137 10.6 

0.23 25.0 0.179 7.0 
12.3 IHD 0.55 50.0 0.505 7.1 
999.9 - 0.20 50.0 0.229 17.8 

0.40 40.0 0.316 12.0 

12.6* AMD 0.50 40.0 0.082 2.9 
999.9 B 0.60 30.0 0.174 10.8 

0.50 40.0 0.178 8.9 
16.1* AQD 0.50 30.0 0.122 3.4 
999.9 0.45 30.0 0.264 9.5 

0.30 30.0 0.199 102 
20.5* AQD 0.80 40.0 0.048 1.2 
999.9 - 0.40 25.0 0.073 4.7 

0.60 30.0 0.065 5.4 
27.3* IQD 1.00 30.0 0.031 1.9

tJ

0.87 
1.05 
0.41 
0.73 
0.30 
0.50 
0.73 
0.59 
0.18 
0.67 
0.46 
0.20 
0.65 
0.41 
0.31 
1.29 
1.68 
0.32 
0.97 
0.97 
0.26 
0.65 
0.48 
0.09 
0.12 
0.11 
0.11 
0.13 
0.27 
0.23 
1.84 
1.79 
0.31 
2.62 
1.36 

0.26 
0.91 
0.87 
0.28 
0.78 
0.81 
0.14 
0.55 
0.58 
0.12



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(lrn)(4)

Site 
Codes 
(5)

Filter Corners 
HP LP PGA PGV PGD 
(hz) (hz) (g) (cn/s) (an)

00 

CDMG 14403 LA- ll6thStSchool 

00 

CDMG 24157 LA - Baldwin Hills 

00 

CDMG 24303 LA - Hollywood Stor FF 

00 

CDMG 24400 LA - Obregon Park 
00 

CDMG 24399 Mt Wilson - CIT Seis Sta 
00 

CDMG 24401 San Marino - SW Academy 
00 

CDMG 24436 Tarzana - Cedar Hill 
00

0091 Supersim Hills (A) 1987 1124 0514 6.3 5.8 6.2 0.0 USGS 
00 

0092 Superstitn Hills (B) 1987 1124 1316 6.7 0.0 6.6 0.0 USGS 
00

5210 Wildlife Liquef. Array 
00

5060 Brawley 
00

USGS 5061 Calipatria Fm Station 
00 

CDMG 01335 ElCentro Inp. Co. Cent 
00 

USGS tenp Kombloom Road (trmp) 
00 

USGS 5051 Pairdafe Test site 
00 

USGS 5052 PAer City 
00

999.9 - 0.40 30.0 
0.40 30.0 

24.6* AQD 0.70 30.0 
999.9 - 0.40 30.0 

0.15 30.0 
27.6* IPB 0.80 35.0 
999.9 - 0.30 30.0 

0.30 30.0 
24.5* IPD 0.60 25.0 
999.9 C 0.50 20.0 

0.50 25.0 
14.9* AQD 0.45 35.0 
999.9 - 0.55 25.0 

0.30 30.0 
20.4* IGA 0.50 35.0 
999.9 - 0.70 35.0 

0.70 40.0 
12.8* AQD 0.60 40.0 
999.9 - 0.50 40.0 

0.30 50.0 
42.7* A-B 1.00 35.0 
999.9 - 0.50 30.0 

1.00 25.0 

24.7 IQD 0.20 50.0 
999.9 - 0.20 50.0 

0.20 50.0 

18.2 AQD -99.  
999.9 C 0.10 23.0 

0.13 20.0 
28.3 BQD -99.  
999.9 C 0.23 20.0 

0.23 18.0 
13.9 AQD 0.10 47.0 
999.9 C 0.10 40.0 

0.10 38.0 
19.7 - -99.  
999.9 0.13 25.0 

0.15 23.0 
0.7 AQD -99.  
999.9 B 0.06 20.0 

0.12 23.0 
21.0 AQD -99.  
999.9 C 0.30 20.0 

0.20 18.0

0.110 6.9 
0.157 9.2 
0.036 1.4 
0.166 10.6 
0.151 10.1 
0.040 2.5 
0.065 6.2 
0.134 11.2 
0.027 1.0 
0.056 2.6 
0.079 3.8 
0.098 3.7 
0.374 14.5 
0.261 24.0 
0.086 2,2 
0.158 5.7 
0.142 4.6 
0.079 2.7 
0.156 7.8 
0.212 12.9 
0.037 1.4 
0.074 2.8 
0.113 4.5 

0.186 4.6 
0.132 12.7 
0.134 13A 

0.156 13.9 
0.116 17.2 

0.180 15.5 
0.247 14.6 
0.128 8.4 
0.358 46A 
0.258 40.9

0.93 
0.98 
0.12 
1.13 
1.06 
0.19 
1.08 
1.07 
0.13 
0.31 
0.45 
0.35 
0.98 
2.57 
0.16 
0.25 
0.20 
0.26 
1.02 
1.51 
0.09 
0.23 
0.31 

2.2 
7.3 
5.2 

5.4 
8.6 

3.3 
3.1 
4.9 
17.5 
20.2

0.121 19.2 6.3 
0.136 31.1 7A

0.455 112.0 
0.377 43.9 

0.121 9.5 
0.186 20.6

52.8 
15.2 

1.9 
5A



0093 Spitak, Armenia 
03 

0094 Loma Prieta 
03

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

USGS 

USGS 

USGS 

CDMG 

USGS

1988 1207 6.8 0.0 7.0 0.0

1989 1018 0005 6.9 0.0 7.1 0.0 CDMG 

BYU 

USGS 

USGS 

USGS 

CDMG 

CDMG 

CDMG 

USGS

Earthquake 
No. Location, 

Mech, Dip (1)

Closest Site Filter Comers
Dist Codes

Station (3) 
Description 

No. H/F 

tenp Poe Road (temp) 
00 

5062 Salton Sea Wildlife Refuge 
00 

286 Superstition Mt.  
00 

11369 Westmoland Fire Sta 
00 

5210 Wildlife Liquef. Array 
00 

12 Gukasian 
99 

57066 Agnews State Hospital 
99 

0 Alameda Naval Air Stn Hanger 23 
99 

1652 Anderson Dam (Downstmem) 
99 

1652 Anderson Dam (L Abut) 
99 

1002 APEEL 2 - Redwood City 
99 

58393 APEEL 2E Hayward Muir Sch 
99 

58219 APEEL 3E Hayward CSUH 
99 

58378 APEEL 7- Pulgas 
99 

1161 APEEL 9- Crystal Springs Res 
99

(5)

HP LP PGA PGV PGD 
(hz) (hz) (g) (cm/s) (cm)(k-)(4) 

12.4 
999.9 

27.1 
999.9 

4.3 
999.9 

13.3 
999.9 

24.4 
999.9 

30.0 
999.9 

28.2 
27.0 

999.9 
75.2 

21.4 
20.0 

21.4 
20.0 

47.9 
999.9 

57.4 
56.3 

57.1 
56.0 

47.7 
46.5 

46.9 
46.4

AQD 
D 

AGA 
B 

ADD 
C 

IQD 

A-A 

AQD 
C 

-E 
C 

AFD 
B 

AQA 
B 

IQD 
D 

ABD 
C 

ABA 
B 

IRA 
B 

IQA 
B

-99.  
0.20 
0.07 
-99.  
0.25 
0.20 
-99.  
0.30 
0.30 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.50 
0.50 
0.50 

0.20 
0.20 
0.20 
0.10 
0.10 
0.10 
0.20 
0.20 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.10 
0.10 
0.10 
0.20 
0.20

23.0 
23.0 

22.0 
30.0 

20.0 
25.0 
50.0 
35.0 
40.0 
50.0 
50.0 
40.0 

25.0 
25.0 
25.0 

42.0 
30.0 
30.0 
00.0 
00.0 
00.0 
48.0 
41.0 
40.0 
41.0 
32.0 
41.0 
40.0 
27.0 
22.0 
40.0 
30.0 
25.0 
38.0 
30.0 
30.0 
30.0 
30.0 
22.0 
40.0 
40.0

0.446 35.7 
0.300 32.8 

0.119 7.9 
0.167 18.3 

0.682 32.5 
0.894 42.2 
0.249 8.7 
0.172 23.5 
0.211 31.0 
0.408 6.0 
0.181 29.9 
0.207 34.5 

0.119 8.8 
0.199 28.6 
0.175 15.1 

0.093 8.3 
0.172 26.0 
0.159 17.6 
0.061 4.7 
0.268 22.0 
0.209 42.5 
0.151 9.9 
0.244 20.3 
0.240 18.4 
0.053 9.3 
0.064 12.2 
0.077 10.0 
0.083 9.5 
0.274 53.6 
0.220 34.3 
0.095 3.8 
0.171 13.7 
0.139 11.5 
0.047 4.2 
0.078 5.6 
0.084 6.4 
0.061 6.2 
0.156 16.1 
0.088 15.7 
0.049 7.2 
0.113 15.6

8.8 
11.5 

2.1 
4.3 

4.7 
7.3 
4.2 
13.0 
20.3 
3.9 
19.9 
21.0 

4.3 
9.8 
4.3 

4.43 
12.64 
9.75 
2.20 
5.15 
14.07 
3.17 
7.73 
6.73 
4.07 
11.87 
5.54 
3.15 
12.68 
6.87 
2.40 
3.89 
5.65 
3.33 
3.93 
3.57 
3.08 
7.75 
8.41 
2.11 
5.78

(5)



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
k-m)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (cm/s) (cm)

CDMG 58373 APEEL 10- Skyline 
99 

CDMG 58262 Belmont - Envirotedi 
99 

CDMG 58471 Berkeley LBL 
99

UCSC 13 
99

BRAN

CDMG 47125 Capitola 
99 

CDMG 57007 Corralitos 
02 

CDMG 57504 Coyote Lake Dam (Downst) 
02 

CDMG 57217 Coyote Lake Dam (SW Abut) 
02

USGS 

USGS

1515 Foster City - 355 Mehadm 
99 

1686 Fremont -Eneron Court 
99

CDMG 57064 Fremont - Mission San Jose 
99 

CDMG 47006 Gilroy - Gavilan Coll.  
99 

CDMG 57476 Gilroy - Historic Bldg.  
02 

CDMG 47379 Gilroy Array #1 
99

CDMG 47380 Gilroy Array #2 
99

0.20 40.0 0.104 18.1 8.11 
47.8 I-A 0.10 30.0 0.037 8.0 3.71 
46.6 B 0.10 25.0 0.103 13.9 8.55 

0.10 20.0 0.088 24.0 7.35 
49.9 BFA 0.20 38.0 0.041 4.5 2.46 
48.7 B 0.20 22.0 0.108 11.8 3.30 

0.20 30.0 0,110 16.2 5.71 
83.6 -A 0.20 20.0 0.039 3.9 1.40 
999.9 B 0.20 20.0 0.057 9.2 1.78 

0.20 18.0 0.117 20.9 4.44 
10.3 -A 0.10 0.507 17.9 4.17 
999.9 - 0.10 0.453 51.3 8.37 

0.10 0.501 44.6 4.86 
14.5 AQC 0.20 50.0 0.541 19.4 2.60 
8.6 C 0.20 48.0 0.529 36.5 9.11 

0.20 40.0 0.443 29.3 5.50 
5.1 APB 0.20 32.0 0.455 17.7 7.11 
0.0 B 0.20 40.0 0.644 55.2 10.88 

0.20 40.0 0.479 45.2 11.37 
22.3 IHD 0.10 30.0 0.095 9.9 4.51 
21.7 B 0.10 30.0 0.160 13.0 6.11 

0.10 29.0 0.179 22.6 13.20 
21.8 IFA 0.10 50.0 0.076 8.6 3.21 
999.9 0.10 31.0 0.151 16.2 7.37 

0.10 33.0 0.484 39.7 15.17 
51.2 0.10 50.0 0.075 5.8 2.70 
999.9 0.10 28.0 0.107 20.6 8.05 

0.10 30.0 0.116 20.4 3.94 
43.4 AQB 0.10 38.0 0.067 8.6 6.37 
42.4 - 0.10 31.0 0.192 12.7 5.50 

0.10 32.0 0.141 12.9 8.37 
43.0 AMB 0.20 32.0 0.080 8.5 5.30 
42.0 B 0.20 24.0 0.124 11.5 5.43 

0.20 28.0 0.106 8.8 4.36 
11.6 AFB 0.20 50.0 0.191 12.0 5.77 
10.9 B 0.20 45.0 0.357 28.6 6.35 

0.20 35.0 0.325 22.3 4.59 
12.7 BQD 0.20 52.0 0.149 11.1 6.03 
12.3 - 0.20 38.0 0.284 42.0 11.10 

0.20 40.0 0.241 24.0 3.66 
11.2 IFA 0.20 52.0 0.209 14.0 5.59 
10.5 A 0.20 50.0 0.411 31.6 6.38 

0.20 50.0 0.473 33.9 8.03 
12.7 IQD 0.20 40.0 0.294 14.6 4.66 
12.1 C 0.20 40.0 0.367 32.9 7.15

00

------- - ------------- -



Earthquake 
No. Location, 

Me*, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. HIF

Closest 
Dist 
(kn)(4)

Site 
Codes 
(5)

Filter Corners 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (an/s) (n)

CDMG 47381 Giloy Array #3 
99 

CDMG 57382 Gilroy Array #4 
99 

CDMG 57383 Gilroy Array #6 
99 

CDMG 57425 Gilroy Array #7 
99

USGS 1678 Golden Gate Bridge 
99

CDMG 57191 Halls Valley 
02 

CDMG 58498 Hayward -BART Sta 
99 

USGS 1028 Hollister City Hall 
99 

USGS 1656 Hollister Diff. Array 
99 

USGS 1032 Holister -SAGO Vault 
99 

CDMG 47524 Hollister -South & Pine 
99 

UCSC 16 LGPC 
99 

CDMG 47377 Monterey City Hall 
99 

CDMG 58224 Oakland -Title & Trust 
99 

CDMG 58264 Palo Alto - 1900 Embmo 
99

0.20 
14.4 IHD 0.10 
14.0 C 0.10 

0.10 
16.1 AHD 0.20 
15.8 C 0.20 

0.20 
19.9 mKB 0.20 
19.9 B 0.20 

0.20 
24.2 AHB 0.20 
24.3 C 0.20 

0.20 
85.1 -A 0.20 
999.9 B 0.20 

0.20 
31.6 IFC 0.20 
29.3 C 0.20 

0.20 
58.9 I-D 0.20 
57.7 B 0.20 

0.20 
28.2 CHD 0.10 

C 0.10 
0.10 

25.8 IQD 0.10 
999.9 - 0.10 

0.10 
30.6 PGA 0.10 
29.9 A 0.10 

0.10 
28.8 IQD 0.10 
999.9 - 0.10 

0.10 
6.1 -A 0.10 
999.9 - 0.10 

0.10 
44.8 CGA 0.20 
42.7 A 0.20 

0.20 
77.4 BBD 0.20 
76.3 C 0.20 

0.20 
36.1 BQD 0.20 
34.8 - 0.20

31.0 
50.0 
33.0 
40.0 
42.0 
28.0 
30.0 
32.0 
38.0 
31.0 
48.0 
40.0 
35.0 
30.0 
22.0 
27.0 
28.0 
22.0 
22.0 
40.0 
31.0 
36.0 
32.0 
29.0 
30.0 
38.0 
40.0 
33.0 
40.0 
32.0 
31.0 
31.0 
29.0 
23.0 

32.0 
28., 
22.0 
49.0 
38.0 
44.0 
50.0 
32.0

0.322 39.1 
0.338 15.5 
0.555 35.7 
0.367 44.7 
0.159 14.6 
0.417 38.8 
0.212 37.9 
0.101 9.5 
0.126 12.8 
0.170 14.2 
0.115 5.6 
0.226 16.4 
0.323 16.6 
0.056 11.3 
0.233 38.1 
0.123 17.8 
0.056 8.4 
0.134 15.4 
0.103 13.5 
0.082 4.7 
0.159 15.1 
0.156 10.6 
0.216 14.9 
0.247 38.5 
0.215 45.0 
0.154 8.4 
0.269 43.9 
0.279 35.6 
0.042 5.0 
0.036 7.1 
0.060 8.4 
0.197 15.1 
0.371 62.4 
0.177 29.1 
0.890 54.9 
0.563 94.8 
0.605 51.0 
0.032 2.7 
0.073 3.5 
0.063 5.8 
0.148 6.8 
0.195 19.9 
0.244 36.1 
0.080 7.3 
0.204 22.0

12.07 
7.03 
8.21 
19.25 
5.10 
7.09 
10.08 
4.10 
4.74 
3.79 
2.87 
2.52 
3.26 
3.81 
11.45 
2.92 
4.07 
3.30 
5.46 
2.76 
3.72 
3.33 
7.11 
17.83 
26.10 
4.19 
18.48 
13.05 
3.95 
4.55 
4.89 
7.06 
30.28 
18.13 
17.56 
41.18 
11.50 
0.92 
1AI 
2.89 
1.81 
3.54 
7.20 
3.33 
11.67



Earthquake Date & Time Magnitude (2) Station (3) Closest Site Filter Comers 
No. Location, Description Dist Codes HP LP PGA PGV PGD 

Me* ,Dip(1) YR MODYHRMN M ML MS OTH No. H/F (lin)(4) (5) (hz) Qiz) (g) (cmls) (cm) 

0.20 30.0 0.213 39.6 17.13 
USGS 1601 Palo Alto - SLAC Lab 36.3 AMA 0.20 40.0 0.090 10.2 2.82 

99 35.0 C 0.20 33.0 0.194 37.5 9.96 
0.20 28.0 0.278 29.3 9.72 

CDMG 58338 Piedmont Jr High 78.3 I-A 0.20 32.0 0.026 2.5 1.91 
99 77.2 A 0.20 27.0 0.084 8.2 2.94 

0.20 28.0 0.071 9.1 3.35 
CDMG 58043 Point Bonita 88.6 AFA 0.20 21.0 0.034 7.2 2.67 

99 999.9 A 0.20 22.0 0.071 11.4 3.98 
0.20 20.0 0.072 12.9 3.93 

CDMG 58505 Richmond City Hall 93.1 I-D 0.20 30.0 0.032 4.4 1.27 
99 999.9 C 0.20 25.0 0.124 17.3 2.59 

0.20 29.0 0.106 14.2 3.91 
CDMG 47189 SAGO South- Surface 34.7 IGB 0.10 29.0 0.060 7.8 5.86 

99 34.1 B 0.10 25.0 0.073 10.5 6.40 
0.10 30.0 0.067 9.6 6.42 

CDMG 47179 Salinas-John&Work 32.6 AHD 0.10 42.0 0.101 6.7 2.38 
99 31.4 C 0.10 30.0 0.091 10.7 8.56 

0.10 28.0 0.112 15.7 7.87 
CDMG 58065 Saratoga - Aloha Ave 13.0 AQD 0.10 58.0 0.389 26.9 15.15 

99 11.7 B 0.10 38.0 0.512 41.2 16.21 
U' 0.10 50.0 0.324 42.6 27.53 0 CDMG 58235 Saratoga - W Valley Coll. 13.7 AQD -99.  

99 12.0 B 0.10 38.0 0.255 42.4 19.55 
0.10 49.0 0.332 61.5 36.40 

CDMG 58132 SF-Cliff House 84.4 CFA 0.20 29.0 0.062 7.7 2.38 
99 999.9 - 0.20 22.0 0.075 10.8 4.35 

0.20 28.0 0.108 19.8 5.06 
CDMG 58130 SF- Diamond Heights 77.0 BBA 0.20 30.0 0.043 6.7 2.07 

99 75.9 B 0.20 30.0 0.098 10.0 2.10 
0.20 22.0 0.113 13.1 3.36 

CDMG 58131 SF-PacificHeights 81.6 BFA 0.20 24.0 0.031 6.0 2.87 
99 80.5 A 0.20 22.0 0.061 12.8 3.45 

0.20 20.0 0.047 9.2 2.92 
CDMG 58222 SF-Presidio 83.1 IFA 0.10 31.0 0.058 11.7 4.07 

99 999.9 - 0.10 32.0 0.099 12.9 4.32 
0.10 32.0 0.200 32.4 5.86 

CDMG 58151 SF- RinonHill 79.7 IFA 0.20 39.0 0.029 3.6 2.38 
99 78.5 A 0.20 41.0 0.078 6.7 2.58 

0.20 40.0 0.092 10.4 3.91 
CDMG 58133 SF - Telegraph Hill 82.0 CFA 0.10 22.0 0.026 3.0 1.55 

99 999.9 - 0.10 29.0 0.036 3.3 1.40 
0.10 28.0 0.077 6.7 4.45 

CDMG 58223 SF lhum.Aispot 64.4 AHD 0.20 38.0 0.065 5.2 2.47 
99 63.2 C 0.20 31.0 0236 25.5 4.20



Eartqtlake 
No. Location, 

Mech. Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. HI/F

Closest 
Dist 
Oun)(4)

Site 
Codes 
(5)

Filter Corners 
HP LP PGA PGV PGD 
(hz) (hz) (g) (an/s) (an)

CDMG 58539 So. San Francisco, Sierra Pt.  
99

USGS 

USGS

17 Stanford Park. Garage 
99 

1695 Sunnyvale - Colton Ave.  
99

CDMG 58117 Treasure Island 
99 

UCSC 15 UCSC 
01 

CDMG 58135 UCSC Lick Observatory 
01 

UCSC 14 WAHO 
99 

CDMG 58127 Woodside 
99 

CDMG 58163 Yesba Buena Island 
99

0095 Georgia, USSR 
99

1991 0615 0059 0.0 0.0 6.2 0.0 18 Ambmlauri 
99

21 Baz 
99 

19 Iri 
99 

20 Oni 
99 

22 Zer 
99

0.20 
68.2 AFA 0.06 
67.6 A 0.06 

0.06 
36.3 - -99.  
999.9 0.10 

-99.  
28.8 AHD 0.10 
27.5 C 0.10 

0.10 
82.9 B-D 0.10 
999.9 D 0.10 

0.10 
18.1 -B 0.10 
999.9 - 0.10 

0.10 
17.9 AKA 0.20 
12.5 E 0.20 

0.20 
16.9 AQD 0.10 
999.9 - 0.10 

0.10 
39.9 APB 0.10 
38.7 B 0.10 

0.10 
80.6 AFA 0.20 
79.5 A 0.20 

0.20 

73.7* A-A 0.10 
999.9 - 0.10 

0.10 
49.0* A-D 0.10 
999.9 - 0.10 

0.10 
36.4* A-D 0.20 
999.9 - 0.20 

0.20 
52.0* A-D 0.20 
999.9 - 0.20 

0.20 
56.9* A-D 0.20 
999.9 - 0.20 

0.20

30.0 
30.0 
35.0 
30.0

0.329 27.9 
0.034 4.7 
0.056 7.1 
0.105 8.8

6.03 
3.35 
5.18 
4.59

70.0 0.254 38.5 15.89 

50.0 0.104 8.6 4.06 
40.0 0.207 37.3 19.11 
32.0 0.209 36.0 16.90 
21.0 0.016 1.2 1.44 
28.0 0.100 15.6 4.41 
30.0 0.159 32.8 11.52 

0.223 6.7 1.77 
0.309 10.3 2.80 
0.396 13.2 2.32 

50.0 0.367 10.6 5.39 
40.0 0.450 18.7 3.84 
40.0 0.395 17.6 5.00 

0.267 12.0 2.01 
0.370 27.2 3.84 
0.638 38.0 5.85 

31.0 0.050 6.2 2.80 
25.0 0.080 13.7 8.47 
25.0 0.082 16.7 8.89 
32.0 0.028 3.8 1.82 
22.0 0.029 4.2 1.45 
31.0 0.068 13.4 3.26

0.007 1.0 
0.018 1.8 
0.016 1.3 
0.016 1.4 
0.033 2.2 
0.038 2.0 
0.045 2.9 
0.117 7.4 
0.111 7.9 
0.018 1.2 
0.075 3.1 
0.046 2.6 
0.0262.1 
0.061 4.7 
0.065 4.0

0.31 
0.54 
0.39 
0.39 
0.40 
0.35 
0.59 
0.96 
0.81 
0.32 
0.40 
0.44 
0.62 
0.83 
0.49

2.0 -D 0.20 0.248 18.3 7.86

U's

6.9 0.0 0.0 0.0 95 Erzincan0096 Enzikm, Turkey IM9 0313



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
0kn)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) 0hz) (g) (Cans) (can)

99 

0097 Cape Mendocino 
02

99

1992 0425 1806 7.1 0.0 7.1 0.0 CDMG 89005 Cape Mendocino # 
01

CDMG 89509 Eureka -Myrtle & West # 
99 

CDMG 89486 Forma -Forma Blvd # 
99 

CDMG 89156 Petrolia # 
01 

CDMG 89324 Rio Dell Overpass -FF # 
01 

CDMG 89530 Shelter Cove Airport # 
99

0) 0098 Landers 
00

1992 0628 1158 7.3 0.0 7.4 0.0 CDMG

USC 

USC 

USC

21081 Amboy # 
99 

90088 Anaheim - W Ball # 
99 

90099 Arcadia -Arcadia Av # 
99 

90093 Arcadia -Campus Dr # 
99

CDMG 32075 Baker Fire Station # 
99

USC 90069 Baldwin Park - N Holly # 
99

CDMG 23559 Barstow # 
99

USC 90094 Bell Gardens -Jabonea # 
99

999.9 C 0.10 
0.10 

8.5 IFA 0.07 
999.9 A 0.07 

0.07 
44.6 IHD 0.16 
35.8 B 0.16 

0.16 
23.6 IQD 0.07 
13.7 B 0.07 

0.07 
9.5 IMD 0.07 
0.0 C 0.07 

0.07 
18.5 APC 0.07 
12.3 B 0.07 

0.07 
33.8 IFB 0.50 
32.6 B 0.50 

0.50 

69.2 AAB 0.10 
68.3 A 0.10 

0.10 
134.0 -D 0.20 
999.9 C 0.13 

0.12 
137.1 -D 0.53 
999.9 C 0.20 

0.10 
135.5 -D 0.25 
999.9 C 0.18 

0.12 
88.5 A-D 0.10 
88.3 B 0.10 

0.10 
131.6 -D 0.28 
999.9 B 0.15 

0.12 
36.1 IQD 0.07 
37.7 B 0.07 

0.07 
153.9 -D 0.65 
999.9 C 0.30 

0.18

0.515 83.9 27.35 
0.496 64.3 22.78

23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 

23.0 
23.0 
23.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
23.0 
23.0 
23.0 
25.0 
25.0 
25.0 
23.0 
23.0 
23.0 
25.0 
25.0 
25.0

0.754 63.0 
1.497 127.4 
1.039 42.0 
0.042 7.5 
0.154 20.2 
0.178 28.3 
0.049 5.8 
0.116 30.0 
0.114 21.7 
0.163 24.5 
0.590 48.4 
0.662 89.7 
0.195 10.6 
0.385 43.9 
0.549 42.1 
0.054 2.0 
0.229 7.1 
0.189 6.6 

0.090 11.0 
0.115 18.3 
0.146 20.0 
0.017 3.0 
0.047 10.8 
0.035 10.5 
0.015 2.1 
0.031 6.1 
0.027 10.2 
0.023 3.4 
0.046 9.8 
0.051 12.6 
0.056 4.9 
0.108 9.4 
0.106 11.0 
0.020 4.2 
0.028 8.7 
0.026 7.4 
0.066 7.7 
0.132 21.9 
0.135 25.8 
0.016 1.1 
0.036 4.7 
0.044 10.5

109.48 
41.01 
12.39 
2.92 
5.89 
11.41 
3.72 
27.59 
12.79 
31.78 
21.74 
29.55 
7.07 
22.03 
18.62 
0.33 
0.39 
0.57 

3.25 
11.16 
7.38 
1.27 
5.91 
4.01 
0.48 
2.91 
6.77 
1.26 
3.66 
7.27 
3.52 
6.35 
7.96 
1.25 
5.03 
5.04 
4.38 
20.59 
18.67 

0.18 
1.48 
4.74



Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

USC 

CDMG 

USC 

USC 

USC 

USC 

USC 

USC 

SCE 

USC 

CDMG 

CDMG 

USC 

USC 

CDMG

Ut

Earthquake 
No. Location.  

Mech, Dip (1)

Station (3) 
Description 

No. H/F 

90061 Big Tujunga, Angeles NatF# 
99 

33083 Boron Fire Station # 
99 

90087 Brea - S Flower Av # 
99 

90086 Buena Park - La Palma # 
99 

90012 Burbank - N Buena Vista # 
99 

90052 Calabasas - N Las Virg # 
99 

90004 Chatsworth - Devonshire # 
99 

90078 Coipton - Catlegate # 
99 

23 Coolwater 
99 

90070 Covina - W Badfllo # 
99 

12149 Desert Hot Spdngs # 
99 

14368 Downey - Co Maint Bldg # 
99 

90067 Duare - Mel Canyon Rd # 
99 

90066 El Monte - Fairview Av # 
99 

13122 FaeathdyPamk# 
99

Closest 
Dist 
(km)(4) 

144.3 
999.9 

90.6 
92.4 

136.5 
999.9 

148.6 
999.9 

162.1 
999.9 

194.1 
999.9 

176.8 
999.9 

161.2 
999.9 

21.2 
22.8 

128.3 
999.9 

23.2 
22.5 

157.0 
999.9 

126.4 
999.9 

136.1 
999.9 

121.9 
999.9

Site 
Codes 
(5) 

-C 
B 

A-D 
B 

-D 
C 

-D 
C 

-D 
C 

-B 
B 

-D 
C 

-D 
C 

-D 
B 

-D 
C 

AQD 
B 

AQD 

-B 
B 

-D 
C 

AMC

Filter Comers 
HP LP PGA PGV PGD 
(hz) () (g) (an/s) (an) 

0.30 25.0 0.015 2.8 0.98 
0.33 25.0 0.025 3.2 0.65 
0.30 25.0 0.025 3.4 0.69 
0.07 23.0 0.054 5.1 3.15 
0.07 23.0 0.119 12.9 9.14 
0.07 23.0 0.090 9.6 3.70 
0.20 25.0 0.018 3.7 1.30 
0.13 25.0 0.036 11.0 6.15 
0.12 25.0 0.045 11.3 7.55 
0.55 25.0 0.009 0.9 0.18 
0.18 25.0 0.045 11.5 4.81 
0.15 25.0 0.052 8.8 5.64 
0.33 25.0 0.023 4.7 1.03 
0.25 25.0 0.049 7.2 2.18 
0.28 25.0 0.068 10.4 2.86 
0.50 25.0 0.013 1.4 0.31 
0.28 25.0 0.018 2.8 0.81 
0.20 22.5 0.012 2.5 0.95 
0.20 25.0 0.018 3.8 1.31 
0.23 25.0 0.031 4.2 1.50 
0.07 25.0 0.033 6.5 5.97 
1.25 25.0 0.020 0.8 0.07 
0.15 22.5 0.065 12.2 4.99 
0.15 25.0 0.063 13.1 4.05 
0.10 30.0 0.174 9.9 4.01 
0.10 30.0 0.283 25.6 13.74 
0.10 30.0 0.417 42.3 13.76 
0.15 25.0 0.029 6.1 2.42 
0.13 25.0 0.057 15.8 9.60 
0.28 25.0 0.046 7.5 2.09 
0.07 23.0 0.167 9.9 3.71 
0.07 23.0 0.171 20.2 13.87 
0.07 23.0 0.154 20.9 7.78 
0.07 23.0 0.016 6.4 4.46 
0.07 23.0 0.051 18.3 24.03 
0.07 23.0 0.039 11.3 10.32 
0.28 25.0 0.019 4.0 1.14 
0.28 25.0 0.026 3.5 0.86 
0.30 25.0 0.017 2.8 1.05 
0.25 25.0 0.021 3.8 1.30 
0.09 25.0 0.037 11.8 9.40 
0.23 25.0 0.038 7A 2,58 
0.16 23.0 0.026 2.2 1.25 
0.16 23.0 0.051 7.0 3.63 
0.16 23.0 0.052 4.6 2.66



Earthquake 
No. Location, 

Mech. Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest Site 
Dist Codes 
(km)(4) (5)

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (cn/s) (cm)

CDMG 24577 Fort Irwin # 
99 

USC 90002 Fountain Valley -Euclid # 
99 

USC 90063 Glendale -Las Palmas # 
99 

USC 90065 Glendora - N Oakbank # 
99 

USC 90073 Hacienda Heights -Colima # 
99 

CDMG 12331 Hemet Fire Station # 
99 

USC 90083 Huntington Bch -Waikiki # 
99 

CDMG 12026 Indio -Coachella Canal # 
99 

CDMG 14196 Inglewood - Union Oil # 
99 

CDMG 22170 Joshua Tree# 
99 

CDMG 14403 LA- 116dh St School # 
99 

USC 90025 LA- E Vernon Av# 
99 

USC 90034 LA -Fletcher Dr # 
99 

USC 90032 LA- N Figueroa St # 
99 

USC 90021 LA- N Weimofeland 
99

64.2 -D 0.07 23.0 0.056 5.6 
65.0 B 0.07 23.0 0.114 9.7 

0.07 23.0 0.122 16.4 
148.8 -D 0.90 25.0 0.014 1.0 
999.9 C 0.13 25.0 0.069 14.7 

0.13 25.0 0.058 10.3 
147.9 -C 1.10 25.0 0.027 1.0 
999.9 C 0.30 25.0 0.044 6.4 

0.28 25.0 0.071 4.1 
122.2 -D 0.38 25.0 0.030 2.8 
999.9 B 0.30 25.0 0.039 5.1 

0.28 25.0 0.063 9.9 
136.0 -C 0.20 25.0 0.027 2.9 
999.9 C 0.28 25.0 0.058 8.5 

0.25 25.0 0.046 5.7 
69.5 AQD 0.16 23.0 0.063 3.0 
69.1 C 0.16 23.0 0.081 5.6 

0.16 23.0 0.097 5.7 
153.3 -D 0.63 25.0 0.012 1.0 
999.9 C 0.14 25.0 0.056 9.5 

0.12 25.0 0.059 10.8 
55.7 IQD 0.10 23.0 0.042 6.6 
54.9 C 0.10 23.0 0.104 9.6 

0.10 23.0 0.109 15.2 
166.9 IQD 0.07 23.0 0.015 4.8 
999.9 - 0.07 23.0 0.043 15.7 

0.07 23.0 0.035 10.5 
11.6 AGC 0.07 23.0 0.181 15.0 
11.3 B 0.07 23.0 0.274 27.5 

0.07 23.0 0.284 43.2 
164.0 AQD 0.07 23.0 0.013 5.2 
999.9 - 0.07 23.0 0.042 14.1 

0.07 23.0 0.042 12.1 
157.7 -D 0.38 25.0 0.019 2.2 
999.9 C 0.13 25.0 0.034 7.7 

0.18 25.0 0.039 8.9 
152.3 -D 0.20 22.5 0.024 3.1 
999.9 C 0.28 25.0 0.045 6.2 

0.28 25.0 0.040 4.0 
148.7 -AC 0.40 25.0 0.016 2.3 
999.9 B 0.35 25.0 0.030 3.6 

0.38 25.0 0.037 4.3 
159.2 -D 0.53 25.0 0.016 1.9 
999.9 B 0.38 25.0 0.044 3.7 

0.25 25.0 0.036 3.9

3.90 
3.66 
21.81 
0.11 
7.87 
4.70 
0.07 
1.07 
0.74 
0.60 
1.36 
2.79 
1.11 
2.63 
1.31 
1.60 
1.36 
2.27 
0.15 
5.09 
4.07 
3.99 
5.05 
9.69 
5.52 
19.03 
9.99 
9.39 
9.82 
14.51 
4.36 
17.91 
13.75 
0.61 
4.64 
4.24 
0.62 
1.48 
1.10 
0.52 
1.09 
1.09 
0.38 
0.81 
1.31



Earthquake 
No. Location, 

Me*h. Dip (1)

Date & Time Magnitude (2) 

YR MODY HRMN M ML MS OTH

Lt Ut

Station (3) 
Description 

No. H/F 

CDMG 24400 LA - Obregon Park # 
99 

USC 90022 LA- S Grand Ave# 
99 

USC 90020 LA-WlSthSt# 
99 

USC 90023 LA-W70thSt# 
99 

USC 90060 La Crscenta - New York # 
99 

USC 90074 La Habra - Briarcliff # 
99 

USC 90072 La Puenme - Rimgrove Av # 
99 

USC 90084 Lakewood - Del Amo Blvd # 
99 

USC 90080 LB - Orange Av # 
99 

SCE 24 Luceme # 
99 

USGS 100 Mission Creek Fault 
99 

USGS 5071 Morongo Valley 
99 

USGS 5070 North Palm Springs 
99 

USC 90003 Nothridge - Saticoy St # 
99 

CDMG 12025 PalmSpngs ir # 
99

Closest 
Dist 
(kin)(4) 

151.4 
999.9 

161.1 
999.9 

161.2 
999.9 

167.8 
999.9 

147.9 
999.9 

142.8 
999.9 

132.0 
999.9 

155.8 
999.9 

164.5 
999.9 

1.1 
999.9 

999.9 
27.8 

19.3 
17.7 

24.2 
27.7 

176.5 
999.9 

37.5 
36.7

Site 
Codes 
(5) 

AQD 

-D 
C 

-C 
C 

-D 
C 

-C 
C 

-C 
C 

-D 
C 

-D 
C 

-D 

A-A 
A 

B 

AHC 
B 

AHD 
B 

-D 

C 

IQD 
C

Filter Comers 
HP LP PGA PGV PGD 
(hz) (hz) (g) (cm/s) (cm) 

0.07 23.0 0.020 4.1 3.72 
0.07 23.0 0.043 1 16.38 
0.07 23.0 0.065 7.6 5.83 
0.40 25.0 0.014 1.9 0.51 
0.28 25.0 0.028 4.7 1.64 
0.18 25.0 0.035 6.6 2.88 
0.30 25.0 0.015 3.3 1.02 
0.09 25.0 0.029 7.8 5.44 
0.30 25.0 0.036 6.3 1.89 
0.35 25.0 0.014 1.8 0.56 
0.18 25.0 0.055 9.6 3.06 
0.20 25.0 0.049 11.3 3.93 
0.50 25.0 0.014 1.9 0.32 
0.40 25.0 0.024 2.7 0.56 
0.30 25.0 0.030 4.3 1.11 
0.53 25.0 0.026 2.2 0.44 
0.25 25.0 0.051 10.0 3.84 
0.23 25.0 0.053 9.5 3.04 
0.25 25.0 0.017 3.5 0.77 
0.13 25.0 0.035 8.3 4.39 
0.12 25.0 0.043 8.1 5.42 
0.50 25.0 0.016 1.7 0.35 
0.16 25.0 0.054 14.1 4.88 
0.15 25.0 0.050 12.8 5.14 
0.50 25.0 0.019 1.6 0.30 
0.15 25.0 0.055 9.5 4.23 
0.15 25.0 0.061 11.1 4.40 
0.00 60.0 0.805 41.2 43.88 
0.00 60.0 0.730 145.3 162.70 
0.00 60.0 0.797 32.3 39.40 
0.05 0.085 4.3 1.69 

0.126 6.8 231 
0.05 0.125 23.0 24.44 

0.160 93 3.33 
0.188 16.6 9.45 
0.140 20.2 6.33 
0.112 7.2 2.40 
0.136 11.0 4.97 
0.134 14.5 5.57 

0.20 25.0 0.017 4.5 1.69 
0.08 25.0 0.036 12.2 8.82 
0.07 25.0 0.036 15.9 17.06 
0.07 23.0 0.108 6.8 3.08 
0.07 23.0 0.076 10.9 6.95 
0.07 23.0 0.089 13.8 5.29



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(k-)(4)

Site 
Codes 
(5)

Filter Corners 
HP LP PGA PGV PGD 
(hz) (ha) (g) (am/s) (cm)

CDMG 23525 Pomona - 4th & Locust # 
99 

CDMG 12168 Puerta La Cruz # 
99 

CDMG 13123 Riverside Airport# 
99 

CDMG 23542 San Bemardino-E & Hospitalit 
99 

USC 90019 San Gabriel - E Grand Av # 
99 

USC 90077 Santa Fe Springs -E Joslin # 
99 

CDMG 12206 Silent Valley - Poppet Flat # 
99 

USC 90008 Sun Valley - Sunland # 
99 

USC 90006 Sun Valley - Rocoe Blvd # 
99 

USC 90058 Sunland - Mt Gleaon Av # 
99 

CDMG 24436 Tarzana - Cedar Hill # 
99 

USC 90089 Tustin - E Sycamore # 
99 

CDMG 22161 Twentynine Palms # 
99 

USC 90090 Villa Park - Serrano Av # 
99 

USC 90071 West Covina - S Onge # 
99

117.0 IQD 0.12 23.0 0.035 2.8 
117.6 C 0.12 23.0 0.067 12.8 

0.12 23.0 0.044 8.6 
95.9 AQB 0.30 23.0 0.038 1.7 
93.1 B 0.30 23.0 0.047 2.0 

0.30 23.0 0.044 2.0 
96.1 AQB 0.16 23.0 0.040 1.7 
96.2 B 0.16 23.0 0.043 3.0 

0.16 23.0 0.041 3.2 
80.5 -D 0.10 50.0 0.065 7.5 
79.9 C 0.10 50.0 0.078 19.8 

0.10 50.0 0.087 14.6 
141.6 -A 0.16 22.5 0.022 6.3 
999.9 A 0.07 25.0 0.041 14.1 

0.13 25.0 0.036 9.6 
150.4 -D 0.35 25.0 0.024 1.5 
999.9 C 0.18 25.0 0.060 5.9 

0.15 25.0 0.047 9.2 
51.7 IGA 0.12 23.0 0.038 3.2 
51.3 A 0.12 23.0 0.050 3.8 

0.12 23.0 0.040 5.1 
162.6 -B 1.00 25.0 0.012 0.9 
999.9 B 0.33 25.0 0.027 2.6 

0.45 25.0 0.021 2.9 
167.8 -D 0.12 25.0 0.021 4.4 
999.9 B 0.07 25.0 0.039 18.1 

0.18 25.0 0.028 7.0 
151.1 -C 0.20 25.0 0.021 2.8 
999.9 B 0.33 25.0 0.029 5.3 

0.25 25.0 0.031 6.0 
175.6 A-B 0.12 23.0 0.026 2.5 
999.9 - 0.12 23.0 0.066 9.5 

0.12 23.0 0.043 5.4 
134.0 -D 0.28 25.0 0.017 3.3 
999.9 C 0.13 25.0 0.044 14.2 

0.23 25.0 0.046 6.6 
42.2 AGA 0.12 23.0 0.040 3.3 
41.9 A 0.12 23.0 0.080 3.7 

0.12 23.0 0.060 4.9 
131.4 -B 0.20 25.0 0.021 2.8 
999.9 B 0.11 25.0 0.028 8.0 

0.18 25.0 0.035 7.0 
132.4 -B 0.25 25.0 0.023 5.7 
999.9 C 0.28 25.0 0.048 8.7 

0.13 25.0 0.048 15.1

1.54 
6.95 
3.52 
0.48 
0.41 
0.63 
1.01 
1.62 
1.38 
2.64 
10.49 
7.63 
2.97 
15.03 
6.03 
0.47 
2.67 
4.23 
2.08 
2.03 
3.88 
0.08 
0.71 
0.60 
2.48 
18.27 
2.62 
0.91 
1.40 
1.70 
1.16 
5.83 
3.18 
0.97 
5.90 
2.11 
1.93 
2.34 
4.30 
0.93 
5.32 
3.51 
2.38 
2.30 
12.06



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(kn)(4)

Site 
Codes 
(5)

Filter Corners 
HP LP 
(hz) (lz)

PGA PGV PGD 
(g) (axn/s) (an)

CDMG 22074 Yenno Fire Station # 
99 1

0099 Big Bear 
99 

0100 Northridge 
02

1992 0628 1506 6.4 6.5 6.6 0.0 CDMG 

1994 0117 1231 6.7 6.6 6.7 0.0 CDMG

23542 San Bemardino-E &Hospitality 
99 

24461 Alhambra -Fremont School 
99

CDMG 25169 Anacapa Island # 
99

USC 90088 Anaheim - W Ball Rd 
99

CDMG 24576 Anaverde Valley - City R # 
99 

CDMG 24310 Antelope Buttes# 
99

USC 

USC

90099 Arcadia -Arcadia Av 
99 

90093 Arcadia -Campus Dr.  
99

CDMG 24087 Arleta - Nordhoff Fire Sta # 
99

USC 

USC 

USC 

USC 

USC

90069 Baldwin Park - N. Holly Ave 
99 

90094 Bell Gardens - Jabonesia 
99 

90014 Beverly Hills - 12520 Mulhol 
99 

90013 Beverly Hills - 14145 Mulhol 
99 

90061 Big Tujunga, Angela Nat F 
99

24.9 AQD 0.07 23.0 0.136 12.9 
26.3 C 0.07 23.0 0.245 51.5 

0.07 23.0 0.152 29.7 

999.9 -D 0.10 50.0 0.073 4.5 
999.9 C 0.10 50.0 0.092 13.8 

0.10 50.0 0.101 11.9

35.7 AMD 0.12 
36.1 B 0.12 

0.12 
71.2 - 0.30 
68.2 0.30 

0.30 
71.1 -D 1.00 
999.9 C 0.23 

0.23 
38.4 -D 0.20 
39.1 0.20 

0.20 
47.3 - 0.12 
48.4 0.12 

0.12 
42.5 -D 0.50 
40.6 C 0.25 

0.30 
44.2 -D 0.50 
42.4 C 0.30 

0.23 
9.2 AQD 0.12 
3.9 - 0.12 

0.12 
50.6 -D 0.70 
49.0 B 0.20 

0.23 
46.6 -D 0.13 
42.5 C 0.13 

0.13 
20.8 -C 0.30 
999.9 B 0.13 

0.03 
19.6 -C 0.40 
999.9 C 0.13 

0.20 
24.0 -C 0.30 
21.9 B 0.30

25.0 
25.0 
25.0 
23.0 
23.0 
23.0 
30.0 
30.0 
30.0 
46.0 
46.0 
46.0 
23.0 
23.0 
23.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
23.0 
23.0 
23.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0

0.046 4.6 
0.101 10.9 
0.079 5.0 
0.013 0.8 
0.067 3.2 
0.037 1.8 
0.048 1.5 
0.072 5.2 
0.066 5.1 
0.044 4.7 
0.044 3.9 
0.060 5.5 
0.029 3.6 
0.046 3.6 
0.068 4.3 
0.092 4.0 
0.104 7.3 
0.083 10.2 
0.057 4.2 
0.089 4.7 
0.110 8.1 
0.552 18.4 
0.344 40.6 
0.308 23.2 
0.045 1.7 
0.090 3.9 
0.123 8.2 
0.049 3.5 
0.098 7.4 
0.068 7.6 
0.314 14.1 
0.617 40.8 
0.444 30.2 
0.326 16.9 
0.416 59.0 
0.516 62.8 
0.172 3.8 
0.163 8.1

-.J

4.82 
43.81 
24.69 

1.12 
3.53 
3.35 

1.12 
2.53 
1A3 
0.25 
0.47 
0.25 
0.11 
1.00 
1.53 
1.70 
1.09 
1.54 
2.63 
2.26 
2.23 
0.56 
1.59 
1.61 
0.59 
1.29 
1.73 
8.83 
15.04 
10.75 
0.23 
1.19 
1.33 
1.88 
3.50 
2.46 
1.31 
8.57 
4.84 
256 
13.14 
11.08 
0.56 
0.83



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M NL MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
Oun)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP 
(hz) (hz)

PGA PGV PGD 
(9) (cm/s) (on)

USC 90087 Brea -S. Flower Ave.  
99 

VA 638 Brentwood V.A. Hospital 
99 

USC 90086 Buena Park -La Palma 
99 

USC 90059 Burbank -Howard Rd.  
99 

CDMG 25282 Camarillo 
99 

USC 90053 Canoga Park - Topanga Can 
99 

USC 90057 Canyon Country -W Lost Cany 
99 

USC 90040 Carson -Catskill Ave 
99 

USC 90081 Carson -Water St.  
99 

CDMG 24278 Castaic -Old Ridge Route # 
99 

USC 90078 Conmpon -Castlegate St 
99 

USC 90068 Covina -S. Grand Ave.  
99 

USC 90070 Covina -W. Badillo 
99 

USC 90079 Downey - Birdidale 
99 

CDMG 14368 Downey -Co Maint BIdg # 
99

0.30 
67.3 -D 0.40 
65.0 C 0.30 

0.30 
999.9 -D 0.00 
16.3 - 0.00 

0.00 
64.6 -D 0.80 
999.9 C 0.30 

0.30 
20.0 -B 0.10 
16.6 A 0.10 

0.10 
36.5 - 0.10 
0.0 0.10 

0.10 
15.8 -D 0.10 
999.9 C 0.05 

0.05 
13.0 -D 0.20 
12.2 C 0.05 

0.10 
53.0 -D 0.40 
49.2 C 0.20 

0.30 
52.2 -D 0.70 
999.9 C 0.20 

0.30 
22.6 A-B 0.12 
25.4 B 0.12 

0.12 
49.6 -D 0.40 
45.2 C 0.10 

0.20 
60.2 -C 0.33 
999.9 C 0.13 

0.20 
56.1 -D 0.30 
999.9 C 0.20 

0.20 
40.7 -D 0.30 
999.9 C 0.30 

0.30 
47.6 AQD 0.20 
45.1 - 0.20

00

30.0 
30.0 
30.0 
30.0 
00.0 
00.0 
00.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
25.0 
25.0 
25.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
23.0 
23.0 
23.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
23.0 
23.0

0.245 12.7 
0.037 2.0 
0.106 6.5 
0.108 9.1 
0.139 9.3 
0.187 23.7 
0.165 17.6 
0.034 1.5 
0.139 10.7 
0.095 8.1 
0.085 3.6 
0.120 9.5 
0.163 8.5 
0.050 4.5 
0.125 10.9 
0.121 11.7 
0.489 14.2 
0.356 32.1 
0.420 60.8 
0.318 20.3 
0.410 43.0 
0.482 45.1 
0.050 2.9 
0.087 8.0 
0.083 4.8 
0.041 13 
0.089 6.4 
0.086 8.0 
0.217 12.4 
0.5" 52.1 
0.514 52.2 
0.046 2.6 
0.088 6.8 
0.136 7.1 
0.053 3.5 
0.066 7.1 
0.062 6.9 
0.043 2.9 
0.100 5.8 
0.079 7.0 
0.058 3.4 
0.165 12.1 
0.171 8.1 
0.146 3.9 
0.158 13.8

1.12 
0.30 
0.68 
1.39 
2.41 
5.42 
8.39 
0.11 
1.62 
1.60 
1.48 
2.25 
1.81 
1.28 
3.49 
3.20 
5.50 
9.13 
20.17 
5.17 
11.75 
12.58 
0.33 
1.50 
1.05 
0.25 
1.58 
1.92 
1.94 
4.21 
2.41 
0.42 
3.41 
2.15 
0.79 
1.94 
IA3 
0.70 
1.21 
1.62 
0.64 
1.52 
1.52 
0.27 
2.28



Earthquake 
No. Location.

Date & Time Magnitude (2)

Me* Dip (1) YR MODY HRMN M ML MS OTH

USC 

USC 

CDMG 

CDMG 

USC 

USC 

USC 

USC 

CDMG 

USC 

CDMG 

USC 

CDMG 

USGS 

USGS

Station (3) 
Description 

No. HIF 

90067 Duate - Mel Canyon Rd.  
99 

90066 El Monte - Fairview Av 
99 

24575 Elizabnh Lake # 
99 

13122 Feathefly Park - Pk Maint Bldg # 
99 

90085 Garden Grove - Santa Rita 
99 

90063 Glendale - Las Palmas 
99 

90065 Glendora - N. Oakbank 
99 

90073 Hacienda Hts - Colima Rd 
99 

13660 Hemet - Ryan Airfield # 
99 

90018 Hollywood - Wdllu&y Ave 
99 

13197 Huntigton Beah - Lake St # 
99 

90083 Hunington Bch-Waikiki 
99 

14196 Inglewood- Unioa Oil # 
99 

0655 Jeen=iker Platt# 
99 

0000 LADan 
99

Closest Site Filter Comers 
Dist Codes HP LP PGA PGV PGD 
(km)(4) (5) (hz) (hz) (g) (cm/s) (-n)

51.6 
50.2 

47.4 
45.5 

37.2 
37.6 

84.2 
82.5 

68.9 
999.9 

25.4 
22.9 

30.9 
999.9 

59.1 
57.1 

144.1 
145.9 

25.7 
999.9 

79.6 
68.9 

57.4 
999.9 

44.7 
40.0 

6.2 
0.0 

2.6 
999.9

-B 
B 

-D 
C 

-D 

AMC 

-D 
C 

-C 
C 

-D 
B 

-C 
C 

-D 

-D 

B 

AQD 

-D 
C 

IQD 

-D

0.20 
0.90 
0.10 
0.30 
0.20 
0.15 
0.30 
0.16 
0.16 
0.16 
0.30 
0.30 
0.30 
-99 
0.30 
0.30 
0.30 
0.13 
0.10 
0.50 
0.50 
0.10 
0.40 
0.40 
0.40 
0.30 
0.30 
0.30 
0.20 
0.10 
0.13 
0.20 
0.20 
0.20 
0.30 
0.20 
0.20 
0.16 
0.16 
0.16 
0.30 
0.08 
0.20 
0.13 
0.10

'0

23.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
46.0 
46.0 
46.0 
23.0 
23.0 
23.0 

30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
46.0 
46.0 
46.0 
30.0 
30.0 
30.0 
23.0 
23.0 
23.0 
30.0 
30.0 
30.0 
23.0 
23.0 
23.0

0.230 11.3 2.14 
0.046 2.2 0.17 
0.079 3A 1.84 
0.028 2.4 0.46 
0.059 2.8 1.36 
0.122 9.7 4.24 
0.163 8.8 1.88 
0.050 5.7 1.46 
0.155 7.3 2.70 
0.109 9.0 1.53 
0.024 1.6 0.24 
0.104 7.7 0.81 
0.100 5.8 0.51 

0.104 8.7 2.10 
0.103 10.0 2.13 
0.127 4.3 0.44 
0.357 12.3 1.94 
0.206 7.4 1.75 
0.051 3.6 0.58 
0.040 3.1 0.43 
0.092 4.9 1.75 
0.041 2.2 0.35 
0.067 4.8 0.72 
0.056 3.2 0.87 
0.027 2.0 0.18 
0.064 4.5 0.66 
0.046 4.7 0.51 
0.142 9.0 3.40 
0.136 12.8 4.82 
0.245 33.5 6Z.8 
0.018 4.0 0.89 
0.091 10.1 1.13 
0.070 13.9 1.49 
0.022 1.2 0.28 
0.086 5.0 1.63 
0.068 7.4 1.87 
0.055 2.6 1.01 
0.091 7.1 2.25 
0.101 10.3 3.15 
0.400 34.1 8.89 
0.424 106.2 43.06 
0.593 99.3 24.00 
0.424 19.5 8.71 
0.511 63.7 21.18



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(kni)(4)

Site 
Codes 
(5)

Filter Corners 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (cn/s) (an)

CDMG 14403 LA-116thStSchool# 
99 

CDMG 24157 LA - Baldwin Hills # 
99 

USC 90054 LA - Centinela St 
99 

CDMG 24389 LA -Century City CC North # 
99 

USC 90015 LA -Chalon Rd 
99 

CDMG 24592 LA - City Terrace # 
99 

USC 90033 LA -Cypress Ave 
99 

USC 90025 LA -E Vernon Ave 
99 

USC 90034 LA - Fletdcher Dr 
99 

CDMG 24303 LA - Hollywood Stor FF# 
99 

USC 90016 LA- N Faring Rd 
99 

USC 90032 LA -N. Figueroa St.  
99 

USC 90021 LA -N Wesnorelmnd 
99 

CDMG 24400 LA - Obregon Park # 
99 

CDMG 24612 LA- Pico & Stous # 
99

0.12 
41.9 AQD 0.70 
38.9 - 0.16 

0.16 
31.3 IPB 0.16 
26.2 - 0.16 

0.16 
30.9 -D 0.13 
999.9 C 0.13 

0.20 
25.7 IQD 0.14 
18.3 - 0.14 

0.14 
23.7 -B 0.50 
999.9 B 0.30 

0.20 
37.0 -B 0.20 
35.4 - 0.20 

0.20 
32.8 -C 0.30 
999.9 B 0.20 

0.13 
39.3 -D 0.20 
999.9 C 0.20 

0.10 
29.5 -D 0.30 
999.9 C 0.13 

0.15 
25.5 IPD 0.20 
20.8 C 0.20 

0.20 
23.9 -B 0.20 
999.9 C 0.13 

0.13 
33.4 -C 0.40 
999.9 B 0.30 

0.30 
29.0 -D 0.20 
999.9 B 0.20 

0.20 
37.9 AQD 0.20 
35.9 - 0.60 

0.90 
32.7 -D 0.20 
29.0 - 0.20

23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
30.0 
30.0 
30.0 
23.0 
23.0 
23.0 
30.0 
30.0 
30.0 
46.0 
46.0 
46.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
23.0 
23.0 
23.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
23.0 
23.0 
23.0 
46.0 
46.0

0.349 50.8 
0.061 2.8 
0.208 10.3 
0.133 13.5 
0.091 8.4 
0.239 14.9 
0.168 17.6 
0.109 10.6 
0.465 19.3 
0.322 22.9 
0.116 8.7 
0.256 21.1 
0.222 25.2 
0.174 8.0 
0.225 16.6 
0.185 27.1 
0.135 7.6 
0.263 12.8 
0.316 14.1 
0.085 3.1 
0.210 17.3 
0.149 10.0 
0.063 3.4 
0.120 9.2 
0.153 10.1 
0.109 6.9 
0.162 10.7 
0.240 26.2 
0.139 9.2 
0.231 18.3 
0.358 27.5 
0.191 8.9 
0.273 15.8 
0.242 29.8 
0.097 4.3 
0.128 9.6 
0.174 9.1 
0.093 6.3 
0.401 20.9 
0.361 20.9 
0.115 3.7 
0.355 16.7 
0.563 24.5 
0.065 5.3 
0.103 12.2

15.11 
0.30 
2.67 
2.83 
3.29 
6.17 
4.79 
3.76 
3.48 
5.47 
3.47 
6.68 
5.70 
1.09 
3.39 
5.77 
1.84 
2.89 
2.42 
0.44 
2.01 
2.23 
1.21 
1.67 
1.79 
1.20 
2.86 
3.60 
2.30 
4.81 
3.04 
1.65 
3.29 
4.74 
0.78 
1.43 
1.28 
1.08 
2.29 
4.27 
1.27 
IA3 
2.79 
1.69 
3.71

----------



Earthquake 
No. Location.  

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(km)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP 
(hz) (hz)

PGA PGV PGD (g) (cm/s) (c-)
(8) (un/t) (cm)

USC 90022 LA -S Grand Ave 
99 

USC 90096 LA -S. Vermont Ave 
99 

USC 90091 LA - Saturn St 
99 

CDMG 24611 LA-Temple&Hope# 
99 

CDMG 24605 LA - Univ. Hospital # 
99 

USC 90020 LA- W 15th St 
99 

USC 90017 LA -Wonderland Ave 
99 

CDMG 24688 LA - UCLA Grounds 
99 

USC 90060 La Crescent& -New York 
99 

USC 90074 La Habra - Briardiff 
99 

USC 90072 La Putte- 504 Rimgrove Ave 
99 

CDMG 24271 Lake Hughes #1 # 
99 

CDMG 24469 Lake Hughes #4 -Camp Mead # 
99 

CDMG 24523 Lake Hughes #4B -Camp Maid # 
99 

USGS 127 Lake Hughes #9 # 
99

0.20 
36.9 -D 0.30 
999.9 C 0.30 

0.30 
34.7 -D 0.30 
999.9 C 0.30 

0.30 
30.0 -D 0.13 
23.2 C 0.10 

0.10 
32.3 -B 0.20 
29.5 - 0.20 

0.20 
34.6 -B 0.20 
32.8 - 0.20 

0.20 
32.4 -C 0.30 
999.9 C 0.13 

0.13 
22.7 -A 0.13 
999.9 A 0.13 

0.10 
14.9 - 0.08 
16.8 0.08 

0.08 
22.3 -C 0.13 
19.7 C 0.30 

0.10 
61.6 -C 0.40 
58.8 C 0.20 

0.20 
58.9 -D 1.00 
57.1 C 0.80 

0.80 
36.3 APC 0.12 
37.7 - 0.12 

0.12 
32.3 -B 0.12 
33.2 - 0.12 

0.12 
32.3 -B 0.12 
34.1 - 0.12, 

0.12 
26.8 AGA 0.08 
28.9 - 0.08

46.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
46.0 
46.0 
46.0 
46.0 
46.0 
46.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
25.0 
25.0 
25.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
23.0 
23.0 
23.0 
23.0 
23Ao 
23.0, 
23.0, 
23.0 
23.0

0.186 14.3 
0.094 3.8 
0.290 17.9 
0.264 20.4 
0.165 23.4 
0.164 10.7 
0.071 6.2 
0.097 7.7 
0.474 34.6 
0.439 39.0 
0.097 4.6 
0.126 13.9 
0.184 20.0 
0.119 6.4 
0.493 31.1 
0.214 10.8 
0.051 5.8 
0.104 11.6 
0.159 13.4 
0.106 3.6 
0.112 8.7 
0.172 11.8 
0.265 10.2 
0.278 22.0 
0.474 22.2 
0.106 3.9 
0.178 12.5 
0.159 11.3 
0.056 2.6 
0.109 8.2 
0.206 12.3 
0.048 2.6 
0.109 7.9 
0.129 9.7 
0.099 7.0 
0.087 9.4 
0.077 9.5 
0.053: 4.1 
0.057. 6.6 
0.084 6.2 
0.042 3.7 
0.036 3.2 
0.063 5.4 
0.079 3.6 
0.165 8.4

2.38 
0.68 
2.42 
1.88 
3.57 
1.83 
1.70 
2.12 
6.55 
6.45 
1.34 
3.15 
2.74 
1.37 
2.39 
2.37 
1.38 
5.73 
3.30 
1.11 
1.79 
2.77 
3.08 
4.32 
7.38 
0.87 
1.14 
3.00 
0.37 
1.13 
1.23 
0.16 
0.70 
0.83 
3.43 
3.70 
2.40 
3.05 
3.98 
2.27 
3A8 
2.21 
1.97 
3.56 
4.54



EArthquake.  

No. Location, 
Mac, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 

No. HJF

Closest Site Filter Comners 
Dist Codes HP LP PGA PGV PGD 
(kin)(4) (5) (hz) (hz) (g) (cm/s) (cm)

CDMG 24607 Lake Hughes #12A # 
99 

USC 90084 Lakewood - Del Amo Blvd 
99 

CDMG 24475 Lancaster -Fox Airfield Grnds 
99 

USC 90045 Lawndale -Osage Ave 
99 

CDMG 14560 LB - City Hall # 
99 

CDMG 14242 LB -Rancho Los Cerrtos # 
99 

CDMG 24305 Leona Valley #1 # 
99 

CDMG 24306 Leona Valley #2 # 
99 

CDMG 24307 Lema Valley #3 # 
99 

CDMG 24308 Leona Valley #4 # 
99 

CDMG 24055 Lama Valley #5 - Ritter # 
99 

CDMG 24309 1eem Valley #6 # 
99 

CDMG 23595 1ittlerock -Brainard Can # 
99 

CDMG 24396 Malibu -Point Dome Sch # 
99 

USC 90046 Mnmhm Beach -Maniaum 
99

22.8 
24.8 

59.3 
55.6 

51.9 
52.5 

42.4 
999.9 

58.2 
56.9 

54.3 
50.4 

37.7 
999.9 

37.7 
999.9 

37.8 
999.9 

38.1 
999.9 

38.3 
999.9 

38.5 
999.9 

46.9 
49.7 

35.2 
27.4 

42.0 
36.9

0.08 
-C 0.13 

0.12 
0.12 

-D 0.80 
C 0.13 

0.20 
-- 0.15 

0.15 
0.15 

-D 0.13 
C 0.13 

0.13 
-D 1.20 

0.30 
0.30 

IQD 0.16 
0.16 
0.16 

-- 0.20 
0.20 
0.20 

-- 0.20 
0.20 
0.20 

-- 0.20 
0.20 
0.20 

-- 0.20 
- 0.20 

0.20 
IQC 0.20 
- 0.20 

0.20 
I-D 0.20 
- 0.20 

0.20 
-A 0.25 
- 0.20 

0.20 
AMB 0.30 

0.30 
0.30 

-C 0.10 
C 0.23

46.0 
46.0 
46.0 
30.0 
30.0 
30.0 
25.0 
25.0 
25.0 
30.0 
30.0 
30.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
46.0 
46.0 
46.0 
23.0 
23.0 
23.0 
30.0 
30.0

0.217 10.1 
0.121 4.0 
0.174 11.8 
0.257 8.9 
0.058 1.6 
0.137 11.2 
0.123 10.4 
0.045 4.1 
0.064 5.3 
0.081 7.1 
0.053 3.5 
0.084 8.5 
0.152 8.0 
0.021 1.2 
0.036 5.0 
0.051 4.0 
0.039 2.7 
0.065 4.8 
0.069 8.3 
0.050 6.8 
0.089 7.8 
0.073 7.1 
0.058 7.1 
0.091 7.5 
0.063 7.2 
0.051 6.9 
0.084 8.5 
0.106 8&1 
0.047 8.0 
0.079 8.6 
0.057 8.0 
0.097 11.6 
0.146 14.9 
0.092 10.5 
0.062 8.2 
0.178 14.4 
0.131 10.1 
0.034 2.4 
0.072 6.0 
0.060 6.3 
0.097 4.4 
0.130 8.5 
0.084 8.9 
0.065 5.4 
0.201 13.7

2.77 
2.59 
4.64 
4.13 
0.18 
1.98 
2.86 
0.88 
1.21 
IA5 
1.78 
2.90 
2.59 
0.11 
1.65 
1.09 
0.87 
2.30 
2.21 
2.18 
1.63 
1.76 
2.07 
1.63 
1.60 
2.36 
2.24 
1.77 
2.36 
1.77 
1.98 
2.53 
2.35 
2.70 
2.02 
2.11 
1.22 
0.50 
1.35 
1.25 
1.09 
2.11 
1.79 
2.04 
1.86



Earthquake Date & Time Magnitude (2) Station (3) Closest Site Filter Corners 
No. Location, Desciption Dist Codes HP LP PGA PGV PGD 

Meh, Dip(1) YR MODYHRMN M ML MS OTH No. H/F (k-)(4) (5) (hz) (hz) (g) (an/s) (an) 

0.05 30.0 0.128 14.6 4.64 
USC 90011 Montebello - Bluff Rd. 12.3 -D 0.20 30.0 0.076 2.8 0.48 

99 86.8 D 0.20 30.0 0.179 9.4 1.48 
0.10 30.0 0.128 5.9 2.25 

CDMG 34093 Mojave- Hwys 14 & 58 # 85.7 - 0.30 23.0 0.027 1.8 0.30 
99 999.9 0.30 23.0 0.037 4.5 0.79 

0.30 23.0 0.053 4.1 0.47 
CDMG 34237 Mojave - Oak Creek Canyon # 76.4 - 0.30 23.0 0.023 2.0 0.46 

99 78.5 0.30 23.0 0.050 3.1 0.52 
0.30 23.0 0.059 3.4 0.46 

CDMG 24283 Moorpark - Fire Sta # 28.0 AQD 0.45 23.0 0.159 7.9 0.90 
99 18.8 - 0.16 23.0 0.193 20.2 4.79 

0.16 23.0 0.292 20.7 4.24 
CDMG 23572 Mt Baldy - Elementary Sch # 71.5 -B 0.30 46.0 0.037 2.2 0.39 

99 74.0 - 0.30 46.0 0.080 3.8 0.56 
0.30 46.0 0.070 4.3 0.39 

CDMG 24399 Mit Wilson - CIT Seis Sta # 36.1 IGA 0.08 0.087 3.6 0.58 
99 37.8 0.08 0.234 7.4 0.70 

0.08 0.134 5.8 0.45 
USC 90009 N. Hollywood - Coldwater Can 14.6 -C 0.13 30.0 0.289 9.6 4.20 

> 99 8.3 B 0.10 30.0 0.298 25.0 6.46 

8h 0.10 30.0 0.271 22.2 11.69 
CDMG 24586 Neenauh- Sacatara Ck # 53.2 -D 0.12 46.0 0.047 7.2 3.10 

99 55.5 - 0.12 46.0 0.056 10.0 6.48 
0.12 46.0 0.069 13.1 8.22 

CDMG 24279 Newhall-FireSta# 7.1 AQD 0.12 23.0 0.548 31.5 16.27 
99 4.5 - 0.12 23.0 0.583 75.5 17.57 

0.12 23.0 0.590 97.2 38.05 
USC 90056 Newhall - W. Pico Canyon Rd. 7.1 -C 0.05 30.0 0290 37.2 13.29 

99 7.1 0.05 30.0 0.455 92.8 56.64 
0.10 30.0 0.325 67.4 16.11 

CDMG 13160 NewportBch-IrvineAve.F.S.# 87.6 - 0.20 23.0 0.017 2.3 0.75 
99 85.3 0.20 23.0 0.041 4.1 1.29 

0.20 23.0 0.061 5.2 1.36 
CDMG 13610 NewpotBch-Newp&Coast# 84.6 -B 0.17 46.0 0.021 2.2 0.66 

99 84.4 0.12 46.0 0.103 5.8 1.21 
0.12 46.0 0.085 6.3 1.34 

USC 90003 Northridge- 17645 Saticoy St 13.3 -D -99 
99 0.1 C 0.10 30.0 0.368 28.9 8.44 

0.10 30.0 0.477 61.5 22.06 
USC 90049 PacificPalisades-Sunm Blvd 262 -B 0.10 30.0 0.179 14.7 3.98 

99 17.1 C 0.05 30.0 0.469 31.0 5.26 
0.05 30.0 0.197 14.9 5.62 

CDMG 242W7 Pacaina Dam (downr) # 8.0 AMB 0.75 23.0 0.190 142 1.35 
99 999.9 - 0.16 23.0 0.415 45.6 5.06



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(kni)(4)

Site 
Codes 
(5)

Filter Corners 
HP LP PGA PGV PGD 
(hz) (hz) (g) (c-/s) (cm)

CDMG 24207 Pacoima Dam (upper left) # 
99 

CDMG 24088 Pacoima Kagel Canyon # 
99 

CDMG 24521 Palmdale - Hwy 14 & Pahndale # 
99

0 
99

USC

Pardee - SCE

90095 Pasadena - N Sierra Madre 
99

CDMG 23597 Phelan -Wilson Ranch # 
99

USC 90047 Playa Del Rey - Saran 
99

CDMG 25148 Point Mugu -Laguna Peak # 
99 

CDMG 24281 Port Huaane -Naval Lab. # 
99 

CDMG 23598 Rancho Cucamonga -Deer Can # 
99 

CDMG 14404 Rancho Palos Verdes -Hawth # 
99

USC 

DWP

90044 Rancho Palos Verdes -Luconia 
99 

77 Rinaldi Reciving Sta # 
99

CDMG 13123 Rivenide- Airpot # 
99 

CDMG 14405 Rolling Hills Est-Rancho V'iMa 
99

0.16 23.0 0.434 31.3 4.80 
8.0 -A 0.16 23.0 1.229 49.6 11.75 
8.1 - 0.16 23.0 1.585 55.7 6.06 

0.16 23.0 1.285 103.9 23.80 
8.2 AMB 0.20 23.0 0.169 15.1 4.14 
8.1 - 0.14 23.0 0.301 31.4 10.87 

0.14 23.0 0.433 51.5 7.21 
43.6 -C 0.20 46.0 0.040 8.0 5.50 
43.3 0.20 46.0 0.061 14.8 7.18 

0.20 46.0 0.067 16.9 7.96 
999.9 - 1.50 23.0 0.384 10.9 0.50 
999.9 0.50 20.0 0.657 75.2 13.16 

0.40 20.0 0.406 43.6 12.09 
39.2 -C 0.40 30.0 0.141 8.4 0.57 
37.4 C 0.30 30.0 0.245 12.3 1.09 

0.20 30.0 0.174 9.6 1.53 
86.1 -D 0.20 46.0 0.034 2.3 0.54 
89.2 - 0.20 46.0 0.047 5.0 1.00 

0.20 46.0 0.057 4.0 1.23 
34.2 -D 0.10 30.0 0.055 8.4 4.33 
27.9 E 0.10 30.0 0.136 18.6 4.51 

0.10 30.0 0.076 13.8 6.88 
47.6 -A 0.30 23.0 0.067 3.4 0.47 
38.9 0.30 23.0 0.134 10.2 1.36 

0.30 23.0 0.223 19.1 1.87 
54.3 - 0.14 23.0 0.037 2.3 1.17 
50.0 0.14 23.0 0.103 7.8 2.23 

0.14 23.0 0.086 7.7 3.08 
80.0 -A 0.30 46.0 0.025 2.2 0.40 
999.9 - 0.30 46.0 0.071 4.2 0.56 

0.30 46.0 0.051 5.9 0.78 
55.2 -A 0.30 23.0 0.043 1.8 0.39 
999.9 - 0.30 23.0 0.072 5.0 0.73 

0.30 23.0 0.054 3.5 0.98 
57.4 -C 0.20 30.0 0.075 3.6 0.67 
999.9 C 0.30 30.0 0.167 9.9 0.87 

0.30 30.0 0.118 9.2 0.69 
7.1 -C 0.852 50.7 11.65 
0.0 C 0.838 166.1 28.78 

0.472 73.0 19.76 
101.3 AQB 0.30 23.0 0.022 2.3 0.39 
100.4 B 0.30 23.0 0.059 2.7 0.28 

0.30 23.0 0.064 3.1 0.50 
46.6 0.15 25.0 0.041 2.4 0.44 
48.4 0.15 25.0 0.116 8.9 IA1



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest 
Dist 
(km)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (cn/s) (an)

CDMG 24092 Rosamond -Airport # 
99 

CDMG 23672 San Bernardino -CSUSB Gr # 
99 

CDMG 23542 San Bernardino -E & Hosp # 
99

USC 90019 San Gabriel -E. Grand Ave.  
99

CDMG 12673 San Jacinto - CDF Fire Sta # 
99 

CDMG 24401 San Marino, SW Academy # 
99 

CDMG 14159 San Pedro - Palos Verdes # 
99 

CDMG 24644 Sandberg -Bald Mm # 
99 

CDMG 25091 Santa Barbara - UCSB Goleta # 
99

USC 90077 Sana Fe Spr- E. Joslin 
99

CDMG 24538 Santa Monica City Hall # 
99 

USGS 5108 Santa Susana Ground # 
99 

CDMG 14578 Seal Beadc - Office Bldg # 
99 

USGS 0637 Sqlveda VA# 
99

USC 90055 Simi Valley - Katherine Rd 
99

0.15 
65.0 - 0.30 
65.5 0.30 

0.30 
103.1 -D 0.30 
105.7 - 0.30 

0.30 
108.1 -D 0.20 
110.4 C 0.20 

0.20 
41.7 -A 0.10 
39.5 A 0.13 

0.10 
146.5 -D 0.16 
149.1 - 0.16 

0.16 
35.1 AQD 0.60 
35.2 0.30 

0.60 
59.9 - 0.30 
56.7 0.30 

0.30 
43.4 -B 0.12 
999.9 0.12 

0.12 
111.3 - 0.20 
109.3 0.20 

0.20 
52.5 -D 0.40 
48.9 C 0.30 

0.30 
27.6 -D 0.14 
21.1 0.14 

0.14 
19.3 - -99.  
3.7 0.20 

64.9 -D 0.16 
63.9 - 0.16 

0.16 
8.9 -D 0.10 
0.4 - 0.10 

0.00 
14.6 -B 0.30 
0.0 E 0.50

0*

25.0 
23.0 
23.0 
23.0 
46.0 
46.0 
46.0 
46.0 
46.0 
46.0 
30.0 
30.0 
30.0 
46.0 
46.0 
46.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
46.0 
46.0 
46.0 
23.0 
23.0 
23.0 
30.0 
30.0 
30.0 
23.0 
23.0 
23.0

0.106 5.8 
0.023 1.4 
0.075 4.7 
0.039 3.5 
0.021 1.5 
0.034 2.8 
0.069 4.0 
0.044 2.6 
0.085 5.9 
0.096 6.5 
0.073 3.7 
0.141 9.6 
0.256 9.8 
0.022 3.7 
0.081 8.1 
0.099 7.7 
0.083 3.7 
0.116 7.3 
0.150 7.4 
0.070 3.0 
0.101 5.6 
0.095 6.6 
0.044 6.4 
0.091 12.2 
0.098 8.9 
0.039 2.9 
0.078 7.0 
0.069 6.7 
0.052 2.6 
0.135 9.5 
0.123 7.0 
0.230 14.3 
0.883 41.7 
0.370 25.1

1.17 
0.36 
0.43 
0.75 
0.25 
0.31 
0.77 
0.51 
0.97 
1.34 
1.49 
2.21 
2.79 
1.27 
1.62 
1.56 
0.41 
1.10 
0.75 
0.30 
0.59 
1.02 
3.66 
4.73 
4.61 
0.74 
1.46 
1.57 
0.32 
1.13 
0.96 
4.17 
15.09 
7.16 

4.11 
7.45 
1.90 
1.99 
1.34 
9.58 
18.68 
14.95 
2.18 
5.29

0.279 19.4 
0.290 19.7 

46.0 0.037 2.0 
46.0 0.061 5.8 
46.0 0.084 6.9 

0.467 33.2 
0.753 84.8 
0.939 76.6 

30.0 0.402 13.1 
30.0 0.877 40.9



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Description 

No. H-F

Closest 
Dist 
(km)(4)

Site 
Codes 

(5)

Filter Corners 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (an/s) (-a)

MWD 78 Stone Canyon # 
99 

USC 90006 Sun Valley -Roscoe Blvd 
99 

USC 90058 Sunland - Mt Gleason Ave 
99 

DWP 74 Sylmar -Converter Sta # 
99 

DWP 75 Syhnar -Converter Sta East # 
99 

CDMG 24514 Sylnar -Olive View Med FF # 
99 

CDMG 24436 Tarzana, Cedar Hill # 
99 

USC 90082 Terminal Island - S Seaside 
99 

USGS 5081 Topeuga - Fire Sta # 
99 

USC 90089 Tustin - E. Sycamore 
99 

CDMG 24047 Vasquez Rocks Park # 
99 

CDMG 25340 Ventura - Harbor & California 
99 

USC 90090 Villa Park -Serrano Ave 
99 

USC 90071 West Covina -S. Orange Ave 
99 

USC 90075 Whittier- S. Aha Dr 
99

0.40 
22.2 0.08 
999.9 0.03 

0.03 
12.3 -D 0.10 
6.1 B 0.10 

0.10 
17.7 -C 0.10 
14.7 B 0.05 

0.05 
6.2 -D 
0.2 C 

6.1 -D 
0.0 C 

6.4 AQD 0.12 
3.6 C 0.12 

0.12 
17.5 A-B 0.10 
4.1 - 0.10 

0.10 
60.0 -D 0.13 
56.7 C 0.13 

0.13 
23.4 - 0.10 
12.6 0.20 

0.30 
85.9 -D 0.23 
999.9 C 0.30 

0.40 
24.2 IBA 0.10 
24.0 0.00 

0.08 
55.5 - 0.10 
56.5 0.10 

0.10 
79.5 -1B 0.30 
76.9 B 0.10 

0.10 
54.1 -B 0.20 
52.4 C 0.20 

0.10 
51.2 -B 0.40 
999.9 B 0.30

30.0 0.640 37.8 
0.181 6.1 
0.252 28.0 
0.388 38.0 

30.0 0.306 12.5 
30.0 0.303 22.1 
30.0 0.443 38.2 
30.0 0.193 11.6 
30.0 0.127 13.8 
30.0 0.157 14.5 

0.586 34.6 
0.612 117.4 
0.897 102.8 
0.377 24.3 
0.828 117.5 
0.493 74.6 

23.0 0.535 19.1 
23.0 0.604 78.2 
23.0 0.843 129.6 
23.0 1.048 75.4 
23.0 1.779 113.6 
23.0 0.990 77.6 
30.0 0.048 3.1 
30.0 0.133 13.7 
30.0 0.194 12.1 

0.199 10.5 
0.364 17.6 
0.266 12.9 

30.0 0.025 1.5 
30.0 0.070 4.0 
30.0 0.074 4.5 

0.091 6.1 
0.151 18.5 
0.139 11.2 

25.0 0.025 5.1 
25.0 0.054 7.9 
25.0 0.075 12.0 
30.0 0.027 2.5 
30.0 0.043 3.1 
30.0 0.045 3.8 
30.0 0.049 2.7 
30.0 0.063 5.9 
30.0 0.067 5.8 
30.0 0.024 1.6 
30.0 0.089 7.5

5.09 
2.42 
3.14 
4.60 
5.00 
7.84 
10.04 
2.35 
5.54 
4.29 
25.44 
53.47 
46.99 
7.30 
34.22 
28.69 
8.54 
16.05 
32.68 
20.05 
33.22 
30.45 
1.54 
2.68 
2.28 
3.10 
2.87 
1.34 
0.33 
0.76 
0.42 
1.61 
2.92 
2.89 
3.12 
2.65 
3.87 
0.37 
1.19 
2.00 
0.95 
1.34 
2.65 
0.34 
1.12



Earthquake 
No. Location.  

Mech, Dip (1)

Date & Time Magnitude (2)

YR MODY HRMN M ML MS OTH

Station (3) 
Descripton 

No. H/F

Closest 
Dist 
(km)(4)

Site 
Codes 
(5)

Filter Comers 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (crn/8) (cm)

CDMG 23590 Wrightwood - Jackson Flat # 
99 

CDMG 23573 Wrightwood -Nielson Ranch # 
99 

CDMG 23574 Wrightwood -Swarthout # 
99

1995 0116 2046 6.9 0.0 0.0 0.0 CEOR 0 
99

CEOR 0 
99 

CEOR 0 
99 

0 
99 

CEOR 0 
99 

0 
99

CUE 0 
99

CEOR 0 
99 

0 
99 

CEOR 0 
99 

0 
99

CUE 0 
99

Abeno 

Amagasaki 

Chihaya 

FUK 

Fukuhima 

mIK 

Kakogawa 

Kobe Universty 

KIMA 

Morigawadci 

Nishi-Akashi

0.40 30.0 0.052 3.3 0.56
0.40 

68.4 -A 0.24 
67.7 0.24 

0.24 
85.2 - 0.24 
84.5 0.24 

0.24 
71.9 -D 0.30 
74.7 - 0.30 

0.30 

23.8 -D 0.05 
999.9 C 0.05 

0.05 
10.2 -D 0.10 
999.9 D 0.10 

0.10 
48.7 -A 0.05 
999.9 A 0.05 

0.08 
157.2 -D 0.05 
999.9 - 0.05 

0.05 
16.8 -E 0.10 
999.9 D 0.08 

0.08 
94.2 - 0.05 
999.9 0.05 

0.05 
26.4 -E 0.10 
999.9 D 0.10 

0.10 
0.2 -A 0.20 
999.9 A 0.10 

0.10 
0.6 -B 0.05 
999.9 B 0.05 

0.05 
23.4 -E 0.05 
999.9 D 0.05 

0.08 
69.4 -B 0.05 
999.9 - 0.05 

0.05 
11.1 -E 0.10 
999.9 D 0.10

30.0 
46.0 
46.0 
46.0 
46.0 
46.0 
46.0 
46.0 
46.0 
46.0

0.052 3.3 0.034 5.8 
0.056 10.0 
0.037 7.0 
0.021 2.5 
0.042 5.8 
0.042 6.3 
0.034 1.9 
0.047 3.7 
0.060 3.7

40.0 0.134 6.2 40.0 0.222 20.7 
40.0 0.235 24.2 
40.0 0.360 19.0 
40.0 0.301 54.3 
40.0 0.363 46.3 
40.0 0.080 2.5 
40.0 0.093 6.0 
40.0 0.108 4.7 

0.010 1.7 
0.034 4.3 
0.042 5.3 

40.0 O.200 8.9 
40.0 0.178 36.3 
40.0 0.216 33.2 

0.039 3.3 
0.141 15.6 
0.148 15.4 
0.158 10.5 
0.251 18.7 
0.345 27.6 

30.0 0.380 20.2 
30.0 0.290 54.8 
30.0 0.310 34.2 

0.343 38.3 
0.821 81.3 
0.599 74.3 

40.0 0.166 6.1 
40.0 0.214 26.3 
40.0 0.140 18.0 

0.041 2.5 
0.070 4.4 
0.0524.7 

23.0 0.371 17.3 
23.0 0.509 37.3

0101 Kobe 
00

0.56 1.32 
2.92 
2.84 
0.77 
2.29 
2.33 
0.24 
0.49 
0.52 

2.94 
9.11 
10.00 
6.31 
23.75 
24.25 
1.77 
3.27 
1.24 
0.67 
1.28 
2.08 
5.23 
13.37 
15.44 
0.92 
3.08 
1.96 
2.91 
5.83 
9.60 
6A8 
13.61 
7.14 
10.29 
17.68 
19.95 
3.30 
11.99 
8.19 
2-00 
1.54 
1.87 
5.63 
9.52



Earthquake 
No. Location, 

Mech, Dip (1)

Date & Time Magnitude (2) 

YR MODYHRMN M ML MS OTH

Station (3) 
Description 

No. H/F

Closest Site 
Dist Codes 
(k-)(4) (5)

Filter Comers 
HP LP 
(hz) (hz)

PGA PGV PGD 
(g) (Cm/s) (cn)

0 
99 

0 
99 

CEOR 0 
99 

CEOR 0 
99 

CEOR 0 
99 

CEOR 0 
99 

CEOR 0 
99

CUE 00 
99

CEOR 0 
99

CUE 

CUE 

CEOR

0 
99 

0 
99 

0 
99 

0 
99

OKA 

OSAJ 

Port Island (0 n) 

Port Island (16 m) 

Port Island (32 m) 

Port Island (83 m) 

Sakai 

Shin-Osaka 

Tadoka 

Takarazuka

Takatori

TOT 

YaC

0.10 
89.3 -B 0.05 
999.9 - 0.05 

0.05 
8.5 -E 0.05 
999.9 D 0.05 

0.05 
2.5 -E 0.10 
999.9 D 0.10 

0.10 
2.5 - 0.20 
999.9 0.10 

0.10 
2.5 - 0.10 
999.9 0.10 

0.10 
2.5 - 0.10 
999.9 0.10 

0.10 
26.9 -E 0.05 
999.9 D 0.06 

0.10 
15.5 -E 0.10 
999.9 D 0.10 

0.08 
30.5 -D 0.05 
999.9 C 0.05 

0.05 
1.2 -E 
999.9 D

0.3 -E 
999.9 D

57.9 
999.9 

26.3 
999.9

0.13 
0.20

-B 0.05 
0.05 
0.05 

-D 0.09 
0.05

Notes: 
(1) Soure mechanisn: 00 = strike slip, 01 = normal, 02 = revers, 03 = reverse-oblique, 04 = normal-obique, 99 = unknown 

Dip is the dip of ruture surface.

23.0 0.503 36.6 11.26 
0.038 2.5 1.68 
0.081 4.8 2.12 
0.059 3.2 1.62 
0.064 7.5 3.73 
0.079 18.3 9.26 
0.064 17.0 8.03 
0.562 70.3 27.33 
0.315 74.9 38.30 
0.278 54.2 27.33 
0.839 34.1 15.98 
0.552 72.8 33.26 
0.535 49.4 21.80 
0.204 23.7 12.00 
0.563 58.8 28.54 
0.461 43.1 19.47 
0.194 26.4 12.27 
0.696 51.0 23.40 
0.324 23.3 13.07 

40.0 0.101 6.4 3.98 
40.0 0.157 16.9 10.74 
40.0 0.122 14.6 8.07 
23.0 0.059 6.4 2.16 
23.0 0.243 37.8 8.54 
23.0 0.212 27.9 7.64 
40.0 0.137 6.0 2.61 
40.0 0.294 24.7 7.47 
40.0 0.195 14.7 9.87 
40.0 0.433 34.8 12.38 
40.0 0.693 68.3 26.65 
33.0 0.694 85.3 16.75 

0.272 16.0 4.47 
0.611 127.1 35.77 
0.616 120.7 32.72 
0.015 1.3 0.80 
0.076 10.9 3.71 
0.075 7.6 4.58 
0.133 7.0 3.52 
0.156 21.3 9.02 
0.147 21.7 11.98

00



(2) M is moment magnitude, UNK = Magnitude type unknown. Missing magnitudes have the value of zero.  
(3) Station numbers were assigned where not available, using numbers 1-33 and 60-100.  

Records marked with a # were not processed by PE&A due to unavailability of uncorrected data 
Records marked with a @ did not have Fourier spectra computed because the noise levels were too high.  
H/F is the designation for the site being on the hanging wall (01) or foot wall (02), or unknown/not applicable (99).  

(4) Distances marked with a * are hypocentral instead of closest distances.  
(5) Site codes are from two sources: 1) Geomatrix (3 letter), 2) USGS (1 letter), described below.  
(6) This earthquake's recordings contain an aftershock in the data.  

GEOMATRIX 3-LETI'ER SITE CLASSIFICATIONS 
FIRST LETTER: Instrument housing 

I = Free-field instrument or instrument shelter. Instrument is located at or within several feet of the ground surface.  
A = One-story structure of lightweight construction. Instrument is located at the lowest level and within several feet of the ground surface.  
B = Two- to four-story structure of lightweight construction. Instrument is located at the lowest level and within several feet of the ground surface.  
C = Two- to four-story structure of lightweight construction. Instrument is located at the lowest level in a basement and below the ground surface.  
D = Five or more story structure of heavy construction. Instrument is located at the lowest level and within several feet of the ground surface.  
E = Five or more story structure of heavy construction. Instrument is located at the lowest level in a basement and below the ground surface.  
F = Structure housing instrument is buried below the ground surface, e~g.. tunnel.  
G = Structure of light or heavyweight construction, instrument not at lowest level.  
H = Earth dam.  
I = Concrete Dam.  

SECOND LETIER: Mapped local geology 
Sedimentary or metasedimentary: 

H = Holocene (Recent) Quatemnary (< 15000y bp).  
Q = Pleistocene Quaternary (< 2my bp).  
P = Pliocene Tertiary (< 6my bp).  
M = Miocene Tertiary (< 22my bp).  
0 = Oligicene Tertiary (< 36my bp).  
E = Eocene Tertiary (< 58my bp).  
L = Paleocene Tertiary (< 63my bp).  
K = Cretaceous (< 145my bp).  
F = Franciscan Formation (CreaceousLate Juraaic).  
J = Jurassic (< 210my bp).  
T = Tassic (<255my bp).  
Z = Pernian or older (> 255my bp).  

Igneous or meta-igneous: 
V = Volcanic (extrusive).  
N = Intrusive.  
G = Granitic.  

THIRD LETTER: Geotechncal sbsrface dcracterstica 
A = Rock. Iansmen on rock (Vs > 600 rps) or < Sm of soil over roc.  
B = Shallow (stif) soil. Instrument emn soil prole up to 20m thick overlying rock.  
C = Deep narow soil. Instrument fm/in soil profle at least 20m thick overlying rock, in a narrow canyon or valley no more than several km wide• 
D = Deep broad soil. Instrumet oulm soil profile at least 20m thick overlying rock, in a bmad valley.  
E = Soft deep soil. Instrument onln deep soil profile with average Vs < 150 mps



USGS 1-LETTER CLASSIFICATIONS 
Average shear-wave velocity to a depth of 30m is: 

A = > 750 mn/s 
B = 360 - 750 m/s 
C = 180 - 360 n/s 
D=< 180 n/s



CATALOG OF TIME HISTORIES FOR ANALYSES

The following tables (Table B- I for WUS rock, Table B-2 for WUS soil, B-3 for CEUS rock, and 
B-4 for CEUS soil) list the selected three component recordings for each magnitude, distance, and 
duration bin for rock and soil site conditions. Sites are classified as rock or soil using the scheme of 
Geomatrix. Categories A or B are considered rock (ranging from hard California rock to very 
shallow soil) and categories C and D are considered soil (ranging from shallow or stiff to deep and 
firm). Site codes are described at the end of the catalog. Additional available source and site 
information (e.g. source mechanism, magnitude type, and hanging-wall/foot-wall site specification) 
are available in the general catalog (Appendix A). The explanation table for the general catalog 
(Appendix A) is shown at the end of Appendix A.  

The time histories to be used for analysis are archived in a separate CD-ROM.  

The tables are on the following pages: 

Table B-1 (W US rock) ..................................................... B-2 
Table B-2 (WUS soil) ................................................... B-23 
Table B-3 (CEUS rock) .................................................... B-43 
Table B-4 (CEUS soil) .................................................... B-63

B-1

APPENDIX B



Date & Time

No. Earhquake

TABLE B-1: WUS, ROCK 
NRC TIME HISTORY LIBRARY: WUS, ROCK, M = 5-6, D=0-50 km 

Closest Site Codes Filter Comers

YR MODY HRMN Mag Own No. Station
Dist HP LP PGA 
(0o,) Geon USGS (hz) Qiz) (g)

PGV PGD 
(g) (cm/9)

0029 Lytle Creek 

0029 Lytle Creek 

0029 Lytle Creek 

0029 Lytle Creek 

0029 Lytle Creek 

0029 Lytle Creek 

0042 Fmili, Italy 

0042 Fmili, Italy 

0042 Fruili, Italy 

0045 Santa Barbara 

0045 Santa Barbara 

0045 Santa Barbara 

0054 Livermore 

0054 Livermore 

0054 Livermore 

0054 Livermore 

0054 Livermore 

0054 Livermore 

0065 Mammnoth Lakes 

0065 Mammoth Lakes 

0065 Mammoth Lakes 

0079 Coalinga 
0079 Coalinga 

0079 Coalinga 

0079 Coalinga 
0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0079 Coeling

1970 

1970 

1970 
1970 

1970 

1970 

1976 

1976 

1976 

1978 

1978 

1978 

1980 

1980 

1980 

1980 

1980 

1980 

1980 

1980 

1980 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983

0912 
0912 
0912 
0912 
0912 
0912 
0911 
0911 
0911 
0813 
0813 
0813 
0127 
0127 
0127 
0127 
0127 
0127 
0611 
0611 
0611 
0709 
0709 
0709 
0709 
0709 
0709 
0709 
0709 
0709 
0709 
0709

1430 

1430 

1430 

1430 

1430 

1430 

1631 

1631 

1631 

0233 

0233 

0233 

0233 

0233 

0233 

0441 

0441 

0441 

0740 

0740 

0740 

0740 

0740 

0740 

0740 

0740 

0740 

0740 

0740

5.4 CDWR 

5.4 CDWR 

5.4 CDWR 

5.4 USGS 

5.4 USGS 

5.4 USGS 

5.5 

5.5 

5.5 

6.0 USGS 

6.0 USGS 

6.0 USGS 

5.4 CDMG 

5.4 CDMG 

5.4 CDMG 

5.4 CDMG 

5.4 CDMG 

5.4 CDMG 

5.0 USC 

5.0 USC 

5.0 USC 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS

620 

620 

620 

290 

290 

290 

8022 

8022 

8022 

106 
106 
106 

58219 

58219 

58219 

57187 

57187 

57187 

40 

40 

40 

1607 

1607 

1607 

1607 

1607 

1607 

1604 

1604 

1604 

1651 

1651

Devil's Canyon 

Devil's Canyon 

Devil's Canyon 

Wrightwood-6074 Park Dr 

Wrightwood-6074 Park Dr 

Wrightwood-6074 Park Dr 

San Rocco 

San Rocco 

San Rocco 

Cadiuma Dam Toe 

Cachuma Darn Toe 

Cachuma Dam Toe 

APEEL 3E Hayward CSUH 

APEEL 3E Hayward CSUH 

APEEL 3E Hayward CSUH 

San Ramon-Eastman Kodak 

San Ramon-Eastman Kodak 

San RamonýEastman Kodak 

USC Convict Lakes 

USC Convict Lakes 

USC Convict Lakes 

Antidine Ridge Free-Field 

Anticline Ridge Free-Field 

Anticline Ridge Free-Field 

Anticline Ridge Pad 
Anticline Ridge Pad 

Anticline Ridge Pad 

Oi city 
Oilcy 
Oicity 
Tranmitter Hill 

Tranmniuer Hill

21.9 CAA 

21.9 CAA 

21.9 CAA 

15.4 BAB 

15.4 BAB 

15.4 BAB 

17.9 ABA 

17.9 ABA 

17.9 ABA 

36.6 AAA 

36.6 AAA 

36.6 AAA 

31.0 AVA 

31.0 AVA 

31.0 AVA 

17.6 ABB 

17.6 ABB 

17.6 ABB 

9.1 AAB 

9.1 AAB 

9.1 AAB 

11.0 IPA 

11.0 IPA 

11.0 IPA 

11.0 APA 

11.0 APA 

11.0 APA 

10.0 APB 

10.0 APB 

10.0 APB 

10.4 APA 

10.4 APA

B 

B 

B 

B 

B 

B 

C 

C 

C

1.10 30.00 

1.00 20.00 

1.00 30.00 

.60 40.00 

.60 20.00 

.70 30.00 

.40 15.00 

.20 15.00 

.40 20.00 

.20 29.00 

.10 36.00 

.20 30.00 

.60 25.00 

.30 20.00 

.15 20.00 

.30 30.00 

.20 25.00 

.25 25.00 

1.00 40.00 

2.00 30.00 

2-00 30.00 

.30 40.00 

.30 30.00 

.45 40.00 

.30 30.00 

.40 30.00 

.40 25.00 

.40 30.00 

.20 30.00 

.20 30.00 

.30 30.00 

.20 25.00

.084 

.146 

.151 

.078 
.162 

.200 

.013 
.029 
.072 
.024 
.072 
.034 
.014 
.053 
.028 
.037 
.301 
.097 
.038 
.030 
.046 
.115 
.330 
.275 
.137 
.378 
.261 
.210 

.387 

.370 

.114 

.2M5

1.8 
3.3 

5.6 

2.3 

10.1 

10.5 

1.8 

2.3 

4.3 

1.6 

6.3 

2.6 

.9 

4.5 

1.4 

4.0 

19.1 

5.6 

.4 

.6 

.6 

3.7 

16.1 

8.9 

4.7 

16.1 

9.2 

4.6 

13.8 

12.4 

3.3 

12.0

.10 

.18 

.23 

.25 
1.02 
.62 
.34 
.48 
.90 
.40 

1.26 
.55 
.09 
.58 
.30 
.50 

2.82 
.62 
.02 
.02 
.02 
.43 

1.20 
.46 
.34 

1.03 
.53 
.29 

1.59 
.89 
.35 

1.34

1.1 DCFDWN 

1.1 DCF9 

1.2 DCFI80 

2.0 WTWDWN 

1.8 WTWll5 

1.7 WTW205 

5.7 SRO-UP 

3.7 SRO-NS 

.8 SRO-WE 

5.5 CAD-UP 

1.4 CAD250 

3.4 CAD340 

5.2 B-A3E-UP 

1.2 B-A3E146 

3.9 B-A3E236 

7.0 B-KOD-UP 

.7 B-KOD180 

5.8 B-KOD270 

1.2 H-XCV-UP 

1.7 H-XCVO75 

.8 H-XCV165 

2.1 C-ATC-UP 

2.0 C-ATC270 

1.8 C-ATC360 

2.1 C-ATP-UP 

1.9 C-ATP270 

1.8 C-ATP360 

2.7 C-4XP-UP 

1.7 C4OL70 

2.0 C-OLC360 

3.0 C-TSM-UP 

2.2 C-TSM270

Dur (a) Filename

tz.



Date & Time

No. Earthauske YR MODY HRMN Mag Own No. Station

Closest Site Codes Filter Comers 
Dist HP LP PGA PGV PGD 
(km) Geom USGS (hz) (hz) (g) (g) (an/s) Dur (s) Filename

0079 Coalinga 1983 

0080 Coalinga 1983 

0080 Coalinga 1983 

0080 Coalinga 1983 

0080 Coalinga 1983 

0080 Coalinga 1983 

0080 Coalinga 1983 

0103 N. Palm Springs 1986 

0103 N. Palm Springs 1986 

0103 N. Palm Springs 1986 

0117 Whittier Narrows 1987 

0117 Whinier Narrows 1987 

0117 Whiuier Narrows 1987

0709 

0722 

0722 

0722 

0722 

0722 

0722 

0708 

0708 

0708 

1001 

1001 

1001

0740 
0239 
0239 
0239 
0239 
0239 
0239 
0920 
0920 
0920 
1442 
1442 
1442

5.2 USGS 
5.8 USGS 
5.8 USGS 
5.8 USGS 
5.8 USGS 
5.8 USGS 
5.8 USGS 
6.0 USGS 

6.0 USGS 
6.0 USGS 

6.0 USGS 

6.0 USGS 
6.0 USGS

1651 Transmitter Hill 
1604 Oil City 

1604 Oil City 

1604 Oil City 
1609 Palmer Ave 

1609 Palmer Ave 

1609 Palmer Ave 
5043 Hurkey Creek Park 

5043 Hurkey Creek Park 

5043 Hurkey Creek Park 

709 Garvey Res.-Control Bldg 
709 Garvey Res.-Control Bldg 

709 Garvey Res.-Control Bldg

10.4 APA 
8.2 APB 

8.2 APB 

8.2 APB 

12.2 APB 

12.2 APB 

12.2 APB 

34.9 AQB 

34.9 AQB 

34.9 AQB 

12.1 APB 

12.1 APB 

12.1 APB

B 

B 

B

.30 30.00 .194 

.60 30.00 .568 

.15 30.00 .866 

.80 30.00 .447 

.20 25.00 .201 

.06 20.00 .272 

.09 20.00 .290 

.40 50.00 .097 

.60 50.00 .240 

.50 50.00 .187 

.70 40.00 .362 

.15 40.00 .384 

.20 40.00 .457

9.9 
12.5 

42.2 

24.8 

6.9 

12.8 

21.5 

3.6 

7.4 

9.1 

9.9 

15.8 

19.0

.87 
1.20 

6.14 

2.23 

1.35 

3.31 

3.31 

.55 

A5 

.89 

.75 

2.49 

4.31

2.4 C-TSM360 
2.7 D-OLC-UP 

1.6 D-OLC270 

1.8 D-OLC360 

3.5 D-PLM-UP 

2.0 D-PLM270 

1.8 D-PLM360 

5.5 HCP-UP 

2.4 HCP045 

1.4 HCP135 

2.6 A-GRV-UP 

2.5 A-GRV060 

2.1 A-GRV330

No Earthauake YR MODY HRMN Mag Own



NRC TIME HISTORY LIBRARY: WUS, ROCK, M=5-6, D=50-100 km
Date & Time 

No. Earthquake YR MODY HIRMN Mag Own

0014 
0014 
0014 
0103 
0103 

0103 
0103 

0103 
0103 

0103 
0103 
0103 
0103 
0103 
0103 
0103 
0103 
0103 
0103 
0103 
0103 
0103 
0103 
0103 
0117 
0117 
0117 
0117 
0117 

0117 
0117 
0117 
0117 
0117

Southern Calif.  

Southern Calif 

Southern Calif.  

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 
Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Nanrws 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows

1952 1122 
1952 1122 
1952 1122 

1986 0708 
1986 0708 
1986 0708 

1986 0708 
1986 0708 

1986 0708 
1986 0708 
1986 0708 
1986 0708 

1986 0708 
1986 0708 
1986 0708 
1986 0708 
1986 0708 
1986 0708 
1986 0708 
1986 0708 
1986 0708 
1986 0708 
1986 0708 
1986 0708 
1987 1001 
1987 1001 
1987 1001 
1987 1001 
1987 1001 
1987 1001 
1987 1001 
1987 1001 
1987 1001 
1987 1001

0746 
0746 
0746 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442

Closest

No. Station

6.0 USGS 
6.0 USGS 
6.0 USGS 
6.0 USGS 
6.0 USGS 
6.0 USGS 
6:0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 USC 
6.0 USC 
6.0 USC 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG

1083 San Luis Obispo 

1083 San Luis Obispo 

1083 San Luis Obispo 

5231 Anza-Tule Canyon 

5231 Anza-Tule Canyon 

5231 Anza-Tule Canyon 

707 Lake Mathews Dike Toe 

707 Lake Mathews Dike Toe 

707 Lake Mathews Dike Toe 

13198 Murrieta Hot Springs 

13198 Murrieta Hot Springs 

13198 Murrieta HotSprings 

12168 Puerta La Cruz 

12168 Puerta La Cruz 

12168 Pueta La Cruz 

13123 Riverside Airpot 

13123 Riverside Airport 

13123 Riverside Airport 

13172 Taemala Fire Station 

13172 Temecula Fire Station 

13172 Temecula Fire Station 

13199 Winchester Bergman Ran 

13199 Wine Bergman Ran 

13199 WinchesBergman Ran 

90052 Calabasas - N Las Virg # 

90052 Calabaas- N La Virg # 

90052 Calausas - N Las Virg # 

24277 Castaio-IHaley Canyon 

24277 Castaic-Hasley Canyon 

24277 CaaiHasley Canyon 
24278 Castaic - Old Ridge Route 

24278 Castaic - Old Ridge Route 

24278 Cas•aic - Old Ridge Route 

24396 Malibu-Point Dume Sch

Dist PGA 
(kin) Geon USGS HP (hz) LP (hz) (g) 

70.0 CBB - .20 13.00 .028 

70.0 CBB - .20 13.00 .036 

70.0 CBB - .50 13.00 .054 

55.4 AGA B .40 30.00 .049 

55.4 AGA B .30 30.00 .110 

55.4 AGA B .35 35.00 .095 

73.7 AJA - 2.00 40.00 .039 
73.7 AJA - 1.00 50.00 .061 

73.7 AJA - 1.00 35.00 .046 

63.3 IGA A .50 28.00 .032 

63.3 IGA A .50 40.00 .053 

63.3 IGA A .50 40.00 .049 

71.9 AQB B .20 44.00 .035 

71.9 AQB B .20 38.00 .075 

71.9 AQB B .20 32.00 .055 

71.2 AQB B .50 48.00 .023 

71.2 AQB B .50 40.00 .051 

71.2 AQB B .50 42.00 .040 

73.2 AQB C .50 27.00 .028 

73.2 AQB C .50 25.00 .121 

73.2 AQB C .50 25.00 .098 

57.6 AGA A .50 48.00 .072 

57.6 AGA A .50 42.00 .070 

57.6 AGA A .50 50.00 .093 

53.3 -- B B .40 25.00 .023 

53.3 -- B B .33 25.00 .042 

53.3 -- B B .45 25.00 .025 

70.9 A-B - .50 20.00 .021 

70.9 A-B - .70 15.00 .031 

70.9 A-B - .50 15.00 .035 

78.3 A-B B 1.00 23.00 .026 

78.3 A-B B .80 15.00 .071 

78.3 A- B B .80 20.00 .065 

65.3 AMB B .35 30.00 .029

PGV 
(9) 

2.4 

2.8 

3.3 
2.6 

6.5 
7.5 

.5 

1.5 
.8 

.8 

1.8 

1.3 

1.6 

2.4 

1.8 
.6 

1.2 

1.0 
1.2 

6.9 
4.6 
1.6 
1.9 
1.8 
1.6 
2.3 
1.2 
1.5 
1.9 
2.6 
1.1 
4.4 
4.5 
1.9

PGD 
(an/s) 

.74 

.93 

.55 

.30 

.71 

.71 

.02 

.08 

.03 

.31 

.30 

.32 

.34 

.27 

.32 

.14 

.14 

.15 

.24 

.53 

.68 

.25 

.19 

.29 

.15 

.35 

.13 

.16 

.19 

.31 

.08 

.40 

.38 

.15

Dur (s) Fileaame 

4.7 SLO-UP 

3.8 SLO234 

3.3 SLO324 

7.9 An-UP 

1.8 ATL270 

5.8 ATL360 

8.3 LMR-UP 

3.4 LMRI62 

6.4 LMR252 

5.8 H01-UP 

5.0 H01000 

2.7 H01090 

10.8 PLC-UP 

8.8 PLC258 

9.0 PLC348 

10.6 RIV-UP 

10.0 RJVI80 

6.8 RIV270 

12.0 TSF-UP 

1.5 TFSO00 

3.3 TFS090 

3.2 H02-UP 

3.9 H02000 

3.1 H02090 

12.4 A-VIR-UP 

7.2 A-V1R2OO 

7.4 A-VIR290 

11.9 A-CSH-UP 

9.1 A-CSH000 

7.3 A-CSH090 

12.3 A-ORR-UP 

7.2 A-ORR000 

6.4 A-ORRO90 

10.8 A-MAL-UP



Date & Time 

No. Earthquake YR MODY HRMN Mag Own

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 WhittierNarrows

1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987

1001 
1001 
1001 
1001 
1001 
1001 
1001 
1001 
1001 
1001 
1001

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442

6.0 

6.0 
6.0 
6.0 
6.0 

6.0 

6.0 

6.0 
6.0 
6.0 
6.0

CDMG 

CDMG 

USC 

USC 

USC 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG

No.

24396 

24396 

90051 

90051 

90051 

13123 

13123 

13123 

24047 

24047 

24047

Station

Malibu-Point Dume Sdl 
Malibu-Point Dume Sci 
Malibu-W Pacific Coast Hwy # 
Malihu-W Pacific Coast Hwy # 
Malibu-W Pacific Coast Hwy # 
Riverside Airport 
Riverside Airport 
Riverside Airport 
Vasquez Rocks Park 
Vasquez Rocks Park 
Vasquez Rocks Park

Closest Site Codes Filter Comers 
Dist PGA 
(km) Geont USGS HP (hz) LP (hz) (g)

65.3 AMB 

65.3 AMB 

60.0 -- B 

60.0 -- B 

60.0 -- B 

56.8 AQB 

56.8 AQB 

56.8 AQB 

52.4 IBA 

52.4 IBA 

52.4 IBA

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B

.35 

.60 

.38 

.40 

.70 
3.00 
1.70 
2.00 

.90 
1.00 
1.00

25.00 .048 
20.00 .040 
25.00 .029 
25.00 .038 
25.00 .032 
50.00 .044 
35.00 .050 
45.00 .047 
35.00 .039 
25.00 .060 
25.00 .060

PGV PGD
(g)
2.4 
2.0 
1.6 
2.5 
2.3 
.7 

1.4 
1.4 
1.1 
2.1 
2.3

(crn/s) 

.32 

.18 

.24 

.28 

.22 

.01 

.05 

.04 

.09 

.12 

.11

U'

Dur (s) Filename 

5.5 A-MAL180 
5.6 A-MAL270 

10.8 A-WPA-UP 
10.3 A-WPA060 
10.5 A-WPA150 
8.3 A-RIV-UP 
7.0 A-RIV180 
4.9 A-RIV270 
6.7 A-VAS-UP 
4.2 A-VASOOO 
3.8 A-VAS090



Date & Time

No. Earthquake

NRC TIME HISTORY LIBRARY: WUS, ROCK, M=6-7, D=0-10 km 
Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur
YR MODY HRMN Mag Own No. Station (kin) Geom USGS (hz) (hz) (g) (g) (an/s) (s) Filemme

0001 Helena, Montana 

0001 Helena, Montana 

0001 Helena, Montana 

0025 Parkfield 

0025 Parkfield 

0025 Parkfield 

0025 Parkfield 

0025 Parkfield 

0025 Parkfield 

0030 San Fenmando 

0030 San Fernando 

0030 San Fernando 

0041 Gazli, USSR 

0041 Gazli, USSR 

S0041 Gazli, USSR 

! 0090 Morgan Hill 

0090 Morgan Hill 

0090 Morgan Hill 

0090 Morgan Hill 

0090 Morgan Hill 

0090 Morgan Hill

1935 

1935 

1935 

1966 

1966 

1966 

1966 

1966 

1966 

1971 

1971 

1971 

1976 

1976 

1976 

1984 

1984 

1984 

1984 

1984 

1994

0117 Whittier Narrows 1987 

0117 Whittier Narrows 1987 

0117 Whittier Narrows 1987 

0122LomaPrieta 1989 

0122LomaPrieta 1989 

0122 Loma Prieta 1989 

0122 Loma Prieta 1989 

0122 Loma Prieta 1989 

0122 Loma Prieta 1989 

0131 Nothridge 1994 

0131 Nothridge 1994 

0131 Northridge 1994

1031 

1031 

1031 

0628 

0628 

0628 

0628 

0628 

0628 

0209 

0209 

0209 

0517 

0517 

0517 

0424 

0424 

0424 

0424 

0424 

0424 

1001 

1001 

1001 

1018 

1018 

1018 

1018 

1018 

1018 

0117 

0117 

0117

1838 

1838 

1838 

0426 

0426 

0426 

0426 

0426 

0426 

1400 

1400 

1400 

2115 

2115 

2115 

2115 

2115 

2115 

1442 

1442 

1442 

O005 

0005 

0005 

0005 

005 

0005 

1231 

1231 

1231

6.2 

6.2 

6.2 

6.1 CDMG 

6.1 CDMG 

6.1 CDMG 

6.1 CDMG 

6.1 CDMG 

6.1 CDMG 

6.6 CDMG 

6.6 CDMG 

6.6 CDMG 

6.8 

6.8 

6.8 

6.2 CDMG 

6.2 CDMG 

6.2 CDMG 

6.2 CDMG 

6.2 CDMG 

6.2 CDMG 

6.0 USC 

6.0 USC 

6.0 USC 

6.9 CDMG 

6.9 CDMG 

6.9 CDMG 

6.9 UCSC 

6.9 UCSC 

6.9 UCSC 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG

2022 Carroll College 

2022 Carroll College 

2022 Carroll College 

1015 Cholame #8 

1015 Cbolame #8 

1015 Cholame #8 

1438 Temblor pre-1969 

1438 Temblor pre-1969 

1438 Temblor pre-1969 

279 Pacoima Dam 

279 Pacoima Dam 

279 Pacoima Dam 

9201 Karakyr 

9201 Karakyr 

9201 Karakyr 

57217 Coyote Lake Dam (SW Abut) 

57217 Coyote Lake Dam (SW Abut) 

57217 Coyote Lake Dam (SW Abut) 

57383 Gilroy Array #6 

57383 Gilroy Array #6 

57383 Gilroy Array #6 

90019 San Gabriel - E Grand Ave # 

90019 San Gabriel - E Grand Ave # 

90019 San Gabriel - E Grand Ave # 

57007 Cornalitos 

57007 Corralitos 

57007 Corralitos 

16 LGPC 

16 LGPC 

16 LGPC 

24207 Pacoima Dam (downstr) # 

24207 Pacoima Dam (downgr) # 

24207 Pacoima Dam (downstr) #

8.0 EZA 
8.0 EZA 
8.0 EZA 
9.2 ABB 
9.2 ABB 
9.2 ABB 
9.9 IJA 
9.9 UA 
9.9 UA 
2.8 AMB 
2.8 AMB 
2.8 AMB 
3.0 AAA 
3.0 AAA 
3.0 AAA 
.I FA 
.I IFA 
.1 FA 

11.8 HKB 
11.8 IKB 
11.8 IKB 
9.0 -- A 
9.0 -- A 
9.0 -- A 
5.1 APB 
5.1 APB 
5.1 APB 
6.1 -- A 
6.1 -- A 

6.1 -- A 
8.0 AGA 
8.0 AGA 
8.0 AGA

.20 15.00 .102 

.20 15.00 .150 

.20 15.00 .173 

.20 24.00 .116 

.20 20.00 .246 

.20 20.00 .273 

.20 16.00 .136 

.20 14.00 .357 

.20 15.00 .272 

.10 35.00 .699 

.10 35.00 1.226 

.50 35.00 1.160 

.50 38.00 1.264 

.50 38.00 .608 

.50 38.00 .718 

.10 50.00 .388 

.10 39.00 .711 

.10 45.00 1.298 

.10 30.00 .405 

.10 35.00 .222 

.10 27.00 .292 

.35 25.00 .227 

.35 25.00 .304 

.35 25.00 .199 

.20 32.00 .455 

.20 40.00 .644 

.20 40.00 .479 

.10 .890 

.10 .563 

.10 .605 

.75 23.00 .190 

.16 23.00 .415 

.16 23.00 .434

7.3 

5.8 

16.5 

4.3 

10.2 

11.3 

4.4 

21.5 

15.0 

56.5 

112.5 

54.3 

54.2 

65.4 

71.6 

15.6 

51.6 

80.8 

14.1 

11.4 

36.7 

5.5 

23.0 

11.0 

17.7 

55.2 

45.2 

54.9 

94.8 

51.0 

14.2 

45.6 

31.3

2.29 

1.00 

2.37 

1.48 

3.60 

3.20 

1.10 

3.87 

3.40 

18.25 

35.50 

11.73 

30.15 

25.29 

23.71 

2.65 

12.00 

9.63 

1.86 

2.45 

6.12 

.44 

3.34 

1.04 

7.11 

10.88 

11.37 

17.56 

41.18 

11.50 

1.35 

5.06 

4.80

1.1 A-HMCDWN 
1.3 A-HMC180 
1.1 A-HMC270 
4.0 C08DWN 
5.9 C08050 
3.7 C08320 
3.2 TMBDWN 
1.3 TMB205 
1.3 TMB295 
5.5 PULDWN 
5.4 PUL164 
5.8 PUL254 
5.1 GAZ-UP 
4.5 GAZ000 
5.4 GAZO90 
3.0 CYC-UP 
3.0 CYC195 
1.7 CYC285 
.5 G06-UP 

3.1 G06000 
4.5 G06090 
2.5 A-GRN-UP 
2.4 A-GRN180 
2.8 A-GRN270 
3.5 CLS-UP 
3A CLSOOO 
4.6 CLS090 
4.5 LGP-UP 
5.5 LGPOO0 

5.5 LGP9 
3.9 PAC-UP 

.6 PAC17S 

2.0 PAC265



Date & Time

No. Earthquake

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Nohridge 

0131 Nohriidge 

0131 Northridge 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe

YR MODY HRMN Mag Own

1994 0117 

1994 0117 

1994 0117 

1994 0117 

1994 0117 

1994 0117 

1995 0116 

1995 0116 

1995 0116 

1995 0116 

1995 0116 

1995 0116

1231 

1231 

1231 

1231 

1231 

1231 

2046 

2046 

2046 

2046 

2046 

2046

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.9 CEOR 

6.9 CEOR 

6.9 CEOR 

6.9 

6.9 

6.9

No. Station

24207 Pacoima Dam (upper left) # 

24207 Pacoirna Dam (upper left) # 

24207 Pacoima Dam (upper left) # 

24088 Pacoima Kagel Canyon # 

24088 Pacoima Kagel Canyon # 

24088 Pacoima Kagel Canyon # 

99999 Kobe University 

99999 Kobe University 

99999 Kobe University 

99999 KJMA 

99999 KJMA 

99999 KJMA

Closest Site Codes Filter Comers 

Dist HP L? PGA PGV PGD Dur 
(km) Geom USGS (hz) (hz) (g) (g) (am/s) (s) Filename 

8.0 IGA A .16 23.00 1.229 49.6 11.75 3.0 PUL-UP 

8.0 IGA A .16 23.00 1.585 55.7 6.06 2.5 PUL104 

8.0 IGA A .16 23.00 1.285 103.9 23.80 3.8 PUL194 

8.2 AMB B .20 23.00 .169 15.1 4.14 6.9 PKC-UP 

8.2 AMB B .14 23.00 .301 31.4 10.87 5.7 PKC090 

8.2 AMB B .14 23.00 .433 51.5 7.21 5.6 PKC360 

.2 -- A A .20 30.00 .380 20.2 6.48 2.8 KBU-UP 

.2 -- A A .10 30.00 .290 54.8 13.61 3.3 KBU000 

.2 -- A A .10 30.00 .310 34.2 7.14 3.7 KBU090 

.6 -- B B .05 .343 38.3 10.29 4.7 KJM-UP 

.6 -- B B .05 .821 81.3 17.68 4.2 KJM000 

.6 -- B B .05 .599 74.3 19.95 4.3 KJM090

-3



NRC TIME HISTORY LIBRARY: WUS, ROCK, M=6-7, D=-10-50 km
Date & Time

No. Earthquake

0030 
0030 
0030 
0030 
0030 
0030 
0050 
0050 
0050 
0058 
0058 
0058 
0061 
0061 
0061 
0064 
0064 
0064 
0076 
0076 
0076 
0076 
0076 
0076 
0076 
0076 
0076 
0076 
0076 
0076 
0090 
0090 
0090 
0090

YR MODY HRMN Mag

San Femando 

San Fernando 

San Fernando 

San Fernando 

San Fernando 

San Fernando 

Imperial Valley 

Imperial Valley 

Imperial Valley 
Mammoth Lakes 

Mammoth Lakes 

Mammoth Lakes 

Mammoth Lakes 

Mammoth Lakes 
Mammoth Lakes 

Victoria, Mexico 

Victoria, Mexico 

Victoria, Mexico 

Coalinga 

Colnga 

Coalinga 

Coaldna 
Coalinga 
Coaling 

Cmn 
Coalinga 
Coalinga 
Cadinp 

Morgan Hill 
Morwan Hill 
Morgan Hill 
Morgan Hill

1971 
1971 
1971 
1971 
1971 
1971 
1979 
1979 
1979 
1980 
1980 
1980 
1980 
1980 
1980 
1980 
1980 
1980 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1984 
1984 
1984 
1984

0209 
0209 
0209 
0209 
0209 
0209 
1015 
1015 
1015 

0525 

0525 
0525 

0527 
0527 
0527 
0609 
0609 
0609 
0502 
0502 
0502 
0502 
0502 
0502 
0502 
0502 
0502 
0502 
0502 
0502 
0424 
0424 
0424 
0424

1400 

1400 

1400 

1400 
1400 
1400 

2316 

2316 

2316 

1944 

1944 

1944 

1451 

1451 

1451 

0328 

0328 

0328 

2342 

2342 

2342 

2342 

2342 

2342 

2342 

2342 

2342 

2342 

2342 

2342 

2115 

2115 

2115 

2115

Own No.

6.6 
6.6 

6.6 
6.6 
6.6 
6.6 
6.5 
6.5 
6.5 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.1 
6.1 
6.1 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 

6.4 
6.4 
6.4 
6.2 
6.2 
6.2 
6.2

USGS 
USGS 

USGS 

CDMG 
CDMG 
CDMG 
USGS 
USGS 
USGS 
CDMG 
CDMG 
CDMG 
CDMG 
CDMG 
CDMG 
UNAMUCSD 
UNAMUCSD 
UNAMUCSD 
CDMG 
CDMG 
CDMG 
CDMG 
CDMG 

CDMG 
CDMG 
CDMG 
CDMG 
CDMG 
CDMG 
CDMG 
CDMG 
CDMG 
CDMG 
CDMG

Station

126 
126 

126 
285 
285 
285 
286 
286 
286 

54214 
54214 
54214 
54424 
54424 
54424 
6604 
6604 
6604 

36453 
36453 
36453 
36420 
36420 

36420 
36230 
36230 
36230 
36446 
36446 
36446 
57007 
57007 
570(7 
57383

Closest Site Codes 

Dist 
(kIn) Geomn USGS

Lake Hughes #4 

Lake Hughes #4 

Lake Hughes #4 

Santa Felita Dam (Oudet) 

Santa Felita Dam (Outlet) 

Santa Felita Darn (Outlet) 

Superstition Mtn Camera 

Superstition Mm Camera 

Superstition Mtn Camera 

Long Valley Dam (L Abut) 

Long Valley Dam (L Abut) 

Long Valley Dam (L Abut) 

Bishop-Paradise Lodge 

Bishop-Paradise Lodge 

Bishop-Paradise Lodge 

Cerro Prieto 

Cerr Prieto 

erro Pfieto 

Parkfield-Fauk Zone 11 

Parkfield-Fault Zone 11 

Parkfield-Fault Zone 11 

Parkfield-kod Hill 3W 

Parkfield-Gold Hill 3W 

Pawkfield-Gold Hill 3W 

Parkfield-Cholame 2E 

Pakfield-O4olame 2E 

Parkfield-ohlame 2E 

Prield-Vineyd Cany 4W 
Pakfield-Vineyard Cany 4W 

Pakfleld-Vineyard Cany 4W 
Corralitos 

Codallt 

Corrayitog 
Gilroy Army #6

24.2 
24.2 
24.2 
27.5 

27.5 
27.5 
26.0 
26.0 
26.0 
19.7 
19.7 
19.7 
43.7 
43.7 
43.7 
34.8 
34.8 
34.8 
28.4 
28.4 
28A 
38.8 
38.8 
38.8 
40.5 

40.5 

40.5 
34.6 
34.6 
34.6 
22.7 
227 
22.7 
11.8

00 w 
ýo

IGA 
IGA 

IGA 
ABA 
ABA 
ABA 
AGA 
AGA 
AGA 
IVA 
IVA 
IVA 
AVA 
AVA 
AVA 
AVA 
AVA 
AVA 
IMB 
IMB 
IMB 
IPB 
IPB 
IPB 
UB 
HB 

HB 

aB 
IMB 
IMB 
APB 
APB 
APB 
NKB

Filter Corners 
HP LP 
(hz) (hz) 

.50 35.00 

.50 35.00 

.50 35.00 

.10 20.00 

.10 20.00 

.10 13.00 

.10 40.00 

.10 40.00 

.10 40.00 

.40 50.00 

.35 50.00 

.20 50.00 

.20 50.00 
.20 40.00 
.20 40.00 
.20 62.00 
.20 62.00 
.20 62.00 
.20 28.00 
.20 21.00 
.20 28.00 
.20 36.00 
.20 30.00 

.20 30.00 

.50 26.00 

.50 23.00 

.50 22.00 

.20 30.00 

.20 30.00 
.2027.00 
.20 27.00 
.20 24.00 
.20 26.00 
.10 30.00

PGA 

(9) 

.164 

.192 

.153 

.065 

.148 

.152 

.077 

.109 

.195 

.068 

.104 

.077 

.084 

.091 

.114 

.304 

.621 

.587 

.042 

.097 

.087 

.067 

.137 

.122 

.017 

.026 

.037 

.024 

.064 

.046 

.040 

.081 

.109 

.405

PGV 

(8) 

6.4 

5.6 

8.4 

4.1 

9.4 

6.5 

2.3 

5.2 

8.8 

4.0 

6.6 

5.4 

3.0 

5.5 

5.3 

12.1 

31.6 

19.9 

4.8 

11.9 

6.6 

7.5 

11.0 

9.0 

2.3 

2.9 

5.4 

2.8 

6.5 

4.2 

4.0 

6.4 

10.8 

14.1

PGD 
(cm/s) 

.93 

.92 
1.85 
2.36 
7.02 
3.46 
1.14 
2.21 
2.78 

.45 

1.06 
1.69 
.77 

1.48 
1.41 
4.90 

13.20 
9.40 
1.80 
2.35 
1.83 
1.77 
2.76 

1.74 
.52 
.62 

1.40 
.64 

1.37 
.95 
.54 

1.17 
2.13 
1.86

Dur 
(s) 

4.1 

3.6 

4.1 

8.9 

7.4 

5.0 

5.8 

6.3 

2.2 

4.6 

4.2 

4.8 

4.6 

4.9 

4.3 

5.1 

4.4 

4.2 

8.9 

4.5 

3.6 

9.0 

2.8 

3.8 

12.1 

8.8 

7.6 

8.2 

4.3 

5.9 

4.9 

4.4 

3.4 

.5

Filename 

L04DWN 
L04111 
L04201 
FSD-UP 
FSDI72 
FSD262 
H-SUP-UP 
H-SUP045 
H-SUP135 
MLLVL-UP 
MLLVOOO 
MLLVO90 
L-BPL-UP 
L-BPLO70 
L-BPLI60 
CPE-UP 
CPE045 
CPE315 
H-ZII-UP 
H-ZII000 
H-Z1 1090 
H-PG3-UP 

H-PG3000 
H-PG3090 
H-TM2-UP 
H-TM2009 
H-TM2090 
H-VC4-UP 
H-VC4000 
H-VC4090 
a-s-UP 
CLS220 
CLS310 
MHGO6-UP



Date & Time

No. Earthquake 

0090 Morgan Hill 

0090 Morgan Hill 

0090 Morgan Hill 

0090 Morgan Hill 

0090 Morgan Hill 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0105 Chalfant Valley 

0105 Chalfant Valley 

0105 Chalfant Valley 

0105 Chalfant Valley 

0105 Chalfant Valley 

0105 Chalfant Valley 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whitier Narrows 

0117 Whittier Narrows 

0117 Whinier Narrows 

0117 Whinier Narrows 

0117 Whittier Narrows 

0117 WhittierNarrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whinier Narrows 

0117 WhittierNarrows 

0117 Whinier Narrows 

0121 Spitak, Armenia 

0121 Spitak. Amrnia 
0121 Spitak Armeaia 

0122 Lanm aiieta 

0122 Loms Prieta 

0122 IA=a Prieta

YR MODY HRMN Mag

1984 

1984 

1984 

1984 

1984 

1986 

1986 

1986 

1986 

1986 

1986 

1986 

1986 

1986 

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1988 

1988 

1988 

1989 

1989 

1989

0424 

0424 

0424 

0424 

0424 

0708 

0708 

0708 

0721 

0721 

0721 

0721 

0721 

0721 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1207 

120Y7 

1207 

1018 

1018 

1018

2115 

2115 

2115 

2115 

2115 

0920 

0920 

0920 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

6.8 

6.8 

6.8 

0005 

O005 

O0O5

6.2 
6.2 
6.2 
6.2 
6.2 
6.0 
6.0 
6.0 
6.2 
6.2 
6.2 
6.2 
6.2 
6.2 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 

6.9 
6.9 
6.9

Closest Site Codes Filter Comers

Own No.

CDMG 
CDMG 
CDMG 
CDMG 
CDMG 
USGS 
USGS 
USGS 
CDMG 
CDMG 
CDMG 
CDMG 
CDMG 
CDMG 
USC 
USC 
USC 
USC 
USC 
USC 
USC 
USC 
USC 
CDMG 
CDMG 
CDMG 
USC 
USC 
USC 

CDMG 
CDMG 
CDMG

57383 
57383 
47006 

47006 
47006 
5230 
5230 
5230 

54214 
54214 
54214 
54101 
54101 
54101 
90015 
90015 
90015 
90016 
90016 
90016 
90050 
90050 
90050 
24088 
24088 
24088 
90090 
90090 
90090 

12 
12 
12 

58262 
58262 
58262

Station

Gilroy Array #6 

Gilroy Array #6 

Gilroy - Gavilan Coll.  

Gilroy - Gavilan Coll.  

Gilroy - Gavilan Coll.  

Santa Rosa Mountain 

Santa Rosa Mountain 

Santa Rosa Mountain 

Long Valley Dam (L Abut) 

Long Valley Darn (L Abut) 

Long Valley Darn (L Abut) 

Tinemaha Res. Free Field 

Tinmnaha Res. Free Field 

Tinamaha Res. Free Field 

LA-CQalon Rd # 

LA-Chalon Rd # 

LA-Chalon Rd # 

LA-N Faring Rd # 

LA-N Faring Rd # 

LA-N Faring Rd # 

Malibu-Las Flores Canyon # 

Malibu-Las Flores Canyon # 

Malibu-Las Flores Canyon # 

Paoima Kagel Canyon 
Pacima Kagel Canyon 

Pacoina Kagel Canyon 
Villa Park-Serrano Ave# 

Villa Pask-Serrano Ave# 

Villa Pauk-Serrano Ave# 

Gukaian 

Gukztan 
Gukatian 
Bebrmont-Ewrtc 
Behnout-Envirotech 

Belmont-Envinotch

Dist HP LP 
(kin) Georn USGS (hz) (hz)

11.8 IKB 

11.8 IKB 

16.2 AFB 

16.2 AFB 

16.2 AFB 

43.8 AGA 

43.8 AGA 

43.8 AGA 

33.4 IVA 

33.4 IVA 

33.4 IVA 

40.5 AVA 

40.5 AVA 

40.5 AVA 

32.6 -- B 

32.6 -- B 

32.6 -- B 

28.5 -- B 

28.5 -- B 

28.5 -- B 

46.3 -- B 

46.3 -- B 

46.3 -- B 

37.9 AMB 

37.9 AMB 

37.9 AMB 

30.0 -- B 

30.0 -- B 

30.0 -- B 

30.0 A-A 

30.0 A-A 

30.0 A-A 

49.9 BFA 

49.9 BFA 

49.9 BFA

.10 35.00 

.10 27.00 

.50 42.00 

.10 30.00 

.10 30.00 

1.00 50.00 

1.50 60.00 

1.50 60.00 

.10 43.00 

.10 50.00 

.10 50.00 

.50 30.00 

.50 30.00 

.50 30.00 

1.00 25.00 

.38 25.00 

.75 25.00 

.55 25.00 

.55 25.00 

.40 25.00 

.65 25.00 

.65 25.00 

.65 25.00 

.50 35.00 

.35 20.00 

.45 20.00 

.50 25.00 

.70 25.00 

.55 25.00 

.50 25.00 

.50 25.00 

.50 25.00 

.20 38.00 

.2022.00 

.20 30.00

PGA 

(9) 
.222 

.292 

.081 

.114 

.095 

.051 

.102 

.103 

.074 

.082 

.071 

.023 

.037 

.037 

.019 

.036 

.020 

.034 

.048 

.053 

.015 

.065 

.055 

.055 

.166 

.164 

.033 

.046 

.072 

.119 

.199 

.715 

.041 

.108 

.110

PGV 

(8) 

11.4 

36.7 

2.3 

3.6 

2.9 

1.5 

2.2 

2.2 

3.3 

7.0 

7.9 

1.7 

3.6 

6.3 

.7 

2.3 

1.1 

1.6 

2.2 

3.0 

1.0 

2.3 

2.2 

2.7 

6.2 

6.8 

1.3 

1A 

2.6 

8.8 

28.6 

15.1 

4.5 

11.8 

16.2

PGD Dur 
(cm/s) (s) Filename 

2.45 3.1 MHGO6000 

6.12 4.5 MHGO60O 

.41 3.6 GIL-UP 

.87 5.0 G1L067 

.93 4.7 GIL337 

.10 6.6 ARS-UP 

.10 6.0 ARS270 

.10 6.6 ARS360 

1.45 6.4 CVLVL-UP 

1.34 5.3 CVLV000 

3.06 7.9 CVLVO90 

.54 11.3 A-TIN-UP 

1.12 6.7 A-TINOOO 

1.21 5.6 A-TINO90 

.07 5.1 A-CHL-UP 

.21 3.5 A-CHLO30 

.12 5.6 A-CHL120 

.13 6.1 A-FAR-UP 

.26 4.4 A-FAR000 

.29 4.1 A-FAR090 

.13 4.4 A-LAS-UP 

.14 3.3 A-LAS160 

.32 3.5 A-LAS250 

.30 7.0 A-PKC-UP 

.68 3.7 A-PKC000 

.87 4.3 A-PKC090 

.11 8.9 A-SER-UP 

.13 6.4 A-SEROOO 

.27 5.5 A-SER270 

4.30 6.2 GUK-UP 

9.80 6.3 GUKOOO 

4.30 4.4 GUKO90 

2.46 7.1 BES-UP 

3.30 4.7 BESOOO 

5.71 3.8 BESO90



Dat & Time

No. Earthquake

0122 Loma Priea 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Lomna Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Lomna Priema 

0122 Loma Prieta 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Noithridge 

0131 Norhridge

YR MODY HRMN Mag

1989 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994

1018 

1018 

1018 

1018 

1018 

1018 

1018 

1018 

1018 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117

0005 

0005 

0005 

0005 

0005 

0005 

0005 

0005 

0005 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231

Own No.

6.9 CDMG 

6.9 CDMG 

6.9 CDMG 

6.9 CDMG 

6.9 CDMG 

6.9 CDMG 

6.9 CDMG 

6.9 CDMG 

6.9 CDMG 

6.7 USC 

6.7 USC 

6.7 USC 

6.7 USC 

6.7 USC 

6.7 USC 

6.7 USC 

6.7 USC 

6.7 USC 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG

Station

57383 Gilroy Array #6 

57383 Gilroy Array #6 

57383 Gilroy Array #6 

47189 SAGO South - Surface 

47189 SAGO South- Surface 

47189 SAGO South - Surface 

58127 Woodside 

58127 Woodside 

58127 Woodside 

90059 Burbank - Howard Rd.  

90059 Burbank - Howard Rd.  

90059 Burbank-Howard Rd.  

90015 LA- Chalon Rd 

90015 LA- Chalon Rd 

90015 LA -Chalon Rd 

90016 LA- N Faring Rd 

90016 LA- N Faring Rd 

90016 LA- N Faring Rd 

24605 LA-Univ Hospital # 

24605 LA-Univ Hospital # 

24605 LA-Univ Hospital #

Closest Site Codes Filter Comers 
Dist HP LP PGA 
(kin) Georn USGS (hz) (hz) (g)

19.9 IKB 

19.9 IKB 

19.9 IKB 

34.7 IGB 

34.7 IGB 

34.7 IGB 

39.9 APB 

39.9 APB 

39.9 APB 

20.0 -B 

20.0 -B 

20.0 -B 

23.7 -B 

23.7 -B 

23.7 -B 

23.9 -B 

23.9 -B 

23.9 -B 

34.6 IMA 

34.6 IMA 

34.6 IMA

.20 32.00 .101 

.20 38.00 .126 

.20 31.00 .170 

.10 29.00 .060 

.10 25.00 .073 

.10 30.00 .067 

.10 31.00 .050 

.10 25.00 .080 

.10 25.00 .082 

.10 30.00 .085 

.10 30.00 .120 

.10 30.00 .163 

.50 30.00 .174 

.30 30.00 .225 

.20 30.00 .185 

.20 30.00 .191 

.13 30.00 .273 

.13 30.00 .242 

.20 46.00 .119 

.20 46.00 .493 

.20 46.00 .214

PGV PGD Dur

(g) 
9.5 

12.8 

14.2 

7.8 

10.5 

9.6 

6.2 

13.7 

16.7 

3.6 

9.5 

8.5 

8.0 

16.6 

27.1 

8.9 

15.8 

29.8 

6.4 

31.1 

10.8

(cin/s) 
4.10 

4-74 

3.79 

5.86 

6.40 

6.42 

2.80 

8.47 

8.89 

1.48 

2.25 

1.81 

1.09 

3.39 

5.77 

1.65 

3.29 

4.74 

1.37 

2.39 

2.37

(s) Filename 

5.1 12606-UP 

4.5 LPG06000 

4.5 LPGO6090 

5.9 SG3-UP 

5.4 SG3261 

7.8 SG3351 

6.5 WDS-UP 

6.2 WDSOOO 

6.3 WDS090 

7.0 HOW-UP 

5.9 HOW060 

5.1 HOW330 

5.8 CHL-UP 

5.7 CHLO70 

5.0 CHL160 

5.9 FAR-UP 

4.8 FAROO0 

5.8 FAR090 

7.6 UNI-UP 

5.6 UNI005 

6.7 UNI095



NRC TIME HISTORY LIBRARY: WUS, ROCK, M=6-7, D=50-100 km 

Closest Site Codes Filter Comers

No. Earthquake

0025 Parkfield 

0025 Parkfield 

0025 Parkfield 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

W 0117 Whittier Narrows 

S0117 Whittier Narrows 

0117 WhitierNarrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0124 Georgia,WUSSR 

0124 Georgia, USSR 

0124 Georgia, USSR 

0131 Northridge 
0131 Nofthridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Nothridge 

0131 Northridge

YR MODY HRMN Mag Own

1966 
1966 
1966 
1971 
1971 
1971 
1971 
1971 
1971 
1987 
1987 
1987 
1987 

1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 

1987 
1987 
1987 
1991 
1991 
1991 
1994 
1994 

1994 
1994 
1994 
1994 
1994

0628 

0628 

0628 

0209 

0209 

0209 

0209 

0209 

0209 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

0615 

0615 

0615 

0117 

0117 

0117 

0117 

0117 

0117 

0117

0426 
0426 
0426 

1400 
1400 
1400 
1400 
1400 
1400 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
0059 
0059 
0059 
1231 
1231 
1231 

1231 
1231 
1231 
1231

6.1 USGS 
6.1 USGS 

6.1 USGS 

6.6 CDWR 
6.6 CDWR 
6.6 CDWR 
6.6 ACOE 
6.6 ACOE 
6.6 ACOE 
6.0 USC 
6.0 USC 
6.0 USC 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.2 
6.2 
6.2 
6.7 USC 
6.7 USC 
6.7 USC 
6.7 CDMG 
6.7 CDMG 
6.7 CDMG 
6.7 CDMG

Dist HP LP PGA
(kin) Geom USGS (hz) (hz) (g)No. Station 

1083 San Luis Obispo 

1083 San Luis Obispo 

1083 San Luis Obispo 

111 Cedar Springs, Allen Ranch 

III Cedar Springs, Allen Ranch 

III Cedar Springs, Allen Ranch 

287 Upland-San Antonio Dam 

287 Upland-San Antonio Dam 

287 Upland-San Antonio Dam 

90052 Calabasas-N Las Virg# 

90052 Calabasas-N Las Virg# 

90052 Calabasas-N Las Virg# 

24277 Castaic-Hasley Canyon 
24277 Castaic-Hasley Canyon 

24277 Castaic-Hasley Canyon 

24278 Castaic-Old Ridge Route 

24278 Castaio-Old Ridge Route 

24278 Castaic-Old Ridge Route 

24396 Malibu-Point Dume Sch 

24396 Malibu-Point Durne Sch 

24396 Malibu-Point Dume Sch 

13123 Riverside Airpo•t 

13123 Riverside Airport 

13123 Riverside Airport 

18 Ambralauri 

18 Ambralauri 

18 Ambralauri 

90067 Duane-Mel Canyon Rd 

90067 Duarte-Mel Canyon Rd 

90067 Duarte-Mel Canyon Rd 

23598 Rancho Cucamnaga - Deer Can # 

23598 Randho Cucamonga - Deer Can # 

23598 Rancho Cuca•moga - Deer Can # 

14404 Rancho Palos Verdes-Hawth#

60.0 CBB 

60.0 CBB 

60.0 CBB 

86.6 AAA 

86.6 AAA 

86.6 AAA 

58.1 AAA 

58.1 AAA 

58.1 AAA 

53.3 -- B 

53.3 -- B 

53.3 -- B 

70.9 A-B 

70.9 A-B 

70.9 A-B 

78.3 A-B 

78.3 A-B 

78.3 A- B 

65.3 AMB 

65.3 AMB 

65.3 AMB 

56.8 AQB 

56.8 AQB 

56.8 AQB 

73.7 A-A 

73.7 A-A 

73.7 A-A 

51.6 -- B 

51.6 -- B 

51.6 -- B 

80.0 IGA 

80.0 IGA 

80.0 IGA 

55.2 AMA

PGV PGD Dur

.20 15.00 .007 

.20 15.00 .012 

.20 12.00 .014 

.20 35.00 .009 

.20 35.00 .020 

.20 35.00 .015 

.50 35.00 .032 

.50 35.00 .058 

.50 35.00 .079 

.40 25.00 .023 

.33 25.00 .042 

.45 25.00 .025 

.50 20.00 .021 

.70 15.00 .031 

.50 15.00 .035 

1.00 23.00 .026 

.80 15.00 .071 

.80 20.00 .065 

.35 30.00 .029 

.35 25.00 .048 

.60 20.00 .040 

3.00 50.00 .044 

1.70 35.00 .050 

2.00 45.00 .047 

.10 .007 

.10 .018 

.10 .016 

.90 30.00 .046 

.10 30.00 .079 

.30 30.00 .028 

.30 46.00 .025 

.30 46.00 .071 

.30 46.00 .051 

.30 23.00 .043

Date & Time

(9) 
.8 

1.0 

1.0 

.9 

1.7 

1.4 

1.3 

2.9 

3.5 

1.6 

2.3 

1.2 

1.5 

1.9 

2.6 

1.1 

4.4 

4.5 

1.9 

2.4 

2.0 

.7 

1.4 

1.4 

1.0 

1.8 

1.3 

2.2 

3.4 

2.4 

2.2 

4.2 

5.9 

1.8

(cmA/s) (s) Filename 

.28 5.3 SLO-UP 

.30 5.9 SLO234 

.46 6.3 SL0324 

.53 6.0 CSMDWN 

.49 5.6 CSM095 

.57 5.9 CSM185 

.54 7.0 SODDWN 

.55 7.1 SOD015 

.50 6.3 SOD285 

.15 12.4 A-VIR-UP 

.35 7.2 A-VIR200 

.13 7.4 A-VIR290 

.16 11.9 A-CSH-UP 

.19 9.1 A-CSHO0O 

.31 7.3 A-CSH090 

.08 12.3 A-ORR-UP 

.40 7.2 A-ORROOO 

.38 6A A-ORRO90 

.15 108 A-MAL-UP 

.32 5.5 A-MAL180 

.18 5.6 A-MAL270 

.01 8.3 A-RIV-UP 

.05 7.0 A-RIV180 

.04 4.9 A-RIV270 

.31 13.9 AMB--Z 

.54 9.9 AMB--X 

.39 10.0 AMB--Y 

.17 7.8 MEL-UP 

1.84 8.3 MEL090 

.46 8.4 MEL180 

.40 13.6 CUC-UP 

.56 11.0 CUC090 

.78 10.2 CUC180 

.39 9.0 RAN-UP



Date & Time

No. Earthquake

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 
0131 Norhridge 

0131 Northridge

YR MODY HRMN Mag Own

1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994

0117 
0117 
0117 

0117 

0117 
0117 
0117 
0117 
0117 

0117 

0117

1231 
1231 
1231 

1231 
1231 
1231 
1231 
1231 
1231 
1231 
1231

6.7 CDMG 

6.7 CDMG 

6.7 USC 

6.7 USC 

6.7 USC 

6.7 USC 

6.7 USC 

6.7 USC 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG

No.

14404 

14404 

90090 

90090 

90090 

90071 

90071 

90071 

23590 

23590 

23590

Station

Randco Palos Verdes-Hawth# 

Rancho Palos Verdes-Hawth# 

Villa Park - Serrano Ave 

Villa Park - Serano Ave 

Villa Park - Serrano Ave 

West Covina - S Orange Ave 

West Covina - S Orange Ave 

West Covina - S Orange Ave 

Wrightwood-Jackson Flat # 

Wrightwood-Jackson Flat # 

Wrightwood-Jackson Flat #

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(kin) Geom USGS (hz) (lz) (g) (g) (cm/s) (s) Filename 

55.2 AMA A .30 23.00 .072 5.0 .73 6.5 RANOOO 

55.2 AMA A .30 23.00 .054 3.5 .98 8.1 RAN090 

79.5 -- B C .30 30.00 .027 2.5 .37 14.8 SER-UP 

79.5 -- B C .10 30.00 .043 3.1 1.19 9.5 SEROOO 

79.5 -- B C .10 30.00 .045 3.8 2.00 8.1 SER270 

54.1 -- B C .20 30,00 .049 2.7 .95 10.6 SOR-UP 

54.1 -- B C .20 30.00 .063 5.9 1.34 10.7 SOR225 

54.1 -- B C .10 30.00 .067 5.8 2.65 10.4 SOR315 

68.4 I-A A .24 46.00 .034 5.8 1.32 13.9 WWJ-UP 

68.4 I-A A .24 46.00 .056 10.0 2.92 7.3 WWJ090 

68.4 I-A A .24 46.00 .037 7.0 2.84 10.0 WWJ180



Date & Time

No. Earthquake

0028 
0028 
O028 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0030 
0131 
0131 
0131 
0131 
0131 
0131 
0131 

. 0131 
0131 
0131

Boego Mtn 

Borrego Mtn 

-rego Mtn 
San Fernando 

San Fernando 

San Fernando 

San Fernando 

San Fenando 

San Fernando 

San Fernando 

San Fernando 

San Fernando 

San Fernando 

San Fernando 

San Fernando 

San Femando 

San Fer o 

San Fernando 

San Feawndo 

San Feanando 

San Fernwao 

SanFendo 

San Fernando 

San Fernando 

Nothridge 

Nothiridge 
Nomibidge 
Northridge 
Norhridge 
Northridge 
Nordbidge 
Northridge 
Nohrtiuge 
Northridge

19 
15 
19 
15 
15 
19 
19 
19 
19 
19 
19 
19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 19 
15 

15

YR MODY HRMN 

'68 0409 0230 

68 0409 0230 

168 0409 0230 

U7 0209 1400 

r71 0209 1400 

971 0209 1400 

'71 0209 1400 

R71 0209 1400 

9i 0209 1400 

R71 0209 1400 

'71 0209 1400 

971 0209 1400 

)71 0209 1400 

)71 0209 1400 

M71 0209 1400 

971 0209 1400 

971 0209 1400 

971 0209 1400 

971 0209 1400 

"71 0209 1400 

M71 0209 1400 

?71 0209 1400 

971 0209 1400 

971 0209 1400 

994 0117 1231 

994 0117 1231 

994 0117 1231 

994 0117 1231 

994 0117 1231 

994 0117 1231 

994 0117 1231 

994 0117 1231 

994 0117 1231 

994 0117 1231

NRC TIME HISTORY LIBRARY: WUS, ROCK, M=6-7, D=100-200 km 

Closest Site Codes Filter Comers

No.Mag Own 

6.8 SCE 

6.8 SCE 

6.8 SCE 

6.6 ACOE 

6.6 ACOE 

6.6 ACOE 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 SCE 

6.6 SCE 

6.6 SCE 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 ACOE 

6.6 ACOE 

6.6 ACOE 

6.7 USC 

6.7 USC 

6.7 USC 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG

Station

280 
280 
280 

1035 

1035 

1035 

1041 

1041 

1041 

1042 

1042 

1042 

1043 

1043 

1043 

280 

280 

280 
111 

111 

111 

287 

287 

287 

90067 

90067 

90067 

23598 

23598 

23598 

14404 

14404 

14404 

13123

Dist 
(k-)

San Onofro-So. Cal. Edison 

San Onofre-So. Cal. Edison 
San Onofre-So. Cal. Edison 

Isabella Dam (Aux Abut) 

Isabella Dam (Aux Abut) 

Isabella Darn (Aux Abut) 

Maricopa Array #1 
Maricopa Army #1 
Maricopa Array #1 

Maricope Array #2 

Maricopa Array #2 
Maricopa Array #2 
Maricopa Army #3 

Maricopa Array #3 
Maricopa Array #3 
San Onofm-So Cal Edison 

San Onofre-So Cal EdiMon 

San Onofm-So Cal Edison 
Cedar Spings, Allen Ranch 
Cedar Springs. Allen Ranch 

Cedar Springs, Allen Randc 
Upland-San Antonio Dam 
Upland-San Antonio Dam 

Uplan-Sn Antonio Dam 

Duane-Mel Canyon Rd 

Duarte-Mel Canyon Rd 
Duare-Mel Canyon Rd 
Randho Cucamonga-Deer Can# 

Randco Cucamonga-Deer Can# 

Rancho Cucamopg-Deer Can# 
Randco Palos Verdes-Hawth# 

Rancho Palos Verdes-Hawth# 

Rancho Palos Verdes-Hawth# 

Riverside Airport #

HP LP PGA 
Geom USGS (hz) (hz) (g)

124.7 
124.7 

124.7 

113.0 

113.0 

113.0 

115.0 

115.0 

115.0 

113.0 

113.0 

113.0 

113.0 

113.0 

113.0 

122.0 

122.0 

122.0 

86.6 

86.6 

86.6 

58.1 

58.1 

58.1 

51.6 

51.6 

51.6 

80.0 

80.0 

80.0 

55.2 

55.2 

55.2 

101.3

ABB 
ABB 

ABB 

AGA 

AGA 

AGA 

IBB 

IBB 

IBB 

EBB 

IBB 

IBB 

IBB 

IBB 

IBB 

ABB 

ABB 

ABB 

AAA 

AAA 

AAA 

AAA 

AAA 

AAA 

-- B 

-- B 
-- B 
IGA 

IGA 

IGA 

AMA 

AMA 

AMA 

AQB

.20 15.00 

.10 20.00 

.20 20.00 

.10 20.00 

.10 13.00 

.10 13.00 

.10 20.00 

.10 13.00 

.10 20.00 

.20 20.00 

.10 20.00 

.20 15.00 

.20 15.00 

.20 20.00 

.10 20.00 

.10 23.00 

.10 20.00 

.20 20.00 

.20 35.00 

.20 35.00 

.20 35.00 

.50 35.00 

.50 35.00 

.50 35.00 

.90 30.00 

.10 30.00 

.30 30.00 

.30 46.00 

.30 46.00 

.30 46.00 

.30 23.00 

.30 23.00 

.30 23.00 

.30 23.00

PGV PGD Dur 
(9) (CM/s) (s)

.062 

.041 

.045 

.006 

.006 

.009 

.005 

.007 

.011 

.007 

.009 

.009 

.007 

.008 

.010 

.011 

.013 

.016 

.009 

.020 

.015 

.032 

.058 

.079 

.046 

.079 

.028 

.025 

.071 

.051 

.043 

.072 

.054 
.022

Filename

1.9 
3.7 
3.7 
1.3 
1.4 
1.6 
1.1 
1.7 
2.4 
.7 

1.3 
1.1 
2.9 
2.2 
2.0 
.8 

1.7 
1.8 
.9 

1.7 
1.4 
1.3 
2.9 
3.5 
2.2 
3.4 
2.4 
2.2 
4.2 
5.9 
1.8 
5.0 
3.5 
2.3

.50 
1.72 

1.30 

1.33 

1.94 

2.03 

1.40 

1.53 

2.33 

.22 

1.03 

.41 

2.15 

1.85 

2.16 

.77 

.74 

.63 

.53 

.49 

.57 

.54 

.55 

.50 

.17 

1.84 

.46 

.40 

.56 

.78 

.39 

.73 

.98 

.39

19.1 
20.3 
20.1 
23.0 
20.0 
19.3 
20.2 
16.5 
16.3 
13.0 
14.7 
12.3 
11.9 
11.7 
14.4 
9.8 

12.7 
9.4 
6.0 
5.6 
5.9 
7.0 
7.1 
6.3 
7.8 
8.3 
8.4 

13.6 
11.0 
10.2 
9.0 

6.5 
8.1 
7.4

A-SON-UP 
A-SON033 
A-SON303 
ISDDWN 
ISD014 
ISD284 
MA1DWN 
MAI 130 

MA1220 
MA2DWN 
MA2130 
MA2220 
MA3DWN 
MA3130 
MA3220 
SONDWN 
SON033 
SON303 
CSMDWN 
CSM095 
CSM185 
SODDWN 
SOD015 
SOD285 
MEL-UP 

ME190 
MELISO 
CUC-UP 
CUCD90 
CUCISO 

RAN-UP 
RANOOO 
RAN090 
RIV-UP



Date & Time

No. Earthquake YR MODY HRMN Mag Own

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 
0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 
0131 Northridge 

0131 Northridge

1994 

1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994

0117 
0117 

0117 

0117 
0117 

0117 
0117 

0117 

0117 

0117 
0117

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231

6.7 CDMG 
6.7 CDMG 
6.7 USC 
6.7 USC 
6.7 USC 
6.7 USC 
6.7 USC 
6.7 USC 
6.7 CDMG 
6.7 CDMG 
6.7 CDMG

No.

13123 
13123 

90090 
90090 
90090 
90071 
90071 
90071 
23590 
23590 
23590

Station
Riverside Airport # 
Riverside Airport # 

Villa Park - Serrano Ave 

Villa Park - Serrano Ave 

Villa Park - Serrano Ave 

West Covina - S Orange Ave 
West Covina -S Orange Ave 
West Covina -S Orange Ave 
Wrightwood-Jackson Flat # 
Wrightwood-Jackson Flat # 
Wrightwood-Jackson Flat #

Closest Site Codes Filter Comers 
Dist HP LP PGA PGV PGD Dur 
(km) Georn USGS (hz) (hz) (g) (g) (Qn/s) (s) File.ame 

101.3 AQB B .30 23.00 .059 2.7 .28 6.4 RIV180 
101.3 AQB B .30 23.00 .064 3.1 .50 6.2 RIV270 
79.5 -- B C .30 30.00 .027 2.5 .37 14.8 SER-UP 
79.5 -- B C .30 30.00 .043 3.1 1.19 9.5 SER000 
79.5 -- B C .30 30.00 .045 3.8 2.00 8.1 SER270 
54.1 -- B C .20 30.00 .049 2.7 .95 10.6 SOR-UP 
54.1 -- B C .20 30.00 .063 5.9 1.34 10.7 SOR225 
54.1 -- B C .10 30.00 .067 5.8 2.65 10.4 SOR315 
68.4 I-A A .24 46.00 .034 5.8 1.32 13.9 WWJ-UP 
68.4 I-A A .24 46.00 .056 10.0 2.92 7.3 WWJ090 
68.4 I-A A .24 46.00 .037 7.0 2.84 10.0 WWJ180

w

Station



Date & Time

No. Earthquake 

0041 Gazli, USSR 

0041 Gazli, USSR 

0041 Gazli, USSR 

0122 Lana Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0127 Cape Mendocino 

0127 Cape Mendocino 

W 0127 Cale Mendocino 
0129 Landers 

0129 Landers 

0129 Landers 

0133 Kobe.  

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0141 KocaeliTurkey 

0141 Kocaeli, Turkey 

0141 Kocaeli, Turkey 

0142 Chi-Chi, Taiwan 

0142 Chi-OCi, Taiwan 

0142 Chi-Chi, Taiwan 0142 aiChiM Taiwan 
0142 Od.Ohi, Taiwan 

0142 Chi.ni, Taiwan 

0142 Chi-Chi, Taiwan 
0142 Oil-i•, Taiwan

YR MODY HRMN

1976 

1976 

1976 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

1992 

1992 

1992 

1992 

1992 

1992 

1995 

1995 

1995 

1995 

1995 

1995 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999

0517 
0517 

0517 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
0425 
0425 
0425 
0628 
0628 
0628 
0116 
0116 

0116 
0116 
0116 
0116 
0817 
0817 
0817 
0920 
0920 
0920 
0920 
0920 

0920 
0920

0005 
0005 

0005 
0005 
0005 
O005 
0005 
0005 
1806 
1806 
1806 
1158 
1158 
1158 

2046 

2046 
2046 

2046 

2046 
2046

NRC TIME HISTORY LIBRARY: WUS, ROCK, M>7, D=-0-10 km 

Closest Site Codes Filter Comers 
Dist HP LP PGA 

Mag Own No. Station (kim) Geomn USGS (hz) (hz) (g)

6.8 
6.8 
6.8 
6.9 CDMG 

6.9 CDMG 
6.9 CDMG 
6.9 UCSC 
6.9 UCSC 
6.9 UCSC 
6.9 UCSC 
6.9 UCSC 
6.9 UCSC 

7.1 CDMG 
7.1 CDMG 
7.1 CDMG 
7.3 SCE 
7.3 SCE 
7.3 SCE 
6.9 CEOR 
6.9 CEOR 
6.9 CEOR 
6.9 
6.9 
6.9 
7.4 ERD 
7.4 ERD 
7.4 ERD 
7.6 CWB 
7.6 CWB 

7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB

9201 Karakyr 

9201 Karakyr 

9201 Karakyr 
57007 Corralitos 

57007 Corralitos 

57007 Corralitos 

16 LGPC 

16 LGPC 

16 LGPC 

13 BRAN 

13 BRAN 

13 BRAN 

89005 Cape Mendocino # 

89005 Cape Mendocino # 

89005 Cape Mendocino # 

24 Lucere 

24 Lucerne 

24 Lucerne 

99999 Kobe University 

99999 Kobe University 

99999 Kobe University 

99999 KIMA 

99999 KJMA 

99999 KJMA 

99999 Imiit 

99999 Izmit 

99999 Innit 

99999 CHY080 

99999 CHY080 

99999 CHY080 

99999 TCU087 

99999 TCU087 

99999 TCUO7 

99999 TCU089

3.0 AAA 

3.0 AAA 

3.0 AAA 

5.1 APB 

5.1 APB 

5.1 APB 

6.1 -- A 

6.1 -- A 

6.1 -- A 

10.3 -- A 

10.3 -- A 

10.3 -- A 

8.5 IFA 

8.5 WFA 

8.5 IFA 

1.1 A-A 

1.1 A-A 

1.1 A-A 

.2 -- A 

.2 -- A 

.2 -- A 

.6 -- B 

.6 -- B 

.6 -- B 

7.7 -- A 

7.7 -- A 

7.7 -- A 

6.9--

6.9--

6.9--

3.1 -- 1 

3.1 -- 1 

3.1 -- 1 

8.2 -- 1

.50 38.00 1.264 

.50 38.00 .608 

.50 38.00 .718 

.20 32.00 .455 

.20 40.00 .644 

.20 40.00 .479 

.10 .890 

.10 .563 

.10 .605 

.10 .507 

.10 .453 

.10 .501 

.07 23.00 .754 

.07 23.00 1.497 

.07 23.00 1.039 

.08 60.00 .818 

.08 60.00 .721 

.08 60.00 .785 

.20 30.00 .380 

.20 30.00 .290 

.20 30.00 .310 

.05 .343 

.05 .821 

.05 .599 

2.00 30.00 .149 

.10 30.00 .152 

.10 30.00 .220 

.03 50.00 .724 

.05 50.00 .902 

.10 50.00 .968 

.02 30.00 .108 

.05 30.00 .122 

.02 30.0 .128 

.03 50.00 .191

PGV PGD Dur 
(g) (cm/s) (s) Filename 

54.2 30.15 5.1 GAZ-UP 

65.4 25.29 4.5 GAZOOO 

71.6 23.71 5.4 GAZO90 

17.7 7.11 3.5 CLS-UP 

55.2 1088 3.4 CLS000 

45.2 11.37 4.6 CLS090 

54.9 17.56 4.5 LGP-UP 

94.8 41.18 5.5 LGPOOO 

51.0 11.50 5.5 LGPO90 

17.9 4.17 6.2 BRN-UP 

51.3 8.37 5.6 BRNOOO 

44.6 4.86 6.9 BRN090 

63.0 109.48 2.2 CPM-UP 

127.4 41.01 2.5 CPM000 

42.0 12.39 2.9 CPM090 

45.9 22.23 7.4 LCN-UP 

97.6 70.31 8.4 LNC260 

31.9 16.42 8.4 LCN345 

20.2 6.48 2.8 KBU-UP 

54.8 13.61 3.3 KBUOOO 

34.2 7.14 3.7 KBU090 

38.3 10.29 4.7 KiM-UP 

81.3 17.68 4.2 KJMOOO 

74.3 19.95 4.3 KJM090 

11.9 4.99 8.4 IZT-UP 

22.6 9.81 8.2 IZTI8O 

29.8 17.12 6.3 WMT090 

49.0 27.82 5.9 CHY080-V 

102.4 33.97 5.7 CHY080-N 

107.5 18.60 7.0 CHYO8O-W 

61.5 51.32 9.8 TCU087-V 

37.1 25.54 16.1 TCU087-N 

40.8 62.62 14.9 TCUO87-W 

22.3 24.36 18.0 TCU089-V



Date & Time

No. Earthquake YR MODY HRMN Mag Own

0142 Chi-Qi, Taiwan 

0142 Chi-O.i, Taiwan 

0142 Qii-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan

1999 
1999 
1999 
1999 

1999 
1999 
1999 
1999 
1999 
1999 
1999

0920 
0920 
0920 

0920 
0920 
0920 
0920 
0920 

0920 
0920 
0920

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB

No. Station

99999 TCU089 
99999 TCU089 
99999 TCU120 
99999 TCU120 
99999 TCU120 
99999 TCUI28 
99999 TCU128 
99999 TCU128 
99999 TCU136 
99999 TCU136 
99999 TCU136

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(kin) Geom USGS (hz) (hz) (g) (g) (can/s) (s) Filename 

8.2 -- 1 b .04 50.00 .248 31.0 32.37 21.8 TCU089-N 

8.2 -- 1 b .07 50.00 .333 30.9 18.48 19.3 TCU089-W 

8.1 -- 1 B .03 50.00 .162 32.1 22.34 19.5 TCU120-V 

8.1 -- 1 B .03 50.00 .192 36.9 33.30 21.7 TCU120-N 

8.1 -- 1 B .02 50.00 .225 63.1 54.09 19.7 TCU120-W 

9.7 -- 1 B .02 40.00 .097 46.0 34.77 18.1 TCUI28-V 

9.7 -- 1 B .05 30.00 .170 68.8 41.87 10.6 TCU128-N 

9.7 -- 1 B .02 30.00 .139 73.0 90.62 13.5 TCU128-W 

8.9 --- B .03 40.00 .123 27.3 30.19 17.6 TCU136-V 

8.9 --- B .03 50.00 .171 55.8 66.48 17.4 TCU136-E 

8.9 B .03 50.00 .177 47.5 44.82 19.2 TCU136-N



NRC TIME HISTORY LIBRARY: WUS, ROCK, M>7, D=-10-50 km
Date & Time

No. Earthquake

0046 Tabas, Iran 

0046 Tabes, Inm 

0046 Taba, Iran 

0127 Cape Mendocino 

0127 Cape Mendocino 

0127 Cape Mendocino 

0129 Landers 

0129 Landers 

0129 Landes 

0141 Koceli, Turkey 

0141 Kocaeli, Turkey 

0141 Kocaeli, Turkey 

0141 Kocaeli, Turkey 

0141 Kocaeli, Turkey 

W 0141 Koca iTurkey 

0141 Kocaefi, Turkey 

0141 Kocaei Turkey 

0141 Kocaeli, Turkey 

0141 Kocaeli, Tukey 

0141 Kocaeli Tukey 

0141 Kocaed Turkey 

0142 Chi-Chi, Taiwan 

0142 Cai-au Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Ohi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Cai-ahi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Ui, Taiwan 

0142 Cai-a, Taiwan 

0142 Cai-a, Taiwan 

0142 -Chi-, Taiwan 

0142 Cbi-Cbi, Taiwan

YR MODY HRMN Mag Own

1978 

1978 
1978 

1992 
1992 
1992 
1992 
1992 
1992 
1999 

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 

1999 
1999 
1999

0916 
0916 
0916 
0425 
0425 
0425 
0628 
0628 
0628 
0817 
0817 
0817 
0817 
0817 
0817 
0817 
0817 
0817 
0817 
0817 
0817 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920

1806 
1806 
1806 
1158 
1158 
1158

7.4 
7.4 
7.4 
7.1 CDMG 
7.1 CDMG 
7.1 CDMG 
7.3 CDMG 
7.3 CDMG 
7.3 CDMG 
7.4 KOERI 
7.4 KOERI 
7.4 KOERI 
7.4 ERD 
7.4 ERD 
7.4 ERD 
7.4 ERD 
7.4 ERD 
7.4 ERD 
7.4 ERD 
7.4 ERD 
7.4 ERD 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB

No. Station

9102 Dayhook 

9102 Dayhook 

9102 Dayhook 

89530 Shelter Cove Airport # 

89530 Shelter Cove Airport # 

89530 Shelter Cove Airport # 

22161 Twentynine Palms # 

22161 Twentynine Palms # 

22161 Twentynine Palms # 

99999 Arcelik 

99999 Arcelik 

99999 Arcelik 

9999 Gebze 

9999 Gebze 

9999 Gebze 

9999 Goynuk 

9999 Goynuk 

9999 Goynuk 

9999 Iznik 

9999 Iznik 

9999 Imik 

99999 HWA056 

99999 HWA056 

99999 HWA056 

99999 TCU015 

99999 TCUOI5 

99999 TCU015 

99999 TCU046 

99999 TCU046 

99999 TCUO46 

99999 TCU047 

99999 TCU047 

99999 TCJU047 

99999 TCU095

Closest Site Codes Filter Comers 

Dist HP LP PGA 
(kn) Geom USGS (hz) (bz) (g)

17.0 ABB 
17.0 ABB 
17.0 ABB 

33.8 IFB 
33.8 IFB 
33.8 IFB 
42.2 AGA 
42.2 AGA 
42.2 AGA 
17.0 -- B 
17.0 -- B 
17.0 -- B 
17.0 -- A 
17.0 -- A 
17.0 -- A 
35.5 -- B 
35.5 -- B 
35.5 -- B 
29.7 -- D 

29.7 -- D 
29.7 -- D 
48.7 --
48.7 --
48.7 --
47.3 -- 1 
47.3 -- 1 

47.3 -- 1 
14.3 -- 1 

14.3 -- 1 
14.3 -- 1 
33.0 --
33.0 --
33.0 --
43.4 -- 1

.10 

.10 

.10 

.50 23.00 

.50 23.00 

.50 23.00 

.12 23.00 

.12 23.00 

.12 23.00 

1.50 80.00 

.80 70.00 

.90 70.00 

1.00 40.00 

.06 25.00 

.08 30.00 

.10 30.00 

.15 30.00 

.10 25.00 

.30 30.00 

.15 25.00 

.7 25.00 

.02 50.00 

.03 50.00 

.02 50.00 

.02 50.00 

.03 50.00 

.02 50.00 

.03 30.00 

.06 30.00 

.03 30.00 

.02 50.00 

.03 50.00 

.02 50.00 

.02 50.00

.183 

.328 

.406 

.054 

.229 

.189 

.040 

.080 

.060 

.086 

.180 

.108 

.151 

.244 

.137 

.114 

.132 

.119 

.083 

.103 

.136 
.062 
.107 
.107 
.068 
.114 
.119 
.104 
.116 
.133 
.270 
.413 
.301 
.255

PGV 
(8) 

12.0 

20.6 

26.5 

2.0 

7.1 

6.6 

3.3 

3.7 

4.9 

2.6 

10.5 

6.2 

6.3 

50.3 

29.7 

11.5 

8.8 

10.5 

7.7 

16.5 

28.8 

7.1 

10.8 

11.7 

17.2 

29.5 

49.8 

32.3 

30.9 

39.8 

26.9 

40.2 

41.6 

21.8

PGD Dur 
(cm/s) (s) Filename 

4.97 8.3 DAY-UP 

12.56 6.7 DAY-LN 

8.75 6.9 DAY.TR 

.33 15.5 SHL-UP 

.39 13.6 SHLOOO 

.57 14.8 SHLO90 

1.93 22.7 P-UP 

2.34 21.6 P000 

4.30 20.4 P090 

.22 8.7 ARCDWN 

.90 7.7 ARCOOO 

.63 4.4 ARC090 

.59 5.6 GBZ-UP 

42.74 5.3 GBZOOO 

27.54 5.7 GBZ270 

7.59 6.6 GYN-UP 

3.05 5.5 GYNOOO 

3.94 4.4 GYNO90 

1.70 9.9 IZN-UP 

7.00 12.7 IZNISO 

17.44 10.7 IZNO90 

10.35 10.7 HWA056-V 

10.36 9.5 HWA056-N 

17.64 9.2 HWA056-W 

14.85 19.1 TCU015-V 

24.14 12.7 TCU015-N 

49.79 15.7 TCU015-W 

37.74 9.5 TCU046-V 

23.18 10.8 TCU046-N 

37.37 11.5 TCU046-W 

17.88 11.6 TCU047-V 

22.22 9.8 TCU047-N 

51.08 10.1 TCU047-W 

21.95 13.0 TCU095-V



Date & Time

No. Earthquake

0142 Chi-Chi. Taiwan 

0142 Chi-Chi, Taiwan 

0143 Duzce, Turkey 

0143 Duzoe, Turkey 

0143 Duzoe, Turkey 

0143 Duzwe, Turkey 

0143 Duzce, Turkey 

0143 Duzoe, Turkey 

0143 Duzce, Turkey 

0143 Duzce, Turkey 

0143 Duzce, Turkey

YR MODY HRMN Mag Own

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999

0920 

0920 

1112 

1112 

1112 

1112 

1112 

1112 

1112 

1112 

1112

7.6 CWB 

7.6 CWB 

7.1 ERD 

7.1 ERD 

7.1 ERD 

7.1 ERD 

7.1 ERD 

7.1 ERD 

7.1 ERD 

7.1 ERD 

7.1 ERD

No. Station

99999 TCU095 

99999 TCU095 

99999 Bolu 

99999 Bolu 

99999 Bolu 

99999 Mudumu 

99999 Mudumu 

99999 Mudumu 

99999 Sakarya 

99999 Sakarya 

99999 Sakarya

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD 
(kn) Geom USGS (hz) (hz) (g) (g) (amns) 

43.4 -- 1 B .04 50.00 .712 49.1 24.45 

43.4 -- 1 B .02 50.00 .378 62.0 51.75 

16.0 -- D C .05 .203 17.3 14.29 

16.0 -- D C .05 .728 56.4 23.07 

16.0 -- D C .05 .822 62.1 13.55 

34..6 -.- A - .08 .060 10.6 7.33 

34..6 -- A - .08 .120 9.3 7.63 

34..6 -- A - .08 .056 16.3 15.37 

42.7 -- B B .05 40.00 .011 3.2 4.00 

42.7 -- B B .05 40.00 .023 5.5 5.80 

42.7 -- B B .05 40.00 .016 5.5 7.34

Dur 
(s) Filename 

8.3 TCU095-N 

8.3 TCUO95-W 

6.0 BOL-UP 

2.6 BOLOO 

1.5 BOL090 

19.5 MDR-UP 

17.1 MDR000 

18.6 MDR090 

17.4 SKR-UP 

16.9 SKRI80 

17.1 SKRO90

W 

00



Date & Time

No. Earthquake 

0046 Tabas, Iran 

0046 Tabas, Iran 

0046 Tabas, Iran 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0141 Kocaeli, Turkey 

0141 Kocaeli, Turkey 

0141 Koceli, Turkey 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Oii-Chi, Taiwan 

0142 si-4Qi, Taiwan 

0142 Chi-Oii, Taiwan 

0142 Chi-Oi, Taiwan 

0142 Chi-Ci, Taiwan 

0142 OCi-Ci, Taiwan 

0142 Chi-Chi, Taiwan 

0142 ChiiChi, Taiwan 

0142 Cbi-Ohi, Taiwan 

0142 Chii.Q, Taiwan 

0142 Ch-i-CiTaiwan 

0142 Ci-OCi, Taiwan 

0142 (i-Chi-, Taiwan 

0142 OsiChi, Taiwan

NRC TIME HISTORY LIBRARY: WUS, ROCK, M>7, D=50-100 km 

Closest Site Codes Filter Comers

MODY HRMN Mag OwnYR 

1978 

1978 
1978 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 

1999 
1999

0916 
0916 

0916 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0817 
0817 
0817 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 

0920 
0920 
0920 
0920 
0920 
0920 

0920 
0920

1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158

No.

7.4 

7.4 

7.4 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.4 ITU 

7.4 ITU 

7.4 ITU 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB

Station

71 
71 
71 

21081 
21081 
21081 
12168 
12168 
12168 
13123 
13123 
13123 
12206 
12206 
12206 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 

99999 
99999

Dist 
(km) Geom USGS

Ferdows 
Ferdows 

Ferdows 

Amboy # 

Amboy # 

Amboy # 

Puerta La Cruz # 

Pueaa La Cruz # 

Puesa La Cruz # 

Riverside Airport # 

Riverside Airport # 

Riverside Airport # 

Silent Valley - Poppet Flat # 

Silent Valley - Poppet Flat # 

Silent Valley - Poppet Flat # 

Mecadiyekoy 

Mecidiyekoy 

Mecidiyekoy 

NSK 

NSK 

NSK 

TAP035 

TAP035 
TAP035 

TAP036 

TAP036 

TAP036 

TCUO2S 
TCUO2S 
TCU025 

ILAO31 

ILA031 

ILA031 

ILA051

HP LUP PGA 
Q(z) (hz) (g)

94.4 -- A 

94.4 -- A 

94.4 -- A 

69.2 AAB 

69.2 AAB 

69.2 AAB 

95.9 AQB 

95.9 AQB 

95.9 AQB 

96.1 AQB 

96.1 AQB 

96.1 AQB 

51.7 IGA 

51.7 IGA 

51.7 IGA 

62.3 -- B 

62.3 -- B 

62.3 -- B 

64.5 -- 1 

64.5 -- 1 

64.5 -- 1 

96.8 -- 1 

96.8 -- 1 

96.8 -- 1 

95.6 -- 1 

95.6 -- 1 

95.6 -- 1 

54.3 --

54.3 --

54.3 --

94.7 -- 1 

94.7 -- 1 

94.7 --- 1 

90.3 ---

.04 

.02 20.00 

.04 20.00 

.10 23.00 

.10 23.00 

.10 23.00 

.30 23.00 

.30 23.00 

.30 23.00 

.16 23.00 

.16 23.00 

.16 23.00 

.12 23.00 

.12 23.00 

.12 23.00 

1.10 60.00 

.20 50.00 

.05 60.00 

.20 50.00 

.02 30.00 

.20 33.00 

.02 24.00 

.02 24.00 

.02 24.00 

.02 30.00 

.02 30.00 

.02 20.00 

.05 50.00 

.05 50.00 

.05 50.00 

.00 50.00 

.00 30.00 

.00 50.00 

.02 24.00

.053 

.087 

.108 

.090 

.115 

.146 

.038 

.047 

.044 

.040 

.043 

.041 

.038 

.050 

.040 

.028 

.053 

.068 

.034 

.070 

.065 

.028 

.085 

.067 

.017 

.039 

.030 

.034 

.058 

.075 

.030 

.076 

.057 

.024

PGV 
(9) 

7.6 

5.7 

8.6 

11.0 

18.3 

20.0 

1.7 

2.0 

2.0 

1.7 

3.0 

3.2 

3.2 

3.8 

5.1 

1.3 

3.8 

8.8 

5.1 

6.9 

5.1 

7.6 

8.3 

8.4 

6.9 

6.1 

7.6 

13.8 

10.5 

19.0 

7.3 

9.1 

10.0 

8.4

PGD Dur 
(an/s) (s) Filename 

6.78 21.9 FER-VI 

4.61 16.6 FER-L1 

9.69 20.5 FER-TI 

3.25 22.1 ABY-UP 

11.16 17.7 ABYOOO 

7.38 17.1 ABY090 

.48 26.3 PLC-UP 

.41 25.3 PLCOOO 

.63 24.3 PLCO90 

1.01 21.8 RIV-UP 

1.62 18.6 RIV180 

1.38 16.6 RIV270 

2.08 19.7 SIL-UP 

2.03 20.3 SILOOO 

3.88 21.5 SIL090 

.16 12.1 MCD-V 

1.49 10.7 MCDOOO 

10.11 10.0 MCDO90 

1.12 11.5 NSK-V 

4.22 7.8 NSK-E 

1.20 11.7 NSK-N 

9.01 18.6 TAPO35-V 

8.00 13.8 TAP035-N 

12.78 15.1 TAP035-W 

9.05 21A TAP036-V 

5.83 14.9 TAP036-N 

10.69 15.4 TAP036-W 

18.29 13.2 TCU025-V 

10.17 11.8 TCU025-N 

22.00 12.7 TCU025-W 

9.75 17.1 ILA031-V 

10.68 11.4 ILA031-N 

9.94 11.6 ILAO31-W 

10.13 18.9 ILAOS1-V



Date & Time

No. Earthquake YR MODY HRMN Mag Own

0142 Chi-Chi Taiwan 

0142 hii-Oi, Taiwan 

0142 hi-Chi, Taiwan 

0142 OCi-Chi, Taiwan 

0142 Oh-Chi, Taiwan 

0142 .i-Chi, Taiwan 

0142 Ci-Chi, Taiwan 

0142 OCi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-OCi, Taiwan

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999

0920 

0920 

0920 

0920 

0920 

0920 

0920 

0920 

0920 

0920 

0920

7.6 CWB 
7.6 CWB 

7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 
7.6 CWB

No.

99999 

99999 
99999 

99999 
99999 
99999 

99999 

99999 
99999 

99999 
99999

Station

ILA051 

ILA051 

ILA063 

ILA063 

ILA063 

HWA023 

HWA023 

HWA023 

HWA026 

HWA026 

HWA026

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(kn) Geom USGS (hz) (hz) (g) (g) (cn/s) (s) Filename 

90.3 A .02 22.00 .033 7.3 9.19 19.8 ILA051-N 

90.3 --- A .02 22.00 .080 12.3 9.66 11.6 ILA051-W 

71.6 --- A .04 50.00 .031 7.3 9.45 14.7 ILA063-V 

71.6 A .02 50.00 .091 8.1 12.98 13.7 ILA063-N 

71.6 A .02 50.00 .082 12.6 8.81 13.0 ILA063-W 

57.0 -- 2 A .03 50.00 .026 7.6 10.14 13.1 HWA023-V 

57.0 -- 2 A .04 40.00 .037 6.6 9.03 9.5 HWA023-N 

57.0 -- 2 A .04 40.00 .037 8.6 13.88 12.5 HWA023-W 

58.8 --- A .02 50.00 .038 6.7 9.93 15.0 HWA026-V 

58.8 --- A .03 50.00 .058 9.1 9.74 9.3 HWA026-N 

58.8 --- A .02 50.00 .071 11.2 18.17 9.9 HWA026-W

t'.) 
0



Date & Time

No. Earthquake 

0046 Tabus, Iran 

0046 Tabas, Iran 

0046 Tabas. Iran 
0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

S0129 Landers 

t 0129 Landers 

0129 Landers 

0129 Landers 

0142 Chi Chi, Taiwan 

0142 Chi i Taiwan 

0142 Chi Mi, Taiwan 

0142 Chi Chi, Taiwmn 

0142 Chi , Taiwan 

0142 Chi ChiL Taiwan 

0142 Chi hL, Taiwan 

0142 Chi OiL Taiwan 

0142 Chi M Taiwan 

0142 (i CWiTaiwan 

0142 Oii OiM, Taiwan 

0142 COl O. Taiwan 

0142 Chi CiL Taiwan 

0142 hil Chi, Taiwan 

0142 Chi COl Taiwan 

0142 COi Ol Taiwan

YR 

1978 
1978 
1978 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999

NRC TIME HISTORY LIBRARY: WUS, ROCK, M>7, D=100-200 km 

Closest Site Codes Filter Corners

MODY HRMN Mag Own

0916 
0916 
0916 

0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
O920 
0920 
0920 
0920 

O920 
0920 
0920 
0920 
0920 

0920 

0920 
0920 
0920 

0920 

0920 
0920

1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158

7.4 

7.4 

7.4 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6

USC 
USC 
USC 
USC 
USC 
USC 
USC 
USC 
USC 
USC 
USC 
USC 
USC 
USC 
USC 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB 

CWB 
CWB 
CWB

No.

72 
72 
72 

90052 
90052 
90052 
90067 
90067 
90067 
90019 
90019 
90019 
90008 
90008 
90008 
90090 

90090 

90090 

99999 
99999 
99999 
99999 
99999 
99999 
99999 

99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999

Station

Kashmar 
Kashmar 

Kashnar 

CalabausasN Las Virg 
Calabasas-N Las Virg 
Calabasas-N Las Virg 
Duare-Mel Canyon Rd # 
Duarte-Mel Canyon Rd # 
Duarte-Mel Canyon Rd # 
San Gabriel -H Grand Ave 
San Gabriel - E Grand Ave 
San Gabriel - E Grand Ave 
Sun Valley -Sunland # 
Sun Valley -Sunland # 
Sun Valley -Sunland # 
Villa Park -Serrano Ave # 
Villa Park -Serrano Ave # 
Villa Park -Serrano Ave # 
PNG 
PNG 
PNG 
KAUL78 
KAU078 
KAU078 
TAP059 
TAP059 
TAP059 

TAP060 
TAP060 
TAP060 
TAP067 
TAP067 
TAP067 
TAP069

Dist HP LP PGA 
(km) Geom USGS (lz) (hz) (g)

199.1 -- B 
199.1 -- B 
199.1 -- B 
194.1 -- B 
194.1 -- B 
194.1 -- B 
126.4 -- B 
126.4 -- B 
126.4 -- B 
141.6 -- A 
141.6 -- A 
141.6 -- A 
162.6 -- B 
162.6 -- B 
162.6 -- B 
131.4 -- B 
131.4 -- B 
131.4 -- B 
114.2 -- 1 
114.2 -- 1 
114.2 -- 1 
102.8 -- 1 
102.8 -- 1 
102.8 -- 1 
125.9 -- 1 
125.9 -- 1 
125.9 -- 1 
128.4 -- 1 
128.4 -- 1 
128.4 -- 1 
104.2 -- 1 
104.2 -- 1 
104.2 --1 
135.3 -- 1

.05 20.00 

.03 20.00 

.02 20.00 

.50 25.00 

.28 25.00 

.20 22.00 

.28 25.00 

.28 25.00 

.30 25.00 

.16 22.00 

.07 25.00 

.13 25.00 

1.00 25.00 

.33 25.00 

.45 25.00 

.20 25.00 

.11 25.00 

.18 25.00 

.40 30.00 

.24 40.00 

.22 30.00 

.03 50.00 

.02 50.00 

.02 50.00 

.02 20.00 

.02 30.00 

.00 15.00 

.02 24.00 

.0220.00 

.00 20.00 

.03 20.00 

.02 20.00 

.02 20.00 

.04 20.00

.026 

.034 

.037 

.013 

.018 

.012 

.019 
.026 
.017 
.022 
.041 
.036 
.012 
.027 
.021 
.021 

.028 

.035 

.013 

.028 

.035 

.015 

.024 

.046 

.018 

.039 

.030 

.014 

.036 

.036 

.037 

.042 
.039 
.013

PGV PGD Dur 
(g) (cm/s) (s) Filename 

7.4 6.78 17.2 KSH-V1 
10.7 10.60 16.8 KSH-L1 
11.4 7.10 15.9 KSH-T1 

1.4 .31 27.5 VIR-UP 
2.8 .81 20.9 VIR200 
2.5 .95 20.8 VIR290 
4.0 1.14 15.5 MEL-UP 
3.5 .86 14.7 MEI.O90 
2.8 1.05 15.5 MELIS0 
6.3 2.97 25.3 GRN-UP 

14.1 15.03 20.9 GRN180 
9.6 6.03 23.0 GRN270 
.9 .08 24.5 SUL-UP 

2.6 .71 24.5 SUL230 
2.9 .60 21.8 SUL320 
2.8 .93 31.3 SER-UP 
8.0 5.32 20.9 SEROOO 
7.0 3.51 19.5 SER270 
1.2 .21 26.8 PNG-V 
1.6 .52 24.0 PNG-E 

2.4 .75 22.4 PNG-N 
2.6 2.44 29.0 KAU078-V 
2.2 3.17 26.8 KAU078-N 
2.6 3.64 20.9 KAU078-W 
5.7 6.82 24.0 TAP059-V 
6.5 4.80 21.0 TAP059-N 
7.6 8.11 19.0 TAP059-W 
5.0 7.02 25.4 TAP060-V 
7.6 6.05 17.6 TAP060-N 

11.0 8.80 10.0 TAP060-W 
8.4 10.40 20.6 TAP067-V 

9.6 8.18 15.8 TAP067-N 
11.5 12.16 12.8 TAP067-W 
5.2 6.49 26.9 TAP069-V



Date & Time

No. Earthquake 

0142 Chi CMi, Taiwan 

0142 Chi Chi, Taiwan 

0142 Chi Chi, Taiwan 

0142 Chi Ch, Taiwan 

0142 Chi Chi, Taiwan 

0142 Chi Ci, Taiwan 

0142 Chi Chi, Taiwan 

0142 Chi Chi, Taiwan 

0142 Chi Chi, Taiwan 

0142 Chi Chi, Taiwan 

0142 Chi Clhi, Taiwan

YR MODY HRMN Mag Own

1999 
1999 
1999 

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999

0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB

No.

99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999

Station

TAP069 

TAP069 

TAP072 

TAP072 

TAP072 

TAP075 

TAP075 

TAP075 

TAP078 

TAP078 

TAP078

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(kin) Geom USGS (hz) (hz) (g) (g) (an/s) (s) Filename 

135.3 -- 1 A .05 20.00 .033 5.8 4.58 9.4 TAP069-N 

135.3 -- 1 A .04 20.00 .026 5.0 8.69 16.2 TAP069-W 

110.0 -- 1 A .03 30.00 .018 7.5 9.54 24.6 TAP072-V 

110.0 -- 1 A .04 30.00 .050 11.4 6.59 10.2 TAP072-N 

110.0 -- 1 A .03 50.00 .029 7.5 8.67 18.4 TAP072-W 

118.4 --- A .03 30.00 .024 6.3 8.90 22.3 TAP075-V 

118.4 --- A .02 50.00 .050 9.7 6.49 15.8 TAP075-N 

118.4 --- A .01 30.00 .083 10.3 11.98 12.3 TAP075-W 

131.0 --- A .03 33.00 .018 5.4 8.02 24.3 TAP078-V 

131.0 --- A .04 40.00 .042 8.6 5.60 13.3 TAP078-N 

131.0 --- A .02 40.00 .043 6.9 8.98 19.8 TAP078-W

t'~) toj



TABLE B-2: WUS, SOIL 
NRC TIME HISTORY LIBRARY: WUS, SOIL, M=5-6, D=-0-50 km

Date & Time

No. Earthquake

0026 Northern Calif 1967 

0026 Northemr Calif 1967 

0026 Northern Calif 1967 

0058 MummothLakes 1980 

0058 MammothLakes 1980 

0058 Mammoth Lakes 1980 

0074 MammothLakes 1983 

0074 Mamnmoth Lakes 1983 

0074 Mammoth Lakes 1983 

0077 Coalinga 1983 

0077 Coalinga 1983 

0077 Coalinga 1983 

0079 Coalinga 1983 

0079 Coalinga 1983 

0079 Colinga 1983 

0103 N. Palm Springs 1986 

0103 N. Palm Springs 1986 

0103 N. Palm Springs 1986 

0103 N. Palm Springs 1986 

0103 N. Palm Springs 1986 

0103 N. Pahn Springs 1986 

0106 Chalfamt Vailly 1986 

0106 ChalfiW Vafley 1986 

0106 Calfant Valley 1986 

0117 Whittier Narrows 1987 

0117 Whittier Narrows 1987 

0117 WhittierNarrows 1987 

0117 Whittier'Narrows 1987 

0117 Whittier Narrows 1987 

0117 Whittier Narrows 1987 

0117 WhittierNarrows 1987 

0117 Whittier Narrows 1987 

0117 Whittier Narrows 1987

YR MODY HRMN Mag Own

1210 
1210 
1210 
0525 
0525 
0525 
0107 
0107 
0107 
0509 
0509 
0509 
0709 
0709 
0709 
0708 
0708 
0708 

0708 
0708 
0708 
0721 
0721 
0721 
1001 
1001 
1001 
1001 
1001 
1001 
1001 
1001 
1001

1206 
1206 
1206 
1944 
1944 
1944 
0138 
0138 
0138 
0249 
0249 
0249 
0740 
0740 
0740 
0920 
0920 
0920 
0920 
0920 
0920 
1451 
1451 
1451 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442

5.6 USGS 

5.6 USGS 

5.6 USGS 

6.0 CDMG 

6.0 CDMG 

6.0 CDMG 

5.2 CDMG 

5.2 CDMG 

5.2 CDMG 

5.0 USGS 

5.0 USGS 

5.0 USGS 

5.2 CDMG 

5.2 CDMG 

5.2 CDMG 

6.0 USGS 

6.0 USGS 

6.0 USGS 

6.0 USGS 

6.0 USGS 

6.0 USGS 

5.6 CDMG 

5.6 CDMG 

5.6 CDMG 

6.0 USGS 

6.0 USGS 

6.0 USGS 

6.0 USC 

6.0 USC 

6.0 USC 

6.0 CDMG 

6.0 CDMG 

6.0 CDMG

No. Station

1023 Femdale City Hall 

1023' Femdale City Hall 

1023 Femdale City Hall 

54099 Convict Creek 

54099 Convict Creek 

54099 Convict Creek 

54099 Convict Creek 

54099 Convict Creek 

54099 Convict Creek 

1606 Burnett Construction 

1606 Burnett Constmction 

1606 Burnett Construction 

46T04 CHP (temp) 

46T04 CHP (temp) 

46T04 CHP (temp) 

5073 Cabezon 

5073 Cabazon 

5073 Cabazon 

5072 Whitewater Trout Farm 

5072 Whitewater Trout Farm 

5072 Whitewater Trout Fatm 

54428 Zack Brothers Randc 

54428 Zack Brothers Ranch 

54428 Zack Brothers Ranch 

951 Brea Dam (Downstream) 

951 Brea Dam (Downstream) 

951 Brea Dam (Downstream) 

9078 Compton -Categate St # 
90078 Compton - Castlegte St# 
90078 Compton -Castlegate St # 
14196 Inglewood-Union Oil 
14196 lnglewood-Union Oil 

14196 Inglewood-Union Oil

Closest Site Codes Filter Comers 

Dist HP LP PGA 
(km) Geom USGS (hz) (hz) (g)

30.8 BQD 
30.8 BQD 

30.8 BQD 
17.4 AQD 
17.4 AQD 
17.4 AQD 

9.5 AQD 
9.5 AQD 
9.5 AQD 

17.7 AHD 
17.7 AHD 
17.7 AHD 
14.9 AHD 
14.9 AHD 
14.9 AND 
16.3 AHD 
16.3 AHD 
16.3 AHD 
7.3 AHC 
7.3 AHC 
7.3 AHC 

20.0 AAD 
20.0 AAD 
20.0 AAD 
23.3 IPD 
23.3 IPD 
23.3 IPD 
16.9 -- D 
16.9 -- D 
16.9 -- D 

25.2 IQD 
25.2 IQD 
25.2 IQD

C 
C 
C

.40 12.00 .032 

.30 20.00 .283 

.20 13.00 .113 

.20 40.00 .195 

.08 30.00 .219 

.08 35.00 .208 

.20 40.00 .097 

.15 30.00 .165 

.15 30.00 .153 

.40 30.00 .077 

.50 30.00 .095 

.40 25.00 .095 

.45 30.00 .079 

.30 25.00 .204 

.30 25.00 .171 

.20 45.00 .363 

.15 40.00 .217 

.15 40.00 .212 

.50 40.00 .471 

.10 40.00 .492 

.15 45.00 .612 

.20 40.00 .079 

.13 35.00 .143 

.3030.00 .108 

.5040.00 .094 

.60 35.00 .163 

.60 40.00 .313 

.50 25.00 .167 

.09 25.00 .332 

.28 25.00 .333 

.50 30.00 .069 

.60 40.00 .299 

.25 40.00 .247

PGV PGD Dur

W

(9) 
3.3 

9.2 

11.1 

8.5 

18.5 

16.1 

7.9 

14.4 

18.7 

2.0 

3.5 

4.5 

2.4 

8.0 

5.4 

7.4 

7.6 

16.3 

13.4 

34.7 

31.5 

2.1 

7.4 

5.1 

3.1 

6.2 

14.5 

3.3 

27.1 

14.1 

2.4 

8.9 

18.1

(ants) (s) Filename 

.46 8.7 C-FRN-UP 

1.23 1.3 C-FRN224 

1.58 6.0 C-FRN314 

1.58 3.3 A-CVK-UP 

4.87 2.8 A-CVK090 

2.29 2.1 A-CVK180 

1.65 3.9 F-CVK-UP 

2.05 2.8 F-CVK090 

2.88 1.9 F-CVK180 

.15 2.6 A-BNT-UP 

.37 3.6 A-BNT270 

.35 2.2 A-BNT36O 

.22 3.7 C-CHP-UP 

.62 2.0 C-CHPOOO 

.38 2.2 C-CHP090 

.84 2.0 CAB-UP 

1.96 2.6 CABIS0 

2.24 1.5 CAB270 

1.02 2.3 WWT-UP 

6.38 1.7 WWTI80 

4.58 1.8 WWT270 

.15 3.9 C-ZAK-UP 

.67 1.5 C-ZAK270 

.58 3.6 C-ZAK36O 

.22 5.3 A-BRD-UP 

.36 1.9 A-BRD040 

.77 1.4 A-BRD130 

.19 3.0 A-CAS-UP 

5.04 1.8 A-CASOOO 

1A8 2.1 A-CAS270 

.24 5.9 A-ING-UP 

.78 1.6 A-INGOO0 

1.92 1.9 A-ING090



Date & Time

No. Earthquake YR MODY HRM 

0117 Whittier Narrows 1987 1001 1442 

0117 Whittier Narrows 1987 1001 1442 

0117 WhittierNarrows 1987 1001 1442 

0117 Whitier Narrows 1987 1001 1442 

0117 Whittier Narrows 1987 1001 1442 

0117 WhittierNarrows 1987 1001 1442 

0117 Whinier Narrows 1987 1001 1442 

0117 Whittier Narrows 1987 1001 1442 

0117 WhitierNarrows 1987 1001 1442 

0117 WhitierNarrows 1987 1001 1442 

0117 WhitnierNarrows 1987 1001 1442 

0117 WhinierNarrows 1987 1001 1442

N Mag Own No.

6.0 USC 

6.0 USC 
6.0 USC 
6.0 CDMG 

6.0 CDMG 

6.0 CDMG 

6.0 CDMG 

6.0 CDMG 

6.0 CDMG 

6.0 USGS 

6.0 USGS 

6.0 USGS

Station

90072 La Puente - Rimngrove Av # 
90072 La Puente -Rimgrove Av # 
90072 La Puente -Rimgrome Av # 
80047 Pasadena-CIT Calif Blvd 
80047 Pauadna-CIT CalifBlvd 
80047 Pasadena-CIT Calif Blvd 
80049 Pasadena-CIT Keck Lab 
80049 Pasadena-CIT Keck Lab 
80049 Pasadena-CIT Keck Lab 

289 Whittier N. Dam upstream 
289 Whittier N. Dam upstream 
289 Whittier N. Dam upsteam

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(kin) Geom USGS (hz) (hz) (g) (g) (cm/s) (s) Filename 

11.9 -- D C .45 25.00 .076 2.5 .19 4.0 A-RIM-UP 
11.9 -- D C .18 25.00 .143 6.2 1.04 3.8 A-RIMO15 
11.9 -- D C .50 21.00 .118 5.9 .42 3.4 A-RIM105 
15.5 AQD - .30 40.00 .171 7.0 .58 2.8 A-CCB-UP 

15.5 AQD - .30 40.00 .177 8.1 .96 2.6 A-CCB270 
15.5 AQD - .30 35.00 .271 15.4 2.33 2.1 A-CCB360 
15.5 - QD - .60 60.00 .096 4.0 .41 4.6 A-KEC-UP 

15.5 -QD - .40 35.00 .152 5.1 .60 3.7 A-KEB270 
15.5 -QD - .25 35.00 .188 14.1 2.63 2.6 A-KEC360 
12.3 IMD - .55 50.00 .505 7.1 .31 2.3 A-WHD-UP 
12.3 IHD - .20 50.00 .229 17.8 2.62 2.7 A-WHDO62 
12.3 IHD - .40 40.00 .316 12.0 1.36 2.4 A-WHDI52

w 
t%)



NRC TIME HISTORY LIBRARY: WUS, SOIL, M=5-6, D=-50-100 km

Date & Time

No. Earthqluake

0005 
0005 

0005 
0011 
0011 
0011 
0029 
0029 
0029 
0029 
0029 
0029 
0051 
0051 
0051 
0084 
0084 
0084 
0084 
0084 
0084 
0103 
0103 
0103 
0103 
0103 
0103 
0117 
0117 
0117 
0117 
0117 
0117

Northwest Calif 

Northwest Calif 

Northwest Calif 

Northwest Calif 
Northwest Calif 

Northwest Calif 

Lyric Creek 

Lylec Creck 
Lyrie Creek 
Lyric Creek 

Lyric Creek 

Lyrie Creek 
lmperial valley 
Imperial Valley 
Imperial valley 
Trinidad offihore 

Trinidad offshor 

Trinidad offshore 

Trinidad offshore 

Trinidad offshore 

Trinidad offhore 

N. Palm Springs 
N. Palm Springs 
N. Palm Springs 

N. Palm Springs 
N. Palm Springs 
N. Palm Springs 
Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whinier Narrows 

Whittier Narrows 

Whittier Narrows

YR 

1938 

1938 

1938 

1951 

1951 

1951 

1970 

1970 

1970 

1970 

1970 

1970 

1979 

1979 

1979 

1983 

1983 

1983 

1983 

1983 

1983 

1986 

1986 

1986 

1986 

1986 

1986 

1987 

1987 

1987 

1987 

1987 

1987

MODY HRMN 

0912 0610 

0912 0610 

0912 0610 

1008 0411 

1008 0411 

1008 0411 

0912 1430 

0912 1430 

0912 1430 

0912 1430 

0912 1430 

0912 1430 

1015 2319 

1015 2319 

1015 2319 

0824 1336 

0824 1336 

0824 1336 

0824 1336 

0824 1336 

0824 1336 

0708 0920 

0708 0920 

0708 0920 

0708 0920 

0708 0920 

0708 0920 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

1001 1442

Own No.Mag 

5.5 
5.5 
5.5 

5.8 
5.8 
5.8 
5.4 
5.4 
5.4 
5.4 
5.4 
5.4 
5.2 
5.2 
5.2 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0

USGS 

USGS 
USGS 
USGS 
USGS 

USGS 

CDMG 

CDMG 

CDMG 

USGS 

USGS 

USGS 

UNAMUCSD 

UNAMUCSD 

UNAMUCSD 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDOT 

CDOT 

CDOT 

CDMG 

CDMG 

CDMG 

USC 

USC 

USC 

CDMG 

CDMG 

CDMG

Station

1023 

1023 

1023 

1023 

1023 

1023 

125 

125 

125 

135 

135 

135 

6605 

6605 

6605 

1498 

1498 

1498 

1498 

1498 

1498 

754 

754 

754 

22T13 

22T13 

22T13 

90065 

90065 

90065 

24526 

24526 

24526

Filter 
Closest Site Codes Comers 

Dist HP LP 
(kin) Geom USGS (hz) (hz) PGA(g)

Feemdale City Hall 

Ferndale City Hall 

Ferndale City Hall 

Ferndale City Hall 

Ferndale City Hall 

Femdale City Hall 

Lake Hughes #1 

Lake Hughes #1 

Lake Hughes #1 

LA - Hollywood Stor FF 

LA - Hollywood Stor FF 

LA - Hollywood Stor FF 

Delta 

Delta 

Delta 

Rio Dell Overpss, E Ground 

Rio Dell Overpass. E Ground 

Rio Dell Overpass, E Ground 

Rio Dell Overpas, W Ground 

Rio Dell Overpass, W Ground 

Rio Dell Overpass, W Ground 

Coho bmerchange-Vault 

Colton .hndange-Vault 

Cohon Inderchange-Vault 

Landers Fire Station 

Landers Fire Station 

Lander Fire Station 

Glendora-N Oakbank # 

Glendom-N Oakbank # 

Gkldota-N Oakbank # 

Lancaster- Med Off FF 

Lancaster-Med Off FF 

Lancaster- Med Off FF

55.0 BQD 
55.0 BQD 
55.0 BQD 
56.0 BQD 
56.0 BQD 
56.0 BQD 
93.5 APC 
93.5 APC 
93.5 APC 
76.0 IPD 
76.0 IPD 
76.0 IPD 
52.1 IQD 
52.1 IQD 
52.1 IQD 
67.6 APC 
67.6 APC 
67.6 APC 
67.6 APC 
67.6 APC 
67.6 APC 
57.4 BHD 
57.4 BHD 
57.4 BHD 

38.2 AQD 
38.2 AQD 
38.2 AQD 
69.7 -- D 

69.7 -- D 
69.7 -- D 
69.5 IQC 
69.5 IQC 
69.5 IQC

C 
C 
C 
C 
C 
C 
B 

B 

B 

C 

C 

C 

C 

C 

C 

B 

B 

B 

B 

B 

B 

B 

B 

B

.30 15.00 

.50 11.00 

.20 11.00 

.40 20.00 

.50 12.00 

.50 12.00 

1.10 15.00 
.80 10.00 
.35 20.00 

.90 20.00 

.30 20.00 

.40 20.00 

1.00 25.00 

.80 25.00 

.40 30.00 

.30 30.00 

.15 30.00 

.30 30.00 

.50 40.00 

.40 40.00 

.20 35.00 

.40 30.00 

.40 30.00 

.40 30.00 

.50 40.00 

.50 30.00 

.50 30.00 

.38 25.00 

.35 25.00 

.23 25.00 

1.30 35.00 

.80 25.00 

.60 25.00

PGV PGD

.030 

.134 

.097 

.031 
.105 

.110 

.006 

.009 

.008 

.007 

.017 

.018 

.023 
.059 
.112 
.030 
.194 
.145 
.033 
.166 
.128 
.017 
.042 
.065 
.055 

.081 

.098 

.071 

.092 

.110 

.027 
.067 
.071

!t

(8:1 

1.4 
7.2 

5.4 

2.1 

4.6 

6.1 

.3 

.7 

.6 

.3 

1.0 

.7 

.7 

2.6 

5.5 

1.6 

8.5 

6.4 

1.8 

6.5 

4.6 

1.6 

3.5 

4.1 

2.4 

4.3 

4.6 

3.3 

3.4 

5.0 

.8 

2.5 

2.8

(cm/s) Dur (s) Filearme 

.14 7.3 A-FRNDWID 

.58 3.9 A-FRN045 

.78 4.2 A-FRN135 

.22 6.9 B-FRN-UP 

.47 5.8 B-FRN224 

.82 5.1 B-FRN314 

.02 3.2 LO1DWN 

.08 3.2 L01021 

.10 4.0 L01291 

.02 5.7 HOL-UP 

.14 5.6 HOL090 

.06 4.4 HOL180 

.04 5.8 DLTDWN 

.21 4.0 A-DLT262 

.84 2.6 A-DLT352 

.43 9.5 RDE-UP 

.82 3.1 RDEOOO 

4.93 3.7 RDE270 

1.62 9.2 RDW-UP 

.56 3.3 RDW000 

.84 3.3 RDW270 

.40 10.8 CLI-UP 

.59 5.1 CLI082 

.43 3.8 CLI352 

.42 5.8 LDR-UP 

.42 3.9 LDR000 

.53 4.6 LDR090 

.48 5.2 A-OAK-UP 

.50 4.1 A-OAK080 

.81 4.1 A-OAK170 

.03 9.2 A-LMD-UP 

.16 5.5 A-LMD010 

.17 5.1 A-LMD100



Date & Time

No. Earthquake YR MODY HRMN Mag Own No. Station

Filter 

Closest Site Codes Comers 
Dist HP LP PGV PGD 
(kn) Georn USGS (hz) (hz) PGA (g) (g) (cm/s) Dur (s) Filename

0117 WhittierNarrows 1987 1001 1442 6.0 CDMG 24309 Leona Valley #6 64.8 IHD C 1.00 25.00 .036 1.6 .10 6.6 A-LV6000

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1987

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442

6.0 
6.0 
6.0 
6.0 
6.0 

6.0 

6.0 

6.0 
6.0 
6.0

CDMG 

CDMG 

CDMG 

CDMG 

USC 

USC 

USC 

CDMG 

CDMG 

CDMG

24309 

24279 

24279 

24279 

90056 

90056 

90056 

24274 

24274 

24274

Leona Valley #6 

Newhall - Fire Sta 

Newhall - Fire Sta 

Newhall - Fire Sta 

Newhall - W Pico Canyon Rd. # 

Newhall - W Pico Canyon Rd. # 

Newhall -W Pico Canyon Rd. # 

Rosamnond-Goode Ranch 

Rosamond.Goode Ranch 

Rosamond-Goode Ranch

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117

C 

C 

C 
C 
B 

B 

B

64.8 
55.2 
55.2 
55.2 
57.1 
57.1 

57.1 

86.0 

86.0 

86.0

W

IHD 

AQD 
AQD 
AQD 

-- C 

-- C 

-- C 

IQC 
IQC 
IQC

.80 25.00 

1.00 25.00 

.50 15.00 

.60 15.00 

.30 25.00 

.28 25.00 

.38 25.00 

.40 30.00 

.40 20.00 

.50 20.00

.053 

.038 

.044 

.060 

.035 

.088 

.055 

.021 

.070 

.065

1.9 

1.0 

2.9 

2.9 

1.7 

5.6 

3.9 

1.2 

3.8 

3.2

.11 

.09 

.31 

.41 

.17 

.47 

.32 

.11 

.39 

.31

6.4 

9.4 

9.2 

5.6 

6.7 

5.6 

6.9 

11.4 

3.6 

4.0

A-LV6090 
A-NWH-UP 

A-NWHI80 

A-NWH270 

A-WPI-UP 

A-WPI046 

A-WP1316 

A-ROS-UP 

A-ROS000 

A-ROS090



NRC TIME HISTORY LIBRARY: WUS, SOIL, M=6-7, D=-0-10 km

Date & Time

No. Eartlauake

0050 Irperial Valley 

0050 Imperial Valley 

0050 Imperi Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 Irmprial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

S0050 Imperial Valley 
0050 Imperial Valley 
0050 Imperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 
0050 Imperi Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 
0050 Imperial Valley 

0056 Mammoth Lakes 

0056 Mammoth Lakes 

0056 Muammoth Lakes 

0076 Calip 

0076 Coalinga 
0076 Coalinga 
0105 tlfat Valley 

0105 QGalfat Valley 

0105 Chaffwt Valley 
0125 Erzican, Tukey

YR MODY HRMN Maa Own

1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 

1979 
1979 
1979 
1979 
1979 
1979 
1980 
1980 
1980 
1983 
1983 
1983 
1986 
1986 
1986 
1992

1015 
1015 
1015 
1015 
1015 

1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
1015 
0525 
0525 
0525 
0502 

0502 
0502 
0721 

0721 
0721 
0313

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

2316 

1634 

1634 

1634 

2342 

2342 

2342 

1442 

1442 

1442

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 CDMG 

6.5 CDMG 

6.5 CDMG 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 CDMG 

6.5 CDMG 

6.5 CDMG 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.3 CDMG 

6.3 CDMG 

6.3 CDMG 

6.4 USBR 

6.4 USBR 

6.4 USBR 

6.2 CDMG 

6.2 CDMG 

6.2 CDMG 

6.9

No.

5054 
5054 
5054 
5060 

5060 
5060 

5154 
5154 
5154 
5057 
5057 
5057 

952 
952 
952 
942 

942 

942 

5165 
5165 
5165 
5055 
5055 
5055 

54099 
54099 
54099 

1162 
1162 
1162 

54171 

54171 

54171 

95

Station

Bonds Corner 

Bonds Corner 

Bonds Comer 

Brawley Airport 

Brawley Airport 

Brawley Airport 

EC County Center FF 

EC County Center FF 

EC County Caem FF 

El Centro Array #3 

El Centro Array #3 

El Centro Array #3 

El Centro Array #5 

El Centro Array #5 

El Castro Army #5 

El Centro Array #6 

El Centro Array #6 

El Centro Array #6 

El Centro Differawial Array 

El Centro Differetial Array 

El Ca•tro Diffareutial Aray 

Holtville Post Office 

Holtville Post Office 

Holtville Post Office 

Convict Creek 

Convict Creek 

Convict Creek 

Pleasant Valley P.P. - yard 

Pleasant Valley P.P. - yard 

Pleasant Valley P.P... yard 

Bisho-LADWP South St 

Bisho-LADWP South St 

Bitho-LADWP South St 
Erzincan

Closest Site Codes Filter Comers 
Dist HP IT PGA 
(kn) Georn USGS (hz) (hz) (g)

2.5 AQD 
2.5 AQD 
2.5 AQD 
8.5 AQD 
8.5 AQD 
8.5 AQD 
7.6 IDD 
7.6 IDD 
7.6 IDD 
9.9 AQD 
9.9 AQD 
9.9 AQD 
1.0 IQD 
1.0 IQD 
1.0 IQD 
1.0 IQD 
1.0 IQD 
1.0 IQD 

5.3 IQD 
5.3 IQD 
5.3 IQD 
7.5 AQD 
7.5 AQD 
7.5 AQD 

9.0 AQD 
9.0 AQD 
9.0 AQD 
8.5 AHD 
8.5 AHD 
8.5 AHD 
9.2 AQD 
9.2 AQD 
9.2 AQD 
2.0 -- D

.10 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.10 50.00 

.10 40.00 

.10 35.00 

.10 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.20 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.20 41.00 

.10 60.00 

.10 50.00 

.20 31.00 

.2040.00 

.20 31.00 

.10 40.00 

.10 40.00 

.10 30.00 

.20

.425 

.588 

.775 

.146 

.160 

.220 

.246 

.213 

.235 

.127 

.266 

.221 

.537 

.519 

.379 

1.655 

.410 

.439 

.707 

.352 

A80 

.230 

.253 

.221 

.388 

A16 

.442 

.353 

.592 

.551 

.140 

.248 

.175 

.248

No. Earthquake YR MODY HRMN Mag Own

PGV 
(9) 

12.2 

45.2 

45.9 

8.4 

35.9 

38.9 

18.1 

37.5 

68.8 

8.7 

46.8 

39.9 

38.5 

46.9 

90.5 

57.5 

64.9 

109.8 

20.7 

71.2 

40.8 

9.9 

48.8 

49.8 

20.5 

23.3 

23.1 

16.1 

60.2 

36.4 

6.7 

19.2 

19.4 

18.3

PGD 
(cr/s) 

4.02 

16.78 

14.89 

3.49 

22.44 

13.46 

9.70 

15.98 

39.35 

4.70 

18.92 

23.31 

19.69 

35.35 

63.03 

26A1 

27.69 

65.89 

11.55 

45.80 

14.04 

5.69 

31.54 

31.96 

5.93 

4.66 

5.42 

2.35 

8.77 

3.96 

2.25 

7.04 

6.72 

7.86

Dur 
(s) Filename 

4-5 H-BCR-UP 

6.1 H-BCR-140 

4.7 H-BCR230 

4.8 H-BRA-UP 

5.2 H-BRA225 

2.9 H-BRA315 

3.5 H-ECC-UP 

3.7 H-ECCO02 

4.7 H-ECC092 

6.2 H-E03-UP 

4.3 H-E03140 

5.1 H-E03230 

2.3 H-E05-UP 

3.5 H-E05140 

3.7 H-EO5230 

1.0 H-EO6-UP 

5.3 H-E06140 

4.1 H-E06230 

2.8 H-EDA-UP 

3.7 H-EDA270 

3.0 H-EDA36O 

5.1 H-HVP-UP 

4.7 H-HVP225 

4.7 H-HVP315 

6.0 I-CVK-UP 

6.6 I-CVK090 

7.1 I-CVK180 

5.1 H-PVY-UP 

4.1 H-PVY045 

4.4 H-PVY135 

5.1 A-LAD-UP 

3.6 A-LAD180 

3.1 A-LAD270 

5.4 ERZ-UP



Date & Time

No. Earthquake

0125 Enzcan, Turkey 

0125 Erzican, Turkey 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Nordbidge 

0131 Northridge 

0131 Nortlhridge 

0131 Northridge 
t•3 0133 Kobe 
00 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe

YR MODY HRMN Mag Own

1992 

1992 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1995 

1995 

1995 

1995 

1995 

1995

0313 

0313 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0116 

0116 

0116 

0116 

0116 

0116

1231 
1231 
1231 
1231 

1231 
1231 
1231 
1231 
1231 
1231 

1231 
1231 
2046 
2046 
2046 
2046 
2046 
2046

6.9 

6.9 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 USGS 

6.7 USGS 

6.7 USGS 

6.7 USGS 

6.7 USGS 

6.7 USGS 

6.7 DWP 

6.7 DWP 

6.7 DWP 

6.9 CUE 

6.9 CUE 

6.9 CUE 

6.9 CUE 

6.9 CUE 

6.9 CUE

No. Station

95 Erzincan 

95 Erzincan 

24087 Arleta-Nordhoff Fire Sta # 

24087 Arleta-Nordhoff Fire Ste # 

24087 Arld•a-Nordhoff Fire Sta # 

0655 Jensen Filter Plant # 

0655 Jensen Filter Plant # 

0655 Jensen Filter Plant # 

0637 Sepulveda V A # 

0637 Sepulveda V A # 

0637 Sepulveda V A # 

75 Sylmar-Converter Sta East # 

75 Sylmar-Converter Sta East # 

75 Sylmar-Converter Sta East # 

99999 Takarazuka 

99999 Takarazuka 

99999 Takarazuka 

99999 Takatori 

99999 Takatori 

99999 Takatori

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD 
(krm) Geom USGS (hz) (hz) (g) (g) (cm/s) 

2.0 -- D C .10 .515 83.9 27.35 

2.0 -- D C .10 .496 64.3 22.78 

9.2 AQD C .12 23.00 .552 18.4 8.83 

9.2 AQD C .12 23.00 .344 40.6 15.04 

9.2 AQD C .12 23.00 .308 23.2 10.75 

6.2 -- D B .30 .400 34.1 8.89 

6.2 -- D B .08 .424 106.2 43.06 

6.2 -- D B .20 .593 99.3 24.00 

8.9 -- D B .10 .467 33.2 9.58 

8.9 -- D B .10 .753 84.8 18.68 

8.9 -- D B .939 76.6 14.95 

6.1 -- D B .377 24.3 7.30 

6.1 -- D B .828 117.5 34.22 

6.1 -- D B, .493 74.6 28.69 

1.2 -- D D 40.00 .433 34.8 12.38 

1.2 -- D D 40.00 .693 68.3 26.65 

1.2 -- D D .13 33.00 .694 85.3 16.75 

.3 -- E D .20 .272 16.0 4A7 

.3 -- E D .611 127.1 35.77 

.3 -- E D .616 120.7 32.72

Dur 
(s) Filename 

1.5 ERZ-NS 

2.0 ERZ-EW 

6.5 ARL-UP 

6.4 ARL090 

5.7 ARL360 

5.2 JEN-UP 

4.0 JEN022 

3.1 JEN292 

5.6 SPV-UP 

4.5 SPV270 

4.3 SPV360 

3.6 SCE-UP 

3.8 SCE018 

3.4 SCE288 

1.5 TAZ-UP 

2.2 TAZ000 

2.1 TAZO90 

7.5 TAK-UP 

6.0 TAK000 

4.8 TAK090



NRC TIME HISTORY LIBRARY: WUS, SOIL, M=6-7, D=10-50 km

Date & Time 

No. Earthqake YR MODY HRMN Mag Own

0030 San FenaUdo 

0030 San Fermando 
0030 San Fernando 

0050 Imperial Valley 
0050 Imperial Valley 
0050 Imperial Valley 

0050 Imperial Valley 
0050 Inperial Valley 
0050 Imperial Valley 

0071 Taiwan SMARTI (5) 
0071 Taiwan SMARTI (5) 

0071 Taiwan SMARTI (5) 

0103 N. Palm Springs 
0103 N. Palm Springs 
0103 N. Palm Springs 
0117 Whittier Narrows 
0117 Whittier Narrows 
0117 Whittier Narrows 
0117 Whittier Narrows 
0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whinier Narrows 
0117 Whittier Narrows 

0117 Whittier Narrows 
0119 Superstition Hills (A) 

0119 Superstition Hills (A) 
0119 Superstition Hills (A) 

0122 Loom Prieta 
0122 Loa=Prieta 
0122 Loami Prieta 
0124 Georgia, USSR 

0124 Georgia, USSR 

0124 Georgia, USSR 
0131 Northridge

1971 
1971 
1971 
1979 

1979 
1979 
1979 
1979 
1979 
1981 
1981 
1981 
1986 
1986 
1986 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1989 
1989 
1989 
1991 
1991 
1991 
1994

0209 
0209 
0209 
1015 

1015 
1015 
1015 
1015 
1015 
0129 
0129 
0129 
0708 
0708 
0708 
1001 
1001 
1001 
1001 
1001 
1001 
1001 
1001 
1001 
1124 
1124 
1124 
1018 
1018 

1018 
0615 
0615 
0615 
0117

1400 

1400 

1400 
2316 
2316 
2316 
2316 
2316 
2316 

0920 
0920 
0920 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
1442 
0514 
0514 
0514 
O005 
0005 
O0O5 

0059 
0059 
0059 
1231

6.6 ACOE 
6.6 ACOE 
6.6 ACOE 
6.5 USGS 
6.5 USGS 
6.5 USGS 
6.5 USGS 
6.5 USGS 
6.5 USGS 
6.3 
6.3 
6.3 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 USC 
6.0 USC 
6.0 USC 
6.0 USC 
6.0 USC 
6.0 USC 
6.0 USC 
6.0 USC 
6.0 USC 
6.3 USGS 
6.3 USGS 
6.3 USGS 
6.9 CDMG 
6.9 CDMG 
6.9 CDMG 
6.2 
6.2 
6.2 
6.7 USC

Closest Site Codes Filter Comers

'.0

No.  

289 
289 
289 

5053 
5053 
5053 
5056 
5056 
5056 

29 
29 
29 

22T13 
22T13 
22T13 
90069 
90069 
90069 
90013 
90013 
90013 
90003 
90003 
90003 

5210 
5210 
5210 

58065 
58065 
58065 

21 
21 
21 

90063

Station 

Whinier Narrows Dam 

Whitier Narrows Dar 

Whinier Narrows Dam 

Calexico Fire Station 

Calexico Fire Station 

Calexico Fire Station 

El Centro Array #1 

El CAetro Array #1 

El Centro Array #1 

SMARTI M7 

SMARTI M07 

SMARTI M07 

Landers Fire Station 

Landers Fire Station 

Landers Fie Station 

Baldwin Park - N Holly # 

Baldwin Park - N Holly # 

Baldwin Park - N Holly # 

Beverly Hills-14145 Muihol # 

Beverly Hills-14145 Mulhol # 

Beverly Hills-14145 Mulhol # 

Northridge-17645 Saticoy St # 

Northridge-17645 Saticoy St # 

Nothridge-17645 Saticoy St # 

Wildlife Liquef. Array 

Wildlife Liquef. Array 

Wildlife Liqud. Array 

Saratoga - Aloha Ave 

Saratoga - Aloha Ave 

Saratoga- Aloha Ave 

Baz 

Baz 

Baz 

Glendale - Las Palmas

Dist 
4k.) 

45.1 

45.1 

45.1 

10.6 

10.6 

10.6 

15.5 

15.5 

15.5 

21.0 

21.0 

21.0 

38.2 

38.2 

38.2 

11.9 

11.9 

11.9 

30.3 

30.3 

30.3 

39.8 

39.8 

39.8 

24.7 

24.7 

24.7 

13.0 

13.0 

13.0 

49.0 

49.0 

49.4 
25.4

Geom USGS 

IHD 
IHD 

IHD 

AQD C 
AQD C 
AQD C 
AQD C 

AQD C 
AQD C 

IZD 

IZD 

IZD 

AQD 

AQD 

AQD 
-- D C 
-- D C 
-- D C 
-- C C 
-- C C 
-- C C 
-- D C 
-- D C 
-- D C 

IQD 

IQD 

IQD 
AQD B 
AQD B 
AQD B 

A-D 

A-D 

A-D 
-- C C

HP LP 
(hz) (hz) 

.10 30.00 

.10 20.00 

.10 

.10 40.00 

.10 40.00 

.20 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.20 25.00 

.10 25.00 

.10 25.00 

.50 40.00 

.50 30.00 

.50 30.00 

.30 25.00 

.13 25.00 

.50 25.00 

.38 25.00 

.33 25.00 

.35 25.00 

.25 25.00 

.23 25.00 

.20 25.00 

.20 50.00 

.20 50.00 

.20 50.00 

.10 58.00 

.10 38.00 

.10 50.00 

.10 

.10 

.10 

.30 30.00

PGA 
(g) 

.032 

.100 

.107 

.187 

.275 

.202 

.056 

.139 

.134 

.050 

.111 

.109 

.055 

.081 

.098 

.080 

.127 

.061 

.043 

.104 

.126 

.084 

.161 

.118 

.186 

.132 

.134 

.389 

.512 

.324 

.016 

.033 

.038 

.127

PGV 
(9) 

3.7 
9.3 

9.7 
6.7 

21.2 
16.0 
3.8 

16.0 
10.7 
1.5 
5.6 

10.9 
2.4 
4.3 
4.6 
2.2 
8.6 
4.3 
2.0 
6.5 

10.3 
2.4 
8.5 
5.1 
4.6 

12.7 
13.4 
26.9 
41.2 
42.6 

1.4 
2.2 
2.0 
4.3

PGD 
(cM/s) 

2.61 
5.79 
5.04 
2.49 
9.02 
9.20 
2.14 
9.96 
6.97 

.34 

.86 
1.74 

.42 

.42 

.53 

.75 
2.50 

.54 

.25 

.58 
1.05 

.41 

.72 

.83 
2.20 
7.30 
5.20 

15.15 
16.21 
27.53 

.39 

.40 

.35 

.44

Dur 
(s) 

9.8 

6.8 

7.1 

6.5 

5.8 

7.2 

7.5 

5.4 

7.2 

5.5 

4.2 

4.3 

5.8 

3.9 

4.6 

3.1 

2.8 

6.9 

7.3 

5.7 

3.4 

6.6 

4.9 

9.7 

3.6 

7.1 

7.3 

4.7 

3.7 

4.2 

11.6 

7.2 

8.1 

7.2

Filename 

WNDDWN 
WND143 
WND233 

H-CXO-UP 
H-CXO225 
H-CXO315 
H-EO01-UP 
H-EO1140 
H-EO1230 
05MO7DN 
05MO7EW 
05MO7NS 
LDR-UP 
LDRO0O 
LDR090 
A-NHO-UP 
A-NHO180 
A-NHO270 
A-MULUP 
A-MUL009 
A-MUL279 
A-STC-UP 
A-STC090 
A-STC180 
A-IVW-UP 
A-IVW090 
A-IVW360 
STG-UP 
STGO00 
STGO90 
BAZ-Z 
BAZ-X 
BAZ-Y 

GLP-UP



Date & Time

No. Earthquake YR MODY HRMN Mag Own No. Station

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(kin) Geom USGS (hz) (hz) (g) (g) (cm/s) (s) Hlename

Glendale - Las Palmas 

Glendale - Las Palmas 

LA - Century City CC North # 

LA - Century City CC North # 

LA - Century City CC North # 

LA - N Westmoreland 

LA - N Westmoreland 

LA - N Westmoreland 

Leona Valley #5 - Ritter # 

Leona Valley #5 - Ritter #

25.4 
25.4 
25.7 
25.7 
25.7 
29.0 
29.0 
29.0 
38.3 
38.3

0131 

0131 
0131 

0131 

0131 

0131 

0131 

0131 

0131 

0131 

0131

-- C 

-- C 

IQD 
IQD 
IQD 
-- D 

-- D 

-- D 

IQC 

IQC

C 
C 
C 
C 
C 
B 

B 

B 

C 

C

.13 

.10 

.14 

.14 

.14 

.20 

.20 

.20 

.20 

.20

30.00 

30.00 

23.00 

23.00 

23.00 

30.00 

30.00 

30.00 

23.00 

23.00

.357 

.206 

.116 

.256 

.222 

.093 

.401 

.361 

.097 

.146

Northridge 

Northridge 

Noithridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge

12.3 

7.4 

8.7 

21.1 

25.2 

6.3 

20.9 

20.9 

11.6 

14.9

1.94 

1.75 

3.47 

6.68 

5.70 

1.08 

2.29 

4.27 

2.53 

2.35

6.2 
6.2 
8.1 
7.0 
7.2 
8.1 
5.3 
5.7 
8.5 
6.3

GLP177 

GLP267 

CCN-UP 

CCN090 

CCN360 

WST-UP 

WST000 

WST270 

LV5-UP 

LV5000

1994 0117 

1994 0117 

1994 0117 

1994 0117 

1994 0117 

1994 0117 

1994 0117 

1994 0117 

1994 0117 

1994 0117 

1994 0117

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 38.3 IQC C .20 23.00 .092 10.5 2.70 7.2 LV50906.7 CDMG 24055 Leona Valley #5 - Ritter #

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7

USC 

USC 

CDMG 

CDMG 

CDMG 

USC 

USC 

USC 

CDMG 

CDMG

90063 
90063 
24389 
24389 
24389 
90021 
90021 
90021 
24055 
24055

0O



Date & Time

No. Earthquake YR 

0030 San Fernando 1971 

0030 San Fernando 1971 

0030 San Fernando 1971 

0086 TaiwanSMARTI(25) 1983 

0086 TaiwanSMARTl(25) 1983 

0086 TaiwanSMART1(25) 1983 

0086 TaiwanSMARTl(25) 1983 

0086 TaiwanSMARTl(25) 1983 

0086 TaiwanSMART1(25) 1983 

0086 TaiwanSMARTI(25) 1983 

0086 TaiwanSMART1(25) 1983 

0086 TaiwanSMARTI(25) 1983 

0090 Morgan Hill 1984 

0090 Morgan Hill 1984 

0090 Morgan Hill 1984 

0090 Morgan Hill 1984 

0090 Morgan Hill 1984 

0090 Morgan Hill 1984 

0122 Loma Prieta 1989 

0122 LomaPrieta 1989 

0122 Loma Puieta 1989 

0124 Georgia, USSR 1991 

0124 Georgia, USSR 1991 

0124 Georgia, USSR 1991 

0131 Northridge 1994 

0131 Northridge 1994 

0131 Northridge 1994 

0131 Northridge 1994 

0131 Northridge 1994 

0131 Northridge 1994 

0131 Nothridge 1994 

0131 Northridge 1994 

0131 Northridge 1994 

0131 Northridge 1994

NRC TIME HISTORY LIBRARY: WUS, SOIL, M=6-7, D=50-100 km 

Closest Site Codes Filtet Comers

MODY HRMN Maa Own

0209 
0209 

0209 

0921 

0921 

0921 

0921 

0921 

0921 

0921 

0921 

0921 

0424 

0424 

0424 

0424 

0424 

0424 

1018 

1018 

1018 

0615 

0615 

0615 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117

1400 6.6 CDWR 

1400 6.6 CDWR 

1400 6.6 CDWR 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

2115 6.2 CDMG 

2115 6.2 CDMG 

2115 6.2 CDMG 

2115 6.2 CDMG 

2115 6.2 CDMG 

2115 6.2 CDMG 

0005 6.9 CDMG 

0005 6.9 CDMG 

0005 6.9 CDMG 

0059 6.2 

0059 6.2 

0059 6.2 

1231 6.7 USC 

1231 6.7 USC 

1231 6.7 USC 

1231 6.7 CDMG 

1231 6.7 CDMG 

1231 6.7 CDMG 

1231 6.7 USC 

1231 6.7 USC 

1231 6.7 USC 

1231 6.7 USC

No.

1102 

1102 
1102 

32 

32 

32 

61 

61 

61 

60 

60 

60 

56012 

56012 

56012 

58223 

58223 

58223 

58498 

58498 

58498 

20 

20 

20 

90070 

90070 

90070 

13197 

13197 

13197 

90083 

90083 

90083 

90072

Station

Wheeler Ridge - Ground 

Wheeler Ridge - Ground 

Wheeler Ridge - Ground 

SMARTI EO1 

SMART1 EO1 

SMARTI E01 

SMARTI 107 

SMARTI 107 

SMARTI 107 

SMARTI M06 

SMARTI M06 

SMARTI M06 

Los Banos 

Los Banos 

Los Banos 

SF Intern. Airport 

SF Intern. Airport 
SF Intern. Airport 
Hayward - BART Sta 

Hayward - BART Sti 

Hayward - BART Sta 
Oni 

Oni 

Oni 

Covina-W Badillo 

Covina-W Badillo 

Covim-W Badillo 

Huntington Beach - Lake St # 

Huntington Beach - Lake St # 

Huntington Beach -Lake St # 

Huntington Beach - Waikiki 

Huntington Beach - Waikiki 
Huntington Beach - Waikiki 

La Puente - Rimgrove Av

Dist 
(0in)

81.6 
81.6 

81.6 

83.0 

83.0 

83.0 

83.0 

83.0 

83.0 

83.0 

83.0 

83.0 

64.4 

64.4 

64.4 

71.2 

71.2 

71.2 

58.9 

58.9 

58.9 

52.0 

52.0 

52.0 

56.1 

56.1 

56.1 

79.6 

79.6 

79.6 

57.4 

57.4 

57.4 

58.9

HP LP PGA 
Georn USGS (hz) (hz) (g)

IBD 
IBD 

IBD 

IZD 
IZD 

IZD 

IZD 

IZD 

IZD 

IZD 

IZD 

IZD" 

AHD 

AHD 

AHD 

AHD 

AHD 

AHD 

I-D 

I-D 

I-D 

A- D 

A- D 

A- D 

-- D 

-- D 

-- D 

AQD 

AQD 

AQD 

-- D 

-- D 

-- D 

-- D

.10 30.00 

.10 23.00 

.10 23.00 

.50 25.00 

.20 25.00 

.20 25.00 

.10 25.00 

.10 25.00 

.10 25.00 

.10 25.00 

.10 25.00 

.10 25.00 

.50 20.00 

.50 18.00 

.50 18.00 

.50 32.00 

.5026.00 

.50 24.00 

.20 40.00 

.20 31.00 

.20 36.00 

.20 

.20 

.20 

.30 30.00 

.20 30.00 

.20 30.00 

.20 23.00 

.20 23.00 

.20 23.00 

.30 30.00 

.20 30.00 

.20 30.00 

1.00 30.00

.014 
.027 

.031 

.013 

.028 

.028 

.009 

.035 

.032 

.010 

.021 

.031 

.011 

.051 

.057 

.018 

.048 

.048 

.082 

.159 

.156 

.018 
.075 
.046 
.043 
.100 
.079 
.018 
.091 
.070 
.022 
.086 

.068 

.048

PGV PGD Dur 
(g) (cm/s) (s) Filename

1.4 
2.0 

1.7 
1.8 
.0 

4.1 
1.4 
3.8 
4.0 
1.7 
2.8 
4.3 
1.0 
5.8 
8.3 
.8 

3.2 
2.7 
4.7 

15.1 
10.6 
1.2 
3.1 
2.6 
2.9 

5.8 
7.0 
4.0 

10.1 
13.9 
1.2 
5.0 
7.4 
2.6

1.46 
1.47 

1.23 

.31 

.96 

.71 

.43 

.79 

.97 

.40 

.00 

1.10 

.50 

1.75 

1.89 

.28 

.40 

.47 

2.76 

3.72 

3.33 

.32 

.40 

.44 

.70 

1.21 

1.62 

.89 

1.13 

1.49 

.28 

1.63 

1.87 

.16

12.8 
7.2 

6.2 

9.4 

8.3 

6.1 

11.4 

5.6 

8.6 

7.7 

6.9 

7.7 

11.3 

8.4 

12.0 

13.6 

11.0 

10.4 

10.5 

6..3 

6.6 

11.7 

6.6 

10.1 

11.7 

8.6 

7.8 

18.2 

11.3 

10.8 

15.2 

12.1 

10.6 

7.2

WRP-UP 
WRP090 
WRP18O 

25EO1DN 
25EO1EW 
25EOINS 
25107DN 
25107EW 
25107NS 
25M06DN 
25M06EW 
25M06NS 
LBN-UP 
LBNO90 
LBN180 
SFO-UP 
SPO050 
SP0320 
HWB-UP 
HWB22O 
HWB310 
ONI-Z 
ONI-X 
ONI-Y 
BAD-UP 
BAD000 
BAD270 
HNT-UP 
HNTOOO 
HNT90 
WAI-UP 
WAI200 
WA1290 

RIM-UP

MODY HRMN Mag Own (kM)



Date & Time

No. Earthquake YR MODY HRMN Mag Own

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Norhridge 

0131 Nonhridge 

0131 Northridge 

0131 Northridge 

0131 Norhridge 

0131 Northridge 

0131 Northridge 

0131 Nonhridge

1994 0117 
1994 0117 
1994 0117 
1994 0117 
1994 0117 
1994 0117 
1994 0117 
1994 0117 
1994 0117 
1994 0117

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231

6.7 USC

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7

USC 

USC 

USC 

USC 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG

No. Station

90072 La Puente - Rimgrove Av

90072 

90084 

90084 

90084 

24586 

24586 

24586 

14578 

14578

La Puente - Rimgrove Av 

Lakewood - Del Amo Blvd 

Lakewood - Del Amo Blvd 

Lakewood - Del Amo Blvd 

Neenach - Sacatara Ck # 

Neenach - Sacatara Ck # 

Neenach - Sacatara Ck # 

Seal Beach - Office Bldg # 

Seal Beach - Office Bldg #
1994 0117 1231 6.7 CDMG 14578 SealBeadc-OfficeBldg#

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV 
(kin) Geom USGS (hz) (hz) (g) (g) 

58.9 -- D C .80 30.00 .109 7.9 

58.9 -- D C .80 30.00 .129 9.7 

59.3 -- D C .80 30.00 .058 1.6 

59.3 -- D C .13 30.00 .137 11.2 

59.3 -- D C .20 30.00 .123 10.4 

53.2 IHD B .12 46.00 .047 7.2 

53.2 IHD B .12 46.00 .056 10.0 

53.2 IHD B .12 46.00 .069 13.1 

64.9 IQD B .16 46.00 .037 2.0 

64.9 IQD B .16 46.00 .061 5.8 

64.9 IQD B .16 46.00 .084 6.9

PGD Dur

W 

t'J

(cm/s) 
.70 

.83 

.18 

1.98 

2.86 

3.10 

6.48 

8.22 

1.90 

1.99 

1.34

(s) 

7.0 
7.0 
7.8 

11.0 
11.3 
25.9 
11.5 

13.1 
13.9 
12.3 
9.0

Filename 

RIMO0S 
RIMI05 
DEL-UP 

DELOOO 

DEL090 

NEE-UP 

NEEO90 
NEE180 

SEA-UP 

SEA000 

SEAO90



Date & Time

No. Earthquake 

0019 El Alamo 

0019 El Alamo 

0019 El Alamo 

0028 Borrego Mm 

0028 Borrego Mm 

0028 Borrego Mm 

0030 San Femando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

S 0030 San Femando 

t 0030 San Fermando 

0030 San Fernando 

0030 San Femando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Frando 

0030 San Fernando 
0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0131 Nordhidge 

0131 Noithridge 

0131 Norsthidge 

0131 Northridge 

0131 Nornhridge 

0131 Northridge 

0131 Northuidge

YR 

1956 
1956 
1956 
1968 
1968 
1968 
1971 
1971 
1971 
1971 
1971 
1971 
1971 
1971 
1971 
1971 
1971 
1971 
1971 
1971 
1971 
1971 
1971 
1971 
1987 

1987 
1987 
1994 
1994 
1994 

1994 
1994 
1994 
1994

NRC TIME HISTORY LIBRARY: WUS, SOIL, M=6-7, D=100-200 km 

Closest Site Codes Filter Comers

MODY HRMN Mag Own

1217 
1217 

1217 
0409 
0409 
0409 
0209 
0209 
0209 
0209 
0209 
0209 
0209 
0209 
0209 
0209 
0209 
0209 
0209 
0209 
0209 
0209 
0209 
0209 
1001 
1001 
1001 
0117 
0117 
0117 
0117 
0117 
0117 
0117

1433 
1433 

1433 
0203 
0203 
0203 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1442 
1442 
1442 
1231 

1231 
1231 
1231 
1231 
1231 
1231

6.8 USGS 

6.8 USGS 

6.8 USGS 

6.8 USGS 

6.8 USGS 

6.8 USGS 

6.6 CIT 

6.6 CIT 

6.6 CIT 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 CDMG 

6.6 CDMG 

6.6 CDMG 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.0 CDMG 

6.0 CDMG 

6.0 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG

No.

117 
117 

117 
130 
130 

130 

103 
103 
103 

1004 

1004 

1004 

1 

1 

1 

12331 
12331 
12331 

465 
465 
465 
282 
282 
282 

12331 
12331 
12331 
13660 
13660 
13660 
23672 
23672 
23672 
23542

Station

El Centro Array #9 

El Camtro Array #9 

El Centro Array #9 

LB - Terminal Island 

LB - Terminal Island 

LB - Terminal Island 

An2a Post Office 

Anza Post Office 

Anza Post Office 

Bakersfield - Harvey Aud 

Bakersfield - Harvey Aud 

Bakersfield - Harvey Aud 

Buena Vista - Taft 

Buena Vista - Taft 

Buena Vista - Taft 

Henet Fire Station 

Hemet Fire Station 

Hamet Fire Station 

San Juan Capistrano 

San Juan Capistrano 

San Juan Capistano 

UCSB-Fluid Mech Lab 

UCSB-Fluid Mech Lab 

UCSB-Fluid Mech Lab 

Hemet Fire Station 

Hemet Fire Station 

Hem Fire Station 

Hanmt - Ryan Airfield # 

Hemet - Ryan Airfield # 

Hemet - Ryan Airfield # 

San Benandino - CSUSB Gr # 

San Bernandino - CSUSB Gr# 

San Bernandino - CSUSB Gr # 

San Bemandino - E&Hospitality#

Dist 
(kin) Geom USGS

130.0 EQD 
130.0 EQD 

130.0 EQD 

195.0 CCD 
195.0 CCD 
195.0 CCD 

169.0 AAC 
169.0 AAC 

169.0 AAC 
120.0 CCD 
120.0 CCD 
120.0 CCD 

118.0 AQD 

118.0 AQD 
118.0 AQD 

136.0 AQD 
136.0 AQD 

136.0 AQD 
104.0 ABC 
104.0 ABC 
104.0 ABC 
125.6 CPD 

125.6 CPD 
125.6 CPD 
105.0 AQD 
105.0 AQD 
105.0 AQD 
144.1 IHD 

144.1 IHD 
144.1 IHD 

103.1 IHD 
103.1 IHD 
103.1 IHD 

108.1 IHD

PGA PGV POD DurH-P LP 
(hz) (hz) 

.50 20.00 

.10 15.00 

.10 15.00 

.10 20.00 

.10 15.00 

.10 15.00 

.50 35.00 

.50 35.00 

.50 35.00 

.10 15.00 

.10 13.00 

.10 20.00 

.20 20.00 

.10 13.00 

.10 15.00 

.50 35.00 

.50 35.00 

.50 35.00 

.50 35.00 

.50 35.00 

.50 35.00 

.20 30.00 

.20 30.00 

.20 30.00 

1.00 30.00 

.70 25.00 

.80 25.00 

.30 46.00 

.30 46.00 

.30 46.00 

.30 46.00 

.30 46.00 

.30 46.00 

.20 46.00

(9) 
.014 

.033 

.052 

.005 

.010 

.009 

.015 

.027 

.037 

.007 

.007 

.007 

.007 

.012 

.012 

.026 

.033 

.047 

.021 

.046 

.035 

.011 

.017 

.017 

.027 

.038 

.032 

.027 

.064 

.046 

.021 

.034 

.069 

.044

(9) 
1.7 

4.1 
6.6 
1.6 
2.8 
3.0 
.7 

1.4 
2.2 
.7 

1.4 
1.2 
.6 

1.5 
1.3 
1.5 
2.2 
2.6 
2.0 
3.3 
3.7 
1.3 
2.7 
3.0 

.9 
1.4 
1.6 
2.0 
4.5 
4.7 
1.5 

2.8 
4.0 
2.6

(cms) (s) Filename 

.77 24.8 ELC-UP 

2.89 23.0 ELCI80 

4.93 17.3 ELC270 

1.76 31.9 A-TLI-UP 

2.53 32.8 A-TL1249 

5.46 28.6 A-TL1339 

.20 10.9 AZPDWN 

.25 8.1 AZP045 

.30 6.2 AZP315 

.69 18.6 BFA-UP 

1.08 24.0 BFA180 

1.23 21.3 BFA270 

.41 11.5 BVPDWN 

1.51 13.2 BVPO09 

.68 13.6 BVP180 

.32 7.3 H05DWN 

.38 7.2 H05135 

.33 7.5 H05225 

.67 18.9 SJCDWN 

1.05 12.6 SJc033 

.79 12.5 SJC303 

.73 13.4 SBF-UP 

1.41 13.7 SBF042 

1.29 14.8 SBF132 

.07 14.0 A-H05-UP 

.13 11.3 A-H05270 

.10 9.2 A-H05360 

.18 18.2 HEM-UP 

.66 11.3 HEM000 

.51 10.9 HEM090 

.25 15.6 BER-UP 

.31 9.7 BEROOO 

.77 7.7 BER090 

.51 17.3 HOS-UP



Date & Time

No. Earthquake

0131 Norfhridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0133 Kobe 

0133 Kobe 

0133 Kobe

YR MODY HRMN Mag Own No.

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1995 

1995 

1995

0117 

0117 
0117 
0117 

0117 

0117 
0117 
0117 
0116 

0116 

0116

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

2046 

2046 

2046

6.7 CDMG 
6.7 CDMG 
6.7 CDMG 
6.7 CDMG 
6.7 CDMG 
6.7 CDMG 
6.7 CDMG 
6.7 CDMG 
6.9 
6.9 
6.9

23542 

23542 

12673 

12673 

12673 

25091 

25091 

25091 

99999 

99999 

99999

Station

San Bernandino - E&Hospitality# 
San Bernandino -E&Hospitality# 
San Jacinto -CDF Fire Sta # 
San Jacinto -CDF Fire Sta # 
San Jacinto -CDF Fire Sta # 
Santa Barbara-UCSB Goleta # 
Santa Barbara-UCSB Goleta # 
Santa Barbara-UCSB Goleta # 
FUK 
FUK 
FUK

Closest Site Codes Filter Corners 

Dist HP LP PGA PGV PGD Dur 
(kn) Geom USGS (hz) (hz) (g) (g) (can/s) (s) Filename 

108.1 IHD C .20 46.00 .085 5.9 .97 9.1 HOS090 

108.1 IHD C .20 46.00 .096 6.5 1.34 9.4 HOS180 

146.5 IHD - .16 46.00 .022 3.7 1.27 24.6 CDF-UP 

146.5 IHD - .16 46.00 .081 8.1 1.62 12.0 CDP"00 

146.5 IHD - .16 46.00 .099 7.7 1.56 8.1 CDF090 
111.3 AHD - .20 23.00 .039 2.9 .74 9.3 SBG-UP 

111.3 AHD - .20 23.00 .078 7.0 1.46 10.8 SBGOOO 

111.3 AHD - .20 23.00 .069 6.7 1.57 13.9 SBG090 
157.2 -- D - .05 .010 1.7 .67 28.2 FUK-UP 

157.2 -- D - .05 .034 4.3 1.28 23.2 FUKOOO 

157.2 -- D - .05 .042 5.3 2.08 23.8 FUK090



Date & Time 

No. Earthquake YR MODY HRMN

0006 Imperial Valley 

0006 Imperial Valley 

0006 Imperial Valley 

0046 Tabas, Iran 

0046 Tabas, Iran 

0046 Tabas, Iran 

0125 Erzican, Turkey 

0125 Erzican, Turkey 

0125 Erzican, Turkey 

0127 Cape Mmdocino 

0127 Cape Mendocino 

0127 Cape Mendocino 

0133 Kobe 

0133 Kobe 

W 0133 Kobe 

L'• 0133 Kobe 

0133 Kobe 

0133 Kobe 

0141 Kocaeli, Tukey 

0141 Kocaeli, Tukey 

0141 Kocaeli, Tukey 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi,Taiwan 

0142 Chi.Chi, Taiwan 

0142 Chi-Chi Taiwan 

0142 COi-(hi, Taiwan 

0142 Chi-iai, Taiwan 

0142 Chi-OMi Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Mi Taiwan 

0142 Chi-i Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan

1940 
1940 

1940 
1978 
1978 
1978 
1992 
1992 
1992 
1992 
1992 
1992 
1995 
1995 
1995 
1995 
1995 
1995 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999

0519 
0519 
0519 
0916 
0916 
0916 
0313 
0313 
0313 
0425 
0425 
0425 

0116 
0116 
0116 
0116 
0116 
0116 
0817 
0817 
0817 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920

0437 
0437 

0437 

1806 
1806 
1806 
2046 
2046 
2046 
2046 
2046 
2046

NRC TIME HISTORY LIBRARY: WUS, SOIL, M>7, D=-0-10 km 

Closest Site Codes Filter Comers 
Dist HP LP 

Ndag Own No. Station (1cm) Geoom USGS (hz) (hz)

7.0 USGS 
7.0 USGS 
7.0 USGS 

7.4 

7.4 

7.4 

6.9 

6.9 

6.9 

7.1 CDMG 

7.1 CDMG 

7.1 CDMG 

6.9 CUE 

6.9 CUE 

6.9 CUE 

6.9 CUE 

6.9 CUE 

6.9 CUE 

7.4 KOERI 

7.4 KOERI 

7.4 KOERI 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB

117 
117 
117 

9101 
9101 
9101 

95 
95 
95 

89156 
89156 
89156 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999

El Centro Array #9 

El Centro Array #9 

El Centro Array #9 

Tabas 

Tabas 

Tabas 

Erzincan 

Erzincan 

Erzincan 

Petrolia # 

Petrolia # 

PeTrolia # 

Takarazuka 

Takarazuka 

Takarazuka 

Takatori 

Takatori 

Takatoi 

Yarimca 

Yarimca 

Yarimca 

CHY024 

CHY024 

CHY024 
TCU049 

TCU049 

TCU049 

TCU051 

TCU051 

TCU051 

TCU052 

TCU052 

TCU052 

TCU060

8.3 EQD 
8.3 EQD 

8.3 EQD 
3.0 ABC 
3.0 ABC 

3.0 ABC 
2.0 -- D 

2.0 -- D 

2.0 -- D 
9.5 IMD 
9.5 IMD 
9.5 IMD 
1.2 -- D 

1.2 -- D 

1.2 -- D 

.3 -- E 

.3 -- E 

.3 -- E 
4.4 B-D 
4.4 B-D 
4.4 B-D 

9.0 -- 1 

9.0 -- 1 

9.0 -- 1 

4.4 -- 2 

4.4 -- 2 

4.4 -- 2 
8.2--
8.2 --
8.2--

.2 -- 1 

.2 -- 1 

.2 -- 1 

9.4 -- 2

.20 15.00 

.20 15.00 

.20 15.00 

.05 

.05 

.05 

.20 

.10 

.10 

.07 23.00 

.07 23.00 

.07 23.00 

.00 40.00 

.00 40.00 

.13 33.00 

.20 

.10 80.00 

.10 80.00 

.03 50.00 

.02 50.00 

.02 50.00 

.02 50.00 

.02 30.00 

.02 50.00 

.03 50.00 

.03 50.00 

.03 50.00 

.04 50.00 

.04 50.00 

.04 50.00 

.02 50.00

v

PGA 
(9) 
.205 
.313 
.215 
.688 
.836 
.852 
.248 
.515 
.496 
.163 
.590 
.662 
.433 
.693 
.694 
.272 
.611 
.616 
.242 
.292 
.340 
.152 
.175 
.278 
.171 
.251 
.293 

.114 
.225 
.186 

.241 
.419 
.348 
.086

PGV PGD 
(g) (cm/s) 

10.7 9.16 

29.8 13.32 

30.2 23.91 

45.6 17.04 

97.8 36.92 

121.4 94.58 

18.3 7.86 

83.9 27.35 

64.3 22.78 

24.5 31.78 

48.4 21.74 

89.7 29.55 

34.8 12.38 

68.3 26.65 

85.3 16.75 

16.0 4.47 

127.1 35.77 

120.7 32.72 

30.8 29.55 

62.3 44.91 

68.2 35.86 

44.8 34.80 

48.9 31.04 

52.9 43.62 

26.1 21.82 

61.2 51.29 

47.9 65.28 

34.6 24.56 

38.4 56.52 

49.3 70.26 

110.5 163.51 

118.4 246.15 

159.0 184.42 

27.5 24.81

Dur 
(s) Filename 

7.6 I-ELC-UP 

11.3 I-ELC180 

16.9 I-ELC270 

9.5 TAB-UP 

8.3 TAB-LN 

7.5 TAB-TR 

5.4 ERZ-UP 

1.5 ERZ-NS 

2.0 ERZ-EW 

5.8 PET-UP 

6.5 PETOOO 

2.7 PET090 

1.5 TAZ-UP 

2.2 TAZOOO 

2.1 TAZ090 

7.5 TAK-UP 

6.0 TAKOOO 

4.8 TAK090 

6.5 YPT-UP 

6.0 YPT270 

6.4 YPTOOO 

15.5 CHY024-V 

13.7 CHY024-N 

11.5 CHY024-W 

12.5 TCU049-V 

16.5 TCU049-N 

17.6 TCU049-W 

17.3 TCU051-V 

20.0 TCU051-N 

17.4 TCU051-W 

6.2 TCU052-V 

5.8 TCU052-N 

6.3 TCU052-W 

16.2 TCU060-V



Date & Time

No. Earthquake

0142 Chi-hi, Taiwan 
0142 Chi-Ofi, Taiwan 
0142 Chi-Chi. Taiwan 
0142 (li-Chi Taiwan 
0142 Chi-Chi, Taiwan 
0142 Chi-Chi, Taiwan 
0142 Chi-ChiTaiwan 
0142 Chi-C', Taiwan 
0142 Chi-Oti, Taiwan 
0142 Chi-QCi, Taiwan 
0142 Chi-Chi, Taiwan 
0142 Chi-Chi, Taiwan 
0142 Chi-hi, Taiwan 
0142 Chi-Ohi, Taiwan 
0142 Chi-Oai, Taiwan 
0142 Chi-Chi, Taiwan 
0142 Chi-Ofi, Taiwan 
0142 Oil-Chi, Taiwan 
0142 Oil-Oil, Taiwan 
0142 Chi-Chi, Taiwan 
0142 Chi-Chi, Taiwan 
0142 (li-Chi, Taiwan 
0142 (.i-Oi, Taiwan 
0142 Chi-OCi, Taiwan 
0142 (li-Oil, Taiwan 
0142 (li-OCi, Taiwan 
0143 Duzcec Turkey 
0143 Duzce, Turkey 
0143 Duzce, Turkey

YR MODY HRMN Mag Own

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999

0920 
0920 
0920 
0920 

0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
1112 
1112 
1112

7.6 CWB 

7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.1 ERD 
7.1 ERD 
7.1 ERD

No.

99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999

Station

TCU060 
TCU060 
TCU067 
TCU067 
TCU067 

TCU068 
TCU068 
TCU068 
TCU072 
TCU072 
TCU072 
TCU076 
TCU076 
TCU076 
TCU082 
TCU082 
TCU082 
TCUI1O 
TCUIO1 
TCUI1O 
TCU102 
TCU102 
TCU102 
TCU128 
TCU128 
TCU128 
Duzce 
Duzce 
Duzoe

Closest Site Codes Filter Comers 
Dist HP LP PGA 
(km) Geom USGS (hz) (hz) (g)

9.4 -- 2 
9.4 -- 2 
.3 -- 1 
.3 -- 1 
.3 -- 1 

1.0 -- 1 
1.0 -- 1 
1.0 -- 1 
7.3 -- 1 
7.3 -- 1 
7.3 -- 1 
1.9 -- 2 
1.9 -- 2 
1.9 -- 2 
5.7 -- 2 
5.7 -- 2 
5.7 -- 2 
2.9 -- 2 
2.9 -- 2 
2.9 -- 2 
1.7 -- 2 
1.7 -- 2 
1.7 -- 2 
9.7 -- 1 
9.7 -- 1 
9.7 -- 1 
6.7 -- D 
6.7 -- D 
6.7 -- D

.03 50.00 

.03 50.00 

.04 50.00 

.03 50.00 

.02 50.00 

.02 50.00 

.02 50.00 

.03 50.00 

.05 50.00 

.05 50.00 

.05 50.00 
.02 50.00 
.05 50.00 
.10 50.00 
.04 50.00 

.04 50.00 

.02 50.00 

.03 50.00 

.04 50.00 

.01 50.00 

.02 50.00 

.05 50.00 

.04 50.00 

.02 40.00 

.05 30.00 
.02 30.00 

.06 50.00 

.06 50.00 

.08 50.00

.106 

.201 

.225 

.325 
".503 
.486 
.462 
.566 
.279 
.400 
.489 
.281 
.416 
.303 
.131 
.192 
.223 
.169 
.251 
.202 
.189 
.169 
.298 
.097 
.170 

.139 

.357 

.348 
.535

PGV 
(9) 

45.3 
36.3 
42.7 
66.6 
79.5 

187.3 
263.1 
176.6 
35.8 
56.3 
71.7 
34.1 
64.2 
62.6 
40.8 
40.5 
58.4 
55.2 
49.4 
67.9 
56.2 
77.1 

112.4 
46.0 
68.8 
73.0 

22.6 
60.0 
83.5

lJ;I

PGD Dur 
(cm/s) (s) Filename 

45.56 20.3 TCU060-N 

51.89 17.6 TCU06O-W 

28.48 10.6 TCUO67-V 

45.95 7.6 TCU067-N 

93.09 11.0 TCU067-W 

266.55 2.0 TCU068-V 

430.00 7.6 TCU068-N 

324.11 6.4 TCU068-W 

27.28 14.6 TCU072-V 

41.28 15.5 TCU072-N 

38.64 14.0 TCU072-W 

17.39 16.5 TCU075-V 

35.37 16.5 TCU076-N 

31.47 17.5 TCU076-W 

25.50 15.2 TCU082-V 

53.79 19.5 TCU082-N 

71.47 17.9 TCU082-W 

39.19 15.7 TCU1OI-V 

35.12 16.9 TCUI1O-N 

75.36 16.5 TCUIO1-W 

48.74 11.0 TCU102-V 

44.87 15.2 TCU102-N 

89.19 13.1 TCU102-W 

34.77 18.1 TCUI28-V 

41.87 10.6 TCU128-N 

90.62 13.5 TCU128-W 

19.40 11.5 DZC-UP 

42.09 14.4 DZC180 

51.59 13.8 DZC270



NRC TIME HISTORY LIBRARY: WUS, SOIL, M>7, D=lO-50 klm
Date & Time

No. Earthquake YR MODY HRMN Mag

0046 Tabas, Iran 
0046 Tabas, Iran 

0046 Tabas, Iran 

0113 Taiwan SMARTI(45) 
0113 Taiwan SMART1(45) 
0113 Taiwan SMART1(45) 

0113 Taiwan SMARTI (45) 
0113 Taiwan SMARTI(45) 
0113 Taiwan SMART1(45) 
0113 Taiwan SMARTI(45) 
0113 Taiwan SMART1(45) 
0113 Taiwan SMARTI(45) 
0129 Landers 
0129 Landers 
0129 Landers 
0129 Landers 

0129 Landers 

0129 Landers 

0141 Kocaeli. Tukey 
0141 Kocaeli, Turkey 
0141 Kocaeli, Tukey 
0142 Chi-ahi. Taiwan 
0142 Chi-ahi, Taiwan 
0142 oC-ahi, Taiwan 

0142 ati-Osi, Taiwan 
0142 ChaNi-i, Taiwan 
0142 Chi-•hi, Taiwan 

0142 ChMi-i, Taiwan 

0142 Chihi-, Taiwan 
0142 ahi-azi, Taiwan 

0142 Chi.-. Taiwan 

0142 Chi-Ohi, Taiwan 
0142 Oui-i Taiwan 
0142 C(i-Gu, Taiwan

19780916 
19780916 
19780916 
1986 1114 
1986 1114 
1986 1114 
1986 1114 
1986 1114 
1986 1114 
1986 1114 
1986 1114 
19861114 
19920628 
19920628 
19920628 
1992 0628 
1992 0628 
1992 0628 
19990817 
19990817 
19990817 
19990920 
19990920 
1999 0920 
19990920 
19990920 
19990920 
19990920 
19990920 
19990920 
19990920 
19990920 
1999 0920 
19990920

1158 
1158 
1158 
1158 
1158 
1158

7.4 
7A 
7A 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7A 
7.4 
7.4 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6

Own

CDMG 
CDMG 
CDMG 
CDMG 
CDMG 
CDMG 

ERD 
ERD 
ERD 
CWB 
CWB 
CWB 
CWB 
CWB 

CWB 
CWB 
CWB 
CWB 
CWB 
CWB 

CWB 

CWB

No.  

70 
70 
70 
62 
62 
62 
29 
29 
29 
66 
66 
66 

12025 
12025 
12025 
22074 
22074 
22074 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999

-4

Station 

Boshrooych 

Roshrooyeh 
Boshrooych 
SMARTI 101 

SMARTI 101 

SMARTI 101 

SMART1 M07 

SMART1 M07 

SMARTI M07 

SMARTI 008 

SMARTI 008 

SMARTI 008 

Palm Springs Airport # 

Palm Springs Aipor# 
Pahn Spris Aiport # 
Yeamo Fire Station # 

Yemo Fire Station # 

Yenno Fire Station # 

Duzee 

Duzoe 

Duzoe 

WGK 

WGK 

WGK 

CHY036 

CHY036 

CRY036 

CHYI01 

CHYl01 

CHYI01 

HWA006 

HWA006 

HWA006 

HWA030

Closest Site Codes Filter Comers 
Dist HP LP 
(kim) Geom USGS (hz) (hz) 

26.1 -- C - .06 

26.1 -- C - .04 20.00 

26.1 -- C - .04 20.00 

39.0 IZD - .10 25.00 

39.0 IZD - .10 25.00 

39.0 IZD - .10 25.00 

39.0 IZD - .20 25.00 

39.0 IZD - .10 25.00 

39.0 IZD - .20 25.00 

39.0 IZD - .10 25.00 

39.0 IZD - .10 25.00 

39.0 IZD - .10 25.00 

37.5 IQD C .07 23.00 
37.5 IQD C .07 23.00 

37.5 IQD C .07 23.00 
24.9 AQD C .07 23.00 
24.9 AQD C .07 23.00 

24.9 AQD C .07 23.00 
14.2 -- D C .08 20.00 
14.2 -- D C .00 20.00 

14.2 -- D C .08 15.00 

11.1 -- 2 C .06 33.00 
11.1 -- 2 C .07 50.00 

11.1 -- 2 C .06 50.00 
20.3 -- 2 C .04 50.00 

20.3 -- 2 C .03 50.00 
20.3 -- 2 C .05 50.00 

11.1 -- 2 C .04 50.00 
11.1 -- 2 C .04 50.00 

11.1 -- 2 C .04 50.00 
44.0 -- 2 C .03 50.00 
44.0 -- 2 C .06 50.00 

44.0 -- 2 C .06 50.00 
46.3 -- 2 C .02 50.00

PGA 
(9) 

.084 

.107 

.089 

.075 

.132 

.141 

.106 

.156 

.160 

.105 

.142 

.163 

.108 

.076 

.089 

.136 

.245 
.152 
.229 
.312 
.358 
.180 
.334 
.484 
.104 

.207 

.294 

.165 

.440 

.353 

.063 

.089 

.083 

.049

PGV 
(9) 

11.6 
13.7 

18.0 
7.1 

30.5 
29.8 
8.6 

26.8 
22.5 

9.2 
24.5 
30.1 
6.8 

10.9 
13.8 
12.9 
51.5 
29.7 
20.4 
58.8 
46.4 
25.0 
69.0 
74.4 
11.3 
41.4 
38.9 
28.0 

115.0 
70.6 
6.9 
9.2 
7.3 
8.2

PGD 
(am/s) 

8.36 
10.50 
18.27 

4.22 
9.05 

10.34 
3.19 
9.09 
7.62 
4.18 
9.33 

13.21 
3.08 
6.95 
5.29 
4.82 

43.81 
24.69 
17.01 
44.11 
17.61 
16.28 
35.70 
66.92 
10.18 
34.17 
21.19 
19.73 
68.75 

45.28 
6.81 
6.11 
5.89 

11.65

Dur 
(s) 

15.8 
14.7 

14.8 

10.8 

10.4 

12.7 

10.0 

9.9 

9.4 

11.1 

12.8 

10.4 

22.8 

25.5 

262 

13.4 

7.1 

10.9 

2.9 

3.0 

1.8 

11.0 

13.3 

10.2 

17.3 

12.3 

8.7 

13.0 

10.3 

13.5 

14.3 

9.3 

10.0 

12.5

Filename 

BOS-Vi 
BOS-Li 
BOS-TI 
45101DN 
45101EW 
45101NS 
45M07DN 
45MO7EW 
45M07NS 
45008DN 
45008EW 
45008NS 
PSA-UP 
PSA000 
PSA090 
YER-UP 
YER270 
YER360 
DZC-UP 
DZCI80 
DZC270 
WGK-V 
WGK-E 
WGK-N 
CHY036-V 
CHY036-N 
CHY036-W 
CHY101-V 
CHY101-N 
CHY101-W 
HWA006-V 
HWA006-E 
HWA006-N 
HWA030-V



Date & Time

No. Earthquake YR MODY HRMN Mag Own

0142 
0142 
0142 
0142 
0142 
0142 
0142 

0142 
0142 
0142 
0142

Chi-:ci, Taiwan 
Chi-Oi, Taiwan 
Chi-Chi, Taiwan 
Chi-Osi, Taiwan 
Chi-Chi, Taiwan 
Chi-Chi, Taiwan 
Chi-Chi, Taiwan 

Chi-Mi, Taiwan 
Chi-Qii, Taiwan 
OiChi-, Taiwan 
Chi-Cht, Taiwan

19990920 
19990920 
19990920 
19990920 
19990920 
19990920 
19990920 
19990920 
19990920 
19990920 
19990920

7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6

CWB 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB

No.

99999 
99999 
99999 
99999 
99999 
99999 

99999 
99999 
99999 
99999 
99999

Station

HWA030 
HWA030 
HWA035 
HWA035 
HWA035 
TCU038 
TCU038 
TCU038 
TCU042 
TCU042 
TCU042

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(1cm) Geom USGS (hz) (hz) (g) (g) (an/s) (s)

46.3 

46.3 

45.8 

45.8 

45.8 

22.4 

22.4 

22.4 

23.3 

23.3 

23.3

-- 2 

-- 2 

-- 2 

-- 2 

-- 2 

-- 2 

-- 2 

-- 2 

-- 2 

-- 2 
-- 2

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C

.02 50.00 
.02 50.00 
.02 50.00 

.02 50.00 

.02 50.00 

.02 50.00 

.05 20.00 

.02 50.00 

.02 50.00 

.05 50.00 

.02 50.00

.079 

.070 

.054 

.074 

.078 

.067 

.168 

.141 

.086 

.199 

.246

13.8 
11.0 
7.5 
7.5 

11.9 
34.6 
44.9 
48.9 
19.7 
39.3 
44.8

8.48 

19.95 

9.60 

8.88 

16.89 

28.80 

43.60 

64.17 

24.09 

23.86 

46.91

10.6 
9.5 

12.1 
10.1 
11.4 
19.2 
13.1 
15.9 
16.0 
14.8 
12.7

00

Filename

HWA030-N 
HWA030-W 
HWA035-V 
HWA035-N 
HWA035-W 
TCU038-V 
TCU038-N 
TCU038-W 
TCU042-V 
TCU042-N 
TCU042-W



NRC TIME HISTORY LIBRARY: WUS, SOIL, M>7, D=-50-100 km
Date & Time

No. Earhquake 

0129 Landers 

0129 Landern 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0141 Kocaeli, Turkey 

0141 Kocaeli, Turkey 

0141 Kocaeli, Turkey 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-hi, Taiwan 

0142 ChiOti, Taiwan 

0142 Chi-Chi, Taiwan 
0142 Chi-Chi, Taiwan 

0142 Chi.Ci, Taiwan 

0142 Chi-hi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-hi, Taiwan 

0142 OCi-ai, Taiwan 

0142 aii-Ci., Taiwan 

0142 Chi-Ohi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Ohid-hi, Taiwan 

0142 Chi-ai, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-a, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Cai-Chi, Taiwan 0142 Oui4ahi, Taiwan 
0142 Chi-Oi, Taiwan 
0142 Chi-Chi, Taiwan

YR 

1992 

1992 

1992 

1992 

1992 

1992 

1992 

1992 

1992 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999

MODY HRMN Mag Own

0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0817 
0817 
0817 

0920 
0920 
0920 
0920 

0920 O920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 

0920 
O920 

0920 
0920 
0920 
0920 
0920

1158 
1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.4 ERD 

7.4 ERD 

7.4 ERD 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB

No.  

12331 

12331 

12331 

12026 

12026 

12026 

23542 

23542 

23542 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999

Station 

Howet Fire Station # 

Hemet Fire Station # 

Hemet Fire Station # 

Indio - Coachella Canal # 

Indio - Coachella Canal # 

Indio - Coachella Canal # 

San Bemardino-E &Hospitality 

San Benardino-E &Hospitaity 

San Bemardino-E &Hospitality 

Cekmece 

Cekmece 

Crkmece 
TTN 
TTN 

TTN 

CHY078 

CHY078 
CHY078 

HWA011 

HWAO11 

HWA011 

HWA013 

HWA013 

HWA013 

HWA041 

HWA041 

HWA041 

ILA064 

ILA064 

ILA064 

TCU017 

TCU017 

TCU017 

TTN001

Closest Site Codes Filter Comers 

Dist HP LP 
(kin) Geom USGS (hz) (hz)

69.5 AQD 
69.5 AQD 
69.5 AQD 
55.7 IQD 
55.7 IQD 

55.7 IQD 
80.5 -- D 
80.5 -- D 
80.5 -- D 
76.1 -- D 
76.1 -- D 
76.1 -- D 
94.3 -- 2 
94.3 -- 2 
94.3 -- 2 
82.4 -- 2 
82.4 -- 2 
82.4 -- 2 
56.7 -- 2 
56.7 -- 2 
56.7 -- 2 
57.4 -- 2 
57.4 -- 2 
57.4 -- 2 
50.0 --
50.0 --
50.0 --

83.4 --
83.4 --
83.4 --
52.2 -- 2 
52.2 -- 2 
52.2 -- 2 
57.6 -- 2

.16 23.00 

.16 23.00 

.16 23.00 

.10 23.00 

.10 23.00 

.10 23.00 

.10 50.00 

.10 50.00 

.10 50.00 

.60 20.00 

.30 20.00 

.40 20.00 

.30 12.00 

.10 12.00 

.11 12.00 

.03 24.00 

.03 24.00 

.03 20.00 

.02 40.00 

.02 30.00 

.02 30.00 

.02 50.00 

.02 50.00 

.02 50.00 

.02 30.00 

.02 30.00 

.02 30.00 

.02 50.00 

.02 50.00 

.0240.00 

.02 50.00 

.02 50.00 

.02 33.00 

.03 30.00

PGA 
(9) 

.063 
.081 
.097 

.042 

.104 

.109 

.065 

.078 

.087 

.046 

.114 

.105 
.013 
.031 
.023 
.021 
.045 
.093 
.039 
.102 

.089 

.064 

.118 

.142 
.044 
.082 
.080 

.050 

.072 

.062 

.050 

.121 

.088 

.041

PGV 
(9) 

3.0 

5.6 
5.7 
6.6 
9.6 

15.2 
7.5 

19.8 
14.6 
3.4 

12.1 
6.4 
2.7 
9.7 
6.2 
5.3 
9.6 

14.2 
10.0 
22.0 
21.3 

8.3 
22.0 
31..2 
9.5 

18.9 
11.6 
8.8 
7.6 

9.0 
15.6 
31.9 
42.7 

8.7

PGD Dur 
(ar/s) (s) Filename 

1.60 23.9 H05-UP 

1.36 22.6 H05000 

2.27 21.3 H05090 

3.99 29.5 IND-UP 

5.05 25.2 INDOOO 

9.69 25.1 IND090 

2.64 25.0 HOS-UP 

10.49 20.3 HOS090 

7.63 20.6 HOSI80 

.34 5.8 CEK-UP 

1.41 5.2 CEK00 

.84 5.7 CEK270 

.86 28.5 TFN-V 

6.80 24.1 TTN-E 

2.80 21.5 TTN-N 

6.40 29.0 CHY078-V 

7.93 26.5 CHY078-N 

7.16 20.5 CHY078-W 

10.86 19.0 HWAO11-V 

13.76 13.3 HWAO11-N 

26.83 11.5 HWAOI1-W 

11.31 19.0 HWA013-V 

11.63 11.8 HWA013-N 

27.00 13.4 HWA013-W 

5.58 23.2 HWA041-V 

7.48 19.8 HWA041-N 

7.47 21.2 HWA041-W 

9.46 15.4 ILA064-V 

16.60 13.9 ILA064-N 

7.97 13.8 RLA064-W 

16.36 24.3 TCU017-V 

32.55 11.1 TCU017-N 

49.82 15.1 TCU017-W 

6.61 22.7 ITN01I-V



Date & Time

No. Earthquake

0142 OCi-Chi, Taiwan 1999 
0142 li-Chi, Taiwan 1999 
0142 ChiChi, Taiwan 1999 
0142 Chi-d, Taiwan 1999 
0142 Chi-Chi, Taiwan 1999 
0142 Chi-Chi, Taiwan 1999 

0142 Chi-Chi, Taiwan 1999 
0142 Chi-Chi, Taiwan 1999 
0142 Chi-Chi, Taiwan 1999 
0142 Chi-Oli, Taiwan 1999 
0142 OCi-hi, Taiwan 1999

YR MODY HRMN Mag Own

0920 
0920 
0920 

0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB

No. Station

99999 TTN001 
99999 TTN001 
99999 TTN010 
99999 TTN010 
99999 MTN010 
99999 ITNO20 
99999 TTNO20 
99999 TTNO20 
99999 TTN023 
99999 TTNO23 
99999 TTN023

Closest Site Codes Filter Corners 
Dist HP LP PGA PGV PGD Dur 
(kim) Gem USGS (hz) (hz) (g) (g) (cmls) (s) Filname 

57.6 -- 2 C .03 30.00 .094 14.4 7.38 17.1 TTN001-E 
57.6 -- 2 C .03 30.00 .063 9.3 5.91 22.2 "ITN001-N 

95.2 -- 2 C .03 14.00 .010 3.0 4.13 34.2 'ITNO1O-V 
95.2 -- 2 C .03 14.00 .029 7.4 3.95 25.8 TrN0O10-N 
95.2 -- 2 C .02 14.00 .019 7.8 9.13 25.4 TTN010-W 
57.6 -- 2 C .02 30.00 .023 4.8 4.13 28.8 TTNO20-V 
57.6 -- 2 C .02 23.00 .030 7.5 6.44 22.6 TrNO20-N 
57.6 -- 2 C .02 23.00 .035 9.0 9.49 23.4 TrNO23-W 
63.2 --- C .03 30.00 .028 6.4 5.21 28.7 TTNo23-V 
63.2 --- C .02 30.00 .067 12.0 5.61 29.3 TrNO23-N 
63.2 --- C .02 30.00 .044 9.8 7.68 25.6 TrNO23-W



Date & Time 

No. Earthquake YR MODY HRMN

012 Kern County 
012 KernCounty 
012 Kern County 
0046 Tabus, Iran 
0046 Tabas, Iran 
0046 Tabas, Iran 
0046 Tabas, Iran 
0046 Tabas, Iran 
0046 Tabas, Iran 
0129 Landers 
0129 Landers 

0129 Landers 

0129 Landers 
0129 Landers 

0129 Landers 
0129 Landers 
0129 Landers 
0129 Landers 
0129 Landers 
0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 
0129 Landers_ 
0129 Landers 
0129 Landers 

0129 Landers 

0142 hi-adi, Taiwan 

0142 Qd-Ci, Taiwan 
0142 Chi-Oii Taiwan 
0142 ad-Mii Taiwan 
0142 ai-Chi, Taiwan 
0142 Chi-Cli, Taiwan 
0142 Chi-aUi, Taiwan

1952 
1952 
1952 
1978 
1978 
1978 
1978 
1978 
1978 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 

1992 
t992 
1999 
1999 
1999 
1999" 
1999 
1999 
1999

0721 
0721 
0721 
0916 
0916 
0916 
0916 
0916 
0916 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0920 

0920 

0920 

0920 

0920

1153 

1153 

1153 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158

NRC TIME HISTORY LIBRARY: WUS, SOIL, M>7, D-=-100-200 km 

Closest Site Codes Filter Comers 

Dist HP LP PGA 
Mag Own No. Station (kim) Geom USGS (hz) (hz) (g)

7.4 USGS 

7.4 USGS 

7.4 USGS 

7.4 

7.4 

7.4 

7.4 

7.4 

7.4 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB

135 
135 
135 
69 
69 
69 
73 
73 
73 

90094 
90094 
90094 
90012 
90012 
90012 
90002 
90002 
90002 
90025 
90025 
90025 

90080 
90080 
90080 
90077 
90077 
90077 

99999 
99999 
99999 
99999 
99999 
99999 
99999

LA - Hol 

LA - Hol 
LA - Hol] 

Bajestan 
Bajestan 
Bajestan 
Sedeh 
Sedeh

lywood Stor FF 
lywood Stor FF 

lywood Stor FF

Sedeh 

Bell Gardens - Jaboneria # 

Bell Gardens - Jaboneria # 

Bell Gardens - Jaboneria # 

Burbank - N Buena Vista # 

Burbank - N Buena Vista # 

Burbank - N Buena Vista # 

Fountain Valley - Euclid # 

Fountain Valley - Euclid # 

Fountain Valley - Euclid # 

LA - E Vernon Ave # 

LA - E Vernon Ave # 

LA- E Vernon Ave# 

LB - Orange Ave # 

LB - Orange Ave # 

LB - Orange Ave # 

Sante Fe Springs - E Joslin # 

Sante Fe Springs - E Joslin # 

Sante Fe Springs - E Joslin # 

SGL 

SGL 

SGL 

&A002 

LA002 

LA002 

TAP024

120.5 IPD 
120.5 iPD 
120.5 IPD 
121.2 -- C 
121.2 -- C 
121.2 -- C 
164.5 -- D 
164.5 -- D 
164.5 -- D 
153.9 -- D 
153.9 -- D 
153.9 -- D 
162.1 -- D 
162.1 -- D 
162.1 -- D 
148.8 -- D 
148.8 -- D 
148.8 -- D 
157.7 -- D 
157.7 -- D 
157.7 -- D 
164.5 -- D 
164.5 -- D 
164.5 -- D 
150.4 -- D 
150.4 -- D 
150.4 -- D 
105.0 -- 2 
105.0 -- 2 
105.0 -- 2 
109.1 --
109.1 --
109.1 --
100.2 -- 2

.20 20.00 .021 

.20 15.00 .042 

.20 13.00 .058 

.05 .029 

.02 15.00 .094 

.02 15.00 .067 

.02 20.00 .013 

.02 20.00 .026 

.02 20.00 .027 

.65 25.00 .016 

.30 25.00 .036 
.18 25.00 .044 
.33 25.00 .023 
.25 25.00 .049 
.28 25.00 .068 
.90 25.00 .014 
.13 25.00 .069 
.13 25.00 .058 
.38 25.00 .019 
.13 25.00 .034 
.18 25.00 .039 
.50 25.00 .019 
.15 25.003055 
.15 25.00 .061 
.35 25.00 .024 
.18 25.00 .060 
.15 25.00 .047 
.20 8.00 .008 
.10 14.00 .038 
.20 14.00 .029 
.02 30.00 .022 
.04 24.00 .073 
.02 24.00 .048 
.02 50.00 .023

PGV 

(9) 

2.8 

7.5 

6.2 

5.7 

7.6 

5.7 

6.1 

5.6 

4.1 

1.1 

4.7 

10.5 

4.7 

7.2 

10.4 

1.0 

14.7 

10.3 

2.2 

7.7 

8.9 

1.6 

9.5 

11.1 

1.5 

5.9 

9.2 

2.4 

7.7 

6.0 

6.7 

10.7 

10.2 

7.9

PGD Dur 
(cm/s) (s) Filenme 

2.55 21.2 PEL-UP 
4.79 18.4 PEL090 
1.86 16.9 PELISO 
6.16 23.9 BAJ-V1 

10.77 20.4 BAJ-L1 
10.03 21.3 BAJ-T1 
11.61 24.7 SED-V1 

6.42 22.4 SED-LI 
4.91 21.8 SED-TI 

.18 24.3 JAB-UP 
1.48 19.8 JAB220 
4.74 16.1 JAB310 
1.03 27.6 BUE-UP 
2.18 23.4 BUE250 
2.86 19.7 BUE340 

.11 26.3 EUC-UP 
7.87 21.3 EUC022 
4.70 17.6 EUC292 

.61 25.6 VER-UP 
4.64 17.9 VER090 
4.24 19.3 VER180 

.30 24.5 0R2-UP 
4.23 20.7 OR2010 
4.40 20.2 OR2280 

.47 22.6 EJS-UP 
2.67 18.4 EJS030 
4.23 17.1 EJS120 

.78 28.9 SGL-V 
3.74 24.2 SGL-E 
2.36 24.1 SGL-N 

9.01 20.5 ILA002-V 
7.70 18.0 ILA002-N 

9.47 15.0 ILA002-W 
9.62 26.8 TAP024-V



Date & Time

No. Earthquake YR MODY HRMN Mag Own No. Station

Closest Site Codes Filter Comers 
Dist HP LP PGA PGV PGD Dur 
(kin) Geom USGS (hz) (hz) (g) (g) (cm/s) (s) Filename

0142 Chi-Chi Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Oi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 ChiC.Ohi Taiwan 

0142 Chi-Chi Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi Taiwan

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 

1999 
1999 
1999

0920 

0920 

0920 

0920 

0920 

0920 

0920 

0920 

0920 

0920 

0920

7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWR

99999 
99999 
"99999 
99999 

99999 
"99999 
"99999 
99999 
99999 
99999 
99999

TAP024 

TAP024 

TAP046 

TAP046 

TAP046 

TAP084 

TAP084 

TAP084 

TTNO03 

TTN003 

TTNO03

100.2 -- 2 

100.2 -- 2 

127.2 -- 1 

127.2 -- 1 

127.2 -- 1 

127.7 --

127.7 --

127.7 --

108.1 

108.1 

108.1 ---

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C

.02 50.00 

.02 50.00 

.02 30.00 

.02 30.00 

.02 24.00 

.03 40.00 

.02 40.00 

.02 40.00 

.02 20.00 

.03 20.00 

.03 20.00

.075 

.062 

.018 

.054 

.084 

.012 

.032 

.035 

.013 

.018 

.023

20.2 
14.6 
4.5 
6.6 

12.6 
5.5 

5.5 

6.9 
2.1 

3.0 
3.3

11.49 
21.11 

6.17 
4.93 
7.08 
7.73 
5.15 

10.30 
3.11 
2.18 
4.17

14.8 TAP024-S 
18.1 TAP024-W 

25.8 TAP046-V 

18A TAP046-N 

18.4 TAP046-W 

25.7 TAP084-V 

25.6 TAP084-N 

17.6 TAP084-W 

31.2 TTN003-V 

25.7 TTNO03-N 

24.6 ITN003-W



TABLE B-3: CEUS, ROCK 
NRC TIME HISTORY LIBRARY: CEUS, ROCK, M=4.5-6, D=-0-50 km

No. Earthquake

0029 Lytle Creek 

0029 Lytle Creek 

0029 Lytle Creek 

0029 Lytle Creek 

0029 Lytle Creek 

0029 Lytle Creek 

0042 Fnrili, Italy 

0042 Fruili, Italy 

0042 Fruili, Italy 

0045 Santa Barbara 

0045 Santa Barbara 

0045 Santa Barbara 

0054 Livermore 

0054 Livermore 

0054 Livermore 

0054 Livermore 

0054 Livermore 

0054 Livermore 

0045 Santa Barbara 

0045 Santa Barbara 

0045 Santa Barbara 

0054 Livermore 

0054 Livermore 

0054 Livermore 

0054 Livermore 

0054 Livermore 

0054 Livermore 

0065 Mammoth Lakes 

0065 Mammoth Lakes 

0065 Mammoth Lakes 

0079 CoAlinga 

0079 Coalinga 

0079 Coalinga

No.

Date & Time 

HRM 
YR MODY N 

19700912 1430 

19700912 1430 

19700912 1430 

19700912 1430 

19700912 1430 

19700912 1430 

19760911 1631 

19760911 1631 

19760911 1631 

19780813 

19780813 

19780813 

19800127 0233 

19800127 0233 

19800127 0233 

19800127 0233 

19800127 0233 

19800127 0233 

19780813 

19780813 

19780813 

19800127 0233 

19800127 0233 

19800127 0233 

19800127 0233 

19800127 0233 

19800127 0233 

19800611 0441 

19800611 0441 

19800611 0441 

19830709 0740 

19830709 0740 

19830709 0740

StationMag 
5.4 

5.4 

5.4 

5.4 

5.4 

5.4 

5.5 

5.5 

5.5 

6.0 

6.0 

6.0 

5.4 

5.4 

5.4 

5.4 

5.4 

5.4 

6.0 

6.0 

6.0 

5.4 

5.4 

5.4 

5.4 

5.4 

5.4 

5.0 

5.0 

5.0 

5.2 

52 

5.2

Closest Site Codes 
Dist 
(kn) Georn USGS

Own 

CDWR 

CDWR 

CDWR 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

USGS 

USGS 

USGS 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

USC 

USC 

USC 

USGS 

USGS 

USGS

620 

620 

620 

290 

290 

290 

8022 

8022 

8022 

106 

106 

106 

58219 

58219 

58219 

57187 

57187 

57187 

106 

106 

106 

58219 

58219 

58219 

57187 

57187 

57187 

40 

40 

40 

1607 

1607 

1607

Devil's Canyon 

Devil's Canyon 

Devil's Canyon 

Wrightwood - 6074 Park Dr 

Wrightwood - 6074 Park Dr 

Wrightwood - 6074 Park Dr 

San Rocco 

San Rocco 

San Rocoo 

Cachuma Dam Toe 

Cachuma Dam Toe 

Cachuma Dam Toe 

APEEL 3E Hayward CSUH 

APEEL 3E Hayward CSUH 

APEEL 3E Hayward CSUH 

San Ramon - Eastman Kodak 

San Ramon - Eastman Kodak 

San Ramon - Eastman Kodak 

Cachuma Dam Toe 

Cachuma Dam Toe 

Cadhuma Dam Toe 

APEEL 3E Hayward CSUH 

APEEL 3E Hayward CSUH 

APEEL 3E Hayward CSUH 

San Ramon - Eastman Kodak 

San Ramon - Eastman Kodak 

San Ramon - Eastman Kodak 

USC Convict Lakes 

USC Convict Lakes 

USC Convict Lakes 

Anucline Ridge FreoFleld 

Anticline Ridge Free-Field 

Anuicline Ridge Free-Field

21.9 
21.9 
21.9 
15.4 
15.4 
15.4 
17.9 
17.9 
17.9 
36.6 
36.6 
36.6 

31.0 
31.0 
31.0 
17.6 
17.6 
17.6 
36.6 
36.6 
36.6 

31.0 
31.0 
31.0 
17.6 
17.6 
17.6 

9.1 
9.1 
9.1 

11.0 
11.0 
11.0

CAA 
CAA 

CAA 

BAB 

BAB 

BAB 

ABA 

ABA 

ABA 

AAA 

AAA 

AAA 

AVA 

AVA 

AVA 

ABB 

ABB 

ABB 

AAA 

AAA 

AAA 

AVA 

AVA 

AVA 

ABB 

ABB 

ABB 

AAB 

AAB 

AAB 

IPA 

IPA 

IPA

Filter Comers 
HP PGA 

(hz) LP (hz) (g) 

1.10 30.00 .205 

1.00 20.00 .295 

1.00 30.00 .286 

.60 40.00 .158 

.60 20.00 .245 

.70 30.00 .317 

.40 15.00 .023 

.20 15.00 .044 

.40 20.00 .086 

.20 29.00 .041 

.10 36.00 .120 

.20 30.00 .067 

.60 25.00 .023 

.30 20.00 .082 

.15 20.00 .043 

.30 30.00 .058 

.20 25.00 .340 

.25 25.00 .181 

.20 29.00 .041 

.10 36.00 .120 

.20 30.00 .067 

.60 25.00 .012 

.30 20.00 .082 

.15 20.00 .043 

.30 30.00 .058 

.20 25.00 .340 

.25 25.00 .181 

1.00 40.00 .104 

2.00 30.00 .060 

2.00 30.00 .111 

.30 40.00 .215 

.30 30.00 .660 

.45 40.00 .716

PGV 
(9) 
2.7 

4.3 

6.0 

3.3 

8.4 

11.0 

2.3 

1.9 

3.6 

2.3 

4.8 

2.3 

1.2 

4.1 

1.4 

5.4 

16.3 

4.6 

2.3 

4.8 

2.3 

.1 

4.1 

1.4 

5.4 

16.3 

4.6 

.5 

.7 

1.0 

4.9 

14.2 

10.3

PGD 
(cm/s) 

.16 

.16 

.20 

.34 

.90 

.53 

.42 

.48 

.61 

.41 

.96 

.38 

.12 

.44 

.21 

.62 

2.05 

.45 

.41 

.96 

.38 

.12 

.44 

.21 

.62 

2.05 

A5 

.02 

.02 

.02 

.59 

1.00 

.38

Dur 
(s) 

.8 

.8 

1.2 

1.9 

1.6 

1.7 

6.8 

9.3 

9.7 

5.1 

2.5 

2.8 

6.0 

8.5 

7.2 

8.1 

8.9 

10.3 

5.1 

2.5 

2.8 

6.0 

8.5 

7.2 

8.1 

8.9 

10.3 

2.1 

1.9 

1.4 

2.0 

1.6 

1.5

Filename 
DCFDWN 

CDF090 
DCF180 
WTWDWN 
WTWl15 

WTW205 
SRO-UP 
SRO-NS 
SRO-WE 
CAD-UP 
CAD250 
CAD340 
B-A3E-UP 
B-A3E146 
B-A3E236 
B-KOD-UP 
B-KOD180 
B-KOD270 
CAD-UP 
CAD250 

CAD340 
B-A3E-UP 
B-A3E146 
B-A3E236 
B-KOD-UP 
B-KOD180 
B-KOD270 
H-XCV-UP 
H-XCV075 
H-XCV165 
C-ATC-UP 
C-ATC270 
C-ATC360



No. Earthquake 

0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0079 Coalinga 

0080 Coalinga 

0080 Coalinga 

0080 Coalinga 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0017 Whittier Narrows 

0017 Whittier Narrows 

0017 Whittier Narrows

Date & Time 

HRM 
YR MODY N Mag Own No. Station

Closest Site Codes 

Dist

Stati (km'ý CGeonn USGSe.a
19830709 
19830709 

19830709 

19830709 

19830709 

19830709 
19830709 
19830709 
19830709 

19830709 

19830709 

19830709 
19830722 
19830722 
19830722 

19860708 

19860708 

19860708 

19871001 

19871001 

19871001

Filter Comers 

HP PGA PGV 
(kýýt TP f" fh.%' o'

0740 
0740 

0740 

0740 

0740 
0740 

0740 

0740 

0740 
0740 
0740 
0740 
0239 

0239 

0239 

0920 

0920 

0920 

1442 

1442 
1442

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.2 USGS 

5.8 USGS 

5.8 USGS 

5.8 USGS 

6.0 USGS 

6.0 USGS 

6.0 USGS 

6.0 USGS 

6.0 USGS 

6.0 USGS

1607 

1607 

1607 

1604 

1604 

1604 

1651 

1651 

1651 

1604 

1604 

1604 

1609 

1609 

1609 

5043 

5043 

5043 

709 

709 

709

PGD Dur

Anticline Ridge Pad 

Anticline Ridge Pad 

Anticline Ridge Pad 

Oil City 

Oil City 

Oil City 

Transmitter Hill 

Transmitter Hill 

Transmitter Hill 

Oil city 

Oil City 

Oil City 

Palmer Ave 

Palmer Ave 

Palmer Ave 

Hurkey Creek Park 

Hurkey Creek Park 

Hurkey Creek Park 

Garvey Res. - Control Bldg.  

Garvey Res. - Control Bldg.  

Garvey Res. - Control Bldg.

11.0 APA 

11.0 APA 

11.0 APA 

10.0 APB 

10.0 APB 

10.0 APB 

10.4 APA 

10.4 APA 

10.4 APA 

8.2 APB 

8.2 APB 

8.2 APB 

12.2 APB 

12.2 APB 

12.2 APB 

34.9 AQB 

34.9 AQB 

34.9 AQB 

12.1 APB 

12.1 APB 

12.1 APB

B 

B 

B

.30 

.40 

.40 

.40 

.20 

.20 

.30 

.20 

.30 

.60 

.15 

.80 

.20 

.06 

.09 

.40 

.60 

.50 

.70 

.15 

.20

30.00 .290 

30.00 .943 

25.00 .556 

30.00 .408 

30.00 .702 

30.00 .647 

30.00 .219 

25.00 .368 

30.00 .338 

30.00 1.046 

30.00 1.586 

30.00 .720 

25.00 .413 

20.00 .477 

20.00 .509 

50.00 .192 

50.00 .509 

50.00 .292 

40.00 .844 

40.00 .556 

40.00 .796

6.7 

14.6 

9.9 

6.1 

15.0 

10.8 

4.7 

10.6 

8.6 

21.2 

40.8 

20.9 

9.6 

14.3 

20.7 

5.0 

6.5 

8.1 

14.0 

15.1 

17.9

.48 

.93 

.45 

.32 

1.30 

.59 

.39 

.92 

.70 

1.78 

5.14 

1.68 

1.67 

1.52 

1.88 

.74 

.44 

.70 

1.04 

1.56 

2.20

1.8 C-ATP-UP 

1.2 C-ATP270 

1.6 C-ATP360 

2.3 C-OLC-UP 

1.6 C-OLC270 

2.0 C-OLC360 

3.2 C-TSM-UP 

2.7 C-TSM270 

3.0 C-TSM360 

21 D-OLC-UP 

1.8 D-OLC270 

1.7 D-OLC360 

3.4 D-PLM-UP 

3.2 D-PLM270 

2.8 D-PLM360 

5.4 HCP-UP 

6.8 HCP045 

6.5 HCP135 

2.4 A-GRV-UP 

3.3 A-GRV060 

2.4 A-GRV330

"L'I! ....



NRC TIME HISTORY LIBRARY: CEUS, ROCK, M=4.5-6, D=50-100 km
Date & Time

No. Earthquake 

0014 Southern Calif 

0014 Southern Calif 

0014 Southern Calif 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

W0103 N. Palm Springs 

0103 N. PalmSprings 
0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0048 Saguenay 

0048 Saguenay 

0048 Saguenay 

0049 Saguenay 

0049 Saguenay 

0049 Saguenay 
0049 Saguenay 

0049 Saguenay 

0049 Saguemay 

0049 Saguenay 

0049 Saguenay 
0049 Saguenay 
0049 Saguenay

YR 

1952 

1952 
1952 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 

1988 
1988 
1988 
1988 

1988

MODY HRMN Maa, Own

1122 
1122 
1122 
0708 
0708 
0708 
0708 
0708 
0708 
0708 
0708 
0708 
0708 
0708 
0708 
0708 
0708 
0708 
0708 
0708 
0708 
1123 
1123 
1123 
1125 
1125 
1125 
1125 

1125 
1125 
1125 
1125 
1125 
1125

0746 
0746 
0746 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0911 
0911 
0911 
2346 
2346 
2346 
2346 

2346 
2346 
2346 
2346 
2346 
2346

6.0 USGS 
6.0 USGS 
6.0 USGS 

6.0 USGS 

6.0 USGS 

6.0 USGS 

6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 

6.0 CDMG 
6.0 CDMG 

6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 

6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
4.5 Ms 
4.5 Ms 
4.5 Ms 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9

No.

1083 

1083 

1083 

5231 

5231 

5231 

707 

707 

707 

13198 

13198 

13198 

12168 

12168 

12168 

13123 

13123 

13123 

13172 

13172 

13172 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8

Station

San Luis Obispo 

San Luis Obispo 

San Luis Obispo 

Anza - Tule Canyon 

Anza - Tule Canyon 

Anza - Tule Canyon 

Lake Mathews Dike Toe 

Lake Mathews Dike Toe 

Lake Mathews Dike Toe 

Murrieta Hot Springs 

Murrieta Hot Springs 

Murrieta Hot Springs 

Puerta La Cruz 

Puerta La Cruz 

Puezia La Cuz 

Riverside Airport 

Riverside Airport 

Riverside Airport 

Temecula Fire Station 

Temccula Fire Station 

Temecula Fire Station 

ECTN: A54 

ECTN: A54 

ECTN: A54 

ECTN: A54 

ECr•N: A54 

ECTN: A54 

ECTN: A61 

ECIN: A61 

ECTN: A61 

EIN: A64 

ECTN: A64 
ECTN: A64 

GSC Site 8 - La Malbaie, Que

Closest Site Codes Filter Comers 
Dist HP LP 
(kmn) Georn USGS (hz) (hz)

70.0 CBB 
70.0 CBB 

70.0 CBB 
55.4 AGA 
55.4 AGA 
55.4 AGA 
73.7 AJA 
73.7 AJA 
73.7 AJA 
63.3 IGA 
63.3 IGA 

63.3 IGA 
71.9 AQB 
71.9 AQB 
71.9 AQB 
71.1 AQB 
71.1 AQB 

71.1 AQB 
73.2 AQB 
73.2 AQB 
73.2 AQB 
99.4 -AA 
99.4 -AA 
99.4 -AA 
91.4 -AA 
91.4 -AA 
91.4 -AA 
91.9 -AA 
91.9 -AA 
91.9 -AA 
99.1 -AA 

99.1 -AA 
99.1 -AA 
97.5 ABA

.20 13.00 

.20 13.00 

.50 13.00 

.40 30.00 

.30 30.00 

.35 35.00 

2.00 40.00 

1.00 50.00 

1.00 35.00 

.50 28.00 

.50 40.00 

.50 40.00 

.20 44.00 

.20 38.00 

.20 32.00 

.50 48.00 

.50 40.00 

.50 42.00 

.50 27.00 

.50 25.00 

.50 25.00 

.20 30.00 

.20 30.00 

.40 30.00 

.40 25.00 

.33 22.00 

.40 23.00 

.50 30.00 

.40 20.00 

.6023.00 

.8020.00 

.4022.00 

.90 25.00 

.20 30.00

M D .... .... .. Ma Ow No

PGA 
(8) 

.055 

.073 

.109 

.121 

.209 

.156 

.122 
.130 
.120 
.066 
.109 
.099 
.078 
.144 
.121 
.061 
.123 
.099 
.079 
.228 
.164 
.001 
.001 
.001 
.014 
.015 
.014 
.014 
.014 
.014 
.014 
.014 
.013 
.066

PGV 
(9) 
2.3 

2.7 

2.8 

3.5 

6.3 

7.4 

1.0 

2.1 

1.6 

1.7 

2.1 

2.1 

2.3 

2.8 

1.9 

1.0 

1.3 

1.2 

1.7 

5.9 

4.8 

.0 

.0 

.0 

.3 

.3 

.3 

.3 

.3 

.4 

A 

.3 

.4 

1.7

PGD Dur 
(an/s) (s) Filename 

.59 3.2 SLO-UP 

.54 3.0 SLO234 

.40 2.7 SLO324 

.41 8.0 ATL-UP 

.55 8.8 ATL270 

.52 8.6 ATL360 

.02 8.7 LMR-UP 

.08 7.5 LMR162 

.03 7.8 LMR252 

.24 9.1 H01-UP 

.21 7.7 H01000 

.17 6.6 H01090 

.27 10.2 PLC-UP 

.17 11.2 PLC258 

.18 11.2 PLC348 

.15 10.8 RIV-UP 

.11 11.9 RIV180 

.09 9.8 RIV270 

.25 9.0 TFS-UP 

.47 8.8 TFS000 

.59 10.0 TFS09O 

.00 22.9 A54-Z 

.00 18.9 A54-N 

.00 15.6 A54-E 

.04 18.9 lI25A54Z 

.05 13.0 1125A54E 

.05 16.6 1125A54N 

.04 18.3 1125A61Z 

.04 20.6 1125A61E 

.05 18.6 1125A61N 

.03 19.4 1125A64Z 

.05 23.7 1125A64E 

.03 16.0 1125A64N 

.12 22.7 1125S08V



Date & Time

No. Earthquake YR MODY HRMN Mag Own No. Station

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(kin) Geom USGS (hz) (hz) (g) (g) (cm/s) (s) Fileame

GSC Site 8 -La Malbaie, Que 
GSC Site 8 - La Malbie, Que 

GSC Site 16 - Chioutimi-Nord 
GSC Site 16 -Chiooutimi-Nord 
GSC Site 16 -Chiooutimi-Nord 
GSC Site 17 -St-Andre-Du-Lac 
GSC Site 17 -St-Andre-Du-Lac 
GSC Site 17 - St-Andre-Du-Lac 
GSC Site 20 - Leas Eboulements 
GSC Site 20 - Lea Eboulements 
GSC Site 20 -Les Eboulements

97.5 ABA 

97.5 ABA 

51.9 CAA 

51.9 CAA 

51.9 CAA 

70.3 IAA 

70.3 IAA 

70.3 IAA 

95.0 IAA 

95.0 IAA 

95.0 IA

.25 .00 

.25 30.00 

.40 .00 

.60 .00 

.40 .00 

.70 .00 

.70 .00 

.50 .00 

.50 .00 

.40 .00 

.40 45.00

.134 

.058 

.101 

.109 

.130 

.042 

.169 

.096 

.237 

.148 

.104

4.6 

1.4 

2.1 

1.8 

2.7 

.8 

1.6 

1.1 

5.1 

3.8 

2.5

.48 

.13 

.10 

.07 

.14 

.03 

.08 

.04 

.25 

.33 

.22

10.4 1125S08L 

21.0 1125S08T 
24.2 1125S16V 
19.1 1125S16L 
21.7 1125S16T 

25.9 1125S17V 
14.9 1125S17L 
17.8 1125S17T 
33.5 1125S20V 
11.6 1125S20L 
29.0 1125S20T

0049 Saguenay 

0049 Saguenay 

0049 Sagueaay 

0049 Saguenay 

0049 Saguenay 

0049 Saguenay 

0049 Saguenay 

0049 Saguenay 

0049 Saguenay 

0049 Saguesay 

0049 Saguenay

1988 
1988 

1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988 
1988

1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125 
1125

2346 

2346 

2346 

2346 

2346 

2346 

2346 

2346 

2346 

2346 

2346

5.9 

5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9

8 

8 

16 

16 

16 

17 

17 

17 

20 

20 

20

0N



NRC TIME HISTORY LIBRARY: CEUS, ROCK, M=6-7, D=-0-10 km

Date & Time

No. Earthquake 

0001 Helena, Montana 

0001 Helena, Montana 

0001 Helenm, Montana 

0025 Parkfleld 

0025 Parkfield 

0025 Parkfleld 

0025 Parkfleld 

0025 Parkfield 

0025 Parkfeld 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0041 Gazli, USSR 

0041 Gazli, USSR 

W 0041 Gazli, USSR 

o090 Morgan Hill 
0090 Morgan Hill 

0090 Morgan Hill 

0090 Morgan Hill 

0090 Morgan Hill 

0090 Morgan Hill 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Loan Prieta 

0122 Loma Prieta 

0122 Lma Prieta 

0122 Loma Prieta 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge

YR 

1935 
1935 
1935 
1966 
1966 
1966 
1966 
1966 
1966 
1971 
1971 
1971 
1976 
1976 
1976 
1984 
1984 
1984 
1994 
1984 
1984 
1987 
1987 
1987 
1989 
1989 
1989 
1989 
1989 

1989 
1994 
1994 
1994 

1994

MODY HRMN Mag Own

1031 
1031 
1031 
0628 
0628 
0628 
0628 
0628 
0628 
0209 
0209 
0209 
0517 
0517 
0517 
0424 
0424 

0424 
0424 
0424 
0424 
1001 
1001 
1001 
1018 
1018 
1018 
1018 
1018 

1018 
0117 
0117 
0117 
0117

1838 
1838 
1838 
0426 
0426 
0426 
0426 
0426 
0426 
1400 
1400 
1400 

2115 
2115 
2115 
2115 
2115 
2115 
1442 
1442 
1442 
0005 
0O05 

0005 
0005 
O005 
005 

1231 
1231 
1231 
1231

6.2 

6.2 

6.2 

6.1 CDMG 

6.1 CDMG 

6.1 CDMG 

6.1 CDMG 

6.1 CDMG 

6.1 CDMG 

6.6 CDMG 

6.6 CDMG 

6.6 CDMG 

6.8 

6.8 

6.8 

6.2 CDMG 

6.2 CDMG 

6.2 CDMG 

6.2 CDMG 

6.2 CDMG 

6.2 CDMG 

6.0 USC 

6.0 USC 

6.0 USC 

6.9 CDMG 

6.9 CDMG 

6.9 CDMG 

6.9 UCSC 

6.9 UCSC 

6.9 UCSC 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG

No. Station

2022 Carroll College 

2022 Carroll College 

2022 Carroll College 

1015 Cholame #8 

1015 Cholame #8 

1015 Cholame #8 

1438 Temblor pre-1969 

1438 Temblor pr-1969 

1438 Tenblor pre-1969 

279 Pacoima Dam 

279 Pacoima Dam 

279 Pacoima Dam 

9201 Karakyr 

9201 Karakyr 

9201 Karakyr 

57127 Coyote Lake Dun (SW Abut) 

57127 Coyote Lake Darn (SW Abut) 

57127 Coyote Lake Dam (SW Abut) 

57383 Gilroy Array #6 

57383 Gilroy Array #6 

57383 Gilroy Array #6 

90019 San Gabriel - E Grand Ave # 

90019 San Gabriel - E Grand Ave # 

90019 San Gabriel - E Grand Ave # 

57007 Corralitos 

57007 Corralitos 

57007 Corralitos 

16 LGPC 

16 LGPC 

16 LGPC 

24207 Pacoima Dam (downa) # 

24207 Pacoima Dam (downst) # 

24207 Pacoima Dam (downst) # 

24207 Pacoima Dam (upper left) #

Closest Site Codes Filter Comers 
Dist HP LP PGA 
(kin) Geom USGS (hz) (hz) (g)

8.0 EZA 

8.0 EZA 

8.0 EZA 

9.2 ABB 

9.2 ABB 

9.2 ABB 

9.9 UA 

9.9 UA 

9.9 IA 

2.8 AMB 

2.8 AMB 

2.8 AMB 

3.0 AAA 

3.0 AAA 

3.0 AAA 

.1 IFA 

.1 IFA 

.1 IFA 

11.8 IKB 

11.8 1KB 

11.8 1KB 

9.0 -- A 

9.0 -- A 

9.0 -- A 

5.1 APB 

5.1 APB 

5.1 APB 

6.1 -- A 

6.1 -- A 

6.1 -- A 

8.0 AGA 

8.0 AGA 

8.0 AGA 

8.0 IGA

.20 15.00 .271 

.20 15.00 .400 

.20 15.00 .436 

.20 24.00 .391 

.20 20.00 .592 

.20 20.00 .541 

.20 16.00 .412 

.20 14.00 .989 

.20 15.00 .689 

.10 35.00 2.509 

.10 35.00 3.033 

.50 35.00 3.199 

.50 38.00 3.888 

.50 38.00 1.760 

.50 38.00 2.349 

.10 50.00 1.164 

.10 39.00 1.608 

.10 45.00 3.372 

.10 30.00 .927 

.10 35.00 .465 

.10 27.00 .608 

.35 25.00 .785 

.35 25.00 .731 

.35 25.00 .534 

.20 32.00 1.300 

.20 40.00 1.328 

.20 40.00 1.080 

.10 .00 1.758 

.10 .00 1.647 

.10 .00 1.518 

.75 23.00 .591 

.16 23.00 1.381 

.16 23.00 1.264 

.16 23.00 4.253

PGV PGD Dur 
(g) (an/s) (s) Filename 

13.9 3.50 A-HMCDWN 

8.9 .91 A-HMC180 

19.2 2.45 A-HMC270 

10.3 2.35 C08DWN 

12.4 3.71 C08050 

12.4 2.59 C08320 

7.6 2.23 TMBDWN 

21.2 2.40 TMB205 

18.8 3.31 TMB295 

83.1 30.37 PCDDWN 

86.3 28.57 PCD164 

53.1 9.86 PCD254 

165.1 40.63 GAZ-UP 

62.5 24.10 GAZOOO 

67.0 29.5 GAZO90 

30.1 5.28 CYC-UP 

43.9 9.92 CYC195 

79.4 10.81 CYC285 

22.6 2.77 G06-UP 

12.3 2.22 G06000 

36.2 6.69 G06090 

10.2 .92 A-GRN-UP 

30.5 3.04 A-GRN180 

11.7 .92 A-GRN270 

28.8 9.34 CLS-UP 

57.4 7.22 CLS000 

49.4 7A3 CLS090 

69.5 29.72 LGP-UP 

99.9 43.46 LGPOOO 

52.1 12.18 LGPO90 

24.7 2.45 PAC-UP 

44.0 5.94 PAC175 

31.1 6.39 PAC265 

103.2 13.24 PUL-UP



Date & Time

No. Earthquake YR MODY HRMN Mag Own No. Station

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(km) Geom USGS (hz) (hz) (g) (g) (coris) (s) Filename

0131 Northridge 

0131 Norihridge 

0131 Northridge 

0131 Nouthridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0004 Gazli, USSR 

0004 Gazli, USSR 

0004 Gazli, USSR 

0041 Nahanni 

0041 Nahanni 

0041 Nahanni

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1976 

1976 

1976 

1985

0117 

0117 
0117 
0117 

0117 
0117 
0117 
0117 

0517 

0517 
0517 
1223

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

0516

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 

6.7 

6.7 

6.8 

6.8 
6.8 
6.8

1985 1223 0516 6.8 

1985 1223 0516 6.8

24207 Pacoima Dam (upper left) # 

24207 Pacoima Dam (upper left) # 

24088 Pacoima Kagel Canyon # 

24088 Pacoima Kagel Canyon # 

24088 Pacoima Kagel Canyon # 

99999 KJMA 
99999 KJMA 

99999 KJMA 

9201 Karakyr 

9201 Karakyr 
9201 Karakyr 

6097 NW TERR, CANADA: 
MACKENZIE, STI 

6097 NW TERR, CANADA: 
MACKENZIE, STI 

6097 NW TERR, CANADA: 
MACKENZIE, STI

8.0 IGA 

8.0 IGA 

8.2 AMB 

8.2 AMB 

8.2 AMB 

.6 -- B 

.6 -- B 
.6 -- B 

3.0 AAA 

3.0 AAA 

3.0 AAA 

6.0 IZA 

6.0 IZA 

6.0 IZA

A 
A 
B 
B 
B 
B 
B 

B

.16 23.00 3.942 

.16 23.00 3.592 

.20 23.00 .559 

.14 23.00 .752 

.14 23.00 .978 

.05 .00 1.137 

.05 .00 2.124 

.05 .00 1.757 

.00 .03 1.260 

.00 .03 .600 
.00 .03 .710 

.20 62.00 2.086

65.0 6.12 

87.0 15.32 

23.7 9.84 

34.3 11.48 

48.5 8.38 

70.7 17.19 

88.8 18.65 

80.4 17.71 

454.0 230.10 
865.0 425.20 
871.0 623.70 

40.5 12.12

- .05 62.00 .978 46.0 9.67 

- .05 62.00 1.096 46.1 14.58

00

PUL104 

PUL194 

PKC-UP 

PKC090 
PKC360 
KJM-UP 

KJM00O 

KJM090 

EGAZ-UP 

BGAZOD0 
E-GAZO90 
S1-UP 

S1010 

S1280



Date & Time

No. Earthquake 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fenando 

0030 San Fernando 

0030 San Fernando 

0050 Imperial Valley 
0050 Impei valley 
0050 Iwserial Valley 

0058 Mammoth Lakes 

0058 Mamnmoth Lakes 

0058 Mammoth Lakes 

0061 Mammoth Lakes 

0061 Mammoth Lakes 

0061 Mammoth Lakes 

0064 Victoria, Mexico 

0064 Victoria, Mexico 

0064 Victoria, Mexico 
0076 Coalinga 

0076 Coalinga 

0076 Coalinga 

0076 Coalinga 
0076 Coalinga 

0076 Coalinga 

0076 Coalinga 

0076 Coalinga 
0076 Coalinga 

0076 Coalinga 

0076 Coalinga 

0076 Coalinga 

0090 Morgan Hill 

0090 Morgar Hill 

0090 Morgan Hill 

0090 Morgan Hill

YR 

1971 
1971 
1971 
1971 
1971 
1971 
1979 
1979 
1979 
1980 
1980 
1980 
1980 
1980 
1980 
1980 
1980 
1980 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1984 
1984 
1984

Ma 
MODY HRMN g

0209 
0209 
0209 
0209 
0209 
0209 
1015 
1015 
1015 
0525 
0525 
0525 
0527 
0527 
0527 
0609 
0609 
0609 
0502 
0502 
0502 
0502 
0502 
0502 
0502 
0502 
0502 
0502 
0502 
0502 
0424 
0424 
0424

1400 
1400 

1400 

1400 

1400 
1400 

2316 
2316 
2316 
1944 
1944 
1944 
1451 
1451 
1451 
0328 
0328 
0328 
2342 
2342 
2342 
2342 
2342 
2342 
2342 
2342 
2342 
2342 
2342 
2342 
2115 
2115 
2115

NRC TIME HISTORY LIBRARY: CEUS, ROCK, M=6-7, D=10-50 km 

Closest Site Codes Filter Comers

Own No.

6.6 USGS 
6.6 USGS 
6.6 USGS 
6.6 CDMG 
6.6 CDMG 
6.6 CDMG 
6.5 USGS 
6.5 USGS 
6.5 USGS 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.1 UNAMUCSD 
6.1 UNAMUCSD 
6.1 UNAMUCSD 
6.4 CDMG 
6.4 CDMG 
6.4 CDMG 
6.4 CDMG 
6.4 CDMG 
6.4 CDMG 
6.4 CDMG 
6.4 CDMG 
6A CDMG 
6.4 CDMG 
6.4 CDMG 
6.4 CDMG 
6.2 CDMG 
6.2 CDMG 
6.2 CDMG

126 

126 

126 

285 

285 

285 

286 

286 

286 

54214 

54214 

54214 

54424 

54424 

54424 

6604 

6604 

6604 

36453 

36453 

36453 

36420 

36420 

36420 

36230 

36230 

36230 

36446 

36446 

36446 

57007 

57007 

570(7

Station

Lake Hughes #4 

Lake Hughes #4 

Lake Hughes #4 

Santa Felita Dam (Outlet) 

Santa Felita Dam (Outlet) 

Santa Felita Dam (Outlet) 

Superstition Mtn Camera 

Superstition Mtn Camera 

Superstition Mtn Camer 

Long Valley Dam (L Abut) 

Long Valley Dam (L Abut) 

Long Valley Dam (L Abut) 

Bishop - Paradise Lodge 

Bishop - Paradise Lodge 

Bishop - Paradise Lodge 

CesTo Prieto 

Cerro Prieto 

Cerro Preto 

Parkfield - Fault Zone 11 

Parkfield - Fault Zone 11 

Parkfield - Fault Zone 11 

Parkfield - Gold Hill 3W 

Parkfield - Gold Hill 3W 

Parkfield - Gold Hill 3W 

Parkfield - Cholame 2E 

Paddfield - Cholame 2E 

Parkfield - Cholame 2E 

Parkfield - Vineyard Cany 4W 

Paskfield - Vineyard Cany 4W 

Parlfield - Vineyard Cary 4W 

Coralitos 

Corralitos 

Coralitos

11.8 IKB B .10 30.00 .901 21.2 2.55 2.8 G06-UP

w

1984 0424 2115 6.2CDMG 57383 Gilroy Array #6

Dist 
(krm) 

24.2 

24.2 

24.2 

27.5 

27.5 

27.5 

26.0 

26.0 

26.0 

19.7 

19.7 

19.7 

43.7 

43.7 

43.7 

34.8 

34.8 

34.8 

28.4 

28.4 

28.4 

38.8 

38.8 

38.8 

40.5 

40.5 

40.5 

34.6 

34.6 

34.6 

22.7 

22.7 

22.7

Geom USGS 

IGA B 

IGA B 

IGA B 

ABA 

ABA 

ABA 

AGA B 

AGA B 

AGA B 

IVA 

IVA 

IVA 

AVA 

AVA 

AVA 

AVA B 

AVA B 

AVA B 

IMB 

IMB 

IMB 

IPB 
IPB 
]PB 
UB 
UBB 
UB 

IMB 

IMB 

IMB 

APB B 

APB B 

APB B

HiP LP 
(hz) (hz) 

.50 35.00 

.50 35.00 

.50 35.00 

.10 20.00 

.10 20.00 

.10 13.00 

.10 40.00 

.10 40.00 

.10 40.00 

.40 50.00 

.35 50.00 

.20 50.00 

.20 50.00 

.20 40.00 

.20 40.00 

.20 62.00 

.20 62.00 

.20 62.00 

.20 28.00 

.20 21.00 

.20 28.00 

.20 36.00 

.20 30.00 

.20 30.00 

.50 26.00 

.50 23.00 

-50 22.00 

.20 30.00 

.20 30.00 

.2027.00 

.20 27.00 

.20 24.00 

.20 26.00

PGA 

(9) 

.386 

.488 

.418 

.161 

.344 

.370 

.190 

.229 

.533 

.178 

.230 

.129 

.248 

.195 

.263 

.819 

2.070 

1.623 

.115 

.187 

.167 

.175 

.246 

.219 

.040 

.053 

.081 

.057 

.108 

.085 

.080 

.155 

.206

PGV 

(9) 

9.6 

8.3 

12.4 

8.0 

9.1 

8.5 

3.7 

6.2 

9.2 

6.6 

8.1 

5.8 

6.3 

6.7 

6.3 

20.8 

46.3 

23.6 

8.7 

11.1 

7.4 

10.9 

11.9 

9.4 

3.7 

3.0 

5.2 

5.1 

6.6 

5.2 

7.2 

7.5 

13.5

PGD 
(cn/s) 

1.78 
1.17 
1.40 
3.75 
6.28 
2.87 
1.57 
1.86 
2.50 
.79 
.93 

2.19 
1.40 
1.90 
1.71 
8.49 

19.77 
9.49 
3.90 
3.63 
1.40 
3.20 
2.91 
1.67 
.93 
.69 

1.77 
1.03 
1.35 

.94 
1.01 
1.14 
1.33

Dur 
(s) 

5.0 
6.1 

6.3 

8.3 

7.3 

6.5 

5.8 

6.1 

5.7 

5.3 

6.7 

6.5 

4.9 

5.4 

5.8 

5.3 

3.8 

4.5 

12.5 

19.3 

18.8 

14.1 

17.4 

14.6 

12.7 

13.0 

14.4 

10.1 

12.7 

13.1 

6.5 

14.3 

15.1

Filename 

L04DWN 
L04111 
L04201 
FSD-UP 

FSD172 
FSD262 
H-SUP-UP 
H-SUP045 
H-SUP135 
A-LVL-UP 
A-LVL000 
A-LVLO90 
L-BPL-UP 
L-BPLO70 
L-BPL160 
CPE-UP 
CPE045 
CPE315 
H-Z 11-UP 
H-ZI1000 
H-Z1 1090 
H-PG3-UP 
H-PG3000 
H-PG3090 
H-TM2-UP 
H-TM2000 

H-TM2090 
H-VC4-UP 
H-VC4000 
H-VC4090 
CLS-UP 
CLS220 
CLS310



No. Earthquake

0090 

0090 
0090 

0090 

0090 
0103 

0103 

0103 

0041

Morgan Hill 

Morgan Hill 

Morgan Hill 

Morgan Hill 

Morgan Hill 

N. Palm Springs 

N. Palm Springs 

N. Palm Springs 

Nahanni

0041 Nahanni 

0041 Nahanni

Date & Time 

Ma 
YR MODY HRMN g

1984 

1984 

1984 

1984 

1984 

1986 

1986 

1986 

1985

0424 

0424 

0424 

0424 

0424 

0708 

0708 

0708 

1223

2115 

2115 

2115 

2115 

2115 

0920 

0920 

0920 

0516

Own No.

6.2 CDMG 

6.2 CDMG 

6.2 CDMG 

6.2 CDMG 

6.2 CDMG 

6.0 USGS 

6.0 USGS 

6.0 USGS 

6.8 Ms

1985 1223 0516 6.8 Ms 

1985 1223 0516 6.8 Ms

Station

57383 Gilroy Array #6 

57383 Gilroy Array #6 

47006 Gilroy - Gavilian Coll.  

47006 Gilroy - Gavilian CoIl.  

47006 Gilroy - Gavilian Coil.  

5230 Santa Rosa Mountain 

5230 Santa Rosa Mountain 

5230 Santa Rosa Mountain 

6099 NW TERR, CANADA: 
MACKENZIE, ST3 

6099 NW TERR. CANADA: 
MACKENZIE, ST3 

6099 NW TERR, CANADA: 
MACKENZIE, ST3

Closest Site Codes Filter Comers 

Dist HP LP 
(km) Geom USGS (hz) (hz)

11.8 
11.8 

16.2 

16.2 

16.2 

43.8 

43.8 

43.8 

16.0

IKB 

IKB 

AFB 

AFB 

AFB 

AGA 

AGA 

AGA 

IZA

B 

B 

B 

B 

B

16.0 IZA 

16.0 IZA

.10 35.00 

.10 27.00 

.50 42.00 

.10 30.00 

.10 30.00 
1.00 50.00 
1.50 60.00 
1.50 60.00 
.05 62.00

PGA PGV 

(9) (9) 

.455 12.5 

.613 39.0 

.161 3.5 

.276 5.2 

.196 3.6 

.121 2.5 

.286 4.0 

.303 2.9 

.140 6.8

.10 62.00 .148 

.05 62.00 .139

PGD 
(an/s) 

2.38 

7.18 

.55 

.83 

.97 

.17 

.13 

.13 

3.02

Dur 
(s) 

3.0 

5.4 

5.7 

7.1 

10.3 

6.5 

6.5 

6.5 

6.8

Filename 

G06000 
G06090 
GIL-UP 
GIL067 
GIL337 
ARS-UP 
ARS270 
ARS360 
S3-UP

6.1 3.13 6.8 S3270 

3.3 1.06 7.3 S3360

U0



Date & Time

No. Earthquake 

0025 Parkfield 

0025 Parkfield 

0025 Parkfield 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whinier Narrows 

0117 Whittier Narrows 

0117 Whitier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whinier Narrows 

0117 Whittier Narrows 

0124 Georgia, USSR 

0124 Georgia, USSR 

0124 Georgia, USSR 

0131 Northridge 

0131 Northridge 

0131 Nonrhridge 

0131 Nosthridge 

0131 Northridge 

0131 Northridge 

0131 Northridge

YR 

1966 
1966 

1966 
1971 
1971 
1971 
1971 
1971 

1971 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1991 

1991 
1991 
1994 
1994 
1994 
1994 
1994 

1994 
1994

NRC TIME HISTORY LIBRARY: CEUS, ROCK, M=6-7, D=50-100 km 

Closest Site Codes Filter Comers

No.MODY HRMN 

0628 0426 

0628 0426 

0628 0426 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

1001 1442 

0615 0059 

0615 0059 

0615 0059 

0117 1231 

0117 1231 

0117 1231 

0117 1231 

0117 1231 

0117 1231 

0117 1231

StationMag Own 

61 USGS 

6.1 USGS 
6.1 USGS 
6.6 CDWR 
6.6 CDWR 

6.6 CDWR 
6.6 ACOE 
6.6 ACOE 
6.6 ACQE 
6.0 USC 
6.0 USC 
6.0 USC 
6.0 CDMG 

6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 

6.0 CDMG 
6.0 CDMG 

6.0 CDMG 
6.0 CDMG 
6.2 
6.2 
6.2 
6.7 USC 

6.7 USC 

6.7 USC 

6.7 CDMG 
6.7 CDMG 
6.7 CDMG 

6.7 CDMG

1083 San Luis Obi 

1083 San Luis Ob 

1083 San Luis Obi 

111 Cedar Spring 
111 Cedar Spring 

111 Cedar Sprinj 

287 Upland - San 

287 Upland - Sar 

287 Upland - San 

90052 Calabasas 
90052 Calabasas 

90052 Calabasas 

24277 Castaic - Ha 

24277 Castaic - Ha 

24277 Castaic - Ha 

24278 Castaic - 01 
24278 Castaic - O1 
24278 Castaic - 01 

24396 Malibu - Poi 

24396 Malibu - Poi 

24396 Malibu - Poi 

13123 RiversideAi 

13123 RiversideAi 

13123 RiversideAi 

18 Ambralauri 

18 Ambralauri 

18 Ambmlauri 

90067 Duane - Me 

90067 Duare - Me 

90067 Duarte - Me 

23598 RanchoCuc 

23598 Rancho Ox 

23598 RancoCuc 

14404 Rancho Pad

Dist 
(Ian)

ispo 
ispo 

gs, Allen Ranch 

gs, Allen Ranch 

gs, Allen Ranch 

iAntonio Dam 
Antonio Dam 

SAntonio Dam 
" Las Virg # 

" Las Virg # 

"N Las Virg # 

sley Canyon 
sley Canyon 
sley Canyon 
d Ridge Route 
d Ridge Route 

d Ridge Route 
it Dume Sch 

it Dume Sch 
int Dume Sdi 

rport 
rport 
irport

HP LP PGA 
Geom USGS (hz) (hz) (g)

60.0 
60.0 

60.0 

86.6 

86.6 

86.6 

58.1 

58.1 

58.1 

53.3 

53.3 

53.3 

70.9 

70.9 

70.9 

78.3 

78.3 

78.3 

65.3 

65.3 

65.3 

56.8 

56.8 

56.8 

73.7 

73.7 

73.7 

51.6 

51.6 

51.6 

80.0 

80.0 

80.0 

55.2

CBB 
CBB 

CBB 

AAA 

AAA 

AAA 

AAA 

AAA 

AAA 

-- B 

-- B 

-- B 

A-B 

A-B 

A-B 

A-B 

A-B 

A-B 

AMB 

AMB 

AMB 

AQB 
AQB 

AQB 
A- A 

A- A 

A- A 

-- B 

-- B 

-- B 

IGA 

IGA 

IGA 
AMA

.20 15.00 

.20 15.00 

.20 12.00 

.20 35.00 

.20 35.00 

.20 35.00 

.50 35.00 

.50 35.00 

.50 35.00 

.40 25.00 
25.00 

25.00 

.50 20.00 

.70 15.00 

.50 15.00 

1.00 23.00 
.80 15.00 
.80 20.00 
.35 30.00 
.35 25.00 

.60 20.00 

3.00 50.00 
1.70 35.00 

2.00 45.00 

.10 .00 

.10 .00 

.10 .00 

.90 30.00 

.10 30.00 

.30 30.00 
.30 46.00 
.30 46.00 

.30 46.00 

.30 23.00

PGV PGD Dur 
(9) (adrs) (s)

1.1.020 
.033 

.030 

.026 

.050 

.035 

.098 

.159 

.185 

.086 

.119 

.075 

.048 

.063 

.072 

.067 

.127 

.111 

.080 

.102 

.085 

.124 

.148 

.133 

.018 

.035 

.035 

.158 

.154 

.066 

.068 

.149 

.100 

.160

1.1 
1.0 
1.0 

1.8 

1.9 
1.2 

2.1 

3.0 

4.2 

2.7 

2.8 

1.5 

2.9 

2.3 

2.5 

2.0 

5.1 

4.6 

3.3 

3.2 

2.5 

1.4 

2.0 

2.3 

1.7 

1.9 

1.5 

4.3 

5.0 

2.8 

4A 

4A 

6.5 

3.7

(A

.45 

.29 

.40 

.62 

.39 

.51 

.69 

.46 

.46 

.27 

.29 

.15 
.32 
.20 
.40 
.15 
.43 
.41 
.26 
.30 
.20 
.03 
.06 
.06 
.55 

.57 

.34 

.29 
1.63 
.39 
.67 

.66 

.82 
.67

5.4 
5.8 
5.8 
6.5 
6.0 
6.7 
8.8 
8.9 
9.4 

12.2 
11.4 
11.7 
13.5 
15.9 
17.0 
15.2 
20.1 
21.6 
13.1 
16.4 
17.7 
10.8 
9.9 
8.6 

15.8 
16.4 
17.0 
12.9 

13.5 
11.9 
17.8 

17.6 
18.4 
9.8

Filename 

SLO-UP 
SLO234 
SLO324 
CSMDWN 
CSM095 
CSM185 
SODDWN 
SOD015 
SOD285 
A-VIR-UP 
A-VIR200 
A-VIR290 
A-CSH-UP 
A-CSH000 
A-CSH090 
A-ORR-UP 
A-ORROOO 
A-ORRO90 
A-MAL-UP 
A-MAL180 
A-MAL270 
A-RIV-UP 
A-RIV180 
A-RIV270 
AMB-Z 
AMB-X 
AMB-Y 
MEL-UP 
MEL090 
MEL180 
CUC-UP 
CUCD90 
CUC180 
RAN-UP

I Canyon Rd.  

ICanyon Rd.  

• Canyon Rd.  

amonga - Deer Can# 

arnonga - Deer Can# 

amnonga - Deer Can# 

os Verdes - Hawth#



Date & Time

No. Earthquake

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Nouthridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge

YR MODY HRMN Mag Own

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994

0117 

0117 
0117 
0117 
0117 

0117 

0117 

0117 

0117 

0117

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7

CDMG 

CDMG 

USC 

USC 

USC 

USC 

USC 

USC 

CDMG 

CDMG

No.

14404 

14404 

90090 

90090 

90090 

90071 

90071 

90071 

23590 

23590

Station

Rancho Palos Verdes - Hawth# 

Rancho Palos Verdes - Hawth# 

Villa Park - Serrano Ave 

Villa Park - Serrano Ave 

Villa Park - Serrano Ave 

West Covina - S Orange Ave 

West Covina - S Orange Ave 

West Covina - S Orange Ave 

Wrightwood - Jackson Flat # 

Wrightwood - Jackson Flat #
1994 0117 1231 6.7 CDMG 23590 Wrightwood-JacksonFlat#

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(kim) Geom USGS (hz) (hz) (g) (g) (crn/s) (s) Filename 

55.2 AMA A .30 23.00 .198 5.0 .64 11.9 RANOOO 

55.2 AMA A .30 23.00 .157 4.4 .87 10.8 RAN090 

79.5 -- B C .30 30.00 .075 3.7 .78 14.7 SER-UP 

79.5 -- B C .10 30.00 .102 3.4 1.06 15.3 SER000 

79.5 -- B C .10 30.00 .103 4.3 1.26 14.2 SER270 

54.1 -- B C .20 30.00 .192 4.1 1.63 11.5 SOR-UP 

54.1 -- B C .20 30.00 .151 7.1 1.25 16.9 SOR315 

54.1 -- B C .10 30.00 .172 5.7 3.03 14.3 SOR315 

68.4 I-A A .24 46.00 .087 4.8 .60 25.0 WWJ-UP 

68.4 I-A A .24 46.00 .114 5.5 .82 25.0 WWJ090

68.4 I-A A .24 46.00 .082 3.7 .91 24.6 WWJ180

tz



Date & Time

No. Earthquake 

0028 Bonego Mtn 

0028 Borrego Mm 

0028 Borrego Mtn 
0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0O30 San Fernando 

0030 SanFernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Femando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0131 Northridge 

0131 Northridge 

0131 Nothridge 

0131 Nothridge 
0131 Noshridge 

0131 Nosbridge 
0131 Northridge 

0131 Norlthidge 

0131 Northridge 
0131 Nonhfidge

YR 

1968 

1968 

1968 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1971 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994

NRC TIME HISTORY LIBRARY: CEUS, ROCK, M=6-7, D=100-200 km 

Closest Site Codes Filter Comers

MODY HRMN 

0409 0230 

0409 0230 

0409 0230 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 

0209 1400 
0209 1400 

0209 1400 

0209 1400 

0117 1231 

0117 1231 

0117 1231 

0117 1231 

0117 1231 

0117 1231 

0117 1231 

0117 1231 

0117 1231 

0117 1231

Mag Own 

6.8 SCE 

6.8 SCE 

6.8 SCE 

6.6 ACOE 

6.6 ACOE 

6.6 ACOE 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 SCE 

6.6 SCE 

6.6 SCE 

6.6 CDWR 

6.6 CDWR 

6.6 CDWR 

6.6 ACOE 

6.6 ACOE 

6.6 ACOE 

6.7 USC 

6.7 USC 

6.7 USC 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG

t.h 
t•

No.  

280 

280 

280 

1035 

1035 

1035 

1041 

1041 

1041 

1042 

1042 

1042 

1043 

1043 

1043 

280 

280 

280 
111 

111 

111 

287 

287 

287 

90067 

90067 

90067 

23598 

23598 

23598 

14404 

14404 

14404 

13123

Station 

San Onofre - So Cal Edison 

San Onof - So CalEdison 

San Onofte- So Cal Edison 

Isabella Dam (Aux Abut) 

Isabella Dam (Aux Abut) 

Isabella Dam (Aux Abut) 

Maricopa Array #1 

Maricopa Array #1 

Maricopa Array #1 

Maricopa Array #2 

Maricopa Array #2 

Maricopa Array #2 

Maricopa Array #3 

Maricopa Array #3 

Macopa Amy #3 
San Onofre- So Cal Edison 

San Onofm- So Cal Edison 

San Onofre - So Cal Edison 

Cedar Springs, Allen Ranch 

Cedar Springs, Allen Ranch 

Cedar Springs, Allen Ranch 

Upland - San Antonio Dar 
Upland,- San Antonio Dam 

Upland - San Antonio Dan 

Duane - Mel Canyon Rd.  

Duarte - Mel Canyon Rd.  

Duare - Mel Canyon Rd.  

Randco Cucamonga - Deer Can # 

Ranco Cucamonga - Deer Can # 

Rancho Cucanonga - Deer Can # 

Rancho Palm Verdes - HaIvth # 

Rancho Palos Verdes - Hawth # 

Rancho Palos Verdes - Hawth # 

Riverside Airport #

Dist 
(km) 

124.7 

124.7 

124.7 

113.0 

113.0 

113.0 

115.0 

115.0 

115.0 

113.0 

113.0 

113.0 

113.0 

113.0 

113.0 

122.0 

122.0 

122.0 

86.6 

86.6 

86.6 

58.1 

58.1 

58.1 

51.6 

51.6 

51.6 

80.0 

80.0 

80.0 

55.2 

55.2 

55.2 

101.3

Geom USGS 

ABB 

ABB 

ABB 

AGA 

AGA 

AGA 

IBB 

IBB 

IBB 

IBB 
IBB 
IBB 
IBB 
IBB 

IBB 
ABB 

ABB 

ABB 

AAA A 

AAA A 

AAA A 

AAA B 
A 

AAA B 

AAA B 

-- B B 

-- B B 

-- B B 

IGA A 

IGA A 

IGA A 

AMA A 

AMA A 

AMA A 
AQB B

HP LP 
(hz) (hz) 

.20 15.00 

.10 20.00 

.20 20.00 

.10 20.00 

.10 13.00 

.10 13.00 

.10 20.00 

.10 13.00 

.10 20.00 

.20 20.00 
.10 20.00 
.20 15.00 
.20 15.00 
.20 20.00 
.10 20.00 
.10 23.00 
.10 20.00 
.20 20.00 
.20 35.00 
.20 35.00 
.20 35.00 
.50 35.00 
.50 35.00 
.50 35.00 
.90 30.00 
.10 30.00 
.30 30.00 
.30 46.00 
.30 46.00 
.30 46.00 
.30 23.00 

.3023.00 

.30 23.00 

.30 23.00

PGA 

(8) 

.167 

.108 

.103 

.020 

.017 

.021 

.017 

.016 

.030 

.024 

.027 

.019 

.024 

.023 

.021 

.046 

.039 

.039 

.037 

.064 

.044 

.137 

.198 

.228 

.212 

.193 

.080 

.091 

.179 

.121 

.216 

.240 

.187 

.110

PGV 

(g) 

3.9 

3.6 

4.4 

1.6 

1.1 

1.3 

1.6 

1.7 

2.1 

1.2 

1.8 

1.1 

2.8 

1.9 

1.6 

1.8 

1.6 

1.9 

1.9 

2.1 

1.3 

2.5 

3.6 

4.9 

5.1 

5.6 

3.1 

4.9 

4.9 

7.3 

4.3 

5.9 

5.0 

3.5

PGD Dur 
(cn/s) (s) Filename 

1.11 19.3 A-SON-UP 

1.52 19.7 A-SON033 

1.31 19.1 A-SON303 

1.32 19.5 ISDDWN 

.89 21.0 ISD014 

1.03 21.6 ISD284 

1.06 19.1 MA1DWN 

.80 14.9 MA1130 

1.53 17.4 MA1220 

.32 13.6 MA2DWN 

.92 12.9 MA2130 

A3 12.9 MA2220 

3.01 11.1 MA3DWN 

1.16 10.1 MA3130 

1.52 10.5 MA3220 

.77 9.2 SONDWN 

.78 9.7 SON033 

.66 10.0 SON303 

.62 6.7 CSMDWN 

.40 6.0 CSM095 

.51 6.6 CSM185 

.70 8.8 SODDWN 

A3 8.5 SOD015 

.48 9.1 SOD285 

.33 13.2 MEL-UP 

1.58 13.1 MEL090 

.42 11.3 MEL180 

.71 17.7 CUC-UP 

.71 17.3 CUC090 

.86 17.7 CUC180 

.69 9.9 RAN-UP 

.67 11.9 RANOOO 

.89 10.8 RAN090 

.74 9.0 RIV-UP



Date & Time

No. Earthquake

0131 

0131 

0131 
0131 
0131 

0131 

0131 

0131 

0131 
0131 

0131

Nonhridge 

Nortluidge 

Northridge 

Nouthridge 

Norhiidge 

Nordiuidge 

Northridge 

Northridge 

Nonlridge 

Northridge 

Northridge

YR MODY HRMN Mag Own No.

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994

0117 
0117 
0117 

0117 

0117 
0117 
0117 

0117 

0117 
0117 
0117

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231

6.7 
6.7 

6.7 
6.7 
6.7 
6.7 

6.7 
6.7 
6.7 
6.7 
6.7

CDMG 
CDMG 
USC 
USC 
USC 
USC 
USC 
USC 
CDMG 
CDMG 
CDMG

13123 
13123 
90090 

90090 
90090 
90071 
90071 
90071 
23590 
23590 
23590

Station

Riverside Airport # 

Riverside Airport # 

Villa Park - Serrano Ave 

Villa Park - Serrano Ave 

Villa Park - Serrano Ave 

West Covina - S Orange Ave 

West Covina - S Orange Ave 

West Covina - S Orange Ave 

Wrightwood - Jackson Flat # 

Wrightwood - Jackson Flat # 

Wrightwood - Jackson Flat #

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur
(km) Geom USGS (hz) (hz)

101.3 

101.3 

79.5 
79.5 

79.5 
54.1 
54.1 
54.1 
68.4 
68.4 
68.4

AQB 
AQB 

-- B 
-- B 
-- B 
-- B 
-- B 
-- B 
I-A 
I-A 
I-A

B 
B 
C 
C 
C 
C 
C 
C 
A 
A 
A

.30 23.00 

.30 23.00 

.30 30.00 

.10 30.00 

.10 30.00 

.20 30.00 

.20 30.00 
.10 30.00 
.24 46.00 
.24 46.00 
.24 46.00

(8) (9) 

.179 4.4 

.261 3.9 
.100 4.0 
.123 4.0 
.123 4.8 
.263 4.5 
.187 7.9 
.208 6.9 
.141 5.4 
.159 16.5 
.116 4.8

(cm/s) (s) Filename 

.36 9.0 RIVISO 

.55 7.6 R1V270 

.81 15.0 SER-UP 

1.06 15.0 SEROOO 

1.28 13.8 SER270 

1.67 11.5 SOR-UP 

1.27 16.0 SOR225 

3.07 13.6 SOR315 

1.05 4A WWJ-UP 

.93 3.7 WWJ090 

1.02 4.2 WWJ180



Date & Time 

No. Earthquake YR MODY HRMN

0041 Gazli, USSR 

0041 Gazli, USSR 

0041 Gazli, USSR 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Lomna Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0127 Cape Madocino 

0127 Cape Mendocino 

0127 Cape Mmdocino 

0129 Landen 

0129 Landers 

0129 Landers 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0141 Kocaeli, Turkey 

0141 KoCei, Turkey 

0141 Kocaeli Turkey 

0142 Chiti, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Mai, Taiwan 

0142 ahi..1i Taiwan 

0142 Cai-.i, Taiwan 

0142 Chi-ad, Taiwan 

0142 Chi-Od, Taiwan

1976 

1976 

1976 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

1992 

1992 

1992 

1992 

1992 

1992 

1995 

1995 

1995 

1995 

1995 

1995 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999

0517 
0517 
0517 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
0425 
0425 
0425 
0628 
0628 
0628 
0116 
0116 
0116 
0116 
0116 
0116 
0817 
0817 
0817 
0920 

0920 
0920 
0920 
0920 
0920 
0920

0005 
0005 
0005 
0005 
0005 
0005 
0005 
0005 
0005 
1806 
1806 
1806 
1158 
1158 
1158 
2046 
2046 
2046 
2046 
2046 
2046

NRC TIME HISTORY LIBRARY: CEUS, ROCK, M>7, D=-0-10 km 

Closest Site Codes Filter Comers 

Dist HP L PGA PGV PGD Dur
Mag Own

6.8 

6.8 

6.8 

6.9 CDMG 

6.9 CDMG 

6.9 CDMG 

6.9 USCS 

6.9 USCS 

6.9 USCS 

6.9 USCS 

6.9 USCS 

6.9 USCS 

7.1 CDMG 

7.1 CDMG 

7.1 CDMG 

7.3 SCE 

7.3 SCE 

7.3 SCE 

6.9 CEOR 

6.9 CEOR 

6.9 CEOR 

6.9 

6.9 

6.9 

7.4 ERD 

7.4 ERD 

7.4 ERD 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB

No. Station

9201 Karakyr 
9201 Karakyr 
9201 Karakyr 

57007 Corralitos 

57007 Corralitos 
57007 Corralitos 

16 LGPC 
16 LGPC 
16 LGPC 
13 BRAN 
13 BRAN 
13 BRAN 

89005 Cape Mendocino # 
89005 Cape Medocino # 
89005 Cape Mendocino # 

24 Lucerne # 
24 Lucerne # 
24 Lucerne# 

99999 Kobe University 
99999 Kobe University 
99999 Kobe University 
99999 KJMA 
99999 KJMA 
99999 KJMA 
99999 IziAit 
99999 1zmit 
99999 Iznit 
99999 CHY080 
99999 CHY080 
99999 CHY080 
99999 TCU087 
99999 TCU087 
99999 TCU087 
99999 TCU089

(kin) Geon USGS (hz) (hz) (g)

3.0 AAA 
3.0 AAA 
3.0 AAA 
5.1 APB 
5.1 APB 
5.1 APB 
6.1 -- A 
6.1 -- A 
6.1 -- A 

10.3 -- A 
10.3 -- A 
10.3 -- A 

8.5 EPA 
8.5 IFA 
8.5 EPA 
1.1 A-A 
1.1 A-A 
1.1 A-A 

.2 -- A 

.2 -- A 
.2 -- A 
.6 -- B 
.6 -- B 
.6 -- B 

7.7 -- A 
7.7 -- A 
7.7 -- A 
6.9 --
6.9 --
6.9 --
3.1 -- 1 
3.1 -- 1 
3.1 -- 1 
8.2 -- 1

.50 38.00 3.578 

.50 38.00 1.766 

.50 38.00 1.790 

.20 32.00 1.189 

.20 40.00 1.301 

.20 40.00 1.207 

.10 .00 1.626 

.10 .00 1.642 

.10 .00 1.645 

.10 .00 1.022 

.10 .00 1.296 

.10 .00 1.236 

.07 23.00 2.143 

.07 23.00 4.721 

.07 23.00 3.242 

.00 60.00 2.184 

.00 60.00 1.844 

.00 60.00 2.249 

.20 30.00 1.017 

.10 30.00 .596 
.10 30.00 .713 
.05 .00 1.067 
.05 .00 1.924 
.05 .00 1.559 

2.00 30.00 .363 
.10 30.00 .401 
.10 30.00 .349 
.03 50.00 1.622 
.05 50.00 2.113 
.10 50.00 2.752 
.0230.00 226 
.05 30.00 .209 
.02 30.00 .248 
.03 50.00 .431

LA

(g) (cn/s) (s) Filename 

169.6 47.24 6.0 GAZ-UP 

67.2 27.24 5.3 GAZOOO 

71.3 32.71 7.0 GAZ090 

28.1 11.96 3.7 CLS-UP 

56.1 8.43 3.7 CLS000 

52.1 10.20 3.7 CLCO90 

73.5 33.44 4.5 LGP-UP 

110.1 48.24 5.1 LGPOOO 

53.4 13.66 5.5 LOP090 

34.4 9.16 7.1 BRN-UP 

54.6 8.15 7.2 BRNOOO 

40.2 7.08 8.6 BRN090 

157.6 104.61 1.7 CPM-UP 

127.3 30.88 3.1 CPM000 

85.1 14.88 .6 CPM090 

80.7 40.72 9.7 LCN-UP 

117.9 71.19 10.0 LCN260 

36.9 18.40 10.9 LCN345 

38.1 14.53 3.3 KBU-UP 

53.7 14.94 4.1 KBUOOO 

36.4 11.92 5.3 KBU090 

67.9 18.11 5.6 KIM-UP 

87.3 19.50 6.1 KIMOOO 

81.1 19.12 5.7 KJM090 

24.0 11.55 9.6 IZT-UP 

"41.8 14.39 10.1 IZT180 

26.0 10.58 10.1 I7T090 

98.8 41.93 6.9 CHYO80-V 

121.3 34.68 7.1 CHY080-N 

125.4 23.04 7.9 CHY080-W 

116.5 95.34 17.6 TCU087-V 

42.2 29.50 31.8 TCU087-N 

36.6 30.87 33.9 TCU087-W 

41.4 23.19 23.9 TCU089-V



Date & Time

No. Earthquake

0142 Chi-Chi, Taiwan 

0142 Ci-Chi, Taiwan 

0142 Osi-Chi, Taiwan 

0142 ChiChi, Taiwan 

0142 ChiChi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-di, Taiwan 

0142 Chi-Chi, Taiwan

YR MODY HRMN Mag Own 

1999 0920 7.6 CWB 

1999 0920 7.6 CWB 

1999 0920 7.6 CWB 
1999 0920 7.6 CWB 
1999 0920 7.6 CWB 
1999 0920 7.6 CWB 

1999 0920 7.6 CWB 
1999 0920 7.6 CWB 
1999 0920 7.6 CWB 
1999 0920 7.6 CWB 
1999 0920 7.6 CWB

No. Station

99999 TCU089 
99999 TCU089 
99999 TCU120 
99999 TCU120 
99999 TCU120 
99999 TCU128 
99999 TCU128 

99999 TCU128 
99999 TCU136 
99999 TCU136 
99999 TCU136

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(kin) Geom USGS (hz) (hz) (g) (g) (cm/s) (s) Filename 

8.2 -- 1 b .04 50.00 .440 29.8 17.94 22-5 TCU089-N 

8.2 -- 1 b .07 50.00 .660 36.8 18.47 21.6 TCU089-W 

8.1 -- 1 B .03 50.00 .403 74.2 44.57 22.1 TCU120-V 

8.1 -- 1 B .03 50.00 .379 44.1 32.94 24.2 TCUI20-N 

8.1 -- 1 B .02 50.00 A80 61.2 32.60 23.9 TCU120-W 

9.7 -- 1 B .02 40.00 .265 103.8 80.72 25.1 TCU128-V 

9.7 -- 1 B .05 30.00 .305 81.2 52.89 29.9 TCU128-N 

9.7 -- 1 B .02 30.00 .266 63.4 61.33 35.7 TCU128-W 

8.9 --- B .03 40.00 .262 65.6 48.69 22.9 TCU136-V 

8.9 --- B .03 50.00 .284 54.7 46.26 22.1 TCU136-B 

8.9 --- B .03 50.00 .302 38.5 42.42 22.9 TCU136-N

W'



Date & Time

No. Earthquake

0046 Tabas, Iran 
0046 Tabu, Iran 
0046 Tabas, Iran 
0127 Cape Mendocino 
0127 Cape Mendocino 
0127 Cape Mendocino 
0129 Landers 
0129 Landers 
0129 Landers 
0141 Kocaefi, Turkey 
0141 Kocaeli, Turkey 
0141 Kocaeli, Turkey 
0141 Kocaeli, Turkey 
0141 Kocaeli, Turkey 

tp 0141 Kocai, Turkey 
0141 Kocaeli, Turkey 
0141 Kocaeli, Turkey 
0141 Kocael Turkey 
0141 Kocaeli, Turkey 
0141 Kocaeli, Turkey 
0141 Kocaeli, Turkey 
0142 aii-id, Taiwan 
0142 Chi-di, Taiwan 
0142 Chi-Chi, Taiwan 
0142 Chi-Chi, Taiwan 
0142 Oi-Chi, Taiwan 
0142 Chi-Chi, Taiwan 
0142 Chi-Chi. Taiwan 
0142 Chi-Cii, Taiwan 
0142 Chi-ihi, Taiwan 
0142 Chi-hi,Taiwan 
0142 Chi-Ci Taiwan 
0142 Ci-n•.i Taiwan 
0142 Chi.aui, Taiwan

YR MODY HRMN

1806 
1806 
1806 
1158 
1158 
1158

NRC TIME HISTORY LIBRARY: CEUS, ROCK, M>7, D=10-50 km 

Closest Site Codes Filter Comers 
Dist HP LP PGA 

Mag Own No. Station (kmn) Geom USGS (hz) (hz) (g)

1978 
1978 
1978 
1992 
1992 
1992 
1992 
1992 
1992 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999

0916 
0916 
0916 
0425 
0425 
0425 
0628 
0628 
0628 
0817 
0817 
0817 
0817 
0817 
0817 
0817 
0817 
0817 
0817 

0817 
0817 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920

7.4 

7.4 

7.4 

7.1 CDMG 

7.1 CDMG 

7.1 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.4 KOERI 

7.4 KOERI 

7.4 KOERI 

7A ERD 

7.4 ERD 

7.4 ERD 

7.4 ERD 

7A ERD 

7.4 ERD 

7.4 ERD 

7A ERD 

7.4 ERD 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB

9102 Dayhook 

9102 Dayhook 

9102 Dayhook 

89530 Shelter Cove Airport # 

89530 Shelter Cove Airport # 

89530 Shelter Cove Airport # 

22161 TwentyninePalms# 

22161 Twentynine Palms # 

22161 TwatyninePalms# 

99999 Arceik 

99999 Arcelik 

99999 Arcelik 

99999 Gebze 

99999 Gebw 

99999 Gebe 

99999 Goynuk 
99999 Goynuk 

99999 Goynuk 
99999 Iznik 

99999 Imik 

99999 Iznik 

99999 HWA056 

99999 HWA056 

99999 HWA056 

99999 TCU015 

99999 TCU015 

99999 TCU015 

99999 TCU046 

99999 TCU046 

99999 TCU046 

99999 TCU047 

99999 TCLO47 

99999 TCU047 

99999 TCU095

17.0 ABB 

17.0 ABB 

17.0 ABB 

33.8 IFB 

33.8 IFB 

33.8 IFB 

42.2 AGA 

42.2 AGA 

42.2 AGA 

17.0 -- B 

17.0 -- B 

17.0 -- B 

17.0 -- A 

17.0 -- A 

17.0 -- A 

35.5 -- B 

35.5 -- B 

35.5 -- B 

29.7 -- D 

29.7 -- 1D 

29.7 -- D 
48.7 --

48.7 

48.7 

47.3 -- 1 

47.3 -- 1 

47.3 -- 1 

14.3 -- 1 

14.3 -- 1 

14.3 -- 1 

33.0 --

33.0 --

33.0 --

43.4 -- 1

B 

B 

B 

A 

A 

A 

B 

B 

B 

A 

A 

A 

C 

C 

C 

A 

A 

A 

B 

B 

B 

A 

A 

A 

B 

B 

B 

B

.10 .00 .538 

.10 .00 .993 

.10 .00 .947 

.50 23.00 .182 

.50 23.00 .648 

.50 23.00 .585 

.12 23.00 .125 

.12 23.00 .207 

.12 23.00 .180 

1.50 80.00 .174 

.80 70.00 .298 

.90 70.00 .209 

1.00 40.00 .405 

.06 25.00 .454 

.08 30.00 .340 

.10 30.00 .247 

.15 30.00 .313 

.10 25.00 .278 

.30 30.00 .219 

.15 25.00 .239 

.07 25.00 .175 

.02 50.00 .120 

.03 50.00 .203 

.02 50.00 .207 

.02 50.00 .135 

.03 50.00 .218 

.02 50.00 .185 

.03 30.00 .240 

.06 30.00 .224 

.03 30.00 .336 

.02 50.00 .566 

.03 50.00 1.168 

.02 50.00 .700 

.02 50.00 .463

PGV PGD Dur 
(g) (cm/s) (s) Filenarne 

21.7 9.75 8.3 DAY-UP 

19.9 6.93 8.8 DAY-LN 

32.1 9.75 9.7 DAY-TR 

3.9 .33 15.2 SHL-UP 

8.9 .44 14.4 SHLOOO 

9.2 .63 14.6 SHLO90 

4.8 4.26 21.3 29P-UP 

5.4 2.67 20.4 29P000 

4.6 4.38 20.2 29P090 

11.2 1.67 11.4 ARCDWN 

23.7 4.23 10.4 ARCOOO 

14.8 3.77 9.1 ARC090 

11.3 1.01 5.9 GBZ-UP 

19.0 37.50 7.3 GBZ000 

35.2 26.63 6.4 GBZ270 

20.7 5.64 8.1 GYN-UP 

10.7 3.01 8.3 GYNO0O 

13.0 4.72 8.2 GYNO90 

14.9 3.54 9.3 IZN-UP 

33.5 14.42 14.5 IZN180 

22.3 8.59 13.8 IZNO90 

11.4 8.20 15.6 HWA056-V 

9.6 5.74 12.3 HWA056-N 

6.9 5.94 14.0 HWA056-W 

27.1 24.34 31.6 TCU015-V 

28.3 22.42 22.4 TCU015-N 

40.4 41.66 26.7 TCU015-W 

67.4 57.28 24.4 TCU046-V 

32.9 20.62 25.0 TCU046-N 

33.3 38.09 18.8 TCU046-W 

47.7 24.42 16.3 TCU047-V 

32.5 19.83 10.8 TCU047-N 

58.9 29.69 12.9 TCU047-W 

49.3 37.53 16.2 TCU095-V



Date & Time

No. Eartthauake

0142 Chi-Oui, Taiwan 

0142 Chi-Chi, Taiwan 

0143 Duzee, Turkey 

0143 Duzcc, Turkey 

0143 Duzoe, Turkey 

0143 Duzce, Turkey 
0143 Duzce, Turkey 

0143 Duzce, Turkey 
0143 Duzoe, Turkey 

0143 Duzce, Turkey 
0143 Duzoe, Turkey

YR MODY HRMN Mag Own

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999

0920 

0920 

1112 

1112 

1112 

1112 

1112 

1112 

1112 

1112 

1112

7.6 CWB 
7.6 CWB 
7.1 ERD 

7.1 ERD 

7.1 ERD 
7.1 ERD 

7.1 ERD 
7.1 ERD 

7.1 ERD 
7.1 ERD 
7.1 ERD

No. Station

99999 TCU095 
99999 TCU095 

99999 Bolu 

99999 Bolu 
99999 Bolu 

99999 Mudumu 

99999 Mudumu 

99999 Mudumu 

99999 Sakarya 
99999 Sakarya 

99999 Sakarya

Closest Site Codes Filter Comers 
Dist HP LP PGA PGV PGD Dur 
(km) Geoom USGS (hz) (hz) (g) (g) (cn/s) (s) Filename 

43.4 -- 1 B .04 50.00 1.700 57.1 20.85 14.7 TCUO95-N 

43.4 -- 1 B .02 50.00 .782 42.4 40.06 14.0 TCUO95-W 

16.0 -- D C .05 .00 .470 31.5 19.34 6.5 BOL-UP 

16.0 -- D C .05 .00 1.645 69.7 17.73 4.5 BOLOOO 

16.0 -- D C .05 .00 1.765 72.8 15.32 6.4 BOLO90 

34.6 -- A - .08 .00 .132 19.7 13.62 11.9 MDR-UP 

34.6 --- A - .08 .00 .201 9.9 8.56 15.5 MDROOO 

34.6 -- A - .08 .00 .123 17.2 14.98 13.8 MDR090 

42.7 -- B B .05 40.00 .025 5.3 6.09 18.9 SKR-UP 

42.7 -- B B .05 40.00 .055 5.5 4.76 17.4 SKRI8O 

42.7 -- B B .05 40.00 .037 5.7 5.90 16.4 SKRO90

W

No. EaTthauake



Date & Time

No. Earthquake 

0049 Tabas, Iran 

0049 Tabas, Iran 

0049 Tabas, Iran 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

W 0129 Landers 

0141 Kocaeli, Turkey 

0141 Kocaeli, Turkey 

0141 Kocaeli, Turkey 

0142 hi-.hi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi,Taiwan 

0142 Chi-Osi, Taiwan 

0142 Chi-COi, Taiwan 

0142 OCi-COi, Taiwan 

0142 Chi-Oi Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-hi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Oi, Taiwan 

0142 li-. iTaiwan 

0142 Chi-OCi, Taiwan 

0142 Chi-Ohi, Taiwan 

0142 Chi-Chi, Taiwan

YR 

1978 
1978 
1978 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1999 

1999 

1999 

1999 
1999 
1999 

1999 

1999 

1999 
1999 
1999 

1999 
1999 

1999 
1999 

1999 

1999 
1999 

1999

NRC TIME HISTORY LIBRARY: CEUS, ROCK, M>7, D=50-100 km 

Closest Site Codes Filter Comers

MODY HRMN" Mae Own

0916 
0916 
0916 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0817 
0817 
0817 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 

0920 
0920 

0920 
0920 
0920 
0920

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158

7.4 
7.4 

7.4 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.4 ITU 

7.4 ITU 

7.4 ITU 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB

No.

71 
71 
71 

21081 
21081 
21081 
12168 
12168 
12168 
13123 
13123 
13123 
12206 
12206 
12206 
99999 

99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999

Station

Ferdows 
Ferdows 

Ferdows 

Amboy # 

Amboy # 

Amboy # 

Puerta La Cruz # 

Puerta La Cruz # 

Puerta La Cruz # 

Riverside Airport # 

Riverside Airport # 

Riverside Airport # 

Silent Valley - Poppet Flat # 

Silent Valley - Poppet Flat # 

Silent Valley - Poppet Flat # 

Mecidiyekoy 

Mecidiyekoy 

Mecidiyekoy 

NSK 

NSK 

NSK 

TAP035 

TAP035 

TAP035 

TAP036 

TAP036 

TAP036 

TCU025 

TCU025 

TCU025 

ILA031 

ILA031 

ILA031 

ILA051

MODY BRMN Mao Own No.

Dist 
(km) Geom USGS 

94.4 -- A 

94.4 -- A 

94.4 -- A 

69.2 AAB A 

69.2 AAB A 

69.2 AAB A 

95.9 AQB B 

95.9 AQB B 

95.9 AQB B 

96.1 AQB B 

96.1 AQB B 

96.1 AQB B 

51.7 IGA A 

51.7 IGA A 

51.7 IGA A 

62.3 -- B B 

62.3 -- B B 

62.3 -- B B 

64.5 -- 1 A 

64.5 -- 1 A 

64.5 -- 1 A 

96.8 -- 1 A 

96.8 -- 1 A 

96.8 -- 1 A 

95.6 -- 1 A 

95.6 -- 1 A 

95.6 -- 1 A 

54.3 --- A 
54.3 --- A 
54.3 --- A 

94.7 -- 1 A 

94.7 --1 A 

94.7 --1 A 

90.3 --- A

HP' LIP 
(hz) (hz) 

.04 

.02 20.00 

.04 20.00 

.10 23.00 

.10 23.00 

.10 23.00 

.30 23.00 

.30 23.00 

.30 23.00 

.16 23.00 

.16 23.00 

.16 23.00 

.12 23.00 

.12 23.00 

.12 23.00 

1.10 60.00 

.20 50.00 

.05 60.00 

.20 50.00 

.02 30.00 

.20 33.00 

.02 24.00 

.02 24.00 

.02 24.00 

.02 30.00 

30.00 

.02 20.00 

.05 50.00 

.05 50.00 

.03 50.00 

50.00 

30.00 

50.00 

.02 24.00

PGA 
(9) 

.189 

.277 

.358 

.315 

.370 

.434 

.173 

.160 

.163 

.157 

.133 

.151 

.134 

.153 

.138 

.084 

.129 

.132 

.081 

.126 

.118 

.072 

.218 

.115 

.049 

.072 

.048 

.086 

.118 

.143 

.073 

.154 

.115 

.059

PGV 
(9) 

11.7 

6.7 

9.7 

18.7 

19.3 

22.3 

3.1 

2.1 

2-5 
3.0 

4.2 

4.6 

5.0 

4.5 

5.2 

2.4 

5.0 

8.9 

8.3 

8.3 

5.7 

10.9 

9.8 

9.2 

10.0 

6.5 

5.7 

23.5 

9.7 

14.2 

7.8 

6.5 

6.3 

11.0

PGD Dur 
(cm/s) (s) Filename 

9.82 21.2 FER-VI 

3.06 19.3 FER-Li 

6.32 23.2 FER-TI 

5.90 21.7 ABY-UP 

9.79 18.0 ABYOOO 

9.22 19.6 ABY090 

.84 26.9 PLC-UP 

.49 27.4 PLCOOO 

.58 26.8 PLCO90 

1.57 22.6 RIV-UP 

1.75 19.8 RIV180 

1.48 18.0 RIV270 

3.01 19.2 SIL-UP 

2.47 18.8 SILOOO 

4.04 19.9 SIL090 

.26 14.8 MCD-V 

1.79 14.2 MCDOOO 

8.15 15.6 MCDO90 

2.52 14.2 NSK-V 

1.90 14.4 NSK-E 

1.37 14.4 NSK-N 

12.31 34.3 TAP035-V 

5.19 33.9 TAP035-N 

5.53 36.8 TAP035-W 

11.13 23.5 TAP036-V 

5.41 19.5 TAP036-N 

5.84 20.4 TAP036-W 

21.45 15.2 TCU025-V 

6.71 15.3 TCU025-N 

13.37 14.7 TCU025-W 

8.46 29.9 ILA031-V 

4.61 25.6 ILA031-N 

5.16 20.5 ILA031-W 

12.40 36.0 ILA051-V



Date & Time

No. Earthquake YR MODY HRMN Mag Own No. Station

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(km) Geom USGS (hz) (hz) (g) (g) (cx/s) (s) Filename

0142 Chi-hi, Taiwan 

0142 Chi-Chi Taiwan 

0142 Osi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi. Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi. Taiwan 
0142 Chi-Chi, Taiwan

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999

0920 

0920 

0920 

0920 

0920 
0920 

0920 

0920 

0920 

0920 

0920

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB

99999 
99999 
99999 
99999 
99999 
99999 
99999 

99999 

99999 
99999 
99999

ILA051 

ILA051 

ILA063 

ILA063 

ILA063 

HWA023 

HWA023 

HWA023 

HWA026 

HWA026 

HWA026

90.3 --

90.3 --

71.6 --

71.6 --

71.6 --

57.0 -- 2 

57.0 --- 2 

57.0 -- 2 

58.8 --

58.8 --

58.8 ---

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A

.02 22.00 

.02 22.00 

.04 50.00 

.02 50.00 

.02 50.00 

.03 50.00 

.04 40.00 

.04 40.00 

.02 50.00 

.03 50.00 

.02 50.00

.064 

.151 

.122 

.221 

.226 

.076 

.072 

.073 

.110 

.135 

.202

7.4 

14.1 

11.2 

9.3 

10.5 

9.7 

8.9 

6.1 

9.1 

8.2 

7.4

5.12 

7.98 

11.31 

7.43 

6.52 

8.31 

5.40 

4.19 

6.98 

5.00 

4.75

38.3 ILA051-N 

39.6 ILA051-W 

15.6 ILA063-V 

15.3 ILA063-N 

15.9 ILA063-W 

18.0 HWA023-V 

22.6 HWA023-N 

22.7 HWA023-W 

26.2 HWA026-V 

15.0 HWA026-N 

17.0 HWA026-W



Date & Time

No. Earthquake

0046 Tabas, Iran 

0046 Tabas, Iran 

0046 Tabas, Iran 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

, 0129 Landers 

0129 Landers 
0129 Landers 

0129 Landers 

0142 Chi-di, Taiwan 

0142 Chi-Chi Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi Taiwan 

0142 Chi-hi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Ohi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 (li-Ci, Taiwan 

0142 Chi.-Oil Taiwan 

0142 Chi-ad, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan

NRC TIME HISTORY LIBRARY: CEUS, ROCK, M>7, D=-100-200 km 

Closest Site Codes Filter Comers

YR MODY HRMN Mag Own

1978 
1978 
1978 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 

1999 
1999 
1999 
1999 
1999 
1999

0916 
0916 
0916 
0628 

0628 
0628 
0628 
0628 
0628 
0628 

0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158 

1158

7.4 
7.4 
7.4 
7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 

7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB

No. Station

72 Kashmar 
72 Kashonar 

72 Kashmnar 
90052 Calabasas -N Las Virg # 
90052 Calabasas -N Las Virg # 
90052 Calabasas -N Las Virg # 

90067 Duarte - Mel Canyon Rd # 
90067 Duarte - Mel Canyon Rd # 
90067 Duarte - Mel Canyon Rd # 
90019 San Gabriel -E Grand Ave 
90019 San Gabriel -E Grand Ave 
90019 San Gabriel -E Grand Ave 
90008 Sun Valley -Sunland # 
90008 Sun Valley - Sunland # 
90008 Sun Valley -Sunland # 
90090 Villa Park -Serrano Ave # 
90090 Villa Park -Serrano Ave # 
90090 Villa Park - Serrmno Ave # 
99999 PNG 
99999 PNG 
99999 PNG 
99999 KAU078 
99999 KAU078 
99999 KAU078 
99999 TAP059 
99999 TAP059 
99999 TAP059 
99999 TAP060 
99999 TAP060 
99999 TAP060 
99999 TAP067 
99999 TAP067 
99999 TAP067 
99999 TAP069

Dist 
(kn) Geoin USGS 

199.1 -- B 
199.1 -- B 

199.1 -- B 

194.1 -- B B 
194.1 -- B B 
194.1 -- B B 
126.4 -- B B 
126.4 -- B B 
126.4 -- B B 
141.6 -- A A 
141.6 -- A A 
141.6 -- A A 
162.6 -- B B 
162.6 -- B B 
162.6 -- B B 
131.4 -- B B 
131.4 -- B B 
131.4 -- B B 
114.2 -- 1 A 
114.2 -- 1 A 
114.2 -- 1 A 
102.8 -- 1 A 
102.8 -- 1 A 
102.8 -- 1 A 
125.9 -- 1 A 
125.9 -- 1 A 
125.9 -- 1 A 
128.4 -- 1 A 
128.4 -- 1 A 
128.4 -- 1 A 
104.2 -- 1 A 
104.2 -- 1 A 
104.2 -- 1 A 
135.3 -- 1 A

HP LP 
(hz) (hz) 

.05 20.00 

.03 20.00 

.02 20.00 

.50 25.00 

.28 25.00 

.20 22.00 

.28 25.00 

.28 25.00 

.30 25.00 

.16 22.00 

.07 25.00 

.13 25.00 

1.00 25.00 

.33 25.00 

.45 25.00 

.20 25.00 

.11 25.00 

.18 25.00 

.40 30.00 

.24 40.00 

.22 30.00 

.03 50.00 

.02 50.00 

.02 50.00 

.02 20.00 

.02 30.00 

15.00 

.02 24.00 

.02 20.00 

20.00 

.03 20.00 

.02 20.00 

.02 20.00 

.04 20.00

PGA 

(8) 

.120 

.144 

.135 

.065 

.062 

.038 

.084 

.091 

.062 

.100 

.145 

.123 

.067 

.094 

.076 

.103 

.095 

.121 

.047 

.112 

.110 

.046 

.066 

.114 

.053 

.094 

.069 

.040 

.091 

.076 

.114 

.091 

.089 

.063

PGV 

(9) 
12.1 

10.4 

10.4 

3.0 

3.3 

3.1 

7.7 

4.5 

3.9 

11.7 

13.4 

10.6 

2.0 

3.7 

3.9 

6.3 

8.6 

8.9 

2.4 

2.6 

3.5 

4.0 

2.2 

3.7 

9.6 

6.1 

9.1 

8.1 

8.8 

12.1 

13.9 

11.0 

12.0 

5.8

PGD Dur 
(cn/s) (s) Filename 

7.94 17.5 KSH-V1 

7.01 17.6 KSH-LI 

6.11 16.5 KSH-T1 

.62 27.9 VIR-UP 

1.13 27.7 VIR200 

1.10 25.1 VIR290 

2.54 17.5 MEL-UP 

1.37 17.0 MEL090 

1.40 18.2 MEL180 

6.66 25.7 GRN-UP 

14.21 26.4 GRN180 

6.41 27.0 GRN270 

.18 23.8 SUL-UP 

.79 26.0 SUL230 

.66 25.4 SUL320 

1.71 29.8 SER-UP 

6.85 31.7 SEROOO 

3.32 26.7 SER270 

.39 32.4 PNG-V 

.59 29.9 PNG-E 

.86 31.1 PNG-N 

3.45 32.1 KAU078-V 

1.54 30.3 KAU078-N 

1.05 25.4 KAU078-W 

8.61 35.6 TAP059-V 

4.23 37.4 TAP059-N 

4.92 32.0 TAP059W 

6.83 39.7 TAP060-V 

4.32 37.7 TAP060-N 

4.47 37.0 TAP060-W 

12.64 40.8 TAP067-V 

5.63 39.3 TAP067-N 

7.39 38.2 TAP067-W 

4.25 37.8 TAP069-V



Date & Time

No. Earthquake YR MODY HRMN Mag Own 

0142 Chi-Chi, Taiwan 1999 0920 7.6 CWB 

0142 Chi-Oii, Taiwan 1999 0920 7.6 CWB 

0142 Chi-hii, Taiwan 1999 0920 7.6 CWB 
0142 Chi-aid Taiwan 1999 0920 7.6 CWB 

0142 Chi-ad, Taiwan 1999 0920 7.6 CWB 

0142 Chi-Chi, Taiwan 1999 0920 7.6 CWB 
0142 Chi-Chi, Taiwan 1999 0920 7.6 CWB 

0142 Chi-Chi, Taiwan 1999 0920 7.6 CWB 
0142 Chi-Chi, Taiwan 1999 0920 7.6 CWB 
0142 Chi-Qii, Taiwan 1999 0920 7.6 CWB 
0142 Chi-Chi Taiwan 1999 0920 7.6 CWB

No.

99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 

99999 
99999 
99999

Station

TAP069 

TAP069 

TAP072 

TAP072 

TAP072 

TAP075 

TAP075 

TAP075 

TAP078 

TAP078 

TAP078

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(km) Geom USGS (hz) (hz) (g) (g) (can/s) (s) Filename 

135.3 -- 1 A .05 20.00 .072 5.5 3.60 35.6 TAP069-N 

135.3 -- 1 A .04 20.00 .063 5.8 4.25 35.6 TAP069-W 

110.0 --- A .03 30.00 .081 10.5 10.90 28.7 TAP072-V 

110.0 --- A .04 30.00 .163 11.7 5.02 21.9 TAP072-N 

110.0 --- A .03 50.00 .067 10.3 5.40 23.0 TAP072-W 

118.4 --- A .03 30.00 .110 10.8 9.85 28.2 TAP075-V 
118.4 --- A .02 50.00 .171 11.1 4.74 24.9 TAP075-N 

118.4 --- A .01 30.00 .205 11.4 5.38 24.9 TAP075-W 

131.0 --- A .03 33.00 .063 8.6 8.30 30.5 TAP078-V 

131.0 --- A .04 40.00 .068 13.0 5.55 25.8 TAP078-N 

131.0 --- A .02 40.00 .094 10.7 4.98 30.1 TAP078-W

W



Date & Time

No. Earthquake 

0026 Northern Calif.  

0026 Northern Calif.  

0026 Northern Calif.  

0058 Mammoth Lakes 

0058 Mammoth Lakes 

0058 Mammoth Lakes 

0074 Mammoth Lakes 

0074 Mammoth Lakes 

0074 Mamnoth Lakes 

0077 Coalinga 

0077 Coalinga 

0077 Coalinga 

0079 Coalinga 
I 0079 Coalinga 

ý 0079 Coalinga 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0106 Chalfant Valley 

0106 Chalfant Valley 

0106 Qiafant Valley 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whinier Narrows 

0117 Whittier Narrows 

0117 Whinier Nanows 

0117 Whittier Narrows 

0117 Whittier Narrows

YR 

1967 
1967 
1967 
1980 
1980 
1980 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 

1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987

TABLE B-4: CEUS, SOIL 
NRC TIME HISTORY LIBRARY: CEUS, SOIL, M=4.5-6, D=-0-50 km 

Closest Site Codes Filter Comers

MODY HRMN Mag Own

1210 
1210 
1210 
0525 
0525 
0525 
0107 
0107 
0107 
0509 
0509 
0509 
0709 
0709 
0709 
0708 
0708 
0708 
0708 
0708 
0708 
0721 
0721 
0721 
1001 
1001 
1001 
1001 
1001 
1001 
1001 
1001 
1001

1206 

1206 

1206 

1944 

1944 

1944 

0138 

0138 

0138 

0249 

0249 

0249 

0740 

0740 

0740 

0920 

0920 

0920 

0920 

0920 

0920 

1451 

1451 

1451 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442

5.6 USGS 
5.6 USGS 

5.6 USGS 

6.0 CDMG 

6.0 CDMG 

6.0 CDMG 

5.2 CDMG 

5.2 CDMG 

5.2 CDMG 

5.0 USGS 

5.0 USGS 

5.0 USGS 

5.2 CDMG 

5.2 CDMG 

5.2 CDMG 

6.0 USGS 

6.0 USGS 

6.0 USGS 

6.0 USGS 

6.0 USGS 

6.0 USGS 

5.6 CDMG 

5.6 CDMG 

5.6 CDMG 

6.0 USGS 

6.0 USGS 

6.0 USGS 

6.0 USC 

6.0 USC 

6.0 USC 

6.0 CDMG 

6.0 CDMG 

6.0 CDMG

No.  

1023 

1023 

1023 

54099 

54099 

54099 

54099 

54099 

54099 

1606 

1606 

1606 

46T04 

46T04 

46T04 

5073 

5073 

5073 

5072 

5072 

5072 

54428 

54428 

54428 

951 

951 

951 

90078 

90078 

90078 

14196 

14196 

14196

Station

Femdale City Hall 

Femdale City Hall 

Femdale City Hall 

Convict Creek 

Convict Creek 

Convict Creek 

Convict Creek 

Convict Creek 

Convict Creek 

Burnett Construction 

Burnett Construction 

Burnett Construction 

CHP (temp) 
CHP (tep) 
CHP (temp) 
Cabazon 

Cabezon 

Cabazon 

Whitewater Trout Farm 

Whitewater Trout Farm 

Whitewater Trout Farm 

Zack Brothers Ranch 

Zack Brothers Ranch 

Zack Brothers Ranch 

Brea Dam (Downstream) 

Brea Dam (Downstream) 

Brea Dam (Downstream) 

Compton - Castlegate St # 

Compton - Castlegate St # 
Compton - Castlegate St # 
Inglewood - Union Oil 

Inglewood - Union Oil 

Inglewood - Union Oil

Dist HP LP PGA 
(km) Geon USGS (hz) (hz) (g)

30.8 BQD 
30.8 BQD 
30.8 BQD 
17.4 AQD 
17.4 AQD 
17.4 AQD 
95 AQD 
9.5 AQD 
9.5 AQD 

17.7 AHD 
17.7 AHD 
17.7 AHD 
14.9 AHD 
14.9 AHD 
14.9 AHD 
16.3 AHD 
16.3 AMD 
16.3 AHD 
7.3 AHC 
7.3 AHC 
7.3 AHC 

20.0 AAD 

20.0 AAD 
20.0 AAD 
23.3 IPD 
23.3 IPD 

23.3 IPD 
16.9 -- D 
16.9 -- D 
16.9 -- D 
25.2 IQD 
25.2 IQD 
25.2 IQD

.40 12.00 .061 

.30 20.00 .611 

.20 13.00 .250 

.20 40.00 .544 

.08 30.00 .365 

.08 35.00 .454 

.20 40.00 .201 

.15 30.00 .281 

.15 30.00 .280 

.40 30.00 .202 

.50 30.00 .183 

.40 25.00 .178 

.45 30.00 .195 

.30 25.00 .382 

.30 25.00 .369 

.20 45.00 .982 

.15 40.00 .494 

.15 40.00 .405 

.50 40.00 1.252 

.10 40.00 .882 

.15 45.00 1.217 

.20 40.00 .216 

.13 35.00 .338 

.30 30.00 .243 

.50 40.00 .249 

.60 35.00 .343 

.60 40.00 .590 

.50 25.00 .446 

.09 25.00 .635 

.28 25.00 .718 

50 30.00 .197 

.60 40.00 .597 

.25 40.00 .517

PGV 
(g) 

5.5 

13.4 

14.3 

14.5 

24.0 

17.8 

15.6 

19.3 

22.9 

4.3 

5.4 

6.8 

4.3 

12.1 

8.7 

13.5 

9.7 

18.6 

25.4 

45.3 

44.3 

4.3 

12.0 

7.8 

6.4 

10.0 

24.1 

7.2 

32.0 

19.0 

5.1 

13.6 

25.9

PGD 
(cn/s) 

.59 
1.17 
1.41 
2.37 
3.50 
2.54 
1.91 
2.18 
3.22 
.21 
.41 
.42 
.31 
.68 

.33 
1.18 
1.74 
2.65 
1.53 
5.30 
3.97 

.22 

.80 

.57 

.37 

.43 
1.17 
.26 

4.70 
1.85 

.39 

.92 
2.48

Dur 
(s) Filename 

7.0 C-FRN-UP 

1.1 C-FRN224 

3.6 C-FRN314 

2.7 A-CVK-UP 

2.8 A-CVK090 

3.4 A-CVK180 

3.1 F-CVK-UP 

1.8 F-CVK090 

1.3 F-CVK180 

2.6 A-BNT-UP 

3.0 A-BNT270 

3.2 A-BNT360 

3.4 C-CHP-UP 

1.8 C-CHPOOO 

2.1 C-CHP090 

2.2 CAB-UP 

2.7 CAB180 

1.6 CAB270 

2.3 WWT-UP 

1.7 WWT180 

2.0 WWT270 

3.3 C-ZAK-UP 

2.3 C-ZAK270 

3.9 C-ZAK360 

5.4 A-BRD-UP 

3.3 A-BRD040 

3.2 A-BRD130 

3.1 A-CAS-UP 

24 A-CAS000 
2.6 A-CAS270 

5.3 A-ING-UP 

2.1 A-ING000 
1.8 A-ING090



Date & Time

No. Earthquake YR MODY HRMN Mag Own

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

Whittier Narrows 

New Madrid, MO 

New Madrid. MO 

New Madrid, MO

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1987 

1989 

1989 

1989

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

0427 

0427 

0427

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1647 

1647 

1647

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

4.7 

4.7 

4-7

USC 

USC 

USC 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG

No.

90072 

90072 

90072 

80047 

80047 

80047 

80049 

80049 

80049 

0 

0 

0

Station

La Puente - Rinmgrove Av # 

La Puente - Rinigrove Av # 

La Puente - Rinigrove Av # 

Pasadena - CIT Calif Blvd 

Pasadena - CIT Calif Blvd 

Pasadena - CIT Calif Blvd 

Pasadena - CIT Keck Lab 

Pasadena - CIT Keck Lab 

Pasadena - CIT Keck Lab 

Ridgely, Temmsee 

Ridgely, Tennessee 

Ridgely, Tennessee

Closest Site Codes Filter Comers 
Dist HP LP 
(km) Geom USGS (hz) (hz)

11.9 
11.9 
11.9 

15.5 
15.5 

15.5 
15.5 

15.5 
15.5 

39.9 
39.9 
39.9

C 
C 

C

-- D 

-- D 

-- D 

AQD 
AQD 
AQD 
-QD 

- QD 

- QD 

IDD 

IDD 

IDD

.45 25.00 

.18 25.00 

.50 21.00 

.30 40.00 

.30 40.00 

.30 35.00 

.60 60.00 

.40 35.00 

.25 35.00 

.50 70.00 

.40 60.00 
.30 60.00

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0052 

0052 

0052

PGA PGV 
(9) (8) 

.197 5.2 

.336 8.1 

.271 8.9 

.468 12.2 

.303 11.7 

.477 20.6 

.230 7.6 

.294 7.2 

.345 19.2 

.110 .1 

.007 .2 

.009 .2

PGD 
(an/s) 

.24 

1.09 

.46 

.93 

1.21 

3.05 

.60 

.80 

2.63 

.00 

.01 

.02

Dur 
(s) 

3.9 

4.5 

2.5 

2.8 

3.3 

2.9 

4.0 

3.4 

2.7 

12.0 

15.0 

13.0

Filename 

A-RIM-UP 

A-RIM015 

A-RIM105 

A-CCB-UP 

A-CCB270 

A-CCB360 

A-KEC-UP 

A-KEC270 

A-KEC360 

RDG-UP 

RDG007 
RDG097



Date & Time

No. Earthquake

0005 Northwest Calif 

0005 Northwest Calif 
0005 Northwest Calif 

0011 Northwest Calif 

0011 Northwest Calif 

0011 Northwest Calif 

0029 Lytle Creek 

0029 Lytle Creek 

0029 Lytle Creek 

0029 Lytle Creek 

0029 Lytle Creek 

0029 Lytle Creek 

0051 Imperial Valley 

0051 Imerial Valley 

W 0051 Vmperi valley 
O' 0084 Trinidad offshore 0 i o 

0084 Trinidad offshore 

0084 Trinidad offshore 

0084 Trinidad offshore 

0084 Trinidad offshore 

0084 Trinidad oifshor 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Sarings 

0117 Whittier Narrows 

0117 Whinier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 
0117 Whittier Narrows

NRC TIME HISTORY LIBRARY: CEUS, SOIL, M=4.5-6, D=50-100 km 

Closest Site Codes Filter Comers

YR MODY HRMN Mag Own

1938 
1938 
1938 
1951 

1951 
1951 
1970 
1970 
1970 
1970 
1970 
1970 
1979 
1979 
1979 
1983 
1983 
1983 
1983 
1983 
1983 
1986 
1986 
1986 
1986 
1986 
1986 
1987 
1987 
1987 

1987 
1987 
1987 

1987

0912 

0912 

0912 

1008 

1008 

1008 

0912 

0912 

0912 

0912 

0912 

0912 

1015 

1015 

1015 

0824 

0824 

0824 

0824 

0824 

0824 

0708 

0708 

0708 

0708 

0708 

0708 

1001 

1001 

1001 

1001 

1001 

1001 

1001

0610 

0610 

0610 
0411 

0411 

0411 

1430 

1430 

1430 

1430 

1430 

1430 

2319 

2319 

2319 

1336 

1336 

1336 

1336 

1336 

1336 

0920 

0920 

0920 

0920 

0920 

0920 

1442 

1442 

1442 

1442 

1442 

1442 

1442

No. Station

5.5 USGS 1023 Femdale City Hall 

5.5 USGS 1023 Ferndale City Hall 

5.5 USGS 1023 Ferndale City Hall 

5.8 USGS 1023 Femdale City Hall 

5.8 USGS 1023 Femdale City Hall 

5.8 USGS 1023 Ferndale City Hall 

5.4 CDMG 125 Lake Hughes #1 

5.4 CDMG 125 Lake Hughes #1 

5.4 CDMG 125 Lake Hughes #1 

5.4 USGS 135 LA - Hollywood Stor FF 

5.4 USGS 135 LA - Hollywood StorFF 

5.4 USGS 135 LA - Hollywood Stor FF 

5.2 UNAMUCSD 6605 Delta 

5.2 UNAMUCSD 6605 Delta 

5.2 UNAMUCSD 6605 Delta

5.5 CDMG 
5.5 CDMG 
5.5 CDMG 
5.5 CDMG 
5.5 CDMG 
5.5 CDMG 
6.0 CDOT 
6.0 CDOT 
6.0 CDOT 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 USC 
6.0 USC 
6.0 USC 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG 
6.0 CDMG

1498 Rio Dell Overpass, E CGrond 

1498 Rio Dell Overpass, E Ground 
1498 Rio Dell Overpass, E Ground 
1498 Rio Dell Overpass, W Ground 

1498 Rio Dell Overpass, W Ground 
1498 Rio Dell Overpass, W Ground 
754 Colton Interdcange - Vault 

754 Colton Interchange - Vault 

754 Colton Interchange - Vault 

22T13 Landers Fire Station 

22T13 Lander Fire Station 

22T13 Landers Fire Station 

90065 Glendora - N Oakbeank # 
90065 Glendora - N Oakbank # 
90065 Glendora - N Oakbank # 

24526 Lancaster - Med Off FF 

24526 Lancaster - Med Off FF 

24526 Lancaster-Mad Off FF 

24309 Leona Valley #6

Dist HP LP PGA 
(kin) Geom USGS (lz) (hz) (g)

55.0 BQD 
55.0 BQD 
55.0 BQD 
56.0 BQD 
56.0 BQD 
56.0 BQD 
93.5 APC 
93.5 APC 
93.5 APC 
76.0 IPD 
76.0 IPD 
76.0 IPD 
52.1 IQD 
52.1 IQD 
52.1 IQD 
67.6 APC 
67.6 APC 
67.6 APC 
67.6 APC 
67.6 APC 
67.6 APC 
57.4 BHD 
57.4 BHD 
57.4 BHD 
38.2 AQD 
38.2 AQD 
38.2 AQD 
69.7 --. D 
69.7 -- D 
69.7 -- D 
69.5 IQC 
69.5 IQC 
69.5 IQC 
64.8 IHD

C 
C 
C 
C 
C 
C 
B 

B 

B 

C 

C 

C 

C 

C 

C 

B 

B 

B 

B 

B 

B 

B 

B 

B 

C

.30 15.00 .074 

.50 11.00 .329 

.20 11.00 .236 

.40 20.00 .084 

.50 12.00 .233 

.50 12.00 .234 

1.10 15.00 .016 

.80 10.00 .026 

.35 20.00 .022 

.90 20.00 .018 

.30 20.00 .050 

.40 20.00 .049 

1.00 25.00 .058 

.80 25.00 .183 

.40 25.00 .264 

.30 30.00 .069 

.15 30.00 .571 

.30 30.00 .354 

.50 40.00 .081 

.40 40.00 .409 

.20 35.00 .375 

.40 30.00 .043 

.40 30.00 .093 

.40 30.00 .119 

.50 40.00 .134 

.50 30.00 .197 

.50 30.00 .295 

.38 25.00 .212 

.35 25.00 .289 

.23 25.00 .342 

1.30 35.00 .080 

.80 25.00 .150 

.60 25.00 .193 

1.00 25.00 .054

PGV PGD Dur
(9) 
2.9 

13.2 

7.8 
3.3 

9.5 

9.7 

.5 

1.1 

.9 

.5 
1.8 

1.3 

1.2 

4.5 

10.5 

2.7 

18.2 

11.8 

2.5 

10.4 

9.3 

1.9 

5.2 

7.0 

4.7 

7.6 

7.2 

5.2 
5.4 

7.7 
1.9 

5.0 

4.5 

1.6

(cm/s) (s) Filename 

.18 5.9 A-FRNDWN 
.66 3.4 A-FRN045 
.90 3.2 A-FRN135 
.28 6.5 B-FRN-UP 
.59 3.5 B-FRN224 

1.05 3.8 B-FRN314 
.03 3.0 LOIDWN 
.09 2.9 L01021 
.12 3.5 L01291 
.03 5.9 HOL-UP 
.13 4.9 HOL090 
.07 4.1 HOL180 
.06 7.3 A-DLTDWN 
.27 3.7 A-DLT262 
.75 2.2 A-DLT352 
.26 8.8 RDE-UP 
.78 3.3 RDEOOO 
.82 6.0 RDE270 
.22 8.4 RDW-UP 
.69 5.6 RDWOOO 
.62 5.8 RDW270 
.40 9.9 CLI-UP 

.54 8.8 CLI082 

.63 9.0 CL1352 
.27 5.4 LDR-UP 
.57 5.1 LDROOO 

.63 4.4 LDR090 

.45 5.0 A-OAK-UP 

.68 4.1 A-OAK080 

.82 3.6 A-OAK170 

.05 8.2 A-LMD-UP 

.26 7.9 A-LMD010 

.26 10.2 A-LMD100 

.12 7.8 A-LV6-UP



Date & Time

No. Earthquake

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0049 Saguenay 

0049 Saguenay 

0049 Saguenay 

0052 New Madrid, MO 

0052 New Madrid, MO 

0052 New Madrid, MO

YR MODY HRMN Mag Own

1987 

1987 

1987 

1987 

1987 

1988 

1988 

1988 

1989 

1989 

1989

1001 

1001 

1001 

1001 

1001 

1125 

1125 

1125 

0427 

0427 

0427

1442 

1442 

1442 

1442 

1442 

2346 

2346 

2346 

1647 

1647 

1647

6.0 CDMG 

6.0 CDMG 

6.0 CDMG 

6.0 CDMG 

6.0 CDMG 

5.9 

5.9 

5.9 

4.7 

4.7 

4.7

No. Station

24309 Loona Valley #6 

24309 Leona Valley #6 

24279 Newhall - Fire Sta 

24279 Newhall - Fire Sta 

24279 Newhall - Fire Sta 

7 GSC Site 7 - Baie-St-Paul, Que 

7 GSC Site 7 - Baie-St-Paul, Que 

7 GSC Site 7 - Baie-St-Paul, Que 

0 Hombeak, TN 

0 Hombeak, TN 

0 Hombeak, TN

Closest Site Codes Filter Comers 
Dist HP LP PGA PGV PGD Dur 
(kin) Georn USGS (hz) (hz) (g) (g) (an/s) (s) Fileame 

64.8 IHD C 1.00 25.00 .109 3.0 .15 6.8 A-LV6000 

64.8 IHD C .80 25.00 .134 3.8 .18 7.5 A-LV6090 

55.2 AQD C 1.00 25.00 .077 1.7 .12 9.1 A-NWH-UP 

55.2 AQD C .50 15.00 .104 4.5 .41 9.0 A-NWH180 

55.2 AQD C .60 15.00 .146 4.3 .54 6.5 A-NWH270 

95.6 CBC - .40 .122 2.6 .28 19.1 1125S07V 

95.6 CBC - .30 40.00 .122 4.7 .51 17.2 1125S07L 

95.6 CBC - .10 30.00 .173 5.7 .66 16.0 1125S07T 

56.7 IDD - .40 70.00 .003 .6 .00 15.9 HRN-UP 

56.7 IDD - .40 60.00 .005 .8 .01 12.8 HRNO00 

56.7 IDD - .40 60.00 .005 1.0 .01 15.0 HRN090



NRC TIME HISTORY LIBRARY: CEUS, SOIL, M=6-7, D=0-10 km

Date & Time

wn/, l•.r~k YR MODY HRMN Ma2 Own

0050 Imperial Valley 
0050 Imperial Valley 
0050 fIperial Valley 
0050 Imperial Valley 
0050 Imperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 ImpCrial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

S0050 Imperial Valley 

0050 Imperial Valley 

0050 Inperial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 ImPerial Valley 

0050 Imperial Valley 

0050 Imperial Valley 

0050 imperial Valley 
0050 Imperial Valley 

0056 Mammot Lakes 

0056 Manunoth Lakes 

0056 Maumot Lakes 

0076 Coalinga 

0076 Coalinga 

W076 Coalinga 

0105 Chalfast Valley 

0105 Chalfaf Valley 

0105 CQalfakn Valley

1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 

1979 

1979 

1979 
1979 
1979 
1979 
1979 
1979 
1979 

1980 
1980 

1980 
1983 
1983 
1983 
1986 
1986 
1986

1015 
1015 

1015 
1015 
1015 
1015 

1015 

1015 
1015 
1015 
1015 
1015 

1015 

1015 

1015 

1015 

1015 

1015 
1015 
1015 
1015 
1015 
1015 
1015 
0525 

0525 

0525 

0502 

0502 

0502 

0721 

0721 

0721

2316 
2316 
2316 
2316 
2316 
2316 
2316 

2316 
2316 
2316 
2316 
2316 
2316 
2316 
2316 

2316 

2316 

2316 
2316 
2316 
2316 
2316 
2316 
2316 
1634 
1634 
1634 
2342 
2342 

2342 
1442 
1442 
1442

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 CDMG 

6.5 CDMG 

6.5 CDMG 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 CDMG 

6.5 CDMG 

6.5 CDMG 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.5 USGS 

6.3 CDMG 

6.3 CDMG 

6.3 CDMG 

6.4 USBR 

6.4 USBR 

6.4 USBR 

6.2 CDMG 

6.2 CDMG 

6.2 CDMG

5054 Bonds Comer 
5054 Bonds Corner 

5054 Bonds Comer 

5060 Brawley Airport 

5060 Brawley Airport 

5060 Brawley Airport 

5154 EC County Center FF 

5154 EC County Center FF 

5154 EC County Ceter FF 

5057 El Centro Array #3 

5057 El Centro Array #3 

5057 El Centro Array #3 

952 El Centro Array #5 

952 El Centro Array #5 

952 El Centro Array #5 

942 El Ceatro Array #6 

942 El Centro Array #6 

942 El Centro Array #6 

5165 El Centro Differential Array 

5165 El Centro Differential Array 

5165 El Centro Differential Array 

5055 Holtville Post Office 

5055 Holtville Post Office 

5055 Holtville Post Office 

54099 Convict Creek 

54099 Convict Creek 

54099 Convict Creek 

1162 Pleasant Valley P.P. - yard 

1162 Pleasant Valley P.P. - yard 

1162 Pleasant Valley P. - yard 

54171 Bishop- LADWP South St 

54171 Bishop - LADWP South St 

54171 Bishop - LADWP South St

Closest Site Codes Filter Comers 
Dist HP LP PGA 
(km) Geom USGS (hz) (hz) (g)

NO Ea-4-ake YR MODY HRMN Mag Own
2.5 AQD 
2.5 AQD 

2.5 AQD 
8.5 AQD 

8.5 AQD 

8.5 AQD 

7.6 IDD 

7.6 IDD 

7.6 IDD 

9.3 AQD 
9.3 AQD 

9.3 AQD 

1.0 IQD 

1.0 IQD 
1.0 IQD 

1.0 IQD 

1.0 IQD 

1.0 IQD 
5.3 IQD 

5.3 IQD 
5.3 IQD 

7.5 AQD 

7.5 AQD 

7.5 AQD 

9.0 AQD 
9.0 AQD 

9.0 AQD 

8.5 AHD 
8.5 AHD 

8.5 AHD 

9.2 AQD 

9.2 AQD 
9.2 AQD

.10 40.00 1.055 

.10 40.00 .745 

.10 40.00 1.120 

.10 40.00 .347 

.10 40.00 .223 

.10 40.00 .398 

.10 50.00 .531 

.10 40.00 .312 

.10 35.00 .386 

.10 40.00 .306 

.10 40.00 .419 

.10 40.00 .314 

.10 40.00 1.370 

.10 40.00 .804 

.10 40.00 .542 

.20 40.00 3.990 

.10 40.00 .635 

.10 40.00 .580 

.10 40.00 1.630 

.10 40.00 .581 

.10 40.00 .621 

.10 40.00 .530 

.10 40.00 .367 

.10 40.00 .368 

.20 41.00 .933 

.10 60.00 .586 

.10 50.00 .675 

.20 31.00 .697 

.20 40.00 .968 

.20 31.00 .761 

.10 40.00 .303 

.10 40.00 .403 

.10 30.00 .235

No. Station

PGV PGD (g) (an/s) 

18.3 4.23 

59.6 12.09 

56.9 12.59 

14.2 3.92 

35.5 17.93 

34.1 11.74 

21.7 9.22 

49.5 12.99 

57.8 31.89 

10.6 6.75 

44.0 17.37 

34.9 20.27 

40.0 14.91 

52.3 26.67 

106.6 52.23 

128.3 21.73 

65.8 32.84 

93.5 56.78 

29.4 15.66 

54.7 35.73 

59.7 20.49 

14.4 6.93 

53.0 24.34 

42.1 24.61 

31.6 6.62 

27.1 5.99 

24.6 7.59 

28.0 2.84 

68.3 8.56 

39.9 4.84 

11.3 3.18 

24.5 8.00 

23.1 5.14

Dur 
(s) Filename 

4.7 H-BCR-UP 

4.9 H-BCR140 

4.1 H-BCR230 

5.2 H-BRA-UP 

5.2 H-BRA225 

2.7 H-BRA315 

3.8 H-ECC-UP 

3.9 H-ECC002 

5.0 H-ECCD92 

6.1 H-E03-UP 

4.7 H-E03140 

5.3 H-E03230 

2.4 H-E05-UP 

4.0 H-E05140 

3.8 H-E-15230 

1.7 H-E06-UP 

5.2 H-E06140 

4.8 H-E06230 

3.1 H-EDA-UP 

3.8 H-EDA270 

4.5 H-EDA360 

5.3 H-HVP-UP 

5.1 H-HVP225 

4.7 H-HVP315 

5.7 I-CVK-UP 

6.6 I-CVKO90 

7.2 I-CVK180 

4.7 H-PVY-UP 

4.1 H-PVY045 

4.5 H-PVY135 

4.3 A-LAD-UP 

3.7 A-LAD180 

3.9 A-LAD270



Date & Time

No. Earthquake

0125 Erzican, Turkey 

0125 Erzican, Turkey 

0125 Erzican, Turkey 

0131 Nonthridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Norhridge 

0131 Northridge 

0131 Northridge 

0131 Norhridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

W 0131 Norhridge 

S0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe

YR MODY HRMN Mag Own

1992 

1992 

1992 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1995 

1995 

1995 

1995 

1995 

1995

No.
Station

0313 

0313 

0313 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0116 

0116 

0116 

0116 

0116 

0116

6.9 

6.9 

6.9 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 USGS 

6.7 USGS 

6.7 USGS 

6.7 USGS 

6.7 USGS 

6.7 USGS 

6.7 DWP 

6.7 DWP 

6.7 DWP 

6.9 CUE 

6.9 CUE 

6.9 CUE 

6.9 CUE 

6.9 CUE 

6.9 CUE

95 Erzincan 

95 Erzincan 

95 Erzincan 

24087 Arleta - Nordhoff Fire Sta # 

24087 Arleta - Nordhoff Fire Sta # 

24087 Arleta - Nordhoff Fire Sta # 

0655 Jensen Filter Plant # 

0655 Jensen Filter Plant # 

0655 Jensen Filter Plant # 

0637 Sepulveda VA # 

0637 Sepulveda VA # 

0637 Sepulveda VA # 

75 Sylmar - Converter Sta East # 

75 Sylmar - Converter Sta East # 

75 Sylmar - Converter Sta East # 

99999 Takarazuka 

99999 Takarazuka 

99999 Takarazuka 

99999 Takatori 

99999 Takatori 

99999 Takatori

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

2046 

2046 

2046 

2046 

2046 

2046

Station

Closest Site Codes Filter Comers 
Dist HP LP PGA PGV PGD Dur 
(km) Geom USGS (hz) (hz) (g) (g) (-n/s) (s) Filename 

2.0 --- D C .20 .490 22.2 10.01 5.2 ERZ-UP 
2.0 -- D C .10 .707 105.9 27.25 1.9 ERZ-NS 
2.0 -- D C .10 .765 72.1 22.49 2.3 ERZ-EW 

9.2 AQD C .12 23.00 1.288 30.4 9.57 5.4 ARL-UP 
9.2 AQD C .12 23.00 .545 45.6 10.24 6.5 ARLO90 
9.2 AQD C .12 23.00 .477 35.0 9.90 5.7 ARL360 
6.2 -- D B .30 .979 43.6 13.76 4.7 JEN-UP 
6.2 -- D B .08 .599 96.2 40.72 4.0 JEN022 
6.2 -- D B .20 .891 132.6 33.07 3.1 JEN292 
8.9 -- D B .10 1.211 48.0 11.03 5.5 SPV-UP 
8.9 -- D B .10 1.088 107.0 14.46 4.5 SPV270 
8.9 -- D B 1.552 78.8 16.49 4.3 SPV360 
6.1 -- D B .804 32.5 9.14 3.7 SCE-UP 
6.1 -- D B 1.251 108.2 36.53 3.8 SCE018 
6.1 -- D B .616 86.3 21.40 3.6 SCE288 
1.2 -- D D 40.00 1.072 60.6 10.06 2.1 TAZ-UP 
1.2 -- D D 40.00 .881 83.6 25.97 2.1 TAZOOO 
1.2 -- D D .13 33.00 1.007 89.0 20.11 2.1 TAZO90 
.3 -- E D .20 .636 22.8 6.74 7.4 TAK-UP 
.3 -- E D .768 146.4 39.15 5.4 TAKOOO 
.3 -- E D 1.052 113.8 35.42 4.5 TAK090



NRC TIME HISTORY LIBRARY: CEUS, SOIL, M=6-7, D=10-50 km
Date & Time 

HRM 
No. Earthquake YR MODY N

0030 San Fernando 

0030 San Fernando 

0030 San Fernando 

0050 Imperw valley 
0050 Imperial Valley 
0050 Imperial Valley 

0050 Imperial Valley 

0050 Impea Valley 
0050 Rapea Valley 
0071 Taiwan SMART1(5) 

0071 Taiwan SMARTI(5) 

0071 Taiwan SMARTI (5) 

0103 N. Palm Springs 

0103 N. Palm Springs 

0103 N. Palm Springs 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whitier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0119 Superstitn Hills (A) 

0119 SuperstitnHills (A) 

0119 Supersitn Hills (A) 

0122 Loma Prieta 

0122 Loma Prieta 

0122 Loma Prieta 

0124 Georgia, USSR 

0124 Georgia, USSR 

0124 Georgia, USSR

1971 
1971 
1971 

1979 
1979 

1979 

1979 

1979 
1979 
1981 
1981 
1981 

1986 
1986 
1986 

1987 

1987 

1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1989 
1989 
1989 
1991 
1991 
1991

0209 

0209 

0209 

1015 

1015 

1015 

1015 

1015 

1015 

0129 

0129 

0129 

0708 

0708 

0708 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1001 

1124 

1124 

1124 

1018 

1018 

1018 

0615 

0615 

0615

1400 

1400 

1400 
2316 

2316 

2316 

2316 

2316 

2316 

0920 

0920 

0920 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

1442 

0514 

0514 

0514 

0005 

00O5 

0005 

0059 

0059 

0059

Closest Site Codes Filter Comers

Mag Own

6.6 

6.6 

6.6 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.3 

6.3 

6.3 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

6.3 

6.3 

6.3 

6.9 

6.9 

6.9 

6.2 

6.2 

6.2

ACOE 

ACOE 
ACOE 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 

CDMG 
CDMG 
CDMG 

USC 

USC 

USC 
USC 
USC 
USC 
USC 
USC 
USC 
USGS 

USGS 
USGS 
CDMG 
CDMG 
CDMG

No.

289 

289 

289 

5053 

5053 

5053 

5056 

5056 

5056 

29 

29 

29 

22T13 

22T13 

22T13 

90069 

90069 

90069 

90013 

90013 

90013 

90003 

90003 

90003 

5210 

5210 

5210 

58065 

58065 

58065

Station

Whittier Narrows Dam 

Whittier Narrows Darn 

Whittier Narrows Dam 

Calexico Fire Station 

Calexico Fire Station 

Calexico Fire Station 

El Centro Array #1 

El Centro Array #1 

El Centro Array #1 

SMARTI M07 

SMART 1 M07 

SMART1 M07 

Landers Fire Station 

Landers Fire Station 

Landers Fire Station 

Baldwin Park - N Holly # 

Baldwin Park - N Holly # 

Baldwin Park - N Holly # 

Beverly Hills - 14145 Mulhol # 

Beverly Hills - 14145 Mulhol # 

Beverly Hills - 14145 Mulhol # 

Northridge - 17645 Saticoy St # 

Northridge - 17645 Saticoy St # 

Northridge - 17645 Saticoy St # 

Wildlife Liquef. Array 

Wildlife Liquef. Array 

Wildlife Liquef. Array 

Saratoga - Aloha Ave 

Saratoga - Aloha Ave 

Saratoga - Aloha Ave 

Baz 

Baz 

Baz

Dist 
(km)

45.1 

45.1 

45.1 

10.6 

10.6 

10.6 

15.5 

15.5 

15.5 

21.0 

21.0 

21.0 

38.2 

38.2 

38.2 

11.9 

11.9 

11.9 

30.3 

30.3 

30.3 

39.8 

39.8 

39.8 

24.7 

24.7 

24.7 

13.0 

13.0 

13.0 

49.0 

49.0 

49.0

HP LP 
Geom USGS (lz) (hz)

IHD 

IHD 

IHD 

AQD 
AQD 

AQD 

AQD 
AQD 
AQD 

IZD 

IZD 

1QD 

AQD 

AQD 
AQD 

-- D 
-- D 

-- C 

-- C 

-- C 

-- D 
-- D 

-- D 

IQD 

IQD 

IQD 

AQD 

AQD 
AQD 
A-D 

A-D 

A- D

.10 30.00 

.10 20.00 

.10 20.00 

.10 40.00 

.10 40.00 

.20 40.00 

.10 40.00 

.10 40.00 

.10 40.00 

.20 25.00 

.10 25.00 

.10 25.00 

.50 40.00 

.50 30.00 

.50 30.00 

.30 25.00 

.13 25.00 

.50 25.00 

.38 25.00 

.33 25.00 

.35 25.00 

.25 25.00 

.23 25.00 

.20 25.00 

.20 50.00 

.20 50.00 

.20 50.00 

.10 58.00 

.10 38.00 

.10 50.00 

.10 

.10 

.10

PGA
(9) 

.082 

.197 

.212 

.477 

.513 

.349 

.164 

.280 

.277 

.129 

.206 

.222 

.147 

.162 

.221 

.235 

.288 

.136 

.121 

.274 

.240 

.214 

.412 

.277 

.475 

.262 

.260 

.958 

.929 

.670 

.042 

.066 

.079

PGV PGD Dur
(9) 
5.1 

9.9 
13.2 
12.0 

30.5 
25.9 
5.1 

19.0 

11.3 
3.1 

10.5 
13.9 
5.6 

7.3 
6.3 

4.9 

13.8 

6.8 
3.8 

10.2 

15.8 

4.6 
11.5 
7.0 
8.1 

19.1 
15.6 

42.7 
62.0 

53.7 
3.0 
3.0 
3.1

(cn/s) 

3.71 

5.44 

5.34 

3.55 

9.20 

8.05 

2.39 

6.41 

5.44 

.49 

1.16 

2.30 

.42 

.65 

.71 

.74 

2.47 

.80 

.42 

.82 

1.60 

.44 

1.00 

.86 

2.30 

8.07 

5.16 

15.62 

14.45 

26.59 

.58 

A2 

A5

"0

(s) 

8.0 

6.7 

6.8 

6.6 

6.5 

7.1 

7.5 

5.4 

7.0 

6.1 

6.4 

5.4 

5.7 

4.8 

4.1 

2.7 

2.2 

6.6 

7.0 

9.0 

4.1 

6.3 

3.4 

7.8 

3.2 

7.0 

7.1 

4.4 

4.3 

4.3 

10.1 

11.0 

9.6

Filename 

WNDDWN 

WND143 

WND233 

H-CXO-UP 

H-CX0225 

H-CXO315 

H-EOI-UP 

H-E01 140 

H-E01230 

05MO7DN 

05MO7EW 

05M07NS 

LDR-UP 

LDRO00 

LDRO90 

A-NHO-UP 

A-NHO180 

A-NHO270 

A-MUL-UP 

A-MUL009 

A-MUL279 

A-STC-UP 

A-STC090 

A-STC180 

A-IVW-UP 

A-IVW090 

A-IVW360 

STG-UP 

STGO00 

STGO90 

BAZ-Z 

BAZ-X 

BAZ-Y



Date & Time 
HRM 

Earthquake YR MODY N Mag Own

Northridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge

1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994

0117 
0117 
0117 

0117 

0117 
0117 
0117 

0117 

0117 
0117 
0117 
0117

1231 
1231 
1231 
1231 
1231 
1231 
1231 
1231 
1231 
1231 
1231 
1231

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7

USC 

USC 

USC 

CDMG 

CDMG 

CDMG 

USC 

USC 

USC 

CDMG 

CDMG 

CDMG

Closest Site Codes Filter Comers

No.

90063 

90063 

90063 

24389 

24389 

24389 

90021 

90021 

90021 

24055 

24055 

24055

Station

Glendale - Las Palimas 

Glendale - Las Palmas 

Glendale - Las Palmas 
LA -Century City CC North # 

LA -Century City CC North # 

LA -Century City CC North # 
LA - N Westmoreland 

LA - N Westmoreland 

LA - N Westmnoreland 

Laeom Valley #5 - Ritter # 

Leona Valley #5 - Ritter # 
Leona Valley #5 - Ritter #

Dist

25.4 
25.4 
25.4 
25.7 
25.7 
25.7 
29.0 
29.0 
29.0 

38.3 
38.3 
38.3

-- C 

-- C 

-- C 

IQD 
IQD 
IQD 

-- D 
-- D 

-- D 

iQC 
IQC 
IQC

C 
C 
C 
C 
C 
C 
B 
B 
B 
C 
C 
C

HP LP PGA PGV PGD Dur

.338 

.774 

.460 

.283 

.503 

.432 

.263 

.853 

.609 

.215 

.297 

.191

(9) 
10.7 
20.8 
13.4 
13.0 
32.1 
38.1 
10.8 
37.5 
37.6 
21.9 
26.3 
17.3

(on/s) 

.62 

2.47 

1.71 

4.52 

8.57 

6.48 

1.69 
3.65 

5.09 
3.64 
3.40 

3.80

(s) 

8.0 
6.5 
6.4 
7.9 
7.1 
7.1 
8.1 
5.8 
5.8 
8.5 
7.4 
8.5

.30 30.00 

.13 30.00 

.10 30.00 

.14 23.00 

.14 23.00 

.14 23.00 

.20 30.00 
.20 30.00 
.20 30.00 
.20 23.00 
.20 23.00 
.20 23.00

No.  

0131 

0131 

0131 

0131 
0131 

0131 

0131 

0131 

0131 

0131 
0131 

0131

0

Filename 

GLP-UP 
GLP177 
GLP267 
CCN-UP 
CCN090 
CCN360 
WST-UP 
WSTO00 
WST27O 

LV5-UP 
LV5000 
LV5090

(kmn) Geomn USGS (hz) (hz) (g)



NRC TIME HISTORY LIBRARY: CEUS, SOIL, M=6-7, D=-50-100 km

Date & Time 

No. Earthquake YR MODY HRMN Mag Own

0030 
0030 
0030 
0086 
0086 
0086 
0086 
0086 
0086 
0086 
0086 
0086 
0090 
0090 
0090 
0090 
0090 
0090 
0122 
0122 
0122 
0124 
0124 
0124 

0131 
0131 
0131 

0131 
0131 
0131 
0131 

0131 
0131 
0131

San Fernando 
San Fernando 

San Fernando 

Taiwan SMARTI (25) 

Taiwan SMARTI (25) 
Taiwan SMARTI (25) 

Taiwan SMARTI (25) 

Taiwan SMARTI (25) 

Taiwan SMARTI (25) 
Taiwan SMARTI (25) 
Taiwan SMART1 (25) 
Taiwan SMART1 (25) 

Morgan Hill 
Morgan Hill 

Morgan Hill 
Morgan Hill 
Morgan Hill 
Morgan Hill 
Loma Prieta 
Lona Prieta 

Loaa Priefa 

Georgia, USSR 
Georgia, USSR 
Georgia, USSR 
Northridge 

Northridge 
Northridge 

Northridge 
Northridge 
Nouthridge 
Northridge 

Northridge 
Nonhridge 
Northridge

1971 
1971 
1971 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1984 
1984 
1984 
1984 
1984 
1984 
1989 
1989 
1989 
1991 
1991 
1991 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994 
1994

0209 

0209 

0209 
0921 

0921 

0921 

0921 

0921 

0921 

0921 

0921 

0921 

0424 

0424 

0424 

0424 

0424 

0424 

1018 

1018 

1018 

0615 

0615 

0615 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117 

0117

1400 6.6 

1400 6.6 

1400 6.6 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

6.5 

2115 6.2 

2115 6.2 

2115 6.2 

2115 6.2 

2115 6.2 

2115 6.2 

0005 6.9 

0005 6.9 

0005 6.9 

0059 6.2 

0059 6.2 

0059 6.2 

1231 6.7 

1231 6.7 

1231 6.7 

1231 6.7 

1231 6.7 

1231 6.7 

1231 6.7 

1231 6.7 

1231 6.7 

1231 6.7

Closest Site Codes Filter Comers

CDWR 

CDWR 

CDWR 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

USC 

USC 

USC 

CDMG 

CDMG 

CDMG 

USC 

USC 

USC 

USC

.-4.

No.  

1102 
1102 

1102 

32 
32 
32 
61 

61 
61 
60 
60 
60 

56012 
56012 
56012 
58223 
58223 
58223 
58498 
58498 

58498 
20 
20 
20 

90070 
90070 
90070 
13197 

13197 
13197 
90083 
90083 
90083 
90072

Station 

Wheeler Ridge - Ground 

Wheeler Ridge - Ground 

Wheeler Ridge - Ground 

SMARTI E01 

SMART1 E01 

SMARTI E01 

SMARTI 107 

SMARTI 107 

SMARTI 107 

SMARTI M06 

SMARTI M06 

SMART1 M06 

Los Banos 

Los Banos 

Los Banos 

SF Intern. Airport 
SF Intern. Airport 

SF Intern. Airport 
Hayward - BART Sta 

Hayward - BART Sta 

Hayward - BART Sta 

Oni 

Oni 

Oni 

Covina - W Badillo 

Covina - W Badillo 

Covina - W Badillo 

Huntington Beach - Lake St # 

Huntington Beach - Lake St # 

Huntington Beach -Lake St # 

Huntington Bch - Waikiki 

Huntington Bch -Waikiki 

Huntington Bch - Waikie 
1A Puente - Rintgrove Av

Dist 

(kin) 

81.6 

81.6 

81.6 

83.0 

83.0 

83.0 

83.0 

83.0 

83.0 

83.0 

83.0 

83.0 

64.4 

64.4 

64.4 

71.2 

71.2 

71.2 

58.9 

58.9 

58.9 

52.0 

52.0 

52.0 

56.1 

56.1 

56.1 

79.6 

79.6 

79.6 

57.4 

57.4 

57.4 

58.9

Georn USGS 

IBD C 
IBD C 

IBD C 

IZD 
IZD 
IZD 

IZD 
lZD 

1ZD 
IZD 

IZD 

lZD 

AHD C 
AHD C 
AHD C 
AHD C 
AHD C 
AHD C 
I-D B 
I-D B 

I-D B 
A-D 

A-D 

A-D 

-- D C 
-- D C 

-- D C 
AQD C 

AQD C 
AQD C 
-- D C 

-- D C 
-- D C 
-- D C

HP' LP 
(hz) (hz) 

.10 30.00 

.10 23.00 

.10 23.00 

.50 25.00 

.20 25.00 

.20 25.00 

.10 25.00 

.10 25.00 

.10 25.00 

.10 25.00 

.10 25.00 

.10 25.00 

.50 20.00 

.50 18.00 

.50 18.00 

.50 32.00 

.50 26.00 

.50 24.00 

.20 40.00 

.20 31.00 

.20 36.00 

.20 

.20 

.20 

.30 30.00 

.20 30.00 

.20 30.00 

.20 23.00 

.20 23.00 

.2023.00 

.30 30.00 

.20 30.00 

.20 30.00 

1.00 30.00

PGA 
(9) 

.043 

.063 

.097 

.034 

.065 

.071 

.021 

.086 

.072 

.025 

.050 

.075 

.025 

.108 

.124 

.050 

.109 

.113 

.234 

.449 

.380 

.049 

.171 

.116 

.120 

.242 

.206 

.059 

.222 

.199 

.057 

.217 

.189 

.143

PGV 
(9) 

1.9 
2.5 
1.9 
2.6 
5.0 
6.6 
1.9 
6.0 
5.9 
2.3 
4.6 
6.3 
2.1 
7.8 
9.7 
1.4 
4.8 
5.4 
7.4 

28.4 
16.7 
2.4 
6.2 

5.0 
5.2 

11.1 
10.9 
2.8 

10.0 

8.5 
2.4 
8.9 
9.6 
5.6

PGD (aii/s) 

1.24 
.88 
.69 
.43 
.97 
.97 

.39 
1.04 
1.37 
.54 
.79 

1.36 
.45 

2.01 
1.98 
.33 
.46 
.68 

3.14 
3.59 
2.68 
.38 
.49 
.50 

1.00 
1.23 
1.79 
.90 

1.20 

1.78 
A1 

1.65 
2.37 
.36

Dur 
(s) 

9-5 
7.0 
3.7 

10.3 
7.2 
7.4 

10.2 
8.0 
8.5 
8.1 
6.7 
6.8 

10.7 
12.2 
16.7 
12.9 
11.3 
12.6 
10.6 
8.5 
9.7 

12.2 
11.0 
11.0 
10.6 
10.2 
8.3 

15.8 
12.6 
11.1 
13.9 
11.4 
11.2 
9.1

Filename 

WRP-UP 

WRP09O 
WRP180 
25EO1DN 
25EO1EW 
25E0INS 
25107DN 
25107EW 
25107NS 
25M06DN 
25M06EW 
25M06NS 
LBN-UP 
LBNO90 
LBN180 
SF0-UP 
SF0050 
SF0320 
HWB-UP 
HWB220 
HWB310 
ONI-Z 
ONI-X 
ONI-Y 
BAD-UP 
BADOOO 
BAD270 

HNT-UP 
HNTOOO 
HNT090 
WAI-UP 
WAI200 
WA1290 
RIM-UP



Date & Time

No. Earthquake YR MODY HRMN Mag Own No. Station

Closest Site Codes Filter Comers 

Dist HP LP 
(kin) Georn USGS (lz) (lz)

PGA PGV PGD Dur 
(g) (g) (c./s) (s) Filename

La Puante - Rimgrove Av 

La Puente - Ringrove Av 

Lakewood - Del Amo Blvd 

Lakewood - Del Amo Blvd 

Lakewood - Del Arno Blvd 

Neenach - Sacatara Ck # 

Neenach - Sacatara Ck # 

Neenach - Sacatara Ck # 

Seal Beach - Office Bldg # 

Seal Beach - Office Bldg # 

Seal Beach - Office Bldg #

0131 

0131 

0131 

0131 

0131 

0131 

0131 

0131 

0131 

0131 

0131

Northridge 

Northridge 

Northridge 

Nonhridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge 

Northridge

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994

0117 
0117 
0117 
0117 

0117 

0117 
0117 
0117 
0117 
0117 

0117

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7

USC 

USC 

USC 

USC 

USC 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG 

CDMG

90072 

90072 

90084 

90084 

90084 

24586 

24586 

24586 

14578 

14578 

14578

58.9 

58.9 

59.3 

59.3 

59.3 

53.2 

53.2 

53.2 

64.9 

64.9 

64.9

C 

C 

C 

C 

C 

B 

B 

B 

B 

B 

B

"-..1

.80 30.00 

.80 30.00 

.80 30.00 

.13 30.00 

.20 30.00 

.12 46.00 

.12 46.00 

.12 46.00 

.16 46.00 

.16 46.00 

.16 46.00

.280 

.294 

.173 

.377 

.273 

.122 

.124 

.139 

.108 

.150 

.234

-- D 

--I 
-- D 

-- D 

-- D 

IHD 
IHD 

IHD 

IQD 

IQD 

IQD

13.5 

15.1 

3.6 

20.1 

14.1 

10.7 

11.6 

16.4 

3.3 

7A 

13.6

1.10 

1.23 

.28 

2.13 

3.12 

4.17 

5.96 

5.49 

.57 

1.92 

1.89

8.2 

8.8 

7.8 

9.3 

9.7 

16.1 

14.8 

16.3 

14.3 

13.7 

11.7

RIM015 

RIM105 

DEL-UP 

DELA00 

DEL090 

NEE-UP 

NEE090 

NEE180 

SEA-UP 

SEAO00 

SEA090



Date & Time

No. Eanhquake 

0019 El Alamo 

0019 El Alamo 

0019 El Alamo 

0028 Bofgo Mtin 
0028 Borrego Mtn 

0028 Borrego Mtn 

0030 San Fernando 

0030 San Femando 

0030 San Femando 

0030 San FenMando 

0030 San Fernando 

0030 San Fernando 

0030 San Femando 

0030 San Femando 

0030 San Femrando 

0030 San Fernando 

0030 San Fenando 

0030 San Fenmando 

0030 San Ferando 

0030 San Fenmando 

0030 San Ferado 

0030 San Femando 

0030 San Femando 

0030 San Femando 

0117 Whittier Narrows 

0117 Whittier Narrows 

0117 Whittier Narrows 

0131 Nothridge 

0131 Nonhuidge 

0131 Nordidge 

0131 Nosthsidge 

0131 Nodibridge 

0131 Nosshridge 

0131 Noribridge

19 
19 
19 

19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 

19 
19 
19 
19 19 
19 

19• 
19• 
19• 
19• 
19•

YR MODY HRMN 

956 1217 1433 

956 1217 1433 

956 1217 1433 

968 0409 0230 

168 0409 0230 

'68 0409 0230 

'71 0209 1400 

971 0209 1400 

U1 0209 1400 

'71 0209 1400 

'71 0209 1400 

'71 0209 1400 

'71 0209 1400 

'71 0209 1400 

'71 0209 1400 

'71 0209 1400 

71 0209 1400 

71 0209 1400 

71 0209 1400 

71 0209 1400 

171 0209 1400 

71 0209 1400 

71 0209 1400 

71 0209 1400 

87 1001 1442 

87 1001 1442 

87 1001 1442 

94 0117 1231 

94 0117 1231 

94 0117 1231 

94 0117 1231 

94 0117 1231 

94 0117 1231 

94 0117 1231

NRC TIME HISTORY LIBRARY: CEUS, SOIL, M=6-7, D=100-200 km 

Closest Site Codes Filter Comers

No.Mag Own 

6.8 USGS 

6.8 USGS 

6.8 USGS 

6.8 USGS 

6.8 USGS 

6.8 USGS 

6.6 CIT 

6.6 CIT 

6.6 CIT 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 CDMG 

6.6 CDMG 

6.6 CDMG 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.6 USGS 

6.0 CDMG 

6.0 CDMG 

6.0 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG

Station

117 
117 
117 

130 

130 

130 

103 

103 

103 

1004 

1004 

1004 

1 

1 

1 

12331 

12331 

12331 

465 

465 

465 

282 

282 

282 

12331 

12331 

12331 

13660 

13660 

13660 

23672 

23672 

23672 

23542

Dist HP LP 
(km) Geom USGS (hz) (hz)

El Ceantro Array #9 

El Centro Array #9 

El Centro Array #9 

LB - Terminal Island 

LB - Terminal Island 

LB - Terminal Island 

Anza Post Office 

Anza Post Office 

Anzn Post Office 

Bakersfield - Harvey Aud 

Bakersfield - Harvey Aud 

Bakersfield - Harvey Aud 

Buena Vista - Taft 

Buena Vista - Taft 

Buena Vista - Taft 

Hemet Fire Station 

Hemet Fire Station 

Hemet Fire Station 

San Juan Capistrano 
San Juan Capistrano 

San Juan Capstrano 

UCSB - Fluid Mech Lab 

UCSB - Fluid Meds Lab 

UCSB - Fluid Medi Lab 

Hemet Fire Station 

Hemet Fire Station 

Hemet Fire Station 

Hemet - Ryan Airfield # 

Hemet - Ryan Airfield # 

Hemet - Ryan Airfield # 

San Benadino - CSUSB Gr # 

San Bermadino - CSUSB Gr # 

San Bermadino - CSUSB Gr # 

San Bernadino - E&Hospitality#

130.0 
130.0 

130.0 

195.0 
195.0 
195.0 
169.0 
169.0 
169.0 
120.0 
120.0 
120.0 
118.0 
118.0 
118.0 
136.0 
136.0 
136.0 
104.0 
104.0 
104.0 
125.6 
125.6 
125.6 
105.0 
105.0 
105.0 
144.1 
144.1 
144.1 
103.1 
103.1 
103.1 

108.1

EQD 
EQD 
EQD 
CCD 
CCD 
CCD 
AAC 
AAC 
AAC 
CCD 
CCD 
CCD 
AQD 
AQD 
AQD 
AQD 
AQD 
AQD 
ABC 
ABC 
ABC 
CPD 
CPD 
CPD 
AQD 
AQD 
AQD 

IHD 
MD 
IHD 
HID 
MID 
HID

.50 20.00 

.10 15.00 
.10 15.00 
.10 20.00 
.10 15.00 
.10 15.00 

.50 35.00 

.50 35.00 

.50 35.00 

.10 15.00 

.10 13.00 

.10 20.00 

.20 20.00 

.10 13.00 

.10 15.00 

.50 35.00 

.50 35.00 

.50 35.00 

.50 35.00 

.50 35.00 

.50 35.00 

.20 30.00 

.20 30.00 

.20 30.00 

1.00 30.00 

.70 25.00 

.80 25.00 

.30 46.00 

.30 46.00 

.30 46.00 

.30 46.00 

.3046.00 

.30 46.00 

.20 46.00

"--

PGA 
(g) 

.063 

.094 

.166 

.016 

.026 

.022 

.078 

.085 

.117 

.021 

.021 

.020 

.025 

.030 

.035 

.112 

.125 

.185 

.077 

.126 

.125 

.037 

.052 

.053 

.118 

.121 

.126 

.084 

.179 

.136 

.066 

.114 

.225 

.145

PGV 

(g) 

1.9 

6.4 

10.0 

1.7 

3.0 

3.5 

1.6 

2.5 

4.1 

1.1 

1.8 

1.6 

.9 

1.9 

1.9 

3.5 

5.0 

5.4 

3.5 

6.1 

5.6 

2.1 

4.3 

4.6 

2.8 

3.9 

3.9 

4.6 

9.8 

82 

3.2 

5.6 

7.8 

5.9

PGD 

(an/s) 

.90 

2.24 

3.61 

1.23 

1.44 

1.80 

.28 

.29 

.41 

.50 

1.14 

.86 

.39 

1.04 

.52 

.39 

.43 

.46 

.69 

1.00 

.91 

1.10 

.96 

1.31 

.14 

.22 

.18 

.36 

.98 

.90 

.44 

.52 

1.00 

.66

Dur 

(s) 

11.9 
14.6 

13.0 

24.9 

28.9 

28.0 

11.8 

10.4 

7.3 

13.0 

16.2 

16.8 

10.5 

12.1 

14.4 

7.3 

6.4 

7.4 

17.6 

12.6 

12.1 

14.3 

13.3 

14.5 

14.1 

11.6 

8.7 

21.6 

22.2 

21.9 

16.6 

16.0 

15.9 

18.6

Filename 

ELC-UP 

ELC180 

ELC270 

A-TLI-UP 

A-TL1249 

A-T1339 

AZPDWN 

AZP045 

AZP315 

BFA-UP 

BFA180 

BFA270 

BVPDWN 

BVP090 

BVP180 

H05DWN 

H05135 

H05225 

SJCDWN 

SJC033 

SJC303 

SBF-UP 

SBF042 

SBF132 

A-H05-UP 

A-H05270 

A-H05360 

HEM-UP 

HEM00O 

HEM090 

BER-UP 

BEROO0 

BER090 

HOS-UP



Date & Time

No. Earthquake

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0131 Northridge 

0133 Kobe 

0133 Kobe 

0133 Kobe

YR MODY HRMN Mag Own

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1994 

1995 

1995 

1995

0117 
0117 
0117 
0117 

0117 

0117 
0117 
0117 

0116 
0116 

0116

1231 

1231 

1231 

1231 

1231 

1231 

1231 

1231 

2046 

2046 

2046

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.7 CDMG 

6.9 

6.9 

6.9

No.

23542 
23542 

12673 

12673 

12673 

25091 

25091 

25091 

99999 

99999 

99999

Station

San Bemadino - E&Hospitality# 

San Bernadino - E&Howpitality# 

San Jacinto - CDF Fire Sta # 

San Jacinto - CDF Fire Sta # 

San Jacinto - CDF Fire Sta # 

Santa Barbara - UCSB Goleta # 

Santa Barbara - UCSB Goleta # 

Santa Barbara - UCSB Goleta # 

FUK 

FUK 

FUK

Closest Site Codes Filter Comers 
Dist HP LP PGA PGV PGD Dur 
(km) Geom USGS (hz) (hz) (g) (g) (cm/s) (s) Filename 

108.1 IHD C .20 46.00 .230 12.0 1.36 17.3 HOS090 

108.1 IHD C .20 46.00 .263 14.5 1.47 17.9 HOS180 

146.5 IHD - .16 46.00 .080 5.8 1.43 24.0 CDF-UP 

146.5 IHD - .16 46.00 .197 14.9 1.93 22.3 CDF000 

146.5 IHD - .16 46.00 .233 14.4 2.02 20.8 CDF090 

111.3 AHD - .20 23.00 .137 6.7 1.17 8.1 SBG-UP 

111.3 AHD - .20 23.00 .272 11.1 1.50 9.8 SBG000 

111.3 AHD - .20 23.00 .189 11.8 1.91 10.8 SBG090 

157.2 -- D - .05 .040 2.5 .69 26.4 FUK-UP 

157.2 -- D - .05 .098 7.6 1.35 24.9 FUKOOO 

157.2 -- D - .05 .119 8.9 1.61 29.8 FUK090



NRC TIME HISTORY LIBRARY: CEUS, SOIL, M>7, D=-0-10 kIn 

Closest Site Codes Filter Comers

No. Earthquake 

0006 In•pal Valley 
0006 Ineal Valley 
0006 imperial Valley 
0046 Tabas, Iran 

0046 Tabas, Iran 

0046 Tabas, Iran 

0125 Erzican, Turkey 

0125 Erzican, Turkey 

0125 Erzican, Turkey 

0127 Cape Mendocino 

0127 Cape Mendocino 

0127 Cape Mendocino 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0133 Kobe 

0141 Kocaeli, Turkey 

0141 Kocaeli, Turkey 

0141 Kocaeli, Turkey 

0142 Chi-Chi, Taiwan 

0142 Chi-Osi, Taiwan 

0142 Osi-Osi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Oii, Taiwan 

0142 Chi-Csi, Taiwan 

0142 Chi-OCi Taiwan 

0142 ChiChi, Taiwan 

0142 si4-M Taiwan 

0142 ii-ChijTaiwan 

0142 Chi-Chi, Taiwan 

0142 Chi- , Taiwan 

0142 Cu-Gi4 , Taiwan

YR 

1940 
1940 

1940 
1978 
1978 
1978 
1992 
1992 
1992 
1992 
1992 
1992 
1995 
1995 
1995 
1995 
1995 
1995 
1999 
1999 
1999 
1999 
1999 
1999 

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999

MODY HRMN Mag Own

0519 
0519 

0519 
0916 
0916 
0916 
0313 
0313 
0313 
0425 
0425 
0425 
0116 
0116 
0116 
0116 
0116 
0116 
0817 
0817 
0817 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920

0437 

0437 

0437 

1806 

1806 

1806 

2046 

2046 

2046 

2046 

2046 

2046

7.0 USGS 

7.0 USGS 

7.0 USGS 
7.4 

7.4 

7.4 

6.9 

6.9 

6.9 

7.1 CDMG 

7.1 CDMG 

7.1 CDMG 

6.9 CUE 

6.9 CUE 

6.9 CUE 

6.9 CUE 

6.9 CUE 

6.9 CUE 

7.4 KOERI 

7.4 KOERI 

7.4 KOERI 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB

No.

117 

117 
117 

9101 
9101 
9101 

95 
95 
95 

89156 
89156 
89156 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 

99999 
99999 
99999 

99999 
99999 
99999 
99999 
99999

Station

El Cetro Army #9 
El Centro Army #9 

El Centro Array #9 
Tabas 
Tabas 
Tabas 
Erzincan 
ErZinan 
Errincan 
Petrolia # 
Petrolia # 
Petrolia # 
Takarazaka 
Takarazuka 
Takarauka 
Takatori 
Takaton 
Takatori 
Yarimca 
Yantma 
Yarmca 
CHY024 
CHY024 
CHY024 
TCU049 
TCU049 
TCU049 
TCU051 

TCU051 
TCU051 
TCU052 
TCU052 
TCU052 
TCU060

Dist HP LP PGA
(1m) Geom USGS (hz) (hz) (g)

8.3 EQD 
8.3 EQD 

8.3 EQD 
3.0 ABC 
3.0 ABC 

3.0 ABC 
2.0 -- D 
2.0 -- D 

2.0 -- D 
9.5 IMD 
9.5 IMD 
9.5 IMD 
1.2 -- D 
1.2 -- D 
1.2 -- D 
.3 -- E 
.3 -- E 
.3 -- E 

4.4 B--D 
4.4 B-D 
4.4 B-D 
9.0 -- 1 
9.0 -- 1 
9.0 -- 1 
4.4 -- 2 
4.4 -- 2 
4.4 -- 2 

8.2 -- 2 
8.2 -- 2 
8.2 -- 2 

.2 -- 1 

.2 -- 1 

.2 -- 1 
9.4 -- 2

.20 15.00 

.20 15.00 

.20 15.00 

.05 

.05 

.05 

.20 

.10 

.10 

.07 23.00 

.07 23.00 

.07 23.00 
40.00 
40.00 

.13 33.00 

.20 

.10 80.00 

.10 80.00 

.03 50.00 

.02 50.00 

.02 50.00 

.02 50.00 

.02 30.00 

.02 50.00 
.03 50.00 

.03 50.00 

.03 50.00 
.04 50.00 
.04 50.00 
.04 50.00 
.02 50.00

.379 

.371 

.221 
1.312 
.937 

1.087 
.445 
.579 
.619 
.329 
.630 

.789 

.975 

.700 

.783 

.578 

.606 
.807 
.463 
.271 

.358 

.290 

.237 

.335 

.313 

.305 

.330 

.224 

.235 

.215 

.483 

.545 

.411 

.193

PGV PGD Dur

Date & Time

wa

(g) 
14.3 

32.7 

24.8 

53.9 

89.6 

109.7 

22.9 

86.0 

59.3 

29.8 

46.4 

93.5 

54.5 

67.4 

72.9 

22.2 

116.7 

93.6 

99.8 

93.1 

65.8 

62.7 

45.4 

47.2 

32.5 

45.8 
45.0 

43.4 

29.3 

33.5 

109.4 

127.4 

104.1 

43.8

(an/A) (s) Filename 

5.89 7.9 I-ELC-UP 

7.75 13.1 I-ELC18O 

11.85 16.9 I-ELC270 

15.62 10.2 TAB-UP 

33.62 9.6 TAB-LN 

83.21 8.7 TAB-TR 

10.31 5.2 ERZ-UP 

23.90 1.9 ERZ-NS 

19.06 2.3 ERZ-EW 

17.63 5.4 PET-UP 

11.05 6.5 PETOOO 

20.07 2.0 PET090 

8.95 2.1 TAZ-UP 

20.51 2.2 TAZOO0 

16.83 2.1 TAZO90 

6.27 7.5 TAK-UP 

31.37 5.4 TAKOOO 

28.81 4.6 TAK090 

97.19 7.8 YPT-UP 

97.91 11.5 YPT000 

34.69 6.6 YPT270 

45.65 16.1 CHY024-V 

28.57 17.2 CHY024-N 

32.06 13.7 CHY024-W 

25.56 16.3 TCU049-V 

29.53 18.0 TCU049-N 

28.21 20.7 TCU049-W 

39.92 20.1 TCU051-V 

33.47 20.3 TCU051-N 

27.11 20.5 TCU051-W 

111.62 10.2 TCEJ02-V 

85A1 5.2 TCU052-N 

92.75 11.9 TCU052-W 

27.27 19.0 TCU060-V



Date & Time

No. Earthquake

0142 Chi-Chi, Taiwan 

0142 Chi-0i, Taiwan 

0142 Chi-Oi, Taiwan 

0142 ChiChi, Taiwan 

0142 iChi-ý, Taiwan 

0142 ChiChi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi Taiwan 

0142 hi-Chi, Taiwan 

0142 Chi.Chi, Taiwan 

0142 Chi-Chi. Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Ci, Taiwan 

0142 Chi-hi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 hi-Chi, Taiwan 

0142 Chi-hi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Oi, Taiwan 

0142 Chi-Chi. Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0143 Duzce, Turkey 

0143 Duze, Turkey 

0143 Duzce, Tukey

YR MODY HRMN Mag Own

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 

1999 
1999 
1999 
1999 
1999

0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
O920 

0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
1112 
1112 
1112

7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.1 ERD 
7.1 ERD 
7.1 ERD

No.

99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999

Station

TCU060 

TCU060 

TCU067 

TCU067 

TCU067 

TCU068 

TCU068 

TCU068 

TCU072 

TCUO72 

TCU072 

TCU076 

TCU076 

TCU076 

TCU082 

TCU082 

TCU082 

TCU101 

TCU101 

TCUIO1 

TCU102 

TCU102 

TCU102 

TCU128 

TCU128 

TCU128 

Duzoe 

Duzce 

Duzoe

Closest Site Codes Filter Comers 

Dist HP LP PGA 
(km) Geom USGS (hz) (hz) (g)

9.4 -- 2 

9.4 -- 2 

.3 -- 1 

.3 -- 1 

.3 -- 1 

1.0 --- 1 

1.0 -- 1 

1.0 -- 1 

7.3 -- 1 

7.3 -- 1 

7.3 -- 1 

1.9 -- 2 

1.9 -- 2 

1.9 -- 2 

5.7 -- 2 

5.7 -- 2 

5.7 -- 2 

2.9 -- 2 

2.9 -- 2 

2.9 -- 2 

1.7 -- 2 

1.7 -- 2 

1.7 -- 2 

9.7 -- 1 

9.7 -- 1 

9.7 -- 1 

6.7 -- D 

6.7 -- D 

6.7 -- D

.03 50.00 

.03 50.00 

.04 50.00 

.03 50.00 

.02 50.00 

.02 50.00 

.02 50.00 

.03 50.00 
.05 50.00 
.05 50.00 
.05 50.00 
.02 50.00 
.05 50.00 
.10 50.00 
.04 50.00 
.04 50.00 
.02 50.00 
.03 50.00 
.04 50.00 
.04 50.00 
.0250.00 
.0550.00 
.04 50.00 
.02 40.00 
.05 30.00 
.02 30.00 
.06 50.00 
.06 50.00 
.08 50.00

.122 

.189 

.426 

.378 

.563 

.831 

.669 

.713 

.489 

.487 

.530 

.456 

.425 

.327 

.261 

.193 

.224 

.348 

.238 

.246 

.269 

.2M5 

.288 

.197 

.172 

.138 

.702 

.364 

.549

w.

PGV 

(9) 
31.9 
24.7 
48.2 
55A 
79.6 

188.4 
124.2 
112.9 
40.3 
52.4 
53.0 
37.4 
56.5 
41.4 
55.2 
49.9 
45.1 
61.7 
41A 
42.0 
66.2 
73.5 
73.3 
71.2 
65.5 
52.2 
29.5 
59.5 

68.8

PGD Dur 
(cQ/s) (s) Filename 

30.02 22.7 TCU060-N 

20.88 22.1 TCU060-W 

31.85 14.1 TCU067-V 

24.24 12.2 TCU067-N 

39.10 13.4 TCU067-W 

158.96 5.9 TCU068-V 

155.74 12.4 TCU068-N 

106.46 7.2 TCU068-W 

22.03 15.7 TCU072-V 

20.23 16.8 TCU072-N 

16.83 14.4 TCU072-W 

21.35 17.5 TCU076-V 

20.78 18.7 TCU076-N 

23.41 20.3 TCU076-W 

37.42 18.3 TCU082-V 

27.88 19.6 TCUO82-N 

36.79 20.6 TCU082-W 

42.80 14.9 TCUI1O-V 

28.89 18.4 TCUOI1-N 

34.21 18.0 TCU101-W 

46.55 13.9 TCU102-V 

38.80 17.8 TCU102-N 

48.19 16.9 TCU102-W 

56.35 17.8 TCU128-V 

42.12 14.2 TCU128-N 

48.52 17.3 TCUI28-W 

26.84 5.9 DZC-UP 

35.20 6.0 DZC180 

42.83 6.1 DZC270



Date & Time 

No. Earthquake YR MODY HR!

NRC TIME HISTORY LIBRARY: CEUS, SOIL, M>7, D=10-50 km 

Closest Site Codes Filter Comers

4N Mag Own No. Station
Dist HP LP PGA 
(km) Oeom USGS (hz) (hz) (g)

PGV PGD Dur 
(g) (cm/s) (s) Filename

0046 Tabaa Iran 1978 

0046 Tabas, Iran 1978 

0046 Tabu, Iran 1978 

0113 Taiwan SMARTI (45) 1986 

0113 Taiwan SMARTI (45) 1986 

0113 Taiwan SMARTI (45) 1986 

0113 Taiwan SMARTI (45) 1986 

0113 Taiwan SMARTI (45)1936 

0113 Taiwan SMARTI (45)1986 

0113 Taiwan SMARTI (45) 1986 

0113 Taiwan SMARTI (45) 1986 

0113 Taiwan SMARTI (45) 1986

0129 Landers 

0129 Landen 

S 0129 Landers 

S 0129 Laders 
0129 Landen 

0129 Leaden 

0141 Kocelk Turkey 

0141 Kocaeli Turkey 

0141 Kocaeli, Tukey 

0142 Chi.-hi. Taiwan 

0142 Chi-OM Taiwan 

0142 Chi-i., Taiwan 

0142 (li-Chi- Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-i. Taiwan 

0142 Cii-l, Taiwan 

0142 Chi-i, Taiwan 

0142 COi-i Taiwan 

0142 Oil-Cbi, Taiwan 

0142 COi-4i,Taiwan 

0142 OiOi Taiwan 

0142 Chi-Chi, Taiwan

1992 
1992 

1992 

1992 

1992 

1992 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999 

1999

0916 
0916 
0916 
1114 
1114 
1114 
1114 
1114 
1114 
1114 
1114 
1114 
0628 
0628 
0628 
0628 
0628 
0628 
0817 
0817 
0817 
0920 

0920 

0920 
0920 
0920 

0920 
0920 

0920 
0920 
0920 

0920 

0920 

0920

1158 
1158 
1158 
1158 
1158 
1158

7.4 
7.4 
7.4 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 CDMG 
7.3 CDMG 
7.3 CDMG 
7.3 CDMG 
7.3 CDMG 
7.3 CDMG 
7.4 ERD 
7.4 ERD 
7.4 ERD 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 
7.6 CWB 

7.6 CWB

70 Boo rooyeh 
70 Boshrooyeh 
70 Boshrooyeh 
62 SMARTlI 01 

62 SMARTI IO1 

62 SMART1I101 

29 SMARTI M07 

29 SMARTI M07 

29 SMARTI M07 

66 SMARTI 008 

66 SMARTI 008 

66 SMARTI 008 

12025 Palm Springs Airport # 

12025 Palm Spings Airport # 
12025 Palm Sprngs Airport # 
22074 Yeano Fire Station # 

22074 Yermo Fire Station # 

22074 Yano Fire Statio # 

99999 Dunn 

99999 Duue 

99999 Dunn 

99999 WGK 

99999 WGK 

99999 WGK 

99999 CHY036 

99999 CHY036 

99999 CHY036 

99999 CHY101 

99999 CHYlOl 

99999 CHYlOl 

99999 HWA006 

99999 HWA006 

99999 HWA006 

99999 HWA030

26.1 -- C 
26.1 -- C 
26.1 -- C 

39.0 IZD 

39.0 IZD 

39.0 IZD 

39.0 IZD 

39.0 IZD 

39.0 IMD 

39.0 IZD 

39.0 IZD 

39.0 IZD 

37.5 IQD 

37.5 IQD 

37.5 IQD 

24.9 AQD 

24.9 AQD 

24.9 AQD 

14.2 -- D 

14.2 -- D 

14.2 -- D 

11.1 -- 2 

11.1 -- 2 

11.1 -- 2 

20.3 -- 2 

20.3 -- 2 

20.3 -- 2 

11.1 -- 2 

11.1 -- 2 

11.1 -- 2 

44.0 -- 2 

44.0 -- 2 

44.0 -- 2 

46.3 -- 2

.06 .233 

.04 20.00 .167 

.04 20.00 .138 

.10 25.00 .209 

.10 25.00 .204 

.10 25.00 .214 

.20 25.00 .261 

.10 25.00 .259 

.2025.00 .246 

.10 25.00 .283 

.10 25.00 .207 

.10 25.00 .233 

.07 23.00 .296 

.07 23.00 .120 

.07 23.00 .142 

.07 23.00 .383 

.07 23.00 .323 

.07 23.00 .224 

.08 20.00 .613 

20.00 .452 

.08 15.00.508 

.06 33.00 .456 

.07 50.00 .479 

.06 50.00 .617 

.04 50.00 .243 

.03 50.00 .295 

.05 50.00 .455 

.04 50.00 .365 

.04 50.00 .661 

.03 50.00 .483 

.03 50.00 .162 

.06 50.00 .129 

.06 50.00 .105 

.02 50.00 .098

15.3 

15.6 
22.3 
12,8 
28.9 
33.3 
12.8 
25.2 
30.3 
15.7 
25.3 
34.7 
12.1 
13.7 
17.5 
16.1 

43.9 
31.0 
31.3 
66.4 
60.5 
28.6 
48.4 
85.3 
16.4 
50.6 
42.2 
50.0 

101.6 
78.9 

9.8 
9.0 

10.3 
12.4

11.19 16.5 BOS-V1 
9.17 17.6 BOS-LI 

9.71 17.0 BOS-TI 

5.65 12.2 IO1DN 
9.30 10.9 I01EW 

11.09 13.3 I01NS 
5.74 10.8 M07DN 

8.54 9.9 45MO7EW 

10.86 11.1 45M7NS 
6.01 10.9 45008DN 
8.35 11.9 45008EW 

12.73 10.8 45008NS 
4.63 23.8 PSA-UP 
4A8 26.4 PSAOOO 
5.38 27.3 PSA090 

10.25 13A YER-UP 
32.94 10.1 YER270 

20.13 12.7 YER360 
24.23 3.4 DZC-UP 
41.49 5.0 DZC18O 

17.43 2.1 DZC270 
19.46 12.3 WGK-V 
25.76 14.0 WGK-E 
44.87 15.2 WGK-N 

16.00 19.0 CHY036-V 
38.46 14.0 CH036-N 

21.49 13.0 CHY036-W 
36.20 12.5 CHY101-V 

77.96 12.9 CHY1Ol-N 
44.15 14.3 CHY101-W 

6.59 15.5 HWA006-V 

4.09 14.8 HWA006-E 

3.02 15.5 HWA006-N 
7.85 16.3 HWAO30-V



Date & Time

No. Earthquake YR MODY HRMN Mag Own

0142 C.i-Chi, Taiwan 

0142 Chici, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-Chi' Taiwan 

0142 Chi-Chi, Taiwan 

0142 Cui-Chi, Taiwan 

0142 Chi-Chi, Taiwan 

0142 Chi-4Gi, Taiwan 

0142 Chi-Chi, Taiwan

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999

0920 
0920 
0920 
0920 

0920 
0920 
0920 

0920 
0920 
0920 
0920

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6 

7.6

CWB 

CWB 
CWB 
CWB 

CWB 
CWB 
CWB 
CWB 
CWB 
CWB 
CWB

No.

99999 
99999 
99999 
99999 
99999 
99999 

99999 
99999 
99999 
99999 
99999

Station

HWA030 

HWA030 

HWA035 

HWA035 

HWA035 

TCU038 

TCU038 

TCU038 

TCU042 

TCU042 

TCU042

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV PGD Dur 
(kn) Geom USGS (hz) (hz) (g) (g) (cm/s) (s) Filename

46.3 -- 2 

46.3 -- 2 

45.8 -- 2 

45.8 -- 2 

45.8 -- 2 

22.4 -- 2 

22.4 -- 2 

22.4 -- 2 

23.3 -- 2 

23.3 -- 2 

23.3 -- 2

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C

.02 50.00 

.02 50.00 

.02 50.00 

.02 50.00 

.02 50.00 

.02 5.00 

.05 20.00 

.02 50.00 

.02 50.00 

.05 50.00 

.02 50.00

.101 

.099 

.139 

.102 

.115 

.158 

.233 

.197 

.195 

.241 

.352

14.1 

11.8 

11.5 
8.9 
8.8 

50.5 

60.8 
50.0 
44.8 

45.2 
38.9

2.62 

4.16 

6.23 

3.80 

4.46 

42.72 

37.69 

46.26 

34.52 

30.48 

42.94

14.0 HWA030-N 

12.6 HWA030-W 

15.0 HWA035-V 

13.2 HWA035-N 

14.6 HWA035-W 

21.1 TCU038-V 

18.6 TCU038-N 

18.9 TCU038-W 

19.3 TCU042-V 

19.4 TCUO42-N 

16.0 TCU042-W

-4 
00



Date & Time

No. Earthquake 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0141 Kocaeli, Turkey 

0141 Kocaeli, Turkey 

0141 Kocaeli, Turkey 

0142 Chi-Chi-Taiwan 

0142 Chi-Chi-Taiwan 

0142 Chi-CMi-Taiwan 

0142 Chi-Chi-Taiwan 

0142 Chi-Chi-Taiwan 

0142 Chi-ati-Taiwan 

0142 Chi-Chi-Taiwan 

0142 Chi-Gal-Taiwan 

0142 Gi-Chi-Taiwan 

0142 Chi-Chi-Taiwan 

0142 Chi-Chi-Taiwan 

0142 Chi-Chi-Taiwan 

0142 Chi-Chi-Taiwan 

0142 Chi-Chi-Taiwan 

0142 Chi-Gi-Taiwan 

0142 Gil-Chi-Taiwan 

0142 Chi-Gai-Taiwan 

0142 Chi-Chi-Taiwan 

0142 Gil-Chi-Taiwan 

0142 Chi.-Gi-Taiwan 

0142 Chi-CGi-Taiwan 

0142 Chi-Chi-Taiwan

YR 

1992 

1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999

NRC TIME HISTORY LIBRARY: CEUS, SOIL, M>7, D=-50-100 km 

Closest Site Codes Filter Comers

No.MODY HRMN 

0628 1158 
0628 1158 

0628 1158 

0628 1158 

0628 1158 

0628 1158 
0628 1158 
0628 1158 
0628 1158 
0817 
0817 
0817 
0920 
0920 
0920 
0920 
0920 
0920 
O920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920 
0920

StationMag Own 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.3 CDMG 

7.4 ERD 

7.4 ERD 

7.4 ERD 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB 

7.6 CWB

Dist 
(km)

12331 
12331 
12331 
12026 

12026 
12026 
23542 

23542 
23542 
99999 
99999 
99999 
99999 

99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 

99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 

99999 
99999 
99999 
99999

'C

Hemet Fam Station # 

Hemet Fire Station # 

Hemet Fire Station # 

Indio - Coachella Canal # 

Indio - Coachella Canal # 

Indio - Coachella Canal # 

San Bemadino - E &Hospitality 

San Bemadino - E &Hoqitality 

San Bemnadino - E &Hosptality 
Cekmece 

Cekmece 

Cekmece 

TTN 

TrN 
TIN 

CHY078 

CHY078 

CHY078 

HWAO11 

HWAO11 

HWAO11 

HWA013 

HWA013 

HWA013 

HWA041 

HWA041 

HWA041 

ILA064 

ILA064 

ILA064 

TCU017 

TCU017 

TCUO17 

T'TNOO0

69.5 
69.5 
69.5 
55.7 
55.7 
55.7 
80.5 
80.5 
80.5 
76.1 
76.1 
76.1 
94.3 
94.3 
94.3 
82.4 
82A 
82.4 
56.7 
56.7 
56.7 
57.4 
57.4 
57.4 
50.0 

50.0 
50.0 
83.4 
83.4 
83.4 
52.2 

52.2 
52.2 
57.6

HP LP 
Georn USGS (lz) (hz) 

AQD C .16 23.00 

AQD C .16 23.00 

AQD C .16 23.00 

IQD C .10 23.00 

IQD C .10 23.00 

IQD C .10 23.00 

-- D C .10 50.00 

-- D C .10 50.00 

-- D C .10 50.00 

-- D C .60 20.00 

-- D C .30 20.00 

-- D C .40 20.00 

-- 2 C .30 12.00 

-- 2 C .10 12.00 

-- 2 C .11 12.00 

-- 2 C .03 24.00 

-- 2 C .03 24.00 

-- 2 C .03 20.00 

-- 2 C .02 40.00 

-- 2 C .02 30.00 

-- 2 C .02 30.00 

-- 2 C .02 50.00 

-- 2 C .02 50.00 

-- 2 C .02 50.00 

C .02 30.00 

C .02 30.00 

C .02 30.00 

C .02 50.00 

C .02 50.00 

C .0240.00 

-- 2 C .02 50.00 

-- 2 C .02 50.00 

-- 2 C .02 33.00 

-- 2 C .03 30.00

PGA 
(g) 

.224 

.178 

.186 

.134 

.186 

.181 

.157 

.145 

.153 

.137 

.215 

.208 

.030 

.041 

.035 

.062 

.076 

.164 

.100 

.154 

.142 

.149 

.225 

.211 

.106 

.135 

.119 

.125 

.123 

.116 

.115 

.161 

.157 

.096

PGV 
(8) 

5.1 
7.3 
7.2 
9.4 

12.3 
19.4 
13.5 
27.4 
15.9 
6.4 

18.9 
9.5 
3.9 

11.6 
7.6 
6.3 

10.3 
13.4 
13.1 
26.2 
19.4 
12.0 
28.9 
34.3 
15.3 
19.1 
16.4 
8.4 

9.9 
10.4 

22.9 
33.5 
30.3 
13.6

PGD Dur 
(cnn/s) (s) Filename 

2.15 22.6 H05-UP 

1.36 22.4 H05000 
2.38 21.0 H05090 
5.18 25.3 IND-UP 

4.05 25.5 INDOOO 
7.62 27.0 IND090 
3.25 25.2 HOS-UP 

11.55 21.6 HOS090 
8.58 22.4 HOS101 

.57 4.7 CEK-UP 
1.66 4.4 CEK000 

1.18 5.8 CEK270 
1.17 35.4 TTN-V 
6.26 30.7 TIN-E 
2.49 31.3 TrN-N 
6.59 32.5 CHY078-V 

5.83 31.7 CHY078-N 
3.72 32.5 CHY078-W 
7.19 19.6 HWAOI1-V 
9.42 23.7 HWAO11-N 

8.12 16.9 HWAO11-W 

7.69 18.9 HWA013-V 

8.82 15.3 HWA013-N 
9.34 15.1 HWA013-W 

9.39 30.0 HWA041-V 

6.40 25.9 HWA041-N 
6.48 28.9 HWA041-W 

7.03 19.9 ILA064-V 
4.74 17.2 1LA064-N 

3.93 16.7 ILA064-W 

21.52 20.8 TCU017-V 
27.01 16.8 TCU017-N 

37.93 17.3 TCU017-W 
10.82 24.1 TrN001-V



Date & Time

No. Earthquake

0142 Chi-Mi-Taiwan 

0142 Chi-Ohi-Taiwan 

0142 Chi-Oii-Taiwan 

0142 Oi-CW4i-Taiwan 

0142 Chi-Chi-Taiwan 

0142 Chi-Chi-Taiwan 

0142 CWi-.Oi-Taiwan 

0142 Chi-Chi-Taiwan 

0142 Chi-Chi-Taiwan 

0142 aui-aui-Taiwan 

0142 Chi4--Taiwan

19 

19 
15 

19 

19• 
19•

YR MODY HRMN Mag Own 

M99 0920 7.6 CWB 
999 0920 7.6 CWB 
999 0920 7.6 CWB 
999 0920 7.6 CWB 
'99 0920 7.6 CWB 
099 0920 7.6 CWB 
'99 0920 7.6 CWB 
'99 0920 7.6 CWB 
'99 0920 7.6 CWB 
'99 0920 7.6 CWB 
'99 0920 7.6 CWB

No.  

99999 TTN001 

99999 TTNOO1 

99999 TTNOIO 

99999 ITNOO 

99999 TTNOIO 

99999 T7N020 

99999 TTNO20 

99999 TrN020 

99999 TTN023 

99999 TTNO23 

99999 TTNO23

Station

Closest Site Codes Filter Comers 

Dist HP LP PGA PGV 
(k-) Geom USGS (hz) (hz) (g) (g) 

57.6 -- 2 C .03 30.00 .145 22.1 

57.6 -- 2 C .03 30.00 .116 14.1 

95.2 -- 2 C .03 14.00 .029 3.9 

95.2 -- 2 C .03 14.00 .047 7.3 

95.2 -- 2 C .02 14.00 .038 7.9 

57.6 -- 2 C .02 30.00 .047 8.8 

57.6 -- 2 C .02 23.00 .048 7.9 

57.6 -- 2 C .02 23.00 .065 10.2 

63.2 --- C .03 30.00 .059 8.5 

63.2 --- C .02 30.00 .104 16.1 

63.2 --- C .02 30.00 .073 12.5

PGD Dur 

(cuis) (s) Filename 

6.74 23.8 TN001-E 

4.11 252 TrN001-N 

3.60 35.0 1TNOIO-V 

3.51 34.4 ITNO1O-N 

5.24 31.6 TrNO10-W 

5.36 34.6 TTN020-V 

5.45 27.4 TTNO20-N 

7.31 31.9 TTN020-W 

4.18 32.5 TrN023-V 

4.50 36.8 TrN023-N 

6.69 31.5 TrN023-W

0 
ýO



NRC TIME HISTORY LIBRARY: CEUS, SOIL, M>7, D=100-200 km

Date & Time 

No. Earthquake YR MODY HRMN Mag Own

0012 Ken County 
0012 Kean Conty 

0012 Kem Cbunty 

0046 Tabu, Iran 

0046 Tabas, Iran 

0046 Tabas, Iran 

0046 Tabas, Iran 

O046 Tubas, Inm 

0O46 Tabs,, Iran 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Landers 

W 0129 Landers 
oo 0129Laes 

0129 Landers 

0129 Lander 

0129 Landers 

0129 Landers 0129 

0129 Landers 

0129 Lande 

0129 Landers 

0129 Landers 

0129 Landers 

0129 Lamdaw 

0142 Lands Taiwa 

0142 C9i.(a Taiwan 

0142 Chi-a Taiwan 

0142 COi-M iTaiwan 

0142 Chi-Mz, Taiwan 0142 Chi-M]d Taiwan

1952 
1952 

1952 
1978 
1978 
1978 
1978 
1978 
1978 
1992 
1992 
1992 
1992 
1992 
1992 

1992 

1992 

1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1992 
1999 
1999 
1999 

1999 
1999 
1999

0721 
0721 
0721 
0916 
0916 

0916 
0916 
0916 
0916 
0628 
0628 
0628 
0628 
0628 
0628 

0628 

0628 

0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0628 
0920 
0920 
0920 
0920 
0920 
0920

1153 
1153 

1153 

1158 
1158 
1158 
1158 
1158 
1158 

1158 

1158 

1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158 
1158

7.4 USGS 
7.4 USGS 
7.4 USGS 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 

7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 

7.3 USC 
7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 
7.3 USC 

7.3 USC 

7.3 USC 

7.3 USC 
7.3 USC 

7.3 USC 

7.6 CWB 

7.6 CWB 
7.6 CWB 
7.6 CWB 

7.6 CWB 

7.6 CWB

1
.n~

135 
135 
135 
69 
69 
69 
73 
73 
73 

90094 
90094 
90094 
90012 
90012 
90012 

90002 

90002 

90002 
90025 
90025 
90025 
90080 
90080 
90080 
90077 
90077 
90077 
99999 
99999 
99999 
99999 
99999 
99999

Station

LA - Hollywood Stor FF 
LA - Hollywood Stor FF 

LA - Hollywood Stor FF 

Bajestan 
Bajestan 
Bijestan 
Sedeh 
Sedeh 
Sedeh 
Bell Gardens - Jaboneria # 
Bell Gardens - Jaboneria # 
Bell Gardens - Jaboeria # 

Burbmk - N Buena Vista # 
Burbank -N Buena Vista # 
Budbank -N Buena Vista # 

Fountain Valley -Euclid # 

Fountain Valley -Euclid # 

Fountain Valley -Euclid # 
LA - E Vernon Ave# 

LA - E Vernon Ave # 

LA - E Vernon Ave# 

LB - Orange Ave # 

LB - Orange Ave # 

LB - Orange Ave # 

Santa Fe Springs - E Joslin # 

Santa Fe Springs - E Joslin # 

Santa Fe Springs -E Joslin # 
SGL 
SGL 
SGL 
LA002 

ILA002 
ILA002

Closest Site Codes Filter Comers 
Dist HP LP PGA

(kin) Geom USGS (hz) (hz)
No station.. .

120.5 IPD 
120.5 IPD 

120.5 IPD 

121.2 -- C 
121.2 -- C 

121.2 -- C 
164.5 -- D 

164.5 -- D 

164.5 -- D 

153.9 -- D 
153.9 -- D 
153.9 -- D 

162.1 -- D 
162.1 -- D 
162.1 -- D 

148.8 -- D 

148.8 -- D 

148.8 -- D 

157.7 -- D 
157.7 -- D 
157.7 -- D 
164.5 -- D 
164.5 -- D 
164.5 -- D 

150.4 -- D 

150.4 -- D 

150.4 -- D 

105.0 -- 2 
105.0 -- 2 

105.0 -- 2 

109.1 --
109.1 --
109.1 ---

.20 20.00 

.20 15.00 

.20 13.00 

.05 
.02 15.00 
.02 15.00 

.02 20.00 

.02 20.00 

.0220.00 

.65 25.00 

.30 25.00 

.18 25.00 

.33 25.00 

.25 25.00 

.28 25.00 

.90 25.00 

.13 25.00 

.13 25.00 

.38 25.00 

.13 25.00 

.18 25.00 

.50 25.00 

.15 25.00 

.15 25.00 

.35 25.00 

.18 25.00 

.15 25.00 

.20 8.00 

.10 14.00 

.20 14.00 

.02 30.00 

.04 24.00 

.02 24.00

(9) 
.069 
.123 
.131 
.141 
.246 
.157 
.057 
.072 
.078 
.054 
.101 
.097 
.102 
.118 
.185 

.067 

.162 

.137 

.083 

.076 

.093 

.080 

.137 

.155 

.105 

.120 
.115 
.026 

.066 

.062 

.070 

.160 

.098

PGV PGD 
(9) (cm•s) 

4.6 1.76 

11.1 3.76 

8.7 1.98 

6.7 6.50 

7.8 5.06 

6.0 4.59 

6.8 8.20 

4.6 3.02 

4.9 2.71 

2.1 .27 

5.7 1.34 

13.3 4.27 

6.6 1.50 

8.9 2.45 

14.2 3.30 

2.2 .20 

21.4 8.78 

18.9 4.40 

4.1 .99 

10.4 5.03 

9.7 4.41 

2.6 .38 

10.8 4.39 

14.3 5.49 

3.9 .71 

10.3 2.60 

10.7 3.81 

3.6 1.22 

8.8 2.94 

8.7 2.17 

9.4 7.74 

12.9 5.16 

12.2 5.70

Dur 
(s) Filename 

17.6 PEL-UP 
20.5 PELO90 
19.7 PEL180 
23.7 BAJ-V1 

21.8 BAJ-L1 

22.3 BAJ-T1 
21.6 SED-V1 

22.4 SED-L1 

22.2 SED-TI 
23.8 JAB-UP 
24.3 JAB220 
22.2 JAB310 

26.8 BUE-UP 

25.7 BUE250 
25.4 BUE340 

23.9 EUC-UP 

26.7 EUC022 

24.8 EUC292 

23.7 VER-UP 
23.8 VER090 

22.6 VERIS0 
242 0R2-UP 

25.5 OR2010 
24.7 OR2280 

23.2 EJS-UP 
25.2 EJS030 
24.3 EJS120 
26.3 SGL-V 
26.9 SGL-E 

27.7 SGL-N 

27.5 ILA002-V 
22.2 ILA002-N 

23.2 ILA002-W



Date & Time

No. Earthquake YR MODY HRMN Mag Own No. Station

Closest Site Codes Filter Comers 

Dist HP LP PGA 
(kin) Geom USGS (hz) (hz) (g)

PGV PGD Dur 
(g) (cm/s) (s) Filename

0142 Chi-Chi, Taiwan 1999 0920 

0142 Chi-Chi, Taiwan 1999 0920 

0142 Chi-Chi. Taiwan 1999 0920 

0142 Chi-.hi, Taiwan 1999 0920 

0142 Chi-Chi, Taiwan 1999 0920 

0142 Chi-Chi, Taiwan 1999 0920 

0142 ChiChi, Taiwan 1999 0920 

0142 Chi-Chi, Taiwan 1999 0920 

0142 Chi-aid Taiwan 1999 0920 

0142 Chi-Chi, Taiwan 1999 0920 

0142 Chi-Chi, Taiwan 1999 0920 

0142 Chi-Chi, Taiwan 1999 0920

7.6 CWB 99999 TAP024 
7.6 CWB 99999 TAP024 

7.6 CWB 99999 TAP024 
7.6 CWB 99999 TAP046 
7.6 CWB 99999 TAP046 

7.6 CWB 99999 TAP046 

7.6 CWB 99999 TAP084 

7.6 CWB 99999 TAP084 
7.6 CWB 99999 TAP084 
7.6 CWB 99999 TTN03 
7.6 CWB 99999 TTNO03 

7.6 CWB 99999 TTN003

100.2 -- 2 C .02 50.00 .097

100.2 -- 2 C 

100.2 -- 2 C

127.2 -- 1 

127.2 -- 1 

127.2 -- 1 

127.7 

127.7

C 

C 

C 

C 

C

127.7 --- C 

108.1 --- C 

108.1 --- C 

108.1 --- C

.02 50.00 .130 

.02 50.00 .123 

.02 30.00 .058 

.02 30.00 .114 

.02 24.00 .181 

.03 40.00 .045 

.02 40.00 .059 

.02 40.00 .064 

.02 20.00 .056 

.03 20.00 .036 

.03 20.00 .047

12.2 10.00 24.8 TAP024-V 
22.3 7.33 20.9 TAP024-S 
16.6 11.61 21.1 TAP024-W
4.6 

8.4 

13.7 

7.0 

6.0 

8.6 

3.9 
3.4 
4.8

5.82 
3.60 

5.75 

7.14 

3.65 

2.96

23.7 TAP046-V 

21.9 TAP046-N 

21.8 TAP046-W 

28.5 TAPO84-V 

30.1 TAP084-N 

24.8 TAP084-W

2.53 28.5 TTNO03-V 

2.10 32.0 TTN003-N 

1.88 33.1 TTN003-W

W• Notes: 
1. M is moment magnitude 

t 2. Station numbers were assigned where not available, using numbers 1-33 and 60-100.  
3. Distances marked with a * are hypocentral instead of closest distances.  
4. Site codes are from two sources: 1) Geomatrix (3 letter), 2) USGS (1 letter), described below.  

5. GEOMATRIX 3-LEITER SITE CLASSIFICATIONS: 
FIRST LETTER: Instrument housing 
I = Free-field instrument or instrument shelter. Instrument is located at or within several feet of the ground surface.  
A = One-story structure of fightweight construction. Instrument is located at the lowest level and within several feet of the ground surface.  
B = Two- to four-stoty structure of lightweight construction. Instrument is located at the lowest level and within sevend feet of the ground surface.  
C = Two- to four-story structure of lightweight construction. Instrument is located at the lowest level in a basement and below the ground surface.  
D = Five or more story structure of heavy construction. Instrument is located at the lowest level and within several feet of the ground surface.  
E = Five or more asoty structure of heavy construction. Instrument is located at the lowest level in a basement and below the ground surface.  
F = Structure housing instrument is buried below the ground surface, e.g. tunnel.  
G = Structure of light or heavyweight construction, instrument not at lowest level.  
H = Earth darn 
I = Concrete Dam.



SECOND LETTER: Mapped local geology 
Sedimentary or metasedimentary: 

H = Holocene (Recent) Quaternary (< 15000y bp).  
Q = Pleistocene Quaternary (<2my bp).  
P = Plio-e Tertiary (<6my bp).  
M = MioN e Tertiary (< 22my bp).  
0 = Oligicene Tertiary (< 36my bp).  
E = Eocene Tertiary (< 58my bp).  
L = Paleoome Tertiary (< 63my bp).  
K = Cretaceous (< 145my bp).  
F = Franciscan Formation (Cretaceous/Late Jurrassic).  
J = Jurassic (< 210my bp).  
T = Triassic (< 255my bp).  
Z = Permian or older (> 255my bp).  

Igneous or meta-igneous: 
V = Volcanic (extrusive).  
N = Intrusive.  
G = Granitic.  

THIRD LETTER: Geotechnical subsurface characteristics 
A = Rock. Instument on rock (Vs > 600 mps) or < 5m of soil over rock.  
B = Shallow (stiff) soil. Instrument on/in soil profile up to 20m thick overlying rock.  
C = Deep narrow soil. Instrument onfm soil profile at least 20m thick overlying rock, in a narrow canyon or valley no more than several km wide.  
D = Deep broad soil. Instrment onfin soil profile at least 20m thick overlying rock, in a broad valley.  
E = Soft deep soil. Instrument on/In deep soil profile with average Vs < 150 mps.  

6. USGS I-LETrER SITE CLASSIFICATIONS 
00 Average shear-wave velocity to a depth of 30m is: 

A=>750m/s 
B = 360- 750 m/s 
C= 180- 360 m/s 
D- =< 180 m/s



APPENDIX C WUS STATISTICAL RESPONSE SPECTRAL SHAPES (SA/PGA, 
5% DAMPING) FOR ROCK AND DEEP SOIL SITE CONDITIONS 

This Appendix contains bin average (median) statistical response spectral shapes computed using 
the WUS strong motion catalog (Appendix A). Table C-I lists the M and R bins, average 
parameters, and number of recordings comprising each average shape. Although not used in 
developing the revised spectral shapes (Section 4) due to potential diluting of near-fault effects, 
statistical shapes were computed for a 0 to 50 km distance bin and are shown here for 
completeness. Horizontal component shapes for rock and deep soil are followed by vertical 
component shapes for both rock and deep soil site conditions.  

For each component, response spectra are computed in a bandwidth that extends to 1.25 (or 
1/1.25) of filter comer frequencies (Appendix A). This primarily affects the low frequencies and 
results in an increased variability as frequency decreases due to loss of records.

C-1



Table C- I 

WUS STATISTICAL SHAPE BINS (HORIZONTAL COMPONENT) 

Magnitude Bins (M) 

Range Bin Center 
5-6 5.5 
6-7 6.5 
7+ 7.5 

Distance Mj R Number PGA** PGV** PGD** PGV** (cm/sec) PGA.PGD** 

Bin (km) (km) of spectra (g), or" (cm/sec), aon (cm), (i PGA PGV2 

0 - 10, 5.54 7.91 30 0.18, 0.91 8.14, 1.14 0.80, 1.60 44.50, 0.58 2.17, 0.28 
rock 

6.53 5.75 32 0.44, 0.76 32.65,0.93 6.22, 1.26 73.51, 0.40 2.54, 0.42 

7.27 4.20 6 0.93, 0.26 81.73, 0.25 47.42, 0.66 87.94, 0.39 6.47, 0.60 

0 - 10, 5.76 7.80 24 0.26, 0.65 18.57, 0.56 3.11, 0.46 70.72, 0.33 2.32, 0.35 
soil 

6.46 6.00 77 0.38, 0.43 46.88, 0.59 14.79, 0.89 122.00, 0.44 2.54, 0.41 

7.05 8.90 4 0.40, 0.62 44.46,0.56 21.27, 0.25 110.42, 0.07 4.25, 0.24 

10 - 50, 5.57 21.80 180 0.11, 0.87 5.08, 0.85 0.54, 1.04 46.96, 0.37 2.24, 0.38 
rock 6.43 30.28 238 0.13, 0.73 8.81, 0.76 1.96, 1.01 70.41, 0.49 3.09, 0.54 

7.27 31.00 6 0.17, 0.85 8.80, 0.88 2.50, 1.56 50.59, 0.37 5.51, 0.90 

10 - 50, 5.69 21.82 378 0.11, 0.73 6.63, 0.77 0.87, 0.94 59.88, 0.34 2.16, 0.33 
soil 6.35 28.27 542 0.14, 0.63 10.77,0.74 2.25, 1.04 78.77, 0.41 2.57, 0.41 

7.29 33.46 56 0.16, 0.35 22.38,0.38 10.46, 0.39 141.17, 0.36 3.25, 0.56



Table C- 1 

WUS STATISTICAL SHAPE BINS (HORIZONTAL COMPONENT)

Magnitude Bins (M) 

Range Bin Center 
5-6 5.5 

6-7 6.5 
7+ 7.5 

Distance M R Number PGA** PGV** PGD** PGV** (cm/sec PGA.PGD** 

Bin (km) (km) of spectra (g), am (cm/sec), (ln (cm), • PGA g PGV2 

Cy1n 0___ __ __ 

50- 100, 5.91 64.27 34 0.05, 0.40 2.22, 0.53 0.21, 0.83 41.16, 0.43 2.24, 0.57 
rock 6.51 70.35 102 0.06, 0.51 3.87, 0.82 0.79, 1.23 69.89, 0.56 2.88, 0.56 

7.32 81.46 10 0.06, 0.52 5.16, 0.87 2.64, 1.17 80.63, 0.45 6.23, 0.50 

50- 100, 5.80 67.22 42 0.06, 0.80 3.12, 0.78 0.38, 0.92 53.20, 0.23 2.28, 0.49 
soil 6.49 67.34 158 0.07, 0.67 6.23, 0.78 1.26, 0.99 88.00, 0.42 2.26, 0.44 

7.31 79.57 14 0.10, 0.12 11.24, 0.34 5.42, 0.60 111.37, 0.35 4.24, 0.50 

100- 5.4 107.80 2 0.02,---- 1.16, ---- 0.10, ---- 49.72, ---- 1.74,-...  
200, rock 6.64 114.57 14 0.02, 0.86 2.03, 0.38 1.09, .0.68 132.54, 0.59 3.98, 0.27 

7.30 152.01 14 0.03, 0.47 5.55, 0.66 2.43, 1.06 184.16, 0.35 2.34, 0.31 

100- 6.0 105.00 2 0.03, ---- 1.50, ---- 0.11,---- 49.92, ---- 1.74,---
200, soil 6.64 132.97 28 0.03, 0.78 3.05, 0.58 0.89, 0.97 98.24, 0.53 2.90, 0.42 

7.31 147.07 88 0.04, 0.25 8.09, 0.39 3.50, 0.76 188.64, 0.36 2.25, 0.29



Table C- I 

WUS STATISTICAL SHAPE BINS (HORIZONTAL COMPONENT) 

Magnitude Bins (M) 

Range Bin Center 
5-6 5.5 
6-7 6.5 
7+ 7.5 

Distance M R Number PGA** PGV** PGD** PGV** (cm/sec PGA.PGD** 
Bin (km) (km) of spectra (g), a,. (cm/sec), atn (cm), Gin PGA g PGV2 

0 - 50, 5.57 19.91 208 0.12, 0.89 5.39, 0.91 0.57, 1.14 46.73, 0.40 2.22, 0.37 
rock 

6.44 27.39 270 0.15, 0.84 10.27, 0.89 2.24, 1.10 70.77, 0.48 3.02, 0.53 

7.27 17.60 12 0.40, 1.07 26.82, 1.35 10.89, 1.94 66.70, 0.46 5.97, 0.69 

soil 5.69 21.10 398 0.12, 0.75 7.02, 0.79 0.93, 0.97 60.48, 0.34 2.16,0.33 

6.37 25.50 619 0.16, 0.70 12.93, 0.87 2.85, 1.20 83.17, 0.44 2.57, 0.41 

7.27 31.82 60 0.17, 0.42 23.43, 0.42 10.97, 0.42 138.87, 0.36 3.30,0.55 

** Median values

9 a.



Table C-2 

WUS STATISTICAL SHAPE BINS (VERTICAL COMPONENT) 

Magnitude Bins (M) 

Range Bin Center 
5-6 5.5 
6-7 6.5 
7+ 7.5 

Distance M R Number PGA** (g), PGV** PGD** PGV** (cm/sec PGA'PGD ** 

Bin (km) (km) of (Yin (cm/sec), (cm), 0 PGA 9 pGV 2 

spectra (i Crin (ln 

0 - 10, 5.54 7.91 14 0.11, 0.83 3.55, 1.00 0.41, 1.54 31.80, 0.67 3.59, 0.50 

rock 6.53 5.75 14 0.34, 0.85 17.67, 0.95 4.48, 1.25 52.19, 0.44 4.76, 0.62 

7.27 4.20 3 0.75, 0.08 49.10, 0.22 43.42, 0.93 65.69, 0.25 13.20, 0.75 

0 - 10, soil 5.76 7.80 11 0.18, 0.84 6.68, 0.50 0.95, 0.56 37.89, 0.56 3.68, 0.48 

6.46 6.00 37 0.30, 0.66 15.84, 0.69 5.19, 1.03 52.89, 0.40 6.07,0.66 

7.05 8.90 2 0.18, 0.16 16.19, 0.59 17.06, 0.88 88.57, 0.75 11.67, 0.45 

10- 50, 5.57 21.80 87 0.06, 0.86 2.25, 0.74 0.22,0.98 31.17, 0.46 2.57, 0.49 
rock 

6.43 30.28 119 0.07,0.80 4.33, 0.72 1.05, 1.11 60.29, 0.58 3.95, 0.61 

7.27 31.00 3 0.07, 0.81 4.30, 0.92 1.47, 1.38 58.52, 0.41 5.73, 0.24 

10 - 50, 5.69 21.82 188 0.07, 0.80 2.40, 0.76 0.28, 1.00 35.78, 0.46 3.20, 0.49 

soil 6.35 28.27 263 0.08, 0.79 4.22, 0.74 0.92, 1.07 50.69, 0.56 4.06,0.61 

7.29 33.46 28 0.09, 0.41 7.83, 0.25 3.66,0.37 86.35, 0.28 5.30, 0.34

U'



Magnitude Bins (M)

Range Bin Center 
5-6 5.5 
6-7 6.5 
7+ 7.5 

Distance M R Number PGA** (g), PGV** PGD** PGV** (cm/sec PGA'PGD ** 

Bin (km) (km) of T• (cm/sec), (cm), am PGA g PGV2 

spectra cn om (i 

50 - 100, 5.91 64.27 15 0.03, 0.33 1.25, 0.49 0.14, 1.10 38.32, 0.58 2.95, 0.80 
rock 6.51 70.35 51 0.03, 0.50 2.02, 0.75 0.52, 1.30 68.36, 0.66 3.66, 0.71 

7.32 81.46 5 0.05, 0.37 3.78, 0.86 1.86, 1.03 77.56, 0.56 6.22, 0.63 

50- 100, 5.80 67.22 19 0.03,0.77 1.18, 0.66 0.14, 1.16 44.26, 0.38 2.63, 0.68 
soil 6.49 67.34 74 0.03,0.71 2.11, 0.57 0.48, 0.99 70.52, 0.56 3.02, 0.69 

7.31 76.57 7 0.05, 0.18 5.11, 0.30 2.65, 0.45 96.26, 0.36 5.29, 0.54 

100 - 200, 5.4 107.80 1 0.01, ---- 0.40, ---- 0.03, ---- 40.00, ---- 1.84,-...  
rock 6.64 114.57 7 0.01,0.90 1.39, 0.54 0.75, 0.81 124.36, 0.86 4.24, 0.78 

7.30 152.01 7 0.02, 0.29 2.77, 0.72 0.80, 1.25 147.89, 0.51 1.92, 0.47 

100- 200, 6.0 105.00 1 0.03, ---- 0.90, ---- 0.07, ---- 33.33, ---- 2.29,-...  
soil 6.64 132.97 14 0.02, 0.63 1.42, 0.52 0.46, 0.85 91.78, 0.59 3.42, 0.56 

7.31 147.07 44 0.02, 0.28 2.55, 0.52 0.76, 1.04 135.47, 0.53 2.15, 0.45

0- 50, 
rock

5.57 19.91 100 0.07,0.88 2.39, 0.79 0.24, 1.09 36.56, 0.49 2.69, 0.51

6.44 27.39 133 0.08, 0.93 5.02, 0.86 1.22, 1.21 59.38, 0.56 4.03, 0.61

7.27 17.60 6 0.23, 1.37 14.52, 1.46 7.98, 2.13 62.00, 0.31
* �. A. ___________ L ______________ I I L

8.70, 0.68



Magnitude Bins (M)

n Bin Center 
5-6 5.5 
6-7 6.5 
7+ 7.5 

Distance M R Number PGA** (g), PGV** PGD** PGV** ( c )/sec) PGA'PGD 

Bin (kin) (km) of (i (cm/sec), (cm), (i PGA g PGV2 

spectra (in (i (Yi 

0 - 50, soil 5.69 21.10 197 0.07, 0.83 2.52, 0.78 0.30, 1.02 36.65, 0.46 3.24, 0.49 

6.37 25.50 300 0.10, 0.88 4.96, 0.86 1.14, 1.21 50.95, 0.54 4.27, 0.63 

7.27 31.82 30 0.10, 0.44 8.22, 0.32 4.05, 0.55 86.50, 0.31 5.58, 0.39

** Median values
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Figure C-1. Median +1 a spectral shapes for M - 5.5, R = 0-10 km, horizontal WUS rock.
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Figure C-2. Median +1 a spectral shapes for M -6.5, R = 0-10 kmn, horizontal WUS rock.
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STOCHASTIC POINT SOURCE GROUND MOTION MODEL

D.1 Background 

The stochastic point source model may be termed a spectral model in that it fundamentally describes 
the Fourier amplitude spectral density at the surface of a half-space (Hanks and McGuire, 1981). The 
model uses a Brune (1970, 1971) omega-squared description of the earthquake source Fourier 
amplitude spectral density. This model is easily the most widely used and qualitatively validated 
source description available. Seismic sources ranging from M = -6 (hydrofracture) to M = 8 have 
been interpreted in terms of the Brune omega-squared model in dozens of papers over the last 30 
years. The general conclusion is that it provides a reasonable and consistent representation of crustal 
sources, particularly for tectonically active regions such as plate margins. A unique phase spectrum 
can be associated with the Brune source amplitude spectrum to produce a complex spectrum that can 
be propagated using either exact or approximate (1-, 2- or 3-D) wave propagation algorithms to 
produce single or multiple component time histories. In this context the model is not stochastic, it 
is decidedly deterministic and as exact and rigorous as one chooses. A two-dimensional array of such 
point sources may be appropriately located on a fault surface (area) and fired with suitable delays to 
simulate rupture propagation on an extended rupture plane. As with the single-point source, any 
degree of rigor may be used in the wave propagation algorithm to produce multiple-component or 
average horizontal-component time histories. The result is a kinematic1 finite-source model that has 
as its basis a source time history defined as a Brune pulse whose Fourier amplitude spectrum follows 
an omega-squared model. This finite-fault model would be very similar to that used in published 
inversions for slip models if the 1-D propagation were treated using a reflectivity algorithm (Aki and 
Richards, 1980). This algorithm is a complete solution to the wave equation from static offsets (near
field terms) to an arbitrarily selected high frequency cutoff (generally 1-2 Hz).  

Alternatively, to model the wave propagation more accurately, recordings of small earthquakes at the 
site of interest (with source locations distributed along the fault of interest) may be used as empirical 
Green functions (Hartzell, 1978). To model the design earthquake, the empirical Green's functions 
are delayed and summed in a manner to simulate rupture propagation (Hartzell, 1978). Provided (a) 
sufficient small earthquakes are recorded at the site of interest, (b) the source locations adequately 
cover the expected rupture surface, and (c) sufficient low frequency energy is present in the Green's 
functions, this would be the most appropriate procedure to use if nonlinear site response is not an 
issue. With this approach the wave propagation is, in principle, exactly represented from each 
Green's function source to the site. However, nonlinear site response is not treated unless Green's 
function motions are recorded at a nearby rock outcrop with dynamic material properties similar to 
the rock underlying the soils at the site, or recordings are made at depth within the site soil column.  
These motions may then be used as input to either total or effective stress site response codes to 
model nonlinear effects. Important issues associated with this approach include the availability of an 
appropriate nearby (1 to 2 km) rock outcrop and, for the downhole recordings, the necessity to 

'Kinematic source model is one whose slip (displacement) is defined (imposed) while in a 
dynamic source model forces (stress) are defined (see Aki and Richards 1980 for a complete 
description).
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remove all downgoing energy from the at-depth soil recordings. The downgoing energy must be 
removed from the downhole Green's functions (recordings) prior to generating the control motions 
(summing) as only the upgoing wavefields are used as input to the nonlinear site response analyses.  
Removal of the downgoing energy from each recording requires multiple site response analyses that 
model uncertainty in the Green's functions resulting from uncertainty in dynamic material properties 
and from the numerical site response model used to separate the upgoing and downgoing wavefields.  

To alleviate these difficulties one can use recordings widely distributed in azimuth at close distances 
to a small earthquake and correct the recordings back to the source by removing wave propagation 
effects using a simple approximation (say 1/R or generalized rays plus a constant for crustal 
amplification and radiation pattern), to obtain an empirical source function. This source function can 
be used to replace the Brune pulse to introduce some natural (although source, path, and site specific) 
variation into the dislocation time history. If this is coupled to an approximate wave propagation 
algorithm (asymptotic ray theory) that includes the direct rays and those that have undergone a single 
reflection, the result is the empirical source function method (EPRI, 1993). Combining the 
reflectivity propagation (which is generally limited to frequencies _< 1-2 Hz due to computational 
demands) with the empirical source function approach (appropriate for frequencies Ž 1 Hz; EPRI, 
1993) results in a broad band simulation procedure. This method is strictly deterministic at low 
frequencies (where an analytical source function is used) and incorporates some natural variation at 
high frequencies through the use of an empirical source function (Somerville et al., 1995).  

All of these techniques are fundamentally similar, well founded in seismic source and wave 
propagation physics, and importantly, they are all approximate. Simply put, all models are inexact 
and the single essential element in selecting a model is to incorporate the appropriate degree of rigor, 
commensurate with uncertainties and variabilities in crustal structure and site effects, through 
extensive validation exercises. It is generally felt that more complicated models produce more 
accurate results. However, the implication that is often overlooked is that more sophisticated models 
require an increased number of parameters that must be specified. This is not too serious a 
consequence in modeling past earthquakes since a reasonable range in parameter space can be 
explored to give the "best" results. For future predictions, however, this increased rigor may carry 
undesirable baggage in increased parametric variability (Roblee et al., 1996). The effects of lack of 
knowledge (epistemic uncertainty-, EPRI, 1993) regarding parameter values for future occurrences 
results in uncertainty or variability in ground motion predictions. It may easily be the case that a very 
simple model such as the point source model can have comparable, or even smaller, total variability 
(modeling plus parametric) than a much more rigorous model with an increased number of parameters 
(EPRI, 1993). What is desired in a model is sufficient sophistication that it captures the dominant 
and stable features of source, distance, and site dependencies observed in strong ground motions.  
It is these considerations that led to the development of the stochastic point source model and, in 
part, leads to the stochastic element of the models.  

The stochastic nature of the point source RVT model is simply the assumption made about the 
character of ground motion time histories that permits stable estimates of peak parameters (e.g.  
acceleration, velocity, strain, stress, oscillator response) to be made without computing detailed time 
histories (Hanks and McGuire, 1981; Boore, 1983). This process uses random vibration theory to 
relate a time domain peak value to the time history root-mean-square (RMS) value (Boore, 1983).
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An important assumption is that the process is normally distributed random noise and stationary (its 
statistics do not change with time) over its duration. A visual examination of any time history quickly 
reveals that this is clearly not the case: time histories (acceleration, velocity, stress, strain, oscillator) 
start, build up, and then diminish with time. However, during the critical strong-motion part of the 
shaking, the assumption is accurate enough to permit the approach to work surprisingly well, as 
numerous comparisons with recorded motions and both qualitative and quantitative validations have 
shown (Hanks and McGuire, 1981; Boore, 1983, 1986; McGuire et al., 1984; Boore and Atkinson, 
1987, Silva and Lee, 1987; Toro and McGuire, 1987; Silva et al., 1990; EPRI, 1993; Schneider et 
al., 1993; Silva and Darragh, 1995). Corrections to RVT are available to accommodate different 
distributions as well as non-stationarity and are usually applied to the estimation of peak oscillator 
response in the calculated response spectra (Boore and Joyner, 1984; Toro, 1985).  

D.2 Point Source Model Description 

The conventional stochastic ground motion model uses an o-squared source model (Brune, 1970, 
1971) with a single-comer frequency and a constant stress drop (Boore, 1983; Atkinson, 1984).  
Random vibration theory is used to relate RMS (root-mean-square) values to peak values of 
acceleration (Boore, 1983), and oscillator response (Boore and Joyner, 1984; Toro, 1985; Silva and 
Lee, 1987) computed from the power spectra to expected peak time domain values (Boore, 1983).  

The shape of the Fourier amplitude spectrum of acceleration FA(f), is given by 

P _ 7__f.  

FA(f) =C C- MOP(f) A(O) e PO 
f +(o2 R (D-1) 

fo 

where 

C =(2)'(0.55)7p0130 

MO = seismic moment, 
R = hypocentral distance, 
130 = shear-wave velocity at the source, 
P0  = crustal density at the source 
Q(f) = frequency dependent quality factor (crustal damping), 
A(f) = crustal amplification, 
P(f) = high-frequency truncation filter, 
f0 = source comer frequency.  

C is a constant that contains source region density (Po) and shear-wave velocity (P30) terms and 
accounts for the free-surface effect (factor of 2), the source radiation pattern averaged over a sphere 
(0.55) (Boore, 1986), and the partition of energy into two horizontal components (1/1"2).
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Source scaling is provided by specifying two independent parameters, the seismic moment (M0) and 
the high-frequency stress parameter or stress drop (Ac). The seismic moment is related to magnitude 
through the definition of moment magnitude M by the relation 

log M0 = 1.5 M + 16.05 (Hanks and Kanamori, 1979) (D-2) 

The stress drop (Ac) relates the comer frequency f0 to Mo through the relation 

f0 = 030 (Ac/8.44 M0)"3  (Brune; 1970, 1971) (D-3) 

The stress drop is sometimes referred to as the high frequency stress parameter (Boore, 1983) (or 
simply the stress parameter) since it directly scales the Fourier amplitude spectrum for frequencies 
above the comer frequency (Silva, 1991; Silva and Darragh 1995). High (> 1 Hz) frequency model 
predictions are very sensitive to this parameter (Silva, 1991; EPRI, 1993) and the interpretation of 
it being a stress drop or simply a scaling parameter depends upon how well real earthquake sources 
(on average) obey the omega-squared scaling (Equation D-3) and how well they are fit by the single
corner-frequency model. If earthquakes truly have single-corner-frequency omega-squared sources, 
the stress drop in Equation D-3 is a physical parameter and its values have a physical interpretation 
of the forces (stresses) accelerating the relative slip across the rupture surface. High stress drop 
sources result from a smaller fault rupture area (for the same M) than low stress drop sources (Brune, 
1970). Less physically, stress drop can be viewed as simply a high frequency scaling or fitting 
parameter.  

The spectral shape of the single-corner-frequency (o-squared source model is then described by the 
two free parameters MK and Ac. The comer frequency increases with the shear-wave velocity and 
with increasing stress drop, both of which may be region dependent.  

Crustal amplification accounts for the increase in wave amplitude as seismic energy travels through 
lower-velocity crustal materials from the source to the surface. The amplification depends on average 
crustal and near surface shear-wave velocity and density (Boore, 1986).  

The P(f) filter in equation (D-1) is used in an attempt to model the observation that acceleration 
spectral density appears to fall offrapidly beyond some region- or site-dependent maximum frequency 
(Hanks, 1982; Silva and Darragh, 1995). This observed phenomenon truncates the high frequency 
portion of the spectrum and is responsible for the band-limited nature of the stochastic model. The 
band limits are the source comer frequency at low frequency and the high frequency spectral 
attenuation. This spectral fall-off at high frequency has been attributed to near-site attenuation 
(Hanks, 1982; Anderson and Hough, 1984) or to source processes (Papageorgiou and Aki, 1983) 
and perhaps results from both effects. In the Anderson and Hough (1984) attenuation model, 
adopted here, the form of the P(f) filter is taken as 

P(f, r) = e -XKr)f (D-4) 

(K(r) in Equation D-4 is a site- and distance-dependent parameter that represents the effect of intrinsic 
attenuation upon the wavefield as it propagates through the crust from source to receiver.
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K (r) depends on epicentral distance (r) and on both the shear-wave velocity (13) and quality factor 
(Qs) averaged over a depth of H beneath the site (Hough et al., 1988;). At zero epicentral distance 
kappa (1) is given by 

K (0) H H 
(D-5) 0 QS 

and is referred to as simply K.  

The bars in Equation D-5 represents an average of 13 and Q over a depth H. The value of K at zero 
epicentral distance is attributed to attenuation in the very shallow crust directly below the site (Hough 
and Anderson, 1988; Silva and Darragh, 1995). The intrinsic attenuation along this part of the path 
is not thought to be frequency dependent and is modeled as a frequency independent, (although site
and crustal-region dependent) constant value of K (Hough et al., 1988; Rovelli et al., 1988). This 
zero epicentral distance K is the model implemented in this study.  

The crustal path attenuation from the source to just below the site is modeled with the frequency
dependent quality factor Q(f). Thus the distance component of the original K(r) (Equation D-4) is 
accommodated by Q(f) and R in the last term of Equation D- 1: 

K (r) -= + (D-6) 1Qs 13o Q(f)(96 

The Fourier amplitude spectrum, FA(f), given by Equation D-l represents the stochastic ground 
motion model employing a Brune source spectrum that is characterized by a single comer frequency.  
It is a point source and models direct shear-waves in a homogeneous half-space (with effects of a 
velocity gradient captured by the A(t) filter, Equation D-1). For horizontal motions, vertically 
propagating shear-waves are assumed. Validations using incident inclined SH-waves accompanied 
with raytracing to find appropriate incidence angles leaving the source showed little reduction in 
uncertainty compared to results using vertically propagating shear-waves. For vertical motions, P/SV 
propagators are used in addition to raytracing to model incident inclined plane waves (Appendix K 
and EPRI, 1993). This approach has been validated with recordings from the 1989 M 6.9 Loma 
Prieta earthquake (EPRI, 1993).  

Equation D-1 represents an elegant ground motion model that accommodates source and wave 
propagation physics as well as propagation path and site effects with an attractive simplicity. The 
model is appropriate for an engineering characterization of ground motion since it captures the 
general features of strong ground motion in terms of peak acceleration and spectral composition with 
a minimum of free parameters (Boore, 1983; McGuire et al., 1984; Boore, 1986; Silva and Green, 
1988; Silva et al., 1988; Schneider et al., 1993; Silva and Darragh, 1995). An additional important 
aspect of the stochastic model employing a simple source description is that the region-dependent 
parameters may be evaluated by observations of small local or regional earthquakes. Region-specific 
seismic hazard evaluations can then be made for areas with sparse strong motion data with relatively 
simple spectral analyses of weak motion (Silva, 1992).
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In order to compute peak time-domain values, i.e. peak acceleration and oscillator response, RVT 
is used to relate RMS computations to peak value estimates. Boore (1983) and Boore and Joyner 
(1984) present an excellent development of the RVT methodology as applied to the stochastic ground 
motion model. The procedure involves computing the RMS value by integrating the power spectrum 
from zero frequency to the Nyquist frequency and applying Parseval's relation. Extreme value theory 
is then used to estimate the expected ratio of the peak value to the RMS value of a specified duration 
of the stochastic time history. The duration is generally taken as the inverse of the source corner 
frequency plus a term that increases with distance (Boore, 1983).  

Factors that affect strong ground motions such as surface topography, finite and propagating seismic 
sources, laterally varying near-surface velocity and Q gradients, and random inhomogeneities along 
the propagation path are not included in the model. While some or all of these factors are generally 
present in any observation of ground motion and may exert controlling influences in some cases, the 
simple stochastic point source model appears to be robust in predicting median or average properties 
of ground motion (Boore 1983, 1986; Schneider et al., 1993; Silva, 1993). For this reason it 
represents a powerful predictive and interpretative tool for engineering characterization of strong 
ground motion.  

D.3 Site Effects Model 

To model soil and soft rock response, an RVT-based equivalent-linear approach is used by 
propagating either the point source outcrop power spectral density through a one-dimensional 
column. RVT is used to predict peak time domain values of shear-strain based upon the shear-strain 
power spectrum. In this sense, the procedure is analogous to the program SHAKE (Schnabel et al., 
1972) except that peak shear strains in SHAKE are measured in the time domain. The purely 
frequency domain approach obviates a time domain control motion and, perhaps just as significantly, 
eliminates the need for a suite of analyses based on different input motions. This arises because each 
time domain analysis may be viewed as one realization of a random process. In this case, several 
realizations of the random process must be sampled to have a statistically stable estimate of site 
response. The realizations are usually performed by employing different control motions whose 
response spectrum matches a specified target. In the frequency-domain approach, the estimates of 
peak shear strains and oscillator response are, as a result of the RVT, fundamentally probabilistic in 
nature. Stable estimates of site response can then be rapidly computed permitting statistically 
significant estimates of uncertainties based on parametric variations.  

The parameters that influence computed response include the shear-wave velocity profile and the 
strain dependencies of both the shear modulus and shear-wave damping.  

D.4 Partition and Assessment of Ground Motion Variability 

An essential requirement of any numerical modeling approach, particularly one that is implemented 
in the process of defining design ground motions, is a quantitative assessment of prediction accuracy.  
This means that one must characterize the variability associated with model predictions. For a ground 
motion model, prediction variability is comprised of two components: modeling variability and 
parametric variability. Modeling variability is a measure of how well the model works (how
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accurately it predicts ground motions) when specific parameter values are known. Modeling 
variability is measured by misfits of model predictions to recorded motions through validation 
exercises and results from unaccounted components in the source, path, and site models (e.g. a point 
source cannot model the effects of directivity, and linear site response cannot accommodate nonlinear 
effects). Parametric variability results from a range of values for model parameters (i.e. slip 

distribution, soil profile, G/Gmx and hysteretic damping curves). It is the sensitivity of a model to a 
range of values for model parameters. The total variability, modeling plus parametric, represents the 
variance associated with the ground motion prediction and, because it is a necessary component in 

estimating fractile levels, may be regarded as important as median predictions.  

Both the modeling and parametric variabilities may have components of randomness and uncertainty.  
Table D- 1 summarizes the four components of total variability in the context of ground motion 
predictions. Uncertainty is that portion of both modeling and parametric variability that, in principle, 
can be reduced as additional information becomes available, whereas randomness represents the 
intrinsic or irreducible component of variability for a given model or parameter. Randomness is that 
component of variability that is intrinsic or irreduciblefor a given model. The uncertainty component 
reflects a lack of knowledge and may be reduced as more data are analyzed. For example, in the 

point source model, stress drop is generally taken to be independent of source mechanism and 

tectonic region, and is found to have a standard error of about 0.7 (natural log) (EPRI, 1993). This 

variation or uncertainty plus randomness in AG results in a variability in ground motion predictions 
for future earthquakes. If, for example, it is found that normal faulting earthquakes have generally 
lower stress drops than strike-slip events, which are, in turn, lower than reverse mechanism events, 

perhaps much of the variability in Aa may be reduced. In extensional regimes, where normal faulting 

earthquakes are most likely to occur, this new information may provide a reduction in variability 
(uncertainty component) for stress drop, say to 0.3 or 0.4 resulting in less ground motion variation 
due to a lack of knowledge of the mean stress drop. There is, however, a component of this stress 
drop variability that can never be reduced in the context of the Brune model. This results simply from 

the heterogeneity of the earthquake dynamics, which is not accounted for in the model and which 
results in the randomness component of parametric variability in stress drop. A more sophisticated 
model may be able to accommodate or model more accurately the source dynamics but, at the 
expense of a larger number of parameters and increased parametric uncertainty (i.e. finite-fault with 
slip model and nucleation point as unknown parameters for future earthquakes). That is, more 
complex models typically seek to reduce modeling randomness by more closely modeling physical 
phenomena. However, such models often require more comprehensive sets of observed data to 
constrain additional model parameters, which generally leads to increased parametric variability. If 
the increased parametric variability is primarily in the form of uncertainty, it is possible to reduce total 
variability, but only at the additional expense of constraining the additional parameters. Therefore, 
existing knowledge and/or available resources may limit the ability of more complex models to reduce 

total variability.  

The distinction of randomness and uncertainty is model driven and somewhat arbitrary. The 

allocation is only important in the context of probabilistic seismic hazard analyses, because 
uncertainty is treated using alternative hypotheses in logic trees while randomness is integrated over 
in the hazard calculation (Cornell, 1968). For example, the uncertainty component in stress drop may 

be treated by using a discrete representation of the stress drop distribution and assigning weights and
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specific values. A reasonable three point approximation to a normal distribution is given by weights 
of 0.2, 0.6, 0.2 for 5%, mean, and 95% values of stress drop respectively. If the distribution of 
uncertainty in stress drop were such that the 5%, mean, and 95% values were 50, 100, and 200 bars 
respectively, the stress drop values would be 50 and 200 bars with weights of 0.2, and 100 bars with 
a weight of 0.6. The randomness component in stress drop variability would then be formally 
integrated over in the hazard calculation.  

D.4.1 Assessment of Modeling Variability 

Modeling variability (uncertainty plus randomness) is usually evaluated by comparing response 
spectra computed from recordings to predicted spectra. The modeling variability is defined as the 
standard error of the residuals of the log of the average horizontal component (or vertical component) 
response spectra. The residual is defined as the difference of the logarithms of the observed average 
5% damped acceleration response spectra and the predicted response spectra. At each period, the 
residuals are squared and summed over the total number of sites for one or all earthquakes modeled.  
Dividing the resultant sum by the number of sites (provided they are statistically independent) results 
in an estimate of the model variance. Any model bias (average offset) that exists may be estimated 
in the process (Abrahamson et al., 1990; EPRI, 1993) and used to correct (lower) the variance (and 
to adjust the median as well). In this approach, the modeling variability can be separated into 
randomness and uncertainty where the bias-corrected variability represents randomness and the total 
variability represents randomness plus uncertainty. The uncertainty is captured in the model bias as 
this may be reduced in the future by refining the model. The remaining variability (randomness) 
remains irreducible for this model. In computing the variance and bias estimates only the frequency 
range between processing filters at each site (minimum of the 2 components) is used. The causal 
butterworth filter comers are listed for each site (and component) in the Strong Motion Catalogue 
(Appendix B).  

D.4.2 Assessment of Parametric Variability 

Parametric variability, or the variation in ground motion predictions due to uncertainty and 
randomness in model parameters is difficult to assess. Formally it is straightforward: a Monte Carlo 
approach may be used with each parameter randomly sampled about its mean (or median) value either 
individually for sensitivity analyses (Silva, 1992; Roblee et al., 1996) or in combination to estimate 
the total parametric variability (Silva, 1992; EPRI, 1993). In reality, however, there are two 
complicating factors.  

The first factor involves the specific parameters kept fixed with all earthquakes, paths, and sites when 
computing the modeling variability. These parameters are then implicitly included in modeling 
variability provided the data sample a sufficiently wide range in source, path, and site conditions.  
The parameters that are varied during the assessment of modeling variation should have a degree of 
uncertainty and randomness associated with them for the next earthquake. Any ground motion 
prediction should then have a variation reflecting this lack of knowledge and randomness in the free 
parameters.
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An important adjunct to fixed and free parameters is the issue of parameters that may vary but by 
fixed rules. For example, source rise time is magnitude dependent and is specified by an empirical 
relation (Silva et al., 1997) in the stochastic finite-source model. In evaluating the modeling 
variability with different magnitude earthquakes, rise time is varied, but because it follows a strict 
rule, any variability associated with rise time variation is counted as modeling variability. This is 
strictly true only if the sample of earthquakes has adequately spanned the space of magnitude, source 
mechanism, and other factors that may affect rise time. Also, the earthquake to be modeled must be 
within that validation space. As a result, the validation or assessment of model variation should be 
done on as large a number of earthquakes of varying sizes and mechanisms as possible.  

The second, more obvious factor in assessing parametric variability is a knowledge of the appropriate 
distributions for the parameters (assuming correct values for median or mean estimates are known).  
In general, for the stochastic models, median parameter values and uncertainties are based, to the 
extent possible, on evaluating the parameters derived from previous earthquakes (Silva, 1992; EPRI, 
1993).  

The parametric variability is site, path, and source dependent and must be evaluated for each 
application (Roblee et al., 1996). For example, at large source-to-site distances, crustal path damping 
may control short-period motions. At close distances to a large fault, both the site and finite-source 
(asperity location and nucleation point) may dominate, and depending upon site characteristics, the 
source or site may control different frequency ranges (Silva, 1992; Roblee et al., 1996).  

In combining modeling and parametric variance, independence is assumed (covariance is zero) and 
the variances are simply added to give the total variance.  

G 2 T + a 2 (D-7), 

where 

M = modeling variance, 
v2p= parametric variance.  

D.4.3 Model Bias And Variance Estimates For The Point Source Model 

Results presented here are from a validation exercise sponsored by the Department of Energy. It was 
begun in 1994 and completed in 1997 (Silva et al., 1997) and included the stochastic finite-source 
model as well. In this exercise, regional crustal models (for each earthquake) were used along with 
generic rock and soil profiles (one each) and generic (region specific) G/Gmu and hysteric damping 
curves. Region and earthquake specific inversions were done for Q(f) models and point source stress 
drops. Bias and variance estimates were computed over 16 earthquakes, 503 sites, reflecting the 
magnitude range of M 5.3 (Imperial Valley aftershock) to M 7.4 and a site distance range of 1 to 218 
km (460 km for CEUS). CEUS data include both the Saguenay and Nahanni earthquakes. This 

2Strong ground motions are generally considered to be log normally distributed.
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represents a comprehensive data set and provides a statistically robust assessment of prediction 
accuracy for the point source model.  

Model bias and variability estimates are shown in Figures D-1, D-2, and D-3. Over all the sites, 
Figure D- 1, the bias is slightly positive for frequencies greater than about 10 Hz and is near zero from 
about 10 Hz to 1 Hz. Below 1 Hz, a stable point source overprediction is reflected in the negative 
bias. The analyses are considered reliable down to about 0.3 Hz where the model shows about a 40% 
overprediction.  

The model variability is low, about 0.5 above about 3 to 4 Hz and increases with decreasing 
frequency to near 1 at 0.3 Hz. Above 1 Hz, there is little difference between the total variability 
(uncertainty plus randomness) andrandomness (bias corrected variability) reflecting the near zero bias 
estimates. Below 1 Hz there is considerable uncertainty contributing to the total variability 
suggesting that the model can be measurably improved, as its predictions tend to be consistently high 
at very low frequencies (_• 1 Hz). This stable misfit may be interpreted as the presence of a second 
corner frequency for WNA sources (Atkinson and Silva, 1997).  

For the soil sites, Figure D-2 shows a slight improvement at 1 Hz and above in both the bias and 
variability estimates. This indicates that the rock sites must reflect the converse and Figure D-3 does 
show larger bias and variability estimates than the results for all the sites. Soil sites are modeled more 
accurately than rock sites. This suggests that strong ground motions at rock sites are more variable 
than motions at soil sites and that the model is not capturing the increased site-to-site variation. This 
is consistent with the trend seen in the individual earthquake analyses: soil sites are modeled more 
accurately than rock sites because they have less intra-event variability. The larger rock site bias 
above 20 Hz suggests a small stable underprediction possibly from the use of a single smooth rock 
profile rather than randomizing the profile and using a mean spectrum.  

In general, for frequencies of about 1 Hz and higher, the point source bias estimates are small (near 
zero) and the variabilities range from about 0.5 to 0.6. These estimates are low considering that high 
frequency ground motion variance decreases with increasing magnitude, particularly above M 6.5 
(Youngs et al., 1995), and these validations are based on a data set comprised of several earthquakes 
with M less than M 6.5 (288 of 513 sites). Because generic site parameters were used, the model 
variability (mean = 0) contains the total uncertainty and randomness contribution for the site. The 
parametric variability due to uncertainty and randomness in site parameters: shear-wave velocity, 
profile depth, G/G,. and hysteretic damping curves need not be added to the model variability 
estimates. It is useful to perform parametric variations to assess site parameter sensitivities on the 
ground motions, but only source and path damping Q(f) parametric variabilities require assessment 
on a site-specific basis for addition to the model variability. The uncertainty and randomness for the 
point source is contained in the stress drop for the single-corner frequency model as well as source 
depth. For applications to the CEUS, additional uncertainty may be appropriate to accommodate the 
likelihood of a double corner source, that is, to include epistemic uncertainty in the shape of the 
source spectrum. Alternatively, composite source spectra could be used based on weighted averages 
of the single- and double-corner models.
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Table D-i1

CONTRIBUTIONS TO TOTAL VARIABILITY 
IN GROUND MOTION MODELS

Uncertainty 

(also Epistemic 
Uncertainty)

Randomness 

(also Aleatory 
Uncertainty)

Modeling Variability

Modeling Uncertainty: 

Variability in predicted motions 
resulting from particular model 
assumptions, simplifications 
and/or fixed parameter values.  

Can be reduced by adjusting or 
"calibrating" model to better fit 
observed earthquake response.

Parametric Variability

Parametric Uncertainty: 

Variability in predicted 
motions resulting from 
incomplete data needed to 
characterize parameters.  

Can be reduced by collection 
of additional information 
which better constrains 
parameters

t I

Modelina Randomness: 

Variability in predicted motions 
resulting from discrepancies 
between model and actual 
complex physical processes.  

Cannot be reduced for a given 
model form.

Parametric Randomness: 

Variability in predicted 
motions resulting from 
inherent randomness of 
parameter values.  

Cannot be reduced a priori* 
by collection of additional 
information.

* Some parameters (e.g. source characteristics) may be well defined after an earthquake.
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Figure D-1. Model bias and variability estimates for all earthquakes computed over all 503 sites 
for the point-source model.
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Figure D-2. Model bias and variability estimates for all earthquakes computed over all 344 soil 
sites for the point-source model.  
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Figure D-3. Model bias and variability estimates for all earthquakes computed over all 159 rock 
sites for the point-source model.  
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APPENDIX E FOURIER AMPLITUDE SPECTRA FOR WUS EMPIRICAL MOTIONS

Notation: D1RM55HV

D1 
R 
S 
M55 
H 
V 
AMPAVGH 
AMPAVGV

Distance Bin 1 (0- 10 km) 
Rock Site 
Soil Site 
Magnitude Bin 5 - 6 
Horizontal 
Vertical 
Average Value Horizontal Records 
Average Value Vertical Records
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Figure E-1. Mean Fourier spectra for distance 0-10km, rock sites, M5-6
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Figure E-2. Mean Fourier spectra for distance 0-10km, rock sites, M6-7
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Figure E-3. Mean Fourier spectra for distance 0-10 km, rock sites, M7+. Note: discontinuity at 
25 Hz is caused by few records available above that frequency.
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Figure E-4. Mean Fourier spectra for distance 10-50km, rock sites, M5-6
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Figure E-5. Mean Fourier spectra for distance 10-50km, rock sites, M6-7.
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Figure E-6. Mean Fourier spectra for distance 10-50km, rock sites, M7+.
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Figure E-7. Mean Fourier spectra for distance 50-100 km, rock sites, M5-6.
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Figure E-8. Mean Fourier spectra for distance 50-100 kmn, rock sites, M6-7.
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Figure E-9. Mean Fourier spectra for distance 50- 100 km, rock sites, M7-i.
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Figure E-10. Mean Fourier spectra for distance 100-200 km, rock sites, M5-6.
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Figure E- 11. Mean Fourier spectra for distance 100-200 km, rock sites, M6-7.
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Figure E-12. Mean Fourier spectra for distance 10-200 km, rock sites, M7+.
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Figure E-13. Mean Fourier spectra for distance 0-10 km, soil sites, M5-6.
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Figure E-14. Mean Fourier spectra for distance 0-10 km, soil sites, M 6-7.
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Figure E- 15. Mean Fourier spectra for distance 0-10 km, soil sites, M 7+.
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Figure E-16. Mean Fourier spectra for distance 10-50 km, soil sites, M 5-6.
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Figure E-17. Mean Fourier spectra for distance 10-50 km, soil sites, M 6-7.
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Figure E- 18. Mean Fourier spectra for distance 10-50 kin, soil sites, M 7+. Note: discontinuity 
at 25 Hz is caused by few records available above that frequency.
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Figure E-19. Mean Fourier spectra for distance 50-100 km, soil sites, M 5-6.
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Figure E-20. Mean Fourier spectra for distance 50-100 km, soil sites, M 6-7. Note: discontinuity 
at 50 Hz is caused by few records available above that frequency.
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Figure E-21. Mean Fourier spectra for distance 50-100 kin, soil sites, M 7+. Note: discontinuity 
at 25 Hz is caused by few records available above that frequency.
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Figure E-22. Mean Fourier spectra for distance 100-200 km, soil sites, M 5-6.
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Figure E-23. Mean Fourier spectra for distance 100-200 km, soil sites, M 6-7. Note: 
discontinuity at 50 Hz is caused by few records available above that frequency.
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Figure E-24. Mean Fourier spectra for distance 100-200 km, soil sites, M 7+.  

Note: discontinuity at 25 and 50 Hz is caused by few records available above that frequency.
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Figure E-25. Mean Fourier spectra for distance 0-10 km, rock sites, horizontal motions.  
Note: discontinuity at 25 and 50 Hz is caused by few records available above that frequency.
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Figure E-26. Mean Fourier spectra for distance 0-10 km, rock sites, vertical motions.  

Note: discontinuity at 25 Hz is caused by few records available above that frequency.
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Figure E-27. Mean Fourier spectra for distance 0-10 km, soil sites, horizontal motions.  
Note: discontinuity at 25 and 50 Hz is caused by few records available above that frequency.
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Figure E-28. Mean Fourier spectra for distance 0-10 kin, soil sites, vertical motions.  
Note: discontinuity at 25 and 50 Hz is caused by few records available above that frequency.
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Figure E-29. Mean Fourier spectra for distance 10-50 km, rock sites, horizontal motions.
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Figure E-30. Mean Fourier spectra for distance 10-50 km, rock sites, vertical motions.
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Figure E-3 1. Mean Fourier spectra for distance 10-50 kin, soil sites, horizontal motions.  
Note: discontinuity at 25 and 50 Hz is caused by few records available above that frequency.
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Figure E-32. Mean Fourier spectra for distance 10-50 kin, soil sites, vertical motions.  
Note: discontinuity at 25 and 50 Hz is caused by few records available above that frequency.
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Figure E-33. Mean Fourier spectra for distance 50-100 kIn, rock sites, horizontal motions.
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Figure E-35. Mean Fourier spectra for distance 50-100 km, soil sites, horizontal motions.  
Note: discontinuity at 25 and 50 Hz is caused by few records available above that frequency.
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Figure E-36. Mean Fourier spectra for distance 50-100 kIn, rock sites, vertical motions.  
Note: discontinuity at 25 and 50 Hz is caused by few records available above that frequency.
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Figure E-37. Mean Fourier spectra for distance 100-200 km, rock sites, horizontal motions.
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Figure E-38. Mean Fourier spectra for distance 100-200 km, rock sites, vertical motions.
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Figure E-39. Mean Fourier spectra for distance 100-200 km, soil sites, horizontal motions.  
Note: discontinuity at 25 and 50 Hz is caused by few records available above that frequency.

E-40



1000

1 0 0 
N I.  

D4SM55V 

S.................... D4SM6V 

1 0 D4SM75V 

10 
100 

FREQUENCY(hz) 

Figure E-40. Mean Fourier spectra for distance 100-200 kin, soil sites, vertical motions.  
Note: discontinuity at 25 and 50 Hz is caused by few records available above that frequency.
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Figure F-1. PGD/PGA (cm/g) for horizontal motion, rock sites
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Figure F-2. PGV/PGA (cm/s/g) for horizontal motion, rock sites.
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Figure F-3. PGA.PGA/PGV2 for horizontal motion, rock sites.
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Figure F-4. PGD/PGA (cm/g) for vertical motion, rock sites.
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Figure F-5. PGV/PGA (cm/s/g) for vertical motion, rock sites.
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Figure F-6. PGA*PGDIPGV 2 for vertical motion, rock sites.
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Figure F-8. PGV/PGA (cni/s/g) for horizontal motion, soil sites.
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Figure F-9. PGAPGD/PGV2 for horizontal motion, soil sites.
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Figure F-10. PGD/PGA (cm/g) for vertical motions, soil sites.
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Figure F- 11. PGV/PGA (crn/s/g) for vertical motion, soil sites.
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Figure F- 12. PG3AoPGD/PGV 2 for vertical motion, soil sites.
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Figure F-13. Duration calculated as 5%-75% of Arias intensity, rock sites, horizontal motion.
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Figure F-14. Duration calculated as 5-75% of Arias intensity, rock sites, vertical motion.
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Figure F-i15. Duration calculated as 5-75% of Arias intensity, soil sites, horizontal motion.
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Figure F-16. Duration calculated as 5-75% of Arias intensity, soil sites, vertical motion.

F-17

100

10

0n 
0

'A

0.1
100

I II I

w

I

0

4
13

I

I!



100 I S I I I * I I I I * I I I I � � I I

10 -E 

0 6 

rj13 

,o3 ro 0 a..o 

SI [ 
00 

O] RM55H-T 

* RM65H-T 

o RM75H-T 

0.1 , I , I 
0 25 50 75 100 

DISTANCE (km) 

Figure F-17. Duration calculated as 5-95% of Arias intensity, rock sites, horizontal motion.
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Figure F-18. Duration calculated as 5-95% of Arias intensity, rock sites, vertical motion.
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Figure F- 19. Duration calculated as 5-95% of Arias intensity, soil sites, horizontal motion.
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Figure F-20. Duration calculated as 5-95% of Arias intensity, soil sites, vertical motion.
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Figure F-21. Correlations of Hl/H2 acceleration pairs, WUS rock sites.
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Figure F-22. Correlations of H1/H2 acceleration pairs, WUS soil sites.
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Figure F-23. Correlations of H1/H2 velocity pairs, WUS rock sites.
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Figure F-24. Correlations of Hl/H2 velocity pairs, WUS soil sites.
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Figure F-25. Correlations of H1IH2 displacement pairs, WUS rock sites.
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Figure F-26. Correlations of H1/H2 displacement pairs, WUS soil sites.
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Figure F-27. Comparison of correlationmi CIf vertical/horizontal acceleration pairs at WUS rock sites.
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Figure F-28. Comparison of correlations of vertical/horizontal acceleration pairs at WUS soil sites.
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Figure F-29. Comparison of correlatioil. of vertical/horizontal velocity pairs at WUS rock sites.
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Figure F-30. Comparison of correlations Pf vertical/horizontal velocity pairs at WUS soil sites.
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Figure F-3 1. Comparison ofcorrelations of vertical/horizontal displacement pairs at WUS rock sites.
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Figure F-32. Comparison of correlations of vertical/horizontal displacement pairs at WUS soil 
sites.
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APPENDIX G PLOTS OF ARIAS INTENSITY AND CUMULATIVE ABSOLUTE 
VELOCITY FROM WUS RECORDS

R 
S 
M55 
H 
V

Notation: R55H 
S55V 

Rock Site 
Soil Site 
Magnitude Bin 5 - 6 
Horizontal records 
Vertical records
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Figure G- 1. Arias intensity, WUS horizontal motions, rock sites.
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Figure G-2. Arias intensity, WUS vertical motions, rock sites.
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Figure G-3. Arias intensity, WUS horizontal motions, soil sites.
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Figure G-4. Arias intensity, WUS vertical motions, soil sites.
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Figure G-5. CAV, WUS horizontal motions, rock sites.

G-6

10

I I

-o

0 
0

8 
*0

0 13
$

75 100

• " " " I I | I i | I | | . •I

I

I • |

! |



A a a I 1 U P I 1 I I I I a I I I I I

r3 R55V-CAVMX 

* R65V-CAVMX 

O R75V-CAVMX

Io
0.3 0

0

o #

[30 [

0]

0.01

nn~ 0LJ[ 0 0
00

3O
U2 0]

- 0

0

0 25 50

DISTANCE (tam) 

Figure G-6. CAV, WUS vertical motions, rock sites.
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Figure G-7. CAV, WUS horizontal motions, soil sites.  
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Figure G-8. CAV, WUS vertical motions, soil sites.
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APPENDIX H DURATION RELATIONS FOR WUS STRONG GROUND MOTION 
(MODIFIED FROM ABRAHAMSON AND SILVA, 1997) 

H.1 Introduction 

Although the duration is an important characteristics of strong ground motion, there has been much 
less effort for developing empirical models of duration than there has been for developing empirical 
models of response spectra attenuation relations. Part of the difficulty has been that there are several 
different definitions of duration that have been used in previous studies. As a result, while duration 
is well understood in a qualitative sense, there is a wide range of quantitative duration estimates for 
the same set of recordings.  

The definition of duration used here is based on the normalized Arias intensity of acceleration because 
this is the measure of duration that is most appropriate for the RVT models. The normalized Arias 
intensity is defined as 

f a 2 (x) dx 

I(t) - 0 (H-1) 

f a2 (T) d 
0 

where a(x) is the acceleration time history and the normalized intensity, I(t), ranges from 0 to 1. The 
duration is defined as the time history interval between which I(t) reaches two values. That is, given 
I(t), we then develop the inverse relation for t(I). The duration, T,-]2, is given by 

T11_12 = 0(/2) - t(l1) (H-2) 

For example, if I,=0.05 and 12--0.75, then Dn-1 2 is the duration of the 5-75% normalized Arias 
intensity.  

H.2 Approach 

A two-step approach is used to develop the empirical model for duration. In the first step, a model 
is developed describing the magnitude, distance, and site dependence of duration for the 5-75% 
normalized Arias intensity (T:. 75). In the second step, a model is developed describing the ratio of 
the duration at other normalized Arias intensity levels (e.g. 5-95%) relative to the 5-75% duration.  
Together, these two models provide a description of the magnitude, distance, and site dependence 
of the duration for a range of normalized Arias intensities.
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T5 _75 Model

In the first step, the model is developed for T 5-75. Previous studies have found that at short distances 
on rock sites, T5-75 is similar to the source duration, which is approximately by 1/fe , where f, is the 
comer frequency of the earthquake. That is, for short distances at rock sites: 

1 
T 5 -7 5 = 1 (H-3) 

f4(M 0,Aa) 

where 

f,(MOAo) = 4.9 101 (Au) (H-4) 
0 

and P3 is the shear wave velocity at the source (in km / s), Ac is the stress drop (in bars), and M. is 
the moment (in dyne-cm).  

At larger distances, the duration increases due to complexities in wave propagation (scattering and 
3-D effects). At soil sites, the duration is typically larger than at rock sites. The distance dependence 
and site dependence are considered to be additive to the source duration. This leads to a model of 
the form: 

T5 -75  f 1 + tl (r) + t2 (S, r) (1H-5) 
f, (M., AcF) 

where t,(r) is the distance dependence on rock and t2(S, r) is a site dependence that allows for 
coupling of the site and distance dependence.  

The magnitude dependence of the duration is determined by the magnitude dependence of the comer 
frequency, f,, which in turn is determined by the magnitude dependence of the moment and stress
drop. The moment is related to magnitude by 

logl0 Mo = 1.5M + 16.05 (H-6) 

The magnitude dependence of the stress drop is estimated as part of the regression analysis.  

Previous studies have found that the distance dependence of duration on rock, f, (r), is approximately 
proportional to distance. The distance dependence of T5_75 is shown in Figures H-la and H-lb for 
the horizontal component and in Figures H-2a and H-2b for the vertical component. These data also 
indicate that the duration increases approximately linearly with distance at large distances. At short 
distances the duration is approximately independent of distance. This leads to a piecewise continuous 
form for t1 (r): 

{ 0 for r<_ r, 
t1 (r) = d2(r-r,) for r>r, (H-7)
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where r, is a cutoff distance determined by the regression analysis.

For the site dependence, t2 (S, r), a constant is used for short distances. A distance dependence of 

the site effect is also considered, leading to the following model: 
= d1S for r < (rH-8) 

t2(r) = d1 + d3(r-r,)}S for r>r (

where S is the site term coefficient and is equal to zero for rock sites and 1 for soil sites. In 

preliminary evaluations the regression analyses were performed with and without the d3 term. The 

d3 term did not significantly improve the fit so this term was not used further. Also, the distribution 

of observed residuals was positively skewed (Figure H-3a-b). The hypothesis that the duration 

residuals are normally distributed can be rejected with greater than 95% confidence. The skewed 

distribution of residuals is consistent with a lognormal distribution.  

The resulting model for mean log duration is 

Ln (T5 _75) = Ln 10 - + Sd1 +d2(r -r) for rr, H-9a) 
4.9 1061 

and 

Ln (T5 _75) = Ln + Sd1 for r<r (H-9b) 
4.9 10'fo 

In the regression analysis, J0 was fixed at 3.2 km/s.  

In the initial regression, the stress drop term (Eq. H-9a, H-9b) was treated as a constant for all 

magnitudes. The r, term was not well resolved by the data and ranged from 5 to 15 kIn, so it's value 

was set at 10 km. The remaining coefficients estimated from the initial regression are listed in Table 

H- 1. The distributions of the residuals shown in Figures H-4a and H-4b indicate that a lognormal 

distribution is appropriate; the hypothesis that the duration residuals are lognormally distributed 

cannot be rejected with 40% confidence.  

It is important to note that the "duration" stress drop given in Table H-1 is a ground motion 

parameter with units of bars that lead to the appropriate duration under the assumption that the 5

75 % normalized Arias intensity is given by a source duration equal to 1/fe. It is by definition different 

from the static stress drop or RMS stress drop.
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When fixing other coefficients fixed to their values from Table I-1; the value of Aa varies with 
magnitude. The estimated stress drop for the individual magnitude bins are shown in Figures H-5a 
and H-5b, for horizontal and vertical components respectively. The standard errors of the mean 
estimates are also shown. An exponential form of the magnitude dependence of Aa was selected 
because it is consistent with the trend in the estimates shown in Figures H-5a and H-5b and because 
it is consistent with the exponential magnitude dependence of seismic moment. (For short distances 
on rock, the magnitude dependence of the log duration reduces to a linear function in magnitude if 
an exponential magnitude dependence of Aa is used.) The magnitude dependence of Aa is modeled 
by 

Aa(M) = exp{bI +b2 (M-6)} (H-10) 

Substituting this form for Aa(M) in Eq (H-9), the regression analysis was repeated holding the remaining coefficients fixed to their values from the initial regression (from Table H-i). The 
estimates of the coefficients are listed in Table H-2. The solid curves in Figures H-5a and H-5b show 
the resulting model for duration stress drop. The magnitude dependence of Au found here (increasing 
duration stress drop with increasing magnitude) indicates that the magnitude dependence of the 
duration is weaker than implied by constant stress drop scaling.  

The residuals were computed for separate, unit magnitude bins to evaluate the fit. The residuals 
for the horizontal and vertical duration (T.5 s5) are shown as a function of distance in Figures H-6a and 
H-7a, for M6.5-7.0. (Data for other magnitude ranges are similar.) 

The resulting magnitude and distance dependence of the model for the 5-75% duration is shown in 
Figures H-8a through H-8d.  

Duration for Other Ranges 

The second part of the duration regression evaluates the shape of the normalized Arias intensity so 
that the duration at the other ranges can be estimated. For each record, the duration values were 
normalized by the Ts5_75 value for that record. The mean normalized durations for the average 
horizontal component are shown in Figures H-9 and H- 10 for different distance ranges (given 6.5< 
M < 7.0) and magnitude ranges (given 30 < R < 60), respectively. Curves for other magnitudes, 
distances, and vertical components are similar. The normalized duration does not show a significant 
systematic dependence on either magnitude or distance, so a magnitude- and distance- independent 
functional form is used. Several alternative forms were evaluated and the following power relations 
was found to provide a good fit to the mean: 

In( T- ) = e,+ e2 ln( I-5 ) + e3( ln( 1-5 ))2 (H-li) 
T"5-75 1 -. 01/ 1-0.01/ H11 

where I is the percentage of the normalized Arias intensity defining the duration. The coefficients 
were estimated using ordinary least-squares and are listed in Table H-3. The mean predicted relation 
is compared to the mean of the data in Figures H-12a and H-12b for the horizontal and vertical 
components, respectively.
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H.3 Duration Model

Combining the two models, the resulting duration model is given by 

Ao(M) -"'l/ 

Ln (T5 -1) = Ln \ "0i + Sd, +d2 (r - r,) + In( T5 -1  (H-12a) 

L . 10613] . T5-75 

for r : r, and by 

10("AM(M) -1/3 1 

Ln (T5 1) = Ln 1015M116.5) + Sd1I + In(T 5 1 ) (H-12b) 
4.9 013 T5-75 

for r < re.  

The standard error is computed from this combined model to estimate the total standard error directly 
(not a combination of the standard error of the two parts of the model). The standard errors are 

plotted in Figure H-12 and are listed in Table H-4.  

H.4 Model Predictions 

The model predictions for the horizontal duration for a distance of 30 km are shown in Figure H- 13 

for rock and Figure H- 14 for soil. Similar plots of the model predictions for the vertical component 

are shown in Figures H- 15 and H- 16.  
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Table H- 1 
INITIAL REGRESSION ESTIMATES OF COEFFICIENTS 
FOR T,- USING Aa INDEPENDENT OF MAGNITUDE 

Coefficient Horizontal Vertical 

d, 0.805 0.130 1.076 0.155 

dl 0.063 0.006 0.107 0.008 

Ac; 230 34 152 23 

r. 10* 10* 

03 3.2* 3.2* 
* fixed values 

Table H-2 
REGRESSION ESTIMATES OF COEFFICIENTS 

FOR T,_7; USING MAGNITUDE DEPENDENT Aa 

Coefficient Horizontal Vertical 

d, 0.805* 1.076* 

d2 0.063* 0.107* 

b, 5.204 0.105 4.61** 

b2 0.851 0.146 1.536** 

rc 10* 10* 

P 3.2* 3.2* 

Standard Error 0.55 0.46 
* fixed values 
"**standard deviations not reported
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Table H-3 
REGRESSION ESTIMATES FOR THE NORMALIZED DURATION 

Coefficient Horizontal Vertical 

e, -0.532 0.005 -0.466 0.009 

e2  0.552 0.002 0.540 0.005 

e3 -0.0262 0.0013 -0.0537 0.0026

Table H-4 
STANDARD ERROR FOR DURATION (EQ. H-12ab) 

I Horizontal Vertical 

10% 0.843 0.915 

15% 0.759 0.841 

20% 0.713 0.788 

25% 0.691 0.742 

30% 0.674 0.703 

35% 0.660 .0.666 

40% 0.646 0.630 

45% 0.636 0.609 

50% 0.628 0.583 

55% 0.616 0.555 

60% 0.605 0.535 

65% 0.594 0.519 

70% 0.582 0.500 

75% 0.565 0.478 

80% 0.545 0.462 

90% 0.510 0.443 

95% 0.493 0.449
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Figure H-13. Duration model for horizontal component for rock site conditions and distance of 
30 km.
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APPENDIX I SITE- AND SOIL-SPECIFIC PSHA FOR NONLINEAR SOIL SITESa 
a Bazzurro, P., Cornell, C.A., and F. Pelli (1999). "Site- and Soil-specific PSHA for Nonlinear Soil 

Sites", Proceedings of 2' International Symposium on Earthquake Resistant Engineering Structures 

- ERES99, Published by WIT Press, Southhampton, UK, Paper No. 27214, 15-17 June, Catania, 
Italy 

L1 Introduction 

The probabilistic site amplification of ground motions has been extensively studied by others.5' 10 '4 The 

procedure proposed here, however, is fully probabilistic since it includes the variability both in the 

ground motion and in the soil parameters at the site. Moreover, the soil nonlinear response is 

evaluated by driving real rock ground motions through a finite element model of the column using 

a program capable of predicting the pore water pressure build-up and dissipation. In practical 

applications this method can use a small number of records/runs, as few as ten or less, which is a big 

advantage if resources and/or "appropriate" records for a site are a major constraint. Results suggest, 

in fact, that sufficient accuracy is achieved without running many records at many magnitude and 

distance pairs. This implies that real accelerograms rather than simulated ones can often be used.  

Two case studies involving both a sandy and clayey soil deposit are discussed here.  

L2 Methodology 

For brevity, this section describes only the main features of the methodology. More details can be 

found in Bazzurro and Cornell.2 The effect of the soil on the intensity of the ground motion at the 

surface is studied in terms of a site-specific, frequency-dependent amplification function, AF(f), where 

f is a generic oscillator frequency: 

AF(f) = (1) 

whereSa j) and s[ (I) are the 5%-damped spectral acceleration values at the soil surface and at the 
bedrock, respectively.  

The behavior of AF (f) for multiple ground motion records has shown that S [ (f) is the most effective 

predictor variable for estimating AF (J) (at the same frequency f) among different bedrock ground 

motion parameters, such as magnitude, M, source-to-site distance, R, Peak Ground Acceleration, 

PGAr , and spectral acceleration values, S[ (fs,), at the initial resonant frequency, f, , of the soil 

column. Furthermore, results showed that once the Sa[ (f) value of a record at the bedrock is known, 

the additional knowledge of M and R, which implicitly define its average response spectrum shape, 

do not appreciably improve the estimation of AF (J) at the same frequency f. In other words, AF (J/) 

conditioned on Sar (f) is virtually independent on M and R (see Fig. 4 to come).  

The proposed method for computing surface hazard curves for Z = S s (f) convolves the site-specific 

rock hazard curves for X = Sa (f), which may be exogenously provided, with the Y = AF (f) 

estimates obtained through nonlinear dynamic analyses of the soil. Bazzurro and Cornell 2 describe 

also a different but equally effective approach which requires performing a PSHA for the site with

1-1



P[Z > z] = G,(z) = E G- (Z X = x.)P[X = x] 
alIx, X 

where G, (w) is the complementary cumulative distribution function (CCDF) of any random variable, 
W (e.g., Gz (z) is the sought hazard curve for S0(f), i.e., the annual probability of exceeding level 
z), and P[X = xj] = Px (xj) is the probability that the rock input level is x . The latter can be 
approximately derived by differentiating the rock hazard curve in "discrete" or numerical form. GMX 
is the CCDF of AF (f), conditional on a rock level amplitude xj.  

Assuming lognormality of Y given X, the G., is given by: 

In[tx] - intr(x)] G,,(z bej) = .D 
X 0~G~1.1 

in which 1)(-)is the widely tabulated complementary standard Gaussian CDF. Estimates of the 
distribution parameters of Y, (i.e., the conditional median of Y, ihnx, and the conditional standard 
deviation of natural logarithm of Y, €;.y) can be found by driving a suite of n rock ground motion 
records through a sample of soil column representations (recall that the soil properties are uncertain) 
and then regressing, for each frequencyf, the values of In Y on In X.  

For the two case studies presented later the values of an were found to be between 0.2 and 0.35 
for all oscillator frequencies, f, of interest, and to be virtually independent of the level xj. When the 
dependence of AF (t) on S,[(f) was not considered the any values increased from 0.2 to 0.3 (atf 
around 0.25Hz to 0.5Hz) to 0.6 to 0.7 (atf around 10Hz) and then decreased to approximately 0.5 
at infinitef (i.e., PGA).  

This reduction in dispersion translates into requiring a smaller number of runs to attain the same 
accuracy, ý, in the estimate of the median AF (fi). The number of records, n, needed to keep the 
standard error, arlc , of the regression line within a specified ý is given by n = [ ftg/ ]2 . To 
achieve ý = 10% only ten analyses are sufficient.  

U3 Applications 

1.3.1 Ground Motion Database 

For validating the procedure, we used a large database of 78 free-field surface rock strong ground 
motions from 28 different earthquakes that occurred worldwide between 1966 and 1995. It is 
emphasized again, however, that in real applications only about 10 records would be needed. The 
magnitude range is between M5 and M7.4, while the shortest distances to the rupture are between 
0km and 142km. Approximately 40% of such accelerograms were recorded during three earthquakes: 
the Loma Prieta (1989), Landers (1992), and Northridge (1994) events in California. This 
concentration, however, does not statistically affect the results of the amplification analyses. In the 
amplification study we chose at random one horizontal component of each recording (Fig. 1). The 
PGA r values range from 0.Olg to 1.5g. These seismograms, which contain "true" signal up to a
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period of at least 5 seconds, were applied directly at the base of the soil column without any prior 
deconvolution. This assumption, which implies same rock outcrop and bedrock motions, is known 
to underestimate the motion at the column base above a site-dependentf value usually around 2Hz.' 
Deconvolution was not performed because a possible underestimation of the amplification at highf 
is not crucial for the majority of longer period structures (e.g, taller buildings, bridges, offshore 
platforms, etc.) which may warrant a detailed soil amplification study like the one proposed here.  

1.3.2 Soil Amplification Software and Soil Modeling 

The computer program adopted for computing the soil site effects is a modified version of the finite 
element program SUMDES, 6 which is based on the effective stress principle, vectored motion, 
transient pore fluid movement, and generalized material stiffness formulation. Unlike SHAKE, 7 
SUMDES is capable of predicting the pore pressure build-up and dissipation and can adequately 
describe liquefaction and cyclic mobility phenomena. We used a inelastic constitutive reduced-order 
bounding surface model which is a special version of the hypoplasticity model with fewer material 
parameters. The boundary conditions (i.e., elastic base) were chosen to accommodate the rock
outcrop nature of the input.  

Both soil deposits are located in the Mediterranean Sea. The sandy deposit consists of sands and 
gravels with occasional presence of cobbles. The relative density is between 60 and 80% and the total 
unit weight is 20kN/m 3 . The behavior of this sand under undrained shear is dilative and the effect of 
pore pressure build-up and cyclic mobility can be relevant. This effect tends to soften the soil by 
increasing the shear strain level at which dilation occurs. The clayey deposit is cohesive (silts and 
clays) and soft with both normally and overconsolidated layers. The shear modulus at small strain 
levels, G,,,, was established based on both shear wave velocity, V., measurements and on correlations 
between the cone (CPT) tip resistance and V,. The G/G,.,, versus shear strain curves were obtained 
from Li et al.. 6 

In both cases, a soil column of 100m was modeled using 100 elements of one meter of thickness each.  
The median V,, increases from 80m/sec below the mudline to 400m/sec at 100m of depth. The 
variability in the soil properties was included through a Monte Carlo approach by randomly varying 

the coefficient of permeability (7 0 ), the shear and the compression viscous damping ratios at 1Hz 

(•, and 5o ), the coefficient of lateral earth pressure at rest (K0 ), the coefficient, G 0, which defines 

the elastic shear modulus G M. at very low strain levels, the friction angle, (I) , and the shear strain 

value, y 64, , at 64% of G , The seven basic RVs above were considered lognormally distributed 

with hInRV equal to 0.25 for ý, , ý,K0 and G 0 ; to 0.1 for (D0 ; to 0.35 for y 64% , and to 0.7 for 

710 . A distribution truncation at 20hRv was included to prevent unrealistic parameter values.  

The spatial correlation among layers was characterized by a first-order auto-regressive model,9 with 
lag-one correlation coefficient equal to 0.58. The thickness of each layer is not considered random.  

Within each layer perfect positive correlation is assumed for (D.0, G 0 and y 64% and all three are 

considered to be perfectly negatively correlated with both ý, and ý c. Ko and (I) are assumed to be 
independent of all other RVs.

1-3



1.3.3 Amplification Study Results

For both soil deposits, each one of the 78 records was driven through a different realization of the 
soil column. The 78 amplification functions are displayed in Fig. 2. The two wide peaks (atf,,=O.8Hz 
and 2Hz) identify the first two soil resonant frequencies. At f,, the two soil columns amplify on 
average more than three and four times the spectral acceleration at the bedrock, S [(f3 ), while PGAr 
is amplified on average by 40% and 100%.  

AF (f) displays a large variability particularly in the high frequency range (see solid lines in Fig. 4 to 
come). Some of the records induce a highly nonlinear behavior in the soil deposit with associated 
large deformations and the corresponding AF (f) do not exhibit the peaks mentioned above.  

On the other hand, other records have AF (f) well above one for the entire frequency range. This 
discrepancy is due to the difference both in intensities of the input ground motions and in the 
"strengths" of different realizations of the soil column. When the intensity increases (i.e., increasing 
values of M, PGAr, and SaT(f), and decreasing values of R) theAF (f) tends to diminish in amplitude 
and to flatten out, andf,, systematically decreases towards lowerf values. The dependence ofAF (U) 
on Sa[(f) (i.e., locally at the same frequency, f) can be appreciated from Fig. 3. The negative 
correlation is statistically significant at frequencies around fc and above. It is emphasized that 
nonlinear soil responses at frequencies above 2Hz have been recently observed. 3 

Fig. 4 shows the predictive power of different combinations of four bedrock ground motion intensity 
measures ( M, R, Sa (f), and PGA r) in terms of the standard error of estimation, ahLV~f). For 
comparison, we included the unconditional ahIAF(f) curve, which describes the total variation in AF 
(f) from Fig. 2 when no regression is done. The similarities between the two sites is remarkable. M 
and R, even when coupled with PGAr, yield a higher error than Sf[(f) alone.  

Hence to predict AF (f) it is more informative to know Sa(f) than M , R and PGA r When S [(f) 
is already included in the regression function the extra explanatory power provided by M (which 
carries information about the spectral shape) is negligible (compare 3' and 4th model). In different 
words, AF (f) conditional on S[(f) is virtually independent of M. The most important consequence, 
however, is that, given the low values of Gl~AF(f)afS q) , the median AF (f) can be estimated within 

10% for all frequencies with the knowledge of Sa9'(f) from only ten response analyses. Although 
record selection with no attention to M and R is always to be discouraged, these results show that 
there is no apparent predictive benefit in keeping the explicit dependence of M and R. During the 
selection more care should be devoted to ensure a wide range of S[(f) forf values of interest rather 
than in selecting records with the most appropriate M and R values for the region around the site.  
Finally results not shown here for brevity, 2 indicate that the portion of 0 h;IAFV) due to the uncertainty 
in the soil properties is of secondary importance with respect to that due to record-to-record 
variability.  

1.3.4 PSHA Results 

The two soil deposits were assumed to be located in the Santa Barbara Channel (SBC) (Fig. 5), 
Southern California, for which a seismotectonic model was readily available. The site hazard was
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readily available. The site hazard was computed both by a conventional PSHA approach with the 
Abrahamson and Silva' attenuation law for generic soil conditions, and by the proposed convolution 
method applied to both soil deposits. The latter method makes use of the rock hazard curves found 
using the same attenuation relation 1 . The median AF (t) in Fig 3 and the at•AFf) values in Fig 4 
where used to estimate S•(f). The UHS displayed in Fig. 6 show that using a generic soil 
attenuation law may lead to severe underestimation of the hazard for Sa"(f) below approximately 
f=2Hz at low MRP values. The hazard at high frequencies (here above 2Hz) is overestimated by the 
predictive equation for generic soil conditions especially at high MRP values. The gap at high 
frequencies between the UHS found by convolution and by conventional PSHA, however, may be 
partly due to the application of rock outcrop motions directly to the column base. These differences 
in hazard prediction are due to the significant nonlinear response (Fig. 3) of the two soil columns 
considered in this study.  

1.4 Sununary and Conclusions 

Two applications of a practical soil- and site-specific PSHA method have been presented in this 
paper. Soil surface hazard estimates more precise than those provided by attenuation equations for 
generic soil conditions can be found by explicitly considering the nonlinear behavior of the deposit 
via an amplification function. The dynamic behavior of the soil at all oscillator frequencies can be 
accurately predicted with as few as ten ground motions which may be selected without particular 
attention to specific scenario events (Le., M and R pairs) representing the hazard at the site. Each 
record is run through a different characterization of the soil column to account for uncertainty in the 
soil parameters. This effect is minor.  
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APPENDIX J CHARACTERISTICS OF VERTICAL STRONG GROUND MOTIONS 
FOR APPLICATIONS TO ENGINEERING DESIGN 

J.1 Introduction 

In the near-source region (distance R < 10 to 15 kIn) of large earthquakes, the characteristics of 
strong ground motions change in stable and predictable ways. Durations become significantly shorter 
(Chang et al., 1996; Abrahamson and Silva, 1997), velocity and displacement time histories increase 
significantly in amplitude and become more pulse-like (depending upon rupture directivity effects), 
long period fault normal motions show a stable increase over fault parallel motions (Somerville et al., 
1997), and short period vertical motions can exceed horizontal motions (Niazi and Bozorgnia, 1991; 
Bozorgnia et al., 1995) at both rock and soil sites (EPRI, 1993).  

For vertical motions, the trends indicated above imply that the commonly adopted vertical-to
horizontal response spectral ratio of 2/3 (Newmark and Hall, 1978) may be significantly exceeded 
at short periods in the near-source distance range. The increase in near-source strong motion 
recordings at both rock and soil sites aid in constraining empirical attenuation relationships and 
provide direct empirical estimation of statistical spectral shapes for vertical and horizontal 
components. These data also make it possible to examine the dependencies of the vertical-to
horizontal response spectral ratio (V/H) on magnitude, distance, and site conditions.  

An additional, important use of these data is to examine similarities and differences in the 
characteristics of the time histories between vertical and horizontal motions. For design motions, the 
relative phasing between horizontal and vertical motions can be an important issue, leading to 
different structural analyses and design decisions depending on whether or not significant energy is 
expected to occur both vertically and horizontally at nearly the same time.  

J.2 Effects of Site Conditions on the Characteristics of Vertical and Horizontal Strong 
Ground Motions 

The Geomatrix categorization criterion listed in Table J-1 is used to broadly classify strong motion 
recording sites into rock or soil. While the distinction between rock and soil is becoming less clear 
for Western United States (WUS) sites as more rock sites are drilled and velocities determined 
(EPRI, 1993; BNL, 1997), this largely qualitative classification scheme captures significant and stable 
differences in strong ground motions (Sadigh et al., 1997; Abrahamson and Silva, 1997; BNL, 1997).  

J.3 Generic Rock and Soil Site Velocity Profiles 

To demonstrate the compression- and shear-wave velocity profiles implied by the rock and soil 

categories (Table J-1), Figures J- 1 and J-2 show median (lognormal distribution) and 1 velocity 
profiles computed for the two categories. The velocity profiles were computed from measured 
(downhole or crosshole) velocities at strong motion sites classified as Geomatrix A or B (Figure J- 1) 
or C or D (Figure J-2). For the generic rock site, a strong velocity gradient is seen in the top 150 ft, 
with low near-surface shear- and compression-wave velocities (Vs and Vp, respectively) being
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approximately 800 ft/sec and 1,600 ft/sec. The shear-wave velocity value of about 800 ft/sec departs 
significantly from the classically assumed value of about 2,500 ft/sec which is not reached, on 
average, until a depth of about 70 to 100 ft. With such low near- surface velocities, these rock sites 
can be expected to show some nonlinear effects under very high loading conditions (BNL, 1997).  

The absolute variability of both the shear- and compression-wave velocities is high (COV 0.5 to 0.6) 
and there is little to suggest the presence of the water table at a compression-wave velocity of about 
5,000 ft/sec. Contrasting the rock site profiles in Figure J-1 with those of the soil in Figure J-2, 
significant differences are immediately apparent. Interestingly, over the top 50 ft or so, the 
compression-wave velocities are very similar for both the rock and soil sites. For the soil site, the 
much lower shear-wave velocities imply a significantly higher Poisson's ratio, reflecting a larger 
Vp/Vs ratio for soil than for rock. Additionally for the soil site, the effect of the water table on the 
compression-wave velocity is apparent in the nearly constant velocity of the fluid phase at about 
5,000 ft/sec at depths from around 100 ft to 250 ft. Beyond about 250 ft, the compression-wave 
velocity of the skeleton material exceeds that of the fluid phase, increasing Vp with depth.  

The velocity variability at the soil sites is much less in absolute variation but similar to that of the rock 
sites in a relative sense (h z 0.4 to 0.5). The lower absolute variability suggests that strong ground 
motions are less variable at soil than at rock sites.  

To contrast the dynamic material properties between rock and soil sites further, Figures J-3 and J-4 
show Poisson's ratios computed from the compression- and shear-wave velocity profiles. The +1 a 
values of Poisson's ratio greater than 0.5 are non-physical and result from a higher shallow ratio 
combined with a large variability. The higher variability in dynamic material properties for the rock 
versus the soil sites is reflected in the larger variation in Poisson's ratio for the rock site (Figure J-3 
verses Figure J-4). Rock sites have lower overall Poisson's ratios, and they increase with depth to 
about 70 ft, remain nearly constant to a depth of about 200 ft, and then decrease to a value near 0.25 
at a depth of 500 ft. Interestingly, Poisson's ratio for the soil sites (Figure J-4) show a similar trend 
but shifted nearly a constant amount to a depth of about 350 ft. Beyond about 350 ft, Poisson's ratio 
for the soil sites decreases less rapidly than for rock sites, remaining at a value of around 0.4 to a 
depth of 500 ft.  

The dashed lines on Figures J-3 and J-4 represent smooth Poisson's ratio models and are shown in 
Figure J-5 for the generic rock and soil sites. The similar patterns and nearly constant shift to a depth 
of about 350 ft are quite apparent in the smooth models.  

The differences in Poisson's ratio as well as the overall velocities between the rock and soil sites may 
have important implications for the differences in vertical and horizontal motions. At rock sites, even 
though the shallow shear-wave velocities are low, the steep velocity gradient results in shear-wave 
velocities exceeding 2,000 to 3,000 ft/sec at depths of 50 to 70 ft. As a result, for the same level of 
input motion, nonlinear effects are expected to be much less pronounced than at a corresponding soil 
site and are expected to be confined to the top 50 to 100 ft. The higher rock velocities and shallower 
potentially nonlinear zone will also tend to confine nonlinear effects to higher frequencies (BNL, 
1997). If vertical motions are more linear than horizontal, perhaps because of lower strains for 
inclined SV-waves and contributions of P-waves, the magnitude dependence of the V/H ratio would
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be expected to be less at rock sites than at soil sites. As earthquake magnitude increases, the higher 
loading levels induce more nonlinearity in the horizontal motions at soil sites than the rock sites. The 
vertical motions, remaining relatively linear, simply scale up and broaden in spectral content as 
magnitude increases. As a result, the magnitude scaling of the V/H ratios should be inversely 
proportional to the profile stiffness, and should be significantly larger for soil than for rock.  

In addition to the effects of overall stiffness, the large jump in Poisson's ratio at the soil/rock interface 
(or steep gradient) at soil sites (Figure J-5) will have an important impact on incoming wavefields.  
For a generic California deep crustal model, the average shear- and compression-wave velocities at 
the surface are about 3,500 to 4,500 ft/sec and 6,500 to 8,000 ft/sec, respectively (BNL, 1997). For 
a deep generic soil site, Figure J-2 shows shear- and compression-wave velocities at a depth of 500 

ft of about 2,000 ft/sec and 6,500 ft/sec respectively. Transition to rock at this depth then would 
likely involve a very steep shear-wave velocity gradient with a factor of 2 or more jump in velocity.  
For the compression wave, the transition is much less pronounced, a factor of only 1.0 to 1.2 on 
average. This consequence of the drop in Poisson's ratio between soil and rock, manifested as a large 
jump in shear-wave velocity, tends to refract (bend) incident shear-waves much more severely than 
incident compression-waves. In passing through the rock/soil transition zone, the incident shear
waves will become much more vertical than the incident compression-waves. For incident SV-waves, 
this will have the effect of converting vertical motions to horizontal motions while the compression
waves largely remain inclined until depths of 100 to 200 ft where they are amplified and refracted 
(bent to a more vertical incidence) by the shallow compression-wave gradient (Figure J-2).  

Since earthquake sources emit much larger shear-wave amplitudes than compression-wave 
amplitudes, by the ratio of the source-region velocities cubed ((Vp/Vs) 3 z 5), incident inclined SV

waves may be expected to dominate vertical motions at close distances. At large distances, the SV
wave is beyond its critical angle and does not propagate to the surface very effectively (Kawase and 
Aki, 1990). At a source depth of 8 km and a generic California crustal model (Figure J-3), the SV
wave critical angle for geometrical ray theory occurs at an epicentral distance of about 5 km for a 
point-source. Crustal heterogeneity and source finiteness (vertical extent) tend to extend this distance 
somewhat. Also, geometrical ray theory is appropriate for high frequencies, and low frequency 
energy tend to be refracted less by the shallow velocity gradients, also resulting in extending the 
distance to the SV-wave critical angle. However, even considering these effects, the SV-wave is not 
likely to dominate the vertical component of rock motion at distances exceeding 10 to 20 km.  

At soil sites, because of the large change in shear-wave velocity at the base of the profile and the 

accompanying wave refraction, compression-waves maybe expected to dominate the vertical motions 

at near as well as far distances. Additionally, because of the large compression-wave velocity 

gradient from the surface to depths of about 100 to 200 ft, short period compression waves will be 
amplified, which will result in large short period vertical motions.  

J.4 Short-Period Time Domain Characteristics of Vertical Motions 

A series of plots from the CDMG initial earthquake data reports illustrate the effects of site conditions 
on acceleration time histories for vertical and horizontal components. These plots show all three 

components for each site in a convenient format for illustrative purposes.
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As an illustration of close-in rock sites, Figure J-6 shows three component acceleration time histories 
at the Pacoima Dam (Downstream) and Corralitos sites for the 1994 M 6.7 Northridge and 1989 M 
6.9 Loma Prieta earthquakes. Both sites are located about 8 km from the fault and both sets of 
records show very similar motions on the horizontal and vertical components. Structures founded 
on rock conditions at close distances may then be expected to experience simultaneous horizontal and 
vertical demands at similar levels and over a fairly broad period range.  

For close-in soil sites, Figure J-7 shows distinctly different features in the Sylmar County Hospital 
and Arleta records for the Northridge earthquake. These soil sites are close-in recordings at fault 
distances of 6.1 km for Sylmar and 9.2 km for Arleta. Unlike the rock site recordings, the soil site 
records show strong short-period motion arriving significantly before the large horizontal motions.  
Structures founded on deep soil can be expected to experience vertical and horizontal demands 
significantly different from those on rock conditions. The vertical demands at close-in soil sites can 
be characterized as out-of-phase with the dominant horizontal motions and of much higher 
frequencies. The largest short period motions on the vertical component may arrive before those of 
the horizontal and will be larger than the short period horizontal motions. During the passage of the 
dominant horizontal component motions, the vertical demands on a structure could be characterized 
as random high-frequency chatter that may exceed 1g at short periods. This is markedly different 
from the vertical motions at close-in rock sites, which tend to show strong low-frequency coherence 
with the horizontal motions. (Further illustrations of this coherence are presented in the next section.) 

For the more distant sites, Figure J-8 shows some interesting features across the Gilroy array for 
motions during the 1989 Loma Prieta earthquake. Rock sites Gilroy 6 and 7, at fault distances of 
19.9 and 24.2 km respectively, show features similar to those at the close-in soil site: earlier arriving 
and high-frequency vertical motions out-of-phase with the dominant horizontal motions. At rock site 
Gilroy 1 however, at a fault distance of 11.2 km, the vertical motions display early arriving high 
frequency energy as well as low-frequency energy coherent with the dominant horizontal motions.  
A possible explanation for this behavior is that this site, at a fault distance of about 11 km, is in the 
transition region from close-in to more distant rock site characteristics.  

An interesting and apparent contradiction to the expected close-in rock site characteristics are the 
recordings at Pacoima Kagel Canyon for the Northridge earthquake (Figure J-9). This rock site is 
at a fault distance of 8.2 km, about the same distance as the Pacoima Downstream site (Figure J-6), 
but displays soil site characteristics on the vertical component: early arriving high frequency energy 
and out-of-phase motions with the horizontal components. As part of a recent, Caltrans/NSF/EPRI
sponsored project to Resolve Site Response Issues associated with the Northridge Earthquake 
(ROSRINE project), the Pacoima Kugel Canyon site has recently been drilled and logged, as have 
been other sites. Based on the shear-wave velocity logging, the site is misclassified. With shear-wave 
velocities of just under 2,000 ft/sec from about 100 ft to the bottom of the hole at about 300 ft, the 
site is closer to a stiff soil than rock (Figures J-1 and J-2). This is not entirely unexpected, the site 
being underlain by the Saugus formation, a typically soft Los Angeles area sandstone.  

For the distant (R > 10 to 15 km) soil sites, Figure J- 10 shows the remaining sites across the Gilroy 
array that recorded the Loma Prieta earthquake. Site Gilroy 2 is at fault distance of 10.7 km and sites 
3 and 4 are at fault distances of 14.4 and 16.1 km respectively. As with the close-in soil sites (Figure
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J-7) and the distant rock sites (Figure J-8), the vertical motions show high-frequency early arriving 
energy and little coherence with the dominant horizontal motions.  

These acceleration time history plots illustrate general trends in short period vertical and horizontal 
motions. For rock sites at close distances (R< 10 to 15 km) the plots show dominant SV motion on 
the vertical component with phasing similar to the horizontal components. At soil sites, compression
waves dominate the vertical motions, showing earlier-arriving and larger higher frequency energy 
content. For more distant sites, compressional-wave energy tends to dominate the vertical 
component at both rock and soil sites.  

J.5 Response Spectral Characteristics of Vertical Motions 

In order to illustrate the distance and site dependencies of vertical motions in more detail, over a 
broad frequency period range, Figures J-11 to J- 18 show 5% damped pseudo-absolute acceleration 
response spectra and acceleration, velocity, and displacement time histories for selected sites. Cases 
examined are close-in and distant rock and soil sites. Acceleration, velocity, and displacement time 
histories are plotted to show that at close-in soil sites and at more distant rock and soil sites, long 
period coherence exists between vertical and horizontal components. This results in the dominant 
long period motions being "in-phase" in the sense that the largest long period motions occur at nearly 
the same time on both the vertical and horizontal components.  

For the close-in rock site, Figure J- 11 shows response spectra computed for the vertical and two 
horizontal component records at the Southern California Edison Lucerne site from the 1992 M 7.2 
Landers earthquake. The fault distance is about 2 km and the vertical component slightly exceeds 
the horizontal components at periods shorter than about 0.1 sec. At long periods, beyond about 1 
sec, the vertical is comparable to the smaller of the horizontal components, the fault-parallel motion.  
The period range of nearly constant spectral acceleration in the horizontal components, about 2 to 
5 sec, is likely due to the effects of directivity.  

The corresponding time histories are shown in Figure J-12 and reveal strong coherence among 
components. The maximum velocity and displacement of the vertical component exceed those of the 
fault-parallel component (labeled "345"). The maximum vertical displacement is about 15 cm (6 
inches) occurring over a 2 sec period of time during which the fault-normal direction (labeled "260") 
moved about 60 cm (2 ft).  

For the close-in soil site, Figures J-13 and J-14 show the response spectra and time histories at the 
Arleta site for the 1994 Northridge earthquake. The fault distance is 9.2 km and the vertical 
component greatly exceeds the horizontal components at periods shorter than about 0.2 sec. Beyond 
about 2 sec, as with the rock site Lucerne, the vertical component becomes comparable to the 
horizontals. The time histories are shown in Figure J- 14 and indicate long period coherence and out
of-phase short period energy (as noted previously in Figure J-7).  

For the more distant sites, Figures J-15 and J-16 show response spectra and time histories for the 
Gilroy array no. 6 rock site and Figures J- 17 and J- 18 show corresponding plots for the Gilroy array 
no. 4 soil site. These motions occurred during the 1989 Loma Prieta and the fault distances are 16.1
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and 19.9 km for sites 4 and 6 respectively. For both sites, the short period vertical motions relative 
to the corresponding horizontal motions are significantly lower, as compared to the close-in sites.  
Interestingly, as with the close-in sites, the long period vertical motions approach the horizontal 
motions for periods beyond about 2 to 4 sec. This feature is not predicted by either empirical or 
numerical modeling and suggests that vertical motions are associated with high variability.  

The corresponding time histories, Figures J-16 and J-18, show the usual pattern: early arriving short 
period energy on the verticals that is out-of-phase with the horizontal motions, and longer period 
motions that are more in-phase between the components.  

J.6 Magnitude, Site, and Distance Dependencies of Horizontal and Vertical Component 
Response Spectral Shapes 

To examine empirically the role of possible site nonlinearity in the V/H ratios, statistical spectral 
shapes (SA/PGA) were computed for magnitude bins centered on M 5.5 and M 6.5 for both rock and 
soil sites. The magnitude bins are one unit wide (M 5.5 = M 5 - 6, M 6.5 = M 6 - 7 for soil, M 6.5 
= M 6-7+, for rock) to include enough records to produce smooth and stable shapes.  

The distance range was truncated at 50 km to avoid the effects of distance dependencies on the 
shapes. Records were selected from a strong motion database that includes available strong motion 
data for M > 4.5. For this application, only earthquakes occurring in tectonically active regions were 
selected (the 1995 M 6.9 Kobe earthquake is included).  

To examine the effects of the level of motion on the vertical and horizontal component spectral 
shapes, two distance bins were selected: 0 to 10 km and 10 to 50 km. For M 5.5 rock sites, Figure 
J-19 shows the horizontal and vertical statistical shapes. To assess nonlinear effects, Figure J-19 
shows shapes computed for the two distance bins: 0 to 10 km and 10 to 50 km. The vertical spectral 
shapes (dashed lines) show more short period energy than the horizontal shapes (solid and dotted 
lines) and about the same level of maximum spectral amplification. The vertical shapes have a 
maximum spectral amplification near 0.1 sec whereas the shapes for the horizontal component peak 
near 0.2 sec. This difference is likely due to differences in damping, with the vertical component 
showing significantly less damping than the horizontal. The lack of any significant distance 
dependency in this shift in peak spectral amplification between the vertical and horizontal components 
suggests that the difference in damping exists in the shallow portion of the path and that the sites 
behave in a linear manner. The shallow crustal damping is thought to occur in the top I to 2 km of 
the crust (Anderson and Hough 1984; Silva and Darragh, 1995) and is generally modeled as a 
frequency independent exponential damping term with a damping parameter termed kappa: 

H H 1 
(J- 1) 

where H is the depth of the damping zone (1 to 2 km), Ts and Q are the average shear-wave 
velocity and quality factor over the depth H, and il is the corresponding damping ratio (decimal).
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Response spectral shapes depend strongly on kappa, shifting to shorter periods as kappa decreases 

(Silva and Darragh, 1995). To illustrate this effect, Figure J-20 shows response spectral shapes 

computed using a simple point-source model with kappa values ranging from 0.006 sec to 0.160 sec.  

The shift in shape with kappa is easily seen and a peak near 0.2 sec is consistent with a kappa value 

of about 0.04 sec while a factor of two shift in the peak to about 0.1 sec corresponds to a similar shift 

in kappa value to about 0.02 sec. Interestingly, the factor of 2 shift in kappa for the verticals (1Kv 

KH/ 2 ; EPRI, 1993) was also found by Anderson (1991) in a detailed analysis of vertical and horizontal 

motions recorded at rock sites and may be a result of the contribution of compressional waves to 

vertical strong ground motions. The kappa or shallow crustal damping effect is the likely mechanism 

controlling the large shift in spectral shapes between soft rock WUS spectral shapes and hard rock 

CEUS spectral shapes (Silva and Darragh, 1995) and will impact hard rock vertical spectral shapes 

as well as horizontal shapes.  

To continue the shape comparison for rock sites, Figure J-21 shows horizontal and vertical shapes 

computed for M 6.5 (M 6.0 - 7+) at the two distance ranges: 0 to 10 km and 10 to 50 km. As with 

the M 5.5 shapes, there is a distinct shift in the peak amplification frequency between vertical and 

horizontal spectra of nearly 2. Also there does not appear to be a strong distance or amplitude effect 

on either the vertical or horizontal shapes suggesting largely linear response at these ground motion 

levels.  

To consider soil sites, Figures J-22 and J-23 show the vertical and horizontalresponse spectral shapes 

for M 5.5 (M 5.0 - 6.0) and M 6.5 (M 6.0 - 7+) earthquakes. As with the M 5.0 rock shapes, there 

is about a factor of two difference in the periods of maximum spectral amplification between the 

vertical (near 0.1 see) and horizontal shapes (near 0.2 sec). Also there is no appreciable and stable 

shift in either the vertical or horizontal shapes with distance (0 - 10 km or 10 - 50 km) reflecting 

largely linear response. Similar periods of peak amplification between rock and soil of about 0.2 sec 

for the horizontal and 0.1 sec for the vertical suggests similar low strain damping values at both rock 
and soil sites.  

For the M 6.5 (M 6.0 - 7+) soil records, shown in Figure J-23, the horizontal shapes show a well

defined and broad-band shift between 10 to 50 km and 0 to 10 km. The horizontal shape for 10 to 

50 km peaks near 0.2 sec whereas the shape for 0 to 10 km peaks near 0.3 see, crosses the 10 to 50 

km shape at that period, remains above the 10-50 km shape out to nearly 10 sec. These 

characteristics are very similar to those shown in Figure J-20 which illustrated the effects of kappa 

on response spectral shapes. The Figure J-23 results suggest nonlinear response resulting in an 

overall increase in kappa from about 0.04 sec (linear soil response) to about 0.06 to 0.08 sec at the 
higher amplitude levels.  

For the vertical component in Figure J-23, a slight shift appears to be present between the shapes 

computed for the 0 to 10 km and 10 to 50 km bins but the shift is in the wrong direction and is not 

stable with period, crossing at about 0.1 and again near 2.0 sec. This is likely due to a sampling 
problem with too few sites contributing to the close-in (0 to 10 kin) shapes.
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II

The analyses of response spectral shapes reveals several features of interest: (1) a consistent shift in 
shapes between vertical and horizontal components at both rock and soil sites indicating lower 
shallow crustal damping for vertical components by about a factor of about 2, (2) similar low-strain 
damping values for rock and soil sites, and 3) horizontal component soil shapes that show nonlinear 
response characterized by a stable and broad-band shift in shape to longer periods at higher amplitude 
levels. These features are important factors in understanding the effects of magnitude, distance, and 
site condition on vertical-to-horizontal response spectral ratios.  

J.7 Empirical and Numerical Model Estimates of the Vertical-to-Horizontal Response 
Spectral Ratios 

A combination of empirical attenuation relations and numerical modeling is used to estimate vertical
to-horizontal ratios as functions of magnitude, distance, and site conditions. While the empirical 
relations are reasonably well constrained for WUS (or other tectonically active regions), little data 
exist for M > 5.0 for CEUS conditions at distances of interest (R < 20 km).  

The only large magnitude earthquake considered representative of the CEUS that generated close-in 
strong motion records is the M 6.8 1985 Nahanni earthquake. Strong motions were recorded at three 
sites, all hard rock and all within 20 km of the source. This earthquake, along with smaller magnitude 
CEUS hard rock recordings, clearly show significantly different spectral content between WUS and 
CEUS horizontal rock motions. This feature is illustrated in Figure J-24, which compares WUS and 
CEUS horizontal component rock site response spectral shapes for M around 6.5 and 4.0. The 
difference in short period spectral content between WUS and CEUS is significant and consistent 
between different magnitude earthquakes and is attributed to differences in shallow crustal damping 
or kappa values (Silva and Darragh, 1995). For CEUS rock site vertical components, an open 
question exists as to whether they show a shift to even shorter periods than the horizontal 
components (see Figure J-21 for WUS rock). The effective bandwidth of current recordings is not 
capable of resolving this issue, however if similar physical mechanisms control the motions at WUS 
and CEUS rock sites, some degree of shift would be expected and should be reflected in estimates 
of CEUS V/H ground motion ratios.  

These differences in rock site spectral content have implications for soil motions since WUS and 
CEUS control motions (at depth), would be expected to have differences in spectral content, given 
the differences for rock outcrop motions. The differences in WUS and CEUS control motion 
spectral content may not result in significantly different deep soil horizontal motions due to the effects 
of material damping and nonlinearity. However, vertical component soil motions, if response remains 
largely linear in compression (constrained modulus), may have very high short period levels at close 
distances to large magnitude earthquakes (EPRI, 1993).  

J.8 Applications to WUS Rock and Deep Soil Sites 

For rock sites, the recommended V/H ratios reflect the average of Sadigh et at (1997) and 
Abrahamson and Silva (1997) empirical relations, while for soil, because Sadigh et at (1997) do not 
present a relationship for the vertical component, only the Abrahamson and Silva (1997) relation is 
used. Figure J-25 shows empirical vertical and horizontal spectra (5% damping) for M 6.5 at a
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distance of 5 km for both rock and soil site conditions. A shift of the peak response of the vertical 
spectra to shorter periods than the horizontal is present showing a crossing in spectral levels at short 
periods. At this close distance (R = 5 km), response spectral ratios (V/H) exceed 1 at short periods 
and drop significantly at longer periods.  

To examine the distance dependency of the V/H ratio for WUS, Figure J-26 shows empirical V/H 
ratios computed for both rock and soil sites. As expected, from the earlier examination of response 
spectra at individual sites (Figures J- 11, J-13, J-15, and J-17), the maximum rock site V/H ratios are 
lower than the corresponding ratios for soil sites. For the rock sites, the distance dependency is 
considerably less than that for soil, a maximum of about 1.5 in the distance range 1 to 40 km. The 
larger distance dependence in the V/H ratios for soil sites may be due to nonlinear response of the 
soils: as distance increases, relatively less damping occurs in the soil column.  

To examine the magnitude dependency of the V/H ratios, Figure J-27 shows empirical V/H ratios for 
rock and soil sites computed for distances of 1 and 20 km. The magnitude dependence of the V/H 
ratios is stronger for soil sites than for rock sites, again possibly reflecting effects of nonlinearity.  
Additionally, the magnitude dependence decreases with increasing distance for both rock and soil 
sites. For rock sites, this may be an artifact of the magnitude saturation built into the empirical 
relations, being different for rock and soil sites.  

These empirical V/H ratios are reasonably well constrained and can provide the basis for developing 
smooth design ratios for WUS rock and deep moderately stiff soils. For applications to design 
motions, strong consideration should be given to adequate conservatism, which should reflect the 
higher uncertainty in vertical motions compared to horizontal motions, particularly for close distances 
to large magnitude (M > 7) earthquakes.  

J.9 Applications to CEUS Rock and Deep Soil Sites 

Based on the comparisons of the spectral content between WUS and CEUS rock site spectral shapes 
shown in Figure J-24, differences in rock (and possibly soil) V/H ratios are expected between the two 
tectonic regions (EPRI, 1993).  

As previously discussed, due to the paucity of recordings (M > 5, R < 50 km) reflecting CEUS 
conditions, some form of modeling is necessary to assess the appropriateness of WUS V/H ratios for 
engineering design applications.  

J.10 Computational Model 

To model vertical motions, inclined P-SV waves from the stochastic point-source ground motion 
model (EPRI, 1993) are assumed and the P-SV propagators of Silva (1976) are used to model the 
crust and soil response to inclined P-SV wavefields. The angle of incidence at the top of the source 
layer is computed by two-point ray tracing through the crust and soil column (if present) assuming 
incident compression-waves.
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To model soil response, a soil column is placed on top of the crustal structure and the incident 
inclined P-SV wavefield is propagated to the surface where the vertical (or radial) motions are 
computed.  

J.11 Treatment of Soil Response for Vertical Motions 

Commonly, equivalent-linear site response analyses for vertical motions have used strain-iterated 
shear moduli from a horizontal motion analysis to adjust the compression-wave velocities assuming 
either a strain-independent Poisson's ratio or bulk modulus. Some fraction (generally 30% to 100%) 
of the strain-iterated shear-wave damping is used to model the compression-wave damping, and a 
linear analyses is performed for vertically propagating compression waves using the horizontal control 
motions scaled by some factor near 2/3.  

The equivalent-linear approach implicitly assumes some coupling between horizontal and vertical 
motions. This is necessitated by the lack of well determined M/Mmx (constrained modulus over 
maximum constrained modulus) and damping curves for the constrained modulus. Ideally the strain 
dependency of the constrained modulus should be determined independently of the shear modulus.  
Also, the conventional approach assumes vertically-propagating compression waves and not inclined 
P-SV waves. Additionally, the use of some fraction of the horizontal control motion is an 
approximation and does not reflect the generally greater high-frequency content of vertical 
component motions at rock sites due to lower kappa values (EPRI, 1993).  

Alternatively, fully nonlinear analyses can be made using two- or three-component control motions 
(Costantino, 1967; 1969; Li et al., 1992; EPRI, 1993). These nonlinear analyses require two- or 
three-dimensional soil models that describe plastic flow and yielding and the accompanying volume 
changes as well as coupling between vertical and horizontal motions through Poisson's effect. These 
analyses are important to examine expected dependencies of computed motions on material properties 
and may have applications to the study of soil compaction, deformation,' slope stability, and 
component coupling. However, the models are very sophisticated and require specification of many 
parameters, at least some of which are poorly understood.  

In the current implementation of the equivalent-linear approach to estimate vertical to horizontal 
response spectral ratios, the horizontal component analyses are performed for vertically propagating 
shear waves using an equivalent-linear random vibration theory (RVT) methodology coupled to the 
point-source stochastic ground motion model (EPRI, 1993; Schneider et al., 1993). To compute the 
vertical motions, a linear analysis is performed for incident inclined P-SV waves using low-strain, 
compression- and shear-wave velocities derived from the generic shear- and compression-wave 
velocity profiles (Figures J- 1 and J-2). Compression-wave damping is assumed to be equal to the low 
strain shear-wave damping (Johnson and Silva, 1981). The horizontal component and vertical 
component analyses are assumed to be independent.  

These approximations (linear analysis for the vertical component, and uncoupled vertical and 
horizontal components) have been checked by comparing results of fully nonlinear analyses at soil 
sites Gilroy 2 and Treasure Island to recorded vertical and horizontal motions from the 1989 Loma 
Prieta earthquake (EPRI, 1993). The nonlinear analyses indicate that little coupling exists between
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the vertical and horizontal motions for the ranges in control motions analyzed (maximum about 0.5g).  
These assumptions will, if anything, result in conservative estimates of vertical motions since a higher 
degree of coupling implies degradation of constrained modulus and an accompanying increase in 
compression-wave damping.  

The point-source computational model has been validated for horizontal motions with the Loma 
Prieta earthquake by comparing recorded motions with model predictions (Schneider et al., 1993) 
and more recently with 14 additional earthquakes (M 5.0 - 7.4) at about 500 sites (BNL, 1997). For 
vertical motions, current validation includes comparisons of recorded motions to model predictions 
for the 1989 M 6.9 Loma Prieta earthquake (20 rock and 16 soil sites), 1992 M 7.2 Landers 
earthquake (3 rock and 9 soil sites), and the 1994 M 6.7 Northridge earthquake (16 rock and 56 soil 
sites). The variability of vertical motions is not modeled as well as horizontal motions because 
observed vertical motions show more variation than the horizontal and the model is not able to 
capture the increased variability. The larger standard error associated with vertical motions is 
reflected in empirical relations (Abrahamson and Silva, 1997).  

As an example of the comparison of model predictions to recorded motions, Figure J-28 shows 
recorded and computed vertical and horizontal motions for the M 7.2 Landers earthquake at the rock* 
site Lucerne (R z 2 km). The simple point-source, using the generic shallow rock profile with 
equivalent-linear analyses for the horizontal component and a linear analysis for the vertical appears 
to capture the general features of the recorded motions.  

To generate V/H ratios based on numerical modeling, the shallow generic profiles (Figures J- 1 and 
J-2) were placed on top of the generic California crust (Figure J-29). For equivalent-linear analyses, 
recently developed rock and cohesionless soil modulus curves (G/Gm) and hysteretic damping curves 
(BNL, 1997) were used. The point-source stress drop was 60 bars, based on inversions of the 
Abrahamson and Silva (1997) empirical attenuation (BNL, 1997), and the source depth was taken 
as 8 km (equivalent to the value used in the inversions).  

Figures J-30 and J-31 compare simulated V/H ratios to empirical ratios for rock and soil sites for M 
6.5, the best constrained magnitude for the empirical relations. In general the model captures the 
overall shapes and trends with distance of the empirical ratios but shows a stronger close-in distance 
effect. This strong distance effect is controlled by the incidence angle (top of source layer) increasing 
rapidly with increasing epicentral distance. As previously mentioned, crustal heterogeneity as well 
as source finiteness would tend to weaken this distance dependence. For the point-source model, 
crustal randomization to simulate uncertainty and randomness in the crustal structure would reduce 
the near-source distance dependency making it similar to the empirical. However, the simple point
source model, as implemented here, captures the general trends of the WUS empirical rock and soil 
V/H ratios well enough to provide guidance in assessing the appropriateness of applying WUS ratios 
to CEUS conditions.  

"*The Lucerne site is actually a shallow (15 ft) soil over very hard rock (unweathered 

granite).
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To generate V/H ratios for the CEUS, a generic midcontinent crustal model was used (EPRI, 1993).  
The CEUS crustal model is considered appropriate for hard rock sites in the CEUS east of the Rocky 
Mountains with the possible exception of the Gulf Coast region. This region has a crustal structure 
somewhat intermediate between the WUS and the CEUS (EPRI, 1993). The large difference 
between the two generic crustal models shown in Figure J-31 gives rise to significantly different 
short-period strong ground motion characteristics at close-in distances (as depicted in Figure J-24) 
as well as different rates of attenuation with distance. These differences may be expected to impact 
the V/H ratios as well. For the WUS ratios, both the empirical and numerical model results showed 
that the stiffer profile (rock verses soil) resulted in lower short period (< 0.3 sec) V/H ratios but 
larger long period ratios. For the hard rock CEUS crust, this trend is also expected, resulting in a 
lower maximum V/H ratio with perhaps a higher long period level Because of the lower horizontal 
and vertical kappa values for the CEUS crust, the peak in the V/H ratio may be expected to occur 
at much shorter periods than in the CEUS rock ratios. These expected trends are reflected in the 
model prediction shown in Figure J-32 (top plot). Oscillations in the model V/H ratios are due to 
resonances in the vertical and horizontal spectra. These would be reduced if the profile were 
randomized and median spectra used in the V/H ratios. For CEUS hard rock sites, the peak V/H 
ratio is significantly lower and at a shorter period than soft rock sites and the long period level is 
higher as well. This difference between WUS and CEUS in the period range of 0.1 to 1.0 sec was 
also found by Atkinson and Boore (1997) in an empirical analysis of the H/V ratio of Fourier 
amplitude spectra at large distances (R > 20 1am) in Western and Eastern Canada.  

For deep soil sites, Figure J-32 (bottom) plot) suggests that the V/H ratio may be significantly higher 
in the CEUS than in WUS. This results primarily from nonlinear soil response in the horizontal 
component as well as assuming linear response for the verticals. The factors contributing to the 
higher degree of nonlinear response for the CEUS soil ratios are the higher levels of high frequency 
energy in the control motions (Figure J-24), the larger overall motions due to the higher stress drop 
(100 bars for CEUS and 60 bars for WUS), and the large jump in shear-wave velocity from the base 
of the soil to the top layer of the CEUS crust (Figure J-31). These results suggest that for both rock 
and soil CEUS V/H ratios, it is probably inappropriate to adopt WUS ratios for design purposes. A 
similar conclusion was reached in the EPRI (1993) project to estimate strong ground motion in the 
CEUS. In that project, design V/H ratios were developed for CEUS rock and stiff soil conditions 
based primarily on model simulations.  

It should be emphasized that only a single and very simple model, which involves many assumptions, 
has been implemented here. However, the results may provide a useful contribution to developing 
design V/H ratios for CEUS conditions. Naturally, the most satisfying approach is to make use of 
multiple well-validated models to assess the range in uncertainty in the CEUS V/H ratios.  

J.12 Conclusions 

Characteristics of vertical and horizontal component strong ground motions have been examined to 
reveal general trends that may be of significance to structural analyses. Recordings at both rock and 
deep soil sites representative of WUS showed distinctly different behavior of vertical motions at rock 
and soil sites at close source distances (R < 10 to 15 km). At rock sites, the largest motions tend to 
occur on all three components at nearly the same time and "in-phase" motion is present on
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acceleration, velocity, and displacement time histories. Vertical component response spectra can 
exceed those of the horizontal components at short periods (< 0.1 sec) by moderate amounts (20% 
on average) and at very close fault distances (R < 5 km).  

At soil sites, short period (< 0.2 sec) vertical motions occur earlier in acceleration time histories than 
the largest motions on the horizontal components and are not in phase. For intermediate-to-long 
periods, however, near-source soil site velocity and displacement time histories are "in-phase", 
showing the dominant motion occurring at about the same time. At close source distances (R < 5 
km) short period (• 0.1 sec) vertical motions may exceed horizontal motions by a factor of 2.  

Analyses of vertical and horizontal component statistical response spectral shapes for both rock and 
soil sites at varying magnitudes and distances show significantly less damping at both rock and soil 
sites for vertical motions. These analyses also suggest that vertical motions are largely linear at both 
rock and soil sites. Horizontal motions, on the other hand show a broad-band shift in spectral shape 
to longer periods consistent with an increase in damping due to nonlinear site response, for 
earthquakes of M 6.0 to 7.0+ and at source distances within 10 km.  

Response spectral V/H ratios were computed from median WUS empirical horizontal and vertical 
component response spectra at rock and soil sites for a suite of distances (Figure J-26). These 
empirical V/H ratios may be used to obtain ratios for applications to structural design for WUS 
conditions.  

Nonlinear response in horizontal motions coupled with largely linear response for vertical motions 
at WUS soil sites is expected to result in larger V/H ratios and a stronger magnitude dependency for 
soil sites compared to rock sites at close distances. This trend is seen in V/H ratios computed using 
empirical attenuation relations, and at least part of this effect is attributable to nonlinear response 
involving horizontal motions at soil sites.  

To estimate V/H ratios for CEUS hard rock and deep soil conditions, a simple point-source model 
is used to predict both rock and soil horizontal and vertical motions. The model treats vertical 
motions as inclined P-SV waves with a linear analysis and horizontal motions as vertically incident 
shear-waves using equivalent-linear analyses. Model predictions for WUS V/H ratios show generally 
favorable agreement with empirical V/H ratios. Application of the simple model to CEUS show 
generally higher V/H ratios for hard rock sites compared to soft rock sites at long periods (> 0.3 sec).  
At short periods, the peak in the V/H ratio is shifted from about 0.07 sec for soft rock to about 0.0 13 
sec for hard rock. This shift results from the lower shallow crustal damping at the hard rock site.  

For soil sites, the CEUS V/H ratio is predicted to be significantly larger than the corresponding WUS 
ratio. This is attributed to higher levels of nonlinear soil response for the horizontal motions caused 
by CEUS rock control motions being richer in short period energy, higher overall levels of control 
motions caused by higher CEUS stress drops (100 bars compared to 60 bars), and a larger impedance 
contrast at the base of the soil column. Because of the simplicity of the model and the number of 
significant assumptions, use of multiple well validated models is recommended in developing design 
V/H ratios for the CEUS.
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A general conclusion is that the conventional V/H factor of 2/3 is not appropriate at CEUS rock and 
soil sites and may only be appropriate for WUS sites at periods longer than about 0.3 sec and for 
distances beyond about 50 km.  
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Table J- 1

GEOMATRIX CONSULTANTS 

STRONG-MOTION RECORDING STATIONS 
CLASSIFICATION SYSTEM 

Geotechnical Subsurface Characteristics 

Designation Description 

A Rock.  
Instrument is founded on rock material (Vs > 600 mps (1969 ft/sec) or a very thin 
veneer (less than 5m (16 ft)) of soil overlying rock material.  

B Shallow (stiff) soil.  
Instrument is founded in/on a soil profile up to 20m (66 ft) thick overlying rock 
material, typically in a narrow canyon, near a valley edge, or on a hillside.  

C Deep narrow soil.  
Instrument is founded in/on a soil profile at least 20m (66 ft) thick overlying rock 
material in a narrow canyon or valley no more than several kilometers wide.  

D Deep broad soil.  
Instrument is founded in/on a soil profile at least 20m (66 ft) thick overlying rock 
material in a broad canyon or valley.  

E Soft deep soil.  
Instrument is founded in/on a deep soil profile that exhibits low average shear-wave 
velocity (V, < 150 mps (492 ft/sec)).
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Figure J-6. Horizontal and vertical component acceleration time histories recorded at rock sites 
Pacoima Downstream for the 1994 M 6.7 Northridge earthquake (top) and Corralitos for the 
1989 M 6.9 Loma Prieta earthquake (bottom). (Source: CDMG initial data reports).
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Figure J-7. Horizontal and vertical uuomponent acceleration time histories recorded at soil sites 
Sylmar (top) and Arleta (bottom) for the 1994 M 6.7 Northridge earthquake. (Source: CDMG 
initial data reports).
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Figure J-8. Horizontal and vertical component acceleration time histories recorded at rock sites 
Gl~roy 6, 7, and 1 (top, middle, and bottom) for the 1989 M 6.9 Loma Prieta earthquake.  
(Source: CDMG initial data reports) 
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Figure j-9. Horizontal and vertical component acceleration time histories recorded at "rock" site 

Pacoima Kagel for the 1994 M 6.7 Northridge earthquake. (Source: CDMG initial data reports)
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Figure J-10. Horizontal and vertical component acceleration time histories recorded at soil sites 
Gilroy 2, 3, and 4 (top, middle, and bottom) for the 1989 M 6.9 Loma Prieta earthquake.  
(Source: CDMG initial data reports) 

J-26



0 

U.) 

0• 

tru 

0

Period (seconds)

LANDERS 
LUCERNE

LEGND 
5 %, 
5 %,

06/28/92 1158

I1• & PEU&-CORIRCTED DATA, CONP 1? 
IWU4 & PE&SA-CORRECTED DATA, COM1P 260 

IM Z& PE&U-CORRECTED DATA, COMP 345

Figure J- 11. 5% damped psuedo absolute response spectra at the SCE rock site Lucerne for the 

1992 M 7.2 Landers earthquake. Fault distance is about 2 km.
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Figure J-13. 5% damped psuedo absolute response spectra at the soil site Arleta for the 1994 M 
6.7 Northridge earthquake. Fault distance is about 9 km.
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the 1994 M 6.7 Northridge earthquake. Fault distance is about 9 km.  
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Figure J-15. 5% damped pseudo absolute response spectra at the rock site Gilroy 6 for the 1989 
M 6.9 Loma Prieta earthquake. Fault distance is about 19 km.
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Figure J-16. Acceleration, velocity, and displacement time histories at the rock site Gilroy 6 
for the 1989 M 6.9 Loma Prieta earthquake. Fault distance is about 19 km.  
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Figure J-17. 5% damped pseudo absolute response spectra at the soil site Gilroy 4 for the 1989 
M 6.9 Loma Prieta earthquake. Fault distance is about 16 km.
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Figure J-18. Acceleration, velocity, and displacement time histories at the soil site Gilroy 4 for 
the 1989 M 6.9 Loma Prieta earthquake. Fault distance is about 16 km.  
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Figure J-19. Median statistical response spectral shapes (5% damping) computed from WUS data 
recorded at rock sites in the magnitude range of M 5 to M 6. Rupture distances range from 0 to 
10 km and 10 to 50 km.
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Figure J-20. The effects of kappa on 5% damped response spectral shapes computed for a M 6.5 
earthquake at 10 km using WNA parameters. As kappa increases, the peak shifts to longer 
periods and remains essentially constant in amplitude.
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Figure J-21. Median statistical response spectral shapes (5% damping) computed from WUS data 
recorded at rock sites in the magnitude range of M 6 to M 7+. Rupture distances range from 0 to 
10 km and 10 to 50 km.
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Figure J-22. Median statistical response spectral shapes (5% damping) computed from WUS data 
recorded at soil sites in the magnitude range of M 5 to M 6. Rupture distances range from 0 to 
10 km and 10 to 50 km.
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Figure J-23. Median statistical response spectral shapes (5% damping) computed from WIJS data 

recorded at soil sites in the magnitude range of M 6 to M 7+. Rupture distances range from 0 to 
10 km and 10 to 50 km.
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soil profile (Figure J-2) placed on top to model soil sites.  

J-48



APPENDIX K COMPARISON OF WUS RECOMMENDED RESPONSE SPECTRAL 
SHAPES TO RECORDINGS OF THE CHI-CHI, TAIWAN AND 
TURKEY EARTHQUAKES 

The recent September 20, 1999, M 7.6 Chi-Chi, Taiwan and August 17, 1999, M 7.4 Kocaeli and 

November 12, 1999, M 7.1 Duzce, Turkey earthquakes resulted in over 400 strong motion 

recordings, greatly increasing the number of data available for large earthquakes. While the number 

of rock sites is fewer than 400 (a total of 214) and site conditions are not as well determined as most 

WIUS and CEUS sites, the available data reflect a unique opportunity to evaluate the recommended 

spectral shapes. Although neither Turkey nor Taiwan are within the conterminous US, they both 

reflect active tectonics and are expected to have ground motions due from shallow crustal sources 

with similar characteristics to WUS, those being soft rock conditions and a dominantly single-comer 

frequency source spectrum (Atkinson and Silva; 1997, 2000).  

To provide a basis for comparing the Taiwan and Turkey statistical response spectral shapes to the 

recommended shapes, the data were parceled into the standard distance bins (see Section 4): 0 to 10 

km, 10 to 50 km, 50 to 100 km, 100 to 200 k1m, and 0 to 50 km. Tables K-1 and K-2 indicate bin 

statistics from the Chi-Chi and Turkey earthquakes, respectively, and Table K-3 lists the bin 

statistics for the combined data set. The tables show significantly larger motions for the Chi-Chi 

earthquake than for the Turkey earthquakes. Part of this likely results from the differences in 

magnitude and source mechanism (thrust verses strike slip, Abrahamson and Silva, 1997) but 

examination ofPGV, PGV/PGA, and PGA°PGD/PGV2 suggests large differences in absolute motion 

over a wide frequency range.  

For the combined data set (Chi-chi and Turkey earthquakes), Figures K-1 to K-5 compare the 

statistical shapes to the recommended spectral shapes computed for the bin average magnitudes and 

distances. Records are weighted such that each earthquake has equal weight in the bin shapes. The 

figures show a difference in shapes between the statistical and the recommended shapes, with the 

recommended shapes higher at high frequency and generally lower at low frequency. At the largest 

distance bin, 100 to 200 km, Figure K-4 shows a very large frequency shift. In this case the 

recommended shape peak is near 3 Hz while the peak in the statistical shape is shifted to 1 to 2 Hz.  

These trends suggest the effects of shallow crustal damping, (kappa) within about 50 km and a 

combination of kappa and deep crustal damping (Q(f)) beyond 50 km (Silva and Green, 1989; Silva 

and Darragh, 1995; McGuire et al., 2000). To see this more clearly, Figure K-6 shows the effects 

of kappa on response spectral shapes computed for M 6.5 (McGuire et al., 2000). The shift in shape 

to lower frequency as kappa increases is evident. Figure K-6 shows that for large kappa values 

(about 0.04, the value for soft WUS rock [(Silva and Darragh, 1995; McGuire et al., 2000)], a factor 

of two increase in kappa results in a frequency shift of nearly a factor of two. For sites within 50 km, 

Figure K-5 shows a slight shift to lower frequency for the combined data set, suggesting a small 

increase in kappa over that for WUS. However, Figure K-4 (100 to 200 km) shows a dramatic 

frequency shift, nearly a factor of two. Since this distance bin is populated entirely by Chi-Chi data, 

the shift in spectral shape suggests major differences in kappa and Q(f) between Taiwan and WUS.

K-1



To see this more clearly, Figures K-7 to K- II show spectral comparisons for the Chi-Chi earthquake 
only, and Figures K- 12 to K- 15 show comparisons for the Turkey earthquakes only. For the Chi-Chi 
earthquake sufficient data are available for each bin to adequately define stable shapes (Table K-2).  
For the Turkey earthquakes (Table K-3) only the 10 to 50 km and 0 to 50 km bins have sufficient 
data from which to discern trends.  

For the Chi-Chi earthquake, Figures K-7 to K-9 and Figure K-11 (0 to 50 km) show about a 30% 
shift in the spectra to lower frequency relative to WUS. From Figure K-6 this shift suggests an 
increase in kappa of about 20 to 30% over the soft rock WUS value of about 0.04 sec (Silva and 
Darragh, 1995; McGuire et al., 2000) to about 0.05 sec. Figure K-10, which plots the 100 to 200 km 
bin, shows a larger shift, about a factor of two, suggesting a much lower Q(f) for Taiwan than WUS 
(Silva and Green, 1989).  

Data from recent Turkey earthquakes that have sufficiently populated bins show shapes generally 
consistent with the WUS empirical (recommended) shapes. These shapes are illustrated in Figure 
K-13 for the 10 to 50 km bin, and in Figure K-15 for the 0 to 50 km bin.  

Results of these comparisons indicate that Turkey data appear to be representative of WUS soft rock 
conditions. However, because of possibly higher crustal damping in Taiwan, care should be taken 
in decisions to include the Chi-Chi data with the WUS data set, or alternatively, to use WUS 
empirical relations for applications in Taiwan as larger crustal damping will result in lower absolute 
levels at high frequency (Section 3). Analyses of the larger aftershock data will likely resolve the 
issue of crustal damping (Kappa and Q(f)). Both the Chi-Chi and Turkey data sets are considered 
appropriate for use as inputs to scaling or spectral matching procedures, so they are included in the 
time history analysis data set.  
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Table K- I 
WUS STATISTICAL SHAPE BINS 

CHI CHI 

Magnitude Bins (M) 

Range Bin Center 
5-6 5.5 
6-7 6.5 
7+ 7.5 

Number PGA'(g), PGV*(cm/sec PGD*(cm), PGV* cm/sec PGA PGD* 
Distance Bin M D of Spectra (Yi , (

(km) (km) (Yin PGA g PGV2 

0 - 10, rock 7.60 4.93 20 0.42, 0.55 61.92, 0.50 37.56, 0.83 145.87, 0.49 4.08, 0.39 

10 - 50, rock 7.60 33.42 38 0.14, 0.90 20.49, 0.81 13.87, 0.82 143.71, 0.52 4.62, 0.54 

50- 100, rock 7.60 76.29 116 0.05, 0.47 8.68, 0.59 7.81, 0.80 162.08, 0.39 5.44, 0.45 

100 - 200, 7.60 126.8 40 0.03, 0.66 6.19, 0.63 5.60, 0.80 218.66, 0.37 4.06, 0.30 
rock 5 

0 - 50, rock 7.60 24.08 56 0.20, 0.94 29.37, 0.90 19.88, 0.96 146.30, 0.51 4.54, 0.48

'Median values



Table K-2 
WUS STATISTICAL SHAPE BINS 

TURKEY 

Magnitude Bins (M) 

Range Bin Center 
5-6 5.5 
6-7 6.5 
7+ 7.5 

D Number PGA'(g), PGV*(cm/sec), PGD*(cm), PGV* cm/sec PGA PGD* 
Distanc Bin M Dof (ynGiI3n PGA* gms PGAV 2PD 

(kin) (km) Spectra PGA g PGV2 

0 - 10, rock 7.40 5.50 3 0.26, 0.51 45.42, 0.79 30.23, 1.20 173.22, 0.28 3.77, 0.12 

10 - 50, rock 7.27 27.50 14 0.12, 1.09 15.94, 0.87 7.42, 1.24 128.21, 0.61 3.56, 0.42 

50 - 100, rock 7.40 62.30 2 0.06, ..... 5.79, - ----- 3.88, ..... 96.49, ------ 6.81, -....  

100 - 200, rock ........ .  

0 - 50, rock 7.30 22.61 17 0.15, 1.02 20.11,0.93 10.14,1.31 137.07, 0.55 3.60,0.37

1Median values



Table K-3 
WUS STATISTICAL SHAPE BINS 

CHI CHI AND TURKEY

Magnitude Bins (M) 

Range Bin Center 

5-6 5.5 

6-7 6.5 

7+ 7.5 

SNum ber PG A2(g), PG V *(cm /sec) PG D *(cm ), PG V *(cm /se_ PGA PGD * 

Distance Bin M D of 'in 0, ln PGA "- PGg' 

(km) (kin) Spectra PA n 

Oin "in 

0 - 10, rock 7.57 5.03 23 0.39, 0.56 58.80, 0.52 36.22, 0.83 150.10, 0.45 4.02, 0.36 

10 - 50, rock 7.51 31.82 52 0.14,0.93 19.15,0.82 11.72,0.97 139.36, 0.54 4.31,0.52 

50 - 100, 7.60 76.05 118 0.05, 0.47 8.62, 0.59 7.72, 0.80 160.66, 0.39 5.46, 0.45 

rock 

100 - 200, 7.60 126.85 40 0.03, 0.66 6.19, 0.63 5.60, 0.80 218.66, 0.37 4.06, 0.30 

rock 

0 - 50, rock 7.53 23.72 73 0.19, 0.96 26.79, 0.91 16.88, 1.07 144.00, 0.51 4.29, 0.46

2Median values



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00)

Date & Time Magnitude (2) 

MOD 
YEAR Y M ML MS OTH

Station (3)
Closest Site 
Dist Coes.,

No. Description (km)(4) (5) 
I-4 1:
wI�

Comp.
Filter Comers 
HP LP 
(hz) (hz)

PGA 
(g)

PGV PGD 
(cm/s) (cm)

0141 Kocaeli, Turkey 1999 0817 7.4 0.0 7.8 6.7 KOERI 99999 Arcelik 
00 99 

ERD 99999 Cekmece 

99 

ERD 99999 Duzce 

99 

ERD 99999 Eregli 

99 

ERD 99999 Gebze 

99 

ERD 99999 Goynuk 

99 

ERD 99999 Izmit 

99 

ERD 99999 Iznik 
99

ITU 99999 Mecidiyekoy 

99 

ERD 99999 Sakarya 

99 

ERD 99999 Tekirdag

17.0 --B 
17.0 -

UP 

000
270 

76.1 -D UP 
76.1 - 000 

270 
14.2 -D UP 
14.2 - 180

1.50 

0.80 
0.90 
0.60 
0.30 
0.40 

0.08

80.0 
70.0 
70.0 
20.0 
20.0 

20.0 
20.0 
20.0

270 0.08 15.0 
999.9 - UP 1.00 20.0

999.9 180 0.40 20.0

090 
17.0 --B UP 

17.0 - 000 

270 

35.5 -B UP 

35.5 - 000 

090 

7.7 -B UP 

7.7 - 180 

090 

29.7 --B UP 

29.7 - 180 

090 

62.3 -B UP 

62.3 - 000 

270 

3.3 --B UP 

3.3 - XXx 

090 

999.9 --A UP

0.40 
1.00 
0.06 

0.08 
0.10 
0.15 
0.10 

2.00 
0.10 

0.10 
0.30 
0.15 

0.07 
1.10 

0.20 

0.05 

-99.  

0.04 
0.10

20.0 
40.0 
25.0 

30.0 
30.0 
30.0 
25.0 

30.0 
30.0 

30.0 
30.0 
25.0 
25.0 

60.0 
50.0 

60.0 

40.0 
20.0

0.086 
0.180 
0.108 
0.046 
0.114 

0.105 
0.229 
0.312 

0.358 

0.047 

0.121 

0.090 
0.151 

0.244 
0.137 
0.114 
0.132 
0.119 

0.149 
0.152 
0.220 

0.083 
0.103 
0.136 
0.028 

0.053 
0.068 
0.259 

0.376 
0.011

2.6 

10.5 
6.2 
3.4 

12.1 
6.4 
20.4 
58.8 

46.4 
2.9 

13.3 

10.2 
6.3 
50.3 
29.7 

11.5 
8.8 
10.5 
11.9 
22.6 

29.8 
7.7 

16.5 
28.8 

1.3 
3.8 
8.83 
41.84

0.22 
0.90 
0.63 

0.34 
1.41 
0.84 
17.01 
44.11 

17.61 
0.21 

2.75 

1.23 
0.59 
42.74 
27.54 
7.59 

3.05 
3.94 
4.99 
9.81 
17.12 

1.70 
7.00 

17.44 
0.16 
1.49 
10.11 
31.32

Earthquake 

No. Location, 
Mech- Din (11

0�'

79.5 70.52 
1.2 0.74



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00) 

Date & Time Magnitude (2) Station (3) f~i .. # Qif= Comp.

MOD 
No. Location, YEAR Y M ML MS OTH No. Description

Dist Codes 
(km)(4) (5)

Filter Comers 
HP LP 
(hz) (hz)

PGA 
(g)

PGV PGD 
(cm/s) (cm)

Mech. Dio (1) H/F

0142 Chi-Chi, Taiwan 1999 0920 7.6 7.3 7.6 0.0 CWB 

02

99 

KOERI 99999 Yarimca 
99

99999 ALS 
99

CWB 99999 ESL 
99 

CWB 99999 NST 
99 

CWB 99999 STY 
99 

CWB 99999 WNT 
02 

CWB 99999 WSF 
99 

CWB 99999 CHK 
99 

CWB 99999 ENA 
99 

CWB 99999 ILA027 
99

4.4 
4.4

B-D

180 0.60 30.0 
090 0.10 30.0 

UP

00( 
27(

15.29 -1 V 
12.27 A E 

N 

44.94 -1 V 

40.24 C E 

N 

36.95 --1 V 

36.95 A E 

N 

52.06 -1 V 

50.58 A E 

N 

1.18 --1 V 

1.18 C E 

N 

45.71 -1 V 

45.71 D E 

N 

67.90 -1 V 

64.88 C E 

N 

77.75 --1 V 

75.14 A E 

N 

94.73 -1 V 

92.59 C E 

N

0.10 
0 0.1 

0.14 
0.10 

0.14 
0.04 
0.15 
0.05 

0.06 
0.03 
0.05 

0.10 
0.10 
0.1 

0.05 

0.03 
0.05 

0.05 
0.06 

0.05 

0.40 
0.20 

0.14 
0.20 

0.30 
0.30 

0.03 
0.06 

0.10

Earthquake

0.033 2.6
999.9

80.0 
80.0 
40.0 

30.0 
40.0 

50.0 
25.0 

25.0 
24.0 
50.0 

50.0 
30.0 

30.0 
30.0 

50.0 
50.0 
50.0 
30.0 

50.0 
30.0 

20.0 
20.0 

20.0 
30.0 

30.0 

22.0 
20.0 
20.0 

20.0

0.35
0.033 
0.035 
0.242 

0.292 
0.340 

0.073 
0.183 

0.163 
0.057 
0.068 

0.077 
0.108 

0.309 
0.388 

0.018 
0.033 

0.040 
0.311 

0.958 
0.626 
0.035 

0.066 
0.073 

0.016 
0.040 

0.051 

0.046 
0.070 

0.060 

0.022 
0.101 

0.062

2.6 
2.8 
30.8 

62.3 
68.2 
14.2 
39.3 
21.9 

7.4 
6.2 
7.9 
17.5 

22.7 
26.9 
2.7 
4.8 

4.0 
34.2 

68.8 
42.0 

6.9 
14.8 

11.1 
2.4 

5.1 

7.1 

6.2 
5.9 

5.1 
5.6 
17.8 

14.4

0.35 
1.29 

29.55 

44.91 

35.86 

6.13 

10.37 

8.64 

7.33 

2.31 

5.55 

11.82 

21.38 

16.05 

1.94 

2.29 

1.98 

17.06 

31.11 

18.83 

5.36 

12.72 

8.92 

0.45 

1.34 

2.13 

1.61 

0.90 

1.18 

6.17 

8.02 

9.16



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00) 

Date & Time Magnitude (2) Station (3) ........... Comp.
MOD 

No. Location, YEAR Y M ML MS OTH 
Mp.rh. Din Il

Ciosest Site 

Dist Codes 
No. Descrption (km)(4) (5)

(g (ml) cm

Filter Comers 
HP LP PGA

(hz) (hz)

PGV PGD 
(cm/s) (cm)

CWB 99999 ILA032 
99 

CWB 99999 ILA035 
99 

CWB 99999 ILA039 
99 

CWB 99999 ILA043 
99 

CWB 99999 NCU 

99 

CWB 99999 NSK 
99 

CWB 99999 PNG 
99 

CWB 99999 SSD 
99 

CWB 99999 TAW 

99 

CWB 99999 TAP042 
99 

CWB 99999 TCU018 
99

Earthquake

ý0

95.77 -1 V 

92.59 C E 

N 

104.77 -1 V 

103.19 C E 

N 

97.56 -1 V 

95.76 C E 

N 

88.86 - V 

86.58 A E 

N 

78.90 -1 V 

78.90 B E 

N 

64.51 --1 V 

63.95 A E 

N 

114.21 --1 V 

114.21 A E 

N 

99.30 -1 V 

98.47 C E 

N 

136.58 -1 V 

135.11 C E 

N 

108.19 --1 V 

108.19 B N 

W 

63.81 -1 V 

63.81 C N

0.33 20.0 
0.03 20.0 

0.13 20.0 
0.20 20.0 
0.05 20.0 
0.13 20.0 
0.20 14.0 
0.03 20.0 
0.15 20.0 
0.30 30.0 
0.40 20.0 
0.30 14.0 
0.05 12.0 
0.04 20.0 
0.10 20.0 
0.20 50.0 
0.02 30.0 
0.20 33.0 
0.40 30.0 
0.24 40.0 
0.22 30.0 
0.30 20.0 
0.20 20.0 
0.30 20.0 
0.10 14.0 
0.40 14.0 
0.20 14.0 
0.02 30.0 
0.02 30.0 
0.02 30.0 

50.0 
0.02 30.0

0.025 
0.056 

0.049 
0.011 

0.070 
0.052 

0.020 
0.058 
0.062 

0.034 
0.063 

0.052 
0.036 
0.075 
0.086 

0.034 
0.070 
0.065 
0.013 
0.028 

0.035 
0.014 
0.018 

0.026 
0.003 

0.005 
0.007 

0.025 

0.100 
0.085 

0.032 
0.057

2.6 

11.7 
8.6 

2.1 
10.5 

9.9 
3.2 
12.1 
12.1 
2.9 
5.2 

5.8 
8.1 
16.7 

16.1 
5.1 
6.9 

5.1 
1.2 
1.6 

2.4 
1.5 

1.7 
1.6 

0.6 
0.7 
0.9 

9.2 
15.5 
19.1 
18.7 
22.3

(9)

0.80 
5.05 
2.09 

0.61 
5.51 
3.32 
1.18 
13.71 
4.66 

0.59 
0.61 
1.06 
6.19 
19.86 
8.36 

1.12 
4.22 
1.20 
0.21 

0.52 
0.75 
0.35 
0.48 

0.27 
0.27 
0.18 

0.30 
8.73 

11.46 
19.06 
17.55 

28.27



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00)

Date & Time Magnitude (2) 

MOD 
YEAR Y M ML MS OTH

Station (3)
Closest Site 
Dlit Cnode

No. Description (km)(4) (5)

Comp.
Filter 
HP 
(hz)

Comers 
LP 
(hz)

PGA 
(g)

PGV PGD 
(cm/s) (cm)

CWB 99999 KAU082 
99 

CWB 99999 TAP059 
99 

CWB 99999 TAP060 
99 

CWB 99999 TAP035 
99 

CWB 99999 TCU096 
99 

CWB 99999 TCU007 
99 

CWB 99999 TCU025 
99 

CWB 99999 ILA046 
99 

CWB 99999 TCU014 

99 

CWB 99999 TCU015 
99 

CWB 99999 TAP043

183.97 - V 

182.87 A N 
W 

125.93 -1 V 

125.89 A N 
W 

128.49 -1 V 
128.41 A N 

W 

96.88 --1 V 

96.68 A N 
W 

51.96 --1 V 

51.96 C N 
W 

88.39 --1 V 

88.39 B N 
W 

54.36 -- V 

54.36 A N 
W 

91.45 --1 V 

89.23 C N 
W 

92.42 -1 V 

92.42 B N 
W 

47.35 --1 V 

47.35 B N 
W 

93.73 --1 V

Earthquake 

No. Location,

MeCfl UIO(1I
0.02 30.0 
0.02 12.0 

0.02 15.0 

0.02 12.0 

0.02 20.0 
0.02 30.0 

15.0 

0.02 24.0 

0.02 20.0 
20.0 

0.02 24.0 

0.02 24.0 

0.02 24.0 

0.02 50.0 

0.04 40.0 
0.02 22.0 

0.03 30.0 

0.02 20.0 

0.02 22.0 

0.05 50.0 

0.05 50.0 

0.03 50.0 

0.04 40.0 
0.04 40.0 

0.04 40.0 

0.03 22.0 

0.02 25.0 

0.02 20.0 
0.02 50.0 

0.03 50.0 
0.02 50.0 

0.02 20.0

0.054 
0.009 

0.019 

0.017 

0.018 

0.039 

0.030 

0.014 

0.036 

0.036 

0.028 

0.085 

0.067 

0.037 

0.107 

0.059 

0.028 

0.071 

0.060 

0.034 

0.058 

0.075 

0.028 

0.055 

0.068 

0.018 

0.075 

0.058 

0.068 

0.114 

0.119 

0.026

34.5 
2.8 
4.8 

7.8 
5.7 

6.5 
7.6 

5.0 
7.6 

11.0 
7.6 

8.3 
8.4 
15.0 

27.0 
39.5 

8.5 
18.0 

23.6 
13.8 

10.5 
19.0 

8.0 
9.8 

13.3 

6.2 
13.5 
24.2 

17.2 

29.5 
49.8 

8.4

52.36 
2.60 
4.58 
6.77 
6.82 

4.80 
8.11 
7.02 

6.05 
8.80 

9.01 
8.00 
12.78 
14.59 
26.11 

41.34 
9.98 

15.45 
37.22 

18.29 
10.17 

22.00 
11.80 

7.66 
10.59 

8.05 

15.04 
37.42 

14.85 
24.14 

49.79 
9.53



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00) 

Date & Time Magnitude (2) Station (3) ........ Comp.
MOD 

No. Location, YEAR Y M ML MS OTH

Closest Site 

Dist Codes 
No. Description (km)(4) (5)

MachDinIIIni r

Filter Comers 
HP LP 
(hz) (hz)

PGA 

(g)
PGV PGD 
(cm/s) (cm)

99 

CWB 99999 TAP032 

99 

CWB 99999 KAU034 

99 

CWB 99999 TCU026 
99 

CWB 99999 ILA036 
99 

CWB 99999 KAU038 
99 

CWB 99999 KAU018 
99 

CWB 99999 TAP053 
99 

CWB 99999 TAP046 

99 

CWB 99999 TAP052 

99 

CWB 99999 KAU007 
99

Earthquake

0

93.73 C N 0.02 

W 0.02 
98.79 -1 V 0.02 
98.79 C N 0.03 

W 0.02 
122.84 -1 V 0.02 
121.84 A N 0.04 

W 0.05 
54.61 -1 V 0.02 
54.61 B N 0.02 

W 0.02 
101.55 --1 V 0.03 
99.79 C N 0.05 

W 0.04 
157.43 --1 V 0.03 
156.16 B N 0.03 

W 0.30 
87.76 -1 V 0.02 
87.71 A N 0.02 

W 0.02 
98.33 -- V 0.03 

98.24 A N 0.03 
W 0.02 

127.26 --1 V 0.02 
126.99 C N 0.02 

W 0.02 
99.92 - V 0.03 

99.92 B N 0.02 
W 0.02 

117.13 -1 V 0.02 
117.13 C N 0.02 

W 0.04

20.0 
20.0 

50.0 
50.0 
40.0 
12.0 

12.0 
14.0 

50.0 
50.0 

50.0 
30.0 
40.0 

30.0 
20.0 
15.0 
12.0 
20.0 
22.0 
20.0 

20.0 
20.0 

24.0 

30.0 
30.0 

24.0 

50.0 

50.0 
30.0 
20.0 

20.0 
15.0

0.082 

0.065 
0.059 
0.115 
0.107 
0.009 
0.009 
0.009 

0.061 
0.091 
0.120 
0.026 

0.068 
0.055 
0.006 
0.010 
0.007 
0.016 
0.026 
0.035 
0.035 
0.086 

0.082 
0.018 

0.054 
0.084 

0.039 
0.127 

0.066 
0.014 
0.024 

0.025

17.3 
18.4 

9.6 
18.0 
24.2 
2.3 
2.1 
2.1 
17.1 

27.5 
39.4 

12.8 
17.0 

15.2 
2.0 
2.4 

1.2 
6.2 
7.9 
6.2 

10.4 
12.2 

11.3 
4.5, 
6.6 

12.6 
8.2 
23.6 

16.6 
6.8 
9.0 
7.4

13.10 
2.61 
8.76 
11.46 

21.13 
3.08 
2.42 
2.56 
18.12 
29.95 
43.09 
9.59 

8.86 
10.41 
2.69 
2.56 
0.39 
5.41 

6.97 
7.12 

9.77 
7.62 

15.70 
6.17 
4.93 

7.08 
10.24 
14.06 
25.29 

5.13 
9.31 
6.92



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00) 

Date & Time Magnitude (2) Station (3) r1 .... o Qif. Comp.

MOD 

No. Location, YEAR Y M ML MS OTH 
Mech. Din (1'h
Mech Din (1)

Dist Codes 
(km)(4) (5)

Filter Comers 
HP LP 
(hz) (hz)

PGA 
(g)

PGV PGD 
(cm/s) (cm)

Earthquake

No. Description 
HIF 

CWB 99999 CHY063 
99 

CWB 99999 TCU009 
99 

CWB 99999 KAU012 
99 

CWB 99999 TCU006 
99 

CWB 99999 CHY065 
99 

CWB 99999 TCU01 1 
99 

CWB 99999 TAP086 
99 

CWB 99999 TAP036 
99 

CWB 99999 TAP034 
99 

CWB 99999 TCU092 
99 

CWB 99999 TCU008 
99

78.12 --1 V 
78.12 B N 

W 

80.14 -1 V 

80.14 C N 
W 

92.08 -1 V 

92.08 C N 
W 

71.05 --1 V 

71.05 B N 
W 

90.23 -1 V 

90.23 C N 
W 

76.22 -1 V 

76.22 C N 
W 

101.12 - V 

100.93 A N 
W 

95.60 --1 V 

95.33 A N 
W 

98.81 -1 V 

98.69 C N 
W 

96.44 - v 

96.44 B N 
W 

83.68 -1 V 

83.68 B N

0.03 24.0 
0.03 24.0 

0.02 22.0 

0.02 30.0 

0.02 30.0 

0.02 30.0 

0.03 20.0 
20.0 

0.05 20.0 

0.02 22.0 
0.02 17.0 

0.02 20.0 
0.02 50.0 

0.03 40.0 
0.02 33.0 

0.03 30.0 

0.03 30.0 
30.0 

0.02 22.0 

0.02 30.0 

0.02 22.0 

0.02 30.0 
30.0 

0.02 20.0 
0.02 30.0 

0.02 30.0 

0.02 30.0 

0.02 30.0 

0.02 24.0 

0.02 20.0 

0.02 30.0 
0.02 30.0

0.025 
0.068 

0.060 
0.022 

0.069 
0.070 

0.022 
0.047 

0.086 
0.036 
0.081 
0.057 

0.031 
0.097 
0.118 
0.031 
0.074 

0.065 
0.034 

0.050 
0.038 

0.017 
0.039 

0.030 

0.023 
0.066 

0.055 

0.028 

0.066 
0.086 
0.025 

0.062

5.3 
9.4 
7.9 

11.8 
19.5 

26.5 
7.7 

9.8 
9.9 

15.2 
19.3 

36.2 
5.1 

12.5 
15.8 

9.3 
24.6 
24.6 

8.0 
7.9 
8.5 
6.9 

6.1 
7.6 

9.3 
12.6 

9.8 

10.3 
17.2 

23.0 
9.6 

17.5

5.42 
8.27 
6.92 
11.19 

24.70 
41.45 

7.48 
10.83 

7.82 
14.26 

21.23 
56.14 
7.56 

8.25 

8.44 
14.51 
14.39 

32.14 
9.62 

5.70 
11.86 
9.15 

5.83 

10.69 
9.57 
6.79 

14.06 
10.11 

15.60 
36.91 

9.64 
13.38



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00)

Earthquake Date & Time Magnitude (2) 

MOD 
No. Location, YEAR Y M ML MS OTH 
Mech. DiD (1)

Station (3)
Closest Site 
Dist Codes

No. Description (km)(4) (5)

Comp.
Filter Comers 
HP LP 
(hz) (hz)

PGA 

(g)
PGV PGD 
(cm/s) (cm)

CWB 99999 KAU040 

99 

CWB 99999 ILA031 

99 

CWB 99999 TCU010 

99 

CWB 99999 KAU078 

99 

CWB 99999 KAU077 

99 

CWB 99999 TAP069 

99 

CWB 99999 TTN024 

99 

CWB 99999 TTNO18 

99 

CWB 99999 TTN027 

99 

CWB 99999 ILA050 

99 

CWB 99999 TAP065

154.59 --1 V 

153.29 C N 

W 

94.77 -1 V 

92.63 A N 

W 

80.42 -1 V 

80.42 B N 

W 

102.85 -1 V 

101.92 C N 

W 

97.20 -1 V 

95.65 A N 

W 

135.31 -1 V 

133.93 A N 

W 

70.58 -1 V 

67.69 A N 

W 

86.15 -2 V 

83.80 A N 

W 

87.62 -1 V 

85.31 B N 

W 

77.75 --1 V 

75.14 A N 

W 

130.91 --1 V

k)

0.02 30.0 
0.02 18.0 

10.0 
0.04 12.0 

50.0 
30.0 

50.0 
0.02 20.0 

0.02 20.0 
0.03 20.0 
0.03 50.0 
0.02 50.0 
0.02 50.0 
0.03 20.0 
0.03 20.0 
0.02 20.0 
0.04 20.0 
0.05 20.0 

0.04 20.0 
0.03 30.0 
0.02 30.0 
0.02 20.0 
0.02 20.0 
0.02 20.0 
0.02 20.0 

0.03 22.0 
0.03 30.0 

0.03 20.0 
0.02 40.0 

40.0 
0.04 40.0 

0.03 20.0

0.071 

0.007 
0.008 

0.008 

0.030 
0.076 

0.057 

0.026 

0.074 

0.088 

0.015 

0.024 

0.046 

0.012 

0.023 

0.022 

0.013 

0.033 

0.026 

0.022 

0.027 

0.030 

0.014 

0.024 

0.035 

0.015 

0.039 

0.031 

0.055 

0.064 

0.065 

0.013

29.8 
1.8 

2.1 
2.2 
7.3 

9.1 
10.0 

13.7 
19.3 
31.8 

2.6 
2.2 
2.6 
3.4 
2.5 

3.2 
5.2 
5.8 

5.0 
4.0 

3.9 
3.8 
2.9 

4.1 
3.8 

3.6 

6.1 
6.6 
8.6 

9.9 
7.3 

5.6

42.50 

1.99 
3.20 

2.67 
9.75 

10.68 
9.94 
12.95 

23.89 

46.68 
2.44 

3.17 
3.64 
3.01 
3.76 
2.68 
6.49 
4.58 
8.69 

3.35 
3.50 

5.32 
3.17 

3.55 
5.56 
2.64 

3.68 

5.69 
8.92 

16.41 
6.69 
6.37



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00) 

Date & Time Magnitude (2) Station (3) Closest Site Comp.

MOD 
No. Location, YEAR Y M ML MS OTH 

Mferh Din (1l
No. Description 

H/F

Dist Codes 
(km)(4) (5)

Filter Corners 
HP LP 
(hz) (hz)

PGA 

(g)
PGV PGD 
(cm/s) (cm)

99 

CWB 99999 TTN028 

99 

CWB 99999 KAU051 
99 

CWB 99999 KAU069 
99 

CWB 99999 ILA051 
99 

CWB 99999 TCU085 
99 

CWB 99999 TTN036 

99 

CWB 99999 TTNO16 
99 

CWB 99999 KAU083 
99 

CWB 99999 HWA022 
99 

CWB 99999 TTN025 
99

130.75 A N 0.04 

W 0.03 

90.63 --1 V 0.03 

88.39 A N 0.02 

W 0.02 

139.70 --1 V 0.03 

138.52 A N 0.02 

W 0.10 

83.58 --1 V 0.03 

82.75 A N 0.10 

W 0.02 

90.37 --- V 0.02 

88.49 A N 0.02 

W 0.02 

64.51 --1 V 0.03

63.95 A N 
W 

90.48 --1 V 
88.24 B N 

W 
136.58 -1 V 
135.11 C N 

W 
123.04 --1 V 

122.87 D N 
W 

71.45 --1 V 
68.60 A N 

W 

81.68 --A V 

79.19 C N 

W

0.02 
0.02 

0.02 
0.03 

0.03 
0.04 

0.02 
0.02 

0.02 

0.02 

0.02 
0.02 

0.02

Earthquake

20.0 
18.0 

20.0 
20.0 

18.0 
12.0 

22.0 

14.0 

24.0 

30.0 

22.0 

24.0 

22.0 

22.0 

50.0 

40.0 

40.0 

14.0 

12.'0 

12.0 

14.0 

14.0 

14.0 

14.0 

14.0 

14.0 

30.0 

30.0 

30.0 

30.0 

30.0 

30.0

0.023 

0.040 

0.016 

0.016 

0.019 

0.007 

0.008 

0.009 

0.019 

0.036 

0.039 

0.024 

0.033 

0.080 

0.042 

0.054 

0.063 

0.018 

0.030 

0.025 

0.006 

0.010 

0.009 

0.011 

0.024 

0.030 

0.040 

0.082 

0.123 

0.024 

0.050 

0.034

7.7 

9.9 

3.0 

3.1 

3.2 

3.3 

2.9 

2.4 

2.2 

3.1 

3.3 

8.4 

7.3 

12.3 

9.4 

6.4 

7.5 

8.4 

6.8 

7.6 

2.5 

2.6 

2.9 

4.9 

8.4 

8.9 

7.9 

11.0 

12.0 

3.7 

5.0 

3.9

5.28 

6.98 

3.14 

2.79 

4.93 

3.60 

2.69 

2.12 

3.05 

0.859 

3.69 

10.13 

9.19 

9.66 

12.32 

7.38 

13.88 

6.97 

4.79 

8.65 

2.80 

4.05 

3.38 

4.97 

5.81 

7.18 

7.62 

17.16 

11.01 

3.11 

2.60 

5.08



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00) 

Magnitude (2) Station (3) ,, Comp.
MOD 

YEAR Y M ML MS OTH Dist Codes 
NO. Description (km)(4) (5)

Filter Comers 
HP LP 
(hz) (hz)

PGA 
(g)

PGV PGD 
(cm/s) (cm)

CWB 99999 TAP067 
99 

CWB 99999 TAP066 
99 

CWB 99999 ILA052 
99 

CWB 99999 TTN026 
99 

CWB 99999 KAU057 
99 

CWB 99999 TCU083 
99 

CWB 99999 CHY006 
99 

CWB 99999 CHY010 

99 

CWB 99999 CHY014 
99 

CWB 99999 CHY019 
99 

CWB 99999 CHY022 
99

104.27 -1 V 0.03 
104.11 A N 0.02 

W 0.02 
117.50 -1 V 0.02 
117.50 B N 0.03 

W 0.02 
96.68 -1 V 0.04 
94.59 A N 0.04 

W 0.04 
81.76 --1 V 0.03 
79.28 A N 0.02 

W 0.02 
121.39 -- V 0.50 

121.39 A N 0.03 
W 0.02 

78.90 -1 V 0.02 
78.90 B N 0.02 

W 0.02 
14.93 --- V 0.03 

14.93 C E 0.03 
N 0.03 

25.39 --- V 0.03 

25.39 C E 0.02 

N 0.03 
41.49 -- V 0.03 

41.46 C E 0.02 

N 0.03 
57.08 -- V 0.03 

57.08 C E 0.02 
N 0.03 

71.64 --1 V 0.03 
71.64 A E 0.00

Earthquake 

No. Location, 
Manh rlin il

Date & Time

20.0 

20.0 
20.0 

22.0 
20.0 
22.0 
24.0 

22.0 
22.0 
22.0 

20.0 
20.0 
24.0 
20.0 
20.0 
30.0 
20.0 
20.0 
50.0 
50.0 

50.0 
20.0 

20.0 
50.0 
40.0 

50.0 
50.0 

40.0 
50.0 

50.0 
30.0 
40.0

0.037 
0.042 

0.039 
0.022 
0.074 
0.050 
0.017 

0.039 
0.027 
0.014 

0.040 
0.027 
0.010 
0.016 
0.017 
0.034 
0.111 
0.089 
0.202 

0.364 
0.345 
0.125 
0.227 
0.173 
0.101 
0.229 
0.263 
0.024 

0.052 

0.064 
0.024 
0,065

8.4 

9.6 
11.5 
4.1 
12.7 

9.1 

6.4 
5.7 
7.3 
3.2 
4.1 
4.2 
1.0 
4.6 

6.0 
9.4 
23.6 
31.9 
25.0 

55.4 

42.8 
10.6 
19.2 
21.9 

11.5 
24.3 
21.9 

4.6 
6.3 

6.4 
3.9 
6.9

10.40 
8.18 

12.16 

6.23 
7.78 

15.81 
8.32 

9.33 
9.66 
3.22 
2.88 

5.63 
0.27 

5.55 
11.22 
11.66 
13.27 
48.44 
11.63 
25.59 

15.18 
5.16 
7.26 
11.07 

5.16 
6.21 

6.57 
5.02 
6.66 
4.22 

5.79 
7.12



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00) 

Date & Time Magnitude (2) Station (3) Closest Site Comp.

MOD 
No. Location, YEAR Y M ML MS OTH

Dist Codes 
No. Description (km)(4) (5) 

H/F

Filter Comers 
HP LP 
(hz) (hz)

PGA 
(g)

PGV PGD 
(cm/s) (cm)

CWB 99999 CHY034 
99 

CWB 99999 CHY047 
99 

CWB 99999 CHY052 

99 

CWB 99999 HWA002 
99 

CWB 99999 HWA003 
99 

CWB 99999 HWA046 
99 

CWB 99999 KAU001 
99 

CWB 99999 TTN040 
99 

CWB 99999 TTN041 

99 

CWB 99999 ILA007 
99 

CWB 99999 ILA008

N 0.03 
20.23 - V 0.03 

20.23 C E 0.03 

N 0.03 

29.36 - V 0.03 

29.36 C E 0.03 

N 0.03 
45.00 -1 V 0.03 

45.00 A E 0.03 
N 0.03 

53.85 - V 0.03 

49.99 C E 0.06 
N 0.06 

56.07 -- V 0.00 

52.38 A E 0.04 
N 0.00 

59.26 - V 0.03 

55.78 A E 0.02 
N 0.02 

54.58 - V 0.02 

54.21 A E 0.03 

N 0.03 

55.01 - V 0.03 

51.25 A E 0.03 

N 0.04 

54.16 - V 0.03 

50.33 A E 0.03 

N 0.03 

95.52 -1 V 0.03 

93.40 A N 0.02 

W 0.02 

96.54 -1 V 0.03

Earthquake

Uh

40.0 
30.0 

30.0 
30.0 

50.0 
50.0 

50.0 
40.0 

50.0 
50.0 
40.0 

20.0 
40.0 
30.0 
20.0 

20.0 
40.0 

50.0 
50.0 

30.0 
30.0 

30.0 
30.0 
33.0 

30.0 

30.0 
40.0 

40.0 
30.0 

30.0 
30.0 

30.0

0.044 
0.091 
0.248 

0.310 
0.086 

0.168 

0.186 
0.039 
0.086 

0.154 
0.033 

0.049 
0.094 
0.053 
0.050 
0.138 
0.049 

0.076 
0.087 
0.041 
0.043 
0.022 

0.021 
0.030 

0.032 
0.041 

0.079 
0.066 

0.036 
0.089 

0.062 
0.037

5.1 
15.0 
38.8 

48.5 
15.4 

21.1 
22.2 

6.6 
9.6 

12.1 
7.0 

6.1 
11.9 
9.3 

10.5 
19.1 

5.7 
9.8 

9.0 
5.9 
5.4 
5.9 

4.1 
7.2 

5.4 
4.7 

6.8 
4.6 

6.7 
10.6 
9.5 
9.2

5.47 
8.37 
11.46 

16.54 
8.55 

10.27 
13.65 
5.45 
6.91 

9.40 
7.18 
4.58 

6.80 
5.34 

5.45 
8.92 
8.73 
18.09 

14.01 
6.65 
3.68 
6.21 

5.13 
7.37 

4.39 
4.39 

6.50 
4.02 

10.54 
12.90 

9.27 
11.36



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00)

Date & Time Magnitude (2) 
MOD 

YEAR Y M ML MS OTH

Station (3)
Closest Site

Comp.

Dist Codes 
No. Description (km)(4) (5)

Filter Comers 
HP LP 
(hz) (hz)

PGA 

(g)
PGV PGD 
(cm/s) (cm)

99 

CWB 99999 ILA010 
99 

CWB 99999 ILA014 

99 

CWB 99999 ILA015 
99 

CWB 99999 ILA021 

99 

CWB 99999 ILA024 
99 

CWB 99999 ILA063 
99 

CWB 99999 KAU003 
99 

CWB 99999 TAP072 
99 

CWB 99999 TAP075 

99 

CWB 99999 TAP077 

99

94.45 D N 0.04 
W 0.02 

92.19 - V 0.03 

90.00 A N 0.02 
W 0.02 

92.32 --1 V 0.03 
90.17 C N 0.03 

W 0.02 
96.59 --1 V 0.03 
95.04 C N 0.05 

W 0.04 
88.11 --1 V 0.03 
86.28 A N 0.04 

W 0.02 
79.01 --1 V 0.03 
76.88 A N 0.02 

W 0.02 
71.61 -- V 0.04 

69.63 A N 0.02 

W 0.02 
122.15 --- V 0.04 

122.15 B N 0.02 

W 0.02 
110.06 -- V 0.03 

109.77 A N 0.04 

W 0.03 
118.44 -- V 0.03 

118.05 A N 0.02 
W 0.02 

129.35 -- V 0.02 

128.74 A N 0.02 
W 0.02

Earthquake 

No. Location, 
Maneh Inin (1i

30.0 
30.0 

30.0 

30.0 

30.0 
24.0 
30.0 
30.0 
40.0 
40.0 
33.0 
33.0 

33.0 
40.0 
40.0 
40.0 
40.0 
50.0 
50.0 

50.0 
20.0 

20.0 
20.0 

30.0 
30.0 

50.0 
30.0 

50.0 
30.0 
30.0 
30.0 

30.0

0.057 

0.082 

0.023 

0.039 

0.059 

0.030 

0.067 

0.063 

0.020 

0.050 

0.038 

0.027 

0.067 

0.061 

0.024 

0.033 

0.040 

0.031 

0.091 

0.082 

0.010 

0.018 

0.020 

0.018 

0.050 

0.029 

0.024 

0.050 

0.083 

0.024 

0.036 

0.031

15.8 

19.8 

7.8 

7.2 

7.9 

7.3 

13.4 

12.4 

8.4 

10.1 

6.3 

8.1 

9.0 

11.7 

7.8 

8.5 

9.6 

7.3 

8.1 

12.6 

5.4 

6.5 

5.4 

7.5 

11.4 

7.5 

6.3 

9.7 

10.3 

5.6 

6.8 

12.0

11.42 
17.27 

10.77 

11.60 
9.76 

11.85 
8.17 
14.24 

9.88 
6.88 
6.64 
11.82 
9.18 
9.96 

10.86 
9.41 
9.14 
9.44 
12.98 
8.81 
7.18 
9.02 
10.82 
9.54 

6.59 
8.67 
8.90 
6.49 
11.98 
6.87 
6.03 

9.08



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00)

Earthquake Date & Time Magnitude (2)
MOD 

No. Location, YEAR Y M ML MS OTH 

Mech. Din (11

Station (3)
Closest Site 
Dist Codes

No. Description (km)(4) (5)
H/F 

CWB 99999 TAP078 

99

CWB 99999 TAP081 
99 

CWB 99999 TTNO02 
99 

CWB 99999 TTNO04 
99 

CWB 99999 TTNO42 
99 

CWB 99999 TTNO44 
99 

CWB 99999 TTN046 
99 

CWB 99999 TTN047 
99 

CWB 99999 TCU078 

01 

CWB 99999 TCU089 

01 

CWB 99999 TCU079 
01

Comp.

131.02 - V 
130.29 A N 

W 

135.55 - V 

134.22 A N 
W 

76.01 -1 V 

73.33 A N 
W 

77.41 -1 V 

74.78 C N 
W 

72.62 - V 

69.82 A N 
W 

68.22 - V 

65.23 B N 
W 

74.49 - V 

71.76 A N 
W 

74.90 - V 

82.51 B N 
W 

7.50 -1 V 

0.00 B N 
W 

8.22 -1 V 

0.00 B N 
W 

10.04 -1 V 

0.01 B N

Filter 
HP 
(hz)

Comers 
LP 
(hz)

PGA 
(g)

PGV PGD 
(cm/s) (cm)

5. 8.02
0.03 
0.04 
0.02 
0.03 

0.02 
0.02 
0.03 
0.03 
0.03 

0.04 
0.04 
0.03 
0.03 

0.03 
0.03 

0.03 
0.02 

0.03 
0.03 
0.03 

0.03 
-99.  

0.03 
0.03 

0.02 
0.15 

0.04 
0.03 

0.04 
0.07 
0.03 

0.07

33.0 
40.0 

40.0 
20.0 

20.0 
50.0 
20.0 
20.0 
20.0 

20.0 
20.0 

20.0 
20.0 
20.0 
22.0 

22.0 
22.0 
30.0 
22.0 
22.0 

20.0 

20.0 

20.0 
50.0 

50.0 
50.0 

50.0 
50.0 

50.0 
50.0 

50.0

0.018 
0.042 

0.043 
0.012 

0.021 
0.031 
0.016 

0.026 
0.026 
0.026 

0.046 
0.039 
0.019 
0.059 
0.059 

0.033 
0.055 

0.048 
0.020 

0.067 
0.113 

0.027 
0.026 
0.176 

0.292 
0.444 

0.191 
0.248 
0.333 

0.388 
0.393

5.4 
8.6 
6.9 

6.0 
4.9 
7.9 

5.2 
5.4 

5.4 
3.9 

8.3 
7.4 
5.4 

5.9 
5.4 

6.0 
10.2 
9.7 

5.0 
7.4 

11.2 

5.7 

6.2 

18.8 
29.8 
39.2 

22.3 
31.0 
30.9 
25.3 

48.8

8.02 
5.60 

8.98 
8.01 
5.44 
8.78 

4.77 
4.57 

6.40 
4.07 
4.57 

5.69 
5.05 
4.55 

5.97 
4.44 

6.66 
7.12 
5.04 

3.18 
6.13 

4.78 

6.44 
14.19 

9.17 
31.24 

24.36 

32.37 
18.48 
12.59 
13.78



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00) 

Magnitude (2) Station (3) .... Comp.
MOD 

YEAR Y M ML MS OTH

Giosest Site 
Dist Codes

No. Description (km)(4) (5) 
wI,.1

Filter Comers 
HP LP 
(hz) (hz)

PGA 
(g)

PGV PGD 
(crnms) (cm)

CWB 99999 TCU084 

01 

CWB 99999 TCU071 

01 

CWB 99999 TCU072 

99 

CWB 99999 CHY024 
02 

CWB 99999 TCU120 
02 

CWB 99999 TCU065 
02 

CWB 99999 TCU067 
02 

CWB 99999 CHY080 

99 

CWB 99999 CHY028 
02 

CWB 99999 TCU109 
02 

CWB 99999 TCU107

W 0.20 
10.39 -1 V 0.09 
0.01 B N 0.10 

W 0.20 
4.94 -1 V 0.10 
1.01 B N 0.04 

W 0.20 
7.36 -1 V 0.05 
0.24 B N 0.05 

W 0.05 
9.06 -1 V 0.03 
9.06 D N 0.02 

W 0.02 
8.10 -1 V 0.03 
8.10 C N 0.03 

W 0.02 
0.98 -1 V 0.02 
0.98 B N 0.06 

W 0.03 
0.33 -1 V 0.04 
0.33 B N 0.03 

W 0.02 
6.95 - V 0.03 
6.79 B N 0.05 

W 0.10 
7.31 -1 V 0.04 
7.31 C N 0.10 

W 0.12 
13.09 -1 V 0.03 
13.09 C N 0.04 

W 0.05 
20.35 -2 V 0.03

Earthquake 

No. Location, 
Mwhi Din (1M

Date & Time

50.0 

50.0 
50.0 
30.0 
50.0 

50.0 
50.0 

50.0 
50.0 
50.0 
50.0 
50.0 
50.0 

50.0 
50.0 
50.0 

50.0 
50.0 

50.0 
50.0 
50.0 

50.0 
50.0 

50.0 
50.0 
50.0 

50.0 
50.0 

50.0 
50.0 

50.0 
50.0

0.742 
0.340 

0.417 

1.157 
0.449 
0.655 

0.567 
0.279 
0.400 

0.488 
0.152 
0.175 

0.278 
0.162 

0.192 
0.225 
0.272 
0.603 
0.814 
0.225 
0.325 
0.503 
0.724 

0.902 
0.968 
0.337 

0.821 

0.653 
0.137 

0.155 
0.156 
0.088

61.2 

25.3 
45.6 

114.7 
34.8 

69.4 
44.4 

35.8 
56.3 
71.7 
44.8 

48.9 
52.9 

32.1 
36.9 
63.1 
77.0 

78.8 
126.2 

42.7 
66.6 
79.5 
49.0 

102.4 
107.5 

36.4 
67.0 
72.8 

26.6 
53.1 

50.8 
27.8

11.11 

11.94 
21.27 

31.43 

31.32 
49.06 

13.76 
27.28 
41.28 
38.64 
34.80 
31.04 
43.62 
22.34 
33.30 

54.09 
53.70 

60.74 
92.57 
28.48 
45.95 
93.09 

27.82 
3.97 

18.60 
13.56 
23.28 

14.68 
20.27 

34.74 
46.49 
21.70

S... . ... . . . . .I I F

•vv



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00)

Earthquake Date & Time Magnitude (2)

MOD 
No. Location, YEAR Y M ML MS OTH

Station (3)
Closest Site 
Dist Codes

No. Description (km)(4) (5) 
H/F

Comp.
Filter Comers 
HP LP 
(hz) (hz)

PGA 
(g)

PGV PGD 
(cm/s) (cm)

02 

CWB 99999 TCU052 

01 

CWB 99999 CHY074 
99 

CWB 99999 TCU056 
02 

CWB 99999 CHY029 

02 

CWB 99999 TCU048 

02 

CWB 99999 TCU113 

02 

CWB 99999 CHY035 

99 

CWB 99999 TCU104 

02 

CWB 99999 TCU070 
02 

CWB 99999 TCU068 
01

20.35 C N 0.03 50.0 

W 0.03 50.0 
0.24 -1 V 0.04 50.0 

0.06 B N 0.04 50.0 

W 0.04 50.0 
82.49 -1 V 0.03 40.0 
82.49 B N 0.02 40.0 

W 0.02 40.0 
11.11 -1 V 0.05 50.0 

11.11 D N 0.03 50.0 

W 0.04 40.0 
15.28 -1 V 0.04 50.0 

15.28 C N 0.03 50.0 

W 0.03 50.0 
14.38 -1 V 0.04 50.0 
14.38 C N 0.04 50.0 

W 0.02 50.0 
31.49 -1 V 0.03 50.0 

31.49 E N 0.03 50.0 

W 0.04 50.0 
18.12 -1 V 0.08 50.0 
180.12 C N 0.04 50.0 

W 0.04 40.0 
13.64 - V 0.03 50.0 

13.64 B N 0.03 50.0 

W 0.03 50.0 
19.10 - V 0.03 50.0 

19.10 B N 0.03 50.0 
W 0.02 50.0 

1.09 -1 V 0.02 50.0 
0.50 D N 0.02 50.0 

W 0.03 50.0

0.158 
0.124 

0.241 
0.419 
0.348 

0.094 
0.158 
0.234 

0.115 
0.134 
0.134 
0.155 

0.238 
0.277 

0.098 
0.184 

0.123 
0.077 

0.074 
0.070 
0.099 

0.246 
0.252 

0.083 
0.085 

0.106 

0.085 
0.169 

0.255 
0.486 
0.462 

0.566

47.4 
36.8 
110.5 
118.4 

159.0 
15.6 

23.6 
28.1 
41.4 

42.9 
42.5 

18.7 
35.2 
30.3 

20.8 
48.3 
32.6 
16.0 
23.4 

27.8 
14.4 

37.6 
45.6 

23.3 
47.2 

36.6 
31.0 

62.3 
52.1 

187.3 
263.1 

176.6

32.79 
39.81 

163.51 
246.15 

184.42 
9.40 

11.74 
19.04 
27.07 

54.55 
50.77 

9.82 
29.10 
14.73 
21.64 

53.55 
52.18 
17.03 
27.12 
22.21 

5.99 

16.86 
12.03 

20.60 
52.70 

51.97 
30.93 

56.67 
48.09 

266.55 
430.00 
324.11

ach Dio (11



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00) 

Date & Time Magnitude (2) Station (3) ...... Comp.
MOD 

YEAR Y M ML MS OTH

ulosest Site 
Dist Codes 

No. Description (km)(4) (5) 
UIC

Filter Comers 
HP LP 
(hz) (hz)

PGA 
(g)

PGV PGD 
(cm/s) (cm)

CWB 99999 TCU105 
02 

CWB 99999 TCU103 
99 

CWB 99999 CHY041 

99 

CWB 99999 TCU059 
99 

CWB 99999 TCU087 
99 

CWB 99999 CHY046 
99 

CWB 99999 CHY042 

99 

CWB 99999 CHY087 
99 

CWB 99999 CHY086 

99 

CWB 99999 TCU128 

99 

CWB 99999 HWA020 
99

18.10 - V 0.02 
18.10 C N 0.03 

W 0.03 
4.01 -1 V 0.02 
4.01 C N 0.05 

W 0.02 
25.96 -1 V 0.03 
25.96 D N 0.03 

W 0.04 
17.84 - V 0.05 
17.84 C N 0.03 

W 0.03 
3.18 -1 V 0.02 
3.18 B N 0.05 

W 0.02 
29.49 -1 V 0.03 
29.49 C N 0.04 

W 0.03 
34.91 -1 V 0.04 
34.90 B N 0.03 

W 0.06 
34.46 -1 V 0.03 
34.46 D N 0.03 

W 0.02 
35.43 -1 V 0.04 
35.41 B N 0.03 

W 0.10 
9.70 -1 V 0.02 
9.70 D N 0.05 

W 0.02 
44.94 -1 V 0.02 
40.24 D N 0.02

Earthquake 

No. Location, 
Marh fin I1 %

40.0 
30.0 

40.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
40.0 
30.0 
30.0 
30.0 
30.0 
30.0 

50.0 
50.0 
50.0 

30.0 
30.0 

30.0 
40.0 

50.0 

50.0 
30.0 
30.0 
30.0 

40.0 
30.0 

30.0 
50.0 
50.0

0.064 
0.129 
0.112 
0.149 

0.162 
0.134 
0.123 
0.639 
0.302 
0.057 
0.172 

0.165 
0.108 
0.122 

0.128 
0.079 
0.182 
0.142 
0.061 
0.067 

0.099 
0.056 

0.126 
0.136 

0.050 
0.204 

0.115 
0.097 

0.170 
0.139 
0.056 
0.069

21.4 
38.9 

34.6 
64.3 
26.8 
61.9 
9.8 

39.5 
20.4 
18.6 
56.2 
59.4 
61.5 
37.1 
40.8 
8.6 
21.0 
20.6 
9.0 

12.3 
15.5 
6.4 

11.9 
10.2 
8.2 

17.8 
14.2 
46.0 

68.8 
73.0 

8.0 
7.9

18.40 
45.59 
48.59 

42.36 
15.97 
87.54 

6.37 
11.25 

8.62 
12.06 
53.52 
63.65 

51.32 
25.54 
62.62 
6.21 

11.90 
10.28 

4.72 
7.97 
6.50 

5.77 
8.11 

7.18 
4.78 

7.89 
6.66 
34.77 
41.87 

90.62 
12.44 
8.80



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00)

Date & Time Magnitude (2) 

MOD 
YEAR Y M ML MS OTH

Station (3)
Closest Site

Comp.

Dist Codes 
No. Description (km)(4) (5) 

LiIC

Filter Comers 
HP LP 
(hz) (hz)

PGA 
(g)

PGV PGD 
(cm/s) (cm)

CWB 99999 
99 

CWB 99999 
99 

CWB 99999 
99

KAU054 

TCU036 

TCU046

40.50 -1 
39.64 B 

16.69 -1 

16.69 D 

14.34 -1 

14.34 D

CWB 99999 CHY088 42.82 -1 
99 42.82 D

W 0.02 
V 0.03 

N 0.03 

W 0.04 

V 0.02 

N 0.02 

W 0.02 

V 0.03 

N 0.06 

W 0.03 

V 0.04 

N 0.04 

W 0.04

CWB 99999 HWA038 42.91 -2 V 
99 37.97 C N 

W 

CWB 99999 TCU039 16.70 -1 V 

99 16.70 C N 

W 

CWB 99999 CHY102 46.17 -1 V 

99 45.99 B N 
W 

CWB 99999 CHY081 47.74 -1 V 

99 47.74 B N 
W 

CWB 99999 HWA024 44.32 -2 V 

99 39.55 B N 
W 

CWB 99999 HWA017 53.91 -1 V 

99 50.06 D N 
W 

CWB 99999 HWA043 54.90 -1 V

Earthquake 

No. Location,

Mecfl Din (1)

0.02 
0.03 
0.04 

0.02 
0.02 
0.02 

0.03 
0.03 

0.04 
0.03 

0.03 
0.02 
0.03 

0.03 
0.03 

0.03 
0.02 

0.02 
0.02

•ech. UiO (1| 
rilE 50.0 

50.0 
50.0 

50.0 
40.0 
40.0 
20.0 

30.0 
30.0 

30.0 
40.0 

33.0 

33.0 

33.0 
30.0 

30.0 
50.0 

50.0 
50.0 

30.0 
33.0 

30.0 
30.0 

30.0 
30.0 

40.0 
30.0 
30.0 

50.0 
50.0 
50.0 

40.0

0.061 
0.030 
0.080 

0.085 

0.064 
0.131 
0.139 
0.104 

0.116 
0.133 
0.040 
0.216 
0.144 
0.041 

0.059 
0.035 

0.136 
0.145 
0.206 

0.025 
0.050 

0.044 

0.025 
0.045 

0.052 
0.025 

0.024 
0.023 

0.049 
0.084 
0.082 
0.031

10.3 
5.9 
5.2 

8.5 

23.9 
50.2 
59.6 

32.3 
30.9 

39.8 
7.4 

20.5 
21.0 

5.5 
7.4 

8.8 
50.7 
54.0 
50.0 
6.5 

6.3 
7.1 

7.2 
9.8 

11.0 

4.5 
4.8 

7.5 
9.4 

9.4 
10.8 

10.2

18.07 
4.66 
3.56 

6.00 
22.50 

42.17 
63.60 
37.74 

23.18 
37.37 

4.93 
14.21 

8.06 
5.25 

7.51 
4.97 
45.98 

44.54 

76.78 
5.06 
4.15 

5.35 
4.86 
7.66 
7.18 

5.43 

5.02 
7.36 

11.67 
7.23 

21.83 
9.99



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00) 

Magnitude (2) Station (3) .... Comp.
MOD 

YEAR Y M ML MS OTH Dist Codes 
No. Description (km)(4) (5)

Filter Comers 
HP LP 
(hz) (hz)

PGA 
(g)

PGV PGD 
(cmns) (cm)

99 

CWB 99999 CHY050 

99 

CWB 99999 TCU045 

99 

CWB 99999 HWA016 

99 

CWB 99999 KAU050 
99 

CWB 99999 TCU029 
99 

CWB 99999 TCU031 
99 

CWB 99999 HWA056 

99 

CWB 99999 CHY079 

99 

CWB 99999 HWA023 
99 

CWB 99999 TCU047 
99

Earthquake 

No. Location, 
M~rh rnin (1)

Date & Time

t'J

51.13 D N 0.02 
W 0.05 

50.07 -1 V 0.03 
50.07 B N 0.03 

W 0.04 
24.06 -- V 0.02 

24.06 B N 0.04 
W 0.02 

54.73 -1 V 0.02 
50.95 D N 0.05 

W 0.05 
52.06 -1 V 0.02 
50.58 B N 0.03 

W 0.02 
24.71 --1 V 0.02 
24.71 D N 0.04 

W 0.03 
26.78 -1 V 0.02 
26.78 C N 0.02 

W 0.02 
48.75 - V 0.02 

44.46 B N 0.03 
W 0.02 

54.97 - V 0.03 

54.96 B N 0.03 
W 0.02 

57.06 -2 V 0.03 
53.44 B N 0.04 

W 0.04 
33.01 - V 0.02 

33.01 B N 0.03 
W 0.02

40.0 

40.0 
50.0 

50.0 
50.0 

50.0 
50.0 
50.0 

50.0 
50.0 
50.0 
30.0 
40.0 

30.0 
50.0 
50.0 
50.0 
30.0 
30.0 

20.0 
50.0 

50.0 
50.0 
25.0 

23.0 
30.0 

50.0 
40.0 
40.0 

50.0 
50.0 
50.0

0.070 

0.056 
0.028 

0.069 
0.106 

0.361 
0.512 
0.474 

0.053 
0.080 
0.102 
0.023 
0.040 
0.042 

0.063 
0.200 
0.166 

0.065 
0.122 
0.110 
0.062 
0.107 
0.107 

0.029 
0.050 

0.043 
0.026 

0.037 
0.037 
0.270 

0.413 
0.301

7.7 

8.9 
4.9 

8.3 
9.8 
21.4 

39.0 
36.7 
10.1 
12.7 

13.3 
5.2 
6.4 

5.2 
23.2 
54.0 

38.6 
26.8 
43.4 
51.1 

7.1 

10.8 
11.7 
5.2 

6.7 
5.6 
7.6 

6.6 

8.6 
26.9 
40.2 
41.6

9.31 

7.04 
5.29 
7.73 
4.51 

22.95 
14.34 

50.66 
10.39 
5.65 
12.88 
4.13 

3.28 
6.98 
26.81 
40.19 
44.57 
29.00 

31.11 
47.95 

10.35 
10.36 

17.64 
4.77 
4.18 

5.62 
10.14 
9.03 
13.88 
17.88 
22.22 

51.08



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00)

Earthquake Date & Time Magnitude (2)

MOD 
No. Location, YEAR Y M ML MS OTH 

Mechl Din (1)

t.j

Closest Site Comp.  
Dist Codes 
(km)(4) (5)

Filter Comers 
HP LP 
(hz) (hz)

PGA 
(g)

0.043

PGV PGD (cm/s) (cm)

14.2 5.59

Station (3) 

No. Description 
H/F 

CWB 99999 TTN031 
99 

CWB 99999 TCU034 
99 

CWB 99999 HWA026 
99 

CWB 99999 CHY057 
99 

CWB 99999 CHY062 
99 

CWB 99999 TTN032 
99 

CWB 99999 TCU033 
99 

CWB 99999 CHY061 
99 

CWB 99999 TTN033 
99 

CWB 99999 TCU095 
99 

CWB 99999 TCU098 
99

57.00 --1 V 
53.38 D N 

W 

32.97 -1 V 

32.97 B N 
W 

58.80 - V 

55.30 B N 
W 

62.81 --1 V 

62.81 D N 
W 

64.07 -1 V 

64.07 D N 
W 

59.11 -1 V 

55.62 B N 
W 

38.19 -1 V 

38.19 D N 
W 

66.91 -1 V 

66.89 B N 
W 

61.68 -1 V 

58.34 D N 
W 

43.44 -1 V 

43.44 D N 
W 

45.02 -1 V 

45.02 D N

0.03 
0.03 

0.03 
0.02 

0.04 
0.02 

0.02 
0.03 

0.02 
0.03 

0.03 
0.02 
0.04 

0.18 
0.20 

0.02 
0.02 
0.03 
0.03 

0.03 
0.02 

0.04 
0.07 
0.02 
0.02 
0.02 
0.03 
0.02 

0.04 
0.02 
0.02 

0.03

40.0 
50.0 
30.0 

50.0 
50.0 
50.0 

50.0 
50.0 
50.0 

30.0 
30.0 

30.0 
50.0 
50.0 

15.0 
40.0 

40.0 
40.0 

50.0 
50.0 

50.0 
30.0 

30.0 
30.0 

22.0 
30.0 

30.0 
50.0 

50.0 
50.0 

50.0 
50.0

0.043 
0.086 
0.074 

0.074 
0.108 

0.250 
0.038 
0.058 

0.071 
0.022 
0.056 
0.038 
0.019 
0.053 
0.053 
0.030 
0.078 
0.053 
0.079 

0.180 
0.156 

0.021 
0.042 

0.029 
0.018 
0.040 

0.031 

0.255 
0.712 
0.378 

0.050 
0.107

14.2 
12.8 

13.3 
12.9 

23.1 

42.1 
6.7 
9.1 

11.2 
5.2 

6.2 
7.1 

4.1 
4.7 
4.5 

7.1 
12.6 

10.0 
15.6 
24.5 
47.2 

4.5 
3.7 

6.0 
5.5 
7.0 

6.4 
21.8 
49.1 

62.0 
14.8 
34.9

5.59 
7.83 

6.66 
14.93 
21.66 

46.07 
9.93 

9.74 
18.17 
5.10 
4.90 

6.10 
4.77 
2.09 

1.60 
5.95 

6.60 
5.53 

15.15 
21.00 
51.72 

4.54 

3.13 
6.04 
4.81 

4.63 
5.83 

21.95 

24.45 
51.75 
14.36 

25.1



Table K-4 

CHI-CHI, TAIWAN AND TURKEY STRONG-MOTION CATALOG (09/05/00) 
Earthquake Date & Time Magnitude (2) Station (3) Comp.  MDClosest Site Filter Corners 

Dist Codes HP LP PGA PGV PGD No. Location, YEAR Y M ML MS OTH No. Description (km)(4) (5) (hz) (hz) (g) (cm/s) (cm) 
Mech. Din (11 H/F 

W 0.02 50.0 0.100 42.0 51.93 

0143 Duzce, Turkey 1999 1112 7.1 7.2 7.3 6.5 ERD 99999 Bolu 16.0 -B UP 0.05 0.203 17.3 14.29 
00 99 16.0 - 000 0.05 0.728 56.4 23.07 

090 0.05 0.822 62.1 13.55 
ERD 99999 Duzce 6.7 -D UP 0.06 50.0 0.357 22.6 19.40 

99 6.7 180 0.06 50.0 0.348 60.0 42.09 
270 0.08 50.0 0.535 83.5 51.59 

ERD 99999 Mudumu 34.6 -A UP 0.08 0.060 10.6 7.33 
99 34.6 - 000 0.08 0.120 9.3 7.63 

090 0.08 0.056 16.3 15.37 
ERD 99999 Sakarya 42.7 -B UP 0.05 40.0 0.011 3.2 4.00 

99 42.7 - 180 0.05 40.0 0.023 5.5 5.80 

090 0.05 40.0 0.016 5.5 7.34 

.tt**.***•t***. .*tttt*********•*ttt*•*e**.************t*t~*•***tt***t**•*t********•**w*t*** 
************t*t*******•**tttetttt*********** * 

Notes: 
(1) Source mechanism: 00 = strike slip, 01 = normal, 02 = reverse, 03 = reverse-oblique, 04 = normal-oblique, 99 = unknown.  

Dip is the dip of rupture surface.  
(2) M Is moment magnitude, UNK = Magnitude type unknown. Missing magnitudes have the value of zero.  
(3) Station numbers were assigned as 99999 where not available.  

H/F is the designation for the site being on the hanging wall (01) or foot wall (02), or unknown/not applicable (99).  
(4) Distances are closest distances. Values of 999.9 indicate unknown distances.  

Second distance is to the surface projection of the fault plane (i.e., JB Distance).  
(5) Site codes definitions are from three sources: 1) Geomatrix (3 letter), 2) USGS (1 letter), 3) CWB (1 number), described below.  

GEOMATRIX 3-LETTER SITE CLASSIFICATIONS 
FIRST LETTER: Instrument housing 

- = Unknown 
I = Free-field instrument or instrument shelter. Instrument is located at or within several feet of the ground surface.  
A = One-story structure of lightweight construction. Instrument is located at the lowest level and within several feet of the ground surface.  
B = Two- to four-story structure of lightweight construction. Instrument is located at the lowest level and within several feet of the ground surface.



C = Two- to four-story structure of lightweight construction. Instrument is located at the lowest level in a basement and below the ground surface.  

D = Five or more story structure of heavy construction. Instrument is located at the lowest level and within several feet of the ground surface.  

E = Five or more story structure of heavy construction. Instrument is located at the lowest level in a basement and below the ground surface.  

F = Structure housing instrument Is buried below the ground surface, eg. tunnel.  

G = Structure of light or heavyweight construction, instrument not at lowest level.  

H = Earth dam.  
I= Concrete Dam 

SECOND LETTER: Mapped local geology 
Sedimentary or metasedimentary: 

- = Unknown 

H = Holocene (Recent) Quaternary (< 15000y bp).  
Q = Pleistocene Quatemary (< 2my bp).  
P = Pliocene Tertiary (< 6my bp).  
M = Miocene Tertiary (< 22my bp).  
O = Oligicene Tertiary (< 36my bp).  
E = Eocene Tertiary (< 58my bp).  
L = Paleocene Tertiary (< 63my bp).  
K = Cretaceous (< 145my bp).  
F = Franciscan Formation (Cretaceous/Late Jurrassic).  
J = Jurassic (< 21Omy bp).  
T = Triassic (<255my bp).  
Z = Permian or older (> 255my bp).  

Igneous or meta-igneous: 
V = Volcanic (extrusive).  
N = Intrusive.  
G = Granitic.  

THIRD LETTER: Geotechnical subsurface characteristics for the Turkey earthquakes 

A = Rock. Instrument on rock (Vs > 600 mps) or < 5m of soil over rock.  

B = Shallow (stiff) soil. Instrument on/in soil profile up to 20m thick overlying rock.  

C = Deep narrow soil. Instrument on/in soil profile at least 20m thick overlying rock, in a narrow canyon or valley no more than several km wide.  

D = Deep broad soil. Instrument on/in soil profile at least 20m thick overlying rock, in a broad valley.  

E = Soft deep soil. Instrument on/in deep soil profile with average Vs < 150 mps.  
- = Unknown 

THIRD LETTER: Geotechnical subsurface characteristics for the Chi-Chi, Taiwan earthquake 

from the Central Weather Bureau of Taiwan.  
1 = Hard site.  
2 = Medium site.  
3 = Soft soil site.  
- = Unknown 

USGS 1-LETTER SITE CLASSIFICATIONS 
Average shear-wave velocity to a depth of 30m Is: 

A = > 750 m/s 
B = 360 - 750 m/s 
C = 180 - 360 m/s 
D=< 180m/s
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Figure K-1. Comparison of statistical response spectral shapes computed for the Chi Chi, 
Taiwan and Turkey earthquakes with recommended shape: bin M 7+ and D = 0 to 10 km.
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Figure K-2. Comparison of statistical response spectral shapes computed for the Chi Chi, 
Taiwan, and Turkey earthquakes with recommended shape: bin M 7+ and D =10 to 50 kIn.
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Figure K-3. Comparison of statistical response spectral shapes computed for the Chi Chi, Taiwan and 
Turkey earthquakes with recommended shape: bin M 7+ and D = 50 to 100 km.
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Figure K-4. Comparison of statistical response spectral shapes computed for the Chi Chi, Taiwan and 
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Figure K-7. Comparison of statistical response spectral shapes computed for the Chi Chi, Taiwan 
earthquake with recommended shape: bin M 7+ and D = 0 to 10 km.
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Figure K-8. Comparison of statistical response spectral shapes computed for the Chi Chi, Taiwan 

earthquake with recommended shape: bin M 7+ and D = 10 to 50 km.
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Figure K-9. Comparison of statistical response spectral shapes computed for the Chi Chi, Taiwan 
earthquake with recommended shape: bin M 7+ and D = 50 to 100 km.
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Figure K-10. Comparison of statistical response spectral shapes computed for the Chi Chi, Taiwan 
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Figure K-11. Comparison of statistical response spectral shapes computed for the Chi Chi, 
Taiwan earthquake with recommended shape: bin M 7+ and D = 0 to 50 km.
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K-38

10 2



0

ro MJ

0 

0

Frequency (Hz) 

AVERAGE HORIZONTIAL 5PECTRA: TURKEY 
M=7.5 (7.0-7.0+), R=50-100 KM, ROCK 
AVERAGE M = 7,40, AVERAGE DISTANCE 62. 30 KM

LEGEND 
50TH PERCENTILE 

16TH PERCENTILE 

84TH PERCENTILE 

RECOMMENDED SHAPE; M z 7.40, D z 62 KM
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