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INTRODUCTION 

 
New seismic sources were developed for the central and eastern US (CEUS) under a project 

jointly funded by the Electric Power Research Institute, the US Nuclear Regulatory Commission, and the 
US Department of Energy (CEUS, 2012).  The purpose of the project was to characterize potential 
sources of future earthquakes both for large, recurring earthquakes (using known and hypothesized faults) 
and for small and moderate earthquakes (using background zones).  As part of the project, seismic hazard 
calculations were conducted at 7 test sites, to evaluate the model and compare results to the hazard using 
other published seismic sources. 

 
SEISMIC SOURCES AND THEIR CHARACTERISTICS 

 
To develop updated seismic sources, a SSHAC Level 3 procedure was followed (SSHAC, 1997).  

Multiple workshops were held to derive multiple sets of seismic sources on the basis of seismotectonics 
and perceived maximum magnitude potential.  Sources of repeated large-magnitude earthquakes (RLME) 
were characterized at locations where paleoseismic and other evidence indicated that repeated large 
earthquakes had occurred. 

To illustrate RLME sources, Figure 1 shows the locations of RLME sources defined during the 
project.  The New Madrid Fault Source (NMFS) and the Charleston seismic zone are the best-know of 
these sources; an additional 8 RLME sources were defined based on paleoseismic evidence of prehistoric 
earthquakes.  The characteristic magnitudes that may occur in these sources were estimated based on 
historical observations (for the New Madrid and Charleston seismic zones) and on published 
interpretations of the extent of liquefaction occurrences for pre-historic earthquakes. 

Alternative background sources were defined on the basis of seismotectonic considerations and 
maximum magnitude considerations.  Figure 2 shows an example of the seismotectonic sources, and 
Figure 3 shows an example of maximum magnitude sources.  For both sets of sources, several alternatives 
with different geometries were used, with weights applied to the alternatives. 

An updated earthquake catalog was developed based on historical and instrumental records, and a 
consistent moment magnitude was estimated for each earthquake in the catalog.  Maximum magnitudes 
were estimated for background sources using a Bayesian technique that integrated known earthquakes in 
each source with world-wide observations in regions of similar tectonic character.  The seismicity rate in 
background sources was estimated using a spatial smoothing function, based on the historical earthquake 
catalog. 

Following the SSHAC Level 3 guidelines, multiple sources, characteristics, and parameters with 
weights were assessed in order to represent the range of technically defensible interpretations.  This 
seismic source characterization model is herein designated the “CEUS SSC” model, and the project is 
referred to as the “CEUS SSC” project. 
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Figure 1. Locations of RLME sources developed in CEUS SSC project (taken from CEUS, 2012) 
 

 
 

Figure 2. Example of Seismotectonic sources developed in CEUS SSC project (taken from 
CEUS, 2012) 
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Figure 3. Example of Maximum Magnitude sources developed in CEUS SSC project (taken from 
CEUS, 2012) 

 
GROUND MOTION EQUATIONS 

Ground motion equations for the CEUS were adopted from the EPRI (2004, 2006) studies.  These 
equations estimate spectral acceleration at 7 spectral frequencies: 100 Hz (equivalent to peak ground 
acceleration, PGA), 25 Hz, 10 Hz, 5 Hz, 2.5 Hz, 1 Hz, and 0.5 Hz.  These equations have been accepted 
by the US Nuclear Regulatory Commission and have been used for nuclear power plant licensing 
applications in the CEUS.  These equations use moment magnitude as the earthquake size measure, which 
is the same magnitude scale use to characterize earthquakes in RLME and background sources.  All 
ground motion equations estimate ground motion for hard rock conditions (VS of 9200 fps). 

 
SEISMIC HAZARD CALCULATIONS 

Probabilistic seismic hazard analyses were conducted at 7 test sites that were chosen to represent 
a range of conditions in the CEUS.  All calculations were made using the ground motion model described 
previously, for hard rock conditions.  Seismic hazard calculated using the CEUS SSC model was 
compared to two other seismic source models.  The first is the seismic source model used in recent (2003-
2009) nuclear plant Construction and Operating Licensing Applications (COLAs) in the CEUS.  This is 
fundamentally the “EPRI-SOG” model from EPRI (1989) updated with revised magnitudes and 
recurrence rates for the NMFS and the Charleston seismic zone.  Hazard results using this seismic source 
model are herein designated the “COLA” results.  The second seismic source model is that developed by 
the US Geological Survey (USGS, 2008) for the US national seismic hazard maps. 

Figures 4 and 5 compare PGA and 1 Hz seismic hazard curves for the 3 source models at one of 
the test sites, Chattanooga, Tennessee.  Hazard at this site is dominated by background source for high 
spectral frequencies (5 Hz and higher), and is dominated by the NMFS at low spectral frequencies (2.5 Hz 
and lower).  For PGA, the CEUS SSC hazard is higher than the hazard using the COLA model at all PGA 
amplitudes, and is similar to the hazard using the USGS model at PGA amplitudes corresponding to 10-4 
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annual frequency of exceedence (AFE).  At higher PGA amplitudes, the CEUS SSC hazard is below the 
hazard curve using the USGS model.  For 1 Hz spectral acceleration, Figure 5 indicates that the CEUS 
SSC hazard falls between hazard using the USGS source model (which is higher), and hazard using the 
COLA model (which is lower). 

 

 
 

Figure 4. Comparison of PGA mean rock hazard curves at Chattanooga for 3 seismic source models 
 

Figures 6 and 7 compare PGA and 1 Hz seismic hazard for the 3 source models at another test 
site, Central Illinois.  Hazard at this site is dominated by background source for high spectral frequencies 
(5 Hz and higher), but has a significant contribution from the NMFS at lower ground motion amplitudes.  
At low spectral frequencies (2.5 Hz and lower), seismic hazard is dominated by the NMFS.  Figure 6 
indicates that PGA hazard from the CEUS SSC model is higher than hazard from either the COLA source 
model or the USGS source model.  This results from higher contributions to hazard from the local 
background sources in the CEUS SSC model.  Figure 7 indicates that 1 Hz spectral acceleration hazards 
are similar for the 3 seismic source models.  This is the case because the NMFS dominates hazard at low 
frequencies, and the characteristic magnitudes and mean recurrence intervals for those large magnitudes 
are similar for the 3 source models. 
 



 
22nd Conference on Structural Mechanics in Reactor Technology 

San Francisco, California, USA - August 18-23, 2013 
Division IV 

 
 

Figure 5. Comparison of 1 Hz mean rock hazard curves at Chattanooga for 3 seismic source models 
 

 
 

Figure 6. Comparison of PGA mean rock hazard curves at Central Illinois for 3 seismic source models 
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Figure 7. Comparison of 1 Hz mean rock hazard curves at Central Illinois for 3 seismic source models 
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Figures 8 and 9 compare PGA and 1 Hz seismic hazard for the 3 source models at another test 

site, Houston, Texas.  Seismic hazard at sites in the Gulf of Mexico region is generally lower than at sites 
farther north, for two reasons.  First, the rate of seismicity in the Gulf of Mexico region is low, and 
second, ground motions in that region are attenuated more rapidly with distance than ground motions in 
the mid-continent of the CEUS.  As a result of the relatively low rate of seismicity in the Gulf of Mexico 
region, the NMFS has an important contribution to seismic hazard, even at high spectral frequencies.  
Figure 8 indicates that PGA hazard from the CEUS SSC model lies between the hazard from the USGS 
source model (which is higher) and the hazard from the COLA source model (which is lower) .  Figure 9 
indicates that 1 Hz spectral acceleration hazards are similar for the 3 seismic source models, for the same 
reason that explains this result for Central Illinois.  That is, the NMFS dominates hazard at low 
frequencies, and the characteristic magnitudes and mean recurrence intervals for those large magnitudes 
are similar for the 3 source models. 

 

 
 

Figure 8. Comparison of PGA mean rock hazard curves at Houston for 3 seismic source models 
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Figure 9. Comparison of 1 Hz mean rock hazard curves at Houston for 3 seismic source models 
 
Figures 10 and 11 compare PGA and 1 Hz seismic hazard for the 3 source models at the 

Manchester, New Hampshire, test site.  Hazard at this site is almost entirely dominated by background 
sources at all spectral frequencies.  Figure 10 indicates that PGA hazard from the CEUS SSC model is 
similar to the hazard from both the COLA source model and the USGS source model at the PGA 
amplitude corresponding to 10-4 AFE.  At the PGA amplitude corresponding to 10-5AFE, the CEUS SSC 
model indicates hazard similar to the COLA model, but the USGS model indicates higher hazard. 
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Figure 10. Comparison of PGA mean rock hazard curves at Manchester for 3 seismic source models 
 

 
 

Figure 11. Comparison of 1 Hz mean rock hazard curves at Manchester for 3 seismic source models 
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CONCLUSION 

 
This 3-year study developed and documented (CEUS, 2012) a set of new seismic sources that can 

be used for seismic hazard calculations at nuclear plants in the CEUS.  Demonstration hazard results 
calculated at test sites as part of the project (and as illustrated herein) allow comparisons to seismic 
hazards using two other published seismic source models.  Comparing hazard calculated for hard rock 
conditions with the same ground motion equations, the new seismic sources generally indicate hazard that 
lies between the hazard calculated using the USGS seismic source model (which is usually higher) and 
the seismic source model used for nuclear plant licensing applications over the past decade.  At some 
sites, for some spectral frequencies, hazards are very similar for the 3 seismic source models.  In some 
cases, hazard from the new seismic source model is higher that hazard for the other two source models.  
As a result of the careful, SSHAC Level 3 effort undertaken to develop these seismic sources, the US 
Nuclear Regulatory Commission (USNRC, 2012) has indicated that these seismic sources are appropriate 
for assessing seismic hazard at existing nuclear plants in the CEUS. 
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