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INTRODUCTION

The Electric Power Research Institute—Seismicity Owners Group (EPRI-SOG) study (Ref. 1)
conducted in the 1980s developed seismic sources and calculated seismic hazard for nuclear
plant sites located in the central and eastern US (CEUS). Six earth science teams provided
inputs by delineating seismic sources and recommending seismic parameters for those sources.
A large amount of effort went into defining these sources on the basis of geology, geophysics,
tectonics, and historical earthquake occurrences, and bases for the source interpretations are well
documented in separate EPRI reports written by each of the earth science teams.

This study examines the effect on seismic hazard of alternative assumptions regarding the
probabilities of activity (P,) for several seismic sources drawn by the Dames & Moore team for
the EPRI-SOG study. The Dames & Moore team made the interpretation that certain parts of
the eastern US have some probability of never producing earthquakes with my >5.0 in the current
tectonic environment. This is consistent with the position that certain parts of the earth’s crust
are tectonically stable. No data have been observed (e.g. earthquake occurrences with my>5.0 in
the sources drawn by Dames & Moore) that would invalidate the recommendations of the Dames
& Moore team regarding P,. (It is noted that the NCEER catalog of historical earthquakes in the
CEUS assigned m,=5.0 to a 1913 earthquake that occurred in South Carolina within Dames &
Moore source DAM-41. The EPRI-SOG study assigned my=4.9 to this earthquake. Both
estimates were based on intensity reports.) No new theories have been published that invalidate
the recommendations of the Dames & Moore team regarding its seismic sources. This
examination is conducted purely as a sensitivity study, to determine the effect of alternative
values of P, for two of the Dames & Moore sources. This effect is measured as the change in
uniform hazard response spectra (UHRS) and ground motion response spectra (GMRS) resulting
from alternative values of P,. These results are presented as a “what-if” study and do not
endorse the changes to P, values.

The seismic hazard at two sites is examined here: the Shearon Harris nuclear plant site, and the
William States Lee nuclear plant site. These sites have had seismic hazard analyses conducted
(Ref. 2 and 3) as part of COL applications, so sensitivity studies are straightforward.

ALTERNATIVE DAMES & MOORE INTERPRETATIONS

Figure 1 shows Dames & Moore seismic sources in the southeastern US (taken from Ref. 1).
Seismic sources DAM-41 and DAM-53 are examined for sensitivity, because the P, is less than
unity for these sources. The original Dames & Moore interpretation for these sources is as
follows (these descriptions are taken from Ref. 4):



DAM-41 is the default source for the following sources:
DAM-42 (Newark G. Basis, P,=0.40),
DAM-43 (Ramapo fault, P,=0.20), and
DAM-46 (Dan R. Basin, P,=0.28).

The activities of the above 3 sources are mutually exclusive, meaning that only one of them is
the explanation of earthquakes with my>5.0 in the CEUS. The total P, of these 3 sources is 0.88,
and the remaining P, of 0.12 is assigned to DAM-41 (the default source).

DAM-53 is the Southern Appalachian Mobile Belt, a default source for the following sources:
DAM-47 (Connecticut Basin, P,=0.28),
DAM-48 (Buried Triassic Basis, P,=0.28),
DAM-49 (Jonesboro Basis, P,=0.28),
DAM-50 (Buried Triassic Basis, P,=0.28),
DAM-51 (Florence Basis, P,=0.28),
DAM-65 (Dunbarton Triassic Basis, P,=0.28).

The activities of these 6 sources are perfectly dependent, meaning that all of them are either
active (with P,=0.28) or inactive (with probability 0.72). When they are inactive, either source
DAM-52 (Charleston Mesozoic Rift) is active (with P,=0.46), or DAM-53 is active (with the
remaining P, of 0.26).
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Figure 1. Dames & Moore seismic sources in the southeastern US (from Ref. 1).

The sensitivity study conducted here revises the probabilities of activity for Dames & Moore
sources DAM-41 and DAM-53 from the above P, values to a P, value of 1.0, meaning that these
2 sources will always be active and capable of producing earthquakes with m,>5.0. In effect the
activity of source DAM-41 is being increased for this sensitivity study by a factor of 1/0.12 =
8.33, and the activity of source DAM-53 is being increased by a factor of 1/0.26=3.85. Note that
at the locations of the alternative sources listed above, the modified P, values would imply
double-counting of seismic hazard, since two sources would be active simultaneously at the same
location, both representing seismic activity.



RESULTS OF SENSITIVITY STUDY

Table 1 shows the effect of changing the P, values for sources DAM-41 and DAM-53 as
described above for the Shearon Harris site. The difference in mean UHRS and GMRS
amplitudes is shown for the original P, values and for the modified P, values. The maximum
change in GMRS amplitude is about a 2% increase.

Table 1. Sensitivity of Hazard at Shearon Harris Site to Changes in P,.

Spectral Ground Motion Amplitudes based | Amplitudes based % Diff
Frequency on Original P, on Alternative P,

100 Hz 10* UHRS 0.09 0.091 1.1%
10° UHRS 0.283 0.288 1.8%
GMRS 0.135 0.137 1.5%
25 Hz 10* UHRS 0.22 0.222 0.9%
10° UHRS 0.921 0.94 2.1%
GMRS 0.415 0.423 1.9%
10 Hz 10" UHRS 0.202 0.205 1.5%
10° UHRS 0.665 0.676 1.7%
GMRS 0.315 0.32 1.6%
SHz 10" UHRS 0.147 0.148 0.7%
10 UHRS 0.483 0.488 1.0%
GMRS 0.228 0.231 1.3%
2.5Hz 10* UHRS 0.106 0.106 0.0%
10° UHRS 0.329 0.331 0.6%
GMRS 0.157 0.158 0.6%
1 Hz 10* UHRS 0.047 0.048 2.1%
10° UHRS 0.165 0.166 0.6%
GMRS 0.077 0.078 1.3%
0.5Hz 10" UHRS 0.024 0.024 0.0%
10° UHRS 0.112 0.113 0.9%
GMRS 0.05 0.051 2.0%




Table 2 shows the effect of changing the P, value for sources DAM-41 and DAM-53 for the Lee
site. The maximum change in GMRS amplitude is about an 11% increase.

Table 2. Sensitivity of Hazard at Lee Site to Changes in P,.

Spectral Amplitudes based | Amplitudes based

Frequency | Ground Motion on Original P, on Alternative P, % diff
100 Hz 10* UHRS 0.104 0.112 7.5%
10° UHRS 0.471 0.524 11.2%

GMRS 0.212 0.236 11.2%

25 Hz 10 UHRS 0.249 0.274 10.1%
10° UHRS 1.292 1.436 11.1%

GMRS 0.581 0.646 11.1%

10 Hz 10* UHRS 0.197 0.212 7.4%
10° UHRS 0.820 0.902 10.0%

GMRS 0.370 0.406 9.7%

5Hz 10* UHRS 0.152 0.161 5.9%
10° UHRS 0.527 0.568 7.7%

GMRS 0.247 0.265 7.3%

2.5Hz 10* UHRS 0.0946 0.1 5.7%
10° UHRS 0.3070 0.322 4.9%

GMRS 0.146 0.153 5.1%

1 Hz 10 UHRS 0.0423 0.0445 5.3%
10° UHRS 0.1601 0.165 3.1%

GMRS 0.0736 0.0762 3.5%

0.5 Hz 10* UHRS 0.0218 0.0229 5.0%
10° UHRS 0.1228 0.125 1.8%

GMRS 0.0553 0.0563 1.8%

Figure 2 plots the PGA hazard curves for the original P,’s and for the modified P,’s for the Lee
site. The CAV filter (Ref. 5) was applied in the seismic hazard calculations, so the seismic
hazard curves roll over to a constant annual frequency of exceedence at low amplitudes. Figure
2 shows (with red lines) the change in hazard if the GMRS (from the original P, values) of
0.212g is used instead of the GMRS (from the modified P, values) of 0.236g. For this ~11%
difference in GMRS, the hazard increases about 16%. The reason that the change in hazard is
similar to the change in GMRS is that the hazard curve has a log-log slope close to -1.
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Figure 2: PGA hazard curves for original P,’s and modified P,’s, showing (with red lines)
the change in hazard if the GMRS is changed from 0.236¢g to 0.212g.

CONCLUSIONS

The changes in seismic hazard and GMRS that would occur if alternative probabilities of activity
P, were applied to certain Dames & Moore sources are small. At the Shearon Harris site, the
Dames & Moore host source is DAM-53, and the P, for this source is increased by 385% (P, is
multiplied by a factor of 3.85) for the sensitivity study. The resulting change in overall hazard
implies an increase in UHRS values and GMRS of about 2% or less, across all spectral
frequencies.

At the Lee site, the Dames & Moore host source is DAM-41, and the P, for this source is
increased by 833% (P, is multiplied by a factor of 8.33) for the sensitivity study. The resulting
change in overall hazard implies an increase in GMRS of about 11% at high frequencies, and 7%
or less at frequencies of 5 Hz and lower. The 11% change in high-frequency GMRS implies
that, if the original GMRS were used for design (using the Dames & Moore-recommended P,
values), the hazard would be increased by about 16%. Increases at lower spectral frequencies
would be smaller.

Changes in mean seismic core damage frequency scale closely with changes in mean hazard at
the GMRS (the scaling is exactly proportional if the shape of the mean hazard curve does not
change). Thus a change of 16% in mean hazard at the GMRS corresponds to a change of about



16% in mean seismic core damage frequency. This is within the level of change considered to be
insignificant.

It should be emphasized again that the modified P, values for Dames & Moore sources are not
supported by any new data that have been observed or by any new theories of earthquake
occurrences in the CEUS. The interpretation by Dames & Moore was that certain large seismic
sources in the CEUS have some probability that they will never produce an earthquake with
my,>5.0. If earthquakes with my>5.0 cannot occur, this is consistent with the observation that
certain parts of the earth’s crust are stable within the current tectonic environment, that crustal
stresses are relatively uniform, and that active faults do not exist with sufficient dimensions to
relieve accumulated crustal stress with moderate or large earthquakes. This is one interpretation
out of six EPRI-SOG teams for the CEUS, and is an example of the broad range of diverse,
informed scientific opinion that is sought in a large seismic hazard project. Until data are
collected that render such opinions invalid, or until the EPRI-SOG study is updated by another
study of similar breadth and scope, the Dames & Moore interpretation should continue to be
considered one valid interpretation among six.

For these reasons, and because the potential change in Dames & Moore P, values results in
estimated changes to mean hazard and to mean seismic core damage frequency that are
insignificant, this study validates the ESP and COL applications submitted to date that use the
original P, values for the Dames & Moore team.

REFERENCES

1. EPRI (1989). Probabilistic Seismic Hazard Evaluations at Nuclear Plant Sites in the
Central and Eastern US: Resolution of the Charleston Earthquake Issue. EPRI Rept. NP-
6395-D, April.

2. Progress Energy (2008) Shearon Harris Nuclear Power Plant Units 2 and 3 Combined
License Application, US Nuclear Regulatory Commission document accession no.
ML080600545, February 18.

3. Duke Energy (2007). Duke Energy WSL Il Units 1 & 2 COLA (Final Safety Analysis
Report), Rev. 0 — Chapter 02 Site Characteristics, US Nuclear Regulatory Commission
document accession no. ML073510888, December 12.

4. Risk Engineering, Inc. (1989). EQOHAZARD Primer, EPRI Rept. NP-6452-D, Special
Report, June.

5. Hardy, G, K. Merz, N. Abrahamson, and J. Watson-Lamprey (2006). Program on
Technology Innovation: Use of Cumulative Absolute Velocity (CAV) in Determining
Effects of Small Magnitude Earthquakes on Seismic Hazard, Elec. Power Res. Inst, Palo
Alto, EPRI Rept. 1014099.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendiz A. Created PDF documents cab be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


