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I Task G1.1 Scope:

Computed updated PSHA for 28 NPP sites, compute design
basis response spectra using ASCE 43-05 approach, and
evaluate ASCE 43-05 approach

Updates:
Seismic sources: Charleston source
New Madrid source
I1linois sources
Saline River sources
Gulf Coast sources
Ground motion EPRI 2003
Sources of Clinton ESP application (2003)
Information: Grand Gulf ESP application (2003)

North Anna ESP application (2003)
TVA seismic hazard study (2004)
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I Changes in seismic sources:

Charleston:

New Madrnid:

Wabash Valley/
I1linois sources:

Saline River

source: (new source)

Gulf Coast sources:

© 2005 Electric Power Research Institute, Inc. All rights reserve:

d.

mean recurrence interval ~ 550 years
for large earthquakes (M ® 6.8 to 7.3)

mean recurrence interval ~ 500 years
for large earthquakes (M = 7.5 to 8.2)
cluster model used for earthquake
occurrence

Wabash Valley/Southern Illinois:
Me73t07.5
Central Illinois: M « 6.3 to 7.0

Me6to7
recurrence interval 1,000 to 125,000 years

raised minimum m_,, tom, 5.4 (M 5.0
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I Changes in ground motion models:

= High frequencies: EPRI 2003
similar to EPRI 1989 in mean,
o larger

* Low frequencies: EPRI 2003
lower than EPRI 1989, o larger
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I Verification Studies:

* Replicated EPRI 1989 rock hazard
calculations at 4 test sites (verifies
FRISK88 software, EPRI-SOG sources)

= Replicated ESP application rock hazard
calculations at 3 ESP sites (verifies
updates to seismic sources, EPRI 2003
ground motion model)
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I Assumptions for seismic hazard analysis:

= Minimum magnitude = m, 5.0 (follows
EPRI-SOG and 2 of 3 ESP applications)

» Cluster model used for New Madrid
earthquakes (follows Clinton ESP
application)
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Site specific amplification model for soil and soft-
rock sites:

= equivalent linear vertically propagating shear-wave model

" site properties (shear-wave velocity, K, G/G,,,, hysteretic
damping) modeled to basement rock (Vs = 9200 {t/s)

= site properties and depth to basement were randomized using
correlation model

= site information taken from FSAR publications

" rock hazard curves were integrated with amplification
factors to calculate site-specific hazard curves, accounting

for epistemic uncertainties
ErPRl /h“
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I Calculations:

* Focus on 5 and 10 Hz spectral
response (following Reg. Guide
1.165)

= Develop recommended design
response spectra following
ASCE (2005):

= DRS = DF « UHRS
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2 | Establish design basis earthquake response
spectrum DRS:

UHRS = mean 104 spectrum
DF = max (1.0, 0.6A;%%)
DRS = DF * UHRS
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I Range of AR, DF, and P[exceedance]

for 28 sites in study

Min 16th 50th 84th  Max
10 Hz, AR 150 226 301 367 436
10 Hz, DF 1 115 145 170 195
10 Hz, PE/1E-4 037 040 048 0.68 1
5 Hz, AR 164 217 263 333 4.05
5 Hz, DF 1 111 130 157 184
5 Hz, PE/ME-4 038 043 054 0.75 1
25Hz, AR 154 219 242 323 381
2.5 Hz, DF 1 113 122 153 175
2.5 Hz, PE/1E-4 04 045 062 0.76 1
1Hz, AR 158 224 249 340 3.77
1 Hz, DF 1 114 124 160 1.74
1 Hz, PE/1E-4 039 044 061 0.73 1
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I 3 | Estimate plant resistance to:
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4 | Derive P[occurrence] from P[exceedence]

exceedence

4

occurrence

Annual frequency - log scale

Spectral acceleration - log scale

() o =] (h\

© 2005 Electric Power Research Institute, Inc. All rights reserved.



I 5 | Convolution

occurrence

'
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Calculations:

= Comparison 1: Recommended
design response spectra vs. SSE
spectra used for existing plants:

= average of DRS/SSE at 5 and 10
Hz

= minimum DRS is RG 1.60
spectrum anchored to 0.1g
(ASCE, 2005)
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Calculations:

» Comparison 2: Component-level
behavior:

= calculate Frequency of Onset of
Significant Inelastic Deformation
(FOSID), compare to distribution
of Seismic Core Damage
Frequency (SCDF) from 25
seismic PRAs
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Distribution of mean annual frequency of significant nonlinear performance
1
B 0.9 | - | —e— Seismic core damage
' frequency for 25
0.8 | existing NPPS
.g —=— FOSID, Beta=0.3
1]
5 0.7
6
s 06 FOSID, Beta=0.4
2 o5
- FOSID, Beta=0.5
2 04
5 /
2 03 4 —— FOSID, Beta=0.6
3
© 0.2
0.1 ¥
1E-7 1E-6 1E-5 1E-4
Mean annual FOSID and SCDF

=Rl fh“

© 2005 Electric Power Research Institute, Inc. All rights reserved.



Calculations:

= Comparison 3: Plant-level behavior:

= calculate frequency of plant-level
damage, compare to distribution
of Seismic Core Damage

Frequency (SCDF) from 25
seismic PRAs
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Conclusions:

» ASCE DRS method leads to recommended design
response spectra at 5 and 10 Hz that, as a whole, are
equivalent to those used at 28 existing NPPs

= ASCE DRS method leads to recommended site-specific
design response spectra that achieve a performance goal

of 1 x 10~ per year, for individual components at 5 and 10
Hz

= ASCE DRS method leads to plant-level performance
estimates that are safer against seismic initiated core
damage than 80% of existing nuclear plants (based on 5

and 10 Hz)
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