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Topics of Discussion

* Topic 1 - Probabilistic seismic hazard analysis

" Topic 2 - Site response

" Topic 3 - Site hazard

* Topic 4 - Site spectra
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Topic 1: PSHA

" PSHA methodology

* Seismic sources (EPRI, New Madrid,
Charleston)

* Ground motion models

• Revised a's

* CAV

* Calculations (rock, soil, deaggregation)
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Steps in seismic hazard analysis
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Step A- Distribution of location
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Step B - Distribution of magnitude

B. Size diciribution (ma,,gnitudle n) anid
mrae of occurrence for sourcef:
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Step C - Distribution of ground motion
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Step D- Integration of hazard

1). P'robability analysis:
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EPRI-SOG sources for Bechtel team

Source: EPRI-SOG (1989)
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EPRI-SOG sources for Law Engineering team
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Source: EPRI-SOG (1989)
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EPRI-SOG sources for Rondout team
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Source: EPRI-SOG (1989)
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EPRI-SOG sources for Woodward-Clyde team

Source: EPRI-SOG (1989)
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EPRI-SOG sources for Weston Geophysical team

Source: EPRI-SOG (1989)
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Seismicity parameters in EPRI-SOG project

* EPRI-SOG seismicity parameters determined
by statistical analysis of historical seismicity

- Seismicity parameters calculated for each
source per degree cel)Odsing smoothing options
specified by each team for each source

" Alternative sets of seismicity parameters were
weighted using weights specified by each team
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Seismicity parameters for Bechtel source
BZ5, constant a and b
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Seismicity parameters for Bechtel source
BZ5, variable a, constant b
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Seismicity parameters for Bechtel source
BZ5, variable a and b
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PSIA requires evaluation of whether seismicity from
1985-now would change seismicity parameters

* I

Seismicity, Local
Source, & Charleston
Source

Source: Vogtle 2006 ESP Application
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PSHA requires evaluation of whether seismicity from
1985-now would change seismicity parameters

Comparison of catalog seisrmicity for Charleston source
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Source: Vogtle 2006 ESP Application
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PSHA requires evaluation of whether seismicity from
1985-now would change seismicity parameters

Comparison of catalog selsmicity for triangLgar So. Carolina source
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Geometries of postulated faults and 1811-1812 rupture
sequences in New Madrid seismic zone
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Source: Exelon (2003) Clinton ESP application
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Geometries of faults in New Madrid seismic
zone as modeled for PSHA
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Source: Exelon (2003) Clinton Report
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Distribution of mean repeat times for New,
Madrid earthquakes
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Updated Charleston seismic source geometries
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Source: Southern Nuclear Co (2006) Vogtle ESP application
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Maximum magnitude and recurrence interval
distributions for Charleston source
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Example of treatment of alternative
source geometries
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Source: REI (1989) EPRI Report
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Example of "donut" sources representing regions
surrounding alternative source geometries

B•cgrom somre, p - I 0
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Source: RE1 1989 EPRI Report
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Four alternative geometries for
Charleston source
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Source: Southern ESP Application Rev 0
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Example: Rondout source 26-A

Source: Southern ESP Application Rev 0
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Example: Rondout source 26-B
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Saline River source

D - _ -sm7$ -1A/-coY

Source: Entergy (2003) Grand Gulf ESP application
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EPRI (2004): Four PGA models
(M=:5.5, 6.5, 7.5)
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Source: EPRI (2004) Ground Motion Report
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EPRI (2004): Four 1 Hz models

EPRI (2004): Four I Hz models
(M=5.5, 6.5, 7.5)
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Source: CEUS Ground Motion Project 2003
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Comparison of rock hazard curves
for Clinton
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Comparison of rock hazard curves for Grand Gulf
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EPRI revised a's

-a is standard deviation of In (ground
motion amplitude)

- a represents aleatory uncertainty

- Multiple a's represent epistemic
uncertainty

- In California we get a's from data
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California data vs distance

Peak ground acceleration on rock for M=6.5
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California cy's vs period

Reported Scatter in Attenuation Data for M=6.5
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Source: McGuire (2004)
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California 0's vs magnitude
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EPRI revised c's (continued)

In Central and Eastern US we have to
estimate a from models

Why would a (CEUS) > a (WUS)?
4Earthquake energy release more variable

(stress drop)
->Crustal path conditions more variable

Technical Presentation, 08/28/07, 45/61

a's for 10 Hz SA9 M =6
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EPRI (2004) sigmas, model 1, 10 Hz
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a's for I Hz SA, M =6
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EPRI revised a's
Rvoxniniended Stanidard Deviationiq. a , 61~r the. CRIS. \uanen are in Ln uniIs
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Mean effect of revised a for 28 sites
Mean effect of revised sigma on ASCE DRS
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Observations about revised a

* Affects 10-5 ground motion more than 10-4
ground motion

* Little effect for sites dominated by
Charleston & New Madrid sources
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EPRI CAV Model

CAV = Cumulative Absolute Velocity

Really: Cumulative Absolute Acceleration x Time

Units are g-sec (velocity)

N 1+1

CA V H(pga, -0.025) fja(1 dt
i=1 tt
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EPRI CAV model (continued)

* Fraction of ground motions with CAV <
0.16 g-sec are eliminated from hazard
calculations

* Estimate of CAV = f(M, amplitude,
duration, Vs30)

" CAV for spectral acceleration is linked to
PGA through correlation

- CAV depends on amplitude, M, duration,
and VS30 (site conditions!)
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Ground motion correlation with PGA
(of logarithmic deviation above &

below logarithmic mean)
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Spectra from small and large earthquakes
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Dependence of CAV on PGA amplitude
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Dependence of CAV on PGA amplitude
and magnitude
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Dependence of CAV on
strong motion duration
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Probability of CAV > 0.16g-sec
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Effect of CAV on contribution to hazard

20 Hz 10-4 deaggregation, no CAV (left) and CAV (right)
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Summary of PSHA applications

* Hazard based on EPRI-SOG updated by New
Madrid and Charleston models (+ others)

* EPRI (2004) ground motions with revised cG

" CAV filter applied to account for
damageability of small-magnitude earthquakes
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