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Vs30 = 1210 m/s 



Vs30 = 1225 m/s 



Vs30 = 1214 m/s 



 Vs30 = 1200 m/s at the DCPP Powerblock  (outside the range of Vs30 
values that is well constrained by the empirical data used to derive the 
NGA models). 

 
 Approach:  calculate ground motion using Vs30 = 760 m/s and use 

amplification factors developed by Silva (2008) based on generic site 
response analysis for hard-rock site to scale the Vs30 = 760 m/s to hard-
rock conditions.  Amplification factors are based on kappa in the range 
of 0.038 – 0.04 seconds for rock sites. 

 

Estimating the Site Response 



 Provides amplification factors relative to Vs30 = 1100 m/s for 64 cases 
with different velocity profiles (including rock). 

 
 Two cases Important for DCPP: 

o Case 61 provides amplification factors for Vs30 = 760 m/s for a 
depth to rock ranging from 9 to 55 m. 

o Case 64 provides amplification factors for hard rock with Vs30 = 
3150 m/s. 

 
 Comparing the amplification factors for the two cases shows that the 

site amplification is close to linear (for constant kappa).  Therefore, the 
amplification from Vs30 = 760 m/s to Vs30 = 1100 m/s can be used to 
extrapolate to Vs30 = 1200 m/s. 

Estimating the Site Response 
 Silva (2008) Analysis. . . 



Amplification Factors:  Vs30 = 760 m/s to Vs30 = 1200 m/s 



 Silva (2008) amplification factors use a kappa of 0.04 seconds, typical of 
generic soft-rock sites in California (Vs30 = 450 m/s to 900 m/s) 

 
 Kappa for hard-rock sites (Vs30 ≥ 900 m/s) tends to be lower, ranging 

from 0.01 – 0.02 seconds. 
 
 Lower kappa values lead to an increase in the high frequency content of 

the ground motion for hard rock sites. 
 
 Need to have data that can be used to estimate the kappa at DCPP. 

Estimating Site Response 
 



 Good data for estimating kappa because it is rich in high frequency due 
to the short distance from DCPP (7.8 km). 

 
 Free-field ground motions from Deer Canyon earthquake analyzed using 

the point source stochastic model (Boore, 2000).   
 
 Point Source Stochastic Spectrum computed using a Mw3.5 event with a 

kappa of 0.042 seconds (typical of soft-rock conditions in California). 
 
 Conclusion:  Kappa at DCPP is about 0.04 seconds 

Estimating Site Kappa 
 18 October, 2003 Deer Canyon Earthquake. . . 
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Adjustment for Site Response 
 

Calculation of the Ground Motion for Vs30 = 1200 m/s. . . 
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Site-Specific Effects: a2 

 Goal:  Estimate of median site-specific site factor (in addition to Vs30) 
and estimate of its epistemic uncertainty. 

 
 Data Needs:  earthquake residuals from multiple recordings at a single 

site from earthquakes recorded at multiple stations (for event term). 
 
 Available Data:  ground motion recordings from two earthquakes at 

DCPP: 
o 2003 San Simeon Earthquake 
o 2004 Parkfield Earthquake 

 
 Data Limitations:  Only 2 earthquakes at DCPP recorded at 5 or more 

sites.   
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Estimating Epistemic Uncertainty 
 

Epistemic Uncertainty: 

Issues: 

Avoid double counting epistemic uncertainty (FE models applied to GMPEs) 



Single-Station Sigma and Site-Specific Effects: a2 

 Ergodic Assumption:  The variability seen in typical strong motion data 
sets containing recordings at multiple sites from earthquakes in multiple 
regions will be the same as the variability seen in the ground motion at a 
single site from multiple future earthquakes at a single location. 

 
 Single-Station Sigma (σSS):  If recordings at a single site from multiple 

earthquakes are available, the variability of the ground motion will be 
smaller than the variability from typical empirical GMPEs based on 
global data because the global GMPEs include the effects of variability 
due to different site conditions that are systematic and repeatable for a 
single site. 

   



Single-Station Sigma and Site-Specific Effects: a2 

 Preliminary Model for σSS derived for the NGA GMPEs (BCHydro, 2010): 
 
 

 
 
 Total Standard Deviation (σ) can be separated into the single-station 

sigma and the site-to-site sigma (Al-Atik et al, 2010): 
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Single-Station Sigma Models. . . 
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