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Disclaimer
This presentation is intended for educational purposes only and does not replace independent professional judgment. Statements of 
fact and opinions expressed are those of the presenter and, unless expressly stated to the contrary, are not the opinion or position of 
swissnuclear, its sponsors, or its committees. Swissnuclear does not necessarily endorse or approve, and assumes no responsibility 
for, the content, accuracy or completeness of the information presented. 
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Initial Situation – Swiss NPP Sites

4. December 2009 PEGASOS / PRP Overview 2

Seismic hazard map of Switzerland (Source: Schweizerischer Erdbebendienst ETH Zürich) and NPP locations



Historical Background
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(PEGASOS/)PRP - Structure
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International & interdisciplinary project 
with structured assessment of 21 experts 
of 7 European countries and the USA

Intensive 
cooperation 
with SED



„Lessons Learned“
SP1/SP2 interface:
� SP1/SP2 convert to moment magnitude - Use consistent 
magnitude conversion for common earthquakes
� Avoid distance conversions - Keep native distance metric
SP2:
� A great deal of time and effort was spent solving very 
fundamental issues, many of which had only a small impact on 
the hazard results and some of which became redundant
� GM upper bounds had little impact on the hazard results
� The key issues were to constrain the best estimates of median 
ground motions in Switzerland, with their associated variability
and the range of epistemic uncertainty
� Overestimated magnitude scaling of median ground motion at 
high fractiles (Mmax sensitivity) 
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„Lessons Learned“ (continued)
SP2/SP3 Interface:
� SP3 used a reference rock velocity of 2000 m/s (higher than the rock velocity 

at any of the four sites; which avoided issue of deconvolving ground motions) 
� But, empirical rock GM models used by SP2 correspond to 
Vs 500 - 1000 m/s. Thus, SP2 applied scale factor to adjust the 
empirical models to Vs=2000 m/s
� Now, site-specific rock for each NPP based on Vs profile and vS,30based rock ground motion models
� Double counting of aleatory variability between SP2 and SP3
SP4:
� Pinching/tree trimming was necessary to achieve computational 
realization, required significant effort and verifications

Post- PEGASOS:
� Implementation of results was difficult for NPPs
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PRP Output SP4
� Seismic hazard as H+V hazard curves and UHS on rock for annual 
exceedance probabilities of 10-2/yr to 10-7/yr (0.025 – 10 g)
� Deaggregation for: Magnitude, Distance, Epsilon 
� Deaggregation in three distance bins: 0 - 16km, 16 - 40km, >40km

• Frequencies: 1 Hz, 5 Hz, 10 Hz, 100 Hz
• Exceedance probabilities: 10-2/yr, 2.1 10-3/yr, 10-4/yr, 10-5/yr, 

10-6/yr, 10-7/yr
� Deaggregregated UHS

• Investigated frequencies: 0.5, 1, 2.5, 5, 10, 20, 33, 50, 100 Hz (PGA)
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PRP - Output SP5
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PRP - Output SP5 (continued)
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Magnitude Distance 
Spectral accel. for 5 Hz   OR 

UHS   OR  
Scenario spectrum 

Rate of 
occurrence 

5.25 10 km 0.5 g OR Spectrum: 
 

0.8 (10-4) 

6.5 10 km 0.4 g OR Spectrum: 
 

0.2 (10-4) 

… … … ... 

5.25 10 km 0.55 g OR Spectrum: 
 

0.8 (10-5) 

… … … ... 
 

� Breaking down into szenario hazard curves for rock
• for following frequencies: 1 Hz, 5 Hz, 100 Hz
• separate for magnitude and distance
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Uncertainty Contribution

Toro (2006)Toro (2006)

Uncertainty in the 
median estimate of 
ground-motion 

parameters was the 
single greatest source 

of epistemic 
uncertainty
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Hazard Computation - Logic Tree Approach
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SP1 Source Tree



Hazard Computation - Logic Tree Approach
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Expert 1

Expert 2

Expert 3

Expert 4

Expert 5



Hazard Computation - Logic Tree Approach
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Hazard Computation - Logic Tree Approach

4. December 2009 PEGASOS / PRP Overview 15



Hazard Computation - Logic Tree Approach
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PRP - Expected changes/improvements
� Avoiding double counting of uncertainties
� Use of Swiss specific data for the model building
� Systematic reduction of magnitudes in earthquake catalogue 
� Slight reduction of mean hazard
� With new attenuation models (like NGA) 
� Significant reduction of sigma and average reduction of 
mean hazard 
� With data collected during new site invesigation 
� Reduction of uncertainties for site response (?)
� Apply sampling techniques on logic tree
� Avoiding tree trimming/pinching

4. December 2009 PEGASOS / PRP Overview 17



Contact and Information Source
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E-Mail: pegasos@swissnuclear.ch
Website: http://www.pegasos.ch



Thank you for your attention
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