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The basic objective of seismic PRA is to estimate the probability of 
occurrence of different sizes of earthquakes (EPRI 2003, p.xix) 
that may affect the plant and to assess the plant response to such 
earthquakes 
Three steps: 

Seismic Hazard Analysis 
Fragility Analysis 
System Analysis: fault tree/event trees to model plant 
response to earthquakes 



From EPRI (2003) 



 After an earthquacke cooling of reactor core 
must be guaranteed; 

 Loss of off-site power is likely 
 Core damage happens if there is a rector trip 

(RT) following the initiating event, if normal 
cooling fails and backup colling fails. 

 Also, failure of a surrogate unit (SU) provokes 
CD 



 
 
 

From EPRI 2004 



From EPRI 2004 



If P(RT), P(SU), P(OP) known, then the probability of 
system failure given a seismic event of intensity a 
would be known. 
However, we are not certain about the values of 
these probabilities. 
This uncertainty is called epistemic. 
What generates it? 
 



Probabilistic Fragility Analysis implies assessing the 
probability: 
 
 
Because             cannot be known with certainty, FA(a) 
is a family of fragility curves 

( )AP A a<



 The Unconditional  
Model Solution  

(Apostolakis 1990, Science) 

 Mean Curve 



Importance Measures for fragility curves 
Question: what is/are the factors we should focus on 
to reduce epistemic uncertainty? 
This helps analysts in data collection and in the 
identification of what are further modelling areas 
where to focus their efforts 
Answer is not straightforward. Requires determining: 

The quantities of interest 
The effect of information on uncertainty about these 
quantities 



Quantities of Interest 
 
Mean curve 
HCLPF 



Importance of parameter Θi on the mean curve (Borgonovo, 
 Zentner et al (2011))  

Importance of parameter Θi on the HCLPF 





Component failure is an aleatory event 
Information on a parameter value is at the epistemic 
level 
Question: what is the effect of getting to know that 
OP has happened on our view of the problem? 



In the reliability analysis literature, this question is 
answered by the Risk Achievement Worth (RAW) 
Let E be any event (e.g., OP has failed) then: 
 
 
 
This definition does not apply to risk curves. 
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Family of Fragility Curves
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Mean Curve
Q=0.95
Q=0.05
Q=0.5
Family given RT=1

1) FA|ϕ=1(a|ϕ=1) becomes  
Heaviside(0) 
2) Epistemic Uncertainty  
“disappears”: killed by 
information at aleatory level 
2) The whole family collapses  
into a unique curve 



We propose the following definition of Seismic RAW: 
 

 
The definition implies the following: 

Compute the new family of fragility curves 
Compute the new mean curve (conditional) with 
component always failed 
Measure the distance 

The most important component is the one that shifts 
the mean curve the most 





Expected capacity to failure, E[A] 
The variance of the capacity, V[A] 
The HCLPF (or any percentile) 



 
 
Because A is a positive random variable 
 
 
 
Mean Capacity (EA[A]): 0.72 





 
 
 
Change in Variance given E has happened 
By properties of variance we can use our knowledhe 
of FA(a) to compute it 
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We propose the following definition of Seismic RAW: 
 

 
The definition implies the following: 

Compute the new family of fragility curves 
Compute the new mean curve (conditional) with 
component always working 
Measure the distance 

The most important component is the one that shifts 
the mean curve the most 





Research efforts towards defining IMs for seismic PRA 
Simulteneous precence of epistemic & aleatory 
uncertainties 
Proposed definitions consider both aspects 
Insights on effect of aleatory information on fragility 
curve family 
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