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1. Introduction 
 

An internal fire event probabilistic safety assessment 
(PSA) model has been generally developed by 
modifying a pre-developed internal event PSA model. 
Some fire-induced accident scenarios have their own 
unique accident sequence logics that not covered in the 
internal event PSA model, and therefore, these have 
been separately developed and incorporated into the fire 
PSA model. One more thing to note about the fire PSA 
model is that a single fire event within a fire 
compartment or fire scenario can cause multiple 
initiating events. For instance, a fire in a turbine 
building area can cause both the loss of the main feed-
water and loss of off-site power initiating events. With 
reference to the recent studies [1,2], fire-induced 
initiating events are modeled using fault tree analysis 
technique by modifying the mitigating system fault trees 
of the pre-developed internal event PSA model, and 
applied to the fire PSA model to resolve multiple 
initiating event issues of a fire PSA model. In this study, 
we compared the quantification results of fire PSA 
models for a reference nuclear power plant with or 
without initiating event fault trees to get an insight into 
whether and how initiating event fault trees affect the 
quantification results.  
 

2. Methods and results 
 

2.1 CDF equation and modification rules 
 

A level-1 PSA provides an estimate of the core 
damage frequency (CDF) as a quantification result, and 
also, information on the major components, systems, 
and accident sequences that significantly contribute to it. 
The CDF of a nuclear power plant for the fire-initiated 
accident scenarios can be represented by Eq. (1).  

 

 CDF= ΣCDFk (1) 
 

In Eq. (1), CDFk represents the CDF of each zone (or 
each fire-induced accident scenario) k. The CDFk can be 
further expanded as [3]  

 

 CDFk=%Rk*S%Rk* N%Rk*CCDPk (2) 
 

where,  
%Rk = fire frequency of zone k,  
S%Rk = severity factor of zone k,  
N%Rk = non-suppression probability of zone k,  
CCDPk = conditional core damage probability 

(CCDP) of zone k.  
 

The modification algorithm for transforming an 
internal event PSA model to a fire event PSA model is 
as follows [3]: 
 Initiating event:  

 

 %I = > Σ%Rk*S%Rk* N%Rk (3) 
 

 Basic event:  
 

 a => a + Σ%Rk*S%Rk*N%Rk *P%Rk-a (4) 
 

where,  
%I: internal initiating event  
a: basic event due to the random failure of 

component 
P%Rk-a: fire damage event for the component (and 

cables) related to the basic event a. 
 

Eq. (3) can be applied to internal initiating events not 
modeled using the fault trees but represented simply as 
single events. Eq. (4) converts an internal basic event 
into an ‘OR’ logic combination of the internal basic 
event itself and a ‘AND’ logic combination that consists 
of the fire damage event for the component (and cables), 
and of the specific zone fire occurrence events, 
including the fire frequency, severity factor and non-
suppression event. Eq. (4) can also be used for modeling 
fire-induced initiating event fault trees based on the pre-
developed internal initiating event fault trees.  
 

2.2 Fire-induced initiating fault trees 
 

In the internal event PSA model, the initiating event 
gates are represented as a set of single events with 
frequency data. The same structures for the initiating 
event gates also apply to the original fire PSA model. 
These structures are changed by adding fire-induced 
initiating event fault trees under the initiating event 
gates. Fig. 1 and 2 show fire-induced initiating event 
fault trees for the loss of one (train A) 125V DC bus 
(LODCA) and loss of one (train A) component cooling 
water system (PLOCCW), respectively.  
 

2.3 Quantification results of fire PSA models with or 
without initiating event fault trees 
 

Table I summarizes CDF variations by fault tree 
modeling of three representative fire-induced initiating 
events: LODCA, LODCB, and PLOCCW. The results 
indicate that the modeling of fire-induced initiating 
event fault tree generally reduces CDF values to a 
greater or lesser extent depending on the initiating event. 
For the LODCA and LODCB, the CDF decreases by 
66% and 45%, respectively. On the other hand, the CDF 
decreases by only 16% for the PLOCCW. Fault tree for 
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the PLOCCW contains far more basic events than that 
of LODCA or LODCB, which makes more intersection 
probabilities ignored in the quantification process 
through so-called rare event approximation.  
 

 
 
Fig. 1. Fire-induced IE FT for loss of one (train A) 125V DC 
bus (LODCA). 
 

 
 
Fig. 2. Fire-induced IE FT for loss of one (train A) component 
cooling water system (PLOCCW). 

 

Table I: Percentage changes of CDF values  
by IE FT modeling 

IE 
Percentage Changes of  
CDF Values by IE FT 

LODCA -66% 

LODCB -45% 

PLOCCW -16% 

 
3. Conclusions 

 
In this study, we compared the quantification results 

of fire PSA models for the reference nuclear power 
plant with or without initiating event fault trees. 
Through the comparative study, we found that the use of 
fire-induced initiating event fault trees can entail 
changes in the CDF results depending on the sizes of 
initiating event fault trees because of the rare event 
approximation. Further studies should be conducted to 
check quantification effects on other initiating events.  
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