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1. Introduction 

 
This study is the update of the previous work [1], 

which was the performance analysis of the safety-related 
I&C components based on the operating experience of 
the total 8.63 reactor years during a period of 1995 
through the end of 1999 at four units of Korean standard 
nuclear power plant (KSNP). The paper mainly focuses 
on the estimation of the independent failure 
probabilities or failure rates for the safety-related I&C 
components, based on the operational data of the total 
24.24 reactor years for a new period of 2003 through 
2007 at six KSNP units. Recently, the results of the 
work was used to improve risk-informed surveillance 
test interval (RI-STI) of the KSNP safety-related I&C 
systems such as reactor protection system (RPS), 
engineered safety feature actuation system (ESFAS), 
and so on [2]. 

 
2. Operational Data Analysis Methods and Results 

 
Generally, two reliability models – demand failure 

model (DFM) and time-related failure model (TFM) – 
have been used as the mathematical model to be able to 
explain component failure phenomenon in probabilistic 
safety assessment (PSA). Simply speaking, DFM means 
the estimation of component failure probability (p) 
under the assumption that the component failure 
occurrence follows a binomial process. Meanwhile, 
TFM means the estimation of component failure rate (λ) 
under the assumption of Poisson process. Simply p and 
λ can be estimated as the number of failure divided by 
the total number of demands and the total operating 
time, respectively.  

Practically, however, the plant-specific estimation of 
p and λ from operational experience data is very 
complicated, time-consuming and tedious work as 
follows.  

(1) Selection of components and failure modes to be 
analyzed 

(2) Determination of prior distribution for each 
component 

(3) Component failure experience data analysis 
ü Estimation of the total number of demands 

or operating time 
ü Estimation of the number of component 

failure 
ž Raw data collection 
ž Screening analysis 

ž Determination of failure counting 
scheme 

ž The detailed failure data analysis and 
classification 

(4) Estimation of posterior distribution for each 
component (i.e., Bayesian update) 

 
In addition, the variety of assumptions and ground-

rules (see Appendix A in the reference [2]) for each step 
can be necessary to analyze reliability data for the 
safety-related I&C components. They are basically 
similar to those of the previous work [1], except some 
modifications such as failure count scheme of zero 
failure data, addition of I&C components (e.g., 
subgroup relay for auxiliary relay cabinet (ARC), 
safety-related component control cards for plant control 
system (PCS) or interposing logic system (ILS), power 
supplier, etc.), consideration of unplanned shutdown 
information, and so on.  

The results of the failure probabilities or rates for the 
KSNP safety-related I&C components were summarized 
in Table 1. Finally, Fig. 1 shows the result of a 
comparison study between the performance analysis for 
the KSNP safety-related I&C components from this 
study and the previous work [1]. 

 

 
Fig. 1 Comparison of the performance analysis for the 

KSNP safety-related I&C components (Old: the previous 
work[1], New: this study[2]) 

 
3. Conclusions 

 
The individual component failure probabilities or 

rates (Table 1) were derived from operating experience 
of the total of 24.24 commercial reactor years for the 
period of 2003 through 2007. They are generally 
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comparable to the estimates listed in the previous study 
[1] as well as the foreign study for CE-type plants, such 
as the CEN-327 [3], NUREG/CR-5500 [4], etc. The 
results of the data analysis are similar to ones of the 
previous domestic and foreign studies. The results of the 
study can be useful for the risk-informed applications 
like the RI-STI for the KSNP RPS and ESFAS, 
including digital I&C systems. 
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Table 1. The results of the failure probabilities or rates for the KSNP safety-related I&C components 

 


