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1. Introduction 

 

A risk of nuclear power plant is assessed based on the 

estimates of failure probabilities, frequencies of 

initiating event etc. in probabilistic safety analysis (PSA). 

For more realistic risk assessment, the data that is close 

to the real and latest data are preferred. In Korea, data 

from NUREG/CR-6928 or NUREG-1829 etc. were used 

sometimes in the case that the specific failure rate or 

initiating event frequency of Korea did not exist. To 

assess the risk of current domestic nuclear power plant 

more realistically, the data should be updated by the 

latest and the actual failure records of Korea.  

To obtain new failure probabilities or initiating event 

frequencies in which latest failure records are reflected, 

KAERI developed a program (Bayesian Update for 

reliability Data, BURD) which updates the new failure 

records and release the data immediately. Failure 

probabilities and initiating event frequencies could 

follow various distributions (lognormal, normal, gamma, 

beta etc.). BURD can use the uniform, Jefferey’s non 

informative, beta, gamma, and lognormal distribution as 

the prior distribution and for likelihood function, BURD 

can use beta, gamma, binomial and Poisson distribution. 

However, failure probabilities or initiating event 

frequencies can follow other distribution that BURD 

does not provide. 

Therefore, a tool that immediately calculates the new 

probability which reflect the real and latest failure 

records and can use various distributions was required 

for a more realistic risk assessment and as a result, a 

Bayesian updating program (Multi Unit Data Analysis 

Program, MUDAP) was developed. 

 

2. Methodologies of the program 

 

MUDAP uses the Bayesian theorem that represent the 

relation between the prior distribution and the posterior 

distribution. According to the Bayesian theorem, the 

posterior probability can be obtained from the prior 

probability. The Bayesian theorem is as follows. 

θ is a continuous parameter with pdf f(θ) and range [a, 

b], and f(θ) is prior probability density function (pdf). x 

is random discrete data and  together they have 

likelihood p(x|θ). Then, the posterior pdf can be obtained 

by equation (1). 

𝑓(𝜃|𝑥) =
𝑝(𝑥│𝜃)𝑓(𝜃)

𝑝(𝑥)
=

𝑝(𝑥│𝜃)𝑓(𝜃)

∫ 𝑝(𝑥│𝜃)𝑓(𝜃)𝑑𝜃
𝑏
𝑎

  (1) 

In case of the discrete prior probability distribution, 

MUDAP calculates posterior probabilities as shown in 

table Ⅰ. 

 
Table Ⅰ: Bayesian updating procedure in MUDAP 

 

θ Prior Likelihood Product Posterior 

θ1 𝑓(𝜃1) 𝑝(𝑥|𝜃1) 𝑓(𝜃1)𝑝(𝑥|𝜃1) 
𝑓(𝜃1)𝑝(𝑥|𝜃1) 

∑ 𝑓(𝜃𝑖)𝑝(𝑥|𝜃𝑖)
𝑛
𝑖=1

 

⋮ 

θk 𝑓(𝜃𝑘) 𝑝(𝑥|𝜃𝑘) 𝑓(𝜃𝑘)𝑝(𝑥|𝜃𝑘) 
𝑓(𝜃𝑘)𝑝(𝑥|𝜃𝑘) 

∑ 𝑓(𝜃𝑖)𝑝(𝑥|𝜃𝑖)
𝑛
𝑖=1

 

⋮ 
Total 1   1 

 

In case of the continuous prior pdf, MUDAP selects N 

samples θ and calculates the posterior probability for the 

N samples by dealing with the continuous distribution as 

a discrete distribution. The sampling method is as 

follows. (N is the number of samples and, it is set to 

10,000 by default.) 

 First, find the cumulative distribution function (cdf) 

of prior distribution. Next, select the N probability values 

between 0 and 1 except 0 and 1 evenly. Then, using 

inverse cdf, obtain the coincident θ values. The sampling 

procedure is shown in Fig. 1.  

 

 
Fig. 1. MUDAP result of the example. 

 

3. Program Description 

 

MUDAP provides distributions in the table Ⅱ as a prior 

distribution. For the other distributions, the user can type 

the prior distribution in form of a table of discrete 

probability distribution. Also, in MUDAP, user can use 

distributions in table Ⅱ as a likelihood. 

As a result, MUDAP provides the data table and the 

graph of prior and posterior probability distribution. Also, 

MUDAP shows the mean, variance, median etc. of prior 

and posterior pdf. The result screen is shown is Fig. 2. 
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Table Ⅱ: the type of distribution that MUDAP provides as 

prior and likelihood distribution 
 

Prior 
Lognormal, Normal, Beta, Gamma, Exponential, 
Uniform, Jeffrey’s rule (Binomial), Jeffrey’s rule 

(Poisson) 

Likelihood Lognormal, Normal, Poisson, Binomial, Exponential 

 

The result may vary depending on the setting of ‘Dist 

Config’ and ‘Plot config’ parts. In the ‘Dist config’ part, 

the number of samples and the sampling range can be set 

at user’s discretion. In the ‘Plot config’ part, the scale of 

axis can be set to log scale and the result graph can be 

provided in form of cdf. Also, at user’s discretion the 

likelihood graph can be provided. 

 

 
 

Fig. 2. MUDAP result screen. 

 

4. Verification Example 

 

MUDAP performance was verified by a following 

example. There is a pump that has the average failure rate, 

λ. Suppose that from previous experiences with same 

pump, the expected pump failure rate was estimated to 

follow exponential distribution, f(λ)=e- λ with range λ

≥0. Occurrence of failure is assumed to be a Poisson 

process. During the first year after installation of the 

pump, two accidents occurred. Using these observations, 

find the posterior probability for λ. 

 

Solution: 

 

The analytic solution of this example is shown in table 

Ⅲ and the result comparison between analytic solution 

and MUDAP solution is shown in table Ⅳ. Also, 

MUDAP result screen for this example is represented in 

Fig. 3. 

 

 
 

Fig. 3. MUDAP result of the example. 

 

Table Ⅲ: The analytic solution of the example 
 

Prior Likelihood Product Posterior 

𝑓(𝜆) 𝑝(𝑘 = 2|𝜆) 𝑓(𝜆)𝑝(𝑘 = 2|𝜆) 𝑓(𝜆|𝑘 = 2) 

𝑒−𝜆 
𝑒−𝜆×1(𝜆 × 1)2

2!
 𝑒−𝜆 

𝑒−𝜆(𝜆)2

2!
 

𝑒−𝜆 
𝑒−𝜆(𝜆)2

2!

∫ 𝑒−𝜆 
𝑒−𝜆(𝜆)2

2!
𝑑𝜆

∞

0

 

 
Table Ⅳ: The result comparison between analytic solution 

and MUDAP result 
 

 
Analytic 

solution 

MUDAP 

(N=10,000) 

MUDAP 

(N=100,000) 

Result 
Error 

[%] 
Result 

Error 

[%] 

Mean 1.5 1.4997 0.0200 1.4999 0.006% 

Variance 0.75 0.7493 0.0880 0.7498 0.0213 

Median 1.337 1.3369 0.0075 1.337 0.0000 

 

 

The errors are less than 0.1% with 10,000 and 100,000 

samples and it shows that MUDAP calculation result is 

almost accurate.  

 

5. Conclusions 

 

For a realistic domestic risk assessment, using 

probability or frequency values reflecting up-to-date and 

Korean actual failure records is necessary.  

The program (MUDAP) which calculates posterior 

probability from prior probability based on the Bayesian 

theorem was developed for calculation of the new 

probability which is close to the real. The performance 

of MUDAP was verified by an example above and the 

example result showed that MUDAP calculated posterior 

distribution with acceptable error which is less than 0.1%. 

Also, MUDAP can use more various distributions than 

BURD as shown in Table Ⅱ.  

However, using MUDAP only one probability or 

frequency of an event can be updated at a time, which 

may cause inconvenience when updating the probability 

or frequency of multiple events is necessary. Also for a 

certain distribution, optimization is not perfectly done, 

which can result in slightly lower performance (it takes a 
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long time). MUDAP does not use a direct method, but an 

iterative method (as numerical method), because the 

combination of prior and likelihood distribution is too 

various to solve it with direct method. As a result, 

MUDAP does not present the formula of posterior 

distribution (cdf and pdf) and does not calculate the error, 

which make determining the accuracy of the posterior 

distribution data difficult. 

MUDAP could produce immediately new probability 

or frequency reflecting the latest and actual failure 

records of Korea with acceptable error with various 

distributions. By using MUDAP and producing the 

posterior distribution, more realistic probability values 

could be used in the risk analysis and as a result, it is 

possible to assess the nuclear power plant risk more 

realistically. 
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