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1. Introduction 

 
Through several accidents of NPPs including the 
Fukushima Daiichi in 2011 and Chernobyl accidents in 
1986, nuclear safety culture has been emphasized in 
reactor safety world-widely. In Korea, KHNP evaluates 
the safety culture of NPP itself. KHNP developed the 
principles of the safety culture in consideration of the 
international standards. A questionnaire and interview 
questions are also developed based on these principles 
and it is used for evaluating the safety culture. However, 
existing methodology to evaluate the safety culture has 
some disadvantages. First, it is difficult to maintain the 
consistency of the assessment. Second, the period of 
safety culture assessment is too long (every two years) 
so it has limitations in preventing accidents occurred by 
a lack of safety culture. Third, it is not possible to 
measure the change in the risk of NPPs by weak safety 
culture since it is not clearly explains the effect of 
safety culture on the safety of NPPs. In this study, 
Safety Culture Impact Assessment Model (SCIAM) is 
developed overcoming these disadvantages.    

 
2. Methods and Results 

 
2.1 Safety Culture Indicator (SCI)  

 
SCI is set in order to determine the levels or 
characteristics of safety culture of the organization. By 
using these indicators, the quality of safety culture can 
be determined and the vulnerability of safety culture 
can be improved before the problem occurred [1]. The 
safety culture principles of KHNP are appropriate 
indicators to be assessed by the questionnaire and the 
interviews but it is not suitable to monitor the status of 
the safety culture periodically. To develop the safety 
culture indicators for evaluating the safety culture 
periodically, the literatures of IAEA, NRC, INPO are 
reviewed first [2-4]. Each document presents the safety 
culture attributes and aspects to assess the safety culture. 
To avoid confusion, these terms are used in unification 
by the word ‘indicator’. The safety culture indicators 
are classified based on INPO’s safety culture indicators 
which are used in NRC’s Safety Culture Policy 
Statement. The safety culture indicators presented in 
common are selected. Some of the indicator are 
changed and deleted in consideration of the possibility 
of measurement. Final SCIs are presented in Table 1 
and Table 2.  
SCIs are needed to be rated since it is expressed as the 
proportion or the number. SCIs which are expressed as 
the proportion can be rated by multiplying ten. On the 

contrary, SCIs which are expressed as the number can 
be rated by relative evaluation [5]. Each SCI may be 
assessed by the number, as shown in Table 2. These 
SCI measurements are rated from zero to ten. To define 
the rating values we assign so-called anchoring values 
to the end-points, that is, a lower value (number) 
corresponding to ‘0 (rating)’ and an upper value 
corresponding to ‘10’.  Between these anchoring values, 
we assign the rating values according to a linear scale.  
 The impact of each SCI on NPP’s safety can be 
different. Thus, it is necessary to calculate the weight of 
the SCIs. The AHP is suitable method for calculating 
indicator’s weight because of these advantages: weights 
derivation, logical consistency verification, the validity 
of the results and the objectivity enhancement. The 
result of the AHP is represented in Table 3.  
The measured values of the SCIs are converted to the 
rating value and these rating values are weighted to 
produce a weight average so-called Safety Culture 
Impact Index (SCII). SCII can be expressed as: 

 
SCII ൌ 	∑ ܴ௜ ൈ ௜ܹ௜ 	ሺ0 ൑ SCII ൑ 10ሻ             (1) 

 
where, ܴ௜  is the rating value of SCI i and  ௜ܹ  is the 
weighting value of SCI i. 

 
 Table 1: SCIs and their categories 

Category Safety Culture Indicator 

1 Personal 
Accountability 

SCI 11 Standards 

2 Effective Safety 
Communication

SCI 21 Exchanging Safety 
Information 

3 Leadership 
Safety Values 
and Actions 

SCI 31 Resources 

SCI 32 Field Presence 

SCI 33 Incentives, Sanctions, and 
Rewards 

SCI 34 Strategic Commitment to 
Safety 

4 Continuous 
Learning 

SCI 41 Operating Experience 

SCI 42 Self-Assessment 

SCI 43 Training 

5 Problem 
Identification 
and Resolution 

SCI 51 Identification 

SCI 52 Trending 

6 Work Processes SCI 61 Work Management 

SCI 62 Documentation 
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௜ܺ଴: independent impact of ௜ܺ  
∙ܺ௝: any one of ଵܺ௝, ܺଶ௝ , … ,	ܺ௞௝ 

i: basic event 
j: common uncertainty source (j=0 : independent effect) 
 
In PSA, a lognormal distribution is used for the 
component failures. When a lognormal random variable 
as shown in following formula (4) is used, the 
probability of the MCS (Minimal Cut Set) will be 
changed by the number of defined CUS and the value of 
correlation fraction coefficient. The correlations 
between basic events will increases when they share 
more CUS. The safety culture impact on basic events 
will increase when the correlation fraction coefficient is 
increased. Three CUS is defined to apply the safety 
culture impact: the component (j=1), the system (j=2) 
and failure mode (j=3). Zhang said that the existing 
probability of MCS is in a large underestimation since it 
is assumed that basic events are independent [7]. For 
this reason, it is assumed that basic events are 
independent when SCII is 10. In case of that SCII is 0, 
they have perfect correlation. On the basis of this 
assumption, the formula to find value of ߩ௜௝ is expressed 
as follows. 
 

௜ଵߩ ൌ ௜ଶߩ ൌ ௜ଷߩ ൌ
ଵ଴ିௌ஼ூூ

ଷ଴
                      (7) 

 
௜଴ߩ ൌ 1 െ ∑ ௜௝ߩ

௡
௝ୀଵ 	ሺn ൑ 3ሻ                 (8) 

 
This is an example that quantifies the safety culture 
impact on the hardware failures in PSA model. The 
MCS and their data are presented in Table 4-6. 
 

Table 4: Data of the MCS 
ଵܺ ܺଶ ܺଷ Mean 

MCS %LOKVA AFMP0018RB AFTP0019RS 1.70E-07 

 
Table 5: Description of basic events  

Basic event Description 

%LOKVA Loss of 4.16kV Bus A  

AFMP0018RB 
Running failure of motor driven pump in 
Auxiliary Feedwater System 

AFTP0019RS 
Running failure of turbine driven pump in 
Auxiliary Feedwater System 

 
Table 6: Data of basic events 

Mean EF ߪ௜ ݉௜ j=1 j=2 j=3

ଵܺ 1.41E-3 10 1.40 5.29E-4 - - - 

ܺଶ 3.43E-3 9.8 1.39 1.31E-3 MP AF R 

ܺଷ 3.51E-2 8.6 1.31 1.49E-2 TP AF R 

 
In this case, the common factor exist between ܺଶ and ܺଷ. 
This common factor is caused by the same system and 
the failure mode. When CUS method is used, the MCS 
can be expressed as follows. 
 

MCS ൌ ଵܺܺଶܺଷ 
ൌ ݉ଵ݉ଶ݉ଷ ଵܺ଴ܺଶ଴ܺଷ଴ܺଶଵ

ଵାఙయభ/ఙమభܺଶଶ
ଵାఙయమ/ఙమమ                   (9) 

 
The expecting value of the MCS is produced by the 
formula for estimating the average of the lognormal 
distribution. It is expressed as follows.  
 
ሻܵܥܯሺܧ

ൌ ݉ଵ݉ଶ݉ଷܧሺ ଵܺ଴ሻܧሺܺଶ଴ሻܧሺܺଷ଴ሻܧሺܺଶଵ
ଵା

ఙయభ
ఙమభሻܧ ൬ܺଶଶ

ଵା
ఙయమ
ఙమమ൰														 

ൌ ݉ଵ݉ଶ݉ଷ
ఙభబమ

ଶ

ఙమబమ

ଶ

ఙయబమ

ଶ

ఙమభమሺଵା
഑యభ
഑మభ

ሻమ

ଶ

ఙమమమሺଵା
഑యమ
഑మమ

ሻమ

ଶ
            (10)

    

The variable ߪ௜௝  for this formula (10) is changed by 
SCII and expecting value of the MCS according to SCII 
is presented in Table 7.  
 

Table 7: Expecting value of the MCS 
SCII 0 2.5 5 7.5 10 

E(MCS) 1.04E-06 6.62E-07 4.21E-07 2.67E-07 1.70E-07

 
When SCII is 10, expecting value of the MCS is the 
same as existing value 1.70E-07. Expecting value is 
increased when SCII is decreased.   
 
2.2.2 Human errors 
 
Fukushima and Chernobyl accidents have demonstrated 
that safety culture is the root causes of human errors. 
Despite the important role of safety culture has been 
recognized, HRA for PSA do not include the possible 
impacts of safety culture. In this study, SLIM (Success 
Likelihood Index Method) is used for integrating safety 
culture into human error probabilities which is used to 
reflect the influence of organizational factors [8]. The 
following algorithm is to calculate new HEP which 
contains safety culture impact.  
 

ܲܧܪ	ݓ݁ܰ ൌ ଵିௌ௅ூܤܷ ൈ  ௌ௅ூ             (11)݊ܽ݁ܯ

SLI = SCII / 10                            (12) 
 

New HEP : HEP that contains safety culture impact 
Mean : mean value of the HEP 
UB : upper bound of the HEP 
 
As aforementioned, the existing probability of MCS is 
in the large underestimation. For this reason, the mean 
value of HEP is used when the level of safety culture is 
the highest (SCII=10) and the upper bound is used 
when the level is the lowest (SCII=0). 
 
2.3 Safety Culture Impact Assessment Model (SCIAM) 
 
SCIAM is a model that integrates SCII and Safety 
Culture Impact Assessment methodology (Figure 2). 
This model uses the objective data of NPP organization 
to represent the rating of SCI and SCII is produced by 
multiplying the rating and weighting of SCIs. SCII 
expresses the status of the safety culture in NPP 
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