
 

International Conference 

Nuclear Energy for New Europe 2006 
Portorož, Slovenia, September 18-21, 2006 

http://www.djs.si/port2006 
  

   
 

706.1 

Update of the Human Reliability Analysis for a Nuclear Power Plant   

Marko Čepin   
“Jožef Stefan” Institut 

Jamova 39, SI-1000 Ljubljana, Slovenia 
marko.cepin@ijs.si 

Rudolf Prosen 
Nuclear Power Plant Krško 

Vrbina 12, SI- 8270 Krško, Slovenia 
rudolf.prosen@nek.si 

ABSTRACT  

Human reliability analysis is a systematic framework, which includes the process of 
evaluation of human performance and associated impacts on structures, systems and 
components for a complex facility. The update of Human Reliability Analysis in Probabilistic 
Safety Assessment of a Nuclear Power Plant requires the development of an overall method 
for the human reliability analysis. The update is needed as the original human reliability 
analysis was performed years ago, as the methods have been improved, as the requirements 
for performing the analyses have changed and as the additional good practice was gained in 
the mean time. The method for update of human reliability analysis is developed with 
consideration of the current requirements and the good practice. The selected features of 
existing methods and the selected specific features are introduced into the method. The 
evaluation is performed and the preliminary results of human reliability analysis are 
introduced into the probabilistic safety assessment model. The preliminary results of 
evaluating the probabilistic safety assessment model identify the key risk contributors and the 
areas for possible improvement.  

1 INTRODUCTION 

The Human Reliability Analysis (HRA) is a systematic framework, which includes the 
process of evaluation of human performance and associated impacts on structures, systems 
and components for a complex facility. The update of Human Reliability Analysis in 
Probabilistic Safety Assessment (PSA) of Nuclear Power Plant (NPP) requires the 
development of an overall method for human reliability analysis. The update is needed as the 
original human reliability analysis was performed years ago, as the methods have been 
improved, as the requirements for performing the analyses have changed and as the additional 
good practice was gained in the mean time. 

2 METHOD 

The method for update of human reliability analysis is developed with consideration of 
the current requirements and the good practice. The selected features of existing methods and 
the selected specific features are introduced into the method.  

Figure 1 shows the scheme of the method for update of HRA. The main inputs for the 
human reliability analysis are identified (PSA model, plant information, HRA state-of-the-
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art), which represent the standpoint for development of the method. The method for 
evaluation of human failure events is developed including consideration about dependencies 
between human failure events.  

Figure 1 shows that identification of human failure events distinguishes pre-initiator 
events (i.e. pre-initiators), initiator events (i.e. initiators) and post-initiator events (i.e. post-
initiators).  

Pre-initiators are the events that may cause the equipment to be unavailable before the 
initiating event has occurred.  

Initiators are the events that may contribute to the occurrence of initiating events.  
Post-initiators are the events, which are connected with human actions to prevent 

accident or mitigate its consequences after initiating event has occurred.  
Evaluation of human failure events including evaluation of dependencies integrates 

assessment of human error probabilities with operator interview, simulator experience and 
plant data base. 

The success criteria for human failure events include information about their time 
window, i.e. information about the time, in which operators have to perform the action. This 
information about the available time comes from safety analyses, where scenarios about 
operating safety systems are evaluated. This is the reason for appearance of text box of safety 
analysis on Figure 1 and its connection with text box on HRA method. 
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 Figure 1: Method for Update of HRA 

The method consists of the following steps: 
1. Statements on objectives, definition of the work, scope of the analysis. 
2. Identification of human failure events. 

a) Pre-initiators are identified with help of the original list of human failure events, with 
analysis of event trees and discussion about their respective scenarios and with 
consideration of reference on good practice on HRA. 

b) Initiators are identified with help of the original list of human failure events and with 
checking events that may initiate initiating events. The link of fault trees that are linked 
to the initiating events in the event trees are checked. 

c) Post initiators are identified with help of the original list of human failure events, with 
help of operator interview, with analysis of event trees and their respective scenarios in 
a team of operator and PSA HRA analyst. 
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3. Task analysis of human failure events. 
a) Collection of information about human failure event, which includes review of plant 

documents (e.g. USAR, plant procedures), plant databases, PSA (with emphasis on all 
its parts that are connected with HRA).  

b) Preparation and analysis of talk-through with plant operators, which identify 
information about tasks, about the time needed for performing human actions, about 
performance shaping factors connected with their respective human failure events. 

c) Identification of the tasks, which compose the respective human failure event. 
d) Identification and analysis of diagnosis activities (result: e.g. cue table). 
e) Identification and analysis of action tasks including omission and commission (result: 

e.g. subtask analysis table). 
4. Evaluation of human failure events. 

a) Measurement of time needed for performing human actions, which is performed 
through real simulator scenarios. 

b) Assessment of simulator experience with human actions that are included in human 
failure events. 

c) Preparation of failure model table, which (based on cue table and subtask analysis 
table) identifies failures and specifies their general evaluation procedure: i.e. 
consideration or no consideration of recovery. If additional available time for action is 
more than e.g. 10 minutes, than recovery as independent mode of verification is 
considered. Additional available time for action is defined as the difference between 
the time window of the action (obtained from success criteria for the action: the time in 
which operators have to perform the action), i.e. the time in which action has to be 
performed in order that it meets the success criteria, and the actual time needed for 
performing the action. 

d) Preparation of data table, which connect failures with data base about human error 
probabilities.  

e) Preparation of quantification table, which contains failure probabilities of tasks within 
human failure event and overall failure probability of respective human failure event. 

5. Consideration of dependencies between human failure events. 
a) Dependencies for pre-initiators. 
b) Dependencies for post-initiators and for initiators. 

6. Interpretation of results, inclusion of HRA to PSA. 
 

2.1 Consideration of Simulator Experience into HRA 

The training of plant operators on a full scope simulator is a complex process. One of 
the features of this process is that simulator personnel collect and analyse responses of 
operators on real scenarios and real events. 

The consideration of simulator experience into HRA is performed as follows: 
- Human failure events, which are part of probabilistic safety assessment, are identified and 

their descriptions are provided to simulator personnel.  
- Simulator personnel recognize and assess experience of operators with each particular 

human failure event in a way that the events, which are better or worse than the average, 
are identified. The events with average success of response of operators are marked with 
N. The events, for which more difficulties in success of response of operators than average 
are identified, are marked with N+. The events, for which less difficulties in success of 
response of operators than average are identified, are marked with N-. Such expert opinion 
of simulator personnel is performed separately for diagnosis phase of the event and 
separately for action phase of the event. 
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- Human reliability assessment is modified as follows. The human error probabilities of 
human failure events marked with N+ (either diagnosis phase or action phase or both) are 
increased. The human error probabilities of human failure events marked with N- (either 
diagnosis phase or action phase or both) are reduced. If both: N+ and N- exist for the same 
human failure event: one for diagnosis phase and the other for action phase, HEP is not 
changed.  

3 MODEL 

A specific Probabilistic Safety Assessment (PSA) model for computer code Risk 
Spectrum PSAP is used for introduction of the changes that are needed for the HRA update. 
The changes that are introduced to the model are qualitative and quantitative. The changes are 
result of the plant modifications that were made, of changes of procedures that were done and 
of the method for update of human reliability analysis, which changed the dependency 
between human failure events. 

All pre-initiator and initiator basic events are renamed in order that the pre-initiator 
events are distinguished from initiator and post-initiator basic events. 

Some basic events related to HFE are deleted and some are added. 
The parameters related to human error probability (HEP) of HFE are changed for the 

majority of HFE, lognormal distribution type is selected and respective error factors are 
introduced. 

4 ANALYSIS 

The preliminary analysis is performed for the fault tree results, for the sequence results, 
for the consequence results and for the group results. The preliminary evaluation is prepared 
according to the practice of previous calculations with Risk Spectrum PSAP. 

5 RESULTS 

The preliminary results show that core damage frequency for internal initiating events 
does not change much comparing updated model results with previous model results. 
However, the distribution of contributions by the human failure events and the distribution of 
contributions from sequences have changed (in a larger extent) from the previous study.  

Figure 2 shows comparison of the first 400 minimal cut sets, which shows that the order 
of listing has changed with the updated HRA. Table 1 shows the top sequences ranked with 
their contribution to core damage frequency for the updated model. Table shows that 
contribution of some sequences remains the same and that the contribution of some sequences 
has changed. 

Figure 3 shows the contribution of initiating events and their respective scenarios to the 
core damage frequency in relative numbers. Initiating event Station Blackout is identified as 
the dominant contributor to core damage frequency. 

Table 2 shows the human failure events with the largest risk increase factor and risk 
decrease factor. 

The components with a high Risk Increase Factor (RIF) should be maintained well, in 
order that the risk is not increased significantly.  

The components with a high Risk Decrease factor (RDF) are candidates for redundancy, 
because this may significantly reduce the risk. 
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UPDATED PREVIOUS
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Figure 2: Comparison of 400 Minimal Cut Sets 

 
 

Table 1: Comparison of Internal IE Sequences with Frequencies Higher than 1E-06/ry 

UPDATED PREVIOUS 
Sequence No. Sequence ID Mean CDF [/ry] Mean CDF [/ry] 
93 SBO-020           3,58E-06 3,58E-06 
175 TRO-006           2,51E-06 2,55E-06 
74 LSP-006            2,49E-06 2,41E-06 
75 MLO-002           1,66E-06 1,97E-06 
80 SBO-002           1,54E-06 1,54E-06 
92 SBO-019           1,49E-06 9,00E-08 
169 TRA-006           1,42E-06 2,41E-06 
168 TRA-003           1,41E-06 2,41E-06 
94 SBO-021           1,35E-06 1,35E-06 
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CDF Contribution by Initiating Events
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Figure 3: Preliminary CDF contribution by Internal Initiating Events 

The following figures and a table show the risk measures for selected groups of 
components/human failure events. Table 3 shows names and descriptions of the selected 
groups.  

Figure 4 shows fractional contributions for selected groups of events. Figure shows that 
the group of all human failure events contribute to risk more than all other groups. 

Figure 5 shows risk decrease factors for selected groups of events. Figure shows that the 
group of all human failure events may decrease risk more than other groups, if the failure 
probabilities/human error probabilities are reduced. 

Figure 6 shows risk increase factors for selected groups of events. Figure shows that the 
group of all human failure events may increase risk more than other groups, if the failure 
probabilities/human error probabilities are increased. 
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Table 2: Identification of Human Failure Events with the largest Risk Increase Factor 
and Risk Decrease Factor 

Basic Event RIF  Basic Event RDF 
HE-POST-INI-004 2,26E+02  HE-POST-INI-047 1,13E+00 
HE-POST-INI-012 7,56E+01  HE-POST-INI-068 1,09E+00 
HE-POST-INI-105 4,46E+01  HE-POST-INI-093 1,09E+00 
HE-POST-INI-100          3,64E+01    
HE-INI-001      2,33E+01    
HE-INI-002 2,33E+01    
HE-POST-INI-107 2,22E+01    
HE-POST-INI-002 1,83E+01    
HE-POST-INI-033 6,68E+00    
HE-POST-INI-034 3,17E+00    
HE-POST-INI-074 2,67E+00    
HE-POST-INI-068 2,61E+00    

 

Table 3: Selected Groups of Events 

BASIC EVENT GROUP ID BASIC EVENT GROUP DESCRIPTION 
HUMAN-ERRORS         All basic events corresponding to human failure events 
DIESEL-GEN           All basic events corresponding to diesel generators 
AFW-PUMPS            All basic events corresponding to auxiliary feedwater pumps 
HUMAN-E-INI          All basic events corresponding to initiator human failure events 
HUMAN-E-PRE-INI      All basic events corresponding to pre-initiator human failure events 
MOVS All basic events corresponding to motor operated valves 
AOVS All basic events corresponding to air operated valves 
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Figure 4: Fractional Contribution for Selected Groups of Events 
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Figure 5: Risk Decrease Factor for Selected Groups of Events 
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Figure 6: Risk Increase Factor for Selected Groups of Events 

6 CONCLUSIONS 

The method for update the human reliability analysis is developed with consideration of 
current requirements and good practice. The selected features of existing methods and 
selected specific features are introduced into the method. The preliminary results of the 
update are introduced into the probabilistic safety assessment model and the subsequent 
analyses were performed. The preliminary results of evaluating the probabilistic safety 
assessment model show and quantify the key risk contributors and identify the areas for 
possible improvement. A comparison with the previous state of models, analyses and results 
is performed. The comparison shows that changes that were made to the human reliability 
analysis in the process of its update cause the consequent significant changes in the results of 
probabilistic safety assessment: new order of appearance of minimal cut sets, new lists of risk 
importance of components and human failure events and changed contributions of sequences 
to the risk. The preliminary results show that the contribution of human failure events is an 
important part of evaluation and improvement of nuclear power plant safety. The 
consideration of dependency of related human failure events was identified as one of key 
points for future improvements. 
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