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Abstract 

Tools (KB3 and Atelier EPS) have been developed at EDF to assist the analysts in building 
fault trees for PSA and importing them into RiskSpectrum® (RiskSpectrum® is the tool used 
at EDF for PSA).  
System modelling is performed using KB3 software with a knowledge base describing generic 
classes of components with their behaviour and failure modes. Using these classes of 
components, the analyst can describe (using a graphical system editor): a simplified system 
diagram from the mechanical system drawings and functional descriptions, the missions of the 
studied system (in a form of high level fault trees) and its different configurations for the 
missions. He can also add specific knowledge about the system. 
Then, the analyst chooses missions and configurations to specify and launch fault trees 
generations. From the system description, KB3 produces by backward-chaining on rules, 
detailed system fault trees. 
These fault trees are finally imported into RiskSpectrum® (they are converted by Atelier EPS 
into a format readable by RiskSpectrum®). 
KB3 and Atelier EPS have been used to create the majority of the fault trees for the EDF EPR 
Probabilistic Safety Analysis conducted from November 2009 to March 2010. 25 systems 
were modelled, and 127 fault trees were automatically generated in a rather short time by 
different analysts with the help of these tools. 
A feedback shows a lot of advantages to use KB3 and Atelier EPS: homogeneity and 
consistency between the different generated fault trees, traceability of modelling, control of 
modelling and last but not least: the automation of detailed fault tree creation relieves the 
human analyst of this tedious task so that he can focus his attention on more important tasks: 
modelling the failure of a function. 
This industrial application has also helped us gather an interesting feedback from the analysts 
that should help us improve the handling of the tools. We propose in this paper indeed some 
improvements that should all the more facilitate the PSA analyst’s work. 
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1. Introduction 

 
The tool used to model PSAs in EDF is the Swedish code RiskSpectrum® (© ScandPower). A first 
version of the EPR Flamanville 3 PSA was built in 2008-2009. Most of the fault trees describing 
failures of system missions were generated by KB3 (© EDF) (Pillière, 1999) and transferred into the 
RiskSpectrum® project by Atelier EPS (© EDF). KB3 and Atelier EPS are two tools developed by 
EDF.  
 
Since mid-90s EDF sees KB3 and Atelier EPS as reference tools for the drawing up of its PSAs 
(Gallois, 1999). 
 

2. Fault tree generation with KB3 

 
KB3 assists analysts in building reliability models. KB3 is used together with knowledge bases 
describing generic behaviour and failure modes of components. These knowledge bases are written in 
a modelling language FIGARO (Bouissou, 1991) developed by EDF. 
 
At EDF, KB3 is used since the mid-1990s to produce fault trees for PSAs. Three knowledge bases are 
used: one is dedicated to thermal-hydraulic systems, one is dedicated to electrical systems and the last 
one is dedicated to instrumentation and control. Figure1 illustrates the use of KB3 for EPR PSA 
Project. 
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Figure 1. Use of KB3 for EPS PSA Project 

 

2.1 First step: drawing the system diagram 

 
KB3 provides the analyst with a graphical editor linked to a chosen knowledge base so the analyst can 
choose a component from a list of icons and add it to the diagram of the studied system. The icons 
correspond to the generic components of the chosen knowledge base. The analyst can draw the 
diagram on several pages.  
 
Figure2 is an extract of the Safety Injection System diagram for the EPR PSA. 
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Figure 2. Extract of the Safety Injection System diagram 

 
The analyst creates I&C and supply components. The links between operated components and I&C 
and power or cooling supplies is done by editing the components and filling their “interfaces” with 
I&C and supply components. Remark: At this stage of the PSA, I&C has not been related to 
components. 
 
Figure3 shows power and cooling supplies for the motor-operated pump RIS1420POMPE.  
 

 
Figure 3. Power and cooling supplies for the motor-operated pump RIS1420POMPE 

 

2.2  Second step: description of mission failures 

 
KB3 provides the analyst with a graphical interface to describe mission failures (undesirable events). 
These undesirable events will correspond to the top events of the generated fault trees. Usually the 
analyst connects mission failures to the loss of fluid testers (special tool predefined in the knowledge 
base).  
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Figure4 is the description of the top event “failure of 2 out of 4 MHSI injections in states A or B” 
extracted from the Safety Injection System study.  
 

 
Figure 4. Top event “failure of 2 out of 4 MHSI injections in states A or B” 

 

2.3  Third step: addition of specific knowledge 

 
The analyst can add the description of specific behaviour (not described in the knowledge base) by 
using the same interface as for the undesirable events description. For example; he can add new failure 
modes or specific interactions between components.  
 
Figure5 shows two manual rules: the first one indicates that maintenance on MHSI Train1 leads to the 
loss of RS1420POMPE, the second one indicates that loss of minimal flow leads to the loss of 
RS1420POMPE. 
 

 
Figure 5. Example of manual rules 

 

2.4  Fourth step: definition of configurations 

 
Characterization of components (initial state, mission state, I&C) may be different depending on the 
system missions, e.g. a pump already runs or has to start. The analyst can define several configurations 
by modifying component characteristics. These configurations will be used for fault tree generation. 
The “PSA” knowledge bases provide a few verification tools. Figure6 shows one mean of verification 
of the state A-B configuration, by automatic display of flow.  
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Figure 6. Display of flow 

 

2.5  Fifth step: fault tree generation 

 
The analyst chooses a prefix-name for the RS fault tree pages, the top event(s) to be modelled and the 
system configuration to be considered, then he launches the fault tree generation. See Figure7. 
 

 
Figure 7. Specification of a fault tree generation 
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3. Export to a riskspectrum® project 

 
Atelier EPS allows to choose the KB3 fault trees to export and the RiskSpectrum® target project. 
Below we present some extracts of the RiskSpectrum® project after the export of the KB3 fault tree 
“ISAB_____”.  
 
Figure8 shows the top event MP4IIII. The losses of fluid in testers have been replaced by the losses of 
fluid in the check valves linked to the testers. 
 

 
Figure 8. Top event MP4IIII 

 
Figure9 shows the explanation for the loss of fluid in the check valve on Train1. The rules in the 
knowledge base use the upstream components of the check valve in the system diagram. 

 

 
Figure 9. Explanation for the loss of fluid on check valve RIS1540VPCLA 
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Figure10 shows the explanation for the loss of the MHSI pump on Train1. The rules in the knowledge 
base use the description of the initial and mission states of the pump in the chosen configuration and 
the supplies linked to the pump. The added manual rules are also taken into account. Reminder: At this 
stage of the PSA, I&C was not related to the components. 
 

 
Figure 10. Explanation for the loss of RIS1420POMPE 

 

4. Feedback on using KB3 and atelier EPS for EPR PSA 

 
KB3 and Atelier EPS have been used from November 2009 to March 2010 to create the majority of 
the fault trees in the PSA Preliminary version developed during FA3 construction. This was the first 
PSA 4 trains modelled at EDF. 
 
25 system studies were modelled (2 studies for electrical systems, 3 studies for I&C systems, 20 
studies for thermal-hydraulic systems) and 127 top events were automatically generated in a rather 
short time by different analysts with the help of these tools.  
 

4.1  Benefits 

 
Using KB3 and Atelier EPS is particularly interesting for a PSA of a unit at design stage or a first PSA 
of an existing unit. 
 
Flexibility 
 
It’s very easy to modify the diagrams (adding a component or a train, deleting a component or a train, 
changing the supplies of components, changing the generic component associated to a component) and 
regenerate fault trees.  
 
If necessary, the behaviour of generic components can be modified in the knowledge bases, then just 
reload the new knowledge base and regenerate the fault trees. 
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Diagrams 
 
It is easier to work on the basis of a diagram than on a fault tree. 
 
Homogeneity 
 
Even if the system studies are performed by analysts with different level of expertise working in 
different teams, using KB3 and the same knowledge base ensures a good homogeneity between the 
fault trees. The support systems are systematically modelled.  
 
Traceability and control of modelling 
 
The generated fault trees can be explained with the rules in the knowledge base and the content of the 
system study. Because knowledge bases and fault tree generator take benefit of a long experience, 
rather than validate the trees generated by KB3, the analyst validates the description of the system: 
diagram, configurations, supplies, top events and manual rules.  
 
The final validation of the fault trees is based on minimal cut sets calculated by RiskSpectrum®. 
 
Time saving 
 
Information on the behaviour of most components is described in the knowledge base. The analyst can 
focus on the specificities of his study. In the design phase of a model, KB3 is efficient and facilitates 
the construction of fault trees, ensuring overall consistency. 
 

4.2  Improvements to consider 

 
Fault tree readability 
 
Fault trees produced by KB3 for the EPR PSA were sometimes considered not easily “human-
readable”. Most of the blame on the readability of fault trees could have been avoided if the analysts 
had used existing functionalities (description fields, translation tools). We will facilitate the access to 
these functionalities. 
 
Export to RiskSpectrum® 
 
The transfer of KB3 fault trees to RiskSpectrum ® project is a tedious and repetitive task. Moreover, 
the transfer order may be important. We will facilitate the transfer of many KB3 fault trees to 
RiskSpectrum® in a unique operation with an algorithm deducting an appropriate transfer order. 
 
Handling of the tools 
 
The feedback should help us improve the handling of the tools. For example, we plan to extend report 
capabilities and to add new functionalities which should facilitate browsing in the studies. 
 

5. Conclusion 

 
KB3 and Atelier EPS have been used for all the PSAs at EDF. They had a strong contribution to the 
success of PSA Preliminary version developed during FA3 construction.  
 
The feedback should help us improve these tools (including the knowledge bases) that are to be used 
for the fleet of EPRs that EDF plans to build. 
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