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ABSTRACT 
 

Today in France, an EPR Unit is under construction at the Flamanville site. The creation 
authorization was granted in April 2007 and the plant commissioning is planed for 2012.  
The plant operator (EDF) provided for the construction license several PSA studies. The IRSN, as 
TSO, wishes to dispose of the appropriate knowledge and tools for the independent verification of the 
operator studies and so developed its own model of PSA level 1. The goal is not to rebuild the plant 
operator PSA (with a full scope etc…) but to dispose of a simplified model able to clearly point out 
specific important issues. 
In the IRSN model a particular effort has recently been done on the Digital I&C modelling. The I&C 
is modelled in the IRSN EPR PSA by using Fault Trees. Instead, EDF EPR PSA applies the 
COMPACT model to simplify the command and instrumentation logics. The IRSN model is more 
detailed in order to be more accurate in the global analysis of the Digital I&C. For instance the 
communication ways between automates are considered as well as the failure of support systems. The 
model is still under development mainly in order to define the CCF which may be considered.  
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1. Introduction 
 
For the European Pressurized Water Reactor (EPR), the PSA was developed from the beginning of the 
design by the reactor designer (AREVA). This PSA was used for early design verification, several 
design improvement being defined based on these PSA insights and following the discussions with the 
French and German safety authorities. 
Today, in France, at the Flamanville site, an EPR unit (named Flamanville 3) is under construction. 
The creation authorization was granted by the French Nuclear Safety Authority (ASN) in April 2007. 
After the first tenders had been awarded and the requisite permits had been granted, site preparatory 
works began during the summer of 2006. The first pouring of concrete for the nuclear block took place 
on December, 2007 and the plant construction phase will continue for 54 months, with commissioning 
planned for 2012. 
In the frame of Flamanville 3 construction license application the plant operator (EDF) provided a 
level 1 and a level 1+, internal events PSA and it is expected that for commissioning request EDF will 
provide an “as-built” full scope PSA for the reactor and for the spent fuel pool. This study will cover 
the internal events, the internal hazards and the external hazards and will include a full scope level 2 
PSA. 
In France the PSA is developed and used according to the Basic Safety Rule “Development and 
utilization of PSA” in reference [1]. 
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The PSA is playing an important role in the frame of the Institute for Radiological Protection and 
Nuclear Safety (IRSN) missions for EPR Project assessment, as the French Safety Authority (ASN) 
technical support organization. In this context IRSN develops its own limited scope PSA model, in 
parallel with EDF, in order to dispose of the appropriate knowledge and tools for the independent 
verification. 
In the conception of new reactors the digital I&C (Instrumentation and Control) take an important 
place as far as many safety operations are partially or totally automatically worked. 
The following paragraphs present mainly the modelling of Instrumentation and Control systems in the 
Level 1 PSA in the frame of the risk-informed activities at IRSN. 
 

2. EPR design 
 
The EPR is a French and German next-generation 1600 MWe class PWR. It is an evolutionary power 
reactor based on PWR technology originally developed in the United States. Its design evolved 
globally from mature and proven technologies, in particular the N4 and Konvoi plants, the most 
modern nuclear plants in France and Germany. 
The reactor is designed to ensure the respect of the highest safety standards. In fact, the EPR design 
takes advantage of over 30 years of operating experience acquired by French and German designers 
and operators. The design was developed by electricity producers and manufacturers in conjunction 
with both countries’ nuclear safety authorities. 
In 2000, following the review of the conceptual design of EPR by the French and German nuclear 
safety authorities (by German experts after 1998), technical guidelines governing the project’s nuclear 
safety options and defining the requirements for detailed studies were issued. These technical 
guidelines, formalized in the document “Technical Guidelines for the design and construction of the 
next generation of NPPs with Pressurized Water Reactors”, become official in France in September 
2004 (letter ASN in reference [2] “Safety Options for the EPR Reactor”). 
The main safety objectives indicated by the ASN by its letter are, compared with the existing reactors, 
the followings: 

- reduction of the number of incidents by a better systems reliability and better consideration of 
the human factor, 

- the core damage risk should be significantly reduced (a global frequency of core melt of less 
that 10-5 per plant operating year, hazards being taken into account), 

- the radioactive releases should be also significantly reduced: 
• no population evacuation in case of accident without core damage, 
• practical elimination of the large early releases, 
• limited protection measures (in time and in space) in case of late releases. 
 

In practice, these safety objectives can be achieved by special features of the EPR design. 
Some examples are: 

- tight double containment, 
- built-in severe accident features (as for example the special device inside containment to 

collect and to cool the core in case of core melt), 
- external anti-aircraft crash shield covering the containment, the spent fuel building and two 

out of four safety systems buildings, 
- four electrical trains including two series of diversified Diesel generators (four main Diesels 

and two SBO Diesels), 
- four 100% trains, physically separated, for the main safety systems and related support 

systems, 
- high quality human-machine interface, based on up to date technology.  

 
In France, as for the operating reactors, demonstration of the safety of the design of future reactors is 
based on deterministic studies. The PSA is used as a supplemental tool in safety assessment. 
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3. Principle of I&C modelling  
 
In the conception of new reactors the digital I&C (Instrumentation and Control) may represent a main 
contribution of risk as far as many safety operations are partially or totally automatically worked. 
So, to be able to evaluate the safety demonstration of the new reactors design produced by operators, 
IRSN as the French TSO, decides to model I&C systems in its own PSA level 1. The IRSN decided to 
use fault trees to consider I&C.  
 
As for the “compact model”, defined by the operator, an I&C chain is assumed to be possibly divided 
in three main parts which are interconnected in the IRSN model:  

- An acquisition part  
- A part with logic treatment (software) 
- An actuator part 

The actuator part is supposed to be specific to one action. It is on one hand composed with the 
contactors assigned to the actuator used to realised the action (for instance the opening/closing of a 
motoring valve) and in the other hand with all the modelled orders which trigger the action.  
 
The acquisition and logic treatment parts may be used in several signals and a signal is often used to 
trigger different actions. So the modelling implies to interconnect numerous sub-divisions of I&C 
systems.  
 
The acquisition part is specifically composed of redundant captors used in the checking of the same 
parameters. This part includes the vote logic using “K/N” gates in the fault trees.   
 
In order to simplify the modelling, which easily risks becoming very tricky, it was assume to model 
mainly the common cause failures with macroscopic events in the logic treatment part. This 
assumption comes from the fact that common cause failures are known to be the major contributors of 
risk in most of redundant systems with reliable components.  
So the logic treatment part is mainly composed with: 

- the hardware components necessary for the signal treatment (plant Bus, net, etc.),  
- the software involved with common cause failure between trains,  
- possible faults identified between different software/hardware technologies in the same train 

(for instance due to mistake in the order transmission),  
- the platform (for instance TXS or TXP on EPR) 
- the items used for communication between automates (Gate ways, MSI, etc.). 
- the support systems (ventilation and electrical support) 

 

4. Methodology 
 
The modelling of I&C in the IRSN PSA level 1 is constructed to be an iterative process which needed 
the cooperation between I&C and PSA experts. The modelling is in fact build based on macroscopic 
faults of items of I&C systems, which standing for all kinds of microscopic errors which may appear. 
The probabilistic values attributed to basic events associated to those faults are assumed to be 
conservative.  
Due to the lack of support studies to define those probabilistic values, some expert judgements are 
used and sensitivities studies should be lead to validate the importance of the values considered. 
 
Globally, the goal is to check which Minimal Cut-Set (MCS), and so, in which scenario, the I&C 
systems are main contributors. Once those dominant scenarios are pointed out, thanks to the 
conservative values attribute to I&C parameters and to modelling of support systems, an analysis have 
to be realised in order to precise if it may be demonstrated that it is realistic or not. This analysis has to 
lead to identify the possible weakness in the interaction between safety systems and I&C design. 
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The aim to identify and analyse possible weakness justify the choice to be conservative not only in the 
parameters attributed but also in the modelling and in the macroscopic basic-events definition.  
  

5. Main faults considered 
 
The modelling of I&C in the IRSN PSA level 1 is still under construction and some modifications in 
the faults considered may always be done easily. The faults considered are macroscopic and in some 
cases conservative in the meaning that they may have to be detailed linked to realistic potential failure 
modes if an exhaustive list of failure modes may be demonstrated. For now, we do not have any study 
which allowed being less conservative with a sufficient level of confidence in the exhaustively of 
failure modes. So in a first step of its study, the IRSN considered mainly the following faults list5:  
 

Automate Faults considered 
PS Common logic for PS 
  PS net (communication specific between PS) 

  Erroneous order transmitted between PS and SAS for one
division 

  Specific fault of the TXS platform 
  CCF between TXS and TXP platform 
  Faults of support systems (electrical and ventilation) 

SAS Erroneous order transmitted between PS and SAS for one
division 

  Common logic for SAS 
  SAS net (communication specific between PS) 
  Specific fault of the TXP platform 
  Support systems (electrical and ventilation) 
MCP/Sdr MCP panel  
  OT (operator post) 
  Plant BUS (link between PU and automates) 
  PU (calculators redundant division by division)  
  Terminal Bus (link between OT and PU) 
  Support systems (electrical and ventilation) 
  Gate way and MSI (interface between I&C level for PS/MCP) 
  CP (communication processor interface for SAS/MCP)  
MCS CP (communication processor interface for SAS/MCS)  
  MCS panel  
  Support systems (electrical and ventilation) 
  PI (panel Interface communication between PS / MCS) 
  MSI (interface between  PS/MCS) 

 
 

                                                      
5 This list is not exhaustive in that all automates considered do not appear as for example PAS, or CCAG but it is 

representative of the faults considered. 
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Those faults are defined based on a general architecture of the I&C systems established thanks to the 
participation of I&C specialists to simplify the global architecture in macroscopic elements. This 
participation leads to the following picture which stands for the architecture of EPR. 
 

  I&C architecture of EPR modelled by IRSN 
 

In this picture, each caption stands for an I&C component which is model with at least one basic 
events and potentially support by ventilation and electrical support. The lines stand for net 
communication between components which have to be also considered.  
 

6. Preliminary fallout 
 
In its preliminary evaluation of the operator level 1 PSA for the French EPR performed during 2010, 
the IRSN concludes, concerning digital I&C, that the modelling of the operator complies with the state 
of the art. Nevertheless to conclude on the validity of modelling, IRSN asked for I&C modelling 
justifications and mainly: 

- an analysis of failure modes of I&C systems and the plant impact,  
- I&C systems dependencies identification and analysis which should conduct to produce a 

dependence matrix, 
- an analysis of the impact of the failure of systems used for thermal conditioning. 

 
Moreover, IRSN has estimated that the following items should be taken into account by the operator: 

- An exhaustive analysis realized for identifying initiators for I&C spurious actuation signals on 
the basis of system final design. 

- Initiators of loss of I&C. 
- The update of I&C components failure probabilities according to existing EPR I&C reliability 

analyses.  
- I&C support systems: electrical supply and ventilation 
- Sensors mis-calibration due to pre-accidental human errors 
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