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FOREWORD 
 

 

For the first time, the IRSN is producing a report on its assessment of the safety of French nuclear power plants in 

2007, and publishing it on its web site. This report is based on the main lessons from the studies the Institute 

carries out as part of its technical support to the ASN (French Nuclear Safety Authority) concerning the operation 

of the 58 EDF (Electricité De France) reactors, and when specific incidents that justify an in-depth examination 

arise.  

 

In my opinion, the regular annual dissemination of this type of information, outside any context of nuclear safety 

media coverage associated with current events, can help ensure a better understanding by the stakeholders – and 

more widely by the public – of the real safety issues associated with the operation of nuclear installations, the 

progress made in terms of safety as well as the identified deficiencies. 

 

Zero risk does not exist. Equipment and humans are not infallible. That is why nuclear safety is based on a set of 

technical and organizational provisions, satisfying a defence-in-depth principle whose implementation aims at 

preventing incidents and accidents and limiting the consequences of any that might arise in spite of the prevention 

measures.  

 

Today, progress in terms of transparency and enhanced access to technical information lead to extensive media 

coverage of certain incidents. This new report aims at enabling readers to take a step back and develop their own 

documented and unbiased opinion on a number of important subjects in terms of nuclear safety.  

 

Progress in safety is dependent on the implementation of human know-how to improve the effectiveness of the 

measures taken to counter the risks. Year after year, thanks to these periodic reports, the IRSN will give everyone 

an additional means of assessing the development of EDF's practices and facilities.  

 

The IRSN will naturally welcome any suggestions from the stakeholders and the public that might help improve 

future reports. 

 

 

Jacques REPUSSARD  

IRSN Director general 
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INTRODUCTION AND SYNTHESIS 

 

This report presents the viewpoint of the IRSN on the safety and radiation protection of EDF's nuclear power plants 

(NPPs) in operation during 2007. It does not aim to be exhaustive but rather to highlight the points the IRSN 

considers important for safety.  

Contributing to maintaining a high level of safety and radiation protection in nuclear facilities in service is one of 

the seven challenges of the objectives contract signed between the French Government and the IRSN. Safety 

demands constant vigilance on the part of all the players involved. It is never definitively acquired and must 

remain a priority and continuously progress, with the plant operator remaining the first entity responsible for the 

safety of its facility.  

For the IRSN, part of this mission firstly involves carefully examining and taking into consideration national and 

international experience feedback, and new scientific knowledge resulting from research. The implementation of 

improvements, whether technical or organizational or relating to human skills, then comes secondly  

 

The French EDF nuclear power plants in 
operation comprise 58 pressurized water 
reactors (PWR) on 19 sites.  
The design of these reactors is based on 
several standardized plant series:  
- the CP0 and CPY plant series with  
34 reactors delivering an electrical power 
output of 900 MWe  
- the P4 and P'4 plant series with  
20 reactors delivering an electrical power 
output of 1300 MWe  
- the N4 plant series with 4 reactors 
delivering an electrical power output of 
1450 MWe  

 

This report comprises four sections. In the first section, the IRSN presents the main trends that emerged from its 

overall review of the safety of the in-service nuclear power plants. The second section addresses the events that 

have marked the year due to their impact on safety. It also presents a synthesis of the radiation protection events. 

The third section is devoted to anomalies displaying a generic nature for several power plants. The last section 

covers the significant changes implemented or scheduled. These are generally modifications or plans of action 

intended to improve safety performance in the operation or design of the facilities.  

 

THE MAIN NUCLEAR SITES 

 

 



   

 

 DSR Report No. 271 2 

 

In spite of sometimes significant disparities in the results between power plants, the IRSN draws the following 

conclusions from its global review of the year 2007. First of all, no event had serious consequences in the fields of 

either safety or radioprotection. This good result must however be tempered by the persistence, or even the 

increase in unanticipated events and operating difficulties, caused essentially by human factors, organizational 

aspects and certain shortcomings in terms of operating rigour. Although the responsiveness of the operators 

enabled the consequences of such events to be limited, this responsiveness nevertheless has its limits and 

particular attention shall be paid to the effects of the corrective actions engaged by EDF in the areas of 

organization, operating practices and human competence. 

Among the generic anomalies discovered on  nuclear power plants (NPPs), that relating to the clogging of steam 

generators strongly mobilized the IRSN, and continues to do so because of the associated risks. 

Progressing in nuclear safety involves taking into account experience feedback and new knowledge resulting from 

research into safety. The studies and implementation of the necessary modifications are sometimes of 

considerable scale and extend over several years. Milestones were crossed in the implementation of significant 

improvements for safety in 2007. Among these the IRSN has noted in particular the installation of hydrogen 

recombiners that are designed to reduce the risk of hydrogen emission in the reactor containment in a severe 

accident situation (core meltdown) for all the reactors of the fleet, and the installation of new filtration systems 

for the recirculation of the water collected in the sumps of the reactor building in an accident situation (loss of 

primary coolant). Furthermore, in 2007 the IRSN delivered the conclusions from its analysis of the measures 

proposed by EDF to better protect the power plants against the risks of external flooding. Lastly, two new fuel 

management systems were put in place on NPPs in 2007: "MOX Parity" management on 900 MWe reactors, and 

"ALCADE" management on 1450 MWe reactors. Optimising the management of reloaded fuel aims essentially at 

improving the economic performance of reactors. It does however require prior reviewing of the studies associated 

with the safety report, and the IRSN has engaged substantial investigation means to analyse the various associated 

safety files.  
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GLOBAL ASSESSMENT OF THE SAFETY OF 
NUCLEAR POWER PLANTS IN OPERATION 

  

 

Whereas the safety of a reactor depends to a large extent on its design and the quality of 
its construction, the conditions in which it is operated influence its level of safety in 
service. The IRSN has the means and an organisational structure that enable it to 
permanently monitor and assess the safety of each reactor. One of the evaluation 
methods developed by the IRSN aims at making an annual global assessment of the 
development of the in-service safety level of the EDF fleet of reactors to detect trends 
and even possible deviations. For this the IRSN has created analysis tools, based in 
particular on the utilisation of the information contained in the significant events reports 
provided by the operators. The following presents the main trends observed in 2007. 
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Trends noted by the IRSN in 2007 

An increase in unanticipated events and operating difficulties in power plants. This is the 
broad trend the IRSN has observed for a few years and which is confirmed in 2007. If the 
responsiveness of the operators enables the impacts on safety to be reduced, it 
nevertheless has its limits.  

A number of events significant for safety that has been increasing for several years 

About 650 safety significant events (SSE) on 

NPPs were reported in 2007 (i.e. an average of 

11.2 SSEs per reactor). This annual number of 

events significant for safety is constantly rising. 

This rise is due to the concomitance of several 

effects: a change in the reporting criteria, a 

better capacity of the plant operators to detect 

deviations, and also the emergence of certain 

difficulties in the operation of the plant units. 

It is nevertheless noted that the number of 

events classified in the international INES scale 

has fallen with respect to 2006 (55 SSEs of level 

1 in 2007 compared with 72 in 2006).  

Although in 2007 no incident occurred that could have seriously 

jeopardized the safety of the reactors and lead to unacceptable 

consequences for the personnel, the population and the 

environment, examination of the events does nevertheless reveal an increase in the unanticipated events and 

difficulties in the operation of the power plants, a trend that has existed for two or three years and was confirmed 

in 2007.  

If this trend globally concerns all the French nuclear power plants, the IRSN nevertheless observes disparities, 

sometimes significant, between power plants.  

INES (International Nuclear Events Scale): 

a scale comprising seven levels 

Evolution du nombre d'évènements significatifs 
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When a deviation arises that corresponds to one of the criteria defined by the ASN (Nuclear Safety Authority), 

the operator is bound to notify it to the safety authority by fax within 48 hours of discovering the deviation. It 

must then provide its analysis of the event in a "CRES" (significant event report) within two months. 

The 10 criteria for reporting safety significant events (SSE) 

SSE 1 automatic reactor scram 
SSE 2 actuation of an engineered safeguard system 
SSE 3 noncompliance with the operating technical specifications (OTS) 
SSE 4 internal or external hazard  
SSE 5 malicious act or attempted act that could affect plant safety 

SSE 6 
entry into fallback state in application of the OTS or accident management procedures further to unforeseen 
behaviour of the plant 

SSE 7 event having caused or that could cause multiple failures 

SSE 8 
event or anomaly specific to the main primary system, the main secondary system or to the pressure 
equipment of the systems connected to them, leading to or which could lead to an operating condition not 
taken into account in the design or that is not covered by the existing operating instructions 

SSE 9 
anomaly in design, construction, on-site assembly or operation of the facility concerning equipment and 
functional systems other than those covered by criterion 8, leading to or which could lead to an operating 
condition not taken into account in the design or that is not covered by the existing operating instructions 

SSE 10 
any other event that could affect the safety of the facility and judged significant by the operator or by the 
Nuclear Safety Authority. 

Automatic reactor scrams (ARS) 

Reducing the ARS number is one of EDF's major concerns. The IRSN observes in this respect that the number of 

automatic reactor scrams remains close to 1 ARS/reactor/year; only a slight reduction is observed. Significant 

disparity is observed between power plants for this indicator; some plant units had no ARS in 2007 whereas others 

had up to 4 or 5. The IRSN notes that all the ARS sequences ran correctly, which demonstrates the reliability of 

this protection. Nevertheless, the automatic reactor scram remains a transient for the facility and the IRSN 

considers that EDF should continue its effort to reduce recourse to ARS. 

Increase in the number of fallback initiations  

In 2007 French nuclear power plants saw a rise in 

the number of fallback initiations (41 fallback 

initiations).  

Certain sites had none in 2007 while others had up 

to eight. The majority concern unavailability of 

safety-related equipment or systems  for which the 

technical specifications oblige fallback. Thus the 

evolution of the number of fallbacks is an element 

for assessing the evolution of unanticipated 

operating events involving safety. 
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Fallback initiation 
The checks performed during the operation of the reactor serve to identify failures or signs of malfunctioning of 

certain equipment items that play a role in safety. Depending on their seriousness, the operating technical 

specifications oblige the operator to put the reactor into a safer state (fallback state) than the initial state it was 

in when the anomaly was discovered. Fallback initiation constitutes the start of the operations to take the reactor 

to fallback state. It is preceded by a period called "fallback initiation time" that enables the operator either to 

repair the anomaly or implement palliative measures to maintain the reactor in its initial state, or to prepare for 

fallback if the anomaly is not repaired or compensated within this time. 

A majority of events related to human factors 

Whereas technical failures represented a significant proportion of events in the first years of nuclear power plant 

operation, the IRSN observes today that the root causes of events are increasingly human factors: in 2007, as in 

the five preceding years, 80% of the SSEs originated from human errors and/or organisational failures. 

The IRSN's global examination of these events has highlighted some strong trends that have arisen in recent years 

and were confirmed, and even amplified, in 2007. This is particularly the case with nonconformities with respect 

to the operating technical specifications (OTS) and quality deficiencies in maintenance operations.  

Increase in the number of nonconformities with respect to the operating technical specifications  

The number of nonconformities with respect to the 

operating technical specifications has been increasing for 

several years. Events of this type represent more than half 

the total number of events significant for safety. These 

events are largely associated with human errors (about 

two-thirds), and above all a drop in the vigilance of the 

various players. They also reveal weaknesses in 

organisation (preparation, analysis, verification) and 

operational communication. The increase in these 

nonconformities is also due to the fact that the plant 

operators detect them better. 

The operating technical specifications 
The general operating rules determine a set of rules specific to the operation of the plant unit and which must be 

respected to remain within the framework of the safety demonstration presented in the Safety Report.  

The operating technical specifications form part of the general operating rules. They serve to: 

• define the normal operating limits for the facility in order to remain within the reactor design and design 

basis assumptions, 

• define, according to the status of the plant unit in question, the safety functions vital for the verification, 

protection and saving of the barriers and for the operability of the operating procedures in the event of an 

incident or accident, 

• prescribe actions to take if the normal operating limit is exceeded or if a required safety function is not 

available. 

The IRSN defines nonconformity with respect to the operating technical specifications as noncompliance on the 

part of the operator with a rule set forth in the technical specifications. As an example the unscheduled 

unavailability of an item of equipment does not constitute a nonconformity if this equipment is repaired within the 

required time. However, if the unavailability was caused by the operator (by error or omission) or if the equipment 

downtime exceeds the allowed time without fallback being initiated, then it constitutes a nonconformity.  

Autres ESS

NC STE

NC STE - Sorties 

de domaine

Number of nonconformities with respect to 

operating technical specifications in 2007 
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Other SSEs 
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Among these nonconformities with respect to the operating technical specifications, the number of excursions 

from the authorized operating boundaries has almost doubled in five years with 57 events recorded in 2007. The 

most frequently represented category is the non-controlled excursion from the authorized primary system 

temperatures and pressures boundaries (about 60%). Part of this rise has to be attributed to the greater vigilance 

of the operators to detect these events. It must be underlined that in most cases, this difference is rapidly 

corrected and is of no consequence. Some excursions from the boundaries can be attributed to equipment failures, 

but the majority of them result from difficulties in the management and monitoring of certain control phases by 

the operators.  

The operating ranges 
The authorized operating boundaries are divided into operating ranges. Each operating range groups the reactor 

states that display similar physical characteristics and similar operating conditions or end-purposes. These 

characteristics help define the operating ranges in which the normal operating limits of the reactor are prescribed 

along with the availability of the safety functions. 

It is strictly prohibited to intentionally leave the operating range in which the reactor is situated without 

complying with the "requisite conditions to change reactor status". Further to a non-controlled excursion from an 

operating range, the operator must do everything possible to return to the initial situation as quickly as possible. 

In 2007, EDF conducted a reflection and implemented actions to reduce the number of nonconformities with 

respect to the operating technical specifications. The IRSN shall measure the effectiveness of these actions by 

annual tracking of the number of nonconformities. 

Increase in the number of waiver requests 

The operator submits a waiver request to the ASN when it wishes to deviate from the normal control conditions 

imposed by the operating technical specifications. The IRSN always examines the operator's request and decides 

whether it is admissible with regard to safety. Few requests receive an unfavourable opinion from the IRSN, but 

the IRSN often judges the operator's planned 

"palliative" safety measures insufficient, and 

in such cases specifies the additional 

measures the operator must take for the 

request to be admissible. The number of 

waiver requests has been rising since 2003. 

Various reasons motivate these requests, 

and although the majority of them result 

from operating constraints that cannot be 

circumvented, some could be avoided 

through better organization on the part of 

the operator.  
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A rise in the number of maintenance-related events  

Another trend observed by the IRSN concerns events whose origin can be associated with maintenance operations. 

A rise in the number of events in this category has been noticed in the last few years. The detailed analysis of 

these events shows that their causes can essentially be attributed to the human factor, whether in organizational 

aspects (about 40% are due to poor preparation, a lack of risk analysis or verification, or a problem in the 

documentary aids) or in the action of the personnel (60% are caused directly by the personnel during maintenance 

operations).  

The events the IRSN classifies in this category are diverse in nature: system misconfiguration, noncompliance with 

operating technical specifications, inadequate checks, quality of maintenance operations, etc. Thus an increase in 

the number of quality deficiencies during maintenance work was observed in 2007. The maintenance of safety-

related structures and equipment is a major concern for the operator and the ASN. The human and financial 

resources devoted to this must remain sufficient in spite of the drive to minimize costs. At the request of the ASN, 

the IRSN investigated the maintenance policy of EDF. This analysis examined all the aspects of maintenance, 

ranging from strategies and methods to contents, practices, means and the organisational structures in place. 

Regarding this latter point more specifically, the IRSN considers that particular attention must be paid to the 

maintaining of internal and external skills and competencies as well as to the surveillance and preparation of the 

maintenance operators. The IRSN presented the results of its investigation at a meeting of the standing advisory 

group of experts in March 2008. 

Constantly evolving reference standards 

The documents used are often implicated in events significant for safety. To give an example, almost a quarter of 

the events mention the use of faulty procedures (incorrect procedure, problem of ergonomy, procedure not 

updated, etc.). 

The IRSN's analysis has shown that the document writing and updating processes are complex and concern a very 

large number of documents, which means that the technical documentation reference system is constantly 

evolving.  

The reference documentation associated with 

the periodic tests (PT) illustrates the 

difficulties encountered on the sites. Some 

difficulties result from a lack of rigour in the 

preparation and performance of the periodic 

tests. The IRSN has noted that more than half 

the significant events associated with the 

implementation of periodic tests originate 

from a documentary problem. The others 

originate from scheduling errors. Aware of 

these problems, EDF began the deployment 

of a project in 2007 aiming notably at 

improving the site documentation management process. The first phase of this project concerns the standardized 

procedure documents for periodic tests. This subject was addressed by the IRSN in 2007 (see "harmonization of 

practices and methods project"). 
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Good responsiveness from the plant operators 

Deviation detection and events management have improved over the past few years, witnessing the good 

responsiveness of the plant operators. Nevertheless, the IRSN points out the fact that the increase in operating 

difficulties, and notably the unanticipated operating incidents, can limit this responsiveness. 

As an example, the vigilance of the control team in the control room with respect to the alarms and variations in 

the physical parameters, which had improved in recent years, seems to have stagnated in 2007. 

Projects for improvement in the medium and long term 

For the year 2007, the broad trends observed by the IRSN over the past few years are being confirmed, with an 

increase in the number of operating events and the number of unanticipated incidents in particular. This increase 

can be interpreted either as a sign of increasing difficulties in operation - some of which are related to the 

increased complexity of the technical reference standard – or the result of greater vigilance of the operators in 

detecting the deviations. It must nevertheless be pointed out that these are overall trends for all the nuclear 

power plants, and there are disparities in performance - sometimes large – between the plants. Moreover, the 

responsiveness of the operators to operating deviations is still satisfactory, even if it seems to have remained 

stagnant in 2007. The principal observations of the IRSN are shared by EDF, notably those relative to the 

compliance with technical specifications, the quality of the maintenance operations and the appropriation of 

procedures.  

EDF has launched several plans of action to correct these trends. Some actions are highly targeted, such as the 

"practices and methods harmonization project", which aims at standardizing the documentation and improving the 

ergonomic quality of the documents. Others are more general, such as the enhancement of operator training and 

the "Human Performance in nuclear power plants" project which comprises several parts (performance of 

activities, secured communication, etc.). 

The IRSN shall regularly monitor the effects of these actions using the analysis means at its disposal in order to 

evaluate their effectiveness.  
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Tools developed by the IRSN 

Among the means implemented at the IRSN to assess nuclear power plant safety, some are 
more specifically designed to monitor the overall evolution of the safety of nuclear power 
plants in operation.  

The safety indicators 

The ongoing operating safety assessment of EDF pressurized water reactor units is conducted within the IRSN using 

various methods, such as detailed examination of events reported by the plant operator, analysis of trends for 

certain items of equipment or sensitive situations, in-depth analysis of incidents, etc. One method put in place by 

the IRSN comprises a set of indicators for providing a global annual assessment of the development of the different 

factors contributing to plant safety. These indicators serve to:  

• monitor the overall safety of nuclear power plants; 

• identify trends concerning significant aspects of safety and when necessary give the alert if a deviation is 

observed; 

• assess homogeneity from one power plant to the next and highlight any disparities or particularities of 

certain power plants with respect to the plant series or the fleet. 

It is important to point out that these indicators do not enable the causes of changes to be determined and 

analysed. They can however enlighten the IRSN on the areas that merit closer examination. The indicators are 

essentially a statistical analysis tool supplementing the various forms of evaluation already implemented (in-depth 

analyses, probabilistic safety studies to assess event seriousness, the opinions of the IRSN engineers responsible for 

monitoring the power plants, etc.).  

The indicators must give the most faithful possible picture of the overall safety of the facilities and the fleet, and 

be objective, verifiable and indisputable. They are unambiguous and must be able to be applied to all the plant 

units. They must be clearly defined, that is to say they must not be able to be interpreted in different manners. 

These are quantitative data which must be readily available. Lastly, these data must be verifiable, i.e. the 

information source from which the indicators were drawn must be validated. 

The safety indicator system put in place by the IRSN comprises 45 indicators. The information sources used for the 

indicators are mainly the significant event reports (CRES) and the annual safety and radiation protection 

assessments provided by each nuclear power plant. Some indicators result from the processing of information 

contained in the CRES's using the RECUPERARE tool.  

http://net-science.irsn.org/net-science/liblocal/docs/docs_DIR/RST2002_ANGLAIS/Chap01art1GB.pdf
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The indicators are classified by category for greater clarity. The categories are: 

• unanticipated operating events; 

• rigour of operation; 

• safety system unavailabilities; 

• event seriousness; 

• the cause of events significant for safety; 

• radiation protection; 

• the condition of barriers; 

• releases. 

The RECUPERARE model  

As a complement to traditional events analysis (examination of the sequence of events, analysis of causes and 

consequences), the IRSN has endeavoured to better understand the aspects relating to the detection and recovery 

of the situations associated with these events. The aim is to clearly identify the mechanisms for recovering 

abnormal situations affecting the facilities. To this end, a model has been developed that highlights the 

combination of the technical aspects and human actions during the unfolding of a significant event. For example, a 

human error can be recovered by automatic triggering of the safeguard systems, or a technical failure could form 

the subject of a complex recovery process by the control teams. Although implicit hypotheses concerning the 

"difficulty" or "complexity" of recovery, depending on whether the origin is human or technical, do exist, there are 

no data allowing a scientific comparison of these situations. By applying this model to a large number of real 

events (the events reported in a year for example), the statistical analysis of the collected data allows, for 

example, the measurement of the frequency of two types of causes and a comparison of the recovery parameters.  

 

The RECUPERARE analysis method is based on the modelling of events situations that proceeds as follows: 

• the situations are 

precisely delimited in 

time; 

• relevant parameters are 

chosen; 

• the parameters are 

arranged in a way that 

provides a rigorous 

description of the 

situations; 

• classification criteria are 

identified. 

The "causes" table of the RECUPERARE software 
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The block diagram below shows the static aspect of the event model, integrating the technical, human and 

organizational aspects and highlighting the interaction between the causes of events, the recovery factors and the 

event development mechanisms.  

The static model therefore describes: 

• the emergence of event causes (human errors, organizational or technical failures); 

• the characteristics of the development of the event; 

• its recovery (which is based on the human system and the automatic safeguard systems for recovering 

both human errors and technical or organizational failures). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Simplified static model 

Description of the method:  

The RECUPERARE analysis method consists in making a systematic analysis of all the significant events that have 

occurred in France in the course of a year and describing them using the event model presented above. The first 

objective of this analysis method is to obtain a fine statistical description of the events of a year, with varied 

descriptions, chiefly relating to the fault/recovery pair and comparable with those of the preceding year. The 

second objective is to observe the relevant times that will be used to assess the performance of the site or plant 

unit in certain types of situation. This method of analysis enables the technical, human and organizational factors 

to be integrated over a large number of events. The tool necessary for this analysis is a database whose fields have 

been developed from descriptions of the event model. All the data relating to the events come from the 

significant events reports sent by the operators. 

Event causes 

• Human error 

• Technical failure 

• Organizational failure 

Deviation / Event 

Recovery 

• Technical or human 
recovery action 

• Management of 
consequences for  
plant safety 

• Resource management 

Consequences 

Event/process development 

mechanism  

Performance 

http://net-science.irsn.org/net-science/liblocal/docs/docs_DIR/RST2002_ANGLAIS/Chap01art1GB.pdf
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EVENTS AND INCIDENTS 

 

 

Understanding the why and the how of an event, identifying the context and the causes, 
evaluating its potential seriousness, evaluating the appropriateness of the corrective 
actions planned for by the operator to prevent recurrence…. the analysis of events and 
incidents involves all these elements. They constitute an essential activity of the IRSN in 
the framework of power plant operation monitoring. 

The events can have diverse origins, such as human or organizational failures, equipment 
failures, design faults, but they can also be external to the power plant, such as natural 
hazards for example. The events presented in this chapter illustrate this diversity. 

The partial inhibition of a safeguard function on one of the Gravelines plant reactors 
results exclusively from a human factor. The IRSN's analysis shows that any intrusive 
intervention in a safeguard system that involves putting in place temporary specific 
devices or means must be prepared for and conducted with particular attention.  

The loss of power supply on a reactor at the Dampierre power plant resulted from the 
joint effect of two equipment failures. Although reactor operation was correctly managed 
by the operator, this event shows the complexity of the situations that can result from 
power supply losses, and the difficulty in managing them optimally. 

Progress has been made concerning radiation protection, but the IRSN underlines the 
persistence of anomalies - mainly of an organizational nature - which although they have 
had no notable consequences on EDF’s personnel and subcontactors to date, nevertheless 
generate risk situations. 

Lastly, the earthquake which occurred in Japan strongly mobilized the IRSN specialists 
who drew valuable lessons from it, providing inputs for the research programmes on the 
robustness of nuclear facilities, the control measures and the organization of 
interventions in such situations. 
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Partial inhibition of a safeguard function  

On 24 March 2006, EDF discovered an anomaly concerning the instrumentation and 
control of the reactor safety injection system during the refuelling outage of the 
Gravelines plant reactor No.3. This anomaly had been partially inhibiting a safeguard 
function for a year and would have affected safety in certain accident situations. It 
originated from a fault in returning the facility to compliant status after installing a DMP 
(French acronym for temporary provision and resource see following page).  

Safety injection: a safeguard system 

During normal operation, the nuclear fuel is cooled 

by borated water circulating in the main primary 

system. If there is a break in this circuit, the 

triggering of the automatic shutdown switches of 

the reactor allows the reactor to be shut down. At 

the same time, the safety injection starts 

automatically. All the automatic actions are 

initiated by the "reactor protection" 

instrumentation and control system. The purpose of 

the safety injection system is to inject water from 

the pool cooling tank into the primary system to 

avoid uncovering the nuclear fuel by compensating 

for the vaporized water released via the break, and 

to evacuate the residual power that continues to emanate from the fuel after reactor shutdown. The reactor 

safeguard system comprises two redundant trains (trains A and B). Each train is capable of ensuring 100% of the 

safeguard function required to remain operational, even in case of failure of one of its components. When the tank 

is empty (there is only one tank), the water is pumped from sumps located at the bottom of the reactor building 

and in this case the safeguard systems are functioning in "sump recirculation" mode.  

As a protection against an inadvertent shutdown by the operators, the safety injection is stored in memory for five 

minutes following its entry into service. After this period, the operators can reset the safety injection signal 

memory to zero and thus regain control over the various actuators (pumps or valves) of the safeguard system. 

Furthermore, this resetting to zero – which also occurs automatically ten minutes after the start of safety 

injection – is one of the prerequisites for automatic entry into sump recirculation mode when the low-level 

threshold of the pool cooling tank is reached.  
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Two electric wires left disconnected downgrade the safety injection function 

During the refuelling outage in April 2005 the reactor operator performed a periodic test of the safety injection 

system. To perform this test, the automatic reactor scram switches must be closed. It turned out that when the 

test was performed, these switches were open and could not be operated. To overcome this unanticipated 

problem and comply with the outage schedule, the operator used a DMP by disconnecting two electric wires in the 

instrumentation and control system of the reactor protection system (one on train A, the other on train B) to 

simulate the closed position of the switches.  

The DMP work order was not written up sufficiently precisely, and left the operator the possibility of disconnecting 

the wires at two different places. At the end of the intervention, the person responsible for returning to initial 

condition did not interpret the instructions in the same way as the person who disconnected the wires. This person 

went to the point where the wires had not been disconnected and concluded that they had already been 

reconnected, without making any other verifications. 

Likewise, when checking the relaying of the reactor protection system at the end of the outage, nobody noticed 

that the wires were disconnected. It was not until the start of the next outage (i.e. one year later) that the 

inspection of the protection system relaying revealed the 2 disconnected wires.  

What is a DMP (temporary provision and resource)? 
The DMP meets a precise definition transcribed by the operator in a national directive:  

• "provision" is the state of an item of equipment of the facility resulting from an action that alters its 

position or setting,  

• "resource" is a unit, part or equipment item installed on or removed from a system or part of a system,  

• these provisions or resources are "specific" when their utilization temporarily modifies the functional state 

of the facility, and when a risk for safety, availability or security is introduced if they are used when the 

plant unit or system is in a state other than that for which their use was initially planned.  

A DMP must only be used if an initial analysis of the need justifies its use. Its utilization must be temporary.  

 

Any DMP must form the subject of:  

• a prior analysis of the need and the risk associated with the DMP,  

• administrative management to ensure its traceability,  

• local signalling for the entire time it is present,  

• measures to ensure its removal, preferably through functional tests or, if this is not possible, by a local 

verification.  

What were the consequences for the safety of the reactor? 

When the automatic reactor scram switches are open after a reactor protection command, a signal is sent; this 

allows the safety injection signal memory to be reset to zero. Disconnecting the two cables in the reactor 

protection system made it impossible for the operators to reset the safety injection command to zero on the 

system's two redundant trains. In the event of a large break, this anomaly would have prevented automatic 

switching of the two trains of the safety injection system to sump recirculation mode. Without action by the 

operator, the safety injection system tank would have emptied itself completely and the pumps would have 

functioned with no load, which would have destroyed them. This would have resulted in stopping of cooling and 

uncovering of the fuel.  

Similarly, in the event of rupture of a steam generator tube, resetting to zero enables the safety injection to be 

stopped from the control room, which is necessary to limit releases into the atmosphere. 
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The IRSN has used its simulator to evaluate the times that would have been available to the operators to manually 

modify in the electrical rooms the configuration of the actuators of the various systems put into service during a 

safety injection. The simulation showed that for the accident transients of a large break and steam generator tube 

rupture, the times would have been insufficient. The IRSN conducted studies to evaluate the importance of the 

consequences of this event in terms of core meltdown risk. The studies classify this incident among the most 

outstanding.  

Defective anomaly detection defence lines  

Each system that is important to safety is subject to a programme of periodic tests to check its availability. 

Periodic tests are performed every two months on each train of the reactor protection system. Their purpose is to 

verify that each protection signal sent results in the actuation of all the actuators concerned. These are partial 

overlapping tests that test successive parts of a protection channel. With regard to the safety injection, a 

complete functional test is performed during unit outage by manually activating the safety injection signal and 

observing the operation of the actuators. The IRSN's analysis of the incident revealed that neither the two-monthly 

tests nor the functional tests performed at each refuelling could have detected this anomaly. 

Only use DMPs when absolutely necessary  

Experience feedback had already shown that it was possible to inhibit a safeguard function for a long time if a DMP 

used for the performance of a test or maintenance operation was forgotten and left in place. An analysis 

conducted by the IRSN in 1991 in the more general context of improving the quality and safety of maintenance 

operations had nevertheless shown that the use of DMPs could not be completely avoided, but that they had to be 

subject to particularly rigorous management by favouring all simple measures that bring a significant improvement 

in terms of safety, such as differentiating the DMP by a bright colour. A temporary modification of the functional 

status of the facility was only to be introduced if it was indispensable. In the present case, the use of the DMP had 

no other objective than to allow the continuation of the test in order to comply with the schedule which, 

according to the IRSN, goes against the rules EDF set itself in 1994. 

Conclusion 

The IRSN's analysis has shown that the consequences of this anomaly could have been serious if an accident 

situation had arisen. This is why the IRSN has reiterated the essential measures that must be applied when using a 

DMP. EDF is putting in place a plan of actions in this respect. The IRSN has moreover recommended introducing 

periodic tests for verifying the availability of the resetting of the safety injection signal and more generally of the 

other protection signals zero resetting devices.  
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Loss of power supplies  

On April 9, 2007, the failure of an overcurrent protection relay of an electrical panel at 
the Dampierre power plant reactor No.3, combined with a second fault on the main line, 
led - through application of the procedures - to the loss of offsite power and the 
impossibility of connecting the emergency diesel generator to one of the two backup 
panels; only the safety equipment of the other panel could thus be supplied. 

The power supply of French 900 MWe reactors 

The equipment items ensuring the safety functions on the French reactors are supplied by two independent 

redundant electrical trains backed up by onsite power supplies. A single train is sufficient to accomplish the safety 

functions, that is to say reactor shutdown and evacuation of the residual power (figure below). 

 

 

 

 

French PWR power supply principle  
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In normal situation, the "main" electrical line that transmits the energy produced by the power station to the 

national grid supplies the power plant equipment.  

In the event of a momentary fault in the main line, the power plant is automatically isolated from the national 

grid and can supply its own power by adapting its production to its consumption alone: this is referred to as "house 

load operation".  

If the main line problem continues, the operators must shut down the reactor and its power supply is switched 

over to a second line of the national grid called the "auxiliary" line.  

If both these offsite power supplies are unavailable simultaneously, the reactor shuts down automatically and the 

two backup diesel generator sets enter service within a few seconds and supply the safety equipment of the two 

trains, train A via LHA emergency switchboard and train B via LHB emergency switchboard.  

During such transients, the electrical components allowing switching from one power source to another and all the 

electronic instruments used to check the state of the reactor (physical quantity measurements, regulation 

functions, automatic functions, information displays) remain supplied by batteries that take over in the event of a 

power failure.  

Furthermore, on each site equipped with 900 MWe reactors, an "ultimate backup" diesel generator set can be 

connected manually in place of a defective generator set in just a few hours.  

What happened at the Dampierre plant? 

On April 9, 2007, reactor No. 3 of the Dampierre plant lost the power supply to train A safety equipment. The 

incident was caused by the failure of an overcurrent protection relay on the LHA emergency switchboard (see 

diagram below). This fault made it impossible to connect the emergency diesel generator set to the LHA 

switchboard and only the safety equipment of train B could be supplied via the LHB switchboard. In accordance 

with the procedures applicable for faults of this type, the operator started reducing reactor power (initially at 60% 

of nominal power) in view of shutting it down.  

 

Electrical system faults causing the Dampierre 3 incident 
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During outage, at the moment of turbine trip, another fault on a main line component (closing switch for coupling 

the turbogenerator set to the grid) aggravated the situation (opening of the line circuit breaker) causing loss of the 

plant power supply via the external "main" line.  

Furthermore, in accordance with the provisions of a new operating procedure, the operator cut off certain 

electrical panels to economise the associated backup batteries, thus making it impossible for the power plant to 

be resupplied via the "auxiliary" external line provided for this situation.  

Loss of offsite power supply led to automatic reactor scram and automatic starting of train B emergency diesel 

generator. The reactor was thus able to be taken to the shutdown status planned for in such a situation by using 

train B safety equipment. 

The crisis organizations were put in place as a preventive measure, which enabled good technical coordination 

between the operator, the IRSN and the ASN to be ensured. The plant operator restored the offsite power supplies 

on the morning of April 10, enabling reactor shutdown to be continued under better conditions.  

The ASN classified this incident as level 2 on the INES scale.  

 

The consequences and lessons learned from the Dampierre incident  

On April 13, 2007 the ASN and the IRSN went to the site to check the planned maintenance for the incriminated 

equipment and the management of the event by the operator in the framework of the incidents operating 

procedures. This inspection did not reveal any deviations.  

On 26 June 2007, the ASN drew up Decision No.2007-DC-0051 asking EDF 

for in-depth analyses of the causes of the incident, of the relay 

surveillance and maintenance actions and of the operation of the 

electrical system in order to propose possible improvements.  

According to EDF, the fault is associated with an aging phenomenon 

called "whiskers" that creates conductive bridges between ground and 

the relay electronics printed circuit board (PCB). According to the IRSN, 

the conditions of appearance and propagation of whiskers are still poorly 

known. Consequently it appears difficult for the manufacturers to 

propose solutions that would prevent the recurrence of this type of 

fault. 

As this phenomenon generates isolation defects, EDF has decided to step 

up surveillance of the isolation of the networks supplying these relays. 

This surveillance does not enable the development of whiskers to be 

foreseen, therefore inadvertent trips cannot be excluded. The 

preventive replacement of the relays of the same type installed on the 

safety electrical panels of power plants has moreover begun. 

 

 

Relays of the LHA switchboard 

"whiskers": 
monocrystalline filaments 
coming from the 
electronics shielding sheet 
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Power source loss incidents 

Although the Dampierre incident is a well known situation (it is not the first incident of this type), the IRSN 

underlines that power supply loss incidents in France and abroad have shown the complexity of the situations that 

can result from them and the difficulty in managing them optimally. 

The incident that occurred on 25 July 2006 on reactor No.1 at Forsmark plant (Sweden) is particularly noteworthy, 

where as during the Dampierre incident, the redundancy of the plant safety equipment was lost due to the loss of 

their emergency power supply. 

Further to the Swedish incident, EDF examined the overvoltage protection settings of all the uninterruptible power 

supplies (UPS) supplying the safety equipment on its entire nuclear fleet, which led it to modify some of them so 

that the UPS's remain in service in the event of an overvoltage within the design specifications. It also carried out 

a technical review relative to the sensitivity of the equipment protection devices and the safety systems with 

respect to electrical network disturbances.  

Although the design of the power supplies is different, the IRSN examined the possibility of an incident of the same 

type as that of Forsmark occurring in the French power plants. The results of this examination led to the 

conclusion that on French nuclear power plants, operation of the emergency power supply (diesel generator) is by 

design insensitive to a grid disturbance such as the overvoltage registered at Forsmark and that the situation that 

resulted from it is taken into account in the design. 

The results of the EDF technical review on this subject are currently being analyzed.  

 

 

 

 

 

The Forsmark incident 
In this incident, classified by the SKI (Swedish Safety Authority) as level 2 on the INES scale, a short-circuit on the 

national electric grid (400 kV) first caused loss of the main offsite power supply. The power plant's two 

turbogenerators then generated a significant overvoltage on the internal network, putting two UPS's out of service 

and making it impossible to use two diesel generator sets (GE) that would have provided a backup supply for the 

safety equipment of two trains out of four. Other failures also led to the failure of house load operation and 

switching over to the second auxiliary offsite line (70 kV). Fortunately, the overvoltage did not put the other two 

UPS's of the other two safety trains out of service, and the corresponding two diesel generator sets managed to cut 

in automatically to supply the safety equipment of two trains out of four. The Forsmark incident thus evidenced a 

common mode failure on the emergency power supply (diesel generator sets) of the safety equipment further to 

an electrical disturbance on the national grid and a downgraded plant operating situation not taken into account in 

the design. 

http://www.irsn.org/index.php?module=presse&action=getCom&mode=topten&com_id=138&lgcode=FR
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Radiation protection events  

More than one hundred significant radiation protection events were reported for the EDF 
reactors in 2007. These events are tracked and examined by the IRSN. Although no event 
had significant radiological consequences for EDF's personnel and subcontractors, the 
IRSN considers that the effort must be continued in order to reduce the anomalies that 
persist, particularly for the gamma ray exposures and the conditions of intervention in 
the "limited stay" controlled areas. 

Notification of events  

The regulations relative to the protection of workers against the hazards of ionizing radiation obliges nuclear plant 

operators to notify the ASN of the radiation protection incidents called "Events Significant in terms of Radiation 

protection (ESR), in accordance with criteria it has defined and which are set forth by EDF in its reference 

standard.  

For each of these events, the operator analyzes the circumstances and causes of the event, its actual and 

potential radiological consequences, and puts corrective actions in place to prevent them from occurring again. 

These analyses are communicated to the ASN and the IRSN. The information provided in this way enables the IRSN 

to monitor the fleet as a whole, establish trends and give opinions on the corrective actions engaged by EDF. 

The IRSN observes that no event resulting in the exceeding of an annual dose limit (criterion 1) has occurred.  

ESR 3
10%

ESR 4
2%

ESR 5 
0%

ESR 6
11%

ESR 8
0%

ESR 9
0%

ESR 2
1%ESR 1

0%
ESR 10

27%

ESR 7 
49%  

Breakdown of reported events according to the notification criteria 

Radiation protection comprises all the measures 

taken to protect the workers, the population and 

the environment against the risks of radioactivity. 

Concrete compulsory measures ensure the 

radiation protection of the workers (through the 

construction of the power plants, organizational 

measures put in place, personnel training and 

medical monitoring).  
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The events are most often assignable to human errors and in the majority of cases are detected by the operator's 

radiation protection service.  

The distribution of the ESRs according to their notification criteria is very unequal. Two events categories are 

predominant: radiological cleanliness deficiencies and noncompliance with technical access conditions in 

controlled areas.  

 

114 events significant for radiation protection were reported on the EDF nuclear power plants. This represents 

14% of the total number of significant events reported in 2007 (safety, radiation protection, environment) 

The 10 criteria for reporting events significant for radiation protection (ESR) 

ESR 1 Exceeding of an annual regulatory individual dose limit or an unexpected situation that could, under 
representative and likely conditions, have led to the exceeding of an annual regulatory individual dose limit, 
whatever the type of exposure (this criterion includes the case of body contamination). 

ESR 2 Unexpected situation having led to the exceeding of a quarter of an annual regulatory individual dose limit, 
whatever the type of exposure (this criterion includes the case of body contamination). 

ESR 3 Any significant deviation concerning radiological cleanliness; notably the sources of contamination outside a 
controlled area higher than 1 MBq and clothing contamination exceeding 10 kBq detected at the C3 gantry or at 
a whole-body gamma measurement. 

ESR 4 Any significant activity (operation, work, modification, inspection) involving a radiological risk, performed 
without a radiation protection analysis (justification, optimization, limitation) or without this analysis being 
taken exhaustively into account. 

ESR 5 Malicious or attempted malicious action that could affect the protection of the workers or the public against 
ionising radiation 

ESR 6 Abnormal situation affecting a sealed or non-sealed source of activity exceeding the exemption thresholds 
Signalling deficiency or noncompliance with the technical conditions of access or staying in a specially 
controlled or prohibited area (limited stay areas, prohibited areas and exposure areas). 
7a Warning signs and indicators deficiencies 

ESR 7 

7 b Other deviations 
ESR 8 Non-compensated failure of the radiological surveillance systems ensuring the collective protection of the 

personnel present. 
ESR 9 Exceeding of the inspection interval of a radiological surveillance instrument by more than one month, if it 

concerns a permanent collective surveillance instrument (regulatory inspection interval of 1 month), or more 
than three months in the case of other types of instruments (when the inspection interval provided for in the 
operating general rules is between 12 and 18 months). 

ESR 10 Any other deviation that is significant for the ASN or the operator. 

 

Radiological cleanliness deficiencies (ESR 3) 

Among the 19 radiological cleanliness deficiencies 

reported in 2007, about ten are due to the dispersal of 

contamination in a controlled area. Although limited in 

number, these events give rise to contaminations 

(traces of radioactivity), as the risk of contamination 

was not perceived during preparation of the activity 

and therefore was not taken into account when drawing 

up the radiological work protocol defining the 

conditions of access.  

4

5
10

Dispersion de contamination
dans un local en ZC 

Point de contamination > 1MBq
hors ZC

Contamination vestimentaire
(C3) > 10000Bq

Breakdown of the 19 contamination events 

10 Contamination dispersal 
in a controlled area 
 
4 Point of contamination > 1 
MBq outside controlled area 
 
5 Clothing contamination 
(C3) > 10000 Bq 
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Contamination of workers generally seems to be associated with the lack of, or insufficient attention to, a prior 

risk analysis. The risk of contamination is particularly real during unit outages or maintenance operations that 

could lead to the opening of circuits or the transfer of primary fluid. The deviations detected show that the 

identification of contamination risks and the associated means of prevention and signalling can be improved or 

lack consistency. Two events examined with particular attention by the IRSN illustrate these shortcomings.  

The first occurred at the Paluel power plant on 21 August 2007. Dosimetric monitoring deficiencies led to the 

integration of a dose of 5.5 mSv by a subcontractor worker during a decontamination intervention at the bottom of 

the reactor cavity. Although the dose integrated did not exceed the annual individual dose limit for the workers 

(20 mSv), the IRSN considers that this event is indicative of 

a surveillance deficiency for operations with a radiological 

risk. Indeed, the analysis shows that for this intervention 

(decontamination of a pit) during which the dose rate is 

high and evolves constantly, the teledosimetry system 

provided and installed for the work intervention was not 

used. The use of this system would have enabled the dose 

rate to be monitored in real time and the alert given if the 

dose rate was exceeded. The fact that the worker also 

failed to monitor the received dose on his personal 

dosimeter for 30 minutes shows that progress must be made 

to heighten worker awareness of the radiological risks.  

The second event is relative to the discovery of traces of 

internal contamination on 131 people (i.e. half the workers) who worked in the reactor building during the outage 

of unit 1 at the Penly power plant on 18 October 2007. These internal contaminations resulted from the 

atmospheric contamination coming from rooms in which maintenance work was performed on valve components. 

Although the integrated doses are very low and have no consequences on health, the analysis of the event 

nevertheless revealed deficiencies in the preparation of the work site, which was nonetheless considered to 

represent a dosimetric risk (deficiencies in the confinement of the risk area and in human and equipment 

surveillance).  

Clothing contaminations for their part have been decreasing since the beginning of the years 2000. It thus seems 

that the actions undertaken by EDF in this area are starting to bear fruit. Only five clothing contamination events 

exceeding 10 000 Bq were observed in 2007.  

Contamination outside the controlled areas of the power plants has been subject to tightened surveillance since 

the end of the 1990s. This has resulted in better detection of the contamination points. The site roadways on 

which vehicles transporting waste or contaminated material could travel are controlled systematically with a 

maximum time between verifications of one year. In 2007, four points of contamination exceeding 1 MBq were 

discovered. The strongest contamination point was measured at 13 MBq in Cobalt 60 equivalent. 

Dose equivalent rate  
Radiation acts on substances through the 

energy it transfers to those substances. 

The absorbed dose represents the 

quantity of energy transmitted to the 

substance per unit of weight. The 

biological effects of a given absorbed 

does vary according to the nature of the 

radiation. To take this variation into 

account, the absorbed dose rate is 

weighted by a factor that depends on the 

type of radiation to obtain the dose 

equivalent rate. 
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Noncompliance with technical access conditions in controlled areas 

Workplaces in nuclear facilities have been 

divided into several areas according to their 

external and/or internal level of risk of 

exposure to ionizing radiation. The limited 

access areas, that is to say those in which 

there is a risk of professional exposure, are 

divided into monitored zones and controlled 

areas. The area is called "monitored zone" as 

long as the effective dose that can be received 

in one hour remains below 7.5 μSv. Beyond 

this threshold the areas are designated 

"controlled areas", and these areas are 

subdivided by a colour code according to the 

dose levels that could be received, the 

prohibited areas being those presenting the highest doses. This classification of areas is scalable according to the 

actual risks of external and/or internal exposure. Thus the absence of a radiation warning sign adapted to the true 

exposure risks of an area, or the entry of an individual into a limited stay area when that person does not have 

special written authorization, normally leads the operator to declare an ESR, even if the dose effectively received 

by that individual is negligible.  

It is interesting to focus on the types of deficiencies having led to unauthorized access to limited stay areas. This is 

because firstly these deviations represent the majority of the ESRs, and secondly their potential consequences are 

the most serious. Noncompliance with the access authorization procedure for limited stay areas can mainly result 

in operators being subjected to unnecessary doses, or personnel entering limited stay areas when they do not have 

a legal status that authorizes them to do so (limited contract workers, temporary personnel, etc.). 

Among the many causes, we can mention: 

• an unexpected increase in the ambient dose rate that causes the intervention area to become a limited 

stay area; 

• deficiencies in the marking of the limited stay area (absence of signalling or markings not visible); it is to 

be noted that this represents the majority of the nonconformities declared; 

• intentional crossing of markings further to a misperception of the radiological risk, or a deliberate breach 

of the rules. 
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Gamma radiography 

It is observed that the number of ESRs associated with 

gamma radiography (or radiographic exposures), which are 

used as a non-destructive examination method, represents a 

significant proportion of the ESRs (about twenty), but this 

number, which has been stable for the last three years, is 

nevertheless small compared with the number of 

radiographic exposures performed on the nuclear fleet 

(about 20,000).  

The potential consequences of events associated with 

gamma radiography are serious, since the sources used have 

an activity of the order of 2 TBq of Iridium 192. Such 

sources, if unprotected, generate a dose rate at depth of 

about 3 Gy/h at a distance of 30 cm and 0.27 Gy/h at 1 m.  

EDF uses this technique to perform inspections to verify the safety of pressure vessels during maintenance 

operations performed during unit outages. Inspections of this type are carried out by workers from outside 

companies who hold the CAMARI (Certificate of Aptitude to Manipulate Industrial Radiography Appliances) working 

inside or outside controlled areas ( turbine hall, for example). In principle such inspections are carried out at 

night, when the areas are less frequented and the risk of inadvertent exposure is limited. The IRSN observes 

however that scheduling constraints are today leading plant operators to perform gamma radiography exposures 

during the day. 

There are numerous causes of events associated with gamma radiography exposures. Causes can notably be 

noncompliance with the marked out zone, warning sign errors or equipment failures, such as the one that occurred 

on the blanking cover of a gamma ray projector in the Chinon plant.  

On 10 July 2007 on the Chinon site, after the radiographic inspection of welds in the plant unit 1 reactor building, 

a fault in the closing of the gamma ray projector blanking cover after complete reinsertion of the source led two 

workers to be exposed to doses of 0.74 and 0.64 mSv, which corresponds to an exposure time of 5 seconds at 1 

metre from the source of 3.5 TBq in Iridium 192. Initially, the operators did not notice the anomaly . They were 

alerted by the triggering of the dose rate alarm (2 mSv/h) on their dosimeters. It turns out that the surveillance 

beacon positioned three-quarters to the rear did not signal the dose rate and direction of the gamma ray projector 

with respect to the access way prevented the workers from seeing the red light indicating incorrect closing of the 

blanking cover.  

Over and beyond the initial technical failure of the equipment, the analysis reveals an accumulation of actions 

performed that do not meet professional standards or requirements. Corrective actions have been implemented on 

the site. 

Gamma radiography is carried out using a 

self-protected (lead-sealed) mobile 

machine containing a sealed radioactive 

source emitting gamma radiation (usually 

Iridium 192 or Caesium 137) which, once in 

the utilization position, exposes a 

radiographic film in the same way as a 

medical radiograph using X-rays. This is a 

high-performance and frequently used 

technique for non-destructive testing on the 

sites. It is moreover also frequently used in 

conventional industries to verify weld 

quality or detect voids on pipes, for 

example. 
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Room for progress… 

The majority of the reported events (voluntary crossing of bounds, inappropriate removal of warning signs, etc.) 

could have been avoided by improving worker preparation and increasing operator self-checks. EDF has clearly 

stated its intention to ensure better compliance with radiation production regulations in 2008. 

Whatever the case, and even if no ESR in 2007 had any significant radiological consequences for EDF’s personnel 

and subcontractors since the general principle of dose limitation was respected, EDF must continue its efforts to 

make the "radiation protection" culture progress further. 

 

 

 

 

To find out more: The IRSN publishes an annual assessment of professional exposures to ionizing radiation. In this 

report the IRSN draws up an assessment of the individual measures taken to ensure the monitoring of internal 

exposures and an assessment of the radiation protection events inventoried during the year. 
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The lessons learned from the  
Kashiwazaki-Kariwa earthquake 

On 16 July 2007 a violent earthquake occurred in Japan, near the world's largest nuclear 
power plant: Kashiwazaki-Kariwa. Damage to structures and equipment important for 
safety was very limited thanks to the robustness of the design and the construction, in 
spite of the fact that the intensity of the earthquake exceeded the design basis seismic 
loads.  

The strongest earthquake that this type of facility has ever experienced  

On 16 July 2007 in Japan an earthquake occurred near the Kashiwazaki-Kariwa nuclear power plant, the world's  

largest nuclear power station in terms of power output capacity. Reaching a magnitude of 6.6 on the Richter scale, 

this earthquake was the strongest a facility of this type has ever been subjected to. Out of the plant's seven 

reactors, three were shut down for maintenance, three were operating at full power and the last was being 

restarted when the earthquake occurred. The in-service reactors were shut down by automatic insertion of the 

control rods as soon as the predefined seismic load threshold was exceeded. Evacuation of the residual power of 

the fuel was then continued without any incident. As the electrical supply network remained available, the 

emergency diesel generator sets were not used. 

Limited consequences  

Damage was nevertheless observed on certain structures 

and items of equipment. This damage did not affect the 

operation of the reactor itself. Only two events resulted 

in slight contamination of the environment: 

• the overflow of a spent fuel pit, whose water 

flowed through a non-sealed penetration to a 

sump located in a free access area, from where 

it was discharged into the sea; 

• degassing of vapour along a turbine shaft in the 

turbine hall. 

 

The volumes concerned and the radionuclide concentrations were well below the authorized threshold in normal 

operation. 

Real-time display of the monitoring of releases into 
the environment at the Kashiwazaki town hall 

http://www.irsn.org/en/index.php?module=presse&action=getCom&mode=topten&com_id=254&lgcode=EN
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Other notable events occurred:  

• a power transformer caught fire; 

• the rupture of underground water infeed pipes causing a flood in a free access area of a reactor building; 

• the separation of duct sections of gaseous effluent discharge stack; 

• leakage of sea water through a flexible seal of the condenser circuit in the turbine hall; 

• leakage of a filtered water tank; 

• rupture of a motorisation universal joint of a travelling crane serving the pits of a reactor building; 

• overturning of drums of waste in a storage area.  

A robust design 

The earthquake was accompanied by irreversible deformations 

of the ground, and more particularly by horizontal shearing and 

vertical collapsing of landfill on the periphery of the 

structures. These were the cause of the most visible damage 

and the difficulties in the post-quake interventions: water 

supply not available to fight the fire, damage to roads 

rendering vehicle movements difficult, etc.  

The first inspections of the safety-classified structures, 

equipment and systems performed by TEPCO, the plant 

operator, showed stability and the absence of significant 

damage, whereas the measured seismic loads had been well 

above those used for the design basis.  

The structures and equipment with lower seismic resistance requirements because their failure affects neither 

safety nor the environment behaved well on the whole: the structures did not collapse, although some damage 

was observed. 

A good part of this seismic robustness comes from cautious design with respect to seismic loads: 

• the structures and equipment with the highest earthquake stability requirements (reactor building and 

safety equipment) integrate as an additional justification, independently of the seismic load level, a 

verification of stability under the effect of a horizontal acceleration equal to 60% of gravity, covering by 

this fact the load level of this earthquake; 

• the foundations of the structures are deep down on the bedrock and more than half the total structure 

height is underground. 

The under-evaluation of the seismic load used for the design basis is attributed to the existence of "hidden" active 

faults situated in the sea offshore of the power plant. Before restarting the reactors the operator must first repair 

the structures and equipment or verify that they are not damaged. It must then re-evaluate the level of the 

seismic loads and substantiate the resistance of the equipment to the redefined seismic hazard. Substantiation of 

the seismic resistance of the facility, repair of and/or verification of the absence of faults in the structures and 

equipment are prerequisites for the restarting of the reactors. 

 

 

Example of damage to roads 
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International mobilization 

In the framework of the IAEA, and on the initiative of the Japanese operators, seismic engineering specialists, 

from the IRSN in particular, mobilized their efforts to use and share the knowledge, the experience feedback, the 

data, the analyses and the reflections concerning the procedures to implement to: 

• consolidate the assessment  of the seismic hazard; 

• establish a diagnostic of the state of a facility after an earthquake of intensity comparable to that of the 

design basis earthquake; 

• define the conditions to be met by a facility that has undergone such seismic stresses so that its return to 

service is acceptable from the safety aspect. 

In view of current knowledge of the seismotectonic context in metropolitan France, the occurrence of an 

earthquake of this scale is improbable. Nevertheless, the technical data made available to the scientific 

community by the Japanese operators can be used by the IRSN in its research into the robustness of nuclear 

facilities, to go deeply into its analyses of control instructions during and after an earthquake, and lastly to assess 

the organization of interventions to manage the post-accident situation. The analyses in progress on these three 

aspects will enable improvements in the seismic reference standard to be proposed if necessary.  
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GENERIC ANOMALIES ON  
NUCLEAR POWER PLANTS 

One characteristic of the EDF fleet of pressurized water reactors is its standardization. 
This is because it consists of three groups (called plant series) of reactors, each plant 
series comprising similar reactors of the same power (900 MWe, 1300 MWe and 
1450 MWe). Apart from the economic aspect, standardization presents many operating 
advantages (same operating reference standards, optimized maintenance, sharing of 
experience feedback, etc.). This standardization can nevertheless become penalising if 
the operator discovers a failure or an error that can concern all the NPP reactors or those 
of a plant series. Consequently, the IRSN is particularly attentive to the detection of such 
anomalies and the way EDF deals with them. The correction of certain anomalies may 
involve complex processes and require several years. This chapter presents four 
anomalies among those that have particularly mobilized the IRSN's resources.  

The risk in certain accident situations of reaching an excessively high ambient 
temperature in the high-head safety injection pump rooms concerns the reactors of the 
900 MWe plant series. This is a nonconformity discovered by EDF in the framework of its 
analyses relative to the protection of power plants during heat waves. 

The phenomenon of steam generator clogging was evidenced at the Cruas power plant. 
Investigations conducted on other power plants have shown similar phenomena on steam 
generators of the same type as those at Cruas.  

All the reactors of the 900 MWe plant series are now equipped with recirculation sump 
filters of a new design. The risk of clogging of the initially installed filters could not be 
ruled out, therefore a modification was necessary. The modification is the culmination of 
several years of studies and tests in which the IRSN has actively participated since the 
beginning. 

Although their design differs according to the plant geographical situation, pumping 
stations share certain difficulties, such as the risk of loss of their water supply, or, more 
particularly for the power plants located by the sea, the risk of corrosion due to the 
salinity of the air. 
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High ambient temperatures  
for safety injection pumps 

After the heat wave periods observed in 2003 and 2006, the requirements relative to the 
protection of power plants against high ambient temperatures ("heat wave" reference 
standard) are being re-examined. This reference standard forms the subject of technical 
discussions between EDF, the ASN and the IRSN. It takes into account the impact of the 
increases in the temperature of the outside air and the water used to cool the various 
equipment items. In this context on 31 July 2007 EDF reported nonconformities relative 
to the temperature resistance of the high-head safety injection pumps of the 900 MWe 
reactors. 

What safety functions do the high-head safety injection pumps fulfil?  

In an accident situation, notably in the event of a primary system break, and after automatic reactor scram, the 

safety injection signal triggers entry into service of the pumps that discharge into the primary system at a pressure 

approaching 180 bar. The injected water serves among other things to compensate for the water flow lost through 

the break. Initially, the safety injection system uses water stored in a large-capacity tank. Once this tank is 

empty, the water is pumped from sumps located at the bottom of the reactor building and in this case the system 

functions in "sump recirculation" mode. 

On 900 MWe reactors, the high-head safety injection pumps are situated in the nuclear auxiliary building (NAB). 

The pumps are lubricated by an oil system which itself is cooled by a air exchanger.  

In addition, the pump motor is cooled by an open circuit fan in the room. To guarantee correct operation of the 

pumps, the ambient air temperature in the pump rooms must be kept sufficiently low. The temperature regulation 

of the pump rooms is ensured by the NAB general ventilation system (DVN) as long as it remains below 45°C. Above 

this temperature, another ventilation system (DVH) takes over. The ventilation air of the DVH system is itself 

cooled by the water of the component cooling system (RRI). As the RRI system also evacuates the heat emitted 

within the reactor building through the cooling by a heat exchanger of the water collected in the sumps, the water 

temperature of the RRI system reaches its maximum shortly after entry into recirculation mode.  
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Nonconformities 

The current safety reference standard stipulates that correct operation of the pumps is ensured up to a maximum 

ambient temperature in the pump room of 55°C, evaluated considering an RRI system temperature of 50°C at the 

time of entry into "sump recirculation" configuration. Yet according to the manufacturer's initial specifications, 

these pumps were designed considering an air temperature of 45°C at the air exchanger inlet. Beyond this value, 

satisfactory operation of the pumps over the long term cannot be guaranteed, which constitutes a nonconformity.  

During its examination, EDF identified nonconformity on the DVH system. It results from the fact that a maximum 

RRI fluid temperature of 43°C was considered when designing this system, while the RRI temperature in an 

accident situation can reach 50°C. This nonconformity led EDF to recalculate the maximum temperature value in 

the high-head safety injection pumps room at the time of entry into "sump recirculation" configuration. The result 

shows that the transient ambient temperature in the pump room can reach 58°C (temperature above the 55°C 

written in the safety reference standard). By increasing the temperature in the pump room, this second 

nonconformity aggravates the impact of the nonconformity concerning the pump temperature resistance. 

 

Diagram of the pump room ventilation (configuration DVN + DVH in service) 
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What is the consequence on safety? 

EDF's analysis has shown that the pump component the most sensitive to the ambient temperature is the 

thermostatic valve that regulates the temperature of the lubrication oil, by directing a greater or lesser oil flow 

towards the lubrication system air exchanger. If the temperature at the air exchanger inlet exceeds 45°C, 

overheating of the valve regulating component can lead to the bypassing of the air exchanger, resulting in a pump 

unavailability due to heating of the lubrication oil.  

These nonconformities can thus call into question the capacity of the high-head safety injection system to fulfil its 

core cooling function in certain accident situations. 

Backfitting of the facilities planned by EDF 

EDF has proposed backfitting of its facilities in two stages. In a first phase it plans replacing the thermostatic valve 

of the pump lubrication circuit by valves qualified for higher temperatures, similar to those equipping the 

1300 MWe reactors. Replacement of these valves is in progress. In a second phase EDF will, in the framework of 

the re-examination procedure initiated after the heat waves of 2003 to 2006, check that the new temperatures to 

be used for the design of safety-related equipment do not call into question the correct operation of the pumps. 

A subject closely monitored by the IRSN 

In the framework of the analysis of experience feedback from nuclear reactors in operation over the period 2003-

2005, the IRSN evidenced in 2007 that in normal operating situations the temperatures in the high-head safety 

injection pump rooms often approach 45°C (maximum design temperature of the pump). As a result of this, the 

DVH ventilation system is often used on certain reactors to cool the room and ensure satisfactory cooling of the 

pumps. This ventilation operating mode does not correspond to that described in the accident studies of the safety 

report. Moreover, high temperatures approaching the pump shutdown criteria have been observed on the plant 

series of these pumps when the DVH system was already in service and the outside temperatures were not 

particularly high. 

In view of the importance of the pumps for safety, the IRSN is continuing its analyses and technical discussions 

with EDF regarding the adequacy of the thermostatic valve modification with respect to the temperature 

resistance of the pumps and the performance of the ventilation systems that cool them. 
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Clogging of steam generators 

The investigations conducted by EDF further to several incidents affecting two reactors at 
the Cruas power plant (in the Ardèche region) evidenced a generic anomaly on certain 
steam generators (SG) of the French reactors: clogging of the steam generator tube 
support plates. 

An anomaly discovered at the CRUAS power plant 

In February 2006 the CRUAS plant operator proceeded with the unscheduled shutdown of reactor No.4 after 

detecting a leak between the primary system and the secondary system caused by the rapid development of a 

vibration fatigue crack in a steam generator tube. This phenomenon results from the clogging of the steam 

generator tube support plates.  

Clogging of steam generators 
 
The clogging phenomenon concerns the steam 

generator (SG) tube support plates. The tube support 

plates ensure the heat exchange between the water 

of the primary system, heated to 325°C in the reactor 

core, and the water in the secondary system which 

they transform into steam to supply the turbine.  

 

 

 

 

Each SG equipping a 900 MWe reactor comprises about 3300 inverted U-

shaped tubes held in position by tube support plates. 

In 2005 it was discovered that in certain steam generators the passageways 

between the tubes and the support plates to allow the circulation of water 

and steam had become gradually clogged with oxide – mainly magnetite – 

deposits coming from the corrosion of the condensers.  

 

 

 

 

 

This obstruction causes unbalanced flows through the spaces between the 

tubes and tube support plates that can generate vibration phenomena and 

interactions between tube and plate. 
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After recommending in 2006 the implementation of special measures and inspections before returning this reactor 

to service, the IRSN analyzed in 2007 for all the PWRs, the appropriateness of preventive plugging of certain SG 

tubes and tightening of the in-service monitoring proposed by EDF. 

Far-reaching consequences for  nuclear power plants 

The major risk resulting from this anomaly is the rupture of an SG tube. 

Although leakage by cracking has only been observed on one SG at the CRUAS plant, EDF's investigations showed 

that the phenomenon is present on several other power plants. Preventive actions were therefore taken, involving 

special inspections of the tubes and plugging of those likely to be affected.  

The IRSN emphasized the need to evaluate all the consequences of tube support plate clogging on safety, and not 

just the risk of damage to the tubes. This is because the IRSN has evidenced that clogging could induce high 

mechanical loads on the tube support plate attaching parts, hinder the natural flow of water and steam in the SGs, 

and reduce the flow to below the level necessary for the correct operation of the SGs. The IRSN has also 

demonstrated by digital simulations that in the event of severe clogging, water level oscillation phenomena could 

occur in the SGs in certain operating situations. These analyses have shown the urgent need to recondition the 

SGs. Pending this, the operating power of the 900 MWe and 1300 MWe reactors affected by this anomaly has been 

reduced. 

The corrective actions 

At the same time, EDF started reconditioning certain SGs as of spring 2007. For this it used a chemical cleaning 

process that the IRSN has analyzed to determine the potential consequences for safety as well as for the 

equipment subjected to the process. The IRSN was thus able to underline the limits of certain inspections planned 

by the operator, and more generally the need to diversify the means of cleaning. In the light of the experience 

feedback from the first operations, it then continued its technical discussions to confirm the adequacy of the 

improvements planned for by EDF.  

The IRSN has recommended making an accurate assessment of SG clogging for 900 MWe and 1300 MWe reactors, 

and developing a suitable strategy for treating them. This strategy must take account of the fact that chemical 

cleaning produces about 1 000 m3 of liquid effluent per plant unit, which could saturate the treatment line used at 

present should a large number of cleaning operations be necessary. 

At the request of the ASN, the IRSN is continuing its analysis, focusing more specifically on understanding why the 

clogging occurs and the resulting vibration fatigue phenomenon, the consequences of clogging on plant unit 

operation in incident or accident situations, and on assessing the method used by the operator to estimate the 

level of clogging of SGs equipped with "multi-foil" tube support plates. 
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Impacts of the environment  
on pumping stations 

Maintaining reactor cooling in all situations is an essential safety function that requires a 
cold source, which can be either seawater or river water, depending on the location of 
the power plant. The pumping station, which fulfils this function, is particularly exposed 
to the climatic and environmental conditions. Several recent events are inciting plant 
operators to increase vigilance regarding the operating conditions of these pumping 
stations. 

The pumping station  

The pumping station supplies the power plant with cooling water via the essential service water system (SEC) up to 

the intermediate cooling system, which cools several rooms and items of equipment when the reactor is outputting 

power, and evacuates the residual power of the fuel when 

the reactor is shut down or in an accident situation.  

Owing to the geographical diversity of the power plant 

installation sites, the configurations of the water supply 

facilities differ. Nevertheless, for each power plant there is 

always a water intake system (intake channel, intake 

tunnels) and a pumping station.  

 

The pumping station comprises:  

• a prefiltration system consisting of fixed 

trash racks to stop large floating objects 

(branches, etc.) carried in by the seawater 

or river water;  

• fixed mechanical filtration ensured by 

filtering drums or chain filters equipped 

with a washing system for cleaning the 

filter; the aim is to filter the water to a 

satisfactory level for the intended use; 

• cooling system pumps. 

 

Canal d’amenée à la centrale de Penly 

Intake channel at the Penly power plant 
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Facilities exposed to the environmental conditions 

The cooling water supply facilities are particularly exposed to the climatic and environmental conditions. Due to 

their importance for safety, the IRSN is particularly attentive to the hazards to which the facilities are exposed 

and the associated risks. In recent years, several events have affected water intakes and the pumping stations. 

Particularly noteworthy among these are: 

• the silting up of the intake channel of the Chinon site in December 2005, 

• clogging of the filtering drums at Paluel in 2004 and 2005 due to the presence of seaweed,  

• the flood of the river Rhone in December 2003 and the associated risk of loss of the cooling water at the 

Cruas and Tricastin plants,  

• corrosion of equipment on power plants situated by the sea.  

Silting up of the intake channel of the Chinon B site 

In December 2005, the Chinon B site had to cope with a large 

accumulation of sand in the intake channel that brings the raw 

water from the River Loire to the 4 nuclear reactors  

(2 months of sand dredging operations were necessary to 

remove all the sand). The collapse of the accumulated mass of 

sand could have blocked the under-river tunnels linking the 

water intake in the river Loire to the intake channel. In this 

event the site would have completely lost the normal supply of 

cooling raw water, necessitating shutdown of the reactors.  

 

 

In 2007, the IRSN presented the ASN its in-depth analysis of this event significant for safety. For the IRSN, this 

situation - which is unprecedented on the French nuclear fleet - results firstly from the fragility of the design of 

the water intake in the River Loire, which is very sensitive to the environmental conditions (variations in river 

water level and presence of debris), and secondly from deficiencies in the means of monitoring silting up of the 

cooling water.  

After this incident, EDF implemented surveillance measures and corrective actions that were judged acceptable 

pending proposals for improvements. Nevertheless, the analysis of this incident led the IRSN to make 

recommendations relating to the mode of exploitation of the raw water supply from the River Loire (periodic 

monitoring of the flow in the under-river tunnels, clarification of the alarm thresholds and associated prevention 

measures, etc.) and to the level of classification of the equipment from the water intake up to the SEC system 

pump suction point. 

Chinon B site 
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Massive intakes of seaweed at Paluel 

For a few years now the Paluel site has been confronted with 

massive arrivals of seaweed with high clogging power. The 

seaweed clogs up the drum screens of the filtration system 

leading to the scram of one or more reactors and loss of the 

raw water supply to the SEC pumps. In 2004 and 2005, these 

massive seaweed intakes also caused damage to equipment 

(rupture of tie-rods, deformation of filter screens, etc.). 

 

 

To cope with this problem EDF proposed a 

modification consisting in installing a new 

minimum water level sensor inside the drum 

screen filters.  

For the IRSN, the installation of this sensor is a 

significant improvement in that it provides a 

means of monitoring the supply of the SEC 

pumps.  

 

 

Corrosion on sites by the sea 

The IRSN pays particular attention to the state of the facilities, equipment, structures, components and 

accessories constituting the pumping stations. This is because the pumping stations must ensure the cooling of the 

power plants under normal or accident conditions, whatever the stresses, notably environmental. They must 

therefore meet stringent robustness and reliability criteria. In the continuity of the seaside pumping station 

investigations carried out in 2006, the IRSN participated in the on-site inspections conducted by the ASN 

throughout 2007. Beyond the verification of the conformity of the facilities with the safety reference standard, 

the IRSN wanted to find out the specificities of each site and compare the different practices of control, 

monitoring and maintenance of the pumping stations. The IRSN observes that over and beyond the aging 

mechanisms, a large amount of damage, such as corrosion on sites situated by the sea, could be avoided or 

circumvented by more appropriate monitoring and maintenance of the pumping station equipment. The IRSN 

therefore considers that the prevention and detection measures must be improved and perpetuated. Alongside the 

improvement project that EDF must propose, the IRSN is continuing its reflections on the damage modes that can 

call into question the ability of the pumping stations to fulfil their mission. 

The Paluel site 
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New design for recirculation sump filters 

To reduce the risk of clogging of the sump filters, essential components in the 
recirculation function, EDF decided in 2004 to replace them by systems of a new design. 
EDF began by treating the most vulnerable 900 MWe reactors in priority, before the end 
of 2007. Deployment of this modification on all the French nuclear power reactors will be 
completed in 2009. 

What is the recirculation function? 

The primary cooling system of pressurized water reactors contains the nuclear fuel that is cooled by the 

circulation of borated water at a pressure of 155 bar. This 

primary cooling system is located in the reactor building, the 

containment that constitutes the ultimate barrier against the 

dissemination of radioactive materials. 

The rupture of a pipe in the primary system is an unlikely 

accident but which has been taken into consideration in the 

nuclear power plant design. In the event of a significant break 

in this system, the core protection system triggers reactor 

scram which stops the chain reaction. After reactor 

shutdown, it is necessary to maintain cooling of the fuel 

which continues releasing thermal power for a long time, and 

to ensure the integrity of the reactor building. Safeguard 

systems are then put into service automatically: The safety 

injection system (RIS) which injects water into the primary 

system to cool the core and the containment spray system 

(EAS) which sprays water at the level of the containment 

dome to limit the rise of temperature and pressure of the 

containment atmosphere and evacuate the thermal power released by the breach. The water evacuated by the 

break and the water sprayed by the EAS are collected in sumps situated at the bottom of the reactor building. 

Initially the safety systems take the water from a large-capacity tank (PTR) situated outside the containment. 

Once this PTR tanks is empty, the RIS and EAS systems switch to recirculation mode, that is to say they suck up the 

water collected in the sumps at the bottom of the containment and reinject it into the core after filtration  

(see diagram). Recirculation must therefore be maintained to cool the fuel and prevent core meltdown. The role 

of the sump filters is therefore essential for the recirculation function, hence the particular attention paid to the 

risks of them getting clogged up. 

Spray lines 

PTR tank 

Pumps 
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1) Borated water falls from the higher levels of the reactor building (coming from the break and the spray system). 
2) The water runs through the containment annulus at the bottom of the reactor building, leading to the sumps. 
3) RIS/EAS sump filters: the water loaded with debris is sucked up by the sump filters. 
4) A filtration module: the water loaded with debris is filtered by the filtering panels then routed into a manifold. 
5) The water is sucked up by the recirculation pumps after filtration.  

Filtration panels  
Filtered water 
collector 

Reactor building 
wall 
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The risks of sump filter clogging 

In the event of a primary system break, the jet of water coming out through the break generates a large quantity 

of debris originating chiefly from heat insulation materials and other materials situated near the broken pipe. The 

dust and debris that were present in the atmosphere of the reactor building or lying on the structures are washed 

out by the spraying of the containment. This debris is routed by gravity flow to the lowest level of the 

containment and accumulates upstream of the sump filters. The debris material can then form a porous bed that 

could alter the performance of the recirculation pumps situated downstream of the filters. 

The filters were initially designed to limit the passing of debris into the downstream systems and prevent the risk 

of clogging. However, experience feedback and progress in knowledge on this subject have led the international 

community to question the rules adopted for their design. 

Back in 1997 the IRSN undertook a research programme to assess the clogging risks for the French nuclear power 

reactors. The results of this research work were presented in October 2003 to the standing advisory group of 

experts at a meeting held to examine the orientations of the safety review associated with the 3rd ten-yearly 

outage programmes of the 900 MWe reactors. On the basis of the group of experts' recommendations, the ASN 

asked EDF to examine in priority the question of sump filter clogging in an accident situation, and to evaluate 

before the end of 2003 the risk of failure of the recirculation function. 

In response to the ASN's requests, EDF indicated in December 2003 that it was not possible to exclude the risk of 

RIS/EAS sump filter clogging in the low-probability accident situation of complete rupture of a primary system 

pipe. Given the importance of the recirculation function for safety, this generic event was classified as level 2 on 

the INES scale. 

The decision to modify the filters was taken in 2004. 

The chosen modification 

The modification of the sump filters (see preceding diagram) has three main characteristics: 

• a significant increase in the filtration surface area, which can be up to 47 times that of the former filters. 

This characteristic aims at eliminating the clogging phenomenon by distributing the quantity of debris 

over a larger filtration surface; 

• the new filtration surfaces have more complex geometries than the former ones, which were flat. The 

objective of this design is to prevent the debris from being deposited uniformly over the filtering 

surfaces, thereby avoiding uniform clogging of the filters; 

• the filtration units are of a weldless modular design and are readily removed, which leaves the possibility 

of making additional modifications should this turn out to be necessary. 

 

These modifications are currently being installed on 900 MWe reactors. They will subsequently be extended to all 

French nuclear power plants with completion set for the end of 2009. 

http://www.irsn.org/index.php?module=presse&action=getCom&mode=topten&com_id=154&lgcode=FR
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It must be emphasized that the RIS/EAS sump filter replacement programme constitutes a major unprecedented 

modification, performed on French PWR reactors which aims at eliminating clogging of a physical origin caused by 

the build up of debris on the filters. Compared with the former design, this modification constitutes a real 

improvement for safety, but certain points still remain to be examined. It is in particular necessary to conduct 

complementary verifications on the existence of chemical reactions between the water from the sumps and the 

bed of debris, and their consequences on the filter head loss and the impact on the nature and quantity of 

particles that could pass through the new filters to the downstream equipment (pumps, components with small 

port area, heat exchangers, fuel assembly grids, etc.).  

 

Recirculation, a subject with an international dimension  

It should be noted that the reliability analysis of the recirculation function fits into an international context in 

which the IRSN has contributed to knowledge advancement through its research programmes. 

In this respect, American, Japanese, German and French experts met in October 2007 in Erlangen (Germany) in the 

framework of a quadripartite task force. Technical discussions between countries are of great importance to assess 

knowledge advancement and strive to achieve the broadest possible international consensus. 

 

http://net-science.irsn.org/net-science/liblocal/docs/docs_DIR/RST2006-eng/RST2006_chap2_VA.pdf
http://www.eurosafe-forum.org/
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THE SIGNIFICANT DEVELOPMENTS 

Advances in the state of technical and scientific knowledge, identified weaknesses or 
lessons drawn from experience feedback, a changing environment or changing 
regulations, economic constraints, etc.… there are many reasons for evolving a facility or 
the provisions for operating it. The safety reviews, carried out periodically every 10 
years, constitute one of the essential frameworks for promoting and implementing these 
developments.  

The largest developments or modifications require several years from the initial studies 
through to implementation, during which the IRSN analyses the dossiers associated with 
the different phases of their implementation. During 2007 several subjects were 
addressed by the experts of the IRSN, including those presented in this chapter.  

The partial flooding of the Blayais power plant during the storm of 1999 led to the 
reviewing of the situation of all the nuclear power plants with respect to the risks 
associated with external flooding. In 2007 the IRSN presented the conclusions if its 
analyses of the pertinence of the modifications planned for or carried out by EDF in the 
framework of this review. 

With a view to improving reactor performance through better utilization of nuclear fuel, 
EDF introduces changes in the fuel and fuel management. The IRSN engages substantial 
investigation resources to analyze the dossiers associated with each new management 
system. Two new management systems were put in place on the fleet in 2007.  

In a severe accident situation affecting a reactor, the combustion of the emitted hydrogen 
could lead to a loss of containment integrity and the release of radioactive products into 
the environment. The IRSN has participated in studies and experiments on this subject 
conducted at national and international level. At the end of 2007, all the reactors are 
equipped with hydrogen recombiners.  

Humans occupy a vital place in the safe operation of nuclear power plants. Judicious skills 
management is therefore a major issue. In 2007 the IRSN performed an in-depth 
examination of the skills management organization and tools put in place by EDF. The 
IRSN also examined the EDF "harmonization of practices and methods" project aiming at 
standardizing the operational documentation and better adapting it to the needs of the 
users.  
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Protection of nuclear power plants against 
external floods 

The risks associated with floods whose origin is external to the nuclear power plants are 
taken into account at the design phase. Certain events however, and the partial flooding 
of the Blayais plant during the storm of December 1999 in particular, have led to the 
reinforcing of the protection measures. To this end, EDF has defined and implemented a 
plan of action aiming at reviewing the nuclear power plant protection measures when 
necessary. The IRSN, which was strongly solicited to evaluate this plan of action, 
rendered its conclusions in 2007.  

External floods induce risks for nuclear power plants 

Flood generating phenomena, notably those of natural origin (river flood, rainfall, etc.), induce several types of 

risks for nuclear power plants. The first risk studied is the submersion of the platform supporting the installations, 

notably the nuclear island buildings, which can lead to water infiltrations in rooms, particularly in the low areas of 

the buildings. This situation can, depending on its extent, be detrimental to plant safety if the water enters rooms 

housing equipment that is important for the safety of the reactors (motors of pumps cooling the core, etc.).  

Some floods (river floods, dam bursts) can result in the transportation of debris of all types (branches, leaves, 

etc.) that can build up in front of the water intake of a power plant and thereby reduce its capacity to pump the 

water it needs for its cooling systems. A flood is moreover likely to disturb or cut off the power plant's electrical 

supply by submersion of substations or falling electric lines and/or pylons, especially if the flooding is 

accompanied by strong winds (storm). Furthermore, a flood can cut off the means of access to a power plant and 

compromise the routing of emergency assistance, human or material, and affect the means of communication. 

Lastly, an external flood is characterized by a potential impact on all the reactors situated on a given site. 

Particular attention has been focused on protection against floods in recent years  

The risks associated with external floods are taken into account in the design of nuclear power plants. The level of 

protection of the facilities is then reviewed periodically notably to integrate new knowledge and data in the 

domain of hydrometeorology. 
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 and 2 were flooded. 

During the storm of December 

1999, the concomitance of an 

extremely high water level and 

very strong waves in the Gironde 

estuary, not planned for in the 

design, led to the partial 

flooding of the Blayais nuclear 

power plant situated on the 

shore of this estuary. The 

existing means of protection, 

especially the breakwaters, 

turned out to be insufficient for 

such a situation, and several 

rooms of the nuclear islands of 

reactors 1

It was important to draw all the necessary lessons from the partial flooding incident at the Blayais plant to avoid it 

happening again, on this or any other nuclear site. This is why, in addition to the emergency measures taken on 

the Blayais plant, EDF was asked to define and implement a plan of action to review and, where necessary, 

reinforce the measures of protection against external floods of the 19 nuclear power plants (NPPs) in France. The 

IRSN has devoted substantial resources to the evaluation of this plan of action since the year 2000. 

The IRSN has thus analysed the new principles of external flood protection for power plants proposed by EDF after 

reviewing the procedure adopted until then. In this context it has notably helped identify and quantify the water 

levels resulting from flood phenomena (river flood, upwelling of the water table, sea swell, etc.) or their 

conjunctions, against which nuclear power plants must be protected. At the end of 2001, on the basis of the IRSN's 

analysis, the ASN considered EDF's new procedure for protecting against external floods to be satisfactory, subject 

to a few improvements and complements. 

The situation of nuclear power plant protection against external floods in 2007 

Application of the new initiative to protect nuclear power plants against external floods has led EDF to carry out 

substantial work and studies, in proportion to the vulnerabilities of the 19 power plants, which are very variable. It 

firstly concerns civil engineering modifications, such as the building, reinforcing or raising of peripheral 

protections (breakwaters, dykes, curbs), or works to ensure the impermeability of the areas to protect (blocking 

waterways, etc.). After this it is a question of setting up flood alert systems combined with operational procedures 

allowing, when necessary, preventive actions to be carried out before the access routes to a power plant, or even 

the power plant itself, become flooded. Other measures such as putting in place additional pumping means are 

also planned for. Lastly, modifications to equipment or in the plant control strategy are defined on certain power 

plants to limit the risks of them losing their offsite power supplies or having their water intake duct clogged by 

debris in a flood situation. 

The IRSN has analyzed the appropriateness and adequacy of these modifications and presented its conclusions to 

the standing advisory group of experts at a meeting in March 2007. This meeting gave the IRSN the opportunity to 

present the assessment of the actions conducted since 2000 and examine the current level of protection against 
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external flooding of the 19 NPPs in France. The IRSN considers in 2007 that the measures implemented or planned 

on the NPPs, after the studies and work performed by EDF, represent significant progress in terms of safety and 

should ensure them a satisfactory level of protection against the risks of external flooding. It considers however 

that EDF must still carry out some complementary studies. 

Actions and investigations to be continued nonetheless 

The IRSN has underlined that complementary studies are still expected from EDF, particularly those of the NPPs in 

the Rhone Valley, which are proving complex. For example, a notable difficulty comes from the fact that 

structures external to the NPPs (breakwaters and hydraulic regulation structures), that are not operated by EDF, 

can play a role in the extent of the flooding and ultimately modify the measures required to protect a power plant 

against external floods. EDF has made proposals concerning the design or operation of such structures (raising and 

reinforcing of breakwaters for example), which are being discussed with the company holding the license to 

operate these structures.  

The IRSN has moreover observed that for certain NPPs, modifications that would help protect them against 

external floods have been defined by EDF but remain to be implemented. 

Generally speaking, for the external flood protection provided on nuclear power plants to remain adequate and 

durable, notably with respect to future hydroclimatic events, the level of protection of the facilities must be 

reassessed periodically, particularly during their safety reviews.  

Working towards the standardization of practices to protect nuclear facilities against floods 

In parallel with its investigation concerning the reassessment of the external flooding protection of the NPPs, the 

IRSN examined the flood protection measures of other nuclear facilities (research reactors, laboratories and plants 

situated on the same sites as the NPPs). On the basis of this investigation, which was also presented to the group 

of experts in March 2007, the ASN considered that all nuclear operators should adopt an external flood risks 

prevention procedure consistent with that implemented by EDF.  

On this account, a task force comprising various nuclear operators and flood experts coordinated by the ASN and 

the IRSN was created in 2006. Its mission is to draw up a guide for taking into account external flood risks for 

nuclear facilities (electricity production and research reactors, laboratories, plants, waste storage facilities) and 

harmonizing practices in this field. The work of this group resulted more specifically in 2007 in an inventory of 

flood-generating phenomena and an assessment of the methods of characterizing rare or extreme events that 

could result from these phenomena. 
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Implementation of two new fuel 
management systems in 2007 

The management of fuel in pressurized water reactors involves important industrial 
stakes. It is in this context that EDF in recent years has requested authorization to 
implement new management systems on the majority of its reactors. Consequently, since 
2003 the IRSN has devoted substantial investigation resources to the analysis of the 
associated safety files.  

 

Nuclear fuel in the core of the reactor 

The energy of nuclear power plants is 

generated by the fission of nuclear fuel 

(uranium and plutonium). In the core of 

pressurized water reactors the fuel is 

conditioned in the form of pellets stacked in 

sealed cladding. The pellet-cladding assembly 

constitutes a fuel rod. The fuel rods are 

maintained by grids in a lattice of 17x17 fuel 

rods that constitute a fuel assembly. The fuel 

assemblies are placed in the reactor vessel and 

form its core.  

The number of new fuel assemblies loaded at 

each reactor shutdown to replace the irradiated 

assemblies, and the enrichment of the fuel 

pellets characterize a fuel management system.  
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EDF seeks to improve the performance of its reactors 

EDF seeks to improve the performance of its pressurized 

water reactors through more efficient utilization of the 

fuel. To this end EDF modifies the fuel management of its 

reactors by acting on the following two parameters: 

• the fraction of the core (that is to say the number 

of fuel assemblies) renewed at each refuelling 

outage (1/3 or 1/4); 

• The enrichment in fissile material (uranium 235 for 

uranium oxide or UO2, plutonium 239 from the 

reprocessing of the irradiated UO2 for mixed oxide 

UO2-PuO2 or MOX). 

This enables the time between two refuelling outage (or 

the cycle length) and/or the maximum burnup fraction 

achieved by the assemblies after their stay in the reactor 

to be modified, in order to optimise reactor operation. 

 

In recent years, EDF has thus proposed fuel management changes for the various plant series:  

• on 900 MWe reactors, MOX Parity management comprises UO2 assemblies enriched with 3.7% U235 and MOX 

assemblies with an average content of 8.65% Pu239 refuelled by 1/4 of the core. The maximum specific burnup of 

the MOX fuel assemblies is 52 GWj/t, at parity with that of the UO2 assemblies. This management system was 

implemented in 2007; 

• on 1450 MWe reactors, ALCADE management (ALCADE is a French acronym standing for "extend campaigns to 

lastingly improve operation") comprises UO2 assemblies enriched with 4% U235 refuelled by 1/3 of the core. The 

maximum specific burnup of the UO2 fuel assemblies for this management system is 52 GWj/t. This management 

system was implemented in 2007;  

• on 1300 MWe reactors, GALICE management (GALICE is a French acronym standing for "management with 

limited increase in irradiation for the fuel in operation") comprises UO2 assemblies enriched with 4.5% U235 

refuelled by 1/3 or 1/4 of the core. The maximum specific burnup of the UO2 fuel assemblies for this management 

system is 62 GWj/t. This management system will be implemented in 2009. 

 

The specific burnup is the total energy released per unit mass of a nuclear fuel. 

 

 

These new management systems use higher enrichment levels to allow higher irradiation rates. Consequently they 

place greater neutronic, thermal and mechanical stress on the fuel assemblies. Their implementation has 

therefore had to be accompanied by a change in the "fuel product" (change in the design of the fuel assembly or 

use of new structural or pellet materials). Moreover, these new management systems often require changes in the 

methods of studying accident situations to prove the satisfactory behaviour of the fuel. 

Core refueling plan 
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The IRSN is deeply involved in the fuel management changes 

Each management system change requires a complete review of the safety report studies to demonstrate 

compliance with the safety criteria relative to normal and accident situation operation. At the request of the ASN, 

the IRSN has therefore engaged substantial investigation means to analyse the various safety files relative to these 

new fuel management systems. 

The IRSN examined more particularly:  

• the behaviour of the fuel. By way of example, in the context of MOX Parity management, the IRSN's 

analysis led EDF to load another "fuel product" into the reactor than that initially chosen. This 

modification concerns firstly the cladding material (to limit the corrosion of the cladding) and secondly 

the production of the MOX pellets (limitation of the pressure inside the fuel rod), thereby favouring 

better fuel behaviour in normal and accident situation operation;  

• the acceptability of the study methods used to demonstrate the satisfactory behaviour of the fuel. The 

ALCADE management system required the use of new study methods to demonstrate safety, in particular 

for loss of primary coolant and rod cluster control assembly ejection accident situations. The IRSN 

considered that the new method of studying loss of primary coolant accidents was acceptable for the 

verification of the performance of the safety injection system. On the other hand, after the IRSN's study 

of the rod ejection accident,  EDF reformed the methodology used and then revised its study; 

• the acceptability of the design basis accident. The IRSN has recommended complementary studies to 

verify the design of the surveillance and protection systems for 1450 MWe reactors before implementing 

the ALCADE management system (see ASN decision No. 2007-DC-0066 of 19 July 2007) ; 

• the method of verifying the safety of the reload. The IRSN has noted with satisfaction that in the 

framework of the new fuel management systems, EDF has written into its reference standard the 

principles adopted for demonstrating the safety of the refuelled core by detailing the calculation 

hypotheses for the different parameters. 

http://www.asn.fr/sections/rubriquesprincipales/textes-reference/acces-par-type-texte/decisions-asn/decision-n-2007-dc-0066-8217-asn-du-19/downloadFile/file/D%C3%A9cision2007-DC-0066.pdf?nocache=1185788109.85
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Installation of hydrogen recombiners 

The installation of passive autocatalytic hydrogen recombiners on all the reactors of the 
nuclear power plants in operation was completed in 2007, thereby significantly reducing 
the "hydrogen hazard" in a hypothetical severe accident situation. 

The hydrogen hazard  

In a hypothetical severe accident situation affecting a reactor, the 

combustion of the emitted hydrogen could lead to a loss of integrity 

of the containment with large releases of radioactive products into 

the environment: this is the "hydrogen hazard". 

The "hydrogen hazard" was identified in the USA in the 1970s (see the WASH 1400 report in particular). Its reality 

was also confirmed during the Three Mile Island reactor (TMI-2) accident in 1979 where, ten hours after the start 

of the accident, a pressure peak of about 0.2 MPa was reached in the reactor containment. This pressure peak was 

attributed to an explosion resulting from hydrogen combustion triggered by an electric spark.  

Several phenomena are involved in the emission of hydrogen during an accident. During the phase of degradation 

of the core in the reactor vessel, hydrogen production results mainly from the oxidation of the zirconium of the 

cladding and structures of the fuel elements, and to a lesser extent the oxidation of the other metals present in 

the vessel. If the core cannot be maintained in the reactor vessel, the oxidation of the residual zirconium and 

other metals by water vapour, particularly when the basemat (concrete foundations of the reactor) are attacked 

by the molten core, also contributes to the production of hydrogen. Lastly, radiolysis of water is another potential 

source of hydrogen but it is not very significant and takes 

place in the long term. 

The emitted hydrogen mixes with the atmosphere of the 

reactor containment, which is made up of air and steam. 

The inflammability of the gaseous mixture in the 

containment depends on the temperature, pressure and 

composition of the mixture and the mode of ignition. The 

position of the point representative of the composition of 

the mixture (hydrogen, air, steam) on the Shapiro diagram 

enables one to determine whether the mixture is 

flammable. Several modes of combustion are possible.  

 

Shapiro diagram for hydrogen-air-steam 
mixtures 

A "severe"' accident is an accident 

during which the fuel is significantly 

damaged by more or less complete 

reactor core meltdown 
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Combustion of a flammable mixture can thus be started by a source of energy of a few millijoules (direct 

detonation is virtually excluded, given the energy required). Under the effect of the hydrodynamic instabilities 

and the turbulence, the combustion - which initially has the characteristics of a laminar explosion (velocity of 

about 1 metre per second) – is likely to speed up. Rapid combustion regimes can thus be attained, ranging from 

the fast explosion regime (the speed of the flame is of the order of hundreds of metres per second) to the 

detonation regime( the speed of the flame exceeds one thousand metres per second): these explosive phenomena 

are most threatening for the mechanical integrity of the containment walls, because they can cause very high 

local dynamic loads, [ref. 1] due to the compression of the gases. 

After the TMI-2 accident, an extensive programme of studies and experiments regarding the hydrogen hazard was 

undertaken in order to improve knowledge on the subject and judge whether it was necessary to put additional 

measures in place. 

The assessment of the "hydrogen hazard" consisted essentially in estimating the consequences of a "slow" and 

complete combustion of the hydrogen present in the containment, leading to a virtually static load on the 

containment, generated primarily by the energy thus released. This phenomenon is considered ineluctable in the 

event of a severe accident, whereas the occurrence of a fast explosion or a detonation in the containment of a 

PWR remains uncertain.  

The hydrogen hazard assessment studies in the 1450, 1300 and even 900 MWe reactor containments have shown 

that the occurrence of a fast explosion is ineluctable in the absence of catalytic recombiners. In certain accident 

situations the pressure peaks generated by the combustion of hydrogen can be damaging for the reactor 

containment structure and lead to loss of its leak resistance. Hence the importance of putting in place means to 

limit the consequences of such a situation.  

Autocatalytic recombiners to control this risk  

Passive autocatalytic recombiners (PAR) are appliances that transform the 

transform hydrogen into water by recombination with the oxygen in the air, 

thereby preventing hydrogen from building up. Thus the installation of PARs 

in the reactor containment enables the hydrogen concentration to be 

reduced. 

In 1996, EDF committed itself to installing passive autocatalytic recombiners 

on the reactors most sensitive to the hydrogen concentration risk 

(1300 MWe/P'4 and 1450 MWe).  

In parallel with EDF's studies, the IRSN carried out in-depth studies into the 

risks induced by the production of hydrogen in a severe accident situation. On 

the basis of the conclusions of the IRSN's studies, the ASN asked EDF as of 

1997 to extend the installation of catalytic recombiners to all its power 

reactors. The ASN set 2007 as the date limit for their installation. 

Recombiner of the AREVA-NP type 
equipping 900 MWe reactors 

http://net-science.irsn.org/scripts/net-science/publigen/content/templates/show.asp?L=FR&P=3365
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R&D and studies of the hydrogen hazard by the IRSN  

In 1996, with the support of EDF, the IRSN launched an experimental programme to study the performance of the 

hydrogen recombiners in a representative accident situation atmosphere, and in particular their resistance to 

poisoning by the fission products released from a damaged reactor core. This programme relied on a 1:22 scale 

mock-up of a reactor containment (the H2-PAR facility installed at the Cadarache research centre), allowing the 

essential physical-chemical parameters of an accident situation atmosphere to be reproduced. Three types of 

industrial recombiners were tested on it, under a set of conditions 

likely to prevail in a PWR containment in the event of a severe 

accident. These tests generally revealed satisfactory behaviour of the 

recombiners and allowed determination of the molar fractions of 

hydrogen from which self-ignition of the gaseous mixture by the 

recombiner plates occurs.  

In addition to this, flame acceleration mechanisms formed the subject 

of research programmes conducted by the IRSN in the framework of 

national and international projects. As a result of this, criteria have 

been established to exclude the risks of flame acceleration and 

transition towards detonation.  

It must also be underlined that dedicated calculation software 

applications, such as TONUS and ASTEC, have been developed or co-

developed by the IRSN and are used to assess the "hydrogen hazard", 

both for reactors (PWRs in operation, EPR) or IRSN’s experimental 

facilities. 

 

Current situation and prospects 

The research and development work undertaken by EDF and the IRSN has confirmed the decision to install means 

to limit the consequences of the "hydrogen hazard" on all the French nuclear power plant units. Nevertheless, the 

IRSN considers that studies must be continued to confirm the expected performance of the recombiners and better 

evaluate the local concentrations and associated risks. EDF has thus begun a several-year programme on the 

subject. 

Reference: 

[1]: For further information on the hydrogen hazard or the phenomena that could arise in a severe accident 

situation, refer to the report R&D relative to serious accidents in pressurized water reactors: current situation and 

prospects  

A recombiner consists of a catalytic 

material (platinum and palladium on 

alumina), placed in a metal frame whose 

function is to optimise the circulation of 

the gases in contact with the catalyser (bed 

of balls or row of vertical plates). The 

circulation is ensured by the natural 

convection of the gases heated by the 

exothermic reaction 2H2 + O2  2H2O 

established on contact with the catalyser; 

it is self-sustaining (hence the name of 

"passive" recombiner), but limited by the 

diffusion of the reagents (H2 ands O2) and 

the products (H2O) in the recombiner 

The system of recombiners installed in the 

Pars has been designed so that the risk of 

loss of containment integrity further to an 

explosion is practically eliminated and the 

local concentrations of hydrogen remain 

limited.  

http://net-science.irsn.org/scripts/net-science/publigen/content/templates/show.asp?L=EN&P=3454
http://net-science.irsn.org/scripts/net-science/publigen/content/templates/show.asp?L=EN&P=2949
http://www.irsn.org/en/index.php?module=presse&action=getCom&mode=topten&com_id=233&lgcode=EN
http://www.irsn.org/en/index.php?module=presse&action=getCom&mode=topten&com_id=233&lgcode=EN


   

 

 DSR Report No. 271 53 

 

 

Skills management  

Skills management is a safety-related issue because of the renewal of the population of 
EDF employees operating nuclear power plants and the extensive subcontracting of 
maintenance operations. 

Competencies at the core of power plant operation 

Humans occupy a vital place in the safe operation of nuclear power plants. They intervene in the control of the 

reactor, monitor the evolution of the parameters, perform maintenance operations etc. Moreover they are often 

capable of adapting to unexpected situations and solving certain malfunctions.  

In doing this the personnel call upon numerous competencies. They are associated with knowledge acquired during 

training courses, but they also depend on the capacities for action offered by the work situation: procedures and 

operating modes, team-mates and managers, technical and organizational measures, work environment. 

Competence is what enables one to act correctly. 

Skills management represents a major issue 

Skills management constitutes an important issue for safety in view of two changes that EDF is experiencing. 

Firstly the company must meet the challenge of renewing the nuclear power plant operating personnel on account 

of the numerous retirement departures due in the period up to 2015. This raises the question of perpetuating the 

internal skills. 

Secondly, in a competitive context, EDF is seeking to increase its profitability which has led it, among other 

things, to outsource a large number of maintenance operations. Recourse to subcontracting is extensive, since the 

maintenance of the 58 reactors is carried out by EDF employees assisted by nearly 17,000 workers from some 400 

subcontractor companies. Controlling the competencies of the service providers is therefore a central concern for 

EDF. 

In 2005 and again in 2007 the IRSN performed an in-depth examination of the skills management organization and 

tools put in place by EDF. This examination was conducted in several plants, with training centres, engineering 

services and the services responsible for purchases (including sucontracting). 
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Forecasting the changes in occupations and skills 

In order to meet the challenge of renewing a large proportion of the population working in its power plants, EDF 

has planned to deploy forward-looking management of employment and skills (in French GPEC) in all the services 

of each nuclear power plant. GPEC enables the personnel replacements to be made over the next 5 years, allowing 

for internal mobility and retirements, to be planned for. The period concerned by this forecast covers the duration 

of the majority of professional training paths and allows "preparation" of the successors.  

Over and beyond this quantitative forecast concerning the qualifications the services will need, GPEC also has the 

objective of forecasting skills requirements. To this end it uses "competency mapping" aids that identify and 

compile the key skills necessary and available in each service. 

To assist the heads of services, EDF has appointed "activity coordinators". They are responsible for establishing 5- 

and 10-year "activity prospects", integrating the changes in EDF's industrial and employment policies. They also 

help write the national competencies reference systems for the different activities.  

The IRSN's assessment showed that EDF has the tools and organizational means to develop a true forecast of the 

skills and competency requirements the services are and will be facing. It has also revealed the need to improve 

the skills management of personnel seconded to projects. The head of the service seconding the personnel can 

effectively have difficulty in determining the skills necessary for the activity performed in the framework of the 

project, and in evaluating the extent to which they are mastered by the personnel. The IRSN has moreover 

stressed that the way teams of workers are set up by the managers plays a role in skills (mixing experience, being 

accustomed to working together, etc.).  

Developing personalized professional training paths 

To perpetuate skills and competencies, EDF has evolved its training system.  

Firstly EDF has widened the means of acquiring skills. Classroom training is still dispensed, but greater emphasis is 

placed on on-the-job training, which is ensured by experienced employees and allows the transmission of know-

how and professional gestures in the true working context. EDF has also installed a control simulator on each site, 

which, in addition to allowing periodic training in the control of accident situations as was already the case, 

enables prior training in normal but rarely occurring control situations. Likewise, "teaching work-sites" have been 

developed for maintenance training. 

Furthermore, EDF has opted for the personalization of the employee professional training paths to best meet the 

skills and competency requirements. The managers are responsible for assessing the competencies already 

acquired and to be acquired by the different employees. In order to appreciate the competencies actually used in 

the work situations, the managers must make observations during the work activities. In this respect, training 

engineering competencies have been implemented in each power station to help them set up professional training 

actions that are adapted to the needs of the personnel. EDF is thus developing a local training offering that 

supplements the national curriculums. 



   

 

 DSR Report No. 271 55 

 

The IRSN considered the transition from a training logic to a logic of professionalization and personalization of the 

professional training path to be significant improvements in EDF's skills management policy. The assessment of 

acquired competencies plays a central role in this new approach to professional training. According to the IRSN, 

the organization and the means implemented for this assessment must be examined in greater depth. Indeed, the 

managers do not always have the time and the methodology for making the work observations necessary for this 

assessment.  

Maintaining and developing the control of competency in the performance of subcontracted maintenance 

operations 

The extensive recourse to maintenance subcontracting has led EDF to change its organization to manage 

subcontracting relations and keep control of competency in the performance of the operations. 

To this end, since 2004 EDF has organized the purchase of services by national and regional contracts under the 

joint coordination of the purchasing department, the nuclear production division and the nuclear engineering 

division. In this framework, the overall orientations are defined per activity segment in terms of "do" and "have 

others do", then they are detailed per service in each power plant. EDF then selects the companies that will be 

qualified to respond to the invitations for bids. The company panels are constituted so as to maintain a balance 

between globalization of purchases aiming at obtaining effects of volume, maintain competition to avoid 

dependency, and control risks, notably in terms of competencies. The method of constituting the panels enables 

EDF to qualify the companies, while the qualification of the workers remains the responsibility of these 

companies. Company qualification criteria concern employment stability and the levels of training of the workers. 

More recently EDF has introduced criteria relative to the integration of new recruits and the organization of on-

the-job training.  

EDF has also adapted its organization in order to monitor the appropriateness of the services provided with respect 

to the requirements notified to the service provider company. The results of this monitoring are recorded in a 

"service evaluation sheet". In case of a negative evaluation, EDF can decide to tighten the monitoring of the 

service provider, or even to suspend the qualification.  

Furthermore, to encourage the service providers to set up competence management systems, EDF has established 

partnership relations with some of them. In this context crossed professional training paths have been set up: the 

employee recruited by the service provider company will be partly trained within EDF, and will subsequently work 

at EDF. Furthermore, the relations with certain companies last sufficiently long for them to be able to foresee 

their skills requirements more accurately.  

It emerges from the IRSN's assessment that the service provider company qualification system put in place by EDF 

is relatively robust. Nevertheless, the contractual basis of subcontracting relations obliges the service provider to 

achieve specified results but does not oblige the use of particular means. This tends to put the competencies of 

the workers, who are considered as means, outside the scope of the customer's evaluation. The partnership policy 

developed by EDF with a view to progressing while taking this constraint into account is already showing a degree 

of effectiveness. The IRSN however considers it is necessary to supplement the evaluations made with the EDF 

personnel by taking into account the point of view of the subcontractors. 
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The "harmonization of practices  
and methods" project 

With the implementation of the "Harmonization of Practices and Methods" project (HPMP), 
EDF aims at standardizing the documentation and improving the ergonomic quality of the 
documents issued.  

An increasingly developed documentary base 

The quality of the actions carried out on nuclear power plants is a fundamental component of their safety. It relies 

in part on the formalizing of the actions to perform. Thus a large number of written procedures present the 

workers the sequences of operations to perform and the numerical values (settings, setpoints or thresholds) to 

respect. These procedures or work sheets also serve to record key parameters and keep track of the performance 

of important actions, which enables quality of operation to be demonstrated by a retrospective inspection. The 

document preparation logic globally meets the following principle: "write what is done and do what is written". 

The operating documents are considerably richer today than when the first reactors entered service. Taking 

experience feedback into account has led to more precise descriptions of the conditions of performance of certain 

operations. Furthermore, new operating requirements have gradually been integrated by EDF, not only to improve 

safety and the protection of workers and the environment, but also to improve the economic performance of the 

facilities. Lastly, preparation of the procedures has been decentralized and is now entrusted to each individual 

site, leading to the adaptation of the operating modes to the local specificities. 

What are the safety issues? 

With the increasing number of documents and requirements, management of the procedures has become more and 

more complex. Thus, when updating a maintenance procedure, one must ensure that the modification introduced 

is compatible with the manufacturer's indications regarding the use or maintenance of the items concerned, with 

the regulatory requirements in effect, and with the content of the other documents that make reference to the 

modified document. This complexity may cause difficulties in updating documents, errors and delays. The overall 

cost of the updates could thus lead certain players not to follow up correction requests that they consider minor, 

but which in fact are not.  

Likewise, the increase in the number and precision of the procedure documents can have various effects on the 

behaviour of workers. Some workers may be induced to favour strict compliance with the procedures, down to the 

slightest detail, while paying less attention to the actual characteristics of the situations facing them, resulting in 

a loss of responsiveness or failure to detect certain problems. Other workers may decide to disregard the rigorous 

follow up of certain procedures, thinking that they have sufficient knowledge and mastery of the work to perform. 

Omissions or deviations that could compromise safety can then arise.  
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Lastly the local adaptation of procedures can be a source of difficulty for the employees of the subcontractor 

companies that carry out the majority of maintenance operations. These employees may have to perform the same 

operation on several sites, with procedure documents whose structure and content differs from one site to the 

next. 

The Harmonization of Practices and Methods Project  

In this context, in 2006 EDF initiated the "Harmonization of Practices and Methods" Project (HPMP). This project 

aims at standardizing the documentation and better adapting it to the users’ needs. 

To achieve this objective, EDF has decided to gradually replace the procedure documents specific to each site by 

standardized procedures common to all the sites equipped with reactors of the same type.  

Thus the preparation and updating of the procedures coming under the HPMP initiative are entrusted to a "drafting 

site" which is responsible for gathering the opinions of the other sites and taking them into account. The document 

is then sent to a "validating site" which is responsible for ensuring that the document complies with the content 

and form requirements defined in the national guides. Furthermore, depending on the safety or security issues, 

the newly created or modified procedure will be able to be tested on a pilot site before generalizing its 

application. These measures should in principle enable an error in a document to be detected before it is issued to 

all the sites. At the same time, one must ensure that the document management process remains responsive to 

the modification requests formulated by the user sites.  

 

 

Simplified diagram of the standardized maintenance document drafting process 

The national guides produced by EDF give the layout pattern and drafting requirements applicable to each type of 

document. It is recommended in particular to structure the procedures so as to allow both a reading restricted to 

major objectives and a more detailed reading of each operating sequence. The IRSN considered that these 

measures were positive, while emphasizing that the ergonomic quality of a document could not result from simply 

applying the drafting guides, and that the implementation of the procedures on a pilot site should provide the 

opportunity to perform real ergonomic validation tests.  
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A project to follow attentively  

The harmonization of practices and methods only concerns a limited number of documents at the present stage of 

deployment of the initiative. It is therefore necessary to monitor the effects of this initiative in the medium term 

to find out whether it is achieving the set objectives. The IRSN will pay particular attention to the effects that 

document harmonization is likely to have on the practices of on-site workers. If the disappearance of certain local 

practices can be beneficial, other practices can meet specific requirements that should be maintained.
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Definitions and abbreviations  

1300 MWe: French nuclear reactor of 1300 MWe.  

900 MWe: French nuclear reactor of 900 MWe. 

ASN: Autorité de Sûreté Nucléaire (Nuclear Safety Authority). 

NAB: Nuclear Auxiliary Building. 

Becquerel: (Bq) Legal and international unit of measure used for radioactivity. One Becquerel is equal to one 
disintegration per second. 

Boron: Boron is a chemical element of symbol B and atomic number 5. It has the property of absorbing neutrons, 
which enables the chain reaction to be controlled. 

DVH: Ventilation system for the high-head safety injection pumps room. 

DVN: Nuclear auxiliary building ventilation system. 

EAS: Reactor containment (safeguard) spray system. 

INES: International Nuclear Event Scale, serving to measure the severity of a nuclear accident. 

MWe: The electrical megawatt is the unit of power delivered to the electricity grid by a nuclear power plant. 

Chain reaction: In the nuclear domain, a chain reaction occurs when a neutron causes the fission of a fissile atom 
producing a larger number of neutrons which in turn cause other fissions. 

PWR: Pressurized water reactor. 

PTR tank: Large-capacity tank of borated water that supplies the safety injection system (RIS) and the 
containment spray system (EAS).  

RIS: Safety injection system that injects borated water into the core. 

RRI: Component cooling system.  

Sievert: Legal unit of dose equivalent (or effective dose) which enables the biological effect produced by a given 
absorbed dose on a living organism to be accounted. The dose equivalent is not a measurable physical quantity but 
is obtained by calculation. It depends on the energy transmitted to the tissues, the type of radiation and the tissue 
passed through.  

SEC: Essential service water system (cools the water of the RRI system). 

VD3: Third 10-yearly inspection for a nuclear reactor. 
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