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FOREWORD

This report to the President of EDF is intended to provide him with my judgement of the state of nuclear 
safety and radiation protection in the company.

It is also for the attention of all those who, directly or indirectly, contribute to nuclear safety and 
radiation protection as a result of their daily acts and decisions. It will have achieved its purpose if it 
prompts the latter to reflect on their performance in these areas and to find ways of improving the 
situation, particularly in the current context of fundamental change within the company and in society 
in general.

Emphasis is therefore placed more on difficulties and weaknesses than strengths and progress, which 
may appear unfair to those hard at the difficult everyday task of running the nuclear power generating 
facilities, on which demand is ever-increasing.

The present assessment is based on the information gathered and the observations made over the 
year among the field teams, during my visits to the plants and also during meetings with the main 
stakeholders, including the managers, the staff representatives and, of course, the medical practitioners 
and their teams, not to mention the subcontractors. Much use has been made of comparison with 
foreign plants, which has proved to be particularly helpful in making improvements and achieving 
progress in certain areas.

I would like to thank all those who I met, inside and outside EDF, in France and abroad, for their 
willingness to discuss matters, and for the frankness and richness in our exchanges of views. Their 
openness, which is vital to the relevance of this report, continues to reflect a spirit of safety culture.

I would also like to thank my staff, Christian Thézée, Gérard Petit and Jacques Dusserre, as well as 
Professor Gabriel Kalifa, who, once again this year, have provided their unstinting support, particularly 
during the drafting of this report.

Finally, although this document has not been written for the purpose of public relations, as in previous 
years, it will be available to the general public on the EDF internet site in both English and French 
(www.edf.fr).

The Inspector General for Nuclear Safety and Radiation Protection,

Pierre WIROTH

Paris, 17 January 2007
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HOW I SEE 2006

In France, 2006 was a year of intense legislative activity with the Act on transparency and nuclear safety 
and a framework law on waste. For EDF, the key event was the decision to continue the EPR project at 
the Flamanville site and the application for a construction license. On the international scene, there was 
tangible evidence of the growing awareness of the inevitability of nuclear power.

I observe that some thirty reactors have been commissioned throughout the world since 2000, mainly 
in Asia, and that many others are currently under construction or at project level. This revival has been 
made possible by the safeness of nuclear plants. Being the world’s foremost nuclear operator in terms 
of the number of plants, EDF has to set the example.

2006 shows a continuation in the trends of recent years: nuclear safety remained stable while 
radiation protection improved. However, efforts from the management and the field teams have not 
yet produced all the expected results, although promising campaigns have been set in progress. Their 
efforts need to be continued so that the results, and the methods of obtaining them, can be durably 
improved.

I would like to emphasise that once again this year there was no serious nuclear safety incident 
or case of exposure exceeding the legal limits. I observed with particular satisfaction that no
event was classified as high as Level 2 on the International Nuclear Event Scale, which is a positive 
situation in terms of the last decade.

Contrasting indicators

Some of the safety indicators were not as good as in 2005, which must be said was a particularly 
good year. In particular, I note that the overall number of events declared to the ASN continued to 
increase, which included a number of events that were classified on the International Nuclear Event 
Scale. The first finding is not grounds for concern; it merely reflects the openness within the company. 
The second calls for vigilance as, although classification on the scale allows for the real and potential 
effects of an incident, it is frequently upgraded by the ASN as a sign of insufficient safety culture.

Conversely, the number of scrams has continued to drop, and has fallen to an unprecedentedly 
low level. This result is the fruit of a carefully-organized campaign covering equipment and behaviour, 
which needs to be continued.

As for the radiation protection indicators, they have continued to improve. In ten years, the 
collective dose has been halved, the number of cases of exposure between 15 and 20 mSv (legal French 
limit) has been divided by a factor exceeding 10. This is primarily the result of efforts by the teams 
dedicated to radiation protection.

Finally, the availability of the nuclear facilities has never been higher, despite a number of technical 
and climatic problems. These results reflect how hard the management and the teams have worked, 
and call for constant tension in the system.

Context in brief

Considerable disparity remains between the results of the different plants. All of the plants 
have their different strengths and weaknesses, both human and technical, which is why I question the 
ability of some of them to maintain the pace of change demanded by the central management. The 
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plants are not all capable of the same levels of performance, at any given time, and need to remain 
focused on the nuclear safety requirements.

More than the increase in the number of events declared, what caught my attention is the way the 
same types of events are occurring for the same basic reasons. There are still mistakes in performing 
basic practices, particularly in facility control. In some cases, it has been found that understanding 
some of the process fundamentals is stagnating. The need to strive for continuous progress is not yet 
universally assimilated.

I would however like to emphasise that, since my arrival, although there have been areas where little 
has been achieved, there has been progress in others that was not anticipated five years ago, for 
example, the pooling of methods and resources by the plants.

Proper 
assessment of 
all effects of 

change

I have noticed that plants are being operated in an increasingly tense atmosphere. 
The margins for manoeuvre in some plants are becoming smaller, particularly 
during unit outages. Many major changes are occurring at the same time.
Society is changing, the company is changing, the regulations are changing, and 
the people are changing ; is the full impact being measured, and are steps being 
taken to ensure that the system maintains its balance? I am aware of the 

complexity of the challenge, which essentially consists in maintaining stability, avoiding excessive 
disturbance, seeking to be responsive and efficient, and in being innovative.

In this context, where change and the quest for higher performance accentuates the 
complexity, we need to be extremely attentive to all components of nuclear safety:

what is the resultant of the forces and weaknesses of these changes and the pressures that they 
involve?

How much use is being made of ways of compensating, or even offering a second chance? Despite 
all the action plans and the efforts made, why is progress not faster and universal? What are the 
precautions to be taken and the strengths to be used to maintain the impetus of progress in nuclear 
safety and radiation protection in the coming decades?

My view is reflected throughout this report in which, as in last year’s report, I have distinguished 
between the strong points, the weak points, the sensitive points and the driving forces.

An extremely active Nuclear Safety Authority (ASN)

With the new nuclear safety transparency Act, the Nuclear Safety Authority (ASN) now has a stronger 
legal platform.

This is obviously positive for nuclear safety, provided that it does not dampen the richness and 
pertinence of exchanges between the ASN and the operator. The quality of the dialogue, such as 
during the ten-yearly visits or on fuel management, has pushed safety in the right direction thanks to 
the improved understanding of margins.

In a world that is becoming increasingly rule-bound and where prioritization of requirements is 
progressively more difficult, the new regulations will provide an opportunity to clarify and 
simplify the situation. Indeed, the existing rule sets are becoming highly complex and operators can, 
at times, find it difficult to identify the essential safety issues. I also hope operators will be able to see 
further ahead in terms of the applicable rules, like in the USA. This would help in planning investments, 
particularly in the field of nuclear safety.
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Finally, I observe that the ASN is devoting more of its safety inspections to the topic of “nuclear safety 
versus competitiveness” in the plants and at central management levels, for example in the procurement 
division. Each nuclear plant is also required to send the ASN a letter stating its budgetary priorities and 
the way it makes compromises liable to affect safety. Up to now, although it has appeared that the 
budgets have been maintained if not increased, these inspections nevertheless show the importance, in 
this field as in others, of having credible, intrusive outside assessment.

Strong points

Ever-present expert appraisal team

One of the company’s major assets is their ever-present expert appraisal team, shared by the 
three nuclear divisions and ready to take action in support of particularly important projects, such as 
the ten-yearly inspections and the technical improvement programs.

The particularly thorough planning of the third ten-yearly inspection of the 900 MWe reactors is now 
complete. This is an essential stage influencing the operation of these reactors for up to forty years, as 
has now been formalized in the nuclear safety transparency Act.

Concerning this matter, I would like to point out that the French nuclear plants are, on average, ten 
years younger than their American counterparts, for which the regulations allow operation for sixty 
years, and of which some forty nuclear units have already been cleared for this limit. Fessenheim, the 
oldest French plant, will, in contrast, be celebrating is thirtieth anniversary next year.

Preserve 
technical

responsiveness

The second ten-yearly inspections of the 1300 MWe reactors are still in progress. 
Thanks to a series of modifications, the intrinsic safety of this generation of 
20 reactors has been improved and is guaranteed to last. I would once 
again like to emphasise the extreme responsiveness of the company and its ability 
to meet its commitments, particularly concerning two major safety issues, which 

are the safety injection and containment spray pumps, and the sumps.

Another example is the way the heat wave in 2006 did not result in any major problems as 
the appropriate lessons had already been learned and adequate technical solutions were in hand. 
Nevertheless, the improvement programs need to be continued, particularly in the most exposed 
plants.

Technical events in 2006, such as the fouling of certain steam generators, are a sign that 
insufficient attention is being paid to weak signals. It is certainly in this domain that the greatest 
scope for improvement remains and the engineering service needs to assist the operator as well as it 
can in identifying and interpreting weak signals at the earliest possible stage. These events also confirm 
the need for having effective industrial-level support, both from suppliers and within EDF.

Fuel management

The second good point is the trend towards new fuel management systems. In the past, I have 
emphasised that the company needed to keep a check on its ambitions and, in particular, make due 
allowance for the analysis capacity of the Institute for Nuclear Safety and Radiological Protection (IRSN). 
It now appears that we are advancing at a good pace, as regards both diversification of fuel suppliers 
and the introduction of new fuel management systems. This situation can foster progress as willingness 
to challenge the status quo can enable new margins to be established.

Furthermore, leakage problems found in certain new fuel assemblies confirms the need to take the 
validation phase through to its final conclusion before any generalizations are made.
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Decommissioning

The third strong point is the decommissioning of the first generation reactors. It is my view that this 
program is being properly conducted by the Nuclear Environment and Decommissioning Engineering 
Center (CIDEN) and the support groups in the plants. However, the most delicate phase is about to 
begin with the decommissioning of the nuclear islands, which will have disproportionate consequences 
in terms of exposure and generation of nuclear waste. Concerning this point, I am glad to observe that 
the 2006 law on waste explicitly provides for a final destination for long-lived graphite waste by 2013.
This issue needs to be resolved to avoid delaying the entire process of decommissioning the gas-cooled 
reactors.

Finally, I note that many of our European neighbours have set a threshold for the release of waste 
that could positively affect waste management strategies, particularly in terms of rigor and 
improved management. Our counterparts also have difficulty in understanding why French legislation 
does not provide for it.

Everest Project: The campaign to enable entry into controlled areas wearing street clothes

Success!

The last positive point is that the Everest Project has been put into practical 
effect at Golfech Nuclear Power Plant. For a number of years, I have been 
taking a keen interest in the efforts made at this plant to make the controlled 
areas accessible in street clothes, as is commonly the case abroad. For me, this 

campaign has had extremely beneficial effects in terms of nuclear safety, radiation protection, 
rigor and, more generally, in fostering more responsible behaviour. The teams who have visited 
the facilities all share my opinion. Other plants such as Civaux and Cattenom are following.

Areas where improvement is continuing

The radiation protection results showed perceptible progress, even though radiation protection is 
still not sufficiently well-rooted in all the professions and the good figures obtained were largely due to 
the efforts made by the company to eliminate radiation “at the source”.
Declarations of significant radiation protection events have helped spread radiation protection 
culture. These declarations make it possible to better characterize the weak points and to rectify 
them. Concerning this issue, I note that around half of these significant events were related to 
situations with a potential for overexposure associated with managing the controlled areas 
of the two highest-dose categories (‘red’ and ‘orange’ areas), as well as with grammagraphy 
work areas. Concern remains in both these situations despite the high priority they are given due to 
the risks involved.
More generally, the plant management is well aware that progress is not achieved by simply continuing 
in the same old way.

Management is continuing to focus on the fire issue. I duly noted the efforts made to develop 
relations with the external fire and emergency services, the keystone of our fire-fighting strategy. 
It would appear that EDF could make better use of its own volunteer firemen, and encourage their 
development. Furthermore, I am wondering about the best way of ensuring that the leaders of the 
second-line response teams get the experience that they vitally need.
In the technical field, I would like to emphasise the following positive points. The fire action plan, that 
represented a technical challenge and a major financial effort, was completed at the end of 2006, in 
accordance with the commitments made to the ASN. The reliability of the fire alarms, upon which 
the credibility of alarms depends, was greatly improved in many of the plants. What formerly seemed 
almost impossible is now nearly achieved.

Finally, everyday fire prevention deserves to be the subject of a major management campaign.
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Where improvement is needed

I have listed a few points that still have room for improvement. The management is fully aware of the 
importance of such points but progress is still insufficient in view of what is at stake. These mainly 
relate to the organization and to group and individual behaviour.

Rigor, checking and tolerance of discrepancies

As in previous years, the first point relates to rigor, checking and tolerance of discrepancies, which 
are the very basis of safety culture and an area where we must be irreproachable. All too many events 
still stem from incomplete risk analysis, communication problems and failure to comply with procedures. 
There can never be any acceptable reasons for failing to observe technical specifications.

As a consequence of such poor rigor, tolerance of discrepancies is stigmatized by the EDF nuclear 
inspectorate (IN) and in peer reviews. This can be observed at various levels in the company, and the 
management owes it to themselves to be beyond reproach. Should management be assessed more on 
how it observes the rules and its ability to enforce their application? Whatever the case, each at their 
own level needs to examine their individual and group conscience to identify the sticking points.

Professionalism 
implies checking

Finally, despite the efforts made in recent years, checking is still all too often seen 
as negative rather than positive. Assessment of skills should be made systematic, 
even and above all in the operations professions, in view of the responsibilities 
they carry. Everyday checking needs to be further reinforced so that all deficiencies 

are identified and corrected.
However, for checking to be effective, the management must be up to standard as regards 
organization and procedures. Concerning this point, there are three areas which have been the 
subject of careful scrutiny in the plants: spare parts, special tools and above all documentation.

Material difficulties

For reasons that appear to me to mainly be of an organizational nature, and for which the responsibility 
is certainly shared by the plants and the central management, many spare parts, special tools 
and minor consumables are now in short supply, as are even some items of personal protection 
equipment. At least that is what they think in the field.

Spending a few minutes in a controlled room store during a unit outage suffices to show how 
demoralizing this can be for both EDF and contractor staff. Getting the right parts at the right moment, 
making available the proper special tools in good condition and having sufficient supplies of everyday 
equipment and consumables would now appear to be necessary for restoring confidence in the 
system and fostering rigor in the operatives.

Technical documentation

Documentation
must inspire 
confidence

Another thing that needs to be improved very rapidly is the technical 
documentation, particularly in terms of the operating and maintenance rules. 
Documentation updates are always struggling to keep pace with modifications 
reflecting regulatory changes or the operator desire to improve its performance.

This is a vital point : the documentation is itself complex and costly to manage, it changes very rapidly 
and, in addition, its quality is sometimes questionable. Apart from the resulting discrepancies which 
have played their part in many incidents, the shortcomings and complexity of the documentation must 
never be a pretext for not applying it. I need to add that upcoming generations will need to rely on it, 
as their relative inexperience will make it difficult to compensate for any inadequacies so easily.
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The major efforts made to simplify the organizational interfaces between engineering and 
operations so as to better control document production and improve its quality are a step in 
the right direction ; I am awaiting the concrete results and expect them to be conclusive.

Work organization and industrial relations

Finally, two socio-organizational aspects give rise to recurrent difficulties that weaken the lines 
of defence. After five years in the company, I am in a position to assess both the impact and the 
complexity of these questions.

The first relates to the work organization system set in place after the reduction of the French 
working week in 1999.
For a number of years, I have been warning everyone about the increasing difficulty involved in 
job planning and ensuring the continuity of work. The multiplication of timetables has scattered 
the workforce, increased the interfaces, and hence increased the risks. This view is largely shared by all 
those involved, but I observe that little has changed in the last five years. We not must resign ourselves 
to a state of affairs that is already having a indirect affect on safety culture.

Dialogue with the unions has been sustained this year and has led to the signing of a number of 
agreements. However, industrial action remains common, whether at national, local or company level. 
It is not up to me to pass judgement, but I observe that much energy is focused on such matters, that 
they generate tensions and that they inhibit certain initiatives. Serenity and concentration on the job 
are vital to nuclear safety, and it is obvious that such situations are not favourable to either.

Sensitive points

Safety versus competitiveness

The safety-versus-competitiveness debate remains present in all minds, including the ASN. I do not 
see the two needs as contradictory, either here or abroad. Yet we need to make sure that safety 
and performance remain mutually supportive at all times. Accordingly, decisions to postpone or 
abandon technical operations must be the subject of systematic, recorded risk analysis and arbitration.

The level of 
safety must 
always be 
increased!

In my opinion, the risk now appears to relate as much to behaviour as to 
resources. Confronted with strong pressure to reduce costs and deadlines, it is 
important to know how far to go and to be objective about what is being done, 
and to explain how and why. The desire to be optimal in all areas at once makes 
control very difficult and demands more and more detailed nuclear safety 
management. It is indispensable to invest as much energy and attention in 

increasing safety as in reducing costs.

Drives to reduce the durations of outages and the amount of maintenance work are, for instance, 
sometimes wrongly interpreted by the staff and by outsiders. Such projects are perfectly legitimate 
provided that the rules of the game are clear and are observed, and all the consequences have been 
assessed properly, including those on behaviour. In the field, the pressure to increase availability is very 
strong and while proclaiming the “safety first” principle there may be a temptation to get carried away 
and approve scenarios with that have not been properly investigated to gain time. Production culture 
must never take precedence over safety culture.
In this context, certain lines of defence need to be preserved. It is thus that the management needs 
to pay heed to experienced field workers who know how to interpret weak signals of forthcoming 
events. These workers know when things are going to far and need to be heard. Care needs to be paid 
to behaviour reflecting fear of failure or unwillingness to assess difficulties properly. Both attitudes can 
lead in the wrong direction.
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A second line of defence is support for independent control loops ; if those involved are not given 
due credit they may become reluctant to speak out. All managers must constantly ask themselves 
whether the system is playing its role properly.
It must be made sure that upcoming information is not distorted or incomplete as a result of 
fear to displease.

Generation change and the preservation of skills

A major 
challenge

requiring a 
durable solution

The skills that need to be preserved as a generation of new workers 
arrives to replace that leaving the industry appear to me to be clearly 
identified. This turnover offers an opportunity, if the envisaged quantitative 
change is combined with a qualitative change in recruiting and training. 
For the time being, I note that the current organizational system makes 
extensive use of redeployment and can meet the expectations of the 

operators for the profiles planned. Furthermore, care is required to plan the recruitment of 
engineers well ahead of time and not to neglect the effects of transferring certain ancillary 
functions to the line personnel.

The renewal of skills is also an issue for the contractors. I am always stunned by the number of grey-
haired workers on site. Partnerships are developing between EDF, contractor companies and the public 
education authority to create joint training schemes. This needs to be intensified if we are to 
conserve a sufficient pool of service providers in the long term.

Contractors

Continuous progress is being made with the contractors. I would like to emphasise the desire to 
practically apply the provisions of the charter for progress, as well as the importance of innovations 
such as the General Field Work Support Services (PGAC) initiative, and the as-yet unequalled success of 
the plants having subscribed to it.

However, in my opinion, much needs to be done on an everyday basis : adherence to schedules,
providing better field work support, improving logistics and above all ensuring greater worker 
involvement, keeping them better informed of the context and what is at stake, in word, to give them 
more consideration. How proud one of the contracting workers looked when, after so many years, 
finally had his photo included in the picture gallery of the unit outage!… The treatment of the 
service contractors still remains a priority issue for the company.

The human factor

In my previous report, I emphasised that there were a certain number of rifts. I do not have the 
impression that they are all being resolved. There is still a major rift between those who are passionate 
about their work and do their 35 hour stint in two days (mainly the managers), which is good neither 
for their health nor for nuclear safety, and those lagging behind, because they have lost their sense of 
purpose. The management, in particular, does not have the attention or consideration they deserve, yet 
they represent part of the solid core that can be relied on to rise to the challenge and compensate for 
others when needed. At the present time, too much depends on a handful on individuals, many 
of whom are nearing retirement.

Closing the gap 
between global 

thinking and 
local mind-sets

I also observe considerable disparity between the way those in the field see things 
and the way the upper management does. Is reporting well organized? During 
my visits, I found a strong desire to speak out and to be listened to, particularly 
among the frontline managers.
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Also, I have not yet observed any positive effects resulting from the adjustment of the balance between 
projects and professions. This is why I wish to once again emphasise the key role that the professions 
play in consolidating basic know-how - sometimes overlooked - so that the operatives can gain a better 
sense of perspective.

Safety rhymes 
with serenity

Finally, overall, the many pressures imposed upon the players tend to 
increase tensions between the different management levels, the 
departments and the teams. This is an issue that needs to be carefully 
monitored, as there is a close correlation between performance and safety level 

on one hand and peace of mind reflected by the players, the teams and the social context in general on 
the other.

Driving forces

Within the company’s currently evolving context and the increasing number of requirements, I would 
like to stress the importance of certain actions and projects that create opportunities for qualitative 
leaps. These can improve performance levels, nuclear safety and radiation protection all at the same 
time.

Housekeeping

The condition and the housekeeping of our facilities remain very average, well short of international 
standards.

I would therefore like to hail the decision of the company to make a very substantial investment in 
bringing their condition up to standard so they achieve levels comparable to the best in the world 
within five years. It meets the strong expectations of the managers and operatives, who are 
nevertheless doubtful of their ability to implement such a program.

Time for a 
qualitative leap

Although providing the required resources is of course indispensable to create a 
general movement in the right direction, the long-term success with this 
strategy will necessitate an overall change in attitudes, among both EDF 
and contractor staff. There appears to be increasing willingness to see things as 

owners rather than lease-holders, and behaviour patterns will need to follow.

Standardization and pooling

In my previous reports, I emphasized the advantages of standardizing the procedures and practices in 
the different plants, if not pairs of plants, and of pooling the tasks and resources. For me, it is indeed 
in these two areas that changes in mentalities and practices have been the most marked. There has 
been a gradual change from a culture of difference and isolation to one of harmonization and 
mutual assistance. This is particularly true of the relations between the plants.

However, much remains to be done but successful ventures, such as the standardization of certain 
operating documents, appear to be convincing even the most recalcitrant in terms of the savings in 
time, energy and quality that can be achieved.

Openness and benchmarking

As in many branches of industry, openness between nuclear plants in France and abroad, as well as 
common benchmarking practices, are indispensable methods of making progress. Openness in the 
nuclear field can begin with the industrial side of EDF. I, for my part, learned much from visiting some 
of our hydroelectric plants.
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Here also I found that a more mature view was being taken. Now, the first impulse is to see what 
the neighbours are doing, even in fields as sensitive as plant security and protection. Quoting the 
findings of the World Association of Nuclear Operators (WANO) has become commonplace, the result 
of increasingly active participation in the latter’s activities. I have observed that all those who have 
participated in missions abroad, such as peer reviews, have a more reasoned and balance view 
of many issues.

Finally, I once again find that the nuclear operators, particularly EDF, are continuing to open themselves 
to the scrutiny of their peers and have been very mutually open about issues as delicate as nuclear 
safety, even with direct competitors. This is very reassuring, and consistent with the principles of safety 
culture.

The Nuclear Operations Division STEP 2010 Project

The Nuclear Operations Division (DPN) has been actively implementing the STEP 2010 Project, which I 
have mentioned a number of times in this document. For me, this is not just another project, but more 
so a new paradigm that is ambitious yet perfectly pragmatic designed to address most of the 
weaknesses in our system. I appreciate the fact that it has been integrated into many plans already 
underway, by simply increasing the pace. I note that reference has been made to it at all levels in the 
plants, and that it has retained the voluntary nature instilled by its creators.

I stress the importance of the “human performance” project, intended to provide the operatives with 
the right tools for “getting it right the first time”, combined with greater manager presence in the 
field. I feel this project is doubly emblematic as it both expresses desire to recognize the essential role of 
the individual and shows willingness to call long-established practices into question. This project, whose 
implementation has been exemplary up to now, is resulting in changes in culture that will require time, 
patience and tenacity to complete.

In passing, I observe that the goal of “getting it right the first time” appears to be relevant 
in many other fields, such as re-organization and  making modifications where the impact 
studies often have scope for improvement.

The new EPR reactor type

I would like to end with the launching of the new EPR, which successfully passed key stages in 2006. 
The improvements it represents in terms of nuclear safety, fuel economy and reduced discharges and 
waste have been clearly explained to the general public.

Beneficial
beyond the 
project itself

For my part, I wish to emphasise the new impulse that this project has generated 
in the Generation Technology Division (DPI). More generally, it has increased 
motivation and may contribute to attracting the skills the group needs. The 
studies relating to the EPR technology are also having a stimulating effect that is 
enhancing the safety of existing installations, for example by drawing from certain 

options of ten-yearly inspections.

Although it may be a technology showcase, the EPR also needs to set the example in ease of 
operation, maintenance, housekeeping and, of course, radiation protection and radiological 
cleanness. In these areas it must draw the existing installations along behind it.
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Conclusion

A number of very dynamic and promising campaigns have been launched. Now they should be given 
the necessary support to produce durable effects in the field. For the time being, the persistence 
of discrepancies means that we must increase our efforts, at all levels, to intensify rigor and 
checking as well as to re-affirm the authority of the management.

It is imperative to seek better performance but the pace and the scale of the improvements 
demanded must remain compatible with the changes in requirements, organizational 
structure, resources and mentalities. Yet the scope for manoeuvre often appears to be limited and 
issues need to be resolved relating to work timetables, poor optimisation of organizational setup, as 
well as difficulties in dialogue with the trades unions.

Furthermore, in this strained context, it is important to be able to recognize any premonitory events 
for what they are, and to take care to preserve the pertinence, the willingness to listen and the 
independence, if not the impertinence, of the different control loops.

Although nuclear safety and radiation protection are based on intangible principles and the observance 
of strict rules, they also rely on a very unique vector : people. Although people may have devised 
many requirements and constraints, they can only mitigate pressure and compensate for this if
they are motivated and competent.

Sharing of the challenges between EDF and contractor staff, more willingness to listen to what those 
in the field have to say, creating an atmosphere of confidence, consideration, and friendliness are 
necessary for the proper personal and team development of the people without whom nuclear safety 
could not exist.

Finally, though our foreign peers may sometimes say they expect more of the world’s foremost nuclear 
operator in some respects, many express their admiration of the company’s technical and especially 
human potential.

It is up to us to rectify our weaknesses and to capitalize on our strengths, so we can do even better in 
the fields of nuclear safety and radiation protection.
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PEOPLE FACED WITH CHANGE

Organizations and people in general, whether they be 
managers, EDF staff or contractor workers, are subjected to 
increasing tension. This situation can have an effect on team 
cohesion and motivation and, in the long term, on the level 
of nuclear safety. Increased management presence in the 
field, opening up to the outside, and pooling of resources all 
appear to have potential to give more breathing space on all 
company levels.

Like everyone else, EDF and contractor staff are also affected by underlying changes in society. 
Individualism is on the increase, in parallel with a need to be insulated against risks and be reassured. 
The degree to which one’s job lends structure to one’s life is ever decreasing. Over five years, I have 
noticed how changes in society are echoed in changes in the company and the regulations it has to 
observe, which has resulted in substantial modification of the working environment, and hence of 
nuclear safety. At the risk of appearing pessimistic, I would like to first describe some of the pressures 
that are accumulating and which are being felt, to varying extents, on all levels of the company, before 
mentioning the positive trends. This problem is inherent in all business activities, but needs to be 
considered with particular care in the context of the stringent demands associated with nuclear safety.
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2 The pressures that are accumulating

Pressure along the entire length of the management chain

Total pressure is 
the sum of the 
partial pressures

The legitimate desire to improve performance and to optimise the use of resources 
automatically leads to pressure, which is often only dimly perceived at the highest 
echelons. It is frequently amplified rather than dampened at each successive 
step, down to the control room operator and the field worker, via the frontline 
management or the head of department. I have notably observed that many of 

the latter are bogged down in budgetary issues and industrial relations problems… to the detriment of 
technical matters.

Each level must take care not to transmit its stresses and strains to the level below.

Time-related pressure

Wherever I go, people tell me how much time-related pressure there is, from the engineers to the field 
operators. This has resulted in major changes in behaviour that need to be kept under control, at the 
risk of completing too many jobs too quickly, which can give rise to a whole range of effects. I have 
noticed, for instance, that the engineering departments have an increasing operating event workload.
Reconciling deadline culture with safety culture is not a foregone conclusion. Everyone, being 
unable to do everything, must prioritize their activities as best they can. The quest for optimization 
necessitates the presence of an independent safety body that is both powerful and heeded.

The pressure of organizational change

Ability to mesure 
the impact of 
each change

All changes, however small, have a perceptible effect on the individual and its 
environment. And trends as marked as the reduction of the workforce and 
change in industrial relations policy have resulted in creating concerns about the 
future of certain professions. It is important not to overlook the effects of “minor” 
changes, such as the reorganization of the office staff. Although this may 

have been fundamentally rational, it distanced the support staff from the field operators and increased 
the peripheral workload of the division staff and managers. Were its effects properly foreseen and 
adequately measured? The effects resulting from the multiplication of projects must be kept at arm’s 
length, particularly at the end of the chain, even though each may in itself be beneficial.

Social pressure

This year, I did not witness any national-level industrial action during my visits. However, at almost all 
of the plants visited, there was latent unrest in one profession or another. It is not up to me to judge 
whether dialogue with the unions is adequate or not, but I did observe that conflicts build tension, 
monopolized much energy and paralyzed many initiatives, each of which is first considered in terms 
of its impact on conditions of employment. Some consider that these difficult labour relations are part 
of the background of some safetyrelated incidents. This is obviously difficult to assess but, as serenity 
contributes to a climate of safety, it is clear that such pressure does just the opposite. 

Constraints due to work organization

Re-organizing
the work, a 

pressing need

For the past five years, I have been emphasizing the harmful effects of the work 
organization system in place since the agreement with the unions was signed in 
1999. The balance between training, operations and private life has been 
completely changed. Worse, the multiplication of timetables has scattered the 
workforce and multiplied the interfaces. For instance, one frontline manager 
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2regretted that it was “impossible to complete a four-day mechanical job with the same supervisor and 
the same team”. 
I observed that the afternoons were hard to make use of and that team activities were often 
concentrated in two days of the week when all of the department (or team) were present.

The state of affairs is well known and it is generally accepted that it is increasingly difficult to 
schedule jobs and maintain continuity of work, yet little is being done to rectify the situation. 
Wait-and-see attitudes predominate. I can see how hard it is to change the cultural status quo, yet the 
worse thing would be accept the situation which is weakening the ability of the system to resist the 
pressures mentioned earlier and which, eventually, are liable to have negative effects on nuclear safety. 
“It would be better that we all work four eight-hour days together than this endless muddle” was 
what one plant director told me.

In short, in such a constraining environment, the players, from management to operative, have 
the impression of having ever fewer opportunities to use their initiative, provide added value, 
and to measure the results of their efforts. Pressure is easier to resist if you are proud of what 
you are doing. Particular attention needs to be paid to the management, which is compensating for 
the effects of the various pressures, but does not have the impression of getting sufficient support.

Change in behaviour and relations

The feeling of belonging to the company seems to be less prevalent among the new arrivals, the role of 
whom is nevertheless indispensable in upgrading the system and keeping it in phase with society. Let 
use make sure that this constitutes an opportunity for the company.
The new employees are generally satisfied with their condition, but they did not hesitate to tell me that 
they considered themselves to be there for a few years and would not hesitate to move on if given the 
opportunity. Fewer employees enter EDF with the intention making their career there. 

Meanwhile, many of the veterans admit that they are finding the company increasingly unfamiliar.
They are finding it difficult to adapt to the change and have a tendency to disengage, regretting that 
there is less team spirit than in the past. I do however observe that the generations have retained 
the common ability to be quickly mobilized in times of crisis. 

Overall, I feel that the company in a transitional phase that is difficult to manage in human terms. So 
that everyone can assimilate the changes and really work together, the work atmosphere needs to be 
friendlier and the team spirit needs to be encouraged.

Positive trends

The risks inherent in the present situation have not escaped the vigilance of the management and 
substantial progress has been made. There are three particularly noteworthy points that relate to all the 
levels of the company.

Presence in the field

Listening fosters 
understanding

The first trend is the increased presence of the management in the field, 
which enables it to keep in touch and to clearly state the company position on 
the key issues. I am frequently extremely surprised at be differences of perception 
at the different echelons of the management. Is this just posturing, or is there a 

real misunderstanding indicating insufficient presence in the field and that reporting is not functioning 
properly?
It is important that each level does not simply tell the next one what it thinks it wants to hear and 
attempt to solve its problems on its own.
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2 In the plants, presence in the field especially combined with interest in technical matters should make 
it possible to better understand the operatives. This can be greatly facilitated when the managers 
are assisted by advisors, as I have observed at a number of plants that have made this a priority.

There has now been a clean break with previous practices at some plants, where those in charge 
at all levels of the new management hierarchy are ready to drop everything to focus on a particular job, 
even knowing that they risk leaving a discrepancy unresolved or having to settle an industrial relations 
issue. Their presence encourages free expression and releases tension, lends meaning to the 
work of EDF and contractor staff and, finally, strengthens their motivation. 

Lastly, presence in the field should help us focus more on the working conditions and sort out the little 
details that poison everyday work and tend to generate bitterness. Thus, it is to be hoped there will be 
cleaner and more functional changing rooms, as is already the case in a few of the French plants that I 
visited, and all of the foreign ones.

Opening up to others

The second trend involves the strengthening of laterality and openness to dispel the risk of 
people becoming isolated in their preoccupations and affecting the quality of dialogue between the 
plant teams and the central management.

I was struck by the remarks of young new arrivals from the hydroelectric field, and surprised to find 
how compartmentalized the nuclear industry is. Another example can be found in this reply by an 
experienced field operator that I congratulated for the housekeeping and fitting out of the nuclear 
auxiliary building control room. I asked him whether the other nuclear units in the plant were in the 
same state. He disdainfully replied “I never go there, and it’s not my business”. Generalizations need to 
be avoided, but it is clear that laterality is not a natural state of affairs in the company, and the 
unit operating and unit outage campaigns are intended to foster it. 

Immersion in other departments answers the need to better understand the organizational 
structure. It can provide a better understanding of the others and their constraints. This is a first step 
towards opening up to the world outside one’s plant, one’s engineering centre and the world of EDF. 
Concerning this point, I would like to emphasise the very positive development of the attitudes 
of a number of individuals that I have met in the last two years. Spontaneous reference is 
increasingly been made to the methods and practices seen in other plants and abroad. I can only 
encourage such exchanges, as they result in fundamental changes in the way issues are approached.

Standardization and pooling

I would like to end on a very positive point : the development of standardization, pooling and 
mutual assistance between the plants. The development of operations engineering, which provides 
for pooling between divisions, is the subject of one of the chapters of this report, and many examples 
of successful standardization are cited below.

It is pooling that constitutes the area where progress has been the most spectacular, particularly as 
regards its primary aspect, the sharing of a task between a number of plants, avoiding its duplication in 
nine of them. The methods and practices standardization campaign (PHPM) is a good example of this. 
The plans of the management have paid off, and I have felt a strong desire to participate that will make 
it possible to go further.
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Progress is 

being made 
with pooling 
of resources 
and mutual 
assistance

Pooling means sending reinforcements to plants where workloads are peaking 
(such as during surveillance tests). Plants can second staff to other plants to 
rapidly build up their professional skills, particularly the plants with two nuclear 
units. Both sides thus benefit, and I have been happily surprised by the rapid 
development of this practice. Acting as a reinforcement is, of course, voluntary 
and strong managerial commitment is necessary to convince staff to go on 
missions, but the word seems to be spreading.

I can only encourage the extension of these two aspects of pooling, to regain a bit of breathing space 
in the face of the pressures and difficulties, and foster the spread of safety culture.

In conclusion, during my visits in France and abroad, I have observed two aspirations: to nostalgically 
seek to go back to past values and to seek to reinvent the future, to find new ways of doing things 
and to regenerate enthusiasm. What is important is to give all a sense of perspective and to create 
conditions favourable to continued improvement and the realization of the potential of people and 
nuclear safety.
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WHY BALANCE IS CONDUCIVE TO 
SAFETY

In an ever more constraining work environment, margins for 
manoeuvre are diminishing and compensating mechanisms 
are increasingly being employed. This can lead to deviations 
in behaviour and practices. Exemplary nuclear safety 
management should make it possible to control these trends 
and their effects.

In the past year, I noted that it might not be possible for our organizational difficulties to be durably 
compensated for by the involvement and motivation of the personnel, at a time when the need to 
renew skills intensifying.
Nuclear safety depends on the conjunction of a number of balances that are constantly challenged by 
social and organizational change. I wish to give a few examples that show the base on which action 
needs to be taken to improve the situation.

Re-establish organizational and human margins

At design level, substantial safety margins are provided. The greater the uncertainty, the greater the 
margins are made. I have observed with the fuel debate how much work has been done to establish 
new margins using detailed knowledge of the reality of the physical phenomena involved, the goal 
being to improve performance, reinforce safety and relax the operating constraints.
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For operations, the margins are also necessary to adapt what is expected to reality, to maintain 
a degree of flexibility. Are they still adequate?

Margins: scope 
for contingencies

I have noticed, for example, that successions of events have been a constant 
feature of installation re-starts in some plants, after unit outages. Those involved 
in the field also speak of increasing difficulty to reconcile all the different 
requirements relating to safety, availability and cost.

I would also like to mention the project to reduce the duration of outages. Each reduction in the time 
taken is well justified, but the organizational systems are subjected to tension. Should difficulties arise, 
the weaknesses in organization and compensation phenomena that I describe below will occur.

Plants re-establish margins by making organizational arrangements that may be simple and effective, 
such as the creation of support groups for the operational teams or the reinforcing of teams by the 
inter-plant pooling of human resources.

The management of the Nuclear Operations Division is accordingly co-operating with the Nuclear 
Engineering Division with the notable result of the inception of the  operations engineering project (see 
§6). In the field of basic tasks, I would like to take the opportunity to emphasise the usefulness of the 
innovation challenge that is held every year. This has resulted in the emergence of original solutions 
that increase the margins available to operators while increasing the level of safety.

However, there is also another “stock” of margins that is still not sufficiently exploited. I note 
that the organizational systems reflecting the agreement with the unions in the wake of the reduction 
of the French working week remain onerous. I regret the rigidity of the system, which complicates 
matching resources to the workload. During my visits to the plants, I have observed that people are 
simply resigning themselves to this unfortunate situation.

Limits of the compensation mechanisms

There are compensation mechanisms that enable the individuals and teams to adapt to the realities 
of the field. Some are relevant, and can be made permanent by modifying the initial organizational 
setup.

However, when the margins become narrower, the mechanisms are liable to become 
disproportional and even preponderant. In such cases, they may go beyond their scope and 
contradict the underlying rule set. Thus, I have noted that the tagging process has in some instances 
been oversimplified by staff who have eliminated the meeting points between the stakeholders, 
intended to reiterate the key points of checking to be performed in the field. When such deviations 
become routine, there can be conflict with the rule set and situations that are dangerous for nuclear 
and industrial safety can develop.

Palliative to 
be used with 
moderation

When the schedule is optimized in a unit outage, even with regard to human 
resources, and at the same time the latter are on just-in-time standing, the 
slightest slippage on a job due to a contingency can completely upset the 
timetable. The teams formed to perform the jobs need to be reorganized and 
much of the planning work needs to be done all over again.Service providers can 

thus be placed in a delicate situation as concerns executing their commitments, which weakens the 
overall system.

As concerns spare parts, the plants are facing real difficulties since the introduction of a new 
management system. This has resulted in a lot of extra work : to ensure that the parts needed are 
available on time, unofficial stocks have occasionally been built up.
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Finally, several examples of individuals who “overdid it” during unit outages were mentioned 
to me. The management needs to be attentive to this,  fatigue can the cause of mistakes and 
incidents. I have noticed that unit outages were just as hectic abroad, if not more so, but that the 
workload seemed to be better distributed.

Management of discrepancies

I would like to stress the need for settling, within set time limits, any discrepancies with safety 
implications, as well as those that hinder the operative in the exercise of their activities. Such 
discrepancies are often left unattended because the resources to deal with them are not available. 
Running with “stones in your shoes” can be demotivating and risk distracting attention from 
safety matters.

During the follow-up visit after the corporate peer review by WANO, it appeared that the main finding 
of the review was that management tolerance of discrepancies was too great, as getting used to 
discrepancies degrades safety culture. 

I have taken good note of the fact that the Nuclear Operations Division had adopted the positive 
experience of many plants in its the STEP 2010 Project. Such positive experience often combines 
management presence in the field with rapid treatment of all discrepancies.

Measuring the impact of rule-set changes

During my visits to the plants, I was often challenged about some of the changes in the rule sets, 
considered to be numerous and frequent on the same issues. Managers and operatives agreed that the 
rule sets were becoming ever more complicated and difficult to apply. I understand the difficulty they 
must have to understand and remember these new requirements and their implications, frequently in a 
short space of time.

Experience feedback and the ability to rapidly correct technical problems are what make nuclear practices 
effective, and necessarily result in changes in the rule sets. However, I would like to encourage all levels 
to provide any such changes with proper backing, and to assess their impact by socio-organizational 
and human factor studies, so as to give the operator the time to assimilate them. This applies to 
both the engineering and the generating side, each needing to determine the constraints on the other.

The importance of an independent body for auditing and checking

Here, I will be discussing the balance between the managerial line and the audit line, and the checks 
made by the safety engineers. The latter tell me that they are generally listened to. In some plants, I 
have observed that the head of the Nuclear Safety Advisory Unit, who is the “safety conscience” of the 
plant director, has a status enabling him to effectively take the lead in nuclear safety matters.

Dependably
Sure of being 
independent

Yet, is this independent body to be the goad that gets the nuclear safety 
wagon moving ahead? Is it not some all too understanding at some 
plants? I also find the quality of the audit programs questionable. Why is it that 
well-known problematic issues are not more often picked up in audits? Many 
events could have been avoided if deviations had been identified and dealt with 

earlier.
I also note that the EDF Nuclear Inspectorate (IN) has found during its assessments that the 
recommendations of the quality and safety department made during audits were not always being 
taken into consideration by the management.
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Also, why is it that discrepancies detected by the Nuclear Inspectorate or international review bodies 
are not being identified by the plants themselves. Does it take an outside look to get the plants to 
rectify their shortcomings? This raises questions about the effectiveness of the independent nuclear 
safety unit, as mentioned above, and about checking.

An outside look

I wish to emphasise how effective an outside look can be in identifying strengths and weaknesses. A
key asset of nuclear operators, such as EDF, is their ability to accept the judgement of other, 
particularly their peers.

During their PROSPER peer review follow-up mission on the organization of experience feedback and 
its processing, experts from the International Atomic Energy Agency considered the progress made 
to be satisfactory and called for the efforts to be sustained. I share their opinion, and also consider it 
necessary to take further steps as concerns two recommendations: making greater allowance for weak 
signals, and better prioritization of the processing of events in terms of their importance.

In the wake of the follow-up visit by the WANO Corporate Peer Review team, I note with satisfaction 
that, at corporate level and in the different Nuclear Operations Division bodies, increasing use is being 
made of the services offered by WANO such as technical support missions and workshops. I hope that 
this trend continues as I have already observed tangible effects in the field.

Finally, I have taken good note of the fact that for the last four years the Nuclear Operations Division 
has been organizing peer reviews, mainly with players in the field. It is a very innovative idea to have 
operatives (field operators, chemists, automation specialists, mechanical work planners etc.) exchanging 
notes about their everyday practices as part of a review. In the examples that I was shown, the 
advantages of this type of review appeared to be recognized by those that took part in them and by 
the plants.

Openness, the result of good safety culture

I would like to strongly emphasise the absolute need for openness, as it is a line of defence that can be 
relied upon when margins become narrower. 

A number of examples have caught my attention due to the openness displayed by the operators. 
I am particularly referring to an event at the Gravelines Nuclear Power Plant when a technician noticed 
that the wires he was to reconnect were already connected (see §18.3), and another event at the Saint 
Alban Nuclear Power Plant when, while seeking an earth fault, checking a 2 Volt wire caused it to 
disconnect from its terminal lug.
In both of these cases, a thorough analysis was made, and additional checks were carried out in 
the second case. I would like to commend the extreme openness of those involved and the 
management.
Conversely, I have noticed in a few cases that the root causes of significant events have not been clearly 
stated in the corresponding reports. I also note that the declaration of events has not always been 
timely. Knowing how to admit mistakes is essential to the development of safety culture. 

In conclusion, overall optimization of the system requires finding the correct balances that are able 
to preserve the organizational and human margins. It would be dangerous to rely on compensation 
mechanisms alone. These are not necessarily durable and are also of limited effectiveness. The 
management of nuclear safety must be sure of their nature and limit their scope.
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OPERATION OF THE INSTALLATIONS

At the heart of the electricity generation process, shift work 
is what guarantees safe operations at all times and under 
all circumstances. The operations teams represent the last 
line of defence, which means they need constant training 
and practice in managing all normal and upset operating 
conditions. The core activities of the profession must remain 
their priority and the ability to control the installations must 
be regularly tested.

The control room operators monitor and control the installation from the control room around the 
clock.
The field operators watch over the installations in the field and perform local tasks when requested by 
the control room operators, such as alignment of systems and withdrawal of equipment from service 
(tagging). The shift manager leads the team and assesses the level of nuclear safety. This person is 
supported by one or two assistants and a tagging supervisor who is also in charge of the fire-fighting 
response teams. The operations team alone handles any upset situations or incidents right from the 
outset.This places special responsibility on all of its members individually and collectively. 
I decided to review in depth the manner in which this activity is performed, as it is central 
to nuclear safety performance. I would like to stress the importance of three issues of a nature to 
increase safety: the skill necessary to perform the mission, the central position of the operations team 
in the work organisation, and the checking process. I will also be mentioning the progress made in 
guaranteeing serenity in the control room.
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Skills

The control room operators have to manage operating situations that necessitate good understanding 
of the physical phenomena involved and proper mastery of the process.

The control room operators accordingly need to be prepared to handle normal and incident conditions 
at any time. Concerning this point, I have observed that they know how to deal with incidents properly. 
In particular, I observed that two complex situations were handled correctly : leakage of a 
Cruas 4 steam generator tube (see §18.4) and loss of the offsite electrical power supplies at Paluel 
Nuclear Power Plant (see §18.5). Here I see the extreme usefulness of the full-scope simulator 
training that has been received. 

Conversely, in more mundane situations, I have observed an increase in the number of discrepancies 
over the past two year, such as the exceeding of the limits of the normal operating envelope, which 
appears to indicate erosion of knowledge of the physical phenomena and of the installation 
response (see §18.1). Of course, excursions outside the envelope are quickly detected and corrected, 
but such events show the need for better training in the phases of normal operation. The policy 
adopted by the Nuclear Operations Division last year which involved adding a third annual week of 
simulator training is a step in the right direction.

This year, I noticed alignment errors, particularly in the ventilation systems, the setting of valves in the 
neutral position, as well as in the proper tag-out equipment. Even though this may represent a small 
number of errors compared to the number of manipulations, the fact that they did not have any direct 
bearing on nuclear safety should not lead us to underrate their potential consequences.

In terms of developing the skills of the auxiliary workers, some confided to me that the training they 
received seemed to be too theoretical. They expect to gain more practical knowledge in the field.
The organization of the teams, which needed to address these needs, was kept busy with simulator 
training outside shift periods. This made it very difficult to keep watch over the auxiliary operators, who 
frequently complain of lack of support. Finally, I noted the training sessions dispensed during shift time 
were becoming increasingly infrequent, as time was lacking.
Overall, this does not encourage team cohesion and performance.

Take the time to 
become a pro

During my visits to the plants, I observed that knowledge acquisition by the new 
arrivals could be adversely affected by insufficiently long initial training sessions. 
This applies to all the operations professions. To form true professionals, sufficient 
time must be devoted to the acquisition of skills and full appropriation of the 

entire range of knowledge required. Mentoring is increasingly difficult to organize as, in the teams, 
there are more green staff and fewer veterans.

Building, maintaining and developing skills takes time. Since having reduced the number of legal 
working hours in France, the scope for gaining professional experience during shifts has diminished, 
while the simulators are not being used enough to revise actions such as handling sensitive transients. 
Thus, some staff are seldom confronted with rare normal phases of operation, such as going critical, 
going on line, transition to decay heat removal system etc.

The changes in organization and the pace of the work have reduced the time available to assimilate 
all the knowledge but also made it difficult to maintain the indispensable exchanges between the 
professions.

I have encountered control room operators who, when seconded to an outage, were only then able 
to discover the workings of other professions, understand their constraints and explain their own 
constraints.
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Changes are necessary to reconcile all these different constraints. For my part, I will be attentive 
to see that the training policy already adopted is put into effect fully and efficiently.

The central position of shift operations in the unit outage and unit in-service campaigns

Operations
always come 

first

The particularity of nuclear facilities is that operations never cease completely. The 
operating teams must, at all times, have a clear overall view of the state of 
equipment operability and the program for future utilization of the facilities 
whether during periods of electricity generation or during unit outages.

I have noticed that control room operators seconded to unit outage projects provide precious safety-
related skills that are appreciated by the outage teams. The operating activities are better integrated 
into the outage schedules.

However, during certain outage phases, the shift operating teams find it difficult to follow all the 
changes in the status of the equipment and systems. The control room operators deplore having to act 
as simple operatives without the time to fully master their activities.

Are the operations resources properly adapted to the pace of the outages? I have observed 
with interest that specifications describing core requirements for operations devised at corporate level 
adopted these topics.

In 2005, I wrote that the unit in-service campaign schedules were not sufficiently reliable, forcing the 
control room operators and the shift managers in particular to deal with issues as they arose, whereas 
they should have been scheduled. During my visits, many staff members again mentioned this state 
of affairs, which imposes on-the-spot planning (risk analysis and withdrawal from service) and limits 
availability of the shift manager for supervising staff in the field and managing the team.
I did however see some progress ; emphasis was notably placed on the scheduling of the surveillance 
tests, designated as ‘risky’ to ensure the rapid availability of the necessary professional support, or to 
ensure that such tests are performed at the best moment.

To a greater extent than the unit outage campaigns, the unit in-service campaigns are found to be 
more sensitive to the constraints imposed by the current work timetables. The responsiveness of the 
professions to the demands of operations is still hindered by the availability of staff. Indeed, it is 
frequently the unit outage organisation that governs the availability of resources for the unit 
in-service campaign

Checking

Facility operation is a complex activity that is the subject of increasingly constraining regulatory 
requirement. By their very nature, operations are always in the front line. Like the EDF Nuclear 
Inspectorate, this year I have observed a number of cases revealing a lack of rigor in everyday practices: 
surveillance, tagging and alignment. Checking should help get to know how the staff are 
performing their activities, and should make it possible to correct them when appropriate by 
also obtaining a clearer idea of their difficulties.

Facilitate
delegating

Supervision in the field takes time. I have seen that the shift managers have a very 
heavy workload. To increase their availability, they need to delegate more but, as 
one of them told me, in the training they receive before taking their position, 
there is little mention of delegating.

Whatever the case, a better balance of the workload assumed by the head of the team would appear 
to be desirable.



28

4

But lack of time is not the only explanation. Consideration still needs to be given to a) the feeling
among the staff that checking is still too often seen as a way of spying on them and b) to finding a 
way of establishing its credentials.

The plants have made uneven progress in assessing skills on the simulator, with staff reluctance still 
only too common. Few of the control room operators that I met were convinced of the worth of such 
assessments. This is because they see themselves to be as confirmed professionals and see assessments 
as a sign of distrust. Confronted with this attitude, the management is concerned about revealing 
inadequacies that may call for withdrawal of accreditations.

In my 2005 report, I also mentioned the risks associated with colleagues assessing each other: this 
can be difficult if they have the same or similar background, there can be concern about the return to 
operations at the same plant, and there can be local managerial pressure to lift reservations. Instructors 
have told me in confidence that they have been faced with delicate situations during assessments. This 
type of problem is starting to be resolved by the practice of mutual assessment by different plants.

I note the decision of the Nuclear Operations Division to formally lay down the terms and 
conditions of such assessments and I unreservedly approve the provisions adopted to rapidly 
make this effective in all plants. In view of the responsibility involved and the potential 
impact on safety, I consider it indispensable for such checking to be carried out in the same 
manner as that used in most of branches involving risk-prone activities.

Serenity in the control room

This year, I discovered that all of the plants I visited had implemented common-sense measures 
to ensure serenity in the control room.  During operating transients, from performing surveillance 
tests to managing special events, I found that access to the control rooms was heavily restricted.
During the unit outage in one of the plants which had made an in-depth study in collaboration with its 
human factors network, I was able to judge the value of judicious filtering of the demands reaching the 
control room. The operators on shift were thus able to concentrate on running the plant and on the 
surveillance of the equipment in service.

As a general rule, the operators encountered readily understand the need to be shielded, but fear 
being cut off from the other professions. For them, their mission necessitates contact with members of 
other professions so as to know what jobs are to be started and to carefully verify their compatibility 
with the status of the nuclear unit. I understand this need, but this can be satisfied in a manner 
compatible with the level of serenity sought.

I observed very different practices abroad. Access to the control room is strictly limited, direct 
access frequently being prevented with a guard opening the door only to those with the necessary 
authorizations. The control room has in such cases become a veritable sanctuary. Yet the organizational 
system enables the operators to know what activities are in progress at all times.

In conclusion, the operating teams play a key role in nuclear safety and power generation, and are 
central to the functioning of nuclear plants. They have a responsibility which, to be properly 
assumed, calls for testing of skills, strengthened co-operation with the other professions, and 
the highest rigor in performing duties. Checking - the first and last line of defence - needs to be 
seen as unavoidable, as it enables weaknesses to be detected and corrected, and thus to get things 
right the first time.
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HUMAN PERFORMANCE

The human performance campaign is intended to provide 
simple tools to ensure that “things are done right the first 
time”. This cultural shift must include all professions and 
players, both from EDF and contracting companies. Its success 
depends on the will and the resources being maintained 
- particularly the presence of managers in the field - and 
will have a strong impact on nuclear safety and radiation 
protection.

A substantial effort has been made to improve technical aspects and the organizational structure. 
However, disparity in the levels of nuclear safety in the different nuclear units, the variation in the 
results from one year to the next, as well as the series of safety-related events arising in the same place 
in a short space of time, are there to show that technical and safety issues depend very largely on the 
players and their personal ability.

Simple tools that 
structure and 

reassure

The human performance side of the STEP 2010  Project is intended to strengthen 
the line of defence constituted by the players themselves, notably by providing 
them with a set of common-sense tools (pre-job briefing, the one-minute hold, 
cross-checking etc.) derived from those used in other countries. It is thus not a 
question of increasing their “productivity” but of fostering action that is 

better grounded, more team-based, more serene and, finally, safer. 
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I am sanguine about the success of this project because I have observed in the plants a veritable 
awakening to the fact that the simple, practical means used up to now on a pick-and-choose basis 
can lend structure to the practices and make them more reliable. Notwithstanding, this “cultural 
movement” may be associated with precautions and backup, though it may seem modest in scope.

The projects concerning scrams, precursor events

An encouraging 
challenge

One of the reasons for my optimism resides in the existence of an earlier campaign 
focusing on eliminating scrams. This campaign, of which I have encountered 
many of the participants in the field, consists of analysing the technical and 
human origins of scrams and finding ways of remedying  them.

The technical dimension consists of identifying the equipment where recurrent failures occur and 
implementing countermeasures. I will focus more on the “human factor” of this campaign.

I observe that it has been made a priority; highly motivated teams have been specially formed, 
consisting of representatives from different departments and members of the human factor network. 
The first success was greater awareness of the safety impact of scrams. The second was realization that 
there was no reason for there to be so many scrams. The third was joint identification by the different 
professions working together of the most sensitive activities and demonstrating the need for lateral risk 
analysis, pre-job briefing, the one-minute hold, and communication or cross-checking.

In this precise area, and subject to confirmation over time, the results already obtained speak for 
themselves. I am convinced that the reduction in the number of scrams associated with human 
factors can be ascribed to this coherent campaign that has been quite well received. 

Naturally, notwithstanding these actions, it will be increasingly difficult to “get things right the first 
time” even in the case of routine actions, but it should be possible to build on this success, which is 
based on the same principles and tools, so as to convince and to progress.

Assets to develop

Making use of experience feedback

By giving the method increased credibility by demonstrating the success of the scram reduction 
campaign, and also showing the experience feedback on a number of events that have occurred 
in out plants, it is certainly the best way of convincing everyone. In particular, maximum publicity needs 
to be given to circumstances where such means have enabled scrams to be averted.

Feedback
that helps the 

operator

Yet I find that experience feedback is having difficulty in filtering back down to 
the departments and tends to be disregarded. The operative are aware of the 
events that have occurred in their nuclear unit, and sometimes of those in other 
units in their plant, but rarely of any having occurred in other plants. I have found 
that even where its pertinence is recognized, experience feedback is often 

neglected at the moment when it would be most useful. I would however like to stress the high quality 
of the newsletter C’est arrivé dans les centrales describing occurrences in the plants.

Analysis thoroughly describes the technical aspects of events, though this is often at the 
expense of organizational factors or aspects such as the training, skills or the behaviour of 
those involved. 

Concerning this point, I appreciated the technical analysis of events at one plant through the systematic 
cross-examination of data by human factor correspondents from other professions that tend to be more 
willing to ask the controversial and awkward questions that can render an analysis less conventional.



31

5

Strong mobilization in the field of training

The system set in place from the inception of the project appeared to me to be particularly pro-active 
and consistent.
This featured both the publication of a handbook containing material confirmed by wide consultations, 
and training for all, beginning with the top management from the Nuclear Operations Division and 
the plants. All the staff should be trained by mid-2007. This is a truly exemplary project that places 
the management in a position to observe, explain and understand what the operative are doing and, 
finally, to convince.

I would also like to emphasise the key role of the training services in this project. This can only take root 
if certain reflexes are instilled from the initial training stage among the upcoming generation,
who will certainly find it easier to acquire them.

The raises the question of finding instructors capable of conducting this type of training, given that 
speed is required if this qualitative leap is finally to be made, and there is to be no backsliding.

Reinforcement of the human factor networks in all the plants

Human factor 
networks are 

necessary

During my visits, I met members of the human factor networks from the plants 
where they are being developed. My first impression was the extreme disparity of 
the situations, no doubt reflecting the degree of involvement of the management 
and the personalities of the human factor consultants. Some of the networks are 
dynamic and strongly motivated, others are less so. Certain represent a wide 

range of hierarchical levels and professions, others are less broadly based.

But if the presence of the management in the field is indispensable to carry through the human 
performance project, the presence and the contribution of peers appears to be equally important as it 
ensures that the process is not seen as a purely top-down one and that the practices being generally 
recognized as necessary. When someone shares the same profession, it is easier to show that 
these tools make it possible to progress from “just-follow-the-rules” safety to an attitude that 
requires thought, in the light of a truer perception of the risks.

More generally, questions need to be raised about the availability of the resources and the skills 
necessary for the gear change awaited in the plants, in the corporate departments of the Nuclear 
Operations Division, if not in the Nuclear Engineering Division and the Research and Development 
Division, which also need to be stakeholders in this cultural shift; it seems that what is needed is to 
maintain, and possibly develop, the hard cores of skills in psychology, sociology and ergonomics to 
better relate them to the skills of the engineers.

Joining up the Human and Socio-Organizational Approach with the Human 
Performance Campaign

Human
Performance

campaigns and 
Human & Socio-
Organizational

approaches 
share the same 

goal

In my opinion, the Human and Socio-Organizational Approach (SOH) implemented 
by the Nuclear Engineering Division seems to correspond to another aspect of the 
Human Performance Campaign. Indeed, the former seeks to make sure that the 
three issues are properly taken into account in impact studies and technical 
modifications. The Nuclear Engineering Division now has a good theoretical 
approach to the question but I have noticed, on a number of occasions, that its 
impact studies were inadequate, whether as regards both planning and the 
incorporation of modifications. This tended to cause certain difficulties. Here, for 
instance, I have in mind documentation that was unsuitable (or late), and whose 
maintenance was more complex and lengthy etc.
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It must be remembered that this approach is also intended to ensure that things are got right the first 
time to avoid disturbing the activities and behaviour patterns of the operatives. For this reason, it would 
be desirable for this approach to be in phase with the Human Performance Campaign.

Finally, I note that the approach could well be applied to the various organizational projects, at 
all echelons of the company. 

A few personal messages

Success with the Human Performance Campaign involves reinforcing laterality between the 
professions. I approve the practice of one site that organizes pre-job briefing training in small groups 
combining control room operators, automation technicians and maintenance staff.

The implementation of the Human Performance Campaign cannot be without impact on the schedules 
such as those of the unit outages. Breathing space needs to be provided for both pre-job briefing and 
debriefing even if, finally, the “lost” time cannot be made up. It is important not to rush through them, 
and to devote sufficient time. I remember that in my previous job, some of the briefing lasted longer 
that the flight that followed!

The use of these tools must be systematic if this campaign is to become second nature. As one 
operative confided to me “if you don’t use cross-communication all the time, you forget to use it on 
the day when the shit hits the fan, when you really need it”.

Particular care needs to be paid to surprise events, at night, when on-call, tired or stressed-out, for this 
is the time with cross-communication, pre-job briefing, the one-minute hold… and debriefing all give 
vital strength.

Finally, it is worth mentioning that this campaign will only achieve its full potential if it involves all 
the professions and all the operatives, whether EDF or contractor staff. Even although the latter 
have not been invited to participate as much as they would have liked in the early stages, I know that 
the Nuclear Operations Division is seeking to make progress with the stakeholders.

In conclusion, I unreservedly support this campaign, which lends structure and official weight to the 
methods that should enable us to improve our activities, whether scheduled, unplanned or routine. 
Although they may apply to all fields of activity, the methods and tools selected appear to be 
particularly well adapted to nuclear safety and radiation protection, which demand greater 
awareness of the risk, a questioning attitude and rigor in execution. I shall be very attentive to 
the results obtained in the field.
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PRESERVATION OF SKILLS

As retirement proceeds apace, the plants are faced with the 
need to preserve the core skill of the profession. Progress is 
being made in satisfying the demand, but there are many 
constraints to handle. Success with this delicate phase, and 
taking advantage of the opportunities it offers, necessitates 
anticipation, consistency, vigilance and innovation to guarantee 
that the necessary properly-trained staff will be available 
everywhere in due time.

The need to preserve skills is a pressing one due to the imminent departure of the generation that 
built and commissioned the French nuclear power plants. This problem is faced by all the players in the 
nuclear field : suppliers, contractors, and the ASN, both in France and abroad, as I was able to observe. 
Identified by the corporate risk control staff as one of the main risks to be monitored in the company, 
the means of preserving skills has, for a number of years, had the full attention of the company 
management, and is regularly examined by the Nuclear Safety Council.

I have already discussed this major question in detail in my previous reports, and I will therefore restrict 
myself to explaining how I have modified my view in the light of my findings in the field of the on-
going changes in organization and training.
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Identifying and satisfying needs

For a number of years, I have watched how the advance planning of jobs has been gathering impetus 
in the nuclear divisions. This campaign, which is now mature, has made it possible to identify, position 
by position and year by year, the needs created by the departure of staff, as a function of this 
profession and training. Incubators have accordingly been created where the new arrivals can “mature” 
to be operational in time to replace the veterans. Overall, the system appears to be functioning 
correctly, particularly as concerns the professions closely associated with the process (control 
room operators and automation technicians), who are replaced on a one-for-one basis. 

Advance
planning is not 
comprehensive 

insurance

The renewal is nevertheless taking place in a field of constraints. This is 
because absolute priority is given to redeployment in other units of the company, 
which means that recruitment outside is being strictly limited. 
In addition, the goal is an overall reduction in numbers in some professions. These 
two objectives are very understandable, but when combined can have untoward 
consequences, as each manager has to rely mainly on reserves of the 

others.
The first consequence, particularly for the plants of low geographical attractiveness, is that the turnover 
in some positions and professions has been practically frozen. This means that, at the different 
management levels, it is being sought to keep the staff in their places out of fear of not being able 
to replace them, whereas absence of mobility can be detrimental to professional careers and make it 
difficult to fill some position at certain plants.

 The system demands fluidity if cultural mixing is to be fostered and the “right man is to be in the 
right place” just in time. This is particularly important for safety management and maintaining an 
independent channel of quality auditing and checking.

Redeployment:
how far should 

we go?

I regularly encounter new arrivals who are increasingly often people of all ages 
who have been redeployed from other parts of EDF. Although many appear to 
have the necessary profile for their new jobs, some can experience real difficulty 
in acclimating themselves to the particularities of the nuclear field (safety culture, 
procedures etc.). I regret that the Nuclear Operation Division departments in 

particular do not always plan sufficiently far ahead the profiles proposed in the context of 
redeployment.

Finally, certain veterans are closed affected by this issue. I regularly meet manager and expert who 
are manifestly very valuable to the system. And it is not rare that, when I congratulate them and exhort 
them to carry on the good work, they look at me and regretfully announce they will soon be arriving at 
the age of 55 and will be retiring… and for their manager to later confide in me that they will be very 
hard to replace in view of their experience and specialization. Extensions are now rarely permitted, and 
the rigidity of the systems seems unhelpful in my opinion.

Training of new arrivals

Basic training

The basic training of EDF new arrivals or redeployed staff is generally well conceived, in the opinion 
both of those being trained and of their management. They consider that the training goals are up to 
date and that training generally corresponds well to their professional requirements. This is notably the 
impression of those who already have professional experience in other companies, frequently being 
former members of EDF contractor companies.
They say that they are impressed by the quality of the training and the manner in which it is 
dispensed.
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Yet, I have heard reservations expressed in the plants and the Corporate-Level Professional Training 
Department.
Whatever the quality of the basic training, it takes time to be a true professional. The amount of time 
available (basic training plus mentoring) is tending to diminish and appears to be shorter than in other 
countries (see §19). It is particularly important not to omit this phase of becoming a professional, which 
would be hard to compensate for at a later date, in view of the pace of work.

Training must 
focus on rigor 

from the outset

Basic training is considered to be a little unbalanced, being too theoretical and 
not sufficiently practical… which corresponds to many remarks in previous 
sections. A number of times, I was informed that basic training did not 
sufficiently develop safety culture. For instance, it would appear that certain 
issues are not being treated in enough depth, such as checking, delegation, 

adhesion to specifications and the scope of the radiation protection rules.

The problem of recruiting instructors with diversified profiles, if not instructor instructors, is said to 
be an increasing problem due to the lack of candidates. The is compounded by the major risk of 
colleagues being the instructors of colleagues, particularly in the case of local skill development 
departments, an issue that I have been emphasizing for the last two years (see §4).

Finally, one important point is the system for reception and integration in the plants. I have observed 
extreme disparity. In some plants, the approach is minimalist, at others, generally the largest ones, it 
is highly structured and varied ; classes are formed with a cycle of conferences, visits, and awareness 
heightening to create a network of new employees the will subsequently facilitate laterality between 
departments. While on the point, I greatly recommend early immersion in other departments or even 
visits to other plants, practices that are unevenly adopted but recognized as fostering motivation and 
progression.

Reorganization of the training departments

Reorganizing
training to 

better serve our 
ambitions

In view of the importance of the training system at this key juncture, I have taken 
an interest in the current re-organization, which led to the creation of the body 
called EDF Training on 1 January 2007. For the Generation Technology Division, 
the specialized training units were previously combined in the professional training 
department common to EDF and GDF (the Corporate-Level Professional Training 
Department). They are now attached to its Services Division as part of the 

Operations Engineering Training Unit (UFPI). This new arrangement is specially intended to bring 
training supply closer to demand, the field being highly technical.

Nevertheless, care needs to be taken to ensure that this organizational structure properly preserves the 
capital of the Corporate-Level Professional Training Department and guarantees the autonomy of 
the new department and the independence of the assessment system. What is most important 
is to ensure that it is effectively able to rectify current weaknesses in terms of colleagues checking 
colleagues, recruitment of instructors and, of course, adapting the training methods to the demands 
of future professions. This is an excellent opportunity to change certain modes of operation as 
new generations arrive. I shall be particularly attentive to the preliminary feedback relating to this 
new organizational setup.

Participation in the training of service providers

Our service providers also need to preserve their skills. They frequently find it difficult to find, recruit 
and retain employees in certain professions. EDF has long been attentive to this issue and has 
notably developed partnerships in collaboration with the French Ministry of Education and contractor 
companies. The partnerships focus on creating national vocational diplomas and training leading to 
accreditation.
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This is what I saw when I visited the Malgrange Technical Academy in the town of Thionville,
near the Cattenom Nuclear Power Plant. The establishment headmaster is fully acquainted with 
the constraints and the expectations of the industrial world. Accordingly, he trains young people in 
professions found in the nuclear sector and provides training of both EDF and contractor personnel for 
the plants. Other similar successful ventures exist near other plants. After such a convincing visit, I was 
left wondering about how to introduce the widespread use of such training resources located near our 
plants. This would not only address the need for reinforcing nuclear safety and radiation protection 
culture among our staff and service providers but also the need for reinforcing the only too weak 
link between the nuclear sector and the French Ministry of Education. 

Finally, I have found that in other countries, the training courses organized by the operators are more 
frequently open to the service providers than in France. This offers the advantage of instilling the same 
references and language at the outset.

The skills and professions that need to be watched

Recruiting young engineers

During a number of visits in France and abroad, I have noticed that, firstly, the engineer market was 
highly competitive which made things difficult for nuclear operators and that, secondly, the need to 
prepare for the rebirth of the nuclear generating has lead operators, vendors and even safety authorities 
to recruit substantial numbers of engineers well ahead in view of the time required to complete training. 
It is important that EDF not be caught short in terms of both engineering and R&D, particularly if the 
nuclear industry does begin to grow and if EDF intends to play an active role.

Ancillary functions

In meantime, the resources alloted to the ancillary functions are diminishing. On a number of occasions, 
I have heard executives at all levels complain about insidious changes in workloads. It is not easy to 
reconcile all the new responsibilities and be present in the field, when you have to be an 
accountant, an organizer, an IT technician, a procurement specialist, and a stores manager etc. 
all at the same time.

In addition, some of the ancillary professions can have a direct impact on nuclear safety. Here, 
I particularly have in mind technical documentation and logistics, where there are currently real 
difficulties, whereas these professions require very special skills. Concerning this point, I have observed 
that some of the store managers I met did not appear to have the expected skills.

Chemists

Again, during my travels abroad, it has appeared to me that chemistry was more of a concern there 
than in our own plants. For instance, it is frequent for a chemist to be a member of an operating shift. 
Also, I have noticed a number of events implicating the operations-related competence of the chemists, 
such as during alignment.

Crossroads for 
the long-term 

issues

In the plants, the role of the chemist seems to be a lowly one, as shown by their 
surprise when I invited some to join a round-table discussion. In point of fact, they 
are too busy with performing analyses in compliance with the regulations and 
with the surveillance of the metering systems, as the plants generally consult the 
Construction and Operation Expert Appraisal and Inspection Centre (CEIDRE) in 

the event of problems.
In view of its importance in terms of plant lifespan issues (corrosion and fouling), it is necessary to 
enhance the status of chemistry to ensure proper understanding of the phenomena and make sure that 
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the operations and maintenance staff are fully aware of its importance. I note that the current state of 
affairs falls under the responsibility of the management, which needs to raise its expectations and to 
upgrade the chemistry function. I am not sure that the current drive to maintain skills makes adequate 
provision for this.

In conclusion,  I believe that the drive to preserve skills is advancing on a new basis, especially as 
concerns the professions closely associated with the process in the plants. However, this is taking place 
in an environment subject the powerful constraints, both as concerns recruitment and professionalism. 
There are signs that indicate that attention must continue to focus on this issue and that no difficulty 
nor impact must be overlooked if were are to seize the opportunity for change represented 
by the arrival of a new generation of staff. 
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CONTRACTORS

Nuclear safety and radiation protection performance depends 
on the quality of the activities that are subcontracted out. By 
creating a new impetus, the company is seeking to rectify certain 
recurrent difficulties. Despite margins deemed satisfactory by 
many of the service providers I have encountered, I still find 
many expectations that should be taken into account so as to 
durably maintain the levels of quality required.

Improvement of the relations with the service providers is one of the avenues of progress identified 
by the President, in the light of the 2005 report. As in previous years, during my visits to the plants, 
I have made a point of meeting the representatives of the contractors and the EDF staff in charge of 
administering the contracting work.

My findings are inconsistent, varying from one industrial region to another, and even from one 
contractor to another. National, regional and local contractors, whose services to the plants are provided 
all year round, are faced with very different situations and do not experience the same problems.
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A new project

Reciprocal 
committments

A new project based on the STEP 2010 Project guidelines was set in place in 
2006. This project, which reflects the Charter for Progress and the need for 
sustainable development, features five areas for action which I have used as a 
basis for my analysis.

Increasing industrial safety of contractor staff in nuclear plants

Industrial safety, the state of industrial relations and nuclear safety are closely linked, for nuclear 
safety and industrial safety share common roots. I have noticed that, in certain countries, industrial 
safety results are included in the nuclear safety indicators. I have had the opportunity of making an 
industrial safety visit in the company of the plant management and contractors working during a 
unit outage. Although progress in the wearing of personal protection was visible, I noticed hazardous 
work situations such as the use of the wrong special tools, dangerous posture, unsuitable barriers etc. 
And I regularly witness this sort of thing. I was also told how difficult it was to obtain certain types of 
personal protection equipment. 
I would like to emphasise the managerial efforts made over a number of years to increase the safety 
of the workers, yet my findings confirm the need to continue the action taken, particularly as regards 
rigor.

Finally, I am often confronted with the dilapidated state of certain installations where work is 
subcontracted to service providers. Their condition is conducive neither to industrial safety nor 
motivation.

Assisting the contractors at the nuclear plants

I observe with satisfaction the elimination of certain differences in the treatment of EDF and 
contractor staff as concerns living conditions. I would also like to mention the use of the same car 
parks, changing rooms, canteens etc. although some of the plants have come catching up to do.
The inter-company commissions for industrial safety and working conditions (CIESCTs) are 
playing a stronger role, as was confirmed by the EDF and contractor sides. I was given concrete 
examples of how numerous problems relating to work and living conditions were solved.

Greater support 
for congtractors

Last year, I mentioned the situation of the “worker on the job”. I encountered 
some operatives who appeared to be at a loss in their surroundings, especially in 
the controlled areas. It would seem that they did not have adequate knowledge 
of the organizational system or the installations, and did not know where to find 

the equipment, and they also were unacquainted with the procedures for collecting and packaging 
waste. This finding probably reflects the high turnover of the contractor staff, as well as the frequent 
replacement of their EDF interlocutors and their limited availability due to pace of their work. A second 
cause is the inherent unreadiness of certain operatives for the very numerous constraints organizational 
constraints in a nuclear plant.
I note that, in the case of our European neighbours, the operator always provides very close 
support.
Supervision covers such functions as reception, training, and accompaniment, as well as industrial 
safety, fire drills, and radiation protection.

On arriving at some plants at the start of an outage, I was surprised to encounter contractors
complaining about the lack of special equipment in the nuclear area. Such special equipment 
can be of many different natures, some being technical for specific jobs while others may be basic 
protective gear for entering the nuclear area (gloves, overboots, radiation meters, personal protection 
etc.).
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National markets exist, and I am therefore curious to know the origin of such shortcomings, which 
immediately give a very poor idea of the logistical organization of the plants.

Finally, I note with satisfaction that the standardization approaches have made it possible to 
adopt common documents to be presented by operatives at all the plants. This is currently the case 
for fire permits and the Personal Access Request Form (FIDAA).

Placing orders well ahead and identifying the contractor requirements at the nuclear plants

The contractors are all asking that the schedule be finalised so they can abide by it. I note that 
certain jobs are not yet properly integrated in the overall outage schedules, particularly as concerns 
support work. Lack of communication between the plant and the contractors can sometime complicate 
things, resulting in stress and discontent.

Less changes 
to outage 
schedules

I note progress with the “four months ahead” criterion for the letting of contracts 
before starting a unit outage. However, I have clearly observed issues that 
undermine the legitimacy of the excellent results of around 87% announced. A 
cursory look at the number of subsequent riders associated with these orders 
confirms this remark… I have always heard that the numerous discrepancies in 

the content of work ordered result in last-minute schedule changes and in the redeployment of 
contractor resources.

I have however seen greater involvement of the contractors well before the outages, with 
the integration of a contractor supervisor in the outage planning team at some plants.
Just before an outage, some organizational systems are beginning to increase contractor participation, 
taking the time to explain, establish the work conditions and listen more closely to their problems. 
Conversely, during outages, I have only too often seen contractor staff waiting a long time to start 
work, obviously having been called in too early. Furthermore, the contractors are also required to catch 
up during the weekends what was left undone during the week, owing to organizational or company 
reasons depending on EDF.

Contributing to preservation of contractor skills

Prepare the 
future with our 

contractors

During 2006, there was a drive to re-organize advance planning of jobs with 
certain contractors, to enable both to see further ahead. Some contractors are 
expressing concern about the age pyramid in which the 35-40 year age bracket is 
under-represented. The more distant horizon offered by the advance planning of 
jobs with contractors has already enabled EDF to establish partnerships with the 

companies concerned, and to provide assistance with recruitment and training of personnel in the 
nuclear plants.

Increase the attractiveness of nuclear industry professions

Most of the contractors encountered expressed difficulty in finding qualified staff; some leave at the 
end of apprenticeship schemes and most young people do not remain more than five years. This has 
been going on for years and is having the same effects: constant secondments, frequently being on-call, 
variable working hours, last-minute urgent jobs, jobs being finished late, and excessive administrative 
complexity before work can be stared. This is probably ascribable to the generation gap, with old pros 
working alongside the young and inexperienced.
Most of the contractors confirmed to me that the training is rushed “to rapidly have workforce on 
the cheap” in other words, time is no longer being taken to transmit know-how and expertise. This 
gives our contractors the impression that “less time is spent learning the trade and acquiring safety 
culture, and more on paperwork” as one said. This remark could have just as well come from EDF 
staff.
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In short, these five areas of improvement correspond to my own understanding of the 
situation. I appreciate the quest for shared, concrete achievements that lies behind them.

Organization of advance planning of jobs

General Field 
Work Support 

Services, a win-
win situation

In 2006, I observed with interest the gradual implementation on an experimental 
basis of contracts “with general work area assistance” (PGAC). The scope of 
logistical action is vast, including heat lagging, cleaning, scaffolding erection, 
radiation protection, industrial safety etc. In the past, these somewhat different 
needs led to a proliferation of contracts, increasing the number of interfaces and 
complicating the situation. Now, contractors with skill combinations are preferred 

to increase flexibility and resourcefulness. The approach involves entrusting a set of missions under a 
single contract with general work area assistance. This has resulted in business setups ranging from 
integrator-led structures to temporary joint ventures. 
Such organization is complex, and the contractors are slowly adapting to the constraints.
I have observed situations both where success was practically ensured and where 
experimentation was running into difficulty. There are keys to success : strong leadership by the 
EDF and contractor management is a determining factor in imposing and achieving acceptance of this 
break with the past, attitudes towards which are not always positive among the EDF staff involved. 
Many of the difficulties stem from late signing of contracts and insufficient planning by the EDF and 
contractor teams. 
I have visited a plant where general work area contracts were proving satisfactory. The contractor 
companies make an investment in the future with this type of contract. It helps them strengthen their 
national and plant management team, and many technical and operational innovations have been 
proposed by them, relating for instance to the optimization of radiation protection and reduction of the 
generation of waste, to the mutual benefit of the supplier and the beneficiary of the services.

Supervision of contractors

Supervision is becoming increasingly professionalized, there now being many full-time contract 
supervisors in the plants. I note that many of them have now come to accept and support the new 
system, but further progress is needed. 

In some plants, facilitation has been maintained alongside supervision, while in others this is not the 
case. This situation can result in difficulties for the contractors. In addition, contractors are worried 
about the contracting-out of supervision, possibly to competitors. I believe that supervision requires 
specific skills and proper continuity. I have found four-unit plants with full-time supervisors that 
meet this need, which is currently more difficult to satisfy in the two-unit plants.

Where vigilance is required

A tense socio-economic context

When activities of high added-value are contracted out, the rareness of the necessary skills is sometimes 
the cause of problems “Now the availability of the welders and valve technicians is determining when 
outages are scheduled”.

For other more ordinary activities, I regularly hear that “They always want more, and it is always more 
complicated… but always for the same price”. One result is that the basic nuclear industry trades are 
being seen as less desirable. The desire to reduce costs and encourage competition further increases 
the impression that the situation is deteriorating. A common remark is “We’re hearing more and more 
about budgets, and less and less about technical matters”. 
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I have met contractors who have candidly told me the pressure to reduce prices has forced them to 
reduce the levels of skill or the supervision of their operatives. This finding is shared by the management 
of the plant teams. The purchasing division is aware of these difficulties and I will be very attentive to 
this issue in 2007.

About the lowest bidders

High bidder? 
Low bidder? Lets 

talk!

Everywhere, the same doubts are expressed about the strategy of systematically 
the lowest bidders. When I met the purchasing division, I realized there was a 
general misunderstanding both with EDF staff and with contractors on this topic. 
In the nuclear field, orders of supplies and service are the subject of stringent 
requirements as regards quality, technical content, deadlines etc. Therefore, bids 

properly corresponding to the specifications should be relatively close, and the lowest bidder among 
them should therefore be able to satisfy the quality requirements.

I think that it would be appropriate to organize widespread discussion of this topic. This would make it 
possible to better understand the situation closer to the field and to determine whether practice really 
corresponds to theory.

Rift between the field and the management among the contractors

Finally, are the contractor companies also the subject of criticism by their operatives? I have heard the 
following “Our own management’s presence in the field is insufficient”, “too many young people are 
hired and not enough mature ones that are capable of managing the young ones which are left to do 
what they want”, “the general contractors do not have enough consideration for their staff working in 
the nuclear industry”.
My encounters in the field show that, among the contractors, that there are differences between the 
way things are seen at corporate and local levels too.

In conclusion, I consider that the state of the relations with our service providers has tended 
to improve and the basis of the new approach is realistic. Action to simplify the life of the service 
providers in the plants needs to be continued. However, the situations vary with the different types of 
services.
The service providers are still seen as a resource enabling EDF to resolve its own difficulties. Taking a 
long-term view means more interaction and diversification of the types of partnerships. 
In 2007, I will make a point of meeting service providers to assess the effects of the new corporate 
approach.
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CONTRIBUTION OF THE MEDICAL 
SECTOR

Occupational physicians are the natural link between health, 
working conditions and nuclear safety. They appreciate 
the positive impact of societal changes on the population, 
the company, and the nuclear plants. Greater cooperation 
between the stakeholders is needed.

For a number of years, I have been drawing attention to the role of the medical service, particularly 
those contributing directly to health at work. Their contribution in the area of nuclear safety essentially 
relates to 1) the detection and assessment of risks to health, 2) the improvement of working conditions 
and the well-being of EDF and contractor staff, 3) the assessment of the population’s state of health, 4) 
the detection of drug abuse, and 5) the planning of actions to be taken in the event of incidents and 
injuries. They also play a very important role in different aspects of radiation protection, particularly :
individual exposure, alpha particles, neutrons, and the irradiation of extremities etc.
I have emphasized the necessity of greater standardization of practices between the plants, the
inadequacy of cooperation between management teams and occupational health departments in some 
plants, and the variability of the degree of involvement of the medical teams in health crisis drills and 
other such exercises. 
Three points have drawn my attention this year : 1) care for and protection against certain medical 
conditions and the health protection policy, 2) working life, and 3) the status of medical services in the 
workplace.
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Prevention of medical risks

Healthcare that 
is able to adapt

As part of forward planning, arrangements have been made at company level, in 
coordination with government plans, to cope with pandemics in view of the 
possibility of an avian flu epidemic. An exercise focusing on this issue was held in 
October 2006 and revealed just how complex it was. The plan is designed to be 

adaptable and responsive to uncertainties in the unfolding of such a crisis. 
It is intended to guarantee uninterrupted power supply, the safety of installations, with the primary 
need for harmony with the government health provisions so as to minimize the health risk for the staff 
in the exercise of their missions.

The renewal of iodine tablet supplies in the vicinity of the plants has been successfully completed in 
consultation with the ASN. More than 400,000 boxes were thus distributed, via pharmacies or by post.

Finally, prevention includes first aid and I appreciated the efforts made in staff training, 
particularly the new arrivals.

Working life and its difficulties

The psychological atmosphere in the plants reflects that of the French society as a whole. It is 
characterized by a certain disaffection for the world of work, an issue that merits special attention. 
However, according to the occupational physician that I met, there has been no increase in the 
incidence or the intensity of depression. 
I commend the quality of work devoted to stress and mental health. I observed with interest 
some local initiatives in the health unit that I visited in Golfech Power Plant, and the wellbeing at the 
work centre I tested at the Chooz Power Plant!

The occupational physicians in the plants also have an important role to play in the fight against 
smoking. Apart from its primary purpose of preserving the health of staff, the reduction if not 
elimination of smoking has a beneficial effect on housekeeping and removes one of the causes of fire.

Plan for drug 
abuse

Given the implications for nuclear safety and society as a whole, particularly due 
to the dangers of the widespread use of cannabis, the problem of drug abuse and 
how to detect such behaviour needs to be reviewed with the medical teams. This 
is the case in other professions, particularly in terms of transport.

On this topic, I would like to mention the changes to the Medical Analysis Laboratory (LAM). 
Company activities now converge around the Construction and Operation Expert Appraisal and 
Inspection Centre (CEIDRE). This has modified the scope of the Medical Analysis Laboratory, which is 
now concentrated on radiotoxicology (e.g. studying the contamination in samples such as nose-blows, 
etc.). It plays an essential role in the study of alpha particle risks, and its expertise is widely recognized. 
The LAM has however discontinued the analysis of conventional biological samples and the testing for 
substances to confirm drug abuse, which it now outsources to outside laboratories.

Worryingly enough, this last point seems to be in contradiction with the growing awareness of the 
problem, at a time when the company, and society in general, is confronted with growing prevalence 
of drug abuse, as is confirmed by the problems being faced when hiring new staff.
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Status of the medical teams

Foster dialogue 
everywhere

Relations between the management teams and the local medical services are 
improving far too slowly, and unevenly at the different plants. The difficulties 
relate either to organizational issues, such as the positions of the occupational 
physicians in the organization chart, or to misunderstandings and the inability to 

share each others concerns, particularly as concerns priorities of a medical nature. Here, I would like to 
cite a few actual cases.

I was very surprised to discover the great disparity between the relative numbers of staff declared 
apt or inapt for certain activities such as fire-fighting. The manner of declaring occupational accidents, 
or more precisely the process leading to their classification as “benign”, can be the subject of very 
different interpretations by different medical teams, management teams and contractor companies. 
The rules and regulations need to be made more consistent and applied more consistently. 
Also, the involvement of occupational physicians in health crisis drills and other exercises is not always 
clearly established, and their participation all too often depends on mutual relationships, even though 
the situation has improved overall.

I noted with satisfaction that the scope of medical surveillance of contactor staff has been made 
clearer. Everyone, whether plant or contractor staff, knows which doctor to ask to get what they want, 
and medical monitoring action is being better coordinated.

Progress is generally being made in the accreditation of whole-body gamma scans, but at a rate that 
varies between plants.
It is a pity that such progress was not exploited to facilitate checking of service providers on entry and 
exit, particularly as re-scheduling can result in non-standard working hours.

Also, I note that the medical staff are also faced with the problem of aging.
Despite the professional interest shown and the good working conditions, the plants are finding it 
difficult to recruit new occupational physicians: demand outstrips supply, competition with other 
companies is strong and the geographic location of the plants is no incentive.

In conclusion, I would like to encourage the development of cooperation with the different medical 
services, but also between the medical services and the management teams, in accordance with the 
newly revised regulations. 
The various players need to remain in phase with the changes in society and the company to continue 
to properly foster nuclear safety, radiation protection and, of course, the health and well-being of 
staff.
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RADIATION PROTECTION

Radiation protection results continued to improve in 2006, in 
accordance the objectives set. To satisfy the new regulations 
and EDF’s ambitions, new ways of managing radiation 
protection and dealing with exposure were introduced. 
The development of radiation protection culture and the 
supervision of both EDF and contractor operatives remains a 
major issue.

2006 may be considered to be a good year in terms of radiation protection, in view of the constant 
improvement of the dosimetry results. Collective doses have continued to decrease while the number 
of jobs with a potential for exposure has been substantially stable (0.78 manSv per reactor in 2006). 
Similarly, the individual dose distribution has continued to progress, with the number of operatives 
receiving a dose between 15 and 20 mSv, (regulatory limit) having stabilized: 48 in 2005 and 49 in 
2006.

However, in view of the company’s capacity, I consider the results as too modest. Once again this year, 
I note a lack of involvement by the professions, as familiarity breeds disinterest. During my visits to the 
plants, during a half-day devoted to analysis of the plants results and examination of it medium-term 
strategy, I seldom heard radiation protection mentioned.
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Promising initiatives and results

Two projects were re-launched in 2006. One for the optimization of work areas intended to limit 
exposure and another to make the ALARA approach second nature (communication, sharing of 
experience and comparisons with abroad).

The satisfactory collective exposure results are partially due to the fruition of work done on radioactive 
source terms in nuclear facilities. This work involves two components: 1) future engineering to provide 
expert appraisal of computer codes and of the nature of materials, etc. and 2) subjects relating to 
contemporary operations, such as reactor shutdown procedures, zinc injection, purification etc. I am 
closely following the development of experiments with the injection of zinc into the two of the reactors 
at the Bugey Power Plant, a technique that has had positive effects abroad.

Synergy between 
the engineering 
and operation 

sides

The cleanup campaign is continuing and producing tangible results. This
project is organized by a highly motivated team, and I highly commend them! The 
Construction and Operation Expert Appraisal and Inspection Centre and the 
plants concerned are working effectively, supported by the corporate engineering 
units and the Nuclear Operations Division. The action relates to the units where 
there have been technical incidents (failure of charging pump bearings or chemical 

and volume control systems screens, wear of the control rods, loss of stellite-faced valve seats etc.). 
Other measures relate to the working conditions in irradiating environments such as those involved 
with flushing the safety injection system when installing the sump screens at Triscastin Power Plant. The 
dose rate was thus reduced by a factor of ten in the rooms in question. This is an exemplary result, 
stemming from properly-applied ALARA principles. 
The radiation protection data system is an ambitious project, essential for the management of radiation 
protection in the highly-constraining French regulatory context. At some plants, I noticed concern about 
the introduction of the new PREVAIR dosimetry management computer system. Independently of the 
technical problems encountered during initial installations for testing, their worries relate to the take-up 
of the new system by the EDF planners and the contractor operatives. The latter need to be trained by 
propagation via their own instructors. The process is a classic one, but its success will depend on being 
sufficient supported.

Without attempting to be exhaustive, I observed this year the completion of an excellent job on 
dosimetry of the extremities (hands and feet), for which the regulatory dose limits are set at 
500 mSv per year. Performed in close collaboration between occupational physicians and radiation 
protection workers, it relates to the detection of hazardous situations, measurement tools and 
preventive action. 
To complete this work, which is intended for the management of post-accident situations, I noted that 
the operators need to be able to rely on the skills and the technical resources of outside medical bodies 
who remain to be defined.

Efforts to be continued

Radiation protection culture and the management of radiation protection

Radiation protection culture is marking time. It is not sufficiently well-supported by the management 
from the various departments or evaluated in the plant checking loops. In the field, I observe 
unfamiliarity with its requirements and lack or rigor among the operatives.
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Management
involvement

remains 
necessary

Management involvement in the field of radiation protection contrasts with 
what I have seen during my visits to nuclear plants in other countries. The 
management, it seems, tends to consider that the highly-relevant projects 
mentioned above are amply sufficient. However, these projects are frequently very 
technical and mainly involve specialists that need management support. However, 
they do not necessarily get support they need from all the radiation stakeholders.

I noted that in the material published in the context of the STEP 2010 Project there is no particular 
emphasis on this aspect of radiation protection.

As regards individual exposure, the continuous work on the most vulnerable professions (heat 
lagging, welding, valves etc.) is bearing fruit, even though it is taking a long time to complete. The 
collective dose has not dropped, despite continuous reductions in the source term. Such findings always 
reveal the need to optimize the organization and activities of unit outages. The announced practical 
radiation protection guidelines for work supervisors should enable progress to be made.

The number of significant radiation protection events, of which some were declared at the 
request of the ASN, is dropping perceptibly. I however note that the number of declarations differs 
greatly from one plant to the next. I consider the mechanism set in place creates a virtuous circle, as it 
helps view situations objectively and develop radiation protection culture.

Behavioural patterns

Individual
behaviour is 

slow to change

Individual assimilation of safety culture is progressing both among EDF 
and contractor staff involved in the use of ionizing radiation (gammagraphy).
I observe with regret the persistence of discrepancies in behaviour in nuclear areas 
as regards the wearing of basic personal protection equipment, the crossing of 
cordons, and the closure of work areas etc.

The situation is not acceptable either for contractor or EDF staff. I have observed that in other countries 
there is far more earnestness, matched by the practical effects.

I would like to draw attention to two of the high-risk situations mentioned in my previous reports. 
Gammagraphy work and access to high-radiation areas are still the subject of discrepancies. 
A major effort to increase awareness and encourage analysis has been made in the area of metallurgical 
examination. A national forum was even organized, addressed to both the gammagraphy technicians 
and those working in the vicinity. For entry into high-radiation areas, I am convinced that strict 
application of the technical and administrative measure would preclude the repetition of worrying 
events.

I am wondering about the origin of such behaviour. Are people becoming overly-familiar with the risk?
Is this a sign that the operatives are becoming overwhelmed with the increasingly numerous constraints 
on work in nuclear areas? Is it due to a lack of time? Are we faced with mistakes, infringements or 
challenges to the rules?

Training and checking

I consider that the situation described above is disappointing in terms of the training dispensed. 
My own department, the Nuclear Safety General Inspectorate (IGSN), has to comply with the rules too, 
and I had the opportunity of attending a radiation protection refresher course with my team.

I once again appreciated the quality of the three days of training. It also brought home to me how 
many administrative procedures were necessary before carrying out a job, as I had been hearing about.
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I note that in other countries the refresher training is generally more frequent (once or twice a year), 
and is better focused on and adapted to each profession, while contractor training is generally 
carried out on the operators premises (see §9).

Checking constitutes a means of detecting and coming to terms with weaknesses. As I have observed 
in the plants, radiation protection is not made sufficient allowance for in the processes of 
auditing, checking and verification. 

In conclusion, I consider that radiation protection results are continuing to progress, as a result of the 
earnestness of those in charge and the specialists in this sector. EDF has now reached a level equivalent 
to that of the international average. To preserve if not to improve these results, we will need to rely on 
the projects in progress and to instil radiation protection culture in the professions.
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The West European Nuclear Regulators Association (WENRA) 
initiative is seeking to establish a solid basis for upgrading 
the nuclear regulations in European countries, in consultation 
with the nuclear operators. In 2006, two French laws re-
established the regulatory structure of the nuclear industry. 
These laws form a clear and consistent legal framework for 
all nuclear activities, from the initial design to the back end 
of the cycle.

Embodying a new way of thinking and new provisions, the regulatory context in the nuclear industry is 
in the midst of change :

in Europe, with the WENRA’s “reference safety levels” initiative,
in France, with the Nuclear Transparency and Safety Act, as well as the framework law governing 
the sustainable management of nuclear materials and waste, both passed in June 2006.

I observe that the changes are in phase with a renewed interest in nuclear power in Europe. 
Eventually, the facility operating conditions should change when these new, more restrictive provisions 
come into effect, some of which will apply throughout the European Union.

In France and in other countries, the scope and the nature of the relations between the safety 
authorities and the operators will also be modified. 

•
•
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The government authorities regularly consult the nuclear operators on these regulatory 
changes. It seems that this provides a good opportunity for the operators to clearly assert 
their prerogatives, particularly in terms of making their own appropriate technical and organizational 
choices meet the safety authorities’ demands. 

These changes constitute a milestone and I wish to explain EDF’s role in this and what contributions it 
has made to the process.

The WENRA initiative

Creation of 
a common 
reference

The European Union has recently integrated a number of countries that are 
nuclear power users. Concurrently, it is being sought to make better use of 
existing nuclear facilities by extending the service lives of reactors and increasing 
their power ratings.

In this context, Western European regulators (the 17 member states of the WENRA) are working to 
standardize the safety regulations for reactors currently in service by establishing “reference levels” 
based on International Atomic Energy Agency standards. They also have the more ambitious project of 
enforcing the best practices available.

The following areas are covered : design and operation of existing reactors, management of nuclear 
safety, assessment of nuclear safety and emergency preparedness. The process also includes the 
dismantling of plants and the interim storage of spent fuel, but work is not as far advanced. The 
West European Nuclear Regulators Association presented its work to the operators for the first time in 
February 2006.

As a result of the very different ages of the reactors and their different technologies, the Association’s 
brief covers a very heterogeneous set of installations as concerns their design criteria and the manner 
of their operation. The Association expects that these standardized rule sets will be used as a 
base to upgrade the national regulations within the next decade and eventually making them 
a common European platform by default if not de facto.

Contribution of the European Nuclear Installations Safety Standards initiative

The European Nuclear Installations Safety Standards initiative brings together European nuclear 
operators, and was formed as part of the European Atomic Forum so as to provide a representative for 
the West European Nuclear Regulators Association. EDF is taking an active and constructive part in this 
initiative.
Through the European Nuclear Installations Safety Standards initiative, the operators were able to 
express their views on the method used, seeing that the operators were only informed of the conclusions 
once they had been finalized. In short, the discussions were frank concerning some fundamental issues 
such as the use of probabilistic methods for establishing safety cases, the outcome and the mechanics 
of periodic reviews, and the allowance for severe accident cases. It would appear that fire protection is 
the only area where any unresolved questions now remain.

Results

As concerns the safety of existing reactors, agreement was easily achieved by using the specifications 
for new reactor types (such as the EPR) as a basis. However, determination of the corresponding 
“reference level” is much more difficult except if discussions are based on a certain number of, 
minimum requirements.
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An approach of this type effectively leads to the standardization of the nuclear safety rule set 
insofar that no major issue can no longer be ignored by any operator or regulator. 

More generally, it is clear that using the same yardstick to measure the safety level of each operator, 
and even of each plant, automatically means ranking them though the original intention may only have 
been to create a common standard. Regulators and operators both clearly foresaw the eventuality and 
sought to minimize its importance. I think that EDF has nothing to fear from any such ranking.

In terms of quantity, the West European Nuclear Regulators Association has discovered that more than 
90% of the requirements included in the “273 reference levels” have been met in the field. 
This figure contrasts strongly with the fact that only 4% of the same requirements were contained 
in national legislations. I see this as a sign of very responsible behaviour from regulators and 
operators in recent decades.

Although most of the requirements already apply in the plants, the legislative basis has been seen as 
very narrow in France. I would like to point out that EDF has always considered it necessary to act upon 
any demands from the ASN, which, in principle, any newly-arriving nuclear operator would have been 
able to formally oppose. 
The new legislative framework created by the Nuclear Transparency and Safety Act 
intentionally offers an opportunity for re-establishing the legitimacy of the regulator and 
clarifying it powers and limits.

Two new major French laws applicable to the nuclear industry in 2006

Rules will now 
better reflect the 

law

As I mentioned earlier, 2006 was a special year as two new laws were passed, 
thus re-establishing the legal and regulator framework of the nuclear industry. 
These laws had been long-awaited : the transparency act had been in preparation 
for a number of years, even though it purpose and scope have varied somewhat, 
while the framework law on the sustainable management of radioactive materials 

and waste logically took effect on expiry of the fifteen year period stipulated in the Bataille Law in 
1991.

Nuclear Transparency and Safety Act

This Act was passed in June 2006 and reformulates the provisions of Decree dated 1963, amended on 
several occasions. Under this act, the ASN becomes an autonomous administrative body, headed by a 
five-member board, a president and four commissioners who may not be revoked during their six-year 
mandates. The ASN is not placed under the tutelage of any ministry.

The government nevertheless reserves certain prerogatives such as setting the nuclear safety policy and 
the rules governing the creation and operation of major nuclear installations, being in particular able to 
suspend the operation of any nuclear facility. The government also guarantees that the ASN will have 
the required powers and resources.

The attributions of the ASN are clearly specified in the legal documents covering the scope of nuclear 
security in general and reactor safety in particular, which are designed to form a full and consistent 
corpus :

the composition and role of the new ASN are detailed, including the resources allocated to it,
the ASN’s power to impose penalties is strengthened,
the law greatly increases public access to information, notably as a result of the creation of a 
High Commission for Transparency and Information on Nuclear Safety in General (HCTISN), and 
give legal status and resources to the Local Information Commissions (CLI) and their national 
representative body (ANCLI).

•
•
•
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In particular, each licensed nuclear facility is required to draft an annual report on reactor 
safety, radiation protection, the environment and waste intended for the CLI and the HCTISN. 
This report shall also be made available to the public :

the central issue that naturally remains is the processes associated with creating and checking the 
operation of licensed nuclear facilities and the transport of nuclear waste,
the new law has extended the general provisions of the 2003 Law relating to the protection 
against technological hazards so as to cover licensed nuclear facilities. It adapts them to the 
particularities of the nuclear industry and the existing legal provisions, particularly in the field of 
radiation protection and the working conditions of contractor staff (existence of Inter-Contractor 
Work Conditions and Safety Committees). The role of the Health, Industrial Safety and 
Working Conditions Commission is thus extended and its composition reinforced. 
Furthermore, there now is a formal requirement for beneficiaries and service providers to agree 
on common measures for the protection of workers.

Bringing the new laws into force

Decrees, orders and decisions now being finalized will determine the practical terms and conditions for 
the application of the law. They should be finalized by the middle of 2007, and the decree on licensed 
nuclear facilities is one of the key documents, being the basis of five orders :

three apply to all French licensed nuclear facilities: nuclear safety policy and management, overall 
nuclear safety measures, planning for emergency situations,
two relate to power reactors only: design and operation,
Drafting of this last decree is to be largely based on the WENRA “reference levels” of which 
they constitute the national exponent. I note the overall coherence of this update of the 
regulations. 

In practical terms :
Each order is associated with guidelines to facilitate its application. EDF’s views, formally cited in 
all of the instruments, have already been expressed.
The new corpus includes the existing documents, such as the 1984 quality order, the 1999
pressure vessel order etc.
The decrees specifically applicable to the construction of each licensed nuclear facility continue 
to be necessary and the decree for the EPR technology is being drafted. For the creation of a 
licensed nuclear facility, the ASN’s rulings and demands, as well as the preliminary safety analysis 
report are now combined to form the danger study and technical requirements, which together 
are now to be made public.
For the operation of a licensed nuclear facility, all significant modifications are subject to prior 
licenses, the concept of a generation of installations is given formal expression, the principle 
of ten-yearly reviews becomes a legal requirement and the timetable is synchronized with re-
qualification of the reactor vessel coolant systems.

A framework 
and resources 

for the supply of 
information

As regards transparency and accessibility of information, I understand that this 
means providing all information that has been requested. It is important that 
the eventuality of publishing of internal documents, such as those relating 
to internal checking within the company, does not have put a damper on the 
freedom with which issues have been discussed so far, which I have always 
considered to be an excellent thing.

Finally, although the regulations may have become considerably more comprehensive and the system is 
to be become more consistent, care must be taken to ensure that the relations between operator and 
regulator do not become excessively formal and bureaucratic, at the expense of the responsiveness, if 
not a certain synergy, that characterizes the world of nuclear safety.

•

•

•

•
•

•

•

•

•
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The framework law on the sustainable management of radioactive materials and waste

Legislative
continuity

This law, also adopted in June 2006, follows on from the 1991 law to ensure 
legislative continuity. The new law contains material from the following four 
sources :

the fruit of fifteen years of research within the context defined in the 1991 law that served as 
a basis of the Bataille/Birraux law approved by the Parliamentary Office for the Assessment of 
Scientific and Technological Options in 2006.
the rulings of the national commission for assessment formed under the 1991 law,
the rulings of the ASN,
the conclusions of the public debate organized by the National Public Debate Commission which, 
among other things, broadened the question to all radioactive waste and not only long-lived 
high-level waste.

The three aspects of the 1991 law remain the basis of the new 2006 law, which involves the following 
requirements for long-lived high and medium level waste :

continuation of research on transmutation in relation to the development of new reactor 
generations with a view to creating a prototype,
the search for a site and a design for reversible disposal in a deep geological repository,
study of the design for interim storage systems and qualification of existing installations.

For graphite waste and radon-releasing waste, the law explicitly provides for the availability 
of a repository by 2013, making possible the decommissioning of the gas-cooled reactors (see 
§15).

Furthermore, the law provides for the long-term funding of these programs and introduces the national 
plan for the management of radioactive waste.

In conclusion, I chose to give this overview to show how the regulatory landscape in the nuclear 
industry is changing. Action by the WENRA, which has revealed the broadness of nuclear regulations 
and the narrowness of their legal basis, has no doubt helped this long-expected change to take place. 
As concerns the final destination of radioactive waste, I observe that, in terms of the provisions of the 
new law, EDF’s policy remains clear and coherent for both the back end of the nuclear fuel cycle and 
waste management.

•

•
•
•

•

•
•
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EPR TECHNOLOGY

In the wake of the public debate, EDF decided to proceed with 
the Flamanville 3 project. So far, the regulatory milestones are 
being passed as expected. The practical arrangements made for 
operation, derived from the latest domestic and international 
feedback, should be integrated into the program without 
difficulty. This project is a golden opportunity to innovate 
and achieve the ambition of facilitating the everyday work 
of future operators, with the natural corollary of increasing 
nuclear safety and radiation protection.

After the national debate, which was the first of its kind for a nuclear reactor and lasted four months to 
end in early 2006, the EDF board decided on 4 May 2006 to implement its plans to build a fourth unit 
based on the EPR technology. This unit will be built at its site at Flamanville on the Normandy coast, 
with EDF having already applied for a construction license. This key stage now complete, I think that it 
is a good time to assess the situation regarding both the progress with the regulatory procedure and 
the operating conditions for the new nuclear unit.

The regulatory process

The construction license application was the subject of a public inquiry in accordance with the county 
orders issued when the application was submitted. The inquiry lasted from June to July 2006 and led to 
the drafting of a report containing all the remarks from the stakeholders.
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The scope of these observations is very broad but they can be divided into five main categories :
the terms and conditions of the inquiry (the catchment area, the time, and the duration of the 
inquiry),
EDF’s motives for building the reactor,
the choice of the Flamanville site,
the effects of operating the EPR unit,
comparison with other alternative strategies.

The inquiry commissioners had three main recommendations, relating to radar coverage of the north 
of the Cotentin peninsular, the energy efficiency of the installation, and the consideration of opinions 
from independent experts. 

In reply, EDF submitted a report providing reasoned answers to all of the remarks.

Processing of the construction license application is continuing normally; the dossier is being reviewed 
by the ASN taking into account, amongst other things, the recommendations of the standing group of 
nuclear reactor experts, which completed a very searching initial technical appraisal cycle in 2006. The 
next step is for the Prime Minister to sign the construction license decree, which is expected some time 
in 2007. If the process is finalized in 2007, the first concrete should be laid the same year, and 
the reactor could start operating in 2012. 

The will to 
inform

As regards the supply of information and following on from the public debate, 
EDF has re-affirmed is desire to endorse transparency, and has met its commitments 
by :

circulating a full public version of the preliminary safety analysis report, which can be found on 
the EDF website,
publishing a two-monthly information newsletter on the progress of the Flamanville project, for 
the attention of politicians and the press,
implementing an information supply and project monitoring agreement with the Flamanville 
Local Information Commission (CLI) and the national representative body (ANCLI).

Finally, a working group under the aegis of the High Council for Nuclear Safety and Information has 
started drafting a synopsis of the EPR project intended to present and explain the main technical and 
societal issues.

The operating conditions for the future EPR unit

I have been following the first phase of the EPR project, seeking to clearly identify the options proposed 
and the advances in nuclear safety and radiation protection. They appear to be self-evident and highly 
significant as concerns the design. As for operation, I had already noted a number of positive points, 
such as the care taken with the man-machine interface in general and that of the control room in 
particular.

A better design 
for better 
operation

The operating principles and details of their application – intended to be more 
accommodating – are already affecting the way the unit operation is to be 
organized. Now, as the project advances and decisions are taken, we are coming 
up against the actual practical issues of living comfortably with the EPR in 
a socio-organizational context that has changed greatly in recent years. 

This aspect of the project seems all the more important now, as the installation is due to be operated 
and lived in for a period of sixty years. Beyond the design aspects, the EPR needs to be innovative in 
terms of quality and ease of use. I can bear witness to the fact that the operators are expecting a step 
forward.

•

•
•
•
•

•

•

•
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Greater ease of operation, which provides greater production efficiency and improves the radiation 
protection conditions, should result in design arrangements featuring new equipment maintenance 
principles and greater accessibility.

Facilitating
operation and 
maintenance

As regards radiation protection, I emphasized in my previous report that the 
performance level target for the collective dose (0.35 man.Sv/year on average 
over 10 years), exceeding the best results of existing installations. An “EPR 
ALARA” committee has been formed to determine, amongst other things, the 
means and ways for achieving this result, with the implementation of its proposals 

depending on the appreciation of the project team.

For the EPR, it was decided to adopt the principle based on scheduled access to the reactor 
building on power during the phases that precede and immediately follow refuelling outages. 
This would be an innovation in EDF plants that the new design arrangements should make possible, 
facilitating operation and assisting radiation protection. I strongly encourage continuing to investigate 
the potential of such changes in practices, bearing in mind that similar arrangements already exist 
abroad (see §19).

The “EPR ALARA” committee is to assess the radiological conditions that would be encountered by the 
operators having to perform the actions planned for post-accident situations. These questions seem 
to have been raised at a very late stage, unless it is just a matter of settling the final details. Lastly,
I note with interest that, in view of the planned shortness of the outages for the periodic and ten-
yearly inspections, non-destructive metallurgical testing needs to be automated where possible and that 
ultrasonic means should be fully exploited. These arrangements are also intended to protect the most 
vulnerable professions.

EPR : an opportunity for innovation

I am convinced that the ease of operation (thus the quality of operation) depends greatly on the 
practical arrangements being carefully planned from the outset: the layout of rooms, ease of access, 
location of changing rooms and special equipment stores, hard standing areas, waste zoning in the 
facilities and radiological cleanness zoning. 
As a result of my visits to the engineering centres, my participation in meetings about the EPR project 
and my contacts with the EPR operating committee, I came to the conclusion that it can be hard to 
alter design features for the benefit of operations, considering construction schedule constraints. I also 
found myself wondering how the operator could still impose any new or more detailed requirements 
with regard to design options that it found inconvenient if not inappropriate, yet I am well aware of the 
constraints on the designer and difficulty of going back and starting again.

I am following with interest the development of benchmarking with other European nuclear operators, 
particularly as concerns modes of operation. This process can, indeed, lead us to question our own 
methods and, even better, prompt us to copy good examples from elsewhere. I have often been told 
that the EPR would offer an opportunity to change old habits  that are too deeply rooted, while 
making it possible to imagine the professions and organization of tomorrow : it appears to me 
that now is an excellent time to put this into practice.

Anticipating
the practices of 

tomorrow

As I see it, the EPR needs to enter service with operating arrangements that 
represent an improvement in the best practices currently in effect, and I am 
specifically referring to the possibility of working in the nuclear zone in 
street clothes. This is very demanding in terms of radiological cleanness, but it 
has a very beneficial effect on the standard of professional behaviour it implies, 

and offers numerous advantages (see §12). It is clearly much easier to impose such practices from the 
outset.
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The EPR will be applying the most advanced fire prevention, detection and suppression design rules, 
which are those relating to fire protection in the European Technical Code (ETC-F). However, it would 
appear that the rule sets are evolving and that some of the design requirements have already been 
revised. Whatever the case, it seems to be important that the operator can easily implement the 
final arrangements. This means that the man-machine interface and reliability must be such as to 
enable accurate assessment of the situation and facilitate taking action, which would constitute a real 
improvement.

In conclusion, compared to the solid technical options in the existing nuclear plants, the EPR offers 
highly significant progress in terms of nuclear safety  as I have mentioned in my previous reports 
and would like to emphasize again. What is now required is to make the most of this new resource, 
by combining vision and pragmatism.
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HOUSEKEEPING

It was decided to launch an ambitious program to refurbish 
the installations with the goal of comfortably achieving 
international levels. EDF and contractor staff will have to 
understand the importance of this program and change their 
behaviour accordingly for it to be a success. Its capacity to 
inspire greater rigor and, finally, nuclear safety and radiation 
protection could be similar to that of the campaign to enable 
entry into controlled areas in street clothes (Everest Project) at 
the Golfech Power Plant.

A new ambition

During the 2005 safety review, the President of EDF set the Production and 
Engineering Directorate (DPI) the task of comfortably reaching international levels 
within five years in view of the number of shortcomings observed in comparison 
with foreign plants.

Each plant inspected its facilities and stated what it needs to do to bring them up to standard and keep 
them there. The company decided to adopt the high-bracket requirements.
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The project to achieve exemplary housekeeping (O2EI)

The O2EI project is intended to achieve exemplary housekeeping. Co-ordinated by a small corporate-
level team with correspondents in all the plants, it is focusing on :

the rule set and evaluation,
changes in the behaviour of EDF staff,
changes in the behaviour of contractor staff,
standardization of the requirements,
purchasing and field work,
communication.

As I see it, this project properly addresses all the aspects of this very broad issue, whether they relate to 
technical matters, management or behaviour.

I am particularly satisfied with this initiative that I have been calling for year after year. During my 
visits abroad, and this remained true in 2006, I have become aware of how different things are there. 
Although I have observed progress resulting from local initiatives, these are still woefully inadequate in 
most plants. Without re-iterating the multiple advantages of keeping the facilities in good condition, 
which among other things fosters motivation and quality of work, I would like to stress the strong 
affect of rigor in behaviour on nuclear safety and radiation protection.

Success with the project to achieve exemplary housekeeping depends on changes in behaviour and 
safety culture among the operatives, whether EDF or contractor staff. Such changes are not a foregone 
conclusion, and it is important to understand what a satisfactory state really is, if people are going to 
be able see what does not meet standards and to realize that the current situation cannot be tolerated. 
I strongly recommend that frontline staff resume visits abroad.

Committed
management

In 2006, in some plants, I have observed creditworthy initiatives lead by staff 
who believe in them, but who felt that management support was not entirely 
forthcoming. Sustained management commitment at all levels is necessary for 
such a qualitative leap to be successful and to have permanent results. I sincerely 

hope that it is now gaining momentum.

The campaign to enable entry into controlled areas in street clothes (Everest 
Project) 

I would like to return to the Everest Project and the spectacular results obtained with it in the Golfech 
Power Plant. This project is not part of that the O2EI project but clearly illustrates what can be achieved 
with determination and continued managerial support in the field of radiological cleanness. In other 
countries, this is often closely associated with housekeeping.

I therefore went to observe the results of the first major campaign on this issue, which was designed to 
allow entry into the controlled areas wearing street clothes during normal unit operation. This was an 
opportunity for me to see just how difficult it was to achieve.
The change is impressive, and I appreciated the enormous efforts by everyone in co-operation 
with contractors so as to change habits, practices and behaviour, as well as to adapt the 
facilities and the associated logistic systems. 

Everest: the 
summit can be 

reached!

The quality of the players was the determining factor in success. A project 
manager and a totally dedicated team are clearly essential, and they must be 
supported by determined management that is always ready to listen. I also 
appreciated the permanent links that were forged with the two other plants 
involved in the project (Cattenom and Civaux). The entire organizational setup 

•
•
•
•
•
•
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needs to be copied from one plant to plant the next so as to avoid duplication of efforts by our service 
providers! The management of special equipment is an example of major departure from previous 
practice.

At the end of the year, I received extremely encouraging news about the second phase of the campaign, 
consisting in performing a unit outage with the new arrangements. This was no easy matter as the 
unit outage at the end of 2006 included a very large number of jobs. I noted that particular attention 
was paid to the contractors on arrival. Unsurprisingly, many details had to be corrected and adjusted, 
but the overall result was very convincing. The virtual absence of constraints on entry into the nuclear 
zone made for easier access and enabled judicious action to save time in the completion of jobs. 
These arrangements greatly facilitated direct manager supervision in the field and simplified 
everyday life in the controlled area. 

I have heard frontline staff expressing their astonishment and appreciation of being able to enter the 
nuclear zone as if it were the turbine hall, with their own “helmets, boiler suits and shoes, and above all 
without gloves”. I would like to commend the action of the occupational physicians, who contributed 
greatly in explaining and providing reassurance.

As for me, being able to enter the controlled area in normal working clothes greatly encourages 
responsible attitudes among the frontline staff in all fields. The result is greater attention to radiation 
protection, the production of waste and cleanness in general. Most of the players I encountered, 
including contractor staff, confided to me that apart from radiological cleanness, “we are also 
more careful about everything else”! 

Finally, on the occasion of this outage, the ASN made a visit to monitor the new organizational 
setup introduced as part of the campaign to enable entry into controlled areas in street clothes: no 
discrepancies were observed.

In conclusion, I am convinced that improvement in the housekeeping of installations will be 
accompanied by greater rigor in behaviour, which in turn will have beneficial effects on nuclear safety 
and radiation protection. If adequate resources are allocated, the determination of the management 
will be the determining factor in ensuring the commitment of all involved. I would like to once again 
encourage the plants that took part in the campaign and call for others to see for themselves. Finally,
I will continue to carefully monitor the design approaches and the organizational systems that are being 
selected in relation to these issues for the EPR, which has a duty to set the pace.
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PLANT SECURITY

For many years, and more particularly over the last five, EDF 
has been strengthening its installations against terrorism 
and sabotage. Much has been done in the areas of design, 
technology and operations, which also contributes to the 
increasing nuclear safety. There is still a need to develop 
safety culture among the staff and to give thought to the 
adequacy of the measures in the face of an evolving threat.

The measures taken by the nuclear operators to protect their installations do not date from 11
September 2001. Since then, in many countries including France, steps were taken to ensure that the 
operators strengthened their security.
Here, I would like to emphasise the scale of work carried out in close collaboration by the government 
authorities and EDF as operator. Such work is actively continuing.

The President of EDF recently restated “the organization of industrial security vis-à-vis the production of 
nuclear power”. The Nuclear Safety General Inspectorate has been given the mission of “making sure 
that proper allowance is being made for nuclear power security concerns and reporting their findings to 
him”. This new mission has led me to write this section.
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EDF organisational structure

Schematically, organization specifically relating to nuclear security falls under the responsibility of two 
complementary bodies :

the Security Division, which handles relations with the government and submits general 
organizational and managerial recommendations for security to the President designed to 
counter sabotage within the group,
the security branch of the Production and Engineering Directorate (DPI), which plays a 
more frontline role, notably being charged with preparing rule sets, handling their implementation 
and checking their application.

The Power Generation Security Council (CSIP), which includes these two bodies among others, ensures 
the proper oversight of security-related matters and, I insist, the general coherence of the overall risk of 
security breaches. 
Finally, to complete the overview, I would like to emphasize that the Nuclear Safety Council, chaired by 
the President of EDF, regularly examines security policy, taking special care to ensure that it is consistent 
with the demands of nuclear safety. Overall, these arrangements appear to be working effectively.

Operational functioning : corporate level

This year, I visited the security branch of the Production and Engineering Directorate (DPI) and the 
engineering centre in charge of the technical aspects of site security. I found the relations were good 
between the beneficiary department, which is the security branch, and the internal service provider 
department; relations between these two departments and the nuclear site security departments were 
also harmonious.

At this point, I will limit myself to two concerns : the partitioning of the two security departments 
and, more generally, the security function itself. I am well aware of the high level of confidentiality 
of information in certain dossiers, but there probably needs to be a way of getting the management 
more involved, particularly in view of the nuclear safety ramifications. This is because there is no way 
of guaranteeing that an overly-isolated system may not insidiously disconnect itself from the overall 
system, hence the particular need for the Power Generation Security Council.
My second concern, which is linked to the first, relates to the multiplicity of functions within the security 
branch, which also reflects confidentiality concerns. Is there not a risk in asking the same person to 
define the rule sets, handle their implementation and check their overall application and effectiveness 
in the field?

Security in nuclear plants

Progress has been made in the field of security over the past five years: weak points have been 
strengthened, new systems of protection and surveillance have been installed, and significant sums 
of money have been carefully invested. Events which have occurred in France and abroad show 
the importance of maximum dissuasion, to complicate perpetration, regardless of the nature of the 
envisaged intrusions.

At this stage, while once again stressing the efforts made, I would like to make two remarks :
the first concerns the lengthy process in deploying some equipment in all the plants,
the second relates to the state of upkeep of certain plants, where too many rusty fences can be 
seen, or guardhouses that look very down at heel, Here again, the state of the installations often 
reflects the management’s priorities.

As concerns site security manpower, are we certain that current resources are actually up to the task? 
Concerning this point, generation change will offer an opportunity of enhancing this profession.

•

•

•
•
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For dynamic security, I note that guard dogs are used in other countries (Germany, Switzerland and 
Spain for instance), with their dissuasiveness being considered powerful, particularly against sabotage.

An increasing 
role for the 

gendarmerie

EDF has chosen not to arm its guards and to rely on the French gendarmerie 
(state police force), of which it finances the units in charge of nuclear 
plant protection. In particular, a forward gendarmerie post has been created at 
the entry of each plant.

I have observed great differences not only in the standard of equipment and comfort levels but also in 
the occupancy factors of these posts. Above all, surveillance strategies vary from one plant to another. 
Even though the situation in each plant may be different, particularly as regards the nearness of 
gendarmerie centres,  more consistency in organization would appear to be necessary, for both 
the operators and the law enforcers. Thus, everything that helps integrate the gendarmerie 
into everyday plant life should, in my opinion, be encouraged. 
I would like to give a few examples of certain plants where training is organized to familiarize the 
gendarmerie with the site layout: this lasts a few days and focuses on using paths, tunnels and ways to 
get to the strategic points of the plant, by day and also by night. A personal badge is issued after their 
knowledge has been validated by the gendarmerie authorities.

Awareness of the situation is leading the gendarmerie to consult with EDF on how to improve the 
system, which should lead to stronger, closer links and specialization of the gendarmerie personnel 
assigned to plant security.

Standardize 
practices here 

too

More generally, anything that can help standardize the procedures between 
the plants should be carried forward, in this field and in others ; I am 
particularly referring to access procedures, which constitute a first line of defence. 
Concerning this issue, I am glad to see that the Personal Access Request Forms 
are now unified.

Finally, as in my previous report, I would like to call attention to the fact that the plants that are being 
decommissioned also need attention from the management, even though the risks may be less.

Security culture

This section is inspired by a publication from the French Institute for Nuclear Safety and Protection 
on “security culture in the nuclear field” (IRSN 2004-54 dated 1 September 2005) Security culture 
concerns everybody, even though some may have more direct responsibility for maintaining it and some 
information needs to be kept confidential.

Like nuclear safety, security cannot be divided up. This means that everyone (both EDF and contractor 
staff) must :

know and act in accordance with the underlying principles,
respect the rules and procedures,
have a questioning attitude regarding acts and events that appear abnormal, understanding that 
nobody can predict who may have a harmful intent and that giving the alert is not the same as 
being an informer.

Vigilance is 
everyone’s duty

If security culture is to be shared by everyone, the management structure has to 
be convinced of the need, from top to bottom. Management must act to build 
awareness and provide training to influence behaviour. On a number of occasions, 
I have observed a tendency to be too trusting.

Once again, I would like to stress the usefulness and the need for exercises, which heightens 
awareness in all, including those involved in emergency responses. In particular, exercises can reveal 

•
•
•
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problems with understanding and communication between the various players involved in plant 
security. 
Though security concerns everybody, protection of the installations is a matter for the 
professionals, which must be a management concern. The presence of a security correspondent in 
the plant management teams should help.

Finally, it would be a good thing if all the possible lessons could be drawn from exercises and made 
known to all those involved, including those outside the company. It would also be worth thoroughly 
studying their consequences on safety.

Benchmarking

In the field of security, as in others, it is helpful to make comparisons with what is being done by 
others. This is obviously more difficult than with nuclear safety, in view of the confidential nature of the 
subject, but much can obviously be gained. I would like to emphasize the usefulness of the detailed 
process of benchmarking conducted by the company with other operators abroad.

For my part, I have been attentive to the security arrangements of foreign plants that I visited this year 
(see §19). I noticed, in particular, double checking at each protection zone boundary, for instance by 
badges and recognition by cameras or biometry. These double-checking systems should be compared 
with the system used in our plants whereby badges are confirmed by keying in a password. Also, access 
to the different zones is generally more restrictive. 
I note great diversity in the technical arrangements adopted, the levels of security imposed, and the role 
of the government authorities in different countries… The vast range of attitudes and resources should 
prompt use to continually re-assess our own practices.

Concerning this issue, I observe that security is not simply a matter of resources and procedures ;
intelligence is also needed. What are the possible scenarios? How should the security watch be kept, 
as new technologies emerge? What weaknesses need to be corrected? Looking from the inside does 
not necessarily provide the best view of the possibilities available ; turning to specialists in the field of 
security can open up whole new vistas.

In conclusion, the need for increased facility security is becoming more widely recognized, both in 
France and abroad. Although the role of the government authorities remains essential, the operator is 
constantly seeking to improve the protection of its installations. This means strengthening the safety 
culture of those directly involved in organizing security and responses, as well as those indirectly 
involved. Security really does concern each and everyone of us.
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FIRE RISK MANAGEMENT

Progress is being made in the area of fire protection and the 
links between the plants and their external fire and emergency 
services (SDIS) are being reinforced. Fire action plans have 
been introduced in all the plants, but this technical step 
forward in the area of protection has not been accompanied 
by a veritable culture of prevention within the professions. 
Fire prevention needs to be backed by strong management 
drive, without relaxing efforts the fire-fighting department: 
providing a fire brigade liaison officer in each plant represents 
has potential that needs to be exploited.

Fire prevention and fire-fighting issues have caught my attention again this year. This is because 
initiatives to improve in this area have not yet been completed, and events are always there to show 
that the fire hazard is ever present. It also needs to be remembered that fire is one of the four points 
requiring vigilance as announced by the President in 2006 in the wake of the 2006 safety review.

Room for improvement

A structured 
approach

Now, at the end of 2006, I hail the completion of a major technical and 
organizational campaign, the Fire Action Plan, even though some adjustments 
will be required in 2007. This has mobilized a substantial amount of the resources 
from the Nuclear Engineering Division (DIN) and the Nuclear Operations Division 
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(DPN) for a number of years and the timetable has been broadly respected. I have discovered the 
complexity and scope of technical work, most of which was performed when the units were in 
production.

Alongside the technical improvements, the fire hazard management campaign began in 2005 and was 
resumed in the STEP 2010 Project. This project seeks to better organize protection and fire-fighting 
measures.

The fire-fighting response guidelines were approved by the Plant Safety Review Committee in early 
2006. The immediate intervention of the second-line response team in the event of a fire alarm became 
possible in one third of the plants from 2006 and will be introduced in all the other plants by the first of 
July 2007. This was made possible by increasing the reliability of the alarms triggered by fire detectors 
(flame, smoke and heat). Co-ordinated work at corporate and plant levels has reduced the impact of 
this problem, and more generic modifications will lend credibility to this system deemed essential to 
surveillance in the other plants.

The nuclear plants have purchased the new response equipment as required to adapt to the design-
basis scenarios. A supplementary analysis, conducted by the SDIS will enable them to adapt their 
equipment levels where appropriate.

Renovation of the water pipes, which I have regularly called for in my previous reports, should be 
completed by the end of 2008 in the plants known to be the worst affected by corrosion problems. 
The work will continue in the other plants. As regards use of these systems, I have observed during my 
visits that they do not appear to belong to anybody, and that renovation work is an opportunity to 
address the need for their maintenance, surveillance, chemical treatment and utilization.

Fire prevention is 
still a Cinderella 

issue

The good prevention practices guide is to come out in 2007.This will 
supplement the reference documentation together with the responses guide 
published in late 2006. Progress now remains to be made in terms of 
prevention in the field…  where I have not seen any noteworthy changes in 
2006.

Strengthening the partnership agreements between the plants and the SDIS has progressed. 
Launched in 2005, six-monthly meetings between the Ministry of the Interior, the relevant nuclear SDIS 
and the DPN have opened up areas for standardization, the sharing of good practices, and proven 
organizational setups. 
I find this trend very satisfactory, as the effectiveness of fire-fighting measures depends of the 
complementarity of resources, and requires improved mutual understanding and knowledge of the 
installations.

During my encounters in the field, I met directors and representatives of the SDIS, and they expressed 
their concerns about maintaining the necessary skilled manpower. I think that the circular issued by the 
Ministry of the Interior on 19 July 2006 creating the “fire brigade partner employer” mark is a step in 
the right direction. I will give greater recognition to volunteer firemen seeking jobs in industry.

Finally, the process of providing each plant director with a full-time fire brigade officer has been slow 
in starting. The example of the Blayais Power Plant shows the considerable benefit that a plant can 
draw from this arrangement. I note that the brief of this officer, as well as the terms and conditions 
of his secondment are now set at corporate level; everything is now in place to go full ahead with the 
system.
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Findings by the Nuclear Safety Authority (ASN)

This year, all the plants were visited by the ASN, which is being extremely vigilant about fire issues. 
It has noted a tendency towards improvement but also the persistence of ingrained problems: the 
time taken to mobilize the second-line response team being too long, discrepancies in the fire action 
sheets, fire permits with scope for improvement concerning hazardous work, stores creating excessive 
fire loads, technical problems associated with the organization of response after the fire action plan…
I reached some of the same conclusions during my visits.

Other necessary developments

All the plants have volunteer firemen among their staff. The numbers vary, but at some plants, they 
already represent a force that can be quickly mobilized during working hours. This type of arrangement 
could well be made universal.

To clarify the new organizational setup for fire-fighting responses, benchmarking with other 
countries and foreign plants could be organized with help from WANO in 2007. I encourage this 
initiative as I have observed setups abroad that hardly differed from EDF setups and that seemed to be 
worthy of interest. These often feature knowledge of the installations by the offsite response forces and 
rely on the professionalism of the company’s emergency services in the event of fire.

The EDF 
response 

leaders : key 
players!

I would like to emphasise the importance of the EDF leaders of the response 
teams, one of the key players in the response system. This person is in charge of 
taking action until the arrival of outside help, and thereafter assists the response 
leader of the SDIS. This function determines the speed of outside response, and 
hence its effectiveness.

I have found that the training for this mission has scope for improvement. Is the pace of basic and 
refresher training sufficient in view of what is at stake? I have encountered response managers who 
were passionate about their mission, and others who were dispassionate. One SDIS director wondered 
how EDF staff could acquire the experience needed to perform such a mission.

As every year, I would like to stress that the exercises and drills in the plants are still too rare and 
not sufficiently realistic. There is not always sufficient motivation. Also, some plants with nearby, well-
equipped SDIS tend to shift their responsibilities onto them.

Contractor company staff also need to have basic fire-related skills. Are we sure that they actually do?

Events

The number of fire outbreaks was slightly lower in 2006, and their nature appears to be changing. 
Outbreaks caused by electricity substantially increased, some being caused by equipment faults and 
some by human error in using equipment. Analysis of the causes needs to be particularly searching.
I would once again like to draw attention to the ventilation systems. Outbreaks of fire in equipment 
are numerous and involve heating resistances in ducts, ventilation fan belts etc. As I have frequently 
had to point out, many of these functions have safety implications. They are still not receiving sufficient 
attention.

One event  that caught my attention in 2006 was the release of smoke from an electrical resistance 
in the Saint Alban Power Plant gas storage area. One again, the system in place ensured that the 
situation, with its potential threat, was properly dealt with, acting in concert with the SDIS.
Furthermore, feedback on the fire at the Blayais Power Plant that I mentioned last year led to 
modifications in all the nuclear units of the same type. These modifications were rapidly made, and all 
the turbine halls in question have been inspected.
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The fire systems :
equipment

important for 
safety

I would like to draw attention to an event that was classified as Level 1 on the 
International Nuclear Event Scale. This related to the fire-fighting water 
supply in a reactor building. During refurbishment work, a plug was forgotten 
in the reactor building supply system. During the year, in the same plant, two new 
instances of inoperability in a reactor building fire system were recorded.

These unacceptable discrepancies make it necessary for me to repeat how important it is for proper 
care to be paid to the fire detection and suppression systems by both the DIN teams who design and 
modify them and the DPN operating teams.

In conclusion, the management is still paying proper attention to fire issues and real progress has 
been made in terms of the organization of fire-fighting measures, but this varies between the plants. 
However, everyday fire prevention is still a Cinderella subject, even though I have observed that avenues 
of progress have been identified. Efforts need to be continued to achieve and maintain a level that 
corresponds to the importance of the issue.
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DECOMMISSIONING AND 
RADIOACTIVE WASTE

The decommissioning of nine disused reactors is progressing, 
and the milestones of the operation have been laid down. 
However, for the graphite-moderated, gas-cooled reactors, 
decommissioning is awaiting the availability of appropriate 
repositories for the different categories of radioactive waste on 
an industrial scale. For waste resulting from decommissioning 
and operating activities, the situation at the plants has 
substantially improved: the goals have been clearly set and 
the logistics properly co-ordinated.

This section covers two issues that are interrelated and constitute major concerns for our fellow 
citizens. It is through its decommissioning policy that a responsible nuclear operator demonstrates 
its determination to completely close the loop of the lifecycle of its facilities. The same applies to 
radioactive waste originating from the plants in service and the installations being decommissioned. 
Here, we need to bear in mind that 2006 was marked by the passing of the framework law on the 
sustainable management of radioactive materials and waste that I mentioned in §10.
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Decommissioning

EDF has begun the decommissioning of nine nuclear units: Brennilis (heavy water reactor), Chooz A3
(pressurized water reactor), Chinon A, Saint Laurent des Eaux A and Bugey 1 (graphite-moderated gas-
cooled reactor) and Creys-Malville (fast-breeder reactor).

The awaited 
repository now 

has a legal 
framework

Compliance with the EDF decommissioning program necessitates the availability 
of the repositories for the radioactive waste of the different categories, for which 
the French national radioactive waste management agency (ANDRA) is responsible. 
The framework law on the sustainable management of radioactive 
materials and waste provides for the disposal of long-lived, low-level 
waste (notably graphite) before the end of 2013. This will allow time to 

schedule the decommissioning of the first gas-cooled reactor. The dossier on the creation of this 
repository is under preparation at the waste management agency but its final form depends on what 
decisions are made concerning its design and siting.

Nuclear safety remains a concern in relation to the containment of the radioactive materials that 
the facilities being decommissioned still contain. Radiation protection is entering a new phase as
decommissioning involves different risks and the industrial processes remain to be developed. 
Those involved in decommissioning are different too, and sometimes lack experience in the nuclear 
industry.

In 2006, I visited a number of units in the process of being decommissioned: Chooz A, Chinon A and 
Saint Laurent des Eaux A in France and also the Vandellos site in Spain where a twin of Saint Laurent 
des Eaux A is being dismantled.

A few remarks on the findings of my visits

I observed that the EDF decommissioning program is resulting in spectacular changes to the appearance 
of the sites. The new very-low-level radwaste repository at Morvilliers (CSTFA) has made it possible to 
begin the dismantling of entire buildings and remove many waste packages that had been awaiting 
disposal for a number of years.

At the Chooz Power Plant, I viewed the top of the hill overlooking the reactor cavern returned to 
“green field” status, a piece of land that formerly contained the cooling ponds and a ventilation 
adit. On the site, areas around the entrances to the caverns have been cleared. I observed that the 
administrative facilities and the changing rooms had been renovated ready for the next phase of the 
decommissioning work. Work is progressing, with the goal being to have only the reactor vessel left to 
dismantle by the end of 2013.

At the Chinon Power Plant, the timetables for the dismantling of Units AI, A2 and A3 have been 
finalized. Work on the conventional buildings is nearly finished. The efforts made to remove the 
different types of waste there are clear to see. Chinon A3 is to be decommissioned first, and the reactor 
chamber is to be dismantled underwater as at Saint Laurent des Eaux, beginning in 2019.

At the Chinon Power Plant, I also visited the irradiated material workshop (AMI) created in 1963
for expert appraisal of the gas-cooled reactor fuel and irradiated materials. From 1986, it also carried 
out expert appraisals of pressurized water reactor fuel assemblies. The 56 storage wells that were used 
for the interim storage of radioactive waste pending analysis are being cleaned up. As is frequently the 
case with older facilities with rich pasts, I feel that the timeline of this workshop can help us understand 
how sloppy practices in the past will catch up with us in the future.
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At Saint Laurent des Eaux, I visited the two graphite-moderated, gas-cooled reactor units and the 
spent fuel graphite sleeve interim storage silos.

Core-drilling of reactor vessel concrete and graphite piles has begun with the objective of obtaining 
a radiological inventory by 2008. These operations will make it possible to determine the radiological 
conditions involved in decommissioning the graphite piles. It is to be remembered that, for EDF, the first 
in line is the Bugey Power Station, for which reactor dismantling will take place underwater.

For the silos, EDF has decided to surround them with a geotechnical barrier as a guarantee against 
leaks.

The removal of the contents in the silos is actually being deferred until a repository is available for long-
lived, low-activity waste and the corresponding approved packages.

Security in the work areas

Risk avoidance :
using operations 

for inspiration

During my visits, I had the occasion to observe work under conditions not 
corresponding to basic safety requirements. I would therefore like to insist that 
from the start, the industrial safety measures are clearly understood and 
properly followed. As I mentioned concerning radiation protection, 
decommissioning workers do not necessarily have the same rule sets as the usual 

nuclear industry contractors.
The history of the industry clearly shows that such end-of-lifecycle work is hazardous.

Another look at decommissioning: Vandellos Power Plant in Spain

During my visit to Vandellos, I found that Spain and France are in very similar situations concerning the 
options for the disposal of radioactive waste. However, their strategies are different as concerns both 
the timetable and the methods used for dismantling the reactor and cleaning up the silos. I have looked 
into these issues and the attendant expectations in §9.4.

Radioactive waste

The radioactive waste issue is one faced in both the operation and the decommissioning of nuclear 
plants.
As concerns operation, I found that considerable progress had been made in 2006 and there was overall 
consolidation of the conditions of operation, transport, processing and storage of nuclear waste.

Optimization of package production

The disposal of low- and medium-level waste in 2006 in the low- and medium-level radwaste repository 
at Soulaines (CSA) amounted to around 98 m3/unit, slightly below the figures from previous years.
I was pleased to observe that, in the plants, there is a clear trend towards reducing interim storage 
of radioactive waste of all types, the presence of which increased many risks (fire, radiation protection 
and security). This concerns packages in the form of concrete canisters, the metal drums placed in 
interim storage (packaging auxiliary building and the effluent treatment building), and waste packages 
in interim storage in the very-low-level material storage areas.

In many of the plants I visited, I noted that there were problems with the maintenance of the waste 
packaging machinery (compacting presses) and the package handing equipment (overhead cranes 
in the packaging auxiliary building and the effluent treatment building). These findings do not appear 
to be consistent with the goal of being in proper control in this domain where long-term efforts are 
definitely required.
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The Central Technical Support Department oversees waste logistics

Effective 
operational co-

ordination

The Central Technical Support Department handles the everyday management of 
radioactive and conventional waste. I have been told during my visits that the 
experts and specialists organizing the professions are often willing to listen to 
what is being said in the plants. They can solve highly-specific operations-related 
problems and handle liaison with the waste management agency.

In my previous report, I called for a campaign to optimize the volumes of waste at the source.
I have observed with interest the work organized by the Central Technical Support Department, 
which seeks to utilize and standardize the best practices. This relates to different types of waste 
(resins, liquids, sludges, solids etc., whether radioactive or conventional) and the methods of packaging, 
treatment and storage as applicable.

Thus, before beginning major jobs located in clean nuclear areas, waste storage zones are designated 
in order to avoid waste classifying rubble, soil etc. as nuclear. This rigorous approach simplifies 
modification work and optimizes the packaging, transport and disposal of the waste produced.

The shipping co-ordination group (GCE) makes containers available at the plants in service and those 
being dismantled. The 35,000 packages of radwaste that leave the plants every year for the low- and 
medium-level repository at Soulaines, the very-low-level repository at Morvilliers and the low-level 
radioactive waste treatment and packaging centre at Marcoule have only been the cause of one 
case of excess contamination (and this was slight, being 10 Bq/cm2 on the top of a package).

Finally, the proportion of radwaste packages removed by rail dropped again this year. I find this 
surprising, firstly the risks appear to be less for the transport of such packaged by rail and, secondly, a 
proper balance would make it possible to compensate for difficulties with either mode of transport.

Our European neighbour’s release thresholds for low-level radwaste

Same problem, 
different 
solutions

During my visits to five nuclear-equipped countries bordering France, I was able to 
observe how the European regulations regarding the conditional release of 
certain types waste from nuclear areas were applied there. Strict procedures 
apply to release (see §19).

For example, in addition to the regulatory checks at the site exit, the volumes of waste are strictly 
monitored to detect any mis-routing of radioactive waste for conventional disposal.
Non-aggressive decontamination processes have been developed for the different types of waste, using 
a cost-effectiveness approach.

The practice of release, which is not currently available in France, would lead to the 
simplification of zoning of the nuclear part of the facilities. 

In conclusion, decommissioning is proceeding as planned at the six sites concerned and is already 
having visible effects. Decommissioning of reactor buildings remains the most difficult phase to conduct. 
This phase is subject to many unknowns, particularly as regards availability in due time of destinations 
for specific long-lived waste. Management of nuclear waste has become a routine operation at both 
the sites where the facilities are being decommissioned and those where they are in service. For the 
latter, an effort to reduce waste at the source may further improve the results.
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THE NEW INTERFACE BETWEEN 
OPERATIONS AND ENGINEERING

Standardization of the plant operating documentation has 
begun, and is currently focusing on the surveillance tests of the 
systems important for safety. The 2006 operations engineering 
project (IOP 2006) is intended to clarify and rationalize 
the interfaces between operations and engineering, as the 
plants call for greater control of the operations rule sets. The 
corresponding new organisational structure requires changes 
in the culture of both the engineering centres and the nuclear 
plants.

In my previous reports, I emphasised on a number of occasions the considerable advantages of 
integrated engineering in the presence of a series of similar plants. However, to be fully effective, the 
system’s complexity must be mastered and better reflect the concerns of both the operations and 
engineering branches. 
The Production and Engineering Directorate (DPI) is implementing IOP 2006 to address these 
issues as part of an overall project.

It is a matter of better balancing the relationship between the DPI and the Nuclear Operations Division 
(DPN) in the area of high added-value activities that are central to their professions, focusing on 
rationalizing and clarifying their missions and dealings.
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I have been monitoring this ambitious project which seems to me to be of sufficient scope to 
provide the solutions needed to the current problems and will maintain my vigilance ; these 
questions have, furthermore, been one of my main concerns in 2006. Accordingly, I visited Corporate 
Engineering Support for Operations (UNIPE), the Support Centre For Nuclear Plant Operations (CAPE) 
and the engineering centres (Electromechanical Department (CNEPE) and the Nuclear Equipment 
Engineering Department (CIPN)) and I systematically raised these issues during my visits to the nuclear 
plants with, it must be remembered, are the final integrators of all the engineering initiatives.

Recognized requirements

The 2006 operations and engineering campaign seems to me to come at a good moment and I would 
like to start by describing one of the contexts of interfacing between the DIN and the DPN of which 
much was expected : clarification of the rule sets and increasing the reliability of the operations 
documentation.

In all the plants that if visited this year, and the previous ones, I have observed an ever increasing 
protestation against permanent updating of the operating rule sets. Although such modifications are 
generally the result of the changing of equipment or rules, with a view to increasing nuclear safety 
or cost-effectiveness, it is clear that a constantly-evolving rule set is not as easy to reliably 
implement.
Also, the difficulty in applying the rule sets may by a source of mistakes in the operating documents and 
undermine confidence in them. I note that the issuing and updating of these texts follows all the twists 
and turns of the long and winding road of the approval process, involving the engineering centres, the 
ASN, Corporate Engineering Support for Operations and, finally, the plants themselves.

At the end, in the event of there being practical problems with applying the new rules, which is 
not infrequent, loop-back is a delicate process, consuming much time and energy, to the general 
dissatisfaction of all involved. Some situations can even result in transitory discrepancies in nuclear 
safety. For instance, in the case of surveillance tests involving verification of the nuclear safety systems,
I have been informed that on a number of occasions there were difficulties in measuring a key 
parameter of the test, or that it was even requested to open an non-existent valve!

The difficulties explained to me, even though they only relate to one particular domain, clearly illustrate 
the need for improvement.

IOP 2006

From interface 
to synergy

As early as 2000, the engineering branch had been resolutely reassigned to 
serving the operations branch as part of the engineering at the service of 
performance campaign. In 2004, the 2015 nuclear initiative campaign intended 
to enable the DPI to improve the operations engineering in terms of nuclear safety 

and cost-effectiveness, and establish avenues of progress. 
The 2006 operations and engineering campaign will put this policy into practice: apart from the 
major changes already mentioned, it is anticipated that there will be an overall improvement in the 
engineering products (quality, suitability etc.) and a contribution to overall performance.

As regards, in particular, modifications to the installations and the documentation, the organizational 
system set in place is intended to eliminate any uneeded interfaces and documentary 
redundancy.  This seems to me to be very coherent, but is still complicated.

For modifications, the DIN is making impact studies at an earlier stage and in greater detail (including 
allowance for socio-economic and human factors), handles overall management of the planning 
(including execution and operating feedback) as well as relation with the ASN. The Central Technical 
Support Department (UTO) remains the corporate level integrator of all modifications.
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For the documentation, the new directorate, which relies on the Operations Engineering Unit (UNIE), 
formerly the Support Center for Nuclear Power Operations (CAPE), will have an overall view of any 
changes and avoid passing on decisions made independently by various committees to operators  
The drafting work will be shared by the different plants. I have found this to be a proper concrete 
application of the principles of the practices and methods standardization campaign (PHPM).

One of the goals of the project is to increase the responsibility of the plants, who are the end users 
of the products. The pilot plants of each series are involved from the outset, which means that 
they participate in the design work, first construction and the operating experience feedback. Each
individual plant will remain the final integrator of the technical and documentary changes 
that concern it. 

Organisational consequences

Better
distribution of 

the roles

The previous policy led to calling the existence of the Central Engineering Support 
for Operations (UNIPE) and a distinct entity. Its missions remain, but need to be 
divided up between other players. Changes to the missions and the scope of the 
central bodies providing the DPN with support (UNIE and the UTO are also in 
hand).

Even though the changes may appear to me to effectively be of a nature to increase understandability 
and effectiveness, I wonder about their potential impact on nuclear safety and radiation protection, 
particularly during the period of transition between the two systems.
During my visits and encounters, nobody I met denied that correctness of the policy, but come criticised 
the rapid pace of the changes decided upon without comprehensive analysis of the effects.
In particular, I noted that Central Engineering Support for Operations was playing a de facto
role of facilitation and early action of which the usefulness was unanimously recognized by 
the plants. This form of support should, as I see it, necessarily be embodied by a new  organizational 
setup. This part of the challenge that the Nuclear Equipment Engineering Department (CIPN) is faced 
with.

To assess the impact of such a change on nuclear safety, and audit by the Nuclear Inspectorate of the 
DPN has been performed, for the first time in this area. This was used as a basis the IAEA’s INSAG18
rule set that specifically relates to organization changes. This focused on verifying that all the different 
activities affecting nuclear safety were still guaranteed, if not improved under the new system. I would 
like to emphasize that this type of action fosters proper assimilation of safety culture. I note 
that the switch to the new organizational system is to be preceded by a second inspection y the Nuclear 
Inspectorate.

Apart from the structural aspects, I have taken a keen interest in the maintaining of the skills required 
for some of the highly-specialized profession that play key roles in ensuring safety (operation of the 
installations after incidents and accidents for instance). Inevitably, some of those who possess these 
skills will not be remaining, but I have been informed that a hard core of such workers will be preserved 
and is to be supplemented with skilled operations workers. The Nuclear Inspectorate will need to check 
this as matters advance.

Apart from the disbanding of Central Engineering Support for Operations (UNIPE), and the changing 
of the Support Center for Nuclear Power Operations (CAPE) into the Operations Engineering Unit 
(UNIE), the engineering centres are getting ready to perform their new functions. The Nuclear 
Equipment Engineering Department (CIPN), with easily the biggest role as it is charged with the 900 
and 1,300 MWe series, is reinforcing its nuclear safety department that is to handle interfacing with 
the ASN in this context. I have noted that it would constitute a veritable independent operation, 
forming the nuclear safety conscience of the Nuclear Equipment Engineering Department,
which appears to me to indispensable if the new mission is to be made globally secure.
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Standardization of the operating documentation

Encouraging
results

The process of standardization of the operating documentation by plant type is 
now in full swing. The procedures concerning the surveillance tests are the first to 
be treated, with a very tight timetable. I see in this as early application of the 
principles underlying the operations and engineering campaign, as there are 

already pilot plants for an entire plant type and greater demands are placed on the Nuclear Engineering 
Division.
The choice of the surveillance tests for introducing the process appears to me to be a judicious 
one as the quality of the existing documents and the terms and conditions of their application offer 
considerable scope for improvement. In addition, elimination of discrepancies and instance of defective 
quality appears to me to be perfectly achievable.

In the 900 and 1,300 MWe series pilot plants, mobilization has been effective and an organizational 
setup that ensure active contribution by the other plants is being developed. I have every confidence 
that the campaign concerning the surveillance test will be successful. I hope the effect will be an 
inspirational one for the other operations and maintenance document, though I must admit that 
we have probably started with the easiest part and the amount of work invested has already been 
considerable.

A necessary change in culture

Cross-fertilizing 
cultures to 

succeed

It is clear to me that success depends on the ability of the DIN to assimilate 
more operations culture.  This is a key point that has been clearly understood 
and accounted for by the management of the DINand the engineering centres, 
but which remains a challenge.

The pilot plants will have a major role for the entire series and must be able to stay the course; specific 
assistance will be provided. I realize the scale of he task, as long real-time operations can be locally 
demanding.
Finally, this change is not without effect for the other plants and should eventually simplify things for 
them. I observed that they did not yet have a clear picture of the organizational system set in place no 
the consequence for themselves.

I was able to see for myself during my visits that the change is being made in a serious and 
methodical way by dedicated players who believe in their project. I have, however, noticed that, 
at the start, it was easy to accept the rightness of the goals, and proceeding to implementation without 
really having identified and characterized all the main consequences. 
More generally, I have noticed that the organizational setup being set in place has a tendency 
to become increasingly complex, which will necessitate special accompanying efforts in the field of 
communication for this initiative to be a success.

In conclusion, major changes are afoot, for the desired results to be attained, I consider it essential for 
all the players involved to make sure that they are progressing in phase. This concerns the engineering 
centres, the central level units of DIN, the pilot plants, as well as the other  plants, which should be the 
final beneficiaries of the entire process.
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TECHNICAL RESPONSIVENESS

Unusual operating events, extreme weather conditions and 
major regulatory changes are opportunities to assess the 
response capacity of the DPI and its support organisations. 
Permanent and temporary organizational systems are set 
in place to solve any problems without exceeding the time 
limits imposed by the ASN, if not well before. The scale of the 
measures taken shows our intent to fix any technical issues 
once and for all, however complex they may be.

17.1. THE HEAT WAVE IN 2006

Longer but less intense than in 2003, the heat wave in July 2006 was a real life test of our ability to 
plan ahead and to respond with particular reference to the lessons learned during the 2003 heat 
wave.

Measures taken as a result of feedback on the 2003 heat wave

What was required was, as far as possible, to schedule refuelling outages in the river site plants during 
the summer and the coastal site plants during other seasons. This is because the latter are exposed 
neither to low water levels nor high temperatures.
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It was also required to schedule, with appropriate prioritization, technical measures to increase our 
capacity to respond :

In the short term : better understand the boundary operating conditions of the different 
systems, particularly the safety-related ones, to determine what margins are available, and where 
necessary re-establish or create margins by easily-made modifications (mobile equipment for 
cooling certain electronic and electrical apparatus) ; better anticipation of when environment-
related limits will be reached, with provision for “exceptional conditions” compromising HV grid 
dependability in the decrees governing the water intake and discharge of certain plants.
In the long term : redefine the design criteria of the installations relating to extreme climatic 
conditions by determining with the greatest possible precision the outside air and heat sink 
temperatures liable to occur up to the ends of the lifetimes of the plants, and to make the 
necessary modifications.

Finally, a new setup was needed to better foresee and manage contingencies.

The 2006 heat wave

During this heat wave, I noticed that the recommendations concerning the scheduling of the unit 
outages had been applied and that an emergency response had been set up in the light of the findings 
concerning the cold snap in the spring of 2005. The distribution of roles at corporate level (strategy 
and management) and plant level (terms and conditions, as well as responsibility for implementation) 
was found to be effective. The appropriate information was shared as it became available and used as 
a basis for decision making.

These arrangements made it possible to access the skills required and make use of them in a timely 
manner. It became apparent that other skills could be useful in overall risk assessment for example in 
PRA techniques; the plans will be updated accordingly.

In practical terms, to illustrate this, I found :
good  planning, making it possible to determine what action needed to be taken, particularly 
when changes in the River Loire led to concern about reaching the temperature limits in a 
number of plants,
the systematic provision of mobile cooling equipment during the summer period to supplement 
the existing systems pending proper technical fixes. These means had to operate at full capacity 
but were found to be adequate.

As regards the modifications to increase the capacity of certain heat exchangers (by adding plates), 
which had been decided upon and which would have been very helpful in 2006, I noted that they had 
not been incorporated because the budgetary arrangement came too late.

After the 2006 heat wave, the government authorities called upon the operators (EDF and the national 
grid (RTE)) to share their experience and requested that particular care be taken to keeping the players 
informed and co-ordinating their action and to improving forward planning for such events. The last 
point is understood to be very dependent on numerical modelling for forecasting the river temperatures, 
which needs to be user-friendly yet sufficiently accurate.

For the long-term forecasting of air and river water temperatures, I have been informed of the statistical 
tools and methods developed by the DIN and R&D, to determine the basis of a heat wave rule set. They 
were compared with those of the French meteorology service and found to be very dependable.

In conclusion, faced with the 2006 heat wave, the reaction of the DPI and its support 
organisations was methodical and efficient, particularly as a result of technical and 
organizational forward planning.

•

•

•

•
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 This episode also seemed to be an excellent opportunity to validate the arrangements made in the 
wake of the heat wave in 2003. Although the response appears to be comprehensive and consistent, 
particularly as concerns the relationship between the long-term and the short-term measures, as shown 
by the 2006 feedback, it still has some deficiencies in its implementation and regulatory basis. It may 
well be necessary to reconsider schedules for the application of some of the measures.

17.2. MODIFICATION OF THE SUMP SCREENS

In my 2004 report, I mentioned this design defect, its origin and how it could be resolved, with 
particular reference to the large set of modifications it entailed. It is to be remembered that it was 
necessary to considerably increase the area and the efficiency of the screens that protect the sumps in 
the reactor building floor to ensure greater reliability of the containment spraying and safety injection 
systems in re-circulation mode after an accident. The defect is common to most of the boiling water 
and pressurized water reactors in the world.

In late 2005, EDF informed the ASN that the program would be greatly accelerated as all was to be 
completed by the end of 2009, and that the nuclear units with a high risk of screen clogging due to 
the nature of the heat lagging would be treated before the end of 2007. This increase in pace is now 
possible as EDF has, firstly, engaged the services of three contractors instead of only two. Secondly, 
incorporation of the modification in a shorter length of time has been made feasible, making it possible 
to perform it during periodic inspections and not only ten-yearly inspections.

But this acceleration has resulted in pushing the contractors to the limits of their capacities. The 
implementation program makes it more difficult to integrate experience feedback and for the plants to 
assist each other, as many are being worked on in parallel.

Apart for the three modifications made in 2005 to 900We units, the fact that a number of important 
milestones were reached in 2006 lends credibility to the ambitious program announced : qualification 
of a third contractor for the process, completion of the operation on a first 1,300 MWe and a first 
1,500 MWe unit and continuation of work on the 900 MWe units. Some of the difficulties of the work 
have become apparent, particularly checking the clearance between the screen sets. Furthermore,  a 
number of points remain to be checked such as the assessment of the output of the safety injection 
and containment spraying pumps, as no direct method can be used. In some of the units already 
modified, it is however necessary to make some corrections.

In 2004, the US Nuclear Regulatory Commission (NRC) issued a generic letter requesting all pressurized 
water reactor operators to take into account the risk of sump screen clogging, then approved guidelines 
for the compliance methodology drafted by the Nuclear Energy Institute (NEI). The deadline being 2007, 
the operators have already performed the corresponding work or are in the process of doing so.

Furthermore, discussions are in progress whether to take into account the effects of certain chemical 
reactions that can increase the tendency of entrained debris to clog the screens. This issue has been 
much debated in France, but EDF has provided generous margins in the design of the new screens, 
which makes it possible to properly take into account the problem.

For my part, during a visit I was able to observe the scale of the work and see how much the 
screen area has been increased. 

In conclusion,  even if it needs to be remembered that the ASN has been the driving force in ensuring 
recognition of this anomaly, I note that it is actually EDF that has done more, and more quickly, 
than any other operator. The company has indeed had the strength of purpose to recover, if not 
increase the nuclear safety margins of all the plants, even though not all the reactors were as vulnerable 
to screen clogging.
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17.3 MODIFICATION OF THE CONTAINMENT SPRAYING AND SAFETY INJECTION 
PUMPS

In my previous report, I touched upon the question of the unreliability of the containment spraying and 
safety injection functions due to vibration problems with pump sets. These functions cool the core and 
limit the temperature and pressure in the containment building in the event of a primary or secondary 
pipe break. The containment spraying and safety injection systems are strong lines of defence that must 
always be dependable.

These functions therefore need to be highly reliable which, for instance, means that the vibration levels 
of the pump sets must be very low.

I have already raised the question of the persistence and the complexity of the vibration problems and 
the various attempts at fixing them. In particular, I discussed how, after having detected problems with 
the pump sets during certain post-accident phases, new corrective measures had been devised. Here 
I would like to emphasize the speed and efficiency with which the measures were applied in 
the 136 motors of the 34 nuclear units from the 900 MWe series. The work was completed by the 
end of March 2006, in accordance with the commitments made to the ASN.

The vibration problems affecting the containment spraying and safety injection pumps had a number of 
causes. The modifications recently made in the 900 MWe units focused on the main cause of vibration, 
which was due to offsetting of the motor centreline by expansion of the shaft under pre-circulation 
conditions, when the liquid being pumped is very hot.

After this essential step, I observed that attention was being turned to other vibration problems still 
present in some forty drive motors :

Snubbers were first installed, but the beneficial effects were very limited. Then, stiffening shoes 
holding the motor more rigidly to its mounting were successfully tried out on a test bed under 
fully representative conditions. These were installed during refuelling outages. Full co-operation 
between the R&D, the DIN and the DPN enabled this fix to be designed, subjected to 
full-scale testing and installed without delay.
To completely solve the problem, more work will be needed, which entails stiffening the concrete 
floor slabs supporting the motors as they tend to amplify the phenomenon. One solution being 
studied is stiffening the supporting structure by installing columns.

In conclusion, last year, I expressed my surprise at the delay in characterizing and dealing with the 
containment spraying and safety injection pump set vibration problems. This year, on the contrary,
I was pleased to note the quick and effective resolution of most of them. I also noticed the strong 
intent to completely close-out the issue as soon as possible. In this case, the ASN has requested that 
long-duration tests be carried out under totally representative conditions.

•

•
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INTERNAL AND EXTERNAL EVENTS

Due to their specific or generic nature, or their actual or 
potential consequences of some operating events, it is very 
important to determine their causes. What they often have in 
common is failure to react to clear fore signs. They therefore 
constitute and opportunity to make progress in the fields of 
vigilance and foresight.

18.1. MISTAKES IN OPERATING THE INSTALLATIONS

Those in charge of operating the installations must not exceed the process, safety and functional 
limits.
For instance, the temperature and pressure in the reactor coolant system must remain within a specific 
operating envelope. The minimum pressure limit protects the seals of the primary coolant circulation 
pumps. These seals form an integral part of the second containment barrier and they must remain 
service-worthy. 
Similarly, a limit is set on the average temperature of the reactor coolant system to eliminate any 
possibility of boiling, which would compromise the fuel rod cladding which forms the first containment 
barrier.

As concerns reactor control, an operating envelope limits distortion of the neutron flux as a function of 
the reactor power level. Remaining within this envelope guarantees the proper cooling of the fuel.
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This year, more than thirty significant events involving failure to respect the operating limits were 
declared to the Safety Authority. A number were classified Level 1 on the International Nuclear Event 
Scale.

At this point, I would like to make two remarks :
These events were, in some cases, of very short duration, amounting to a few minutes, and of 
limited extent (less that 2°C or 2 bar in seventy five percent of the cases).
The events classified as Level 1 are frequently uprated as being signs of insufficient safety 
culture: mistakes in operating the installations, insufficient surveillance, incomplete application 
of procedures, as well as repetition of events due to failure to use operating experience properly. 
These various causes appear to be emblematic of safety culture that is insufficiently 
strong for it to prevail in all situations. 

Most events correspond to excursions outside the temperature-pressure operating envelope. The 
circumstances of these events are very varied : starting or stopping of a reactor coolant pump, execution 
of surveillance tests, etc.
When the reactor coolant system is solid, pressure control is delicate. These phases of normal operation 
are not common, and each operator therefore rarely encounters them. Pre-job briefing should make it 
possible to remember the actions to be performed and the risks to take into account. Simulator training 
therefore takes on its full importance in overcoming these difficulties.

One event in particular clearly illustrates the weaknesses in the control and monitoring of the primary 
pressure. This was an excursion outside the envelope with a primary pressure below the limit during 
two-phase flow intermediate shutdown with the decay heat removal system in service.
Concerning monitoring, the operator thought that there were margins available to adjust the primary 
pressure, and did not realize that this was a parameter that could be changed. What he used was an 
indicator providing an instantaneous reading but which could not be used to follow the dynamics of 
change.
Concerning control, the operator attempted to adjust the pressure with the on-off heater and not 
with the adjustable ones, which lead to pressure fluctuations and exceeding the authorized limit.

I would finally like to emphasize the difficulties in controlling the average temperature at low power, as 
they have a direct affect on reactivity control. The reasons are often excessive or insufficient amounts of 
boron in the coolant and poorly-controlled interactions between the primary and secondary sides.
In my 2005 report, I already mentioned that less attention was being paid to the fundamentals of 
control and that focus on reactivity was not sufficient.
This evidently being an issue for the professionals, I find myself wondering about the difficulties faced 
by the operators: is it lack of experience, of theoretical or practical training or simply lack of time?

In other countries, I have noticed that the care in monitoring the process from the control room is 
greater.

18.2. FUEL HANDLING EVENTS

In my previous reports, I have drawn attention to the delicate nature of the nuclear fuel handling 
operations in terms of nuclear safety and radiation protection. This year, I note that there were five new 
events : the cases of placing a fuel assembly on top of another, one positioning error and one collision 
between two fuel assemblies. The main risk in such events is damaging the fuel cladding.
Should the cladding be breached, the gas contained in the fuel rod will escape, spreading radioactivity 
in the reactor building or the fuel building.

•

•
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Placing one fuel assembly on top of another

Two very similar incidents occurred at different plants. The reactor was being defuelled. A fuel 
assembly was lowered into the transfer cradle on the reactor building side when it was already full. The 
procedures were not respected. Four lines-of-defence were overstepped : fuel assembly movement to 
the fuel building was not reported, the order to move the fuel assembly was given despite the absence 
of the report, the cradle was returned to the fuel building without checking that it was empty, and it 
was not checked that it was empty when it was in the fuel building either. One of the events occurred 
at shift turnover.

The third event occurred when the reactor was being defuelled. A fuel assembly was lowered into a 
storage slot in the fuel building that already contained another one.
Here again, the lines-of-defence were overstepped : the indexing of the crane was not checked and 
insufficient care was taken to check that the slot was empty before lowering. The three events were 
classified Level 1 on the International Atomic Energy Agency’s International Nuclear Event Scale.

Positioning error

During control rod cluster swapping in the fuel building, the overhead crane operator noticed that the 
slot from which a fuel assembly was to be picked up was empty. At the end of his shift, the previous 
operator had wrongly read the fuel assembly location coordinates. The fuel building supervisor has not 
checked the indexing of the crane before set down.

Collision of two fuel assemblies

Unlike in the previous events, this one was caused by a machine control software error.
During a defuelling sequence, the fuel assembly handling machine moved in a different direction 
to that demanded. Despite the vigilance of the machine operator, who immediately halted the 
sequence, the fuel element being handled collided with the neighbouring fuel assembly in the reactor 
core. Fortunately, no damage was done.
The initial findings after analysis of the events indicate incorrect indexing of the loading machine’s 
position, after the control software acted on data from a sensor not meant to be used in the defuelling 
mode. The software was the cause of the event. It was loaded during major modification in 2005,
on the occasion of the second ten-yearly inspection, to enable the semi-automatic operation of the 
loading machine.
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Checking the machine prior to service after the modification did not reveal the faulty sequence that 
caused the event.

These events had no real safety consequences but the first four revealed recurrent weaknesses 
in the areas of checking, operational communication and the organization of shift turnovers.
Lack of rigor is a common factor. Experience feedback from previous years had nevertheless been 
integrated into the operating procedures, and lines-of-defence had been added. It would appear that 
awareness of the risks involved in these activities is not sufficient.
However, the conditions under which these activities were performed certainly need to be called 
into question. I observed that recurrent problems have occurred in fuel handling and that those 
involved have concentrated on solving them. These disturbances become all the more important in a 
consequence where the pace of the operations involved in fuelling and defuelling is faster and 
therefore requires constant concentration. 

In conclusion, I cannot overemphasize the usefulness of human performance tools. They have an 
important role to play in fuelling and defuelling operations, whether during the one-minute hold when 
an unforeseen situation arises, during self-checking or during cross-checking, particularly throughout 
the successive phases of fuel assembly positioning. I take good note of the fact that use of these tools 
is now required.

18.3. PARTIAL INOPERABILITY OF A SAFETY FUNCTION

In 2005, during the Gravelines Power Plant refuelling outage, a surveillance test to check operation 
of the safety injection function was in progress. At this stage of the outage, the configurations of the 
automatic controllers prevented the test from being fully completed and it was necessary to disable 
some of the functionalities by physical disconnection at the junction boxes.

This operation is a rare one but had already been performed in 2003 and was the subject of a procedure 
involving a risk analysis. This procedure was to be used as a model for planning and performing an 
equivalent operation in 2005. This involved disconnecting wires and locally indicating the situation 
with a placard, as well as recording the changes in the computerized special tools and equipment 
management system.

When the operation was actually carried out, the correct wires were disconnected at the equipment 
rather that the terminals blocks, in violation of the instructions.

Once the surveillance test was finished, the installation needed to be put back into the proper 
configuration, but this was done by a different team than that which performed the operations, using 
the same documentation. Finding the wires attached at the terminal blocks, it was assumed that they 
had already been reconnected without further investigating the matter, although the discrepancy was 
reported. In fact, the wires were still disconnected at the equipment and the functionality had not been 
restored.

Before the unit was restarted, the usual verifications were made to check the logic and physical 
operability of the systems important for safety. For the wiring, this included testing to ensure that the 
expected situations corresponded to those actually observed in the field.

In this case, the abnormal situation was not detected by the verifier, despite the presence of the 
placard showing that wires were disconnected. As no overall test was available to check that the logic 
affected by the operation was restored, the unit was re-started as it was and continued to operate for 
the entire cycle in this configuration..
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At the end of the unit outage in 2006, before restarting the verification sequence revealed 
both the spurious placards and the disconnected wires. The situation was restored in accordance 
with procedures, including declaration of the event to the Safety Authority and investigation of its 
causes

As regards the practical consequences, particularly in terms of nuclear safety, the disconnected wires 
made it impossible to manually control the safety injection system after automatic starting, although 
this action is required in numerous procedures. It is obviously possible to halt the pumps locally, but this 
would greatly complicate execution of the corresponding incident and accident procedures.

In conclusion, I have mentioned this particular incident because I find it a typical example of an error 
that was caught neither by the various specific measures provided nor by the broader functional checks, 
and which led to a situation that could have compromised the safety of the unit. I was struck by the 
bureaucratic complexity of the above jobs, which can result in losing sight of the very purpose behind 
such actions.
I note that the functional issues of the operations, even those relating to nuclear safety, were not 
explicitly mentioned. Whether in planning, execution or checking, it is a questioning attitude 
that was most lacking. 
After detection of the discrepancy, I note considerable openness in dealing with it. 
Have we still gone far enough in analyzing both the vulnerabilities that led to this situation and the 
potential consequences?

18.4. STEAM GENERATOR DEFECTS

The tube bundles of pressurized water reactors steam generators form part of the reactor coolant 
system, and thus constitute one of the containment barriers against the radioactive substances in 
the fuel. The reactor coolant circulates inside the tubes, the outsides of which are in contact with the 
mixture of steam and water on the secondary side. The steam generator tube rupture is taken into 
account in the reactor safety analysis.

It is sought to preclude such ruptures by continuously monitoring the tube bundle, carefully adjusting 
the fluid chemistry, and plugging any tubes liable to be damaged by corrosion. Steam generators are 
replaced when the number of plugged tubes becomes excessive. 
Arrangements are also made to deal with the consequences of any leakage or even tube rupture, 
which consists in applying special operating procedures and regularly drilling the operating teams, with 
application of the normal management procedures being sufficient to avoid any discharge into the 
environment.

At Cruas in 2004 and subsequently in 2005, two leaks occurred in the Unit 1 steam generator tubes, in 
the upper central part of the bundles. This is an unusual position, as tube deterioration generally occurs 
at the bottom of the tubes at the tube sheet. These two events raised the possibility of there being a 
particular mode of deterioration, although no conclusions could be drawn immediately. Early in 2006, 
a bigger leak appeared in Unit 4, in the same part of the bundle. Analysis revealed the presence of 
fatigue caused by flow-induced vibration fatigue, which was the reason for the previous two leaks.

In some of the steam generators such as those at Cruas Power Plant (referred to as Type 51 B), the 
absence of tubes in the centre of the bundle favours the rapid mixing of the steam-water mixture that 
can give rise to vibrations. In addition, in Cruas 4, the effect was accentuated by extensive clogging of 
the flow passages in one of the tube bundle spacer plates as a result of corrosion deposits. A number of 
units belonging to the 900 MWe series have Type 51 B steam generators ; these have been the subject 
of special surveillance, but only Cruas 1 and 4, and Chinon 2 have been found to contain significant 
deposits.
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This being the overall situation and in view of the Cruas 4 leak that occurred in 2006, I have the 
following remarks to make :

For the first time, the operating teams applied the procedure relating to large primary-secondary 
leaks under actual operating conditions. By properly following the procedure, it was possible to 
rapidly stop the leak. The operating teams played a key role, both in rapidly making an 
accurate diagnosis of the situation and applying the proper procedures without delay, 
which implies that they know them well and were regularly trained in their application.
The requirements of operation with low primary-secondary leakage, i.e. with steam generator 
tube bundles in good condition, are constraining for both maintenance and operations, but in 
this case they proved their worth. This is because maintaining this leakage at a very low level by 
preventive plugging guarantees low background noise for the radioactivity measurements, thus 
enabling early detection of a tube leak and monitoring its development. The event showed the 
importance of permanently maintaining the effectiveness of the lines-of-defence : the 
radioactivity detection systems played a key role in this case, hence the importance of keeping 
them fully operable and supplying dependable data.
The risks associated with tube cracking were countered by preventive plugging. The safety 
analysis was taken further to assess the impact of plugging on the overall behaviour of the steam 
generators in incident and accident situations, particularly as concerns the mechanical resistance 
of the bundle. The calculations showed that margins were available.
To eliminate the problem, steps were immediately taken to find and implement means of 
inspection and processes for mechanical cleaning by lancing. This action had, however, to be 
followed up later with chemical cleaning.
The corrosion of certain parts of the systems creates oxides that are carried away and collected 
in certain places. Studies will be made to change the water chemistry - the key parameter - to 
prevent such fouling from recurring.

In conclusion, I first note proper control of the leaks by well-trained operations teams, relying on well-
devised operating procedures and sensitive, reliable instrumentation. 
Then, confronted with this complex event, I once again found that the operator was able to mobilize its 
forces and the necessary support, and that the organizational system was efficient. The broad range of 
skills available within EDF and the AREVA group once again appears to constitute both a strength and 
a guarantee. 
Finally, I am left wondering about the proactiveness of the detection system and the reporting and 
interpretation of the fore signs.

18.5. STATION BLACKOUT

In late 2005, severe weather conditions, sleet and very low temperatures were the cause of problems 
that affected the switchyards of all four units of Paluel Power Plant. The insulators iced up and the 
shielding fell, which lead to the disconnection of the units from the national grid, corresponding to the 
loss of 5,200 MWe of output, of which 3,000 MWe was lost in thirty minutes.

Consequences

This event did not have any direct consequences on facility safety or grid stability. Three of the units 
switched to house load operation, and tripping of the turbine of the fourth unit resulted in a scram, but 
the standby diesel generating sets took over its load. 
The consequences for the gird were limited, as the frequency drop was 75 mHz, while it is capable of 
tolerating a sudden drop of around 800 mHz. Automation made it possible to switch to reserve 
power from all the plants connected to the European grid, and from hydroelectric power as 
well.

Yet this event was not neutral in terms of nuclear safety or grid stability.
Loss of outside power supply to the four units lasted more than twenty hours. A probabilistic safety 

•
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study of the event indicated weakening in the lines-of-defence. The time factor has a strong effect as 
it was combined with the reliability factors of all the items of equipment and each mode of operation. 
What also weighed in the balance was the fact that Paluel Power Plant could not be re-supplied 
by the grid and that the units could not power each other as a result of the existing design of the 
switchyards.

As concerns grid stability, the event made the balance between supply and demand very precarious, 
with our European partners reaching the limits of what they could generate. The supply and demand 
deficit was 1,000 MWe for fifteen minutes. The national grid (RTE) had to renounce exporting 
1,000 MWe, in breach of its commitments with the other European power transmission managers.

Aggravating factors

A strong south wind drove a salt mist over the cooling water outlet well from the non-nuclear part of 
the facilities located near the switchyard. The airborne contamination caused saline deposits that led to 
flashover between the insulator head and earth, causing a short circuit.

During the transition to house load operation, the turbine overspeed protection system for one of the 
units was triggered and caused the turbine to trip, due to vibration problems in the shaft line.
The gas turbine installed at the site was under maintenance and therefore inoperable.

Measures taken

The Nuclear Operations Division made an exhaustive analysis of the event so as to draw any lessons 
applicable to all French plants.Corresponding action has already begun.
The unfavourable geographical environment of the switchyard will be corrected by covering the outfall 
shaft to eliminate saline mist. The switchyards will be modified to enable the direct supply of power 
from the auxiliary transformer system.
The existing insulators are to be replaced with ones designed to better resist contamination. Also, the 
Paluel Power Plant switchyards are to be modified to enable the units to power each other.
Finally, the problem of turbine overspeed tripping will be solved to improve the success rate of transition 
to house load operation.

As regards the grid, its operator has been asked to give consideration to the possibility of mutual 
backup by Paluel, Flamanville and Penly Power Plants. 
Furthermore, an alerting system giving the action to be taken when an official government 
meteorological warning is received it to be organized with the Power Sales Management Centre 
(COPM) and the national grid authority (RTE). The goal is to provide greater generating margins and to 
carry forward the maintenance work on the power supplies (diesel generators, gas turbine, power lines 
etc.).

My comments

This event brings to mind the subsequent problems with the European grid on 4 November 2006. 
However, this did not have the same impact as none of the consumers got cut off. 
The event showed the dependability of the automatic functions in place and the good co-
ordination of the different players that enabled grid stability to be maintained.

When I visited Paluel Power Plant, I ascertained that the maintenance programs were being properly 
respected. I noted, however, that consideration was being given to how maintenance work was to be 
divided between the plant and the grid. In my opinion, clarifying and standardizing the organizational 
systems and the attendant responsibilities seems to be a way of ensuring efficiency.
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Finally, there appears to be considerable scope for improving the upkeep of the switchyards 
and their environments. Even though, as I see it, there may be no direct link with the event in 
question, the presence of bird droppings and the many patches of rust do not give an impression of 
rigor. 
In my 2005 report, I emphasized the need for giving consideration to property management, particularly 
as concerns such peripheral installations that have safety implications. I noted that the company is 
making a strong effort to improve the situation in all the plants.

In conclusion, I would like to emphasize that this event was managed properly, particularly 
by the plant operators who kept the installations under control for the entire duration. The event 
showed the dependability of the arrangements for preserving the stability of the power grid. I have 
noted that EDF was not letting the matter drop and is seeking to draw specific and general lessons 
from the event. The actions brought to my knowledge can reinforce nuclear safety and grid 
dependability and should be implemented as soon as possible.

18.6. INTERNAL FLOODING

An “improbable” sequence of events”

This event caught my attention because it showed how a failure in a turbine condenser cooling system 
can, due to a chain of events, compromise nuclear safety functions. 
In February 2006, when the two nuclear units of Nogent Power Plant were operating at full power, the 
duty shift noticed that water was pouring into the Unit 2 turbine hall.

In accordance with standard operating procedures, Unit 2 was disconnected from the grid and placed 
in the hot standby mode.

The ingress of water into the turbine hall spread to Unit 1, leading to a scram as a result of loss of 
the main steam generator power supplies. The water reached the unit’s intermediate cooling system 
facilities without compromising its operability.

This event did not have any direct consequences on the safety of the facilities, the environment or the 
safety of the plant staff. 
Pumping operations were begun immediately after the incident. The two nuclear units went on line 
again after a major clearing-up operation.

The scenario

The Unit 2 incident was due to a leak in the discharge line of one of the two cooling system pumps. 
Part of the water in the cooling tower pool was then emptied into the turbine hall. 
The floor slab around a manhole lifted and came away, allowing the water to flood into the Unit 2 
turbine hall. The water then began to invade Unit 1 via the plant duct connecting the two turbine halls. 
The water level then stabilized at the same depth in both units, which communicated with each other.
The water also reached some administration facilities and eventually the unit Train A of the component 
cooling system, although this did not compromise its operability. 
The worst effects were in the Unit 2 turbine hall where a concrete slab was lifted. In both turbine halls, 
some of the equipment was partially immersed (pumps, motors etc.).

Sequence of maintenance operations

The cooling system installations are regularly inspected and serviced as part of the plant’s local 
preventive maintenance program. In 2001, defects were found in the concrete of the circulating water 
system pump scrolls. Treatment by injection was carried out in 2002. In 2005, large amounts of scale 
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were discovered on restarting Unit 2 after a partial inspection outage. The unplanned outage of the 
unit at the end of 2005 was therefore exploited to inspect the circulating water system, but nothing 
was found.

Finally, at the beginning of 2006, water was found to be escaping under pressure from some of the 
floor slab joints.

The plant then began a program of expert appraisal of the masonry both inside and outside the 
structures. The outside civil engineering expert appraisal included thorough inspections of the pipe 
work that could be carried out during a unit outage scheduled for March 2006.

Corrective measures

The reason why the water reached the Train A component cooling system pump room was that a 
duct was not sealed off. As part of the action taken in the light of feedback from the incident at 
Blayais Power Plant in 1999, a work program was decided upon for certain areas exposed to flooding. 
This program is on-going in all the EDF nuclear plants. As part of this work, the duct in question had 
effectively been identified and the job was scheduled for the end of 2006.
In view of their importance, it was decided to re-arrange the access shafts of all the 1,300 MWe plants 
with cooling towers. This was to be completed by the summer of 2006.

Even though the technical monitoring of the installation appears to have been correct in this case, what 
I note from the incident is that it is possible for one nuclear unit of a pair to affect the other.

The technical modifications planned and scheduled after the flooding at Blayais Power Plant in 
late 1999 would have prevented the component cooling system pump rooms from being reached. 
I am once again surprised at  how long it takes to incorporate some modifications, 
While waiting for the scheduled work, fore signs of leakage had appeared yet no short-
term action was taken. Here, there was clearly a lack of a questioning attitude concerning the 
masonry. Is this a problem associated with the skills available in the plants in this field?
How water passes from one unit to another via underground structures is rarely well 
understood. It would be helpful to refresh overall knowledge of the infrastructure, how it 
interconnects and the associated vulnerability,
As always under such circumstances, the pro-activeness of the staff in the Nuclear 
Operations Division and the Nuclear Engineering Division was remarkable, as was that 
of the Purchasing Division, who rapidly concluded the necessary contracts and brought the 
situation back to normal without delay.

18.7. SILTING-UP OF AN INTAKE CHANNEL

Chinon Power Plant is on the River Loire, just downstream of where it is joined by the River Indre. The 
cooling water for the four 900 MWe units is taken directly from the riverbed. Three large adits under 
the river take the water to the intake channel itself. Where the adits open into the channel, there is 
a settling pit, referred to as a sand trap. The water flow then feeds the pumping station where it is 
screened and then divided between two circuits, one being used as the generating equipment heat sink 
and the other as the reactor safety heat sink.

 At the end of 2005, a large amount of sand was found to have accumulated in the settling pit. This 
was revealed by the detection of an abnormal difference between the water level in the River Loire 
and that in the intake channel. Two of the three adits were obstructed. The risk of complete blockage 
led the plant authorities to protect the water supply by installing mobile pumping equipment, before 
dredging out the pit. The event was classified Level 1 on the International Atomic Energy Agency’s 
International Nuclear Event Scale.

•

•

•

•
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I wished to mention this event because it affected the heat sink, which is essential for the proper 
operation of the installations. In my previous report, I mentioned that the designers and operators 
should pay special attention to this aspect, even if it is far from being a core issue.

What led to the event

Opposite the site, the River Loire carries large amounts of sand (some 1000 m3 per day with a flow 
rate of 600 m3/s corresponding to moderately high water). In late 1999, a quarry upstream of Chinon 
Power Plat was closed as a result of new legislation forbidding the removal of sand from the Loire. The 
quarry was acting as a sand trap. No longer being removed, the sand gradually changed the bed of the 
Loire, especially opposite the water intake. As the changes in the river were not subject to long-term 
monitoring, the risk was not reassessed.

The problem of silting-up in the water intake is not a new one. Experience feedback is available, but 
the conclusions are not being either regularly monitored or fully acted upon. The problems identified 
and submitted to the engineering services were not dealt with in the time required.

The dredging performed in the previous three years produced increasing quantities of sand. During the 
summer of 2005, the partial silting-up of one of the adits was detected. These warning signs were not 
properly analysed, and in 2005 no dredging was performed. Concerning this point, I am left wondering 
about how the decisions were made.

Finally, the Chinon Power Plant safety analysis report mentioned that regular sounding of the depth 
of water in the intake structure and channel would be required to ensure that dredging be performed 
as needed. This requirement, which was not reflected in the operation procedures, was not respected. 
It was replaced by other checks, based on an empirical method proving to be ill-adapted to situations 
involving rapid silt build-up.

The study in progress

I was impressed by the scale of the mobilization, mainly by the Nuclear Engineering Division and 
the Research and Development Division, to address the problem at the Chinon site, and also by 
the sophistication of the experiments performed. When I visited the EDF research and development 
laboratory, I was shown a 1/10 scale model of the water intake and the water inlet channel 
settling pit at Chinon Power Plant created to understand the silting mechanisms of the River Loire 
and the inlet channel. This should make it possible to test ways of solving this recurrent problem.

Lessons learned

I have a few general remarks concerning nuclear safety management.

The operational decision-making processes need to be properly stated so that all involved, at 
whatever level, know exactly what roles they are to fulfil; in particular it must be clear to them how 
and on the basis of what criteria they need to refer the matter to higher up, how the different levels 
interact to make diagnoses and find solutions, and how data is shared.

The checking and verification programs must be adapted to the specific clearly-identified risks.
In particular, a watch must be kept over industrial activities in the vicinities of the plants that 
will enable detection of any potential impact on operations.

The engineering services must perform the monitoring and “after sales service” regarding the 
design of the structures to verify that they still correspond to the specifications, without being called 
in by the operator.
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Finally, to avoid anything being overlooked, greater awareness of local environmental constraints needs 
to be developed, and all levels of responsibility.

18.8. START-UP FAILURE OF A DIESEL GENERATOR

Context

In the summer of 2006, an incident occurred in Forsmark Power Plant in Sweden, which
comprises three 1,000 MWe boiling water reactor commissioned in the early eighties. Although there 
were no injuries or environmental damage, the impact in the media was considerable, no doubt 
because the Swedish nuclear plants, comprising ten units and accounting for half of the domestic 
power production, benefit from a good image.

The incident occurred in Unit 1 and was classified as Level 2 on the International Nuclear Even Scale, 
which confirmed that even a well-operated facility with highly-experienced staff can also 
find itself confronted with totally new situations. It was the lines-of-defence and the staff 
professionalism that made it possible to deal with this situation.

What happened

A false manoeuvre in a very-high voltage (400kV) switchyard at a distance from the plant created a 
major short circuit. In such case, the switchyard circuit breakers should isolate the fault at the source, 
but in this case they failed to do so. This protective function was left to the plant Unit 1 line circuit 
breakers, which opened. The overall sequence involved extreme voltage fluctuations, in both the 
outside grid and the internal circuits of the unit.

Opening the Unit 1 line circuit breakers therefore resulted in station blackout, a situation provided for 
in the design. However, due to the disturbance of the unit’s internal electrical system, two of the four 
standby diesel generators would not start, resulting in the loss of some data needed by the operators to 
characterize the situation and bring the facility to a safe state.

This event revealed a design weakness in the unit relating to strong very-high voltage 
network disturbances,  particularly because it tripped the inverters powering the control systems as a 
result of the adjustment of their over-voltage protection, which was not suited to this case.

Two aggravating factors made the transient harder to control:
failure of the turbine safety valves to react properly resulting from loss of the control system, 
which prevented a successful transition to house load operation;
a low-frequency protection relay which did not operate, preventing connection of the unit to the 
external auxiliary power supply.

Nuclear safety was never jeopardised

During the transient, the reactor protection functions operated correctly. After failure of the transition 
to house load operation, a scam ensued normally, and due to the action of the safety systems, core 
cooling was at all times maintained. Despite the lack of data in the control room, the operators made 
the right diagnosis and applied the procedures correctly.

The two diesel generators that failed to start thus got operating after 22 minutes and all the 
functionalities was restored.

•

•
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Analysis of the event with conservative hypotheses showed that the risk of start-up failure of the four 
diesel generators due to a common cause was a real one. However, although this situation would have 
been much more complicated, it would not have led to any unacceptable core cooling situations in the 
short term.

The consequences in Sweden and the repercussions worldwide

The Swedish safety authority SKI ordered the Forsmark 2 to be shut down, of which the design of the 
electrical part is identical, and requested that verifications be made without delay in all the reactors in 
the country. It only authorized the re-starting of Forsmark Units 1 and 2 after an in-depth analysis of 
the lessons learned had been completed and specific modifications had been incorporated. The two 
reactors were thus shut down for three months.

The event also showed that the international nuclear community (operators, vendors, safety 
authorities, the IAEA and WANO etc.) reacted promptly and exchanged information, 
considering that the event, although it may not have been generic, was rich in lessons for 
all.
As a result, ad hoc verifications were made by many nuclear operators throughout the world.

Consequences in France

There are many design differences between French nuclear plants and the Swedish one involved: the 
architecture of the internal electrical systems, the behaviour of pressurized water and boiling water in 
incidents, the operating procedures etc. Nevertheless, an analysis was immediately begun in France to 
seek any similarities and applicable lessons with practical implications.

After a thorough examination, promptly made by the Nuclear Engineering Division, EDF informed the 
Safety Authority of its initial findings and the nature of the verifications it had made in a highly detailed 
report. 
Meanwhile, the Institute for Nuclear Safety and Radiation Protection (IRSN), which had made its own 
analysis of the event, sent a questionnaire to EDF which, apart from the above-mentioned issue, 
focused on the discovery of latent defects.

In the wake of the event in Sweden, French designs have proved to be more robust in the 
different series in service, especially in terms of the architecture of the internal electrical systems. 
After analysis, the settings of the different devices protecting the inverters powering the control system 
will however be raised in some of the units. This will be done to increase the margins available in terms 
of the risk of triggering a Forsmark-type sequence.

In France, and no doubt in other countries, apart from confirming the existing technical arrangements, 
the analyses and consultations have provided an opportunity to go beyond the Forsmark 
incident alone. The scope of the questions raised has been considerably widened to events involving 
“outside power grid” incidents influencing the plants, and the effect on the safety systems. A dedicated 
technical review will also be held during 2007.

In conclusion, the incident shows, first of all, that the quality of the operating team and 
of their practical training are both paramount. It also highlights the importance of periodically 
reviewing the design and operating safety analyses. Finally, it clearly shows how interdependent the 
nuclear operators are, how they all need to feel concerned about any potentially generic events and 
how they need to verify the resistance of their nuclear plants. It is also an opportunity for them to 
deepen their investigations and thus increase nuclear safety.
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VISITS ABROAD

It is not so much a question of comparing ourselves with 
others, but more so of learning from how others design and 
operate their facilities and the manner in which they apply the 
principles of nuclear safety and radiation protection. Seeing 
common problems from a fresh viewpoint can bring our long-
established methods and doctrine into a new perspective.

19.1. South Africa

Koeberg Power Plant is located some thirty kilometres north of Capetown on the Atlantic coast. I 
wished to visit this plant because it has long had a special relationship with EDF and because it is a 
replica of our Tricastin Power Plant, but operated in a different manner. Benchmarking is therefore 
particularly fruitful.

Also, this visit took place at a time when South Africa was confronted with power shortages, particularly 
in the Capetown area. A nuclear power renaissance could go beyond the pebble-bed modular reactor 
(PBMR), of which I heard so much about both at Koeberg with the client office team and at ESKOM, 
the national electricity company in Pretoria with the development team.  A prototype is soon to be built 
on the Koeberg site itself.
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Koeberg Nuclear Power Plant

Koeberg, the only nuclear power plant in Africa, is equipped with two 920 MWe pressurized water 
reactors commissioned in 1984 and 1985. It generates 6% of the power in South Africa, 95% of 
which is supplied by ESKOM. As a result of the nature of the power grid, the Capetown area is very 
dependent on the plant, particularly the industrial sector.

Relations with EDF

The Koeberg integrated team is locally responsible for implementing the mutual co-operation and 
technical assistance agreement.  Replacement of an alternator, after a technical fault, clearly illustrates 
the scope of the assistance expected by ESKOM and provided by EDF.

Given the similarity of the units, Koeberg has aligned itself technically with EDF. The policy of 
alignment with the CP series of plants consists in analysing the modifications made by EDF to this series 
of its reactors and adopting those analysed to be the most cost-effective for nuclear safety. In practice, 
the operator takes into account the actual state of both of the nuclear units (e.g. changing the head of 
the vessel of one of them).

As part of the International Nuclear Development Sabbatical (INDES), the safety engineers are 
undergoing a training session in France. This program is intended for rising young executives. Finally, 
emergency exercises are organized once a year in collaboration with EDF and AREVA NP the reactor 
builder.

Relations with INPO

In everything relating to organization and management, particularly nuclear safety, the Koeberg 
management follows American methods. It is involved in INPO (Institute of Nuclear Power Operators) 
benchmarking, in which all the American nuclear operators collaborate. INPO accredits the training 
programs and departments.

Control of nuclear safety

I noted with interest the existence of the Reactivity Management Assessment Group (RMAG). This 
consists of representatives from different professions (particularly safety and fuel engineers) ; this
group examines all events involving the phenomenon of reactivity. I remember this comment 
by the operations director «You think you have mastered everything after twenty years of operations 
and then you realize that there are still latent problems in areas as sensitive as reactivity control. It is 
essential to remain focused on this issue, especially when you are doing more than one thing at the 
same time.»

The shift team includes a shift manager in charge of nuclear safety and a senior shift supervisor solely 
dedicated to checking.

Also, as in many foreign plants, the plant manager’s safety report begins with an analysis of the curve 
showing the variation in the risk of core meltdown as a function of the modifications made to the 
plant. This is easy to understand and builds consensus.

Human performance campaign 

This campaign began in July 2005 and has been given high priority by the plant. This campaign is 
intended to be central to the professions and work practices in process. Human and material resources 
were allocated to it.
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Nine months later, 1,400 individuals had been trained, including plant and contractor staff, naturally 
enough, beginning with the mangers. Training focused on learning how to use human performance 
tools.

I would like to emphasize certain features of this campaign :
the management’s intention of reaching out to all involved in a short time span,
the realism of the method: systematic involvement of the line management, non-uniformity of 
the groups of trainees (operations and management),
the creation of a training school that replicates the industrial environment. This is intended to be 
particularly instructive and seeks to first convince the managers and operatives that mistakes are 
possible and that many of the mistakes can be avoided with human performance tools.
The know-how and credibility of the instructors, all present at the Koeberg site for more than 
fifteen years.

According to our hosts, the program is to have a steamroller effect, forcing the managers to 
go into the field, standardize procedures, break down the barriers between the departments 
and, finally, to avoid mistakes. 

Management turnover

The management turnover is considerable, and many new arrivals rapidly find themselves in high 
positions. It is to be noted that the turnover is also associated with the attraction of other industries. 
This is considered to be an issue requiring special vigilance, by both the ESKOM and the National 
Nuclear Regulator (NNR) staff.

Assessment of operators

A major effort is being made to train the operators and to check their knowledge. Apart from 
the license, which is renewed every two years by the NNR, assessments are made internally every six 
months and at the start of the shift cycles, i.e. every six weeks.

It is in the field of operator licensing that the NNR is the most demanding. Its local director considers 
that, in view of the importance of the operator’s role, it would be hard for public opinion to understand 
that the NNR had not explicitly given its approval of their accreditation.

Housekeeping

Even though the facilities are showing their age, they are in good condition, clean and tidy. This is 
notably true of the workshops and the peripheral facilities such as the de-ionizer plant and the pumping 
station. It is to be noted that all the concrete of the buildings that is exposed on the outside has surface 
treatment to protect it against the elements, and this includes the reactor building.

Radiation protection 

The radiation protection rules are straightforward ; all doses are carefully predicted, even for visitors. 
During the pre-job briefing, workers must take note of how to protect both themselves and the plant. 
The risk management department’s offices are at the entrance to the nuclear auxiliary building, opposite 
the changing rooms. It is to be noted that when the controlled area is entered, a protective suit is worn 
over street clothes.

•
•

•

•
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Control of intoxicants 

The programme has been in place since 2001. Random drug testing is carried out at the site 
entrance on both contractor staff and ESKOM employees. If the results are positive, contractor staff are 
forbidden to enter the site for one year. If it is an ESKOM employee, this person is relieved from any 
high-risk functions and is required to undergo one test a month for one year. If this person does not 
re-offend, it may then resume its functions.

The system is basically the same for alcohol. Those we spoke to said that the proportion of positive 
test results has been decreasing regularly since the start of the program, both for alcohol and 
for drugs. 

Site security 

Security is a major concern. The plant is divided into zones, with badges giving access to them as 
required for their work. After six months without entering a zone, right of access is automatically 
rescinded.

Visitors are carefully supervised. To enter any zone, the minder must use his badge too. The control 
room is a sanctuary, with double checks on approaching it. Guards are everywhere, day and night, all 
round the plant. Those recruited are «level-headed, reputable and good shots...»

Relations with the National Nuclear Regulator(NNR)

Among the concerns voiced by the safety authority, I noted the preservation of skills both in ESKOM 
and NNR, control of major modifications and aging, and the tension caused by the need to generate, 
in view of its extreme importance for the availability of power in the region. In addition, the safety 
authority is facing the considerable challenge of licensing the PBMR. 

The impression I gained from visiting the plant was that the management was seeking to 
get the best of both worlds : design, engineering and maintenance from France, and organization, 
management and training from the USA and INPO.

What made the visit interesting was the comparisons possible between managing a single plant and 
managing a whole set of them. In the first case, it is possible to be more flexible and responsive, and to 
seek the optimal solution for each nuclear unit while relying on recognized, standard rule sets.

As regards this issue, my interlocutors never failed to remind me how important EDF technical support 
was to them, sometimes supplied on demand. An effective partnership with EDF remains a priority in 
the Koeberg policy.

The PBMR project

The PBMR project is an integral part of the country’s 
medium- and long-term nuclear power strategy, 
and is considered to be well-adapted to the 
requirements with low-power modular units (in the 
300 to 150 MWe range) that can be clustered with 
shared auxiliaries. The plan is to place them near 
centres of consumption and thus reduce the costs 
associated with power transmission.
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These reactors can produce electricity or heat. With a moderate capital cost, they have a number of 
specific advantages in terms of nuclear safety.

The South African government financially supports this project which is a source of national 
pride.  ESKOM would be the operator of the first reactor and wishes to include this technology in its 
energy mix. The country has sought out industrial partners for the development and deployment of the 
project.

The PBMR design

A PBMR uses  high-temperature reactor (HTR) technology and is cooled with helium that directly 
drives a turbine in a closed cycle to produce electricity. It is to be noted that experimental HTRs were 
operating in Europe and the USA in the seventies and eighties and that this technique is the subject 
of development work in China (as I mentioned in my 2004 report). HTR fuel is made from particles of 
uranium and thorium oxide encased in layers of graphite serving as micro-cladding. Pebbles are formed 
by encasing the material in a matrix which is also made of graphite. The reactor core consists of some 
300,000 pebbles sixty millimetres in diameter naturally packed and constantly renewed through which 
the helium coolant flows.

This type of fuel can withstand very high temperatures (more than 1,000°C) without damage, which 
enables very high efficiencies to be attained and offers nuclear safety advantages. Furthermore, this 
technology does not contribute to the proliferation of nuclear materials.

PBMR safety

As regards nuclear safety, the advantages of the design are low core power density (inherent in 
the nature of fuel) and the fact that it is used in the form of pebbles. This combination makes it 
intrinsically safe, as even in the absence of a coolant to remove the decay heat, the temperature 
reached by the fuel will remain well within the limits that it can withstand. In principle, these features 
make it possible to dispense with a containment, hence a lower capital cost, but the safety analysis 
certainly needs to be made in greater depth. It is to be noted that the low power density entails bulky 
components even for modest power ratings.

Licencing and development of the PBMR

The PBMR represents a new departure compared to the existing technology, particularly from the 
pressurized water reactor type with which the NNR is familiar. The task is complicated by the way in 
which design and licensing are being conducted in parallel. The NNR uses the backing of British and 
German consultants and the IAEA. I note that the project was shown to the NRC for information, 
with a view to applying for a license in the USA. The development of the PBMR project relies on the 
engineering resources and universities available in the country as well as foreign partnerships. For 
construction, the first contracts for supply of the heavy components have already been placed with 
industry in Europe and the USA. A prototype is to be built at the Koeberg site, with work due to begin 
in 2007 and start-up in 2011.

In conclusion,  the PBMR project appears to be of interest due to its safety features and the 
modularity of its design which, according to those with whom we spoke, could answer the needs of 
many countries. However, they readily admitted that the scale and the complexity of industrial-scale 
implementation of the project was a serious challenge.
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19.2. GERMANY

Neckarwestheim Nuclear Power Plant

This plant, which is on the right bank of the River 
Neckar, an affluent of the River Rhine, upstream of 
the province of Bade-Wurtemberg, comprises two 
nuclear units : GKN 1, an 840 MWe three-loop 
pressurized water reactor commissioned in 1976,
and GKN 2, a 1395 MWe four-loop pressurized-
water reactor of the German Konvoi type 
commissioned in 1989.

Neckarwetheim is one of the three nuclear plants belonging to EnBW, an electricity company 
in which EDF has a 45% stake. The other plants are Philippsburg and Obringheim, which I visited in 
2004 and 2005 respectively.
In 2006, I thus completed my visits of the three EnBW sites. Reporting on Neckarwestheim Power 
Plant is an opportunity for me to go further in presenting my impression of the German nuclear power 
industry as experienced by the operators.

Means of production

Neckarwestheim Power Plant is built in a former quarry and is well-integrated into the surrounding 
environment. The general level of housekeeping is very high. 

The cooling water for the GNK 1 condensers is either taken directly from the River Neckar, from forced-
draft cooling towers or a combination of both, whereas for GNK 2 only a forced-draft cooling tower is 
used, which is of a very sophisticated design enabling reduction of the plume shadow by prior heating 
of the circulation air. This detail shows how far, in this wine-growing area, the impact study was taken, 
and the cost in terms of energy is certainly high.

The water from the River Neckar used in the cooling systems is pre-treated, which is constraining but 
avoids certain difficulties such as the development of pathogenic micro-organisms.

GKN 1 and GKN 2 each contribute 150 MWe to the power supply of the German railways (DB). The 
power is not 50 Hz three-phase but 16 Hz 2/3 single-phase, necessitating the use of special equipment, 
from generation to the feeder to the DB network, which makes operations more complex.

Different perspectives

As part of the policy of phasing out nuclear power in Germany, the two Neckarwestheim 
reactors are to be closed down in 2008 and 2021, which mark the earliest and latest times in the 
timetable imposed by law. By authorizing the production of a fixed amount of power (the governing 
parameter applied in the phase-out process), the result has been that GKN 1 has practically used up its 
quota whereas GKN 2 can produce as much again as it has already produced in the past.

The long co-existence of a plant that is first closed then decommissioned with a plant that is in 
service will certainly pose a number of problems, particularly in view of the interdependence 
of the two units. 

The possible extension of the service life of GKN 1 depends on a number of factors : incorporation 
of modifications to bring it up to the latest safety standards, submission of an updated probabilistic 
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safety analysis to the safety authorities and, above all, energy trading with other units that needs to be 
approved at federal level.

The situation of the German nuclear industry is not favourable to recruiting skilled personnel to replace 
the number staff members retiring, like in France, especially as the sustained economic activity in 
Germany means strong competition with other sectors of industry seeking young engineers.

Operating performance

Availability is at the same level as the French average (84%) for GKN 1, but almost ten points higher for 
GKN 2 (94%). These figures are all the more remarkable because they correspond to an average over 
ten years.

For GKN 2, the level of redundancy of the engineered safety features made it possible to carry 
out some of the maintenance work with the plant in service, enabling shorter outages (seven 
days). Another advantage of the Konvoi design is that field work is carried out every day inside 
the reactor building while on power, subject to limiting the number of operatives to the capacity 
of the airlock, i.e. around thirty people. The reactor building also contains the fuel pool. The handling 
operations are performed in this building during operation, notably for the removal of spent fuel. The 
number of scrams is particularly low (0.6 per year on average over ten years for GKN 1and as for GKN 
2, the last scram dates back to April 1994! 

As regards radiation protection, in terms of international experience feedback the results are average 
for GKN 1 (0.75 man.Sv in 2005). The results for GKN 2 are truly remarkable (0.150 man.SV in 2005)
reflecting the advantages of the Konvoi design.

Experience feedback on an event

I was informed at length of an operating incident that occurred in 2004 which got extensive media 
coverage. There was a very limited uncontrolled radioactive discharge, which was of a very particular 
nature because it involved circuits not classified as radioactive. A comprehensive analysis was made 
of the possible interactions between radioactive and non-radioactive circuits. Modifications increasing 
their separation have been systematically incorporated, while a measuring system provides defence in 
depth.
To the best of my knowledge, this difficult problem is faced by all operators, but the approach adopted 
does not seem to me to be an entirely satisfactory one.

Use of fuel

I was not told that fuel itself was a source of difficulties in terms of nuclear safety as the rule is simple: 
all that is required it to respect the associated criteria: level of initial enrichment, degree of corrosion and 
internal pressure on cladding. Accordingly, burn-up (a key parameter in France) is not the subject of 
limits and I note that very high levels (exceeding 60 GW days per metric tonne) can thus be attained.

In terms of fuel use, the unavoidable annual outage for maintenance is grounds for optimization. In the 
recent past, there were two outages per year for GKN 2 to fully exploit the fuel, but this is no longer 
the case today as other overriding economic parameters are now considered.

German law stipulates that plutonium derived from reprocessing must be used in MOX fuel and whereas 
depleted uranium may also be used. However, as the supply to reprocessing has been cut off by the 
ban on the transport of spent fuel, the plants are now burning their last MOX fuel elements. 
The interim storage of spent fuel is therefore unavoidable, in view of the limited capacity of the plant 
storage pools.
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Spent fuel management

At Necharwestheim, as at other German plants, fuel is kept in interim storage in casks, each containing 
some fuel elements. These are placed in concrete silos outside that are cooled by natural convection. 
But the German safety authority has placed regulator time limits on this solution which is spurring on 
the construction of longer-term means

To meet such needs, vast parallel tunnels were excavated in the face of the quarry containing the 
plant. These parallel tunnels - ventilated by natural convection - are sized to hold all the spent fuel until 
cessation of operation of the two reactors. The capacity of these two tunnels is 150 casks. This solution 
automatically eliminates the aircraft crash risk that had to be addressed by the design. I visited the 
installations, which are now in service.
Late in 2006, all the casks were placed in the new facility and the temporary concrete silos were 
dismantled.

Finally, German law sets 2030 as the deadline for availability of a permanent repository for spent fuel, 
and disposal in deep geological formations is being studied.

Anti-fire arrangements

175 plant workers from different professions are qualified fire-fighters. Each has a set of personal 
equipment, follows regular training (50 hours per year) and participates in drills (6 per year) in 
collaboration with outside fire-fighters. There is an on-shift duty team headed by a qualified professional 
fireman and eight members of the plant operating and security staff.

Site security

I observed the existing arrangements with interest, particularly the checking with visual recognition 
cameras and the systematic body searches at certain zone changes.

Relations with EDF plants

EDF is represented in the EnKK management board, the body charged with running the three 
nuclear plants operated by EnBW who was licensed by the safety authority to operate the plants 
after three years of negotiation. An engineer handling liaisons between EDF and EnBW is based at 
Neckarwestheim, which facilitates the two-way flow of information, whether it relates to technical 
events or organizational change.
There has been a well-organized framework for co-operation between EnBW and EDF 
since 2003. Working groups regularly meet to deal with issues such as nuclear safety, research and 
development, fuel, decommissioning and skills management.
Neckarswestheim engineers regularly attend topical seminars organized by EDF (chemistry, organization 
of outages, experience feedback etc.).

Finally, I will be following with interest the careers of six young French engineers who have just been 
hired to work in the EnBW nuclear teams and the German counterparts at EDF.

In conclusion, my visit to Neckarwestheim was extremely rewarding. Those I encountered there 
talked very openly about the technical and organizational issues affecting nuclear safety and radiation 
protection. The visit showed me a well-maintained industrial facility able to durably maintain the highest 
standards. Despite the uncertain future of the nuclear industry in Germany and the onerous constraints 
that complicate its functioning, I met staff that were anxious to demonstrate on an everyday basis the 
high quality and efficiency of their work.
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19.3. BELGIUM

Tihange Nuclear Power Plant

Electrabel, a subsidiary of the Suez group, operates 
Tihange and Doel Power Plants. Tihange Power 
Plant is on the River Meuse, near the district of 
Huy. It comprises three pressurized water reactor 
units all rated at 1,000 MWe commissioned in 
1975, 1982 and 1983 respectively. I noted that EDF 
had a 50% stake in Tihange 1.

Nuclear safety management

The nuclear safety management system is consistent with the principles laid down in INSAG 13 (the 
IAEA International Nuclear Safety Advisory Group for nuclear safety management). Nuclear safety 
surveillance activity is independent of the internal auditing and quality control. There are nuclear safety 
inspectors, one per unit, who receive identical authorisation to control room operators, granted by a 
committee on which the safety authority sits.
At corporate level, there is an independent nuclear safety committee chaired by a person from 
outside the company, which includes outside personalities including a member of WANO. It meets 
periodically to express its view on the state of operational safety in the two plants to the general 
management of the company.

An report is issued every year which summarizes the main safety issues encountered in the past year.

Training

Two points caught my attention: the presence of a full set of simulators and the training school.

Simulator training

For training its teams, Tihange Power Plant uses a particularly full set of control interface 
simulation systems :

A full scale simulator faithfully replicating Tihange 2 that can be adapted to represent Tihange 3.
Without being a replica of Tihange 1, it can still be used to train staff for it.
The level-two panel simulators provided in Units 2 and 3. These offer some of the functionalities 
of the control room as required for bringing the installation to the cold shutdown state in the 
event of an external event (earthquake, loss of cold sink etc.).
The unit ultimate fallback simulator. This offers some of the functionalities of the control room as 
required for dealing with loss of the offsite and onsite electrical power supplies and the backup 
power supply for the control room.
The fallback panel simulator and the unit operations centre (COT). In accident situations, this 
supplies the essential parameters needed by the safety engineer.
The multifunction simulator used for teaching. Amongst other things, this can display all the 
phenomena occurring in an accident situation.
Finally, an extension of the full-scale simulator can be use to replicate voltage return scenarios as 
well as electrical disturbances of the grid.

•

•

•

•

•

•
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Training school

I was very interested by the recently-created training school. The vast, well-designed facility replicates a 
number of different types of rooms and activities occurring in the field with operational equipment. 
It make good use of the experience acquired with existing schools of this type, notably those of EDF. It
is original in that it offers an integrated approach to risks : nuclear safety, radiation protection, 
fire prevention and environmental protection. The goal is to instil risk-awareness culture in the staff of 
Eleacrabel and its contractors. The four-day course enables a certificate to be obtained.

Refresher training is scheduled every three years for everyone. I noted that management staff of 
contractor companies have asked to follow initiation courses in the school, to better understand 
the work of their teams. 
Finally, a special program is available for all those who do not work in nuclear areas to enable 
them to understand the requirements, precautions and methods needed there. This can help to 
gain a better grasp of the constraints and requirements in the nuclear industry for the layman.

Other points of interest

Tihange Power Plant has achieved Eco-Management Audit Scheme certification. An effort was made 
to reduce the volume of waste produced by super-compacting and incineration. Electrabel confers the 
ownership of the low and medium level radioactive waste to ONDRAF which is obliged to accept it. I 
noted that in Belgium there is a threshold for the release of very-low-level waste.

The radiation protection department is on duty at the site around the clock.

Much effort is devoted to housekeeping. Substantial human and material resources are being 
mobilized to rapidly reach international standards. Everywhere, there was a visible desire to tidy up and 
reinstate cleanness, which went as far as the complete renovation of many rooms.

Finally, the preservation of skills remain a concern. As one generation replaces another, a major 
recruiting drive has become necessary. Training takes a long time, and Tihange Power Plant is seeking 
to ensure that its staff stay on as long as possible. 
The minimum qualifications are school leaving certificate plus two years of vocational training for 
technicians. Furthermore, I observed that a major recruitment program for engineers had begun to 
prepare for the future.

In short,  at Tihange Power Plant, I met operators who were willing to be open to others and anxious 
to engage in dialogue, without trying to avoid difficult questions. The exchanges took place in a very 
candid manner, emblematic of safety culture.

19.4. SPAIN

I visited Vanellos 2 and Asco Power Plants, which are both pressurized water reactors, and Vandellos 
Power Plant, which is a gas-cooled reactor that has been closed since 1989. This plant is identical to 
Saint Laurent des Eaux Power Plant in France. Apart from the good opportunity for benchmarking with 
a neighbouring operator, I wished to observe the progress with the decommissioning of Vandellos.
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Vandellos and Asco Power Plants

Spain now has six plants with a total of eight 
nuclear units. They make up 10% of the installed 
capacity and accounted for 19.5% of the power 
generated in 2005.

The Vandellos 2 and Asco 1 and 2 (see picture 
opposite) are in the province of Catalonia, some 80
km south of Barcelona. They are all rated at 1,000
MWe and were commissioned between 1983 and 
1987. The reactors operate in the base load mode 

and are run with eighteen-month cycles. This strategy has the advantage of evening out the demand 
for resources.
Their operator is ANAV (a Spanish acronym for «Asco-Vandellos nuclear association»). This a joint 
venture between ENDESA and IBERDROLA, the owners of the facilities. ENDESA has the larger holding, 
with 100% of Asco 1, 86% of Asco 2 and 72% of Vandellos 2.

I observed that the human resources, logistics/purchasing/documentation and technical 
departments are common to the two plants, yet are located fifty kilometres away. 

The availability of the facilities is relatively high (90% on average of ten years), of 2005 is omitted when 
Vandellos 2 was out of service for a number of months.

Operations

Seven teams operate the plant in relay. Two operators are always present in the control room 
while a third monitors the control room and can replace either of the other two. Access to the control 
room is protected, with a security lobby. The management wishes to increase the number of hours 
spent on simulator training. This being difficult to achieve, a study has been started of ways of re-
organizing the teams. Alternatively, one team could be withdrawn from the duty rota but remain on-
call, to follow training and provide replacements. 
The initial accreditation of the operators is granted by the regulator, and when it comes up for renewal, 
the regulator verifies that the required training has actually been completed.

Maintenance

A new approach developed by INPO called «risk and performance bases application AP 913E», using 
equipment reliability as a criterion, is now being practised.  This has resulted in modifying the previous 
maintenance and engineering principles. 
The two plant contract out most of the maintenance work, and consider that they have found an 
optimal balance beyond which the company’s know-how would be eroded. It is to be noted that the 
contractors follow the company’s procedures.

The emergency heat sink

Asco Power Plant is on the River Ebro. All of the nuclear units have an emergency heat sink constituted 
by the essential service water system. A pond on high ground and the forced-draft cooling towers 
guarantee extremely long endurance of the standby heat sink.
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Radiation protection

The head of the radiation protection department is licensed by the safety authority. And it is this person 
that accredits the technicians. The department is divided into three sub-departments respectively 
charged with exposure monitoring, calibration and maintenance of radiation protection equipment as 
well as optimization of exposure applying ALARA principles and the management of waste.

A contracting department plays an essential role in the areas of radiation protection, decontamination 
and waste management. In normal operation, a radiation protection expert is on shift, while ten 
technicians are permanently assigned to ensuring the radiological cleanness of the facilities. 
Substantial reinforcements are brought in for outages.

The collective dose is very low, comparable to the results of the best French 1,300 MWe plants.

Fire

The response team includes three professional fire-fighters from a specialized company, supplemented 
by shift workers. They are responsible for the testing and maintenance of the fire equipment, fire 
prevention and, of course, fire fighting. 
An agreement with the local fire service completes the setup, with the outside fire-fighters’ knowledge 
of the premises being maintained by regular drills. 
The plant management plans to further strengthen these resources.

Plant security

Security is provided by a private company. Armed guards patrol inside and outside the fences in special 
vehicles. The have attack dogs and dogs trained to detect explosives. The site has a special arrangement 
with the Spanish military police.

A number of sophisticated surveillance cameras are installed, mainly on high points. At Asco Power 
Plant, the security centre is located in the middle of the site in a self-contained, purpose-built bunker.

At Asco Power Plant, I observed design arrangements offering the advantages of passive 
defence:  the fallback control room is bunkerized and separated from the industrial facilities, the 
fuel building and the reactor building are semi-buried (the handling floors are at grade level), the 
Nuclear Auxiliary Building doors opening to the outside are armoured and the gas storage areas are 
at a considerable distance from the production buildings. The safety authority has approved the plant 
security plan.

The nuclear auxiliary cooling system incident

An incident occurred on the Vandellos 2 cooling system in August 2004 that was graded as Level 2 on 
the International Nuclear Event Scale. Analysis of the root causes was conducted with the collaboration 
of the IAEA and outside consultants. I was given a detailed presentation of the incident. The main 
causes identified by the operating company management as noteworthy for any nuclear 
operator are :

deficiencies in safety culture and production-related decision making,
duties not clearly defined and not properly understood,
medium- and long-term schedules prepared without a job prioritization system,
scope for improvement in the internal use of feedback and insufficient management presence 
in the field,
insufficient communication both internally and with the safety authority.

•
•
•
•

•
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In conclusion, the main impression that I gained from this visit was that those I met were keen to 
exchange ideas and were very frank and open, particularly as concerns the above incident.  Although 
the situation in Spain and that of its nuclear operators does not correspond exactly to that in France, 
many of the areas touched upon merit more extensive benchmarking by the Generation Technology 
Division.

The Vandellos 1 natural uranium gas-cooled reactor

The final closure in 1989 of the only Spanish 
natural-uranium-fuelled gas-cooled reactor of 
French technology was precipitated by a serious 
fire in the secondary part of the installations. The 
unit was therefore shut down slightly before its 
French sister plants.

Decommissioning in Spain

In Spain, the decommissioning of nuclear installations is handled by ENRESSA, the domestic nuclear 
waste management agency. ENRESA is a public limited company owned by the Spanish government. It
handles the surveillance and decommissioning of facilities of which ANAV remains the owner. 
The situation thus differs from that in France, where the operator remains fully responsible for the 
facilities until decommissioning is complete.

Spain is in a situation similar to that in France as concerns the disposal of radioactive waste. 
The Spanish El Cabril repository roughly corresponds to the French low- and medium-level radwaste 
repository at Soulaines and the very-low-level radwaste repository at Morvilliers.
Like in France, the two categories of waste are still without repositories: high-level long-lived waste 
and long-lived low and medium level waste, which are mainly needed for the disposal of reactor pile 
graphite and fuel element sleeves.

A different strategy

The similar situations in France and Spain have nevertheless been tackled differently, as the Spanish do 
not plan to begin the last step of decommissioning until some twenty years have elapsed. Vandellos 1
has accordingly been placed in the safestore configuration. EDF has not chosen this approach, 
who has committed itself to decommissioning its old nuclear facilities and has accelerated the process.
Yet, without passing judgement, I observe that totally different technical strategies have been adopted 
for identical installations. Here the reactor is to be dismantled using a dry process. I observed that my 
interlocutors were surprised to learn the EDF was thinking of dismantling underwater an installation 
designed to operate with gas, and hence dry.

A site in a surprisingly good general condition

The site is clean and tidy, and the administration offices have been re-installed in disused facilities 
alongside the unit. The massive steel portals have been dismantled and only the reactor chamber 
remains visible. To protect against the elements and to reduce the visual impact, it has been covered 
with cladding brightly painted in tones ranging from Mediterranean blue to pine-tree green and sky 
blue...
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Next to the administration buildings, a pleasant picnic area has been created using recovered 
materials. Every year, more that 20,000 visitors now come to the site which is now called «The Mistral 
Technology Centre» and is intended to constitute a means of educating the public and a centre for 
decontamination and dismantling research and development. 

The top of the reactor has been made into an exhibition room with a vast terrace from which all the 
changes to the site can be seen. The underground part of the reactor installation has been transformed 
into a spacious reception and lecture hall. Through shielded windows, it is possible to see 
packages of crushed graphite from fuel element sleeves and highly-radioactive stainless steel 
anchor wires. 
As at Saint Laurent des Eaux Power Plant, the graphite sleeves and the anchor wires were initially placed 
in silos. I was able to look inside these silos, which are now completely clean and empty. What now 
remains is to demolish them, with the classic problem of light contamination of the underlying soil.

The different technical strategies adopted by France and Spain for dismantling the same type of reactor 
reflect different timescales and legal and regulatory contexts. In particular, the safety authorities and 
their specialist advisors are using different nuclear safety technology as a basis. I note that in Spain, as 
in other countries neighbouring France, there is a threshold for the release of very low level waste.

Above and beyond the technical aspects, the Vandellos 1 site is an excellent example of the 
rehabilitation of industrial facilities, with a remarkable capacity for teaching and communication. This 
marks the beginning of an adventure for ENRESA, but not the end of industrial life for ANAV!

19.5. Switzerland

The geographical proximity of Beznau Power Plant, the Zwilag intermediate disposal centre and the 
headquarters of the Swiss safety authority (HSK) gave me the chance to explore aspects such as 
operation, the back end of the cycle and the role of the regulator. In Switzerland, 40% of the power is 
nuclear and 60% hydroelectric. The 40% does not include any allowance of the provisions for supply 
from the Fesssenheim and Bugey Power Plants in France.

Beznau Power Plant

Beznau Power Plant is sited on an island in the 
River Aar, a tributary of the Rhine, in the canton of 
Aargau, 50 km north-west of Zurich. It belongs to 
the electricity company NOK (NOrdostschweizerische 
Krafwerk), which also has holdings in the Swiss 
plants of Gösgen and Leibstadt. It comprises two 
Westinghouse 365 MWe two-loop reactors 
commissioned in 1969 and 1971.

In 2005, their availability factors were 97% and 92%. I noted that over thirty years the figures are 82%
and 87%, despite the many and frequently far-reaching changes made to the design. The refuelling 
outages are very short, being around 7 days, which explains the good results.

A policy of constant improvement

Modifications to increase nuclear safety and availability have been incorporated throughout the lifetime 
of the facilities and have represented a considerable investment, reflecting the intention announced by 
NOK of operating them for 50 if not 60 years. The two plants have operating licenses that have 
no time limit but are subject to ten-yearly review. 
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For NOK, it is a question of «keeping the facilities at a state-of-the-art safety level» for the appraisal 
of which probabilistic safety assessment is extensively used. This is used to quantify the risk of core 
meltdown when all internal and external events are taken into account. It is to be noted that these 
studies are required by the Swiss safety authority, who relies heavily on them in its analyses.

Many modifications have been made to the original design, the most important of which relate to the 
construction of a bunkerized building,  providing a high level of redundancy in core cooling means 
in an accident situation and which houses a fallback control room and an emergency management 
centre. To increase safety, an extra steam generator feedwater supply system was added. 
I was shown a very interesting curve that illustrated the timeline of the different modifications and how 
they have contributed to reducing the overall risk of core meltdown. This timeline clearly demonstrates 
the overall consistency of the improvement process.

Exemplary housekeeping and radiological cleanness

It is impossible to see that the plant is 35 years old! The condition of the equipment and the 
facilities is excellent,  which is the result of a careful asset management policy.
As regards housekeeping, a daily cleaning program is in force. A team of two spend their entire time on 
it, and during outages they are joined by four more. Its effectiveness is monitored in the field by staff 
and managers, with each room being checked at least once a week.
Those in charge have special regularly-refreshed radiation protection training.
The heads of departments visit the field every two weeks, and go through a wide-ranging checklist 
(state of equipment, state of rooms, allowance for risks concerning earthquakes, fire, industrial 
accidents etc.).

Operations

Professional training before assuming responsibilities is lengthy : two years for auxiliary 
operators, four to five years for secondary side operators, nine years for primary side operators and 
eleven years for shift managers (six years for qualified engineers). HSK issues the licenses to the primary 
side operators and the shift managers. Psychological testing will soon be added to the assessment 
process. Every year, all accreditation is validated by the management.

Turnover is organized between the staff from different teams to strike a balance between stability and 
over-familiarity. Unusually, the operations teams are also responsible for fuel handling. I also observed 
that the size of the operator teams in the control room could fluctuate considerably depending on the 
job scheduled.

The plant is acquiring a full-scope simulator at the request of the safety authority as up to now, the 
Beznau Power Plant operators have been sent to the USA for theoretical and practical training. I was 
able to visit the simulator installation work area that included, other than the main control room, the 
fallback panel and, more originally, a fire simulator,  making it possible to show the spread of a virtual 
fire used to identify it and to implement means of controlling it.

Radiation protection and radiological cleanness

The good radiation protection and radiological cleanness results were portrayed as being the fruit 
of proper planning and strong backing from professions and jobs in the field by radiation protection 
officials. The latter are in charge of checking, advising and fostering good practices in application of the 
ALARA principles. They are part and parcel of the process of scheduling the jobs and operations.
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It is the radiation protection department that identifies and finds solutions to any contamination 
problems. To do so, it follows a very detailed daily manual measuring program. Every week, the 
radiological condition of the rooms is updated and remedial measures are taken if necessary.

Fire protection

Twenty percent of the staff have externally recognized fire-fighter qualifications authorizing them to 
take action. These qualifications are in addition to their professional skills, and form part of the initial 
contract for certain specialities. 
As concerns resources, the fleet of special vehicles has been strongly reinforced over the years, and all 
the original fire water systems have been replaced with stainless steel ones.

Other comments

I found that the new law relating to nuclear matters allows for the detection of the abuse of intoxicants 
by random testing. The installations are protected by armed guards all the way to the control room.
There is an underground bunker, left over from passive defence times, which can accommodate the 
staff in the event of a crisis, and it is also used during unit outages.

Unit outages involve everybody : the jobs are not totally compartmentalized and anyone can 
join in and lend a hand as needed.

Finally, an extensive district heating system (100 km, 2,500 dwellings connected) is supplied by the 
plant, contributing to its acceptance by the local inhabitants.

In conclusion, the industrial effectiveness and the remarkably good condition of the facilities, 
buildings and equipment at Beznau Power Plant are due, in my opinion, to the combination of 
clear foresight, mastery of everyday operations, commitment by all involved and a deeply 
ingrained tradition of cleanness. The modifications have fundamentally improved the original 
design, particularly as regards nuclear safety, and the operating methods are of the highest standards.

The Zwilag intermediate repository

A national co-operative company named Nagra (Nagra is an acronym for «Swiss federal agency for 
the management of nuclear waste») was set up in 1972 to handle the disposal of radwaste. The 
shareholders were the nuclear operators in proportion to their installed thermal power, and the Swiss 
Confederation. Nagra’s mission was «to devise and apply ways of disposing radwaste with proper 
respect for people and the environment».

Zwilag (Zwischenlager Würenlingen AG) was formed in 1990 and is a company whose mission is to 
build and then operate for Nagra:

a low- and medium-level waste packaging and treatment centre,
an interim storage facility for all categories of radioactive waste and spent fuel elements.

The Zwilag centre meets these two goals. Its construction began in 1996 and was completed in 2004. 
It acts as a hub for the cluster of Swiss nuclear plants formed by Beznau, Leibstat, Muhleberg 
and Gösgen. This location has the advantage of limiting the distance over which waste and spent fuel 
must be transported. Zwilag also collects radioactive waste from medical and research facilities.

Waste processing installation

The installation, which comprises two workshops, is designed to process low- and medium-level 
waste. One workshop handles screening, decontamination, packaging and solidification in metal 

•
•
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drums. The other carries out incineration by plasma torch on waste that is combustible (liquids and 
solids) and meltable (metal). The residues are then vitrified in molten glass and enclosed in metal 
drums.
These packages are suitable for eventual disposal in a deep underground repository. Waste drums 
of medium activity are carried by a fully-automated underground transport network to the place of 
disposal.

Long-term interim storage installation

This installation also includes two separate facilities.
One consists of pits for receiving containers housing drums full of low-level and medium-level 
waste.
The other is dedicated to long-lived waste and has a capacity of two hundred casks containing either 
waste resulting from reprocessing or spent fuel elements. The casks are positioned vertically and cooled 
by natural convection.
Hot cells have been built for contingent maintenance work during interim storage of the casks.

I noticed that some of the low-level radioactive waste is decontaminated at the Zwilag site and released 
in accordance with strict procedures that are straightforward to implement. An optimal balance is 
sought between the cost of decontamination and that of packaging,  interim storage and finally 
disposal.

Nagra and deep geological disposal

Apart for its Zwilag work, Nagra is designing and constructing two separate final repositories: 
one for short-lived, low- and medium-level waste  and one for long-lived, medium-level and 
high-level waste. The design work of both has been completed. The selection of two sites is in 
progress. The second site will receive waste resulting from the reprocessing of spent fuel.

In conclusion,  the Swiss approach appeared to be eminently rational and pragmatic. The design of 
the facilities visited makes use of the latest technologies. Their state was remarkable, everything being 
well-calculated and carefully implemented in finest detail. 
Even though the volume of waste is modest as the number of power plants is limited, the quality 
of construction and operation are emblematic of the high regard for the safety of nuclear waste in 
Switzerland.

The Swiss safety authority

The brief of the Swiss federal nuclear safety authority (HSK) is very similar to that of its French 
counterpart (DGSNR). Recently, Swiss law has been modified in much the same manner as in France, 
to ensure greater transparency. The Swiss authority has become the federal inspectorate for nuclear 
safety, independent of the Ministry for Industry. This has made it more autonomous, but its actions and 
reporting now take place in a far more formal context.
During my visit, the principles and practicalities of the oversight by the safety authority were described 
to me, and some caught my attention because I found them original, innovative or simply different 
form our own domestic practices.

An integrated approach

The Swiss safety authority has developed an overall method for assessing facility nuclear safety 
over a period of years on the basis of findings that are as broad-based and objective as possible, the
idea being to derive maximum benefit from all the data by fitting them into the same frame 
of reference :
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the system is intended to characterize all discrepancies between the required and real states of 
the installation, as regards either design or operation,
the basis of assessment combines all the human, organizational and technical factors that affect 
the nuclear safety of the installation, it being possible to qualify an event in many different 
ways,
a single scale is used, which is based on the International Nuclear Event Scale, but interestingly 
with the zero-level divided into four sub-levels that characterize the situation found, between 
good practice and discrepancies,
the method is enhanced with new inputs such as the results of surveillance tests and the actual 
state of the equipment.

In this overall approach, psychological factors are generally taken into consideration, such as experience, 
and theoretical and practical training of the players. Safety and safety culture management assessment 
guides have been published.

Probabilistic safety assessments

For the Swiss safety authority, the probabilistic safety assessments have an important if not a 
primordial role in evaluating the level of nuclear safety in the facilities: 

each plant must draft and keep up to date a probabilistic safety assessment allowing for events 
such as earthquakes, fire, and internal and external flooding,
each modification of the facility, each discrepancy detected, every internal or even external 
event must be reflected in the probabilistic safety assessments, which are used as a basis for the 
periodic nuclear safety reviews,
the nature and the scheduling of the inspections is determined on the basis of its importance for 
nuclear safety as determined by the probabilistic safety assessments of the various components 
and systems,
topical reviews (earthquakes, fire etc.) are made, any discrepancies found are weighed in the 
probabilistic safety analysis balance and changes are accordingly demanded,
the intrinsic quality and the proper updating of the probabilistic safety assessments are the 
subject of ad hoc inspections.

Re-evaluation of seismic data

This is an issue of concern for the Swiss safety authority staff and operators, all of whom raised the 
question with me.
The importance of revising the design earthquake data once again shows how difficult it is for the 
experts to find common ground.

Interfaces

Furthermore, the Swiss safety authority is a member of the West European Nuclear Regulators 
Association, participates actively in the work by international bodies and maintains regular contact 
with its French and German counterparts. I noted the difficulty the Swiss safety authority is having in 
recruiting assessment engineers, while commending the two-way flow of staff between the regulator 
and the industry.

In conclusion, I took good note of the soundness of the basis and the coherence of the system 
set in place to assess the nuclear safety of the facilities. Discussions are being held with a view to 
improving the system, focusing on being more objective about making findings and understanding 
their significance.

•

•

•
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OTHER VISITS

20.1.  The French water bomber unit at Marignane

I wished to visit the civil defence airfield at Marignane in the South of France, due to the similarity 
between air safety and nuclear safety culture. The primary task of the aircrews is fighting forest fires. 
It has a mixed fleet of aircraft made up of Bombardier Canadair CL-415s, Grumman S-2 Trackers and 
de Havilland Canada Dash-8s, all capable of dropping water or fire retardants. The CL-415s have the 
particularity of being able to scoop up water from lakes and the sea.

A high-risk mission

The missions are extremely difficult and demanding, and combine numerous risks: dropping at very low 
altitude (30 to 50 m) and always at very low speed and very high weight, with a sudden load change 
at the moment of release. They also frequently take place over rugged terrain with very high turbulence 
due to the wind and the effect of the fire with the situation further complicated by the presence of 
smoke. In addition, fire fighting frequently involves a number of aircraft and the risk of collision is ever-
present. Finally, the coordination with the fire-fighters on the ground working on the same blaze is 
permanent and vital. The communications are, of course, secure.

Aircrew must be able to get the picture in one or two minutes and must therefore be capable of 
using their initiative while remaining within strict guidelines. The captain must have acquired 
extensive experience in this type of work before being appointed.

However, although aircrew must be able to adapt to any situation, because no two fires are alike, they 
must perform their duties within the framework of a set of very strict rules that are understood 
and accepted as part of the culture of the profession.
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Lastly, the final characteristic of the mission that was mentioned by those I met was the excessive media 
pressure, which can have an effect on behaviour.

Flight safety issues

Another aspect of the job is the very strong motivation of the pilot to make a successful drop, and the 
resulting temptation to go to the limits of the flight envelope. The foremost problem is remaining 
aware of the risk.
Over-familiarity with the risk is a potential danger. After repeatedly performing extremely hard training 
and missions, there is a danger of becoming immunized to the risk. Of the different ways of avoiding 
this, I would like to focus on checking and experience feedback :

flying checks are held annually, being required by an external authority, the General Directorate 
for Civil Aviation (DGAC), and are performed by its instructors; although very strict, the annual 
verification of skills is well-accepted and seen as a necessary line-of-defence,
a systematic analysis of all discrepancies is normally conducted on a technical basis, but paperwork 
is not necessarily a domain in which these pilots tend to excel and feedback tends to be more a 
question of oral debriefing and the exchanging of notes… not necessarily in the pilot’s bar.

Furthermore, I noticed that an effort was being made to further develop exchanges of all kinds, notably 
relating to feedback with other water bomber units in Europe.

Finally, all those responsible for the flight safety of the unit regularly receive training at the French air 
safety institute (IFSA), which is a highly regarded school as it covers operational risk management.

Exemplary professionalism

The unit has some 150 personnel including 90 pilots, all assigned to a particular aircraft type. 
Most were formerly air force and navy combat pilots with extensive experience (more than 2,000 flight 
hours). Recruitment is extremely selective with one or two out of a hundred candidates being accepted. 
Selection is based on numerous criteria, including tests to clearly determine the pilot’s psychological 
profile, which is considered vital.

No matter how much professional experience a pilot may have, promotion is always slow and 
methodical. New arrivals spend three years as co-pilots on Canadair CL-415s then undergo S-2 Tracker 
training. It is possible to become captain on the Canadair CL-415 from the age of around 50.
I was informed that the winter months were entirely devoted to training, mainly in the form of glider 
flying in mountainous areas to familiarize the flyers with the type of air conditions and to develop their 
judgement.

The age limit is 65, subject to passing the medical tests. After the age of 40, aptitude tests are carried 
out every six months. 
Flying is limited to eight hours per day or sixty scoop-drop cycles,  which can be carried out extremely 
rapidly if a suitable body of water is nearby. The monthly limit is set at 80 flying hours. Waivers may be 
granted if lives are in danger on the ground. 
I would like to point out that, in all flying, it is the takeoff and landing that are the most demanding, 
accounting for as much stress as the remainder of the flight, yet in the present case the scoop-drop 
cycle is more stressful than any ordinary takeoff and landing cycle

Maintenance

All maintenance work is contracted out to two foreign companies, one for the engines and another 
for the aircraft themselves. The availability objective is set at 95%, and is kept at this level during the 
crucial period of the summer months.

•

•
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A technical department interfaces with these companies and maintains traceability of the maintenance 
work on the aircraftIt also determines what modifications are to be made to the aircraft.
The fight against corrosion is a priority, and washing of the compressors, the water tanks and the 
airframe is carried out daily, and once a week for the turbines. One a year, each machine is given a one-
week basic treatment cycle.

In conclusion, I would like to emphasise that the pilots “live to fly” and it is not for financial reasons 
as their salary is fixed. Passion for flying and the thrill of the game are more motivating than the high 
salaries that they could easily earn with airlines.
In this unit, I found the framework of rigor necessary for the pursuit of a high-risk profession. This
implies the acceptance of very strict rules, which are the ultimate line-of-defence, while 
refraining from being too prescriptive, which would be incompatible with the very nature of 
the action performed. 

20.2. The Phenix Plant

The context of the visit

I visited the Phenix Plant, located on the right bank of the River Rhone, north of the Marcoule French 
Atomic Energy Centre, to find out what the other nuclear operators were doing. The recent process in 
reactor safety reassessment and the new mission assigned to the plant under the 1991 framework law 
also attracted my attention.

The Phenix Plant comprises an industrial-grade experimental reactor that was the first of the fast 
breeder type to be built in France. Its design power was 250 MWe. The plant went on line in 1973 and 
is jointly operated by EDF (20%) and the French Atomic Energy Commission (80%). The site staff are 
found in the same proportion, but it is owned by the French Atomic Energy Commission (CEA).

Reactor design

Phenix is of a sodium-cooled fast breed reactor and is qualified as “integrated” with the main vessel 
containing the core, the primary coolant pumps and the intermediate heat exchangers. This vessel 
contains 800 m3 of sodium, whereas the volume of the active core is only 1.4 m3.

The core consists of around one hundred fuel elements in the form of rods filled with a mixture of 
UO2-PuO2 enclosed in hexagonal wrappers that channel the coolant. The active core is surrounded 
by blankets of depleted UO2. The system is designed so that the breeding of plutonium by 
transformation of uranium-238 in the active core and in the blankets exceeds the rate at 
which it is burnt, which is why it is referred to as a “fast breeder reactor”. It is to be noted that the 
reactor has already used up the plutonium that it has produced.

Three intermediate cooling loops, each containing 130 metric tonnes of sodium, carry the heat from 
the reactor vessel to the steam generators. The efficiency of the plant is excellent (41%) as it enables 
the production of high-quality superheated steam (165 bar at 512°C).

According to the operators, reactor control is “disconcertingly easy” both on the nuclear side due to 
the neutronic uniformity of the core, and on the water-steam side due to its very high thermal inertia. 
Furthermore, the integrated design is very favourable to radiation protection and radiological cleanness, 
and most of the rooms remain accessible while the reactor is in service. 
The physical properties of sodium make it an ideal coolant but it also has unavoidable drawbacks as it 
readily reacts with air and water. The fact that sodium is opaque also complicates in-service inspection 
of the structures and components.
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Operation of the Phenix Plant

Safety re-assessment

After a start-up and initial operation phase that was highly satisfactory for a prototype, a number of 
technical problems caused reactor operations to be suspended.

The safety re-assessments of the plant using updated criteria indicated the need for major 
modifications. They mainly related to anti-seismic reinforcement of the structures, physical separation of 
the steam generator bunkers, repair of the steam generator tube U-bends, increasing the reliability and 
redundancy of the last-resort cooling systems, adding a shutdown control rod capable of stopping the 
nuclear reaction alone, additional countermeasures against sodium fires, and the installation of anti-
whip frames on the steam pipes.

It was possible to restart the reactor and operate it at reduced power (60%) in 2003 but it will be 
closed before the end of the decade as its operating license has a limit of 750 effective full power days. 
It is being operated in the context of the transmutation experiments described in the Bataille 
Law. Since the closure of Superphenix, Phenix remains the unique source of fast neutrons in France for 
experiments on the transmutation of long-lived radioactive substances produced during nuclear reactor 
operation, in shorter-lived ones.

Research work

At the present time, more that thirty experiment rigs are in the reactor, relating to minor actinides 
(neptunium, americium and curium) and certain fission products. The existing results indicate significant 
transmutation ratios.

Phenix includes a hot laboratory for building and dismantling experimental fuel assemblies and for non-
destructive testing of experimental fuel rods after irradiation. Transmutation experiments have been 
prepared there with products made in the Atalante high-activity chemistry laboratory at the CEA centre 
at Marcoule.

When the time comes to shut down Phenix, work on transmutation is to be continued in Japan, or 
possibly in Russia, under international agreements. 
In the field of fast reactors, the CEA maintains close contact with Russia where a 600 MWe reactor is 
being operated, with Japan where a 250 MWe reactor is to be restarted, with India where a 500 MWe 
reactor is being built, and with China where a small experimental reactor entered into service in 2005.
The Simfonix simulator, which receives trainees from many countries as part of the fast reactor safety 
studies school, is also located at Marcoule.

Everyday operation

Within the current organization, jobs are shared fairly between EDF and CEA staff: there are no reserved 
areas. 

To seek to achieve best practices, campaigns to improve the quality of operations have been set in place. 
Overall indicators, such as operability and the number of scrams are at very high levels, in addition to 
facility housekeeping, which also seems to have reached very good levels.

I observed that skills in fast reactor technology (operators, safety authority and specialist advisors) 
have become increasingly rare as a wave of professionals leave for retirement. For Phenix, maintaining 
operating skills, and hence the level of nuclear safety, until the end of the plant’s lifetime is currently a 
challenge to be faced by those in charge.
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In conclusion, I was able to visit an industrial facility that remains a pioneering example and
whose technical options selected forty years ago have developed from operating experience and, 
better, remain just as contemporary. They remain an experimental basis for the Generation IV concepts, 
as is particularly illustrated by the use of the reactor in transmutation research. But I also visited a 
power reactor that, despite the difficulties encountered, has supplied the grid with more than twenty 
billion kilowatts of power, and whose performance compares favourably with that of the purpose-built 
reactors in France and elsewhere.
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APPENDICES

Indicators of results
1996 1999 2000 2001 2002 2003 2004 2005 2006

Number of noteworthy
events1, per reactor 1.22 1.00 0.98 0.86 0.86 0.95 1.03 1.10 -

Number of events classified on the
International Nuclear Event Scale
as 1 or greater, per reactor 1.60 1.2 1.7 1.1 1 1.2 0.88 0.76 1.22

Number of significant events in
terms of nuclear safety, per reactor 8.10 7.2 7.1 7.3 7.7 8.14 7.62 9.52 10.21

Number of case of non-compliance
with technical specifications
for operation, per reactor - 2.1 1.9 1.4 1.3 1.57 1.16 1.48 1.53

Number of alignment errors2,
per reactor3 - 1.4 0.84 0.76 0.74 0.93 0.5 0.66 0.66

Number of scrams, per reactor
(and 7,000 hours of criticality)4  1.50 0.94 0.96 1.06 1.19 1.13 1.01 0.93 0.89

Average collective dose in
operations, per nuclear unit
in service (in man-sieverts) 1.22 1.17 1.08 1.02 0.97 0.89 0.79 0.78 0.69

Individual doses :
• Number of individuals with
doses above 20 mSv 580 8 2 0 0 1 0 0 0
• Number of individuals with
doses between 15 and 20 mSv 705 430 358 199 142 146 78 48 49

Number of significant events
in terms of radiation protection      160 177 173 112

Availabilityé (%) 82.7 79.3 80.4 81.1 82.2 82.7 82.8 83.4 83.6

1 Events with a potential for significant consequences in terms of nuclear safety. These are selected from the safety-related
events using precise criteria. For these events, the conditional core damage probability is calculated. This approach was
introduced by the operator and enables, amongst other things, the description of the corrective action.

2 Any configuration of a system or its auxiliaries that differs from the expected configuration, and that is also the cause or one
of the causes of a significant event.

3 Each “generic” event is counted as 1 for all the reactors affected.
4 The average value for all the reactors, not the median value adopted by WANO.
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EDF NUCLEAR PLANTS
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Technical key dates for each of the nuclear units

Year com-
missioned

Nuclear unit
Power in 
MWe*

VD1 VD2
Year com-
missioned

Nuclear unit
Power in 
MWe*

VD1 VD2

1977 Fessenheim 1 880 1989 1999 1984 Cruas 4 915 1996 2006

1977 Fessenheim 2 880 1990 2000 1984 Gravelines 5 910 1996 2006

1978 Bugey 2 910 1989 2000 1984 Paluel 1 1330 1996 2006

1978 Bugey 3 910 1991 2002 1984 Paluel 2 1330 1995 2005

1979 Bugey 4 880 1990 2001 1985 Flamanville 1 1330 1997 -

1979 Bugey 5 880 1991 2001 1985 Gravelines 6 910 1997 -

1980 Dampierre 1 890 1990 2000 1985 Paluel 3 1330 1997 -

1980 Dampierre 2 890 1991 2002 1985 St-Alban 1 1335 1997 -

1980 Gravelines 1 910 1990 2001 1986 Cattenom 1 1300 1997 2006

1980 Gravelines 2 910 1991 2002 1986 Chinon B3 905 1999 -

1980 Gravelines 3 910 1992 2001 1986 Flamanville 2 1330 1998 -

1980 Tricastin 1 915 1990 1998 1986 Paluel 4 1330 1998 -

1980 Tricastin 2 915 1991 2000 1986 St-Alban 2 135 1998 -

1980 Tricastin 3 915 1992 2001 1987 Belleville 1 1310 1999 -

1981 Blayais 1 910 1992 2002 1987 Cattenom 2 1300 1998 -

1981 Dampierre 3 890 1992 2003 1987 Chinon B4 905 2000 -

1981 Dampierre 4 890 1993 2004 1987 Nogent 1 1310 1998 -

1981 Gravelines 4 910 1992 2003 1988 Belleville 2 1310 1999 -

1981 St-Laurent B1 915 1995 2005 1988 Nogent 2 1310 1999 -

1981 St-Laurent B2 915 1993 2003 1990 Cattenom 3 1300 2001 -

1981 Tricastin 4 915 1992 2004 1990 Golfech 1 1310 2001 -

1982 Blayais 2 910 1993 2003 1990 Penly 1 1330 2002 -

1982 Chinon B1 905 1994 2003 1991 Cattenom 4 1300 2003 -

1983 Blayais 3 910 1994 2004 1992 Penly 2 1330 2004 -

1983 Blayais 4 910 1995 2005 1993 Golfech 2 1310 2004 -

1983 Chinon B2 905 1996 2006 1996 Chooz B1 1500 - -

1983 Cruas 1 915 1995 2005 1997 Chooz B2 1500 - -

1984 Cruas 2 915 1997 - 1997 Civaux 1 1495 - -

1984 Cruas 3 915 1994 2004 1999 Civaux 2 1495 - -

VD1 : First ten-yearly inspection
VD2 : Second ten-yearly inspection
(*) Net continuous power
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A
AAR «Arrêt Automatique Réacteur» : scram

ALARA As Low As Reasonably Achievable (dose) the 
pragmatic goal of radiation protection

AMI «Atelier des Matériaux Irradiés», an EDF entity :
Irradiated Material Workshop

ANAV «Association Nucléaire Asco-Vandellos», 
a Spanish entity : Asco-Vandellos nuclear 
association

ANCLI «Association Nationale des Commissions 
Locales d’Information», a French entity :
national representative body of the Local 
Information Commissions

ANDRA «Agence Nationale pour la gestion des 
Déchets RAdioactifs» : French National 
Radioactive Waste Management Agency

ASN «Autorité de Sûreté Nucléaire» : French 
Nuclear Safety Authority

ASR «Arrêt pour Simple Rechargement de 
combustible» : refuelling-only outage

B
BAC «Bâtiments des Auxiliaires de 

Conditionnement» : packaging auxiliary 
building

BK «Bâtiment Combustible» : fuel building

BR «Bâtiment Réacteur» : reactor building

BTE «Bâtiment de Traitement des Effluents» :
effluent treatment building

BWR Boiling Water Reactor

C
CAPE «Centre d’Appui du Parc en Exploitation», an 

EDF entity : Support Centre for Nuclear Power 
Operations

CEA «Commissariat à l’Energie Atomique» : French 
Atomic Energy Commission

CEIDRE «Centre d’Expertise et d’Inspection dans 
les Domaines de la Réalisation et de 
l’Exploitation», an EDF entity : Construction 
and Operation Expert Appraisal and Inspection 
Centre

CENTRACO«Centre nucléaire de traitement et de 
conditionnement des déchets faiblement 
radioactifs», a French entity: Marcoule 
low-level radioactive waste treatment and 
packaging centre

CIDEN «Centre d’Ingénierie Déconstruction et 
Environnement Nucléaire», an EDF entity :
Nuclear Environment and Decommissioning 
Engineering Centre

CIESCT «Commission Inter-Entreprises sur la Sécurité 
et les Conditions de Travail», an EDF entity: 
Inter-Contractor Work Conditions and Safety 
Committee

CIPN «Centre d’Ingénierie pour le Parc Nucléaire», 
an EDF entity: Nuclear Equipment Engineering 
Department

CLI «Commission Locale d’Information», a French 
government sponsored nuclear plant local 
inhabitants association Local Information 
Commission

CNDP «Commission Nationale du Débat Public», 
a French entity : National Public Debate 
Commission

CNEPE «Centre National d’Equipement de Production 
d’Electricité», an EDF entity : Non-nuclear 
Equipment Engineering Department

CNPE «Centre Nucléaire de Production d’Electricité», 
a term used by EDF : nuclear power plant

COPM «Centre Opérationnel Production Marché», an 
EDF entity : Power Sales Management Centre

CRF «circuit de refroidissement du condenseur» :
one of the main systems of a power plant: 
turbine circulating water system

CSA «Centre de Stockage de l’Aube», a low- and 
medium-level radwaste repository at Soulaines 
in France

CSIP «Conseil de Sécurité Industriel Production», an 
EDF entity : Power Generation Security Council

CSNE «Conseil de Sûreté Nucléaire en Exploitation», 
an EDF entity : National Safety Review 
Committee

CSSIN «Conseil Supérieur de la Sûreté et de 
l’Information Nucléaires», a French government 
body: High Council for Nuclear Safety and 
Information

CSTFA «Centre de Stockage de déchets de Très Faible 
Activité», a very-low-level radioactive waste 
repository at Morvilliers in France

D
DARPE «Décret d’Autorisation de Rejets et Prise 

d’Eau», a French legal instrument : decree 
authorizing the intake and discharge of water

DIN «Division Ingénierie Nucléaire», an EDF entity: 
Production and Engineering Division

DMP «Dispositif et Moyen Particuliers», an EDF 
concept : special tools and equipment

DPI «Division Production Ingénierie», an EDF 
entity : Nuclear Engineering Division

DPN «Division Production Nucléaire», an EDF entity :
Nuclear Operations Division
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E
EL «Eau Lourde» : heavy water

EMAS EcoMAnagement Audit Scheme

EnBW a German electricity company

ENDESA a Spanish electricity company

ENISS European Nuclear Installations Safety Standards 
initiative

ENRESA the Spanish national radwaste management 
body

EPR «European Pressurized Water Reactor» :
(sometimes known as the «Evolutionary 
Pressurized Water» ), a recent French design

ESKOM a South African electricity company

ESPN «Equipement Sous Pression Nucléaire» :
nuclear pressure vessels

ESR «Evénement Significatif en Radioprotection», 
a report used in nuclear safety management :
significant radiation protection event

ETC-F EU fire protection standard

EVEREST “Evoluer VERs une Entrée Sans Tenue 
universelle”, an EDF campaign to enable entry 
into controlled areas in street clothes

F
FA/MA VL a category of radioactive waste : long-lived 

low and medium level radioactive waste

FAI «Fiche d’Action Incendie» : Fire Action Sheet

FH «Facteur Humain», in management : the 
human factor

FIDDA «Fiche individuelle de demande d’autorisation 
d’accès» an EDF management document :
Personal Access Request Form

FORATOM European Atomic Forum, an EU body

FR fast reactor, also known as a fast neutron 
reactor

G
GCE «Groupe de Coordination des Expéditions» an 

EDF entity : Radioactive Waste Shipping Co-
ordination Group

GKN A nuclear power plant in Germany

GME «Groupement de Moyens d’Entreprise», a EDF 
contractor body

GPEC «Gestion Prévisionnelle de Emplois et des 
Compétences», an EDF system: Advance 
Planning of Jobs and Skills

H
HAVL «Déchets nucléaires de Haute Activité à Vie 

Longue» : long-lived high-level radioactive 
waste

HSK the Swiss nuclear safety authority

HTR High Temperature Reactor

I
IAEA International Atomic Energy Agency, a UN 

body

IBERDROLA a Spanish electricity company

IGAS «Inspection Générale des Affaires Sanitaires» :
Health Affairs General Inspectorate

IN «Inspection Nucléaire», an EDF operations 
division entity : Nuclear Inspectorate

INB «Installation Nucléaire de Base», an official 
French category : licensed nuclear facility

INES International Nuclear Event Scale, IAEA 
sponsored

INPO Institute of Nuclear Power Operators, a USA 
professional association

INSAG «INternational Safety Advisory Group» (AIEA)

IOP «Ingénierie Opérationnelle» : Operations 
Engineering

IRSN «Institut de Radioprotection et de Sûreté 
Nucléaire», an official French organization :
Institute for Nuclear Safety and Radiation 
Protection

L
LAM «Laboratoire d’Analyses Médicales» an EDF 

entity : Medical Analysis Laboratory

M
MMI man-machine interface

MOX mixed-oxide, consisting of a mixture of oxides 
of uranium and plutonium, a qualifier of 
nuclear fuel.

MPL «Manager de Première Ligne» a concept used 
in EDF management : frontline manager
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N
NAGRA the Swiss federal radioactive waste 

management agency

NEI Nuclear Energy Institute, an OECD entity

NNR National Nuclear Regulator, the South African 
nuclear safety authority

NOK a Swiss electricity company

NRC Nuclear Regulatory Commission, the USA 
nuclear safety authority

O
O2EI EDF campaign to bring the facilities to an 

exemplary state

ONDRAF the Belgian national radioactive waste 
management agency

OPECST «Office Parlementaire d’Evaluation des Choix 
Scientifiques et Technologiques» a French 
government body : Parliamentary Office for 
the Assessment of Scientific and Technological 
Options

OSART Operational Safety Analysis Review Team, an 
IAEA entity

P
PAI «Plan d’Action Incendie» an EDF management 

document : Fire Action Plan

PBMR Pebble Bed Modular Reactor, a type of high-
temperature reactor developed in South Africa

PGAC «Prestations Générales d’Assistance 
aux Chantiers» a concept used in EDF 
management: General Work Area Assistance

PHPM «Projet d’Homogénéisation des Pratiques et 
des Méthodes»: an EDF internal campaign :
Methods and Practices Standardization 
Campaign

PISP «Projet Ingénierie au Service de la 
Performance»: an EDF internal campaign :
Engineering at the Service of Performance 
Campaign

PNGDR «Plan National de Gestion des Déchets 
Radioactifs»: an EDF internal campaign :
Corporate-Level Management of Radioactive 
Waste

PREVAIR «Outil informatique de gestion opérationnelle 
des doses» : an EDF dosimetry management 
computer system

PROSPER Peer Review of the effectiveness of the 
Operational Safety Performance Experience 
Review process, an IAEA process

PSA probabilistic safety assessment, a technique 
employed in nuclear plant safety studies

PUI «Plan d’Urgence Interne» : On-Site Emergency 
Plan

PWR Pressurized Water Reactor

R
R&D «Direction Recherche et Développement» 

an EDF entity : Research and Development 
Directorate

RCV French code for one the main systems of a 
nuclear power plant : chemical and volume 
control system

RDA «projet de Réduction de la Durée des Arrêts», 
an EDF internal project to reduce the durations 
of outages

REX «Retour d’EXpérience» : experience feedback

RIS-EAS French code for two of the main systems of 
a nuclear power plant : safety injection and 
containment spraying systems

RRA French code for one the main systems of a 
nuclear power plant : decay heat removal 
system

RRI French code for one the main systems of a 
nuclear power plant : component cooling 
system

RSA Republic of South Africa

RTE «Réseau de Transport d’Electricité» an EDF 
subsidiary : French national grid

RTGV «Rupture d’un Tube de Générateur de 
Vapeur» : a postulated event: steam generator 
tube rupture (SGTR)

S
SDIS «Service Départemental d’Incendie et de 

Secours» the French fire brigade : County 
Accident Response Services

SEC French code for one the main systems of a 
nuclear power plant : essential service water 
system

SFP «Service Formation Professionnelle» an EDF 
entity: Corporate-Level Professional Training 
Department

SIMPHONIX Fast reactor control simulator used in 
the Phenix plant

SKI The Swedish nuclear safety authority

SOH «Socio-Organisationnel et Humain» a 
concept used in EDF management : socio-
organizational and human factors

STEP 2010 an EDF internal improvement programme 
ending in 2010

SYGMA «SYstème de Gestion de la Maintenance» an 
EDF computerised maintenance management 
system
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T
TEM «Tranche En Marche» : a concept used in EDF 

management: unit in service

TFA «Très Faible Activité» : very-low-level waste

THT «Très Haute Tension» : very high voltage 
(power grid)

TSN a nuclear transparency and safety act recently 
promulgated in France

U
UFPI «Unité de Formation Production Ingénierie» an 

EDF entity : Operations Engineering Training 
Unit

UNGG «Uranium Naturel Gaz Graphite» : Natural-
uranium-fuelled graphite-moderated gas-
cooled reactor (GCR)

UNIE «UNité d’Ingénierie d’Exploitation» a new EDF 
entity: Central Support Unit for Operations 
Engineering

UNIPE «Unité Nationale d’Ingénierie du Parc 
en Exploitation» an EDF entity : Central 
Engineering Support for Operations

UTO «Unité Technique Opérationnelle» an EDF 
entity : Central Technical Support Department 
for Maintenance

V
VD «Visite Décennale» a process used in EDF 

management : ten-yearly inspection

VP «Visite Partielle» a process used in EDF 
management : partial inspection

W
WANO World Association of Nuclear Operators, a 

professional association promoting peer review

WENRA West European Nuclear Regulators Association, 
an EU body
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