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1 NEW PROBLEMATICS OF THE HUMAN FACTOR IN THE NUCLEAR INDUSTRY

From the very beginning, tie human factor has been linked to the dangers of the nuclear industry. There is 
no point in continuing the discussion of the danger associated with the operatiorf nuclear power plants. As 
other operators have done, EDF has amply covered the subject and has undertaken many aotis during the 
design, manufacture and assembly, pretesting, operation, maintenance, etc. phases of thesiestallations, witi 
the aim of making them as safe as is possible. It formed one of the first Human Ffesr teams in 1982. Major 
resources were brought to bear in the areas of man-machine interfaces, expeiriœe feedback, incidental and 
accidental procedures, and - more broadly - operating documentation and probabilistic risk assessment, 
including the human-factor. Training programs were begun in other related fields, with special care being 
taken in the areas of simulator training, quality assurance, etc. Significant gains were achieved. They are 
visible in reductons of malfunctions. As the first nuclear power stations were commissioned (1980-82), the 
level of significant incidents was between 13 and 20 per reactor year or even higher, with identification and 
declaration criteria which were less clearly set down than they are today. The numbef significant incidents 
per reactor per year has stabilized at around 7 sice the early 1990s. Compared to what existed at the start 
of the French nuclear program, safety regulations have become more stringent and the perception of the 
significance of the incident itself (detection and declaration) has increased considerably. Though it will not 
be easy, it has been estimated that progress should be able to be measured by a factor of about tteœr four 
in reduction of malfunctions and correlatively in situation control.

This analysis is based on a nuclear risk determined by relatively gèctive references, which delimit what are 
considered to be safe operating conditions for a reactor, that is, whose risks are measured and considered 
acceptable (a combination of frequency x seriousness drawn from probability studies). When an incident 
occurs, it is not always easy to compare it to the probability studies and to define whether or not it fits in 
among the calculated risks. In any case, any event of a certain level of seriousness, or which reveals 
"problematic" failings, becomes "preoccupying" in and of itself. Regarding this, there is a fairly general 
consensus between the Safety authority, EDF management, and the operating personnel concerning the 
necessity of reducing malfunctions, even if such situations generate guilt and attenuatioor defense reactions 
on the part of those involved. A fairly homogeneous culture has beeoonstituted. Yet there are still endless 
questions as to what is in fact "acceptable" and what is not.
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The situation becomes even more complicated when we add the question of what is acceptable to public 
opinion, the media, who echo the fears inherent in the nuclear industry. The notion of acceptability can n o 
longer refer exclusively to criteria for exposure dosages or risks considered to be such by experts. Certain 
limits are contested. What is "perceived" to be the operator's behavior counts at least as much as the 
"objective risk" of situations or events. There have been examples of this in France recently. They spea k 
eloquently about this problem. In thedebate, global, subjective judgment has influenced the question of the 
"acceptability or undesirability" of nuclear power by public opinion more than objective results and 
measurements have. Today, to a greater or lessedegree, that acceptability includes other data reported in 
some sections of the press such as: the quality of the work done by EDF's subcontractors, and theifig and 
working conditions of the people who work for those subcontractors. The debate becomes difficult withou t 
clear notions, understandable by all, of what constitutes safety.

2 MAJOR THREATS HANGING OVER THE NUCLEAR INDUSTRY

The nuclear industry can be challenged in various ways. Yet two major threats stand out:

♦ That of its being considered undesirable by public opinion, with the media, relayed by 
those in political power and those mandated by them.

♦ That of no longer being competitive in the European electricity market, which will
progressively open up.

In such a context another view of the human factor becomesriportant. It contributes greatly to "objectifying 
safety" via measurable criteria. It accounts for 100% of the subjeiste confidence which will be placed or not 
placed in theoperator. It will also contribute greatly to productivity and to competitivity of the manufactured 
product.

With the development of the European market, the future will require us to play the game on three courts at 
once, namely objective safety, tacit acceptance or undesirability of nuclear power by public opinion, and 
holding our own on a competitive market. In other words, we must work towards an "effective safety," founde 
on human performance. The poblem clearly becomes one of quality, economic optimization, performance, 
and excellence. That will certainly lead us to work towards good safety at the source, professionalism, 
method, quality assurance, safety culturepreparation and preliminary analysis of risk, implementation of an 
effective, in-depth defense through human actions (including inspection), these are the areas to be worked 
on in the future.
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3 MANAGING RELATIONS WITH THOSE AROUND US:
TRANSPARENCY AND THE CONTENT OF TRANSPARENCY

A recent article in a farly well-known magazine in France which has a reputation for scientific expertise and 
objectivity1 publicized the elementary malfunctions which are frequent occurrences in the life of a nuclear 
generating station, as they appear in the incident reports. The average reader, who knows little about the 
nuclear industry, sees that what goes on is the complete opposite of thœleal image of what he imagines the 
technobgy and the professionalism of this industry to be. But presenting that image is really transparency, 
since it only concerns deficiencies? EDF as others seem to have the reputation of being a good operator. 
That partial vision, which is taken to be a reflection of reality, only confuses the public and undermines its 
confidence in people who seem to be saying one thing and then saying the opposite. This raises the issue 
of another kind of tansparency, one that would not simply air all the incidents that the complexity of day-to- 
day human activity can give rise to.

The relationship with public opinionand the media lags behind the ongoing process of reflection all companœ 
have been engaged in internally (and till are) on the question of human beings' contribution to safety. That 
contribution is not always negative - putting machines at risk, weakening ganizations, bending safety rules, 
etc. - all the things that are bound to be emphasized by the kinds of incidents being analyzed. There is 
another side of the coin : participation in building safety, understanding of situations, the unavoidable 
“operational adaptation" in areas the rules do not cover, good habits and the real situations to which they 
apply, depending on the specificities of those situations.

In the current context,the obvious risk of this interplay among actors is that transparency will diminish, causip 
internal operations to close in upon themselves and operators not to call what they do into question, as a 
reaction to the other side's suspicions - in short, a dialectic from which the nuclear industry has nothing to 
gain. On the other hand, presenting the image of professionals who are in full control of what they do, 
continually reexamining thenselves, "obsessed" (in the positive sense of the word) with being careful about 
public health and environmental quality, builds credibility and atthsame time fosters reduction of objectively 
measured risk as well as the acceptability of the industry by the public. Thus safety and safety culture wil i 
probably have to take on a broader dimension. In other words, it is a matter of communication, but not 
exclusively of communication. In such a process, confidere will not suffer from the gap between the image 
that is sometimes presented and actual reality.

1 Sciences et Avenir (“Science and Future”), April 1997. 

CHATTA01.DOC
9 X



4 HUMAN FACTORS: WHAT DO THEY MEAN FOR THE NUCLEAR INDUSTRY?

When the first nuclear power stations began operation, human factors were perceived as an unreliable 
element in the process, prone to mishandling of the carefully constructed arrangement of the installais and 
their operation. At least a decade later, with experience, that consciousness has evolved and the contributio 
of the human factor to building quality and safety is now recognized as essential. At EDF, that has been 
accompanied by a change in quality policy, expressed in the sentence: "involvement of players beyond 
application of the rules" (with full, respect for the rules, of course). The EPS.FHs have been adapted to the 
spirit of the times, seeking tointegrate error detection and corrective actions and situation management. Tlba 
idea is in line with the concept of "human reliability." For the last few years, the human factor has been 
presented as "the contribution people make to the company’s safety aftperformance." Content has evolved 
to include technico-economic factors, among others. In the future, should lie extended to include everything 
which can contribute to dealing with the threats we face and ensure the nuclear industry's success? This 
conference, perhaps, will answer that question.

5 EVOLUTION IN THE PERCEPTION OF HUMAN ERROR

What impressed itsef on everyone's minds was the disproportionate consequences of individual errors and 
faults which often could have been avoiéd in the operation of organizations. Chernobyl in 1986 and the air 
tragedy in Tenerife in 197? are terrible illustrations of that. The mind had difficulty making the leap from 6b 
simple, obvious facts to the integration of the complexity of the circumstances within which catastrophe 
scenarios are constructed. The contibutions of studies from civil and military aviation,3 SNCF French Rail,4 
the Paris transport authority RATP,5 and Electricité de France6 lead us to look at the contribution men and 
women make to safety in another light, through a few reference statistics that make it possible to put error, 
faults, and their consequences in perspective.

Laboratory exercises have shown for a long time that an individual who is asked to perform a simple but 
precise task on paper or on a computer will commit errors on about 40 in 100 operations depending on the 
complexity of what he or she is being asked to do and the conditions imposed. If that person is given the 
opportunity to detect (or to suspect) his errors and corredfiem, that rate drops to approximately one fault in 
100, one in 500, or even one in 1,000. Reviewincjhe work of others researchers, Reason showed long ago 
that an isolated individual performing an intellectual activity detects and corrects more th£0%  of his errors. 
The RATP studies show that a complex activity, carried out undequality assurance (not necessarily applied 
in a rigorous fashion), performed in a group, with questions and verifications among co-team members, 
produces between 2 and 5 significant faults in 100,000 operations (faults needing to be pointed out due to thei 
real or potential consequences in terms of experience feedback, but never having resulted in a serious 
incident).

2 The collision of two Boeing 747s on the ground due to a misunderstanding between the tower and a 
ground crew; 570 persons died.

3 Among others, that of René Amalberti, and more particularly his book La conduite de systèmes â 
risques (“Operating High-Risk Systems”), PUF, publisher (1996).

4 Study on missed signals, J.L. Nicolet, 1994

5 L a  quantification des métiers de la  sécurité â  la  RATP par le retour d ’expérience (Quantifying 
Safety Professions at RATP via Assessment of Experience), G. Churchill and M. Plages, reliability 
Symposium, June 1994

6 Probability studies for the EPS.FH, following observation of operating teams on simulators
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Observations in actual flight stow that experienced crews commit between 5 and 7 errors per hour and that 
97% of the resulting erroe or fault are detected and corrected. Out of the remaining 3%, approximately 1/3 
(1%) could contribute to a serious event, if the faults happen to be associated with others within a set of 
combinations that could trigger an accident scenario.

Given the way human reasoning and memory operate, given the approximations that exist in any organization 
given margins of freedom and the element of chance in the operation of a productiounit and the uncertainty 
of decisions and actions, there is a non-reducible rate of error. At that point, reliability is defined as "the 
probability of a mission's being accomplished accading to the expected criteria in a given set of conditions." 
That formulation implicitly contains a certain probability of failure. It is based on results and does not takëd 
account the number of errors that will becommitted, since the essential thing is that the faults resulting from 
them be corrected in time. This results in two major areas for action

♦ reducing the production of faults, while being aware that only a small number of them will be active 
immediately, and that a sightly larger number than that could be involved in a combination giving rise to 
à feared event. The fewer the latent faults, the lower the probability of serious consequences. Major 
accidents aie always caused by unknown defects, activated by a "final and fatal" error which "starts the 
domino effect" of the combination. Thus we must act so as to produce the fewest possible faults and 
errors. That is the purpose of preparation, risk analysis, rigor, and method while the activity is being 
carried out: reliability, professionalism, professional habits, etc.

♦ organizing a "hunt for latent defets." They are there like viruses in living tissue or in computer software, 
waiting for a favorable opportunity to act, preferably in orga'aed commando groups, but also sometimes 
alone. Not eradicating the defects noted would be a failure in terms of the reliability esptations of those 
who are observing us. It would also be nonsensical in the light ofsrfety culture. Spontaneous discovery 
is certainly not effective enough. The campaign against defects has to be organized s$fflnatically: self
inspection, group work with cross-checking (a typical prescribed mode of operatiofor flight crews), formë 
independent infections, etc. Reliability can progress greatly if all available means of detecting defects 
are use, particularly before commissioning or recommissioning of installations.

The situation is quite different when an error has immedte consequences and when the consequences are 
deferred. The control-room operator who pens a power-transmission breaker instead of opening a backup 
cooling valve to a storage tank immediately sees the consequences of his action. A mechanic working o n 
removing a valve can take the time to makead hoc checks during reassembly and make tests once the devie 
is ready to be put back into service. The danger distance (from an undesirable event) is more or less great 
in each case. During preparation of activities, risk analysis rarelyansiders risk of errors and the imminence 
of their consequences. Humanreliability is ultimately a question of competence and experience. Everyone 
knows that very experienced personnel can be involved in critical events. Mobilization of attention is an 
indispensable and determining complement to the skills that make up the basic foundation. It is beyond 
human capability to be constantly attentive. Channeling of attention to areas of risk will play a major role in 
determining what separates the real professionals from the others in the future.
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3 CONCLUSION

We are now at the heart of safety culture and professionalism. This brief evocatiodoes not presume to have 
covered any subject in depth or performed a finished futurologicadnalysis. It has been simply an attempt to 
underline a few themes for further work toward continuing to improve the reliability of nisdr operations. We 
have done extensive work on man/machine interfaces, on error protection systems, on corapative reliability 
of automatons and humans, on operational documentation, on operator aids, on quality assurance, on 
personnel education and training (including on simulators), on development of inspections and tests, etc. 
These different work areas are fairly well stakeabut, but are far from being fully developed. In recent years, 
safety culture, professionalism, and the pursuit of excellence have made leaps forward. The problem has 
taken on another dimension with the direct involvement of managers. Thsubject is far from being elucidate 
in terms of looking for a "prudent and rigorous approach," an "interrogative attitude," and "excellence in 
professionalism." It now seems evident that our industry can no longer afford not to carry on a process of 
careful reflection, one which has doubtless never been done before to such a degree, on the conditions o f 
reliability of human activities, going to the heart of a subject: "human nature and its functioning in work 
situations." While we are hard at work trying to improve operations from inside the company, the attitude of 
those around us towards living with the nuclear industry is evolving. We must not ignore them. They have 
the power to stop us and their judgment is not based exclusively on objective criteria of danger. What is at 
stake is the cohabitation of activities like ours with our society’s cultural aspirations. We must togi ourselves 
up to that level. The path will be long. The contributions^ companies, the experiments that have been donp 
the processes of reflection that are being carried on, the concerns that exist and that will be exfsæed during 
this meeting, will all help to define the progress that has alre^dbeen made and put us in a better position to 
see what remains to be done.
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EDF/DEPT CHATTANOOGA, October 1997
Nuclear Operations Department 
Armand COLAS 
Human Factors Attaché

COMMITMENTS OF THE FRENCH NUCLEAR POWER PROGRAM CONCERNING HUMAN 

FACTORS AND DISCUSSIONS OF THE SUBJECT WITH THE SAFETY AUTHORITY

1 ORIGIN OF THE DISCUSSIONS WITH THE SAFETY AUTHORITY

Since early 1995, a member of the Nuclear Installation Safety Directorate (DSIN)1 has been designated to 
concentrate on Human Factors issues, and requested meetings with the Nuclear Operations Department 
(EPN)2. Several meetings were held on this topic in 1995.The various spheres of action in the field of Huma 
Factors at EDF, at EPN, Installations Management, and Research anSevelopment, were reviewed. In late 
November, 1995, DSIN sent a letter to EPN, detailing the results of its ætysis and its requirements. In mid- 
June, 1996, EPN responded, detailing its own analysis and its policies. In late 1996, each site commuated 
its positions, its intentions, its action programs, and its commitments to the safety Authority.

2 EPN'S IN-DEPTH ANALYSIS

In setting the broad outlinesof its commitments, EPN used as a basis the analysis it made of its experience 
since the startup of the French nuclear industry in the late 1970s.

In particular, it details its evaluations of human reliability, based on statisticdfeta gathered in the field, which 
put actual operating fault rates(which are in the order of 1 fault per 10,000 to 100,000 operations) in a relafev 
context. It points out that Human Factors represent an ongoing added value for safety, throughanagement 
of situations but also through necessary complementing and adapting ctfafety instructions and specifications 
Thus "lack of human reliability" must be placed in a relative context, and false ideas of the situation must 
sometimes be corrected.

However, EPN notes that the companyas a whole (directors, safety specialists, Human Factors specialists, 
managers in the field, and operating personnel themselves) is convinced that there remains a margin for 
significant improvement, and that that improvement isfundamentally hoped for and expected, including by fe 
operating personnel, who are the first to suffer from shortcomings in the area of situation control.

1 Direction de la  Sûreté des Installations Nucléaires

2 Exploitation du Parc Nucléaire



Looking at its own experience in retrospect, EPN notes that until now, like most other high-risk industries, it 
has essentially used the kinds of measures known as "external to the individuals1’1: organization, rules, 
instructions, quality assurance, pocedures, man-machine interfaces; whereas most weaknesses remaining 
today are in the areas of personal or group working methods and precautions.

• preparation before acting, so that each person acquires a clear vision of what he is about to 
do: risks involved, difficulties, pre-planned countermeasures, etc.,

• performing tasks properly during the operating phase: keep informed, channel efe attention, cross 
checking parameters, practice self-checking, use independent inspection, etc.,

• leaving a clear situation after acting: informing, reporting, proper demobilizati and cleanup of work 
areas, establishing traceability of operations,

• taking responsibility for the activity as a whole, for management of interferences and interactioiroth 
other players, coordinating, informing others, practicing secure information exchange, etc.,

understanding and applying safety regulations better (General Operating Procedures, Operations 
Technical Specifications),

• participating actively in detecting and correcting non-quality; being a dynamic player in this area,

• knowing one's own vulnerabilities, especially concerning recourse to memory, working out 
diagnostics, attention channeling, task organizing (task difficulties in parallel), false certainties, etc.

The principal measures that have been used up till now have virtually no impact on these weaknesses. 
Therefore other forms of action must be invented, ones that act "from the insidë.ôf the individual by bringing 
him or her to rethink certain fundamental work practices. We must make use of questioning and 
reexamination of personnel, working in groups so that each person becomesware of what needs to be donç 
so that each person feels concerned and so that a climate of change takes hold. Changes must lead to 
greater personal in/olvement on the part of personnel, accompanied by the will to make an active and solid 
contribution, one that s well constructed and prudent, in which risks have been accurately assessed. Such 
an approach is perfectly in line with the spirit of INSAG4 and the search for excellence in professionalism, 
following INPO's more specific approach. We will come back to the types of actions which correspdto that 
orientation.

Since the weaknesses to be dealt with are essentially of this type, we have made it the fundamental thrus t 
of our policy. EPN wishes to emphasize that with such anapproach, it is not possible to make progress swifjl 
and in all areas. Typically, the actions to bestken are in-depth and of medium or long duration. EPN points 
out that with this kind of approach, one has to resist taking too many actions justrfihe sake of acting, which 
will only confuse the work being done and limit its effectiveness. On the other hand, clear evidence makes 
us accept the fact that if a given event brings to light problems which cabe corrected swiftly and with a high 
probability of success. However, such specific actions must be pertinent and limited. EPN wishes to make 
a point of resisting the obligation of undertaking an exhaustive plan of action to correct all human causesæft 
each incident.

1 Comparable to “extrinsic or exogenous” in F. Herzberg’s sense, speaking of motivation.

2 Comparable to “intrinsic or endogenous” in F. Herzberg’s sense, speaking of motivation



3 FUNDAMENTAL ORIENTATIONS OF NUCLEAR OPERATIONS DEPARTMENT

EPN has set three fundamental orientations for its HF policy

3.1 Personnel skills

In a way this is the sine qua non. Skills are necessary, everf they are not sufficient in themselves. Indeed, 
significant incidents rarely prove to be caused by a lack of personnel competence. On the other hand, it is 
well known that a failure of competence is very dficult to compensate for with procedures or work methods. 
EDF feels that for a long time, it associated competence with the training provided at its training centers. A 
major redeployment effort is underway, backed up by qualified personnel, facilities, and equipment at each 
site. The policy of centralizing simulatorsjntended to simplify management, is also being reviewed so as to 
provide better balance. Greater attention is being paid to evaluation of actual, acquired skills by direct and 
indirect management. All of these measures have been grouped together under the name "Local skill 
developmentsystems". Each site must establish its own project in that spirit. The Directorate and the Suppbr 
departments at company headquarters are monitoring how the situation develops.

3.2 Consideration of interface ergonomics and quality of operating documents

Ergonomics, classically, is a domài which can have significant influence on personnel performance and on 
"lapses and foul-ups'". EPN has shown figures on failures attributable to ergonomic problems, and notes tha 
this type of cause is not often the origin of incidents (4 to 7%). The analysis shows theicent improvements 
in signaling faults lose their effectivenes through habituation of personnel. Avenues for progress, then, are 
to be found in areas like automatism of actions, behaviors, and personal work methods. This aspect is 
included in the themes to be developed in operating teams.

EPN keeps a watchful eye on ergonomic problems. It is strengthening its actions for new installations 
(computerized control rooms, new software applications, etc.), but has announced thatviiill not commit itself 
to major work on existing installations. Each case will be studied, balancingossible advantages against the 
risks inherent in modifications (technical defects, detraining, retraining, etc.).

EPN recalled the measures that were taken in France at the national level to guarantee the quality of the 
documentation in use throughout the entire installed base. Each site detailed what it will do to apply the 
nationwide principles and the measures it will take in areas in which it has specific responsibility.

1 As J. Reason sees it, that is, faults in performing tasks when the intention was correct, but 
automation of gestures has malfunctioned.



3.3 Actions for development of the HF Experience Feedback, involvementof operators, and group
self-diagnosis

These actions më<e up the essential part of EPN's Human Factors Policy. They have been tested at a few 
pilot sites, on projects decided upon and prepared by the sites, often in collaboration with the National HF 
team. There are several different approaches, but they all have characteristics corresponding to the follo'gin 
principles:

♦ The work consists of an introspective analysis of practices and modes of functioning of operating wor k 
groups.

♦ The work is done with the participation of the line of command that is able to resolve the problems tha t 
present themselves. Generally, that is the direct management of the team most concerned.

♦ Basic personnel are called upon to participate in seeking out weaknesses (and also strong points to be 
maintained or reinforced), to chose the most appropriate solutions, and to take charge of implementing 
those which are in their areas of responsibility.

♦ The solutions include measures involving the line of command, which commits itself to plying them, but 
also (and necessarily) mæsures involving each person in a team, which lead to changes in practices or 
work methods (behaviors), to which operating personnel commit themselves personally,

♦ The actions are followed, to the extent necessary, by a further work session to take stock, to give new 
impetus, or to reorient actions.

♦ These efforts are part of a continuous and sustained practice; though modalities may change to adap t 
to changes in the situation. The objective is to create a climate of ongoing reexamination to pinpoint 
malfunctions to be corrected, good practices to be developed, sources of progress to develop, and 
progress made within the team (safety, performance, and job satisfaction). Such a process requires 
periodic work sessions and continuity of action between sessions.

The different sources of failures identified at the team, site, or national levels all constitute subjects to be 
retained for improvement action. Priorities can be defined at the level of EPN's Management, site 
Management, or Department Management. Each team integrates these priorities, but musâlso define its own 
in terms of its specific characteristics and the situations it encounters.

4 HF SPECIALIST RESOURCES AND THE HF NETWORK

All sites have now designated "Human Factors correspondents". These are individuals responsible for 
undertaking or supervising Human Factors aspects involvedh incidents, to make syntheses of the analyses 
pointing up the categories of failures specific to theite, to determine the areas for priority action for the site, 
to provide competent collaboration with Management and witlthe line of command in carrying out programs 
or actions, to take part in them if that is called for, to provideoflow-up and evaluation, and to provide the site 
with competence in all Human Factors areas.
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The national Human Factors teamis made up of seven persons of varying training, origins, and backgrounds
Its mission is essentially:

* to consolidate and study in depth information from analyses of Human Factors causes from the sites 
around the country,

* to promote HF actions which are part of EPN policy and to publicize the experiments conducted at the 
various sites,

* to conduct studies of subjects where progress can be made,
* to lend assistance to the sites in the forrrof skills and resources (and in particular to the Human Factors 

correspondents at each site),
* more broadly, to develop skills in the entire industry in the area of Human Factors (through training, for 

example).

In order to facilitate exchanges of experience, which is very important in this area, and to maintain
favorable dynamics, all the Human Factors specialists are part of a Network led by the members of the
national HF team.

This HF policy sets the spirit and the orientation for actions.The sites apply them according to the specificitie 
of their situations. The approaches adopted by two sites will be presented at this meeting. Gravelines has 
already described its program. We will now learn about Saint-Laurent's. The site had planned to make its 
own presentation, but at the last minute they were unable to dso. I will make it for them, using the text and 
materials they had prepared.
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