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1. IN TR O D U C TIO N

In France, electricity produced by EDF nuclear power plants represents a little more than 77% 
o f  the total electricity production (56 pressurized w ater reactors).

Therefore, the French Safety Authority takes special care to  control the operating safety o f 
these power plants, mostly on generic issues, because o f  the standardized PW R reactor types 
operated by only one licensee (EDF).

Experience feedback from operation accumulated over almost 20 years, has contributed a great 
deal to  gradually identifying ways o f  improving safety in fields such as:

- organization o f  maintenance,
- organization o f  operations,
- training,
- increased application o f safety and quality principles in liaison with the safety culture,
- making modifications on reactors,
- etc.

H owever, although it became obvious at the beginning o f  the 1990s that the number o f 
incidents declared by EDF power plants caused by technical problems with equipment had 
actually reduced, this was not true for incidents including at least one non-technical cause 
related to the human factor (these incidents mainly concern reactor operations teams, involving 
operators and other agents), which represent 82% o f all declared incidents in 1996, according 
to  ED F source (sec fig 1).

Therefore, in 1995 the Safety Authority initiated a major action, mainly lateral, to  assess and 
possibly correct the way in which EDF takes account o f  this human factor in its pow er plants.

The purpose o f  this document is to explain the main components o f  this major action in liaison 
with EDF’s solutions ; this presentation will be preceded by a reminder about operation o f the 
French Safety Authority and will be followed by tw o specific examples o f  incidents that 
occurred recently in France.

2. OPERA T IO N  O F  T H E  F R E N C H  S A F E T Y  A  U TH O R1TY

The French N uclear Safety Authority is composed o f  the DSIN (Nuclear Installations Safety 
D irectorate) based in Paris, and regionally o f  nuclear divisions o f  the DRIRE (Regional 
D irectorate for Industry, Research and the Environment).

This Authority continuously relies on the expertise o f  the IPSN (Institute for N uclear Safety 
and Protection), and also on the opinions and recommendations made periodically by the 
Advisory Committee for reactors, concerning power plants operated on different sites by EDF.



In practice and in summary, it can be said that:

- the DSIN, composed o f  inspectors, is the organization that prescribes, authorizes and 
defines the general policy o f the Safety Authority. In particular, it regularly sends generic 
letters to  EDF, in which it asks that summary reports be written on actions requested by 
it as a result o f  finding o f  dysfunctions, and to  specify its policy and the corresponding 
implementation means.

- The Nuclear Divisions o f  the DRIREs, composed o f  inspectors, are responsible for 
monitoring o f  installations in the field, in accordance with the general policy set down by 
the DSIN, particularly by making inspections, monitoring refueling outages, processing 
significant incidents declared on the INES scale by power plants and processing waiver 
requests.

- The IPSN, composed o f  engineers, provides its expertise for the preparation o f 
inspections, the analysis o f  reports on significant incidents, and miscellaneous events, etc ; 
the IPSN also regularly prepares complete reports on some important generic subjects.

-The Advisory Committee for reactors, composed o f  members from various sources, 
including representatives from abroad, which gives its opinion and recommendations 
based on EPSN reports, after holding meetings on various subjects, at two to  six years 
intervals; these opinions and recommendations are used by the DSIN and sent to  EDF.

Section 3 describes how this Safety Authority works in practice, to  deal with the human factor 
subject in the operation o f power plants : in particular generic letters sent by the D SIN to 
EDF, EDF replies, and future meetings o f  the Advisory Committee for Reactors.

Firstly actions taken by DRIREs, which carry out daily monitoring o f  power plant operation 
(mainly by the processing o f significant incidents and by making inspections) are essential, since 
the way in which EDF national policy is implemented locally may vary considerably in different 
power plants.

The DRIREs carry out 15 to  20 inspections per year on each PW R site, on various themes 
some o f  which affect the FH (human factor), such as :

- training,
- organization o f  operations,
- safety management,
- incidents: inspections are reactive for some incidents, in other words they concern an 

important incident and the Safety Authority would like to  have a fast opinion (this type 
o f  incident frequently has a relatively large FH) which was the case for the inspection 
mentioned in section 4.

During these inspections, Safety Authority Inspectors (mainly DRIRE) check that the reactor 
is operated in compliance principally with:

- General Operation Rules,
- DSIN prescriptive letters,
- the O perator’s prior commitments,
- the regulations (Ministerial decrees and orders) particularly concerning pressure vessels 

and quality assurance.



The Safety Authority processes non conformances discovered by Inspectors appropriately, 
depending on their importance, normally at the DRIRE level, and at the DSIN level if  there are 
generic issues (like for the second example).

It should be said also, as regards processing o f  incidents declared by EDF nuclear power plants 
on the international INES scale, that those at level 1 or above are systematically reported by the 
safety authority, on a so called “M AGNUC” viewdata system, with public access.

3. F H  A C T IO N S  T A K E N  B Y  T H E  S A F E T Y  A U T H O R IT Y

3.1 H istory

The AS has always been interested in the FH. However, in the past, its actions were limited to 
investigating some files with a FH component, such as training and licensing o f  operators, setting 
up the new operations organization decided on by EDF, or the ergonomy o f  new control rooms 
for the future N4 series (1450 MWe).

Besides, FH aspects w ere not ignored in the investigation o f  more technical files such as 
procedures. However, no genuine synergy had been obtained from these multiple actions, and 
the AS did not have any overall view or any genuinely lateral action.

Furthermore, inspections made by the DRIREs and examinations o f  significant incidents declared 
by EDF regularly emphasized dysfunctions involving the FH.

This is why, in 1995, the AS wanted to  initiate a major action concerning the FH.

3.2 The f i r s t  steps taken by A S  concerning the F H

Firstly the AS made a summary o f observations resulting from 17 inspections made between 1993 
and 1995 in order to assess the influence o f  the FH  on operations safety, and an examination o f 
16 significant incidents with a considerable human component, that occurred between 1994 and 
1995.

This summary demonstrated that there were still some dysfunctions and some underlying causes 
related to  the FH. They concerned mainly the behavior o /E D F  agents  at all levels.

U p to  now, EDF has implemented conventional measures for the prevention o f human failings 
such as the man/machine interface, documentation, procedures, etc. [Note that at the beginning 
o f  the 1990s, EDF had iniated more global actions concerning modifications in the work 
organization and methods, namely the “operations safety” and “maintenance safety” approaches. 
These approaches were accompanied by a major effort to explain their meaning, which improved 
the safety culture].
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These measures represented “external” actions, in other words actions decided upon by central 
departments o f EDF and that agents were asked to apply. However it is observed that there are 
still some basic weaknesses despite gains made by these “external” actions. These weaknesses 
relate to  individual and collective work methods, behaviors, preparation before action, thorough 
implementation, etc.

Thus in a first letter dated 1995, the AS asked EDF to make a commitment about actions decided 
upon to  improve the behavior o f  agents, in six subjects identified as taking priority in this 
synthesis. These subjects are :

- firstly taking account o f  ergonom y at the equipment design stage (control room), and 
secondly o f  constraints related to  equipment during preparation o f  operations;

- definition o f  the role o f  procedures with respect to the know how o f agents and their 
preparation consistently with the need to maintain this know-how;

- identification o f  training  needs for agents and the involvement o f  local supervision in 
daily training;

- thoroughness in im plem enting and  m onitoring  actions affecting safety, and 
particularly management o f  arbitration between safety and availability;

- com m unication  between different departments and different hierarchical levels, and 
particularly feedback o f  known information and difficulties encountered by basic 
players;

- a detailed analysis o f  operations experience.

3.3 The response o f  E D F

Thus in 1996, the operator established its policy concerning the human factor. This is based 
essentially around three main themes :

- the man/machine interface,
- training,
- changes in w ork methods, and involvement and behavior o f  players.

Without neglecting the first two themes, EDF is now expecting significant progress on the third 
theme which globally includes the six subjects identified above by the DSIN, and consists o f 
acting “fr o m  the in side” on states o f mind, personal and collective work methods, attitudes 
and ways o f working, so that previously implemented measures will be fully effective, and will 
not act simply as badly assimilated “external” factors.

This type of approach is consistent with the safety culture emphasized in the INSAG 4 report. 
In particular, it is the “prudent and questioning” attitude.
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3.3.1 Tools used by EPF to implement the third theme on site

EDF power plants are responsible for the tools used to  develop this policy in the field. 
However these tools, including self-diagnostic and self-evaluation  o f  operational teams which 
are some o f  the preferred tools, all have common characteristics and satisfy the following 
principles :

- the work consists o f an introspective analysis o f operational practices and methods used 
by operational w ork teams,

- the work is done with the participation o f  local management,

- “basic” agents participate in the diagnosis o f  minor and major points, and in searching 
for and implementing solutions,

- measures concern the operational teams, management and also each individual agent, 
who must feel personally involved.

This w ork must form part o f  a continuous a n d  iterative practice. The objective is to  create 
a climate o f  permanent requestioning about dysfunctions and good practice.

3.3.2 Structures set up by EPF to develop this policy:

This policy is based on the involvement o f  players and requires action “as close as possible to  
th e fie ld ”, necessitating active participation by local management. Although the principles o f 
this policy were decided upon nationally, actions to  be taken must be decided upon locally, and 
they must be implemented by operational teams.

This is why all sites have a “hum an fac to r c o r r e s p o n d e n tThese persons are responsible for 
carrying out or supervising FH aspects causing incidents, making summaries o f  these analyses 
in order to  demonstrate failure categories specific to  the site, identifying priority lines o f  action 
for the site, providing assistance to  site management to  initiate programs and actions, for 
monitoring and assessing them, etc.

In order to  provide necessary consistency o f  site actions, a national “hum an  fa c to r” team  
within EDF has the mission o f  consolidating and carrying out detailed studies on everything 
concerning the analysis o f human factor causes, carrying out studies on subjects in order to 
make progress, providing sites with assistance by contributing expertise and means, and more 
generally to develop skills in the human factor in all operational pow er plants, to  prom ote FH 
actions forming part o f  ED F’s policy, to  make full use o f  experiments carried out on the 
various sites, etc.

3.4 Prerequisites required by A S

In 1997, the AS recognized this policy which complies with the recommendations made by 
INSAG 4 and, in principle and globally, satisfies the questions raised by the DSIN.
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But it is obvious that the effect o f  this policy, firstly on the behavior o f  players and secondly 
on safety, can only be assessed in the long term. Thus, before continuing its action in the six 
priority subjects identified in section 3.2, the AS considered it essential that it should firs tly  
become aware o f  structures and  tools set up  by E D F  (see sections 3.3.1 and  3.3.2), as well 
as som e aspects considered to be im portant.

This is why the AS sent a second letter to EDF at the beginning o f  1997 containing a number 
o f  prior questions about the following four aspects:

- “human reliability” : The AS would like to collect data about “human reliability” . Apart 
from the statistical aspect, it is also necessary to  consider the concept o f  recovery from 
errors and the mechanisms involved, from qualitative and quantitative points o f  view.

- organization and means implemented by EDF : questions from AS concerned mainly:
- the satisfactory nature o f  the organization set up, compared with defined 

objectives;
- precautions taken concerning distribution o f this FH policy within each department 

in nuclear power plants, so that the message to be transmitted is not “depleted” or 
excessively “technical” .

- to  the extent that this policy requires active participation by local management, 
measures taken by EDF to  ensure that this management has the right managerial 
and pedagogic capabilities and the time to efficiently implement actions decided 
upon within the framework o f  this policy.

- impact and monitoring o f  the FH : within the field o f  the FH, and particularly when it 
is required to  modify the behavior o f  agents, it is difficult to  relate an effect to  a given 
action. Therefore, AS considered possible tools for monitoring and assessing EDF’s FH 
policy so that it would be possible to  appreciate the effects and correct any insufficient 
or negative aspects.

Thus the  AS asked EDF to  implement a program on each site and in each central 
department, to  be able to monitor the impact o f  the FH and EDF’s policy. It also asked 
EDF to  consider the consequences on safety o f  any relational or organizational 
dysfunctions within EDF central departments and between central departments and sites, 
a subject which EDF had not considered. It will be seen later during the presentation 
o f  the second example, that these dysfunctions can have non-negligible impacts.

- analysis o f  FH in incidents and transmission o f  FH documents: up to  now, the AS does 
not have a sufficiently precise and concrete visibility o f  the daily impact o f  the FH on 
sites. Although technical files and the analysis o f  the technical aspects o f  incidents have 
been sufficiently and accurately investigated, this is not true for FH data. The lack o f  
practice, the almost complete absence o f  formal procedures and some understandable 
reticence dealing with the human dimension are the real causes.

However, this visibility is essential for the AS. More than for technical aspects, the treatment 
o f  FH  requires experience feedback and a concrete “view” o f  the way in which measures 
“decided on paper” are accepted and included in daily reality. Thus to  improve this visibility, 
the AS asked that a number o f documents and reports should be systematically sent to it. 
These include the FH analysis o f  incidents declared by the EDF site managements.
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.?. 5 M eans u sed  by A S :

Every 2 years, the AS asks the Advisory Committee for Reactors its opinion on experience 
feedback from EDF reactors during the last tw o years. Themes selected in this Committee 
concern incidents, risks o r dysfunctions with potential safety consequences, and also more 
generally organizational and methodological aspects implemented by EDF for this feedback.

For the first time, the Committee selected tw o themes concerning the FH  for examination, in 
the same way as other m ore technical themes. They concern :

- incidents with causes related to  organizations or the behavior o f  persons,
- any conflicts between safety and availability.

We have seen that the AS actions described above are generally nationwide. This is a 
conventional process for treatment o f “generic subjects”, in other w ords those that could affect 
all nuclear pow er plants. The DRIREs are then asked to  check that national decisions are 
correctly implemented as mentioned in section 2 .

However for the FH, a significant difference has to be considered: although the main principles 
are national, actions to be taken subsequently must be launched on site, after an analysis o f  the 
situation that actually exists. Consequently, the DRIRE’s role will be increased so that it can 
make a judgm ent about local actions decided upon by sites, in addition to  checking that 
national principles are applied.

Within this framework, the processing o f  FH aspects o f  significant incidents takes on special 
importance. This processing itself is an indicator o f the depth o f  the analysis carried out by 
the site, but it is also a gateway to actual actions carried out and their effects, so that an 
appraisal can be made o f  the motivation o f  sites to  develop this policy. Reactive inspections 
initiated individually by the DRIREs after an incident contribute to  this action.

4. E X A M P L E S O F  IN C ID E N T S A N D  A SSO C IA TE D  R E A C T IV E  IN SP E C T IO N

Two examples have been chosen: the advantage is that each o f  them has the same 
type o f technical error, but there is a difference in the human factor between the two.

4.1 Technical context

In both cases there was an error in the display o f  neutronic param eters necessary for reactor 
control:

F or 900 M W e PW R reactors, this control is done inside what is called an “operating 
diagram”, on a chart showing the axial pow er difference (directly related to  what is called 
the axial offset) as the abscissa, and the nominal power percentage as the ordinate (see 
figures 2 and 3).
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This control within this diagram avoids the difference in neutron flux between the top and 
bottom  o f the core becoming excessive, which is necessary to  limit the consequences of 
some accidents.

The left and right sides o f this diagram are determined starting from calculations o f  accident 
situations :

- the left side, for which the axial offset gives the maximum downwards flux in the core 
corresponding to  an accident scenario with a large break in the primary system 
resulting in a completely dewatered core ;

- the right side, for which the axial offset gives the maximum flux in the upper part o f 
the core corresponding to  an accident scenario with a small or medium break in the 
primary system in which the top o f the core is dewatered, o r an accident scenario (for 
example dilution or excessive cooling) causing a boiling crisis near the top o f the core.

Secondly, these tw o limits are associated with automatic reactor load reduction functions 
which are periodically updated as a function o f the condition o f  the reactor core, and 
particularly its bum up rate.

The following formula is used to  calculate the axial power offset as a function o f  electric 
current measurements output by power range channels (upper and lower parts) :

ÀI = a  (KhIh - K SIS)

where IH and Is are current intensities (upper and lower parts).

Kh and Ks are the associated coefficients.

The coefficient a  is calculated from various parameters, including the primary coolant cold 
leg temperature.

Once a  is displayed in the analog logic o f the reactor (together with KH and Ks) coefficients, 
the following are determined :

- the value o f  the reference AI (after Xenon oscillations) as a function o f  the power ;
- the left and right sides o f  the diagram (and therefore automatic pow er reduction 

conditions).

The general principle is the same for the 1300 MWe reactor, but there are many morè 
automatic calculations o f  parameters done by a digital integration system. In particular:

- limits corresponding to  transients with slow kinetics scenarios with breaks on the 
primary system are automatically determined by the system, which itself displays 
parameters corresponding to the left and right sides o f  the diagram;

- however, the calculation o f the control rod ejection accident gives an implanted right 
limit, for which a special calculation has to  be made (reference AI + 5%) at 100  % 
o f nominal power.
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For both types o f  reactors, two different pow er plant departments are directly involved 
when the coefficients (or parameters) have to  be calculated or recalculated and then 
displayed (or implanted):

* the “Tests” department which does the calculation;
- the “Automatic control” department which implants the calculated parameters in the 
instrum entation control logic (within the framework o f  w hat is called a Periodic 
Test);

the third department directly involved being obviously reactor operations (operators). 

Other departments may also be concerned:

- the Safety/Quality department or mission,
- the EDF central calculation department.

(these tw o departments played a role in the second incident).

4.1.1. In  th e firs t exam ple (900 M W e reactor)* the error w as as follows: during 
a cycle prolongation, measurements o f  the electric current intensity in the channels are 
carried out every tw o days with a calculation o f  the associated ÀI, but the alpha coefficient 
itself is recalculated (by a technician in the Tests department using a spreadsheet) only if its 
accumulated variation after the last display reaches a value o f  0 .2 .

This is what happened on August 12 : since the A a  reached 0 .2 , in order to  recalculate a, 
the technician in the “Tests” department consulted the spreadsheet used to  calculate the 
previous a  coefficient (July 22); he found an inconsistency between this previous 
calculation (a  = 1.9) and the calculation that he had done him self (a  = 2.8) and he 
discovered the error : the technician who had made the calculation on July 22 had made 
an input error on the com puter (379.3°C instead o f 279.3°C for the loop 1 cold leg input 
temperature).

The consequences o f  this error were as follows : the calculation o f  the reference AI was 
underestimated o f  about 30%.

However, note that the limits o f the operating diagram were found not to  have been crossed 
between July 24 and August 13, when plotting the corrected (actual) values o f  AI.

4.1.2 In  th e  second exam ple (1300 M W e reactor), there w as a sign error in the 
calculation o f (reference AI + 5%), which resulted in an incorrect value (2.67%  instead o f  
1.92%) between November 20 1996 and Januaiy 11, 1997, and then a second time (2.37% 
instead o f  0.36%) between January 11, 1997 and February 13, 1997, causing a shift o f  the 
right limit o f  the diagram tow ards the right.

But in this case the actual right limit was actually crossed for 13 hours at the time o f  a start 
up at the 50% Pn level (it should have been decreased to  15% Pn in less than 1 hour) 
between February 9 and 10, 1997.
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4.2 Analysis o f the causes

4.2.1 F irst exam ple : there was an isolated error (incorrect computer input o f a 
parameter on July 22, which was displayed on July 24), but which was corrected as soon 
as it was discovered on August 12. (This incident was classified at level 1 on the INES 
scale only). There were two contributing causes related to the individual behavior (in 
accordance with the INSAG4 breakdown, fig.l page 7) :

- the lack o f  a questioning attitude on the part o f  the technician in the “Tests” 
department who made the initial error on July 22 (however the second technician 
had an excellent attitude on August 12) ;

- insufficiently thorough approach by the checker o f  the technician on July 22.

4.2.2 Second example : more errors accumulated, including a dissimulation (hence 
the classification in level 2 on the INES scale).

The sign error on 20/11/96 was made by a “Tests” technician. This mistake was not 
detected by the checker, because the tw o were working simultaneously. It was detected, 
on 22/11/96, when the computer software program made its official report ; however, the 
“Tests” technicians and their supervisor saw no point in correcting (since it was considered 
to  be insignificant for safety).

On 11/01/97, when the parameters were renewed, an other “Tests” technician corrected his 
own calculation, wich was initially correct, on the basis o f the earlier, erroneous report. The 
checker did not detect his error, as he was content to sign rather than check the calculation. 
Once again, the mistake was detected 48 hours later when the computer gave his report ; 
however the “Tests” technicians and their supervisor likewise saw no point in correcting 
it.

It was not until the beginning o f  March that an agent in the same “Tests” department 
informally but deliberately alerted a technician in the “quality safety” department, which was 
followed by the declaration o f a significant incident to the Safety Authority on March 11. 
This incident was initially classified by EDF as level 1 and was reclassified as level 2 
following action by the DSIN.

For this second incident, there are two types o f  causes, still in accordance with INSAG4 : 

Concerning individual behavior:
- lack o f  a questioning attitude,
- particularly a failure by checking and supervision to  exercise a rigorous and 

prudent approach,
- poor communication.

Concerning the organization (commitment o f Managers):
- responsibilities defined too vaguely,
- inadequacies in qualifications or training.
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This second incident required a “reactive” inspection that took  place on M arch 13, 1997, 
therefore two days after the declaration o f  the incident. This inspection was done by three 
Inspectors in the regional DRIRE concerned, which wrote 13 statements on the various non 
conformances.

These statements were written based on discussions with the various representatives o f  
M anagem ent, but not the players themselves since they w ere not available on that day. 
Some o f  them w ere sanctioned by the Power plant Management (at least withdrawal o f 
authorizations).

Following the inspection, the DSIN w rote quickly to  EDF (on April 7, 1997) to  ask for a 
number o f  answers to  questions concerning :

- technical aspects,
- organizational aspects,
- safety culture,
- training / authorization.

In practice, it asked EDF to  :

- urgently take operational measures to  improve competence and the organization 
system ;

- reinforce actions already committed in order to reduce dysfunctions related to the 
human factor, in term s o f  organization and behavior ;

- specify the interface between power plants and central departments.

5 / C O N C LU SIO N

In requests made by the French Safety Authority to  its licensee EDF, to  take better account 
o f  the impact o f  the Human Factor in the daily operating safety o f  French nuclear power 
plants, it is clear that the main field in which a major effort must be made concerns the 
behavior o f  agents.

The national principle adopted by EDF is that the approach should be to use 
“interiorization” actions on personal and collective work methods. This principle requires 
action closer and closer to the field, mainly concerning operational teams, with participation 
o f local management making use o f  tools such as self-diagnostic and self-evaluation tools.

The Safety Authority make its own assessement o f this policy, and associated means 
implemented by EDF to  develop it and improvements that it could make to safety. These 
assessements will be made through :

- w ork done by the Advisory Committee for Reactors (and follow-up 
recommendations),

- thorough examination o f  files sent by EDF central department,
- expertises made by the IPSN,
- last but not least, “closer to  the field” actions, i.e. analyses o f  some declared 

incidents, and associated reactive inspections.

A first conclusion will be prepared by the end o f  the year 1997.
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Fig. 1
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Fig . 2

O PE R A  T IN 6  Ù IA & R A M  I

900 M W e - Pow er regulated rod cluster control assemblies in  load fo llo w
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Fig. 3

O PER A  T IN S  D IA G R A M

900 M W e  - Power regulated rod cluster control assemblies completely extracted
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