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Abstract

We here present the simulation training policyFoench
nuclear reactor pilots. Training sessions are desdr
Advantages and drawbacks are discussed. The tgainer
interactions are commented. Tools for transfereofce
know-how and skills development are presented. As a
conclusion, perspective of new training tools are
suggested.

1. The context: Industrial facilitiesand pilots

The operation of nuclear power plants requires gh hi

degree of control, whether in terms of operating or

maintenance, and whether in normal or accidental
situation. It concerns security and the health of
populations, and therefore the possibility to nm&imthe
nuclear sector in the energy market. Nuclear operat
must thus be able not only to maintain its know-Haow
also to update and to adapt to the new requirements
which can intervene at the level of safety or siégur

regulation or legislation (Buessard & Fauquet, 2002

economy. These imperatives are of two types:

e External: nuclear safety requirement changes that
the operator as the nuclear safety authority keep o
strengthening,

e Internal: corrective actions from event analysis
essentially done by the operator.

Several domains are worked out to ensure these
imperatives. The technical aspect comes in thegiee
since the industrial purpose is to run a techrégatem:
this dimension receives the design engireatention
from the construction through the operation to the
decomissioning of a plant. The organizational aspec
comes in second place, with a permanent desire of
analysis and adaptation of the organization takimg
account human in any dimension, since the induistria
purpose is also to operate a socio-technical sy$sem

" This work has been included in a shorter Frendsiow
within the report of thélaute Autorité de San{@&rench Health
Regulator) under the title “Etat de lart (nationait
international) en matiére de pratiques de simulatians le
domaine de la santé”, January 2012.

http://www.has-
sante.fr/portail/upload/docs/application/pdf/2012-
01/simulation_en_sante -_rapport.pdf

for example: Lagrange & Desmares, 1999; Fauquet-
Alekhine, 2010a). Many other fields are operated
permanently, including those implemented to meet th
capacity to develop and maintain expertise (Fauyquet
2003 and 2004): for this aim EDF uses nuclear cgact
piloting simulators. Control rooms are reproduced i
scale 1 (said "full scale simulators "), and cadtois
allow real-time simulation of the physical paramstef

the installation. The choice of such a teachind iso
motivated by a dual need:

» creating closest situations of the reality of
operations,

» leading a team to pilot a complex technical system
collectively.

In this perspective, the full scale simulator has
demonstrated its added value for nuclear industiy a
well before that for aviation.

The actors of the simulated situation are the piaim
members and trainers. An operating team of nuclear
reactor is generally composed of 15 individualsécaf
the 900 MWe reactor type) who operate a pair oftea
and associated equipment. The taking of positian3sx

8. The mission of the operating team is to pilog¢ th
reactor according to the electricity producing dedcha
from nuclear energy while ensuring the safety of
facilities. In the team, four to six people arechrarge of
piloting, the others being attached to the manijaaof
pieces of equipment on the installation directly.

2. Genesis: technical and pedagogical design
2.1.The simulator
There are different types of piloting simulatongl Ecale
simulators and part simulators.
Part simulators represent portions of the contoamnm,
and focus on a basic part of the installation {hildts
must learn and know before being involved in thelah
operating process.

Full scale simulators consist of the control roseplica
of the operating reality, a calculator and a cdnpanel
from which trainers manage the simulated situatidns
panel is closed-glass without color and with digiideo
system connected to several cameras that allovouari
views of the control room, with a capacity of zosath
that reading from a sheet of paper is possible oAthe
views of cameras are recordable and available ifatire
debriefing room. This video system presents an
undeniable added value and is subject to a sttigt:e
any image is deleted after the training sessiod, the
use is limited to the situation actors only.
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2.2.The scenario

The only simulator does not reproduce a work sibnat
in which operating team will be able to evolve in a
context which is the most realistic possible, i.e.
reproducing the better the reality of industriabrgiing.
The simulator is only a support tool recreating an
environment and permitting the interactions between
actors and the industrial process. To create alatetl
situation, it is necessary to dispose of prepacetharios
that engage actors in action. These scenariosfncate
the input parameters for the simulator calculatod a
input parameters to deliver to the operating te@his
allows to introduce the input data concerning therkw
situation which each one is about to live on the
simulator. It is also the time to propose a tecainihain

of the process during the simulated situation. Whele

is coordinated by the trainers.

2.3.Thetrainer

What the trainer is in ability to do during the silator
run (as during the session debriefing) is highlgetelent
on his professional experience. The trainers haviows
career profiles. Some of them are coming from apega
professions. Being from these professions gives
legitimacy at once in front of the persons in tiagn
This makes more easy technical discussions andghis
felt by the trainees, and it allows the trainerstgport
discussions in debriefing by the narration of eigrered
examples, full of meaning for the actors, and agipted
because s/he thus facilitates the understandinghef
topics discussed. In addition, this provides a aiert
attraction to the exchange, due to the anecdotabclter
of the story. For newcomers on a position as andra
computer databases containing stories of eventsbwil
investigated upstream training sessions. This blase is
a enjoyable tool even for the experienced trainbp w
sometimes would tend to stay on her/his own expeeig
which, even rich, therefore will take all the beheiff
recent operating experience feedback.

2.4.Reference/ simuilated situation

From a reference situation, the scenario develbps t
simulated situation by reducing the variability thfe
context to emphasize what is necessary to achieve
educational goals.

This reduction in variability (i.e. the simplifigah of the
situation simulated from baseline), is fundamemahe
pedagogical approach, because it provides the nfeans
the pilots to focus their cognitive resources omsoof
the difficulties brought by the script directly in
connection with the pedagogical objectives. Sometim
pilots are complaining about being "too far frorality",
but this may be a necessity in the first place.

2.5.Training phases

All of which is implemented in simulated situatioasd
debriefing is essentially the work of research Iagte,
Samutay, and Rinacoste, from 1996 to 2001 (Klein et
al.,) 2005. EBguin and Pas# (2002) describe the
conceptual perspective of situations of simulatiansl
debriefings (see also Past2005) which was completed
by Fauquet (2007). In short, we must remember that

different modalities of work exist on simulator bdson

the objectives sought; for example:

» initial professionalization,

» recycling,

» accidental procedures,

« development of know-how within specific sessions
called “involving situatiori (“mise en situaticghin
French).

The initial professionalization is itself decompdsm

different phases: discovery and appropriation of th

simulator, basic operation of the facilities, opieg in
situations with technical failures. This progressiv
approach is fundamental because it allows to place
trainees in good conditions for learning: recentrkwvo
showed that gradual approach for crisis simulation
scenario placed most of trainers in a zone of dogni

disorder (Fauquet-Alekhine et al., 2011a & 2012).

2.6.Training session debriefing and professional
practices improvemnt

To achieve these goals, analysis of practices msthoe
used. This enables to re-examine what is done by th
team as what is not done, what have been the tbrust
not, with a perspective of potential transformatidhis
transformation can affect the individual or thelective,

but also the work organization in a non-simulated
situation.

However, any situation does not necessarily impig t
type of transformation. Sometimes, the collective
analysis of the work activity points practices rgeized

as effective by all actors (operators as trainefsje
added value is therefore more than a transformatioh
also a conscience making contributing towards the
anchoring of these professional practices.

In this type of exchange, the trainer leads thimées to
re-examine what is accepted in practice, and eages
pilots to define their personal style. It allowstito (re)
become aware of what they are implementing in the
work activity, and eventually make it available for
others: how to better transfer to others what veesavare
about?

The trainer can also lead pilots to speak on tledulrgess

for him to adopt such a practice. This leads them t
become aware of their practices, and possibly tokth
about them for other situations (Fauquet, 2005&e T
consciousness, individual first, broadcasts in the
collective to be integrated within a professiorntgles

The sought effect in the session debriefing is the
distancing of the pilots with their action in thienslated
situation they lived. To do this, the envelopingsition
of trainer, distant observer in a simulated situatiis
valuable assistance. This situation distancinglifatgs
the understanding of the pilotmtellectual approach of
the situation, individually and collectively, andust
permit the re-work, i.e. allow re-thinking in ordéo
transform. This distancing from the trainer alsomotes
the observation and analysis of the interaction dmsm
process, interactions between individuals and &heo
individual and collective contributions (or non-
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contributions) to the action in the situation. Tresult is
a potential transformation of the actions, intdra,
and contributions.

The debriefing refers to the methods of work attivi
analysis developed by Yves Clot (Clot et al., 19890,
2002; see also Fauquet, 2005b and 2006a; Fauquet-
Alekhine & Pehuet, 2011b) and is similar by somét®f
aspects to the Crew Resource Managements done by
airline companies.

2.7.Thetraining session structure

Taking a simulation situation by an operating tesm

carried out on average on 3 days, each day thabean

broken down according to the objective of the fragn

e« A run on the simulator and a debriefing in
classroom. The briefing lasted less than 30 minutes
The "run" refers to the fact of taking the simuthte
situation, with a time length of 2h30 to 3h. The
debriefing of meeting lasts 2h30.

e A run of 3h followed by a debriefing of 3h
separated by a 30 minutes break.

¢ A debriefing of 3h followed by a 3h run separated
by a 30 minutes break.

It must be kept in mind that a simulated situatias
meaning only by combining adapted run time/debmigfi
time, where " adapted " implies that debriefing dim
should give time to discussion for what is doneirttyur
the run. In other words, believing that a good datad
situation is one that favors the time of the run on
simulator is an mistake.

3. Extension: studies, assessment
and maintenancetraining

Beyond initial training, development and learniffgrew
methods (Fauquet-Alekhine, 2011c), the simulatoa is
place of study (see Le Bot, 2004; Fauquet, 2008061;
Fauquet-Alekhine, 2010b; Fauquet-Alekhine et al.,
2011a and 2012): when professional practices are
established and anchored in the professional geadgr
organizational modification or change proposed My t
management may be studied and assessed prior to
application. It concerns the implications of such
decisions in terms of potential consequences orkelye
parameters such as safety, security, and produdtion
example, what is the influence of such additioriafm,
what consequence if using such standard of
communication, what added value with such technical
change for the quality of the industrial operatamdfor
the safety?

Training, study. and of course evaluation! Since more
than ten years, the capacities of the workers achito
operate reactors are subject to initial assessnimiit,
validation of capacities renewal is implementedyonl
since 2005. It is a matter of capacities validationt
skills validation. It is clearly agreed in the pgdgical
requirements that skills cannot be validated inusated
work situation. Validation of skills is thereforerfthe
hierarchy of the persons concerned. On this paint,
should be noted the difficulty encountered by the

company to implement this system of continuous
assessment: management decision has been confainted
the beginning of the Human Performance Program to a
tough opposition to a certain category of personal
strongly assisted by union trades. One of the hesso
from this situation is that, to avoid this kind adnflict,

the integration of the ongoing evaluation by the
simulation must be very quickly integrated into the
training organization, otherwise taken daily rekaly
can delegitimize the simulator as an assessmeht too

Progress induced by simulator training was conseique
enough for the Nuclear Production Division of EDF
management to recently make two major decisions,
heavy from organizational and financial standpgibtst
successful in terms of skills development. At tinel ©f

the 1990s, while the nuclear power plants of EDHE ha
several simulators on less than five French sitesas
decided a new distribution and the staffing of eakthe
twenty French nuclear sites of a full scale opatati
simulator: the investment has been considerablenTin
2006, the head management chose to expand this
educational action in other professions than opwyat
and piloting. While there were full scale mock-ups
intervention and maintenance personnel, it wasdgeci

to rig each nuclear plant of a full scale mainteran
simulator in so-called "chantieécole " structures: a
space of more than 2002mmeproduces an industrial
environment integrating different pieces of equipime
for intervention such as ventilation, pump, valves,
capacity, exchangewith or without fictive radiation
protection measures.

Quantifying the results induced by such actions is
difficult because they are always part of an acpan.
What can be rated is the result of all of thesentjoi
actions. To give just one indicator, since 2006 th
number of automatic scram for French nuclear power
plants has been reduced by more than 20%, which is
considerable.

4. The advantages and disadvantages (limits)

4.1.The several-days training session

Among the benefits of training on several conseeuti

days, we can point:

» The existence of a time of integration from one
session to another, a time of reflection. The
briefing, taking place just before the simulator
session is beneficial for any learning. The
production of the previous session remains present
in the trainegs mind and is reactivated by the
trainers at this particular time. This re-activee t
pilots attention on items selected in the debriefing
during the day before.

e The possibility of a progression on these days; for
example:

o D1 is to analyze a given problem according to
“solving problent method and to identify the
areas for progress,

o D2 is to try to implement what was decided in
the previous debriefing.
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o D3 is to work the transposition to another
situation,

This time of briefing just before the run on sintala
helps anchoring new practices thought during the
debriefing of the day before.
From the standpoint of learning and transferenasoim-
simulated operating situations, a several-days lsitmu
session is a real added value.

4.2.Fast kinetic and freeze option

The simulator also allows to vary the kinetic ofypical
phenomena in two senses: for the dilution prochas t
would take several hours for example, the traiseatile

to accelerate the simulation to fit the scenaridiine
limit for a run of 3 hours; similarly, for sometigdast, it

is possible to "freeze" the simulator, i.e. freethe
industrial process in the state so that the pitats take
the time to think about what is going on, and the
consequences of their actions or their non-actions.

If the benefit of such functionality of the simudat
(adjust the kinetic of phenomena) is immediatebible,

it must not be forgotten the possible drawbacks tiain
induce. Increasing the speed of the physical phenam
does not allow pilots to work the result of slowndidic.
For example, the reality of operation induces long
waiting periods during which the vigilance may damsh

to the point that the installation check-up by gilts
loses efficiency: a pilot must be able to work this
problem and this is not done if the simulator is
accelerated. By contrast, freeze the simulator dums
allow a pilot to work and try to catch up with the
immediate consequences of an inappropriate action.
Also, vary the kinetics of physical phenomena ig no
appropriate for the sessions called "involving in
situation”. They are adapted to the simulator sessat
technical learning phases (see section 2.5).

4.3.Transference

To help trainees, trainers follow the training extmin
from one to another by a FAP systefri¢he dAide a la
Progressioh in French), a support sheet for
improvement written jointly by trainees and tramer
They are individual, given to each, and must ensure
continuity of training on the simulator. For some
training, a contract of collective transferencevigiten at

the end of the 3 days. This document is the prgpafrt
the operating team. Trainers help in its draftiig.
gathers all the important points observed during th
session: good practices of the team on which ttay c
rely in their activities on a daily basis and therkvaxes

to improve. Must only appear on this document st
and findings observed and recorded by the team. The
team must feel free to use it or not. Some teams
incorporate the contents of this document in thesm
project, or use this document as a specific theme o
day dedicated to the organization analysis of ¢laent

4.4.Physical separation

The physical separation between trainers and dpgrat
team offers several advantages: it promotes the
involvement of actors in the situation, allows aldgue

between trainers without disruption or interferemgth
the actors of the team, and encourages taking riotes
the trainers.

4.5.Trainers’ background

One of the counterparts for an trainer coming fram
operating or maintenance profession is that s/inebea
engaged in technical discussions during the debgef
The difficulty is then to know how to keep the diste
necessary to not fall into such a trap. Howeveg th
solution cannot be the opposite, i.e. choose traindo

do not have such experience, as the job requiEsado

a legitimacy which will then not be acquired a piio
There is a need for the trainer not coming from the
operating professions to know a minimum of the
technical basis of these professions. S/He can win
legitimacy by the use of techniques or methods
appropriate to help actors to analyze their prastiby
her/his questioning. The fact that s/he is notestiln the

art of the professions gives opportunity for avalg and
productive questioning of the trainees.

4.6.Trainers’ training

When used by professionals of training, the trajnin
simulator is a remarkable tool. But as we have sten
technological tool is effective only in connectiavth
scenarii designed and built according to specific
pedagogical objectives taking into account specific
precautions. There is therefore a need of competenc
Having this competence is a real strength for the
organization but working without it can very quigkl
become a dangerous disadvantage: first risk cathde
deconstruction of know-how, of collective, even the
implementation of bad practices. Because even witho
being incompetent, trainers can generate resulis th
escape initially until their return via undesiraldeent
analysis.

5. Prospective conclusions
Proposing to conduct teams to work in simulated
situation contributes to make work activities where
practices are re-questioned, re-thought for a new
individual and collective development. This poirgt i
fundamental for the management of industrial risky
systems when research shows that management dgneral
tends to migrate to areas of less secure operdtiam
provided originally the designer. This type of naitjon,
well described by De la Garza & Fadier (2007), ban
induced, among others, by ignorance of some risks,
constraints of exploitation and production, and a
tolerance of the organization to accept exceedartpin
limits (the normalization of deviation suggested by
Vaughan, 1996 and 2005). Situation on simulataved|
to re-examine the relevance of the terms of actions
implemented by the actors in such a socio-technical
system.

However, the operator faces a problem of investment
because the simulators, technical objects driven by
calculator, are very expensive to purchase and to
maintain. Technological developments are yet taiced

this cost and open new perspectives. Some devsloper
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have designed hybrid systems that combine thespilot
work environment (real size control panels) andueir
image (the panel do not have any actual buttonidbut
itself a large on-touch LCD screen that duplicates
buttons and configurable indicators by simple congan

the screen). In parallel the Serious Games arelajeee
which immerses the trainee in a completely virtuatld
representing the most closely as possible thetyeafi
exploitation, or, on the contrary, presenting airdtfly
decontextualized environment. The cost reduction is
considerable because there remains only the ctdcuda

the simulator, the technical object becoming olisole
The question which must be asked is what is logh wi
such systems from the point of view of the inteigrabf

the know-how, because professional practice is not
incorporated anymore in the same way (Fauquet-
Alekhine, 2011c). This field remains to be explored
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