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1. INTRODUCTION 

Thanks to its three reactors SILÛE (35 NW), NELUSINE (8 M O and 

SILOETTE (100 KW), the Reactor Department of the Nuclear Research Centre 

of Grenoble has gained a considerable experience in the operation and 

utilization of research and material testing reactors. 

With its important personnel and technical resources, it takes 

part, on the national as well as international level, in the following 

various activities : study and qualification irradiation of materials and 

fuels from the different lines of nuclear power stations, basic research 

using neutron beams as an investigation means, safety studies and tests, 

production of radio-elements and of neutron doped silicon, non destructive 

neutronographic tests, and training of the operating personnel of the 

power stations. 

Inside of this general framework, the Reactor Department of 

Grenoble has created, based on Siloette, an activity of training in reac

tor physics, which is running since 1975 to meet the important reeds gene

rated by the development of electronuclear power stations. 

Its essential goal is to provide an initiation to the basic phy

sical phenomena which determine the operation of the reactors. 

For that purpose, a rather comprehensive program of practical 

works on reactor (SILOETTE) and on nuclear power station simulators (PWR, 

UNGG) is proposed besides lectures and conferences (general and specialized 

teaching on the reactor operation principle, kinetics, dynamics and ther

mies. 

2. The SILOETTE REACTOR 

2.1. Main characteristics and uses 

SILOETTE is a pool type reactor with a power of 100 KW. The fuel 

used is enriched uranium in the form of U-Al plates. The proportion of ura

nium in the amalgam varies between 22 and 26 % according to the plates. 

• • • / • • • 
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b) Use 

Designed as a nuclear model for the research reactors SILOE 
and MELUSINE, installed at the same site, SILOETTE is used since the be
ginning for achieving studies and measurements on reactor cores (measu
rements of reactivity, fluxes, spectra, rod calibration, etc) and on 
associated irradiation devices (reactivity effects, flux depression, 
screening, etc). Series of tests on mock-ups are effected on request at 
SILOETTE, in connection with the experimental teams operating at SILOE 
and ICLUSINE. 

The equipment of SILOETTE with neutron beam tubes allows 
other applications that do not require large amounts of flux, such as 
neutronographic inspections or certain studies related to safety. This 
activity is performed in close connection with EDF, as part of a general 
training policy. 

The education concerns mainly the engineers and technicians 
assigned to take on responsibilities in power plant operation : 

- engineers, technicians, supervisors and section foremen of 
EDF, 

- engineers of the electronuclear industry (Framatome, Creusot-
Loire, Merlin-Gerin . . . ) , 

- students in Nuclear Engineering, of the National Polytechni-
cal Institute of Grenoble (Atomic and Electronuclear Enginee
ring sections), and of the University. 

Substantial efforts are also made for setting up probations of 
the same type for the benefit of engineers, technicians and students from 
foreign countries . 

Thanks to its equipment and to the qualification of its person
nel, Siloette deals also with numerous activities related to training, si
mulation, reactor safety and operation problems, such as : 

- computer aided teaching, 
- educational research, 
- study of the human factors in the nuclear power plant ope

ration, 
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- study of protection systems for the reactor control panels, 
- development of simulation software packages adapted to spe
cific problems (incidents, accidents, . . . ) . 

Experiments in the reactor core itself can be carried out 
under almost ideal conditions : little background noise, no disturbance 
due to environment, unlike what can occur in an experimental reactor fit
ted with numerous devices, very accurate operating steps, with very quick 
power rise and fall. 

2.2. SILOETTE, training reactor 

The pool reactor SILOETTE is particularly suitable for trai
ning. In fact, this application has become its main activity. The fissile 
core remains visible during operation, and handling is very simple and 
can be directly observed by the trainees. The control panel is located 
inside the enclosed chamber containing the pool, which allows watching 
the manoeuvres being carried out and the recording of their effects on 
the neutronic channels. 

Every practical work session is arranged for a team of 5 or 
6 trainees (a voluntary limitation for pedagogical reasons and safety 
conditions inside the reactor). 

Several series of practical work are proposed : 

- Approach to criticality : 
- research of the critical mass by loading fuel elements, 
- research of the critical position of the control rods ; 

- Flux and power measurements : 

- vertical flux distribution with or without disturbance 
(display on a multichannel recorder), 

- transverse distribution in the median plane with various 
media (fuel, water, aluminium, ...)'» 

- Reactivity measurements : 

- calibration of the control rods by different methods (pe
riod or reactivity meter), 

• • « / • • • 
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- worth measurements of fuel elements, 
- reactivity balances. 

3. ASSOCIATED PWR-PLANT SMJIATORS 

3.1. Objective 
It is an electronuclear power station simulator intended fcr 

the initiation of the trainee to the main physical functions that determi
ne the behaviour of a nuclear boiler. Thus, only the main control instru
ments of the simulated power plant that are necessary for comprehension 
appear on the control desk. 

From this viewpoint, the objective pursued is different but 
complementary to that of a control room simulator (like that of Bugey -
EDF), whose purpose is to try to impart reflexes for the operation of the 
reactor. 

The first version has been put in operation in 1976, and has 
been re-shaped in 1979. On EDF's request, and in view of parting the trai
ned teams so as to reduce them to only 3 or 4 people, the installation of 
a second desk is in progress, and should be completed by the end of 1983. 

3.2. Composition of the simulator 

The simulator comprises : 

a) a digital computer GOULD, type SEL 32.87, with a 32 bits ̂ J 

memory of one million bytes. It solves permanently in real time (and if 
necessary in accelerated time) the various equations involved in the si
mulation of the power plant, with FORTRAN programs. 

Two types of operational procedures have been accepted : 

- zero-poweT operation (warm stand-by) : kinetic model simu
lating only the reactor, 

- powered operation : dynamic model simulating the whole 
plant. 

On the other hand, test programs allow to check the proper 
operation of the whole chain-computer, interface, console. This computer 
is particularly suitable for simulation tasks (real and accelerated time). 

•••/•#• 
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Fuxthenpore, i t s capacity allows i t to support three desks simultaneously 
(2 PWR and 1 UNGG). I t is worth to be noticed that the computer remains 
available, between the training sessions, for classical scientific calcu
lations. 

b) a control and display console. I t includes the main con
trol organs (selection and movement of the rods, charge take-up or drop, 
concentration, dilution of the boron in the case of PWR). 

The main parameters which allow to follow the evolution of 
the reactor operation are displayed from voltmeters, one-way and two-way 
recorders, plotting table and graphic recorder BENSON (delayed working). 

c) a console/computer interface. I t achieves the acquisition 
of the digital data coming from the computer. The handling of these data 
by microprocessors allows to select the part of the desk to which infor
mation is transferred. In the opposite way, this interface transfers to 
the computer the data coining from the control organs of the console. 

5.3. Simulation programs 

a) Çh^raçtenstiçs_of_^_PW^rogram 
The simulation program allows the study of the opération of 

a power plant, either in real or in accelerated time. The model used des
cribes the main organs of the plant which are necessary for the calcula
tion of the main physical parameters : 

- the reactor (pinpoint model, infinite size, including core 
neutronics and theimics), 

- the primary piping (assimilated to a delay), 
- the steam generator, 
- the control channels : 
. control of the average temperature by the control rods, 
. control of the steam bypass of the turbine. 

A small number of safety devices and operation limits have 
been accepted so as not to complicate the console. 

b ) Ty_2ical_exerçiçe)S 

Several sessions of practical works or exercices on the reac 
tor operation can be achieved starting from the PWR simulation program : 



- kinetics of the cold reactor, approach to cri t icali ty, 
with research of the cri t ical boron concentration, 

- calibration of the control rods and Of the boron, 
determination do the integral and differential worth of 

the clusters, as well as of the differential worth of the boron, by ap
plying the same procedures as for the plant warm testings. 

- temperature effects : showing up the Doppler and modera
tor effect due to power variation, influence of the value of the tempe
rature coefficient of the moderator on the reactor's behaviour, showing 
up the reactor's autostability. 

- contractual charge variations - is le t effet 
charge variations with and without automatic control by 

means of the control rods, study of the steam bypass circuit for impor
tant charge variations, up to islet effect. 

3.4. Installation in progress of a second PWR simulator desk : 

Though the basic design is the same as that of the first 
desk built in 1979, the developments achieved during the last years in 
the field of simulation have been integrated, namely : 

- compact and up-to-date presentation, 
- dynamic synopsis of the power plant, 
- display screens, 
- output on graphic colour console. 

4. THE POWER PUNT CONTROL SIMULATOR U.N.G.G. 

4.1. Principle 

On EDF's request, a control simulator, LNGG-line, has been 
built in 1982. It is an educational tool assigned to the training and the 
readaptation of the plant operating personnel. 

Simulation allows : 

- a representation of the essential elements of a power plant, 
and of their interactions ; 
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- to operate the plant in real tine (the phenomena develop 
at the same speed as in real operation), to observe very rapid transients 
at slow-motion speed and slow proceedings at accelerated speed ; 

- to study a very wide range of normal or incidental situa
tions ; 

- the permanent visualization of basic physical magnitudes ; 

- to study at the end of the session (delayed output) the 
variations of a l l parameters of interest ; 

- to take the operator's actions into account ; 

- to introduce a series of errors or anomalies during the 
course of the simulation. 

4.2. Design 

The simulation system comprises : 
a) the computer SEL 32.87 already mentionned, 
b) the control desk. The control desk unit mesures the simu

lation management, the display of the physical values of the plant and the 
intervention of the operator on the simulated process. It comprises three 
different parts : 

- the control block, representing schematically the control 
desk of a UNGG-line power plant, which allows to perform the functions se
lected for the simulation ; 

- a display unit, made of four standard recorders, for the 
visualization of internal variables or of any other variables edited, to 
be selected by the operator (Doppler effect, xenon, ...) ; 

- the monitor's desk, used for the management of the simu
lation and the Introduction of the errors and incidents to be studied. 

Four versions of this desk exist, corresponding to the four 
UNGG reactor types in use at this time : 

- Saint-Laurent des Eaux, 
- Qiinon 2, 
- Chinon 3, 
- Bugey 1. 
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4.3. Simulation programs 

We give hereunder the list of the main modules used for the 
simulation of a UNGG power plant : 

- neutronics : two kinetics modules will be used to treat 
the power generation of the reactor : 

. pinpoint kinetics, 

. space kinetics in 2 D geometry (R,6) and (R,z), according 
to a lay-out ensuring a satisfying representation of the phenomena of 
power space variations. 

- core thermies : this module describes the heat transfer in 
the fuel cartridges (uranium, can) and the heat carrier. 

- thennohydraulics of the exchanger : this module handles the 
heat transfer from the (£2 to the secundary fluid in order to generate 
steam. 

The combination of these different modules allows to treat 
the main operation phases of the power plant. 

5. OTHER EDUCATIONAL MEANS 

Besides of the Siloette reactor and the simulators, the trai
ning center disposes of additional pedagogical means, as well practical 
as theoretical. 

5.1. Specialized courses and lectures 

The scientific and technic potential of the Nuclear Research 
Centre and of the University of Grenoble comprises a great number of 
lecturers on topics as different as the following : 

- controlled fusion, 
- cell biology and influence of irradiation, 
- structure materials, damages, 
- protection against radiation, 
- safety (checking, rules), 
- characteristics of the different lines, 
- fuel cycle. 

••*/••• 



5.2. Video filins 

Video films and video tape recorders are more and more fre
quently used to illustrate certain aspects of the training at SILOETTE. 
An already consistent video films library has been built up in the mean
time, covering as well general problems ("electranuclear for all") as 
particular aspects (safety circuit or chemical and volumetrical RCV cir
cuit of the PWR 900 Mfe) or the simulation of plant operation accidents 
(type T.M.I.). 

5.3. Computer aided training 

Through the channel of EDF, SILOETTE disposes of "C.A.T." 
consoles allowing the trainees to study, or revise, by themselves or with 
the assistance of a monitor, given parts of courses or practical works. 

Very elaborate programs related to the PWR are available, 
corresponding to several hundreds of teaching hours. 

Programs of the same kind, though of smaller range, are 
being developped about the UNGG line at the time being. 

6. APPRAISAL OF THE EDUCATION 

6.1. Importance of the probations 

The constant increase of the trainees number since 1975 
reveals the impact of this training. 

Year Number o f 
1975 160 
1976 210 
1977 270 
1978 350 
1979 375 
1980 400 
1981 425 
1982 450 
1983 575' 

::In the training schedule for 1983, appears a new population of trainees, 
namely operators of the UNGG line (about one hundred), as a consequence 
of the operation simulator being put in service. 
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The training sessions are organized in accordance to the 
profile of the trainees, and they last from one to several weeks. 

6.2. Personnel assigned to the training 

The good functioning of this training centre is based among 
other factors on the polyvalency of the Siloette personnel (reactor opera
tors, physicists, instructors). 

A staff of about fifteen persons is necessary for operating 
and leading the centre. 

According to the program of the sessions, lecturers from 
outside (from the Uràversity, the C.E.A., E.D.F., the relevant ministries) 
are occasionally called on. 

6.3. Pertinence of the training 

The main conclusion of the experience acquired in this field 
is that a complete education of reactor agents cannot bypass any stage : 
first of all basic theoretical teaching, then comprehension of the prin
cipal physical phenomena involved in the operation of a nuclear boiler, 
with application to the assigned reactor (900 Mfe, 1300 Mfe, UNGG), and 
finally the retention of the knowledge and maintenance of the know-how. 

The complementary nature of the means (training reactor, mu-
tifunction simulators : comprehension, acquisition of reflexes, specific 
circuit, theory, diagnosis assistance, . . ) , as well as the systematic re
petition of the lessons, seem to be the most suitable means. 

The harmony existing between the educational cycles organi
zed by EDF and the training practised at Siloette gives evidence of the 
pertinence of the means used, and guarantees the quality and efficiency 
of this education. 

7. STUDIES, DEVELOPMENTS, PROSPECTS 

7.1. Study of the human factors : the simulators used in France provide a 
complete or partial representation of the power plant. They have been 
designed for training purposes and consequently cannot be used as setting 
tools of ergonomie pictures. Specific studies (on particular circuits, such 
as RCV) have been made in order to test the reaction pictures immediately, 
in view of checking : 
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- the good comprehension of the incidents by the operators, 
- the rapidity and accuracy of diagnosis, 
- the rapidity of the operators' interventions, 
- the rapidity of acquisition of the piloting techniques. 

These studies are part of the general conception of the fu
ture power plant control rooms, the so-called "integrated data processing 
control rooms". 

7.2. Developement of the simulation programs 

Great efforts have been undertaken to develop the simulation 
software packages. Let us namely mention : 

- tri-dimensional representation of the core (instead of pin
point representation), 

- grey-mode piloting, 
- the representation of the 1300 Mfe units. 

7.3. Sessions for the benefit of trainees from fcreign countries 

Numerous sessions have already been organized, or are plan
ned, to the benefit of foreign trainees (Belgians, Spaniards, Algerians, 
Englishmen, Koreans, . . ) . The experience gained and the good results ob
tained will lead to ijnportant further developments in the future. 

8. CONCLUSION 

The training activities of the Reactor Department of Greno
ble draw their original features and efficiency from the equipment (reac
tor and simulators) on which they are based. 
8.1. The reactor. With the passing years, the interest of a reactor of the 
SILOETTE type is more and more appraised. It is a powerful tool for disa
busing of the idea of the nuclear, with a low operating cost, a flexible 
use (subject to none of the disturbances caused by the multiplication of 
irradiation experiments like in a test reactor), which allows profitable 
activities to be developped. The possibility of harmonizing training and 
research activities, as well as physical studies based both on calcula
tion and measurement, is also a valuable asset. 
8.2. The simulators. Born of several years' experience in training in 
close collaboration with EDF, the simulators represent irreplaceable ins
truments in the electronuclear field. They have become nowadays relati
vely cheap tools, easily reproduceable, of flexible and relatively simple 


