
COMMISSARIAT A L'ENERGIE ATOMIQUE - MINISTERE OES UNIVERSITY

Institut National des Sciences et Techniques Nude"aires

Saclay, le 6 sepxanbrs 1979

MANPOWER TRAINING AND DEVEUDPMDrr

FOR NUCLEAR POWER

E t . Bauer

Commissariat S 1'Er.ergie Atcndqus

Institut Natioral
des Sciences et Techniaues Nucleairss

B.P. n° 6
91190 Gif sur Yvette

France



1.

To speak of manpower for nuclear power is a hard
task : the first difficulty is to know the limits of the field
with which you are supposed to deal. For instance, to build a
reactor you need concrete, electric wires, etc... and obviously
the production of those components are not in the framework of
the exercise but you must not forget them.

Extracting uranium is certainly a key-point but (and
that is another difficulty we are going to meet again and again), a
country may want to extract uranium and realize a certain part of
the fabrication of the fuel elements without intending to build a
reactor, another country will want to build reactors without having
any ore.

One must realize also that it is nearly impossible
to have a part of the industry of a country building something as
sophisticated as a reactor ( or running it ) if the rest of the
industrial activities stay on a very primitive level. I am so con-
vinced of this last point that I think one of the main contribution
of a nuclear program is to increase the level of. the whole industrial
sector of the country.

I - REQUIREMENTS ( see Annex )

a) Before implementation :

The requirements of manpower for a nuclear program must
be considered much before the beginning of the implementation. It is
a.bit trivial, but necessary, first to know if a nuclear program is
really needed. It implies that one has knowledgeable people able to see
if the electrical network needs any increase of power of the order
of magnitude of a nuclear plant, if it is wise to have only
one of those plants, and to make the economic and financial studies to
compare nuclear with the other sources of energy; On this preliminary
work only can the decision maker be enlighted, not forgetting the
political parameters which are out of our subject.

To reach some valid conclusions one needs trained people
to have different point of views, discussions between them or with"foreign
experts.

When the decision is taken, lawyers will be needed ( all
this seminar shows you the importance of regulations ) but lawyers
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able to speak with technicians and to understand them, financial
experts, etc...

stage.
The insurance problem has to be dealt with at this

As it is certainly an important realization for any
country it could be wise to train people of the mass media to
understand the objectives and the ways and means that are going to
interest a big part of the citizens.

b) Implementation :

Then and then only begins the technical phase of the
program : one has to choose the family of reactors that will be
built ( light or heavy water, boiling or pressurized, e t c . ) .

For that,one- needs good experts in reactors that will be
able to tell the advantages and disadvantages of each sort of reactor.
Those will probably discuss with possible contractors of many developed
countries as well as with their own Government.

Everybody who has been involved in this problematic
knows how difficult are the comparisons. The simple fact of reading a
document such as those who are then proposed, means a lot of experience,
scientific and technical knowledge, etc... It is probably always dan-
gerous to be satisfied with the advices of a consultant : the knowledge
of the industry, of psychologic reactions, of the geographical and meteo-
rological conditions of one's country cannot be easily transferred.

When the sort of reactor is chosen, one wishes to know how
much the national industry can cooperate. Even in a turn key contract, the
local industry will be involved, even if only for the foundations.

A manpower program will have to be established and there I
can only ask you to look at the excellent work on that subject distri-
buted by the IAEA.

The implementation of this program will be so different
from one country to another that the flexibility of the manpower policy
will certainly produce different programs, all connected with the" IAEA
propositions.
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c) Where to find people :

The industrial manpower background will provide some
basic elements : in my country, at the beginning of our program,
we had in fact two main sources of manpower : the University and
the Navy. The first reactors that were realized were not power
reactors but the simple fact of building them has been in itself
a stimulating and teaching experiment : for the people caning from
the University, to speak on the industrial level was a new activity.For the
people of the Navy with their strict obedience to the rules and their
remarkable knowledge of mechanics, it was the first contact with
physics. Immediately after, when we came to power reactors the people
of Electricite de France joined the first team with all their skill
and their experience.

d) Prospection :

In those prehistoric times, we began to look for uranium
and you could meet in the wildest mountains of the Massif Central
young enthusiast people, just coming from the war, using Geiger Millar
counters built in Saclay. They worked under the direction of professors
of geology.

France at that time was a developing country in a very
poor shape : just to show you, I can tell you* that those' Geiger-ftfiller
counters were thrown through the window of a second floor ; if they
still worked they were sent to the rough hands of those young people
who had never made any sort of prospection.

e) Radioprotection :

The health physics must be also an early worry of the
people in_charge, that means that medical doctors and protection tech-
nicians will be trained knowing that they will have many problems inclu-
ding psychological ones with people who, because they are good physicists,
think (wrongly) that they know better.



II - MOBILIZATION OF THE EDUCATIONAL SYSTEM.

I do not want to review all the jobs that are needed
for a reactor power program, but one should not forget :

Trained people are valuable and it is not easy to keep
them around the reactor. We shall deal later with the sociological
problems that arose from that question, but that means that one has
to train again and again new people to come and take the place of those
who went.

It would be an error to think that it is a loss if a very
competent man,should it be an engineer or a technician, goes to another
industry because he will bring with him the unique qualities of care
and knowledge that he learnt. He will be valuable in his new field
of activity.

a) Schools :

But new ones must be available and the new ones are in
the school.

If the whole education system is not involved in this
national effort that is needed for the implementation of a nuclear
program, may be the most important result of the decision taken would be
lost : the rise of the general technical level of the country.

The whole system of education means not only the Univer-
sities but the technical schools, the high schools, etc ... Some basic
knowledge of nuclear energy can be given to many people at an early stage
a man who knows a bit will accept more readily this so-called mysterious
phenomena which gives electricity.

b) Technicians :

The technicians are going to play a very important role in all
the stages of the nuclear industry. Would they be chemists, electronicians,
metallurgists, welders, they will have to learn to work with the reliability
that nuclear energy implies, that will be fruitful, whatever their job will
be. One of the characteristics of a developing country is not to have good
technicians and not to give enough attention to the handicraft. It is
relatively easy to have good PhD coming out of prominent Universities, it
is more difficult and it takes more time to have solid foremen and highly
skLlle d technicians.
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To change this state of fact means a very strong will
and continuity, the creation of a new sort of teachers, investment
in workshops and the possibility for the students to go and work in
the existing industry under the supervision of their teachers. After
the school, the technicians must have salaries and consideration that
do not always exist, but an example like the Three Mile Island incident
shows the technicians can be more important than engineers,and that
must be reflected in the social status.

c) Engineers :

The engineer schools also will have to change their way
of teaching, the students must not only know the theoretical part of
their job, they must learn how to write reports, how to read them and
discover the weak points.

They must be able to speak on equal terras with their tech-
nicians and know that their job is not only in their office. The quali-
fications,the degrees, the state of mind of the engineers must be changed.
One has to teach them the sense of responsibility, the habit of receiving
and giving instructions, of seeing if they have been followed. That is not
easy.

d) Obstacles :

All that is more difficult in a country where the industrial
mind, that was so long to create in Western Europe and in US, does not
exist. The industry began roughly at the end of the XVIIIth century and
it took a lot of technical, philosophical and sociological reflexion and
history to reach the point where we stand and the jumps are difficult to
do. It is true that there is to day examples of industrial nations but the
ancestral habits remain and they are the roots of many intellectual
attitudes. Those roots must not be altogether cut and the time factor
cannot be avoided : recent examples show that when a government wants to
go too fast he is simply rejected, because to go fast is always rough
and the ethical or religious standards are strengths that you cannot
forget. Therefore, the key of the problem is in the education system so
that the young people in large number accept the new ideas and can keep
also the traditions that are at the heart of a nation.
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e) Transfer of technology :

Certainly a difficult point is the acceptance of the
transfer of technology. A country that wants to become nuclear will
need foreign help. The IAEA made a very big effort, created courses
for participants from developing countries. Many bilateral agreements
help the developing countries in forming the skilled people that are
needed, but there is a limit to what the developed countries can do.
For instance, the on-the-job training is always a very difficult opera-
tion : the crew on a reactor is very busy and what it does is very delicate.
People, not members of the crew, who are there just to leam can only be
very few. They must be accepted as colleagues but it is very difficult
to give them the responsibility of the reactor : an error is too dangerous
and costly. In the nuclear plants of the developed countries or in the
laboratories,it is always difficult and expensive to receive untrained
people even if those are only a fe.v. I know laboratories where the people
feel themselves overloaded by people from developing countries. What you
can do for some excellent engineers is much more difficult to do for
technicians. It is not a question of goodwill,it is not only a question
of money, it is a question of feasibility.

There are possibilities with simulators, etc... but in
France, for instance, the program of the simulator owned by Electricixe
de France is very loaded for the needs of the French nuclear program and
before coming to the simulator one needs at least one year of training
if one has worked on a classic power plant.

A foreign crew sent in a foreign country will stay only a
few years. The people of the country will be then let to themselves and it
is always a delicate operation.

The obstacles are not only in the developed countries :
in many developing countries, there are good people working in the indus-
try. Are they available to go for one, two, three years to be trained in
a foreign country ?

There again an educational system, serious, closely linked
with the industries, will be of a great help and if The trainers have
been educated also in developed countries they will be of an immense value.
But that also will take time and again and again we shall repeat that it
is never too early to begin to think about education.
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f) Socio-psychological problems :

hierarchy.
Another delicate problem is the problem of the social

I remember Joliot-Curie in his lab: he worked with his
hands, was on very friendly terms with the technicians and tried to
prorate the best of them so that they became engineers. In very few
countries, but they are the most impressive in their industrialisation,
a very good technician is as well paid as an engineer. But there are
great obstacles to that state of mind which is so vitally necessary T O
nuclear energy. That goes also for developed countries. I am not sure
that the Three Mile Island incident would have occurred with properly
•trained technicians.

If we speak so much of the educational system as a whole
it is because nuclear energy cannot be an isolated point of excellence
in a country. If something occurs one has to be able to call for help
people outside the plant. That is not an easy problem specially if,
because of the radioactivity,the workers cannot stay for mere than a few
minutes where the damage occurred. It is in those occasions thar
you can see that a University diplcma without industrial experience and
practice is not the only thing that is needed. What is needed is a wide-
spread knowledge as well practical as theoretical,ream spirit, people
who are able to obey and to have initiative in case of emergency : thar
means that they have not been oppressed by a too heavy hierarchy in their
normal work and that they trust and know the man who is above them.

I I

H I - CONCIUSION.

So one can see that to become nuclear does not bring only
kilowatts, it brings knowledge and skill in the whole industrial system
but it costs a very big effort. Nearly all the fields of technology will
be changed.

The nuclear quality, the nuclear reliability, the nuclear
purity, the safety will become average : that is what we see in our coun-
tries. Most of all, the training system will be changed.

Students and masters will certainly not forget the theoretical
aspect but the contact with industrial problems will give another dimension
to their work. The human relations during the work will be more stimulating
and an important step towards self-reliance will be accomplished.



ANNEX THE CASE OF FRANCE

The history of manpower and nuclear program
in France is a case study where figures are easily available thanks
to Electricite de France.

This program has been accelerated by the increase in
the price of fuel.

The orders to build reactors^ PWR )have been in :

1970 - 1 unit cf900 MWe
1971 - 1 unit of 900 MWe
1972 - 2 units of 900 MWe .
1973 - 1 unit of 900 MWe
1974 - 6 units of900 MWe
1975 - 6 units of 900 MWe
1976 - 5 units of 900 MWe

. 1 unit of 1300 MWe
1 unit of 1200 KWe

1977 - 3 units ' of 900 MWe
1 unit of .1300 MWe

1978 - 3 units of. 30Q MWe
1 unit of 1300 MWe

1979 - 2 units of 900 MWe
4 units of 1300 MWe

The objective being to have 195 TWh in 1985 ( 55 % of the
consumption of electricity and 20 % of the consumption of primary energy
in France ).

The decisions are taken at the levels of the Ministers, the
Government and the Parliament.

All the industrial structures in the field have been re-
shaped knowing that the field goes from the extraction of the ore to the
treatment of the wastes for the fuel cycle and, of course, the construction
of the reactors ( machinery included ).

Electricite de France (EDF) orders and has the responsibility
of the construction of the reactors and of their management. The Atomic
Energy Canmission (CEA) has the responsibility of the fuel cycle, of R and
D in reactors, and of the safety of nuclear plants.
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Fadioprotection is the responsibility of the
Ministere de 1'Industrie, the CEA and EDF.

Quality insurance and control are at every stage
the responsibility of EDF, not only fcr the material but for trie
maintenance, the training of the personnel, etc...

A national council of nuclear safety with working
groups is in charge of the creation and the application of the
administrative rules.

A reactor is allowed to go into operation after approval
by the Government of its characteristics.

As far as operation and maintenance of the plant are concerned
the Head of the plant has got the responsibility of the application of
the laws, of the safety and protection of his staff, of the wastes and of
the safety of rhe insrallations.

The supervision of the safety, the effect on the environment
during normal operation or in case of accident, etc... are handled by
special offices.

The forecasting of the behaviour to have in case of
accident is made by EDF and the Ministere de l'Interieur.

CEA.
The fuel cycle is the responsibility of a subsidiary of

A few thousands skilled scientists, engineers and
technicians work on R and D, both in EDF and CEA.

Construction of the power plants in 1979 = 90 000 persons.
' (4,5 % of the French

workers), coming
from EDF, CEA and
private industry.

They are working in various fields of action such as
core physics, radioprotection, mechanic, electric, civil engineering, etc.

The qualifications are :

- Engineers : 2 %
- Technicians 25 %
- Skilled workers 58 %
- Markers 10 %
- Administration, 5 %
etc.
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That is only the visible part of the iceberg. ..
It would be tccfdifficult to give the figures and the qualifications
of the people in-so many-firms who work for the construction and the
, maintenance of the reactors.

It is impossible to know the figures of the people who
"are going to work with the electricity coming "from_the_reactors. _


