














and prevent them from meeting. The method of bom-
barding deuterium or tritium targets with a deuterium
beam will not work either, as most of the energy of the
beam is absorbed by the electrons of the target atoms
rather than by their nuclei. The method which thus seems
to be richest in promise consists in confining D or T
within a restricted space.

It is of course not enough to confine the D or T atoms
and keep them together; their nuclei have also to be
brought up to the required energies, which are of the
order of 100 KeV. When we talk of energy in this context,
we mean energy of motion or kinetic energy. According
to the well known molecular theory of heat, if a certain
amount of gas is confined in a vessel and heated, its mole-
cules are brought into a state of greater and greater
agitation. On a more practical plane this agitation means
a rise in the temperature and the pressure of the gas.
Thus if we were to carry out an experiment starting with
a certain mass of D in, say, a steel pressure vessel, we
should have to heat the gas to a temperature of hundreds
of millions of degrees centigrade before the kinetic energy
of the D nuclei were sufficient to bring about fusion
reactions at an appreciable rate. Then obviously the ex-
periment would be nonsensical from the very beginning
as no steel vessel, in fact no vessel of any material known
to us, would stand up to these conditions. It must also
be pointed out that at these high energies the atoms
would have gone through a certain change; initially the
D atoms would consist, quite normally, of a positively
charged nucleus and a negatively charged electron, but
the high energies we are thinking of in order to make
fusion possible are substantially higher than the energy
which binds the electron to the nucleus, with the result
that the atoms would be ionised, 1.e. “‘shorn’ of their
electrons. Our gas having therefore become a “‘mixture”
of ions and electrons we should be in presence of a kind of
fourth state of matter, a fully ionised plasma.

A way towards a solution: Magnetic fields

It has already been shown that the use of material con-
tainers for confining the plasma is out of the question.
However there 1s a consolation; the separation of the
nuclei from their electrons means that all the particles
making up the plasma are charged either positively or
negatively, and hence the way is open for the use of
electro-magnetic fields. The confinement effect of a mag-
netic field can be considered in two ways. If attention is
turned first of all to the behaviour of the individual par-
ticles, it can be noted that they whirl round the lines of

force of the magnetic field along what is roughly a helical
path (see Fig. 1). On the other hand if a macroscopic
instead of a microscopic view of the phenomenon is taken,
it is observed that the magnetic field, if it is given a suit-
able shape, produces a pressure which is capable of
balancing the pressure of the plasma.

Fusion’s “energy balance®

Different shapes have been proposed for the required
magnetic fields but, before showing something of the con-
figurations which are at the moment the subjects of ex-
periments, it is worth commenting on what might be
called the “energy balance” of nuclear fusion devices in
general. This “energy balance-sheet”, like any balance-
sheet, covers a certain space of time and shows on one
side the amount of energy derived from fusion reactions
and on the other side the amount of energy which it has
been necessary to put into the system to make these
reactions occur.

This confrontation of output with input is not of course
restricted to thermonuclear fusion. It can be made in the
case of familiar processes such as ordinary combustion.
The combustion of a piece of coal, for instance, is in
actual fact a kind of fusion process, with the difference
that molecules are involved and not nuclei. It is known
to all who have made attempts to light a fire, especially
if their attempts have been unsuccessful, that it is not
enough simply to bring the coal into contact with air,
but that it is necessary to ignite it. This involves supplying
a certain amount of heat for the sole purpose of bringing
the coal and air up to the “‘ignition temperature”, i.e. to
the temperature where self-supporting combustion can
take place. Before the ignition temperature is reached,
the energy balance is very unfavourable: of the heat ab-
sorbed by the fuel and air, some is lost to the surroundings,
some is used to evaporate the water in the coal etc., and
what is retained, although it contributes to raising the
temperature, hardly pays any dividends in the form of
actual combustion. When the coal actually starts burning
the books are exactly balanced; enough heat is being pro-
duced by the combustion reaction to make up for the
losses incurred, and the reaction is therefore self-sup-
porting.

This is not quite the complete story, as we have been
talking only of the ¢nternal energy balance of the com-
bustion process; if we really make a complete inventory
of input and output, we have to take into account such
items as the amount of fire-lighter which has been wasted,
the amount of energy used in fanning the fire etc. In















of efficiency. Heating the plasma is no problem in the
case of this device since the particles can be injected with
a sufficient velocity for the plasma they form to have a
temperature of a thermonuclear level. The success of the
device depends on obtaining a high density plasma, and
this in turn depends on the intensity of the ionic stream
which can be supplied from the source and on the effi-
ciency with which the particles can be retained in the
plasma.

A second way of feeding a magnetic mirror geometry
consists in using “plasma guns’’ which produce high velo-
city plasma jets. Different devices, some of a novel charac-
ter, are being tested in Fontenay-aux-Roses. The jet
enters the magnetic mirror system from one or both ex-
tremities, and some of the particles, after colliding with
each other, are retained in the magnetic field. The result
is a low density and low temperature plasma. Immediate-
ly afterwards, a rapid rise in the intensity of the magnetic
field and consequently of the pressure exerted in the
plasma, leads to an increase in density and temperature.
One of the more important devices of this type, christened
DECA (Dispositif Experimental Compression Adiabati-
que), has been completed and is being tested at the mo-
ment in Fontenay-aux-Roses (Fig. 6).

Frascati

In Frascati, where the work of the Euratom/CNEN as-
soclation is being carried out, experiments are based on
a different method (so-called 8-pinc). The magnetic field
is similar in shape to that shown in fig. 4 but the device,
instead of receiving high energy particles from an outside
source, contains, inside a glass tube, low-pressure pre-
ionized gas; the magnetic field is stabilized in a very
short time and compresses the plasma, thereby generating
shock waves which heat it and ionize it further. This
principle has already been used in the “Scylla” experi-
ments in Los Alamos (hence the Frascati experiment’s
name “Cariddi”) and has made it possible to obtain
short-lived plasmas but at high density and temperature
conditions. In “Cariddi” the coil is split into six sectors
and it is this feature which is responsible for the quicker
build up of the magnetic field and the greater intensity
and uniformity of the electric field (Fig. 7).

Finally, still in Frascati, a special group is investigating
the possibility of realizing plasmas of an even higher
density than in the case of “Cariddi”. This increase in
density is achieved at the expense of the duration of the
plasma, which is even shorter-lived. The attainment of
a positive energy balance depends directly both on the

plasma’s density and on its duration; it is therefore quite
justifiable to admit the decrease of one factor as long as
the other is increased correspondingly.

Fig. 8 shows the kind of arrangement envisaged: a layer
of plasma, created initially near the walls of an evacuated
cylindrical vessel, is driven by a magnetic field against
the axis to form a thin pencil of plasma. The experiment
has been given the name of MIRAPI (MInimum RAdius
PInch). Concurrently another experiment is under way
whose object is to produce a machine capable of pro-
ducing the enormous magnetic fields (of the order of 10
million gauss) which will be needed for confining a plasma
of such high density. This part of the research task has
also been christened: it 1s called MAFIN (MAgnetic
Field INtensification).

It is not our intention to describe here all the other ex-
periments, perhaps smaller in size, but no less important,
which are being carried out within the framework of the
two contracts. Their object is the measurement of funda-
mental quantities, and the detailed study of certain funda-
mental phenomena, such as the interaction between a
beam of particles and a plasma etc. A considerable part
of the work is also devoted to the development of different
observation techniques, electrical, photo-
graphic etc., whose frequent and skilful use is essential to
a full understanding of the phenomena involved. As in-
stances we can quote the use of cine-cameras capable of
making several pictures within a millionth of a second,
and the development of micro-wave generators operating
on wave-lengths as small as 2 mm.

magnetic,

Garching

As for the Munich-Garching laboratory, its work will in-
clude the study of 8-pinci devices, several of which are
already in operation or under construction. Particular
attention will be paid to mysterious shock-waves which
it might be possible to put to good use, for instance for
heating the plasma. As for the rest of the programme, its
object is not so much the study of particular devices as
systematic research into the physical properties of a plas-
ma. Thus investigations are being made into the diffusion
of plasma across the lines of force of a magnetic field, into
the waves which can propagate through a plasma etc.
Finally special mention must be made of the German
research group’s theoretical work, centred on an under-
standing of the various macroscopic and microscopic
phenomena involved. In this field the physicists of the
Garching-Munich laboratory have already made contri-
butions of considerable importance.












A general view of one of the four establishments of Eura-
tom’s Joint Research Centre: ISPRA
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exercise an influence over every department, but his
authority is confined to “‘projects”, which are horizontal
operations cutting across the specialized vertical activities.
This applies when the organization comprises only one re-
search centre, in which case the director of research is also
the director of the centre. When there are several establish-
ments it is the central director who controls the projects.

The local director has in any case complete authority over
the administrative departments, which must be limited,
and put at the disposal of the active departments. The
latter will then feel they are being helped and supported
and the centre will enjoy a harmonious balance. It is far
too often the case that the administrative departments
direct the director. The establishment is then in a per-
manent state of guerilla warfare and subsists only through
clandestine administrative circuits. It is ruled by a true
organizational black market.

In large establishments there is an inevitable tendency on
the part of functional units toward isolation. Beating down
partitions as fast as they form is a task which makes a
Sisyphus of the director, but it is an essential part of his
work. He can only succeed in this by knowing what is
going on in his establishment, a necessary condition of
which is his skill in making himself into a familiar and
welcome figure in all departments, including those whose
activities are scientifically foreign to him.

5. At the very least he must have to
his credit a notable achievement as a
technician or engineer.

6. To take purely classical instances,
see Stendhal (Henri Brulard) or Ger-
hardt (Correspondence with Laurent)
where comments of quite a disillusi-
oned nature can be found on the char-
acter of certain scientists of undoubted
standing. . .complete with examples!

At the same time he will be able to exercise his influence
in order to maintain a certain balance between the tasks
which are strictly within the programme and the flights
of fancy which are essential to the intellectual health of
the establishment.

I1. Programmes and financial control

In our countries most large research establishments are
not in a state of stability; they have not even, in general,
reached their cruising speed. They are in rapid expansion
and hence require a special kind of management.

At any rate they are not suited to the old-established
methods of yesterday, firmly upheld by tradition. This is
particularly true of state organizations which super-
visory bodies endeavour to maintain or squeeze into
moulds which would burst but for the iron hoops of
regulations. The United States solve the problem by
farming out to private companies the management of
national centres. This method sometimes fills me with
nostalgia, but its importation seems to be prohibited in
Europe (except perhaps in Germany).

An a priori control by an authority devoid of executive
responsibility is illusory. The only sort of effective control
is that which results from a wise distribution of authority
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break out). I organized on the spot a round-the-clock effort to recover the
water by distilling it from the sodden mica. This could perfectly well have
waited, but for a staff anxious to get down to work, waiting impatiently for a
programme, this break in the routine acted as a tonic.

IV. The research-worker’s selection and his career

“The need was for a calculator,

A dancer was appointed”’,

says a French classic. Speaking from “inside” the profession, Bradley is said to
have advised Queen Elizabeth the First, for the same reason, against filling
the post of Astronomer Royal.

The coming into being of large institutes of research has forced the research
worker out of the kind of monastic existence which was his lot before. Auto-
selection, once founded on the certainty of living in modest circumstances but
in freedom, supplied to research, in acceptable numbers, both efficient enthu-
siasts1? and timorous eccentrics.’®> This does not satisfy modern needs any
longer. The need for auxiliaries at all levels and the increasingly important
part played by research in every-day life have made the unworldliness of the
research-worker out of date. Furthermore the very name ‘“research-worker”
is tending to convey a different meaning, particularly because of the ever-
growing importance of team-work as opposed to isolated action. These changed
requirements, coupled with the sheer increase in numbers, make spontaneous
selection out of the question and raise specific problems of personnel ad-
ministration in research.

One of these problems frequently finds a convenient but pernicious solution
and consists in the failure to distinguish between the research-scientist as such
and the engineer. Indeed both are to be found in research centres and they
normally work together, so that the superficial administrator tends not to be
clearly aware of this distinction. This gives rise to a certain amount of friction
between individuals, but it especially creates the risk of fundamental mistakes
in the allotment of tasks. These mistakes could easily sterilize a research centre
by seriously upsetting the above- mentioned balance between, on the one hand
what might, even in the scientific field, be called production tasks, inasmuch
as they lead with almost complete certainty to results, and on the other the
bolder and more risky ventures. To use what is by now well-established termi-
nology, the equilibrium between research and development would be upset
to the advantage of the latter.

It is therefore necessary: to distinguish the inventive research-scientist from the
efficient engineer and from the good technician; to recognize the comple-
mentary nature of their functions and to bring it home to the persons con-
cerned; to trace out well-defined careers for them, in such a way that their
essential equivalence is made clear.

It is useful to refer to the report by Hilberry, mentioned earlier, for
the description of a system of personnel management in large research
establishments.

Personnel selection and administration in large research establishments would
be better understood if a few establishments of this type consented, with
the cooperation of their staff, to carry out a continuous study over an

11. This is a particularly sensitive point

in atomic energy.

12. There will always be people like
Bernard Palissy, ready to burn their
furniture (G. Urbain, “Les disciplines
d’une science, la chimie”, foreword

1924).

13. A late acquaintance of mine, a
chemist turned astronomer, stated that
it was the study of secondary school
staff promotion lists which drove him
into the latter profession.

14. Besides, any establish t of more
than 100 people should put at the
disposal of its staff outside working
hours a good psychologist or psychi-
atrist, with all necessary guarantees as

far as the management is concerned.
This visible expense would certainly,
I think, produce large invisible savings.
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attempt will be made in the DRAGON reactor to transform
heat into electricity; the heat will merely be rejected to
the atmosphere. This is because the main scope of the
reactor facility is to study the specific problems of design
and construction arising from the use of high tempera-
tures, and to examine the behaviour of materials and in
particular of fuel-elements during the operation of the
reactor. [t is considered that the generation of electricity
would not present any particular difficulties as use could
be made of the most modern conventional steam or gas
turbine systems.

A reactor project similar to DRAGON is under way in the
United States, namely the General Atomics-Philadelphia
Electric project, also known as the Peach Bottom project.
This plant will generate about 100 MW of heat and
40 MW of electricity and is planned to come into opera-
tion early in 1964. Between the two projects an agreement
for exchanges of information and personnel has been made
in order to coordinate the common efforts and therefore
save time and money.

I think it worth while to mention that all the information
on research and development and on the engineering of
the brRAaGoN Project is disseminated to the Signatories by
means of reports, memoranda and symposia. In addition
all main contracts for reactor components and for re-
search are distributed in the different countries. It can
thus really be said that all the Signatories participate
actively both in the realization of this particular plant
and in the development of high temperature reactors in
general.

The Problems

What are the new problems presented by this type of
reactor? They are manifold, but can be grouped under
two main headings:

High temperature is the first one: materials have to be used
which not only can withstand the high levels of tempera-
ture involved, but are compatible with each other.
Disposal of fission products is the second heading, the diffi-
culties which it creates being a direct consequence of the
nearly ubiquitous presence in the reactor core of graphite,
an essentially porous substance.

The pracoN reactor is indeed basically of the graphite-
moderated gas-cooled type which is familiar to many, but
once this has been said the recital of its similarities with
the current generation of gas-cooled reactors is almost at
an end. As we shall see, the coolant is not to be carbon
dioxide, and the design of the fuel elements will be entirely
different.

The Solutions

1. Helium

In order to secure an outlet temperature of 750° C for the
reactor coolant, the surface temperature of the fuel ele-
ments will have to exceed 1000° C. At this level of tempe-
rature most of the gases which could be used as coolants,
such as carbon dioxide, would react with graphite, and
it has therefore been necessary to decide in favour of a
compatible gas, namely helium. There still remains the
possibility of attacks on the different materials used in the
system by the chemical impurities present in the helium
coolant. In order to reduce this effect to a minimum, a
small part of the total gas circulating is to be continuously
by-passed through each fuel-element and cleansed in
a purification plant. At the same time the helium will be
purified of the highly radioactive fission products in order
to control the contamination of the primary circuit of the
reactor.

In order to prevent the escape of any radioactive gas
from the primary circuit a high standard of leak-tightness
has been adopted; the maximum allowable total leakage
has been fixed at 0.1%, per day of the amount of gas
contained in the system. This exacting requirement has
led to a substantial amount of research and development
work over the design of the primary circuit components
as a whole, and in particular of the pressure vessels,
valves, heat exchangers, helium circulators, flange joints,
penetrations of cables and wires for power supply, etc.
The experimental information already available actually
confirms that it will be possible to remain within the
limits imposed for leaks.

2. Graphite

It is normal in the gas-cooled reactors at the moment
under intense development, in such countries as the
United Kingdom and France for instance, to use fuel-
elements consisting of natural uranium rods contained
in metal cans, one of the purposes of these cans being to
prevent fission products from escaping. In the case of
DRAGON, metals are ruled out from the hottest region of
the core for the simple reason that they would either
melt or be very near to melting at the high temperature
levels involved. The design of this type of reactor is there-
fore based on the idea of having a core made of ceramic
or refractory materials such as graphite without using
metallic canning. As the few metals which would have
been eligible have high neutron absorption cross-sections
in comparison with graphite, this solution has the ad-
ditional advantage of making for neutron economy. The















radiations is of two fundamentally different types. These
are somatic lesions and genetic lesions.

It is mainly the first type—to be more precise, a rather
special case of it—with which we shall be dealing here.
Before doing so, however, let us briefly explain what is
meant by a genetic lesion.

Biologists to-day admit that ionizing radiations are ca-
pable of attacking, at one point or another, one of the
forty-six chromosomes contained by each of our cell
nuclei. When a chromosome is thus affected within the
nucleus of a reproductive cell a local change takes place
in the structure of the substance of which it is composed—
basically, deoxyribonucleic acid (DNA). Now the structure
of this DNA is, as it were, the code used by nature to
record the information showing the way in which the de-
scendants of the subject will develop: in short, the heredity
of his line. If this structure is altered, the result is a
mutalion, i.e. a sharp change in the morphological features
of his issue.

Unfortunately, experience shows that the vast majority
of such mutations are unfavourable: a mutant is, statis-

tically speaking

g, handicapped—tainted—in relation to

normal persons.

Crime against Future Generations

Numerous laboratory experiments and observations car-
ried out on the children of irradiated human beings—in
particular at Hiroshima and Nagasaki—have shown that
various malformations, of varying degrees of seriousness,
liable even to cause death and mental debilities were to
be feared in cases in which the parents had been exposed
to intense irradiation.

There are too many gaps in the factual material available
at the present time for us to be able to determine quanti-
tatively the laws which govern these phenomena—
(ionizing radiations are far from being the only known
mutagenic agents)—but most biologists and geneticists
agree as to the major importance of the process. Jean
Rostand has gone so far as to employ the expression
“crime against future generations”. He maintains that
man has to-day achieved the dismal feat of making it
possible to injure generations yet unborn.

Structural Destruction and Functional Modifi-
cations

But, as said above, we are mainly concerned here with
somatic lesions, i.e. alterations which may occur in various
locations but the effects of which are felt by the actual

organism irradiated. These effects may range from a
specific cell to the entire organism. The somatic conse-
quences of irradiation may be divided into two main
classes, namely structural destruction, i.e. alteration of the
very matter of the part affected, and functional modification,
1.e. change, generally harmful, in the “physiological be-
haviour” of the organ in question. Thus it has been pos-
sible to bring to light the effect of irradiation on the
growth and reproduction of the cellular lineages, the
embryonic development, the functioning of glandular or
nervous centres of certain organs, or even of the organism
itself.

Let it be added that, although such effects are invariably
deleterious, they can nevertheless in some cases be re-
paired or offset, living matter being sometimes capable
of a certain ‘“‘radioadaptation”.

The location on which the ionizing radiations impinge
and the seriousness of the lesion induced depend on a
variety of factors: the intensity, energy (technologists say
“hardness’) of radiation, duration of irradiation, internal
or external situation and physical state of the emitting source.
Not all tissues, indeed, are equally radiosensitive: if the
genital organs seem to suffer particularly, the liver, on
the other hand, appears to be remarkably ‘“radiore-
sistant”. The liver tissue, in fact, shows a marked capacity
for recovery.

Total Irradiation—Cause of Various Cancers

When it is not any particular organ but the entire organ-
ism which has been irradiated, the term fotal irradiation is
used. In such cases, specialists look for three symptoms,
le.:

1° disturbances in the blood : the haematopoiesis (production
of blood corpuscles in the marrow of certain bones) has
been altered and a red corpuscle count will show the
extent of the damage.

2° inlestinal disturbances: the intestine is affected by an
infection due to the more or less complete destruction of
the phagocytes (white corpuscles capable of destroying
agents of infection).

3° decrease in the production of specific antibodies.

The consequences of such total irradiations may be se-
rious, giving rise to various cancers. Total irradiations
with X-rays or gamma rays, or again with neutrons, have
induced cancers of the skin, kidney, liver, intestine,
thyroid, superrenals, etc.
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finger scales off and a new nail is formed; the finger re-
mains scarred and does not recover its original flexibility,
but remains slightly swollen and readily becomes numb.
Four months later, the burn gradually reappears, no im-
provement being effected by the conventional treatment.
After two weeks the index finger is swollen, purplish,
painful and an ulceration forms near the nail extending
right to the bone. A callus painful to the touch was ob-
served on the second joint of the second finger.

Similar to Acute Frosthbite

It was at this stage that Dr. Massart was visited by the
patient, who was apprehensive as to the future develop-
ment of his affliction and its threatened remedy: am-
putation. The doctor, resolved to make a final eflort to
save the fingers, resorted to the application, by means of
intramuscular injections, of a pancreas-extract hormone
used in cases of acute frostbite, since it dilates the blood-
vessels and thus promotes and speeds up the blood cir-
culation in the aflfected areas. The lesions observed did, in
fact, show a strong resemblance to frostbite and thus sug-
gested the use of this vessel dilating agent.

During the first three weeks of treatment, the patient was
in such violent pain after the injections that sedatives
had to be administered. No improvement, however, was
perceptible. But in the course of the fourth week the
swelling was dramatically reduced and the ulcerated tis-
sue healed.

The tissues were completely restored six weeks after the
beginning of the treatment, no change being observed
several months afterwards.!

Useful Theoretical Details

The case is interesting not only from a clinical stand-
point; it yields some useful data on the theoretical plane.
As the characteristics of the apparatus which had pro-
duced the irradiation were known and the subject had
been able to state more or less exactly the duration and
circumstances of the exposure, it had been possible to
calculate to a more satisfactory degree of accuracy than
in other cases the radiation dose received by the injured
tissue? This is a particularly important item of infor-
mation, since it helps us to establish a quantitatively more
exact cause-and-effect relationship between the irradia-
tion and the lesions induced. There is, of course, still
very little known on this subject at the present time.

Furthermore, the above case-history constitutes a by no
means negligible argument in favour of the hypothesis

which attributes radionecroses to vascular lesions which
develop more or less slowly. Such lesions are believed to
be caused by dry gangrene brought about by the obliter-
ation of certain vessels. In the above case the authors
used a vasodilator to treat this affection, several of the
symptoms of which seemed to be connected with vaso-
motor disorders. Those engaged on research in this field
hope, moreover, that early vasodilator treatment can
serve to prevent the occurence of radionecroses in cases
of exposure to irradiation.

International Cooperation

This effort marks, of course, only an initial step in the
vast field of therapy for “atomic diseases’ 3. As was shown
at the beginning of this text, the range of sicknesses which
ionizing radiations may induce is wide—too wide. But
the facts which we have set out are extremely encouraging.
Finally, there is another aspect—a minor one, according
to some people—, but one which we consider as being
of capital importance. This research—and these results—
are the fruits of cooperation at international level.

For the pharmacological study of the substance employed,
Belgian doctors have called upon a French bhioche-
mist and the German firm manufacturing the drug.
There can be no doubt in the mind of anybody having
any experience of the practical side of scientific work to-
day that it is only by team-work transcending national
boundaries that we shall be able to solve the thousand
and one problems which confront research workers today
and which they will have to face up to in the future.

1. We should point out that Dr. Massart, in collaboration
with Professor Suzanne Simon of the Jules Bordet Institute,
Brussels, has since adopted the same method again in curing a
radionecrosis appearing subsequent to treatment for a brain
tumor. The patient is responding favourably and a cure scems
to be in sight.

2. Irradation on the skin surface had been around 70,000
ronigen and the dose at 0.5 cm below the surface had been of
the order of 3,000 réntgen.

3. In spite of the fact that it is on a different basis, a passing
mention may be made of the recent work carried out by Pro-
fessor Zénon Pacq of the University of Liége on the develop-
ment of a substance designed to reinforce the radioresistance
of the tissues.

A« Professor Bacq himself acknowledges, the results of this work
have still to be corroborated.
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Chemistry and
Nuclear Energy

The Use of Radiations in Chemistry

Radioactive Waste

The task with which we are now faced consists in turning the part played
by radiation in chemical reactions to industrial advantage: a large
number of research projects directed to this end are already under way.
Some of the possibilities thus open are:

the initiation of reactions;

catalysis under radiation ;

synthests under radiation ;
vulcanization of rubber ;

stertlization of surgical equipment;
grafting of one plastic on to another;
preservation of food-stuffs ;

All nuclear plants produce radioactive effluents. The problem is to get
rid of them safely.

Here, too, chemistry is playing its part in the solution of this problem.
There are several possible methods, but the first stage almost always
involves concentrating effluents by precipitation or evaporation.

The aim therefore is to obtain as small a volume of effluent as possible.
The next consideration is to “‘contain’ the waste so that it can be stored
or disposed of without danger. One of the most current methods consists
in incorporating it with glass or bitumen. This can then be buried in
the earth or sunk in deep water. Experience has shown that site conta-
mination is negligible.

Reprocessing of Irradiated Fuels

The life of a fuel element is limited. After a certain period of time, which
varies depending on the particular reactor involved, the fission products
which dampen reactivity must be extracted. At the same time, the fissile
matter is recovered and can be used again.
There are two ways of doing this:
by the aqueos method, in which the element is dissolved by acid;
by pyrometallurg v, in which the fuel is first melted and then subjected
to separation processing.
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EURATOM NEWS

Mr. Chatenet, President of Euratom, addresses the European Parliamentary

Assembly:

$ 480 MILLION

the minimum required for the second five-year research programme

Mr. Chatenet, President of the Euratom
Commission, addressed the European
Parliamentary Assembly on 20 February
1g62. He saw the year 1962 as decisive
for European integration; and for Eura-
tom, since during this year a decision
would be taken on the second five year
research programme (1963-67). He said
that this programme would continue
along the lines of the first five-years
(1958-62). It would, however, pave the
way for the change-over to large-scale
nuclear activities and to atomic in-
dustrialization.

Mr. Chatenet said that the first five-year
programme had been g5% achieved
with the establishment of the Joint Re-
search Centre, the conclusion of a series
of contracts of association for research
and international agreements. For the
second five-year programme, around
$480 million would be required and the
Commission hoped that this ‘minimal
effort’ would be sufficient. This estima-
ted figure he considered reasonable since
the physical capacity of the Communi-
ty’s installations will be more than ade-

Britain and Denmark request
Euratom membership

Applications for membership of the
European Atomic Energy Community
have been made by the United King-
dom and the Kingdom of Denmark.
On 5 March, Sir Arthur Tandy, Head
of the British Mission to the European
Communities, presentcd to Mr. Calmes,
Secretary-General of the Council of
Ministers, the British request. On 19
March Mr. Hans Tabor, Head of the
Danish Mission to the European Com-
munities, presented the Danish request.
On both occasions the Euratom Com-
mission registered its strong satisfaction
that the principle of membership of all
three communities had been confirmed.

quate to absorb this level of expenditure.
He pointed out that go%, of this research
expenditure would be made in Com-
munity countries, and that Euratom is
now studying the industrial impact of
thesecond research programme. Already
Euratom research provides an important
contribution to the activities of Com-
munity nuclear industry and a large
part of the expenditure under the pro-
gramme will resultin an increase in their
business in the future.

Reviewing the main items of the second
five-year programme, Mr. Chatenet

mentioned the ‘Orgel’ type of reactor,
which had been chosen in view of the
advantages of heavy water and the re-
sults of studies already carried out in
certain member countries, fast reactors,
and advanced gas reactors: for the latter
the Commission hoped that the Dragon
experiment would be continued and,
in this connection, laid emphasis on the
development of the Petten (Holland)
establishment. Mr. Chatenet said that
the Commission would strive to encour-
age the manufacture in Europe of fuel
elements and to develop succeeding
generations of reactor types already in
operation. Other activities would in-
clude the development of the most ad-
vanced types of test reactors, neutron
physics, the study of radiation, neutron
measurements, irradiated fuels, radio-
isotopes, nuclear ship propulsion, fusion,
the training of technicians, biology and
health protection.

Co-ordination of nuclear shipping

projects in which Euratom is participating

The Liaison Committee for Nuclear Ship
Projects met on 22 February for the
first time. The committee consists of
representatives of the four development
projects for nuclear-powered merchant
vessels as well as of Euratom representa-
tives.

The Community is participating in four

development projects, namely those of:

—the Gesellschaft fiir Kernenergiever-
wertung in Schiffbau und Schiffahrt
(GKSS), Hamburg, in collaboration
with Interatom (development of an
OMR-type marine reactor);

—a group consisting of the Italian Nu-
clear Commission (CNEN), the Fiat
Company, Turin, and the Ansaldo
shipbuilding company, Genoa (draft
design of a nuclear powered tanker);

—the Reactor Centrum Nederland
(RCN) in collaboration with a num-
ber of Dutch concerns (adaptation of
the PWR reactor for use in marine
propulsion);

—the GKSS project covering a pro-
gramme of general experiments, es-
pecially shielding and vibration tests,

which are of fundamental importance

for all reactor-powered vessels.
Euratom is contributing over $ 6 million
to these projects. Euratom’s role is to
effect a degree of co-ordination between
the various projects and thus avoid
duplication. The Liaison Committee is
an important instrument for the further-
ing of this aim.

Plans for a 250 MW ORGEL Power
Reactor

A contract was signed on January 17,
1962, with Belgonucléaire, Indatom and
Siemens-Schuckert-Werke, for the es-
tablishment of the characteristics and
plans of a 250 MWe Orgel nuclear
power plant. This study is primarily
aimed at obtaining an optimum ar-
rangement of the components used in an
Orgel power plant. It is also intended
to show in detail the effect of ce:tain
variants on the price of such a plant.
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Question No 73 by Mr. Pedini:

In its Bulletin of December 15, 1961, the ‘“‘Europe” Agency, summing up the preli-
minary studies on energy policy submitted to the Economic and Social Committee,
stressed that the specialised nuclear section of this Committee had demonstrated
‘.. .the possibility of nuclear energy becoming competitive within a very short space

of time, the present divergence between the cost of this energy and conventional

energy being of the order of 10-309%,...”

The author of the question considers that this information, if justified, is particularly
important and will doubtless have repercussions on the direction taken by the Euro-

pean Community’s power policy.

He therefore asks on what information the statement issued by the agency in question

and reproduced above is based.

Reply by the Euratom Commission to Mr.
Pedini’s question:

1) The Commission deems it desirable
to draw the attention of the Honourable
Member to the original text of an ex-
tract from the “‘Opinion of the Economic
and Social Committee concerning the
Proposals for Initial Steps To Be Taken
Towards a Co-ordination of Power
Policies’:

“Although the production cost of the
nuclear kWh in 200-300 MWe plants
operating for 7,000 hours a year with
fixed charges of 7 to 139 is evaluated
on the basis of recent calculations as
being 10-30%, higher than a convention-
al thermo-electric kWh in plants using
coal at $/13.50 ton, a rapid and con-
tinual drop in the cost of a ruclear kWh
can nonectheless be expected. Contri-
butory factors to this will be both general
developments in the scientific, technical
and industrial fields, and particular
causes affecting various items of the cost.
Although the number of factors involved
is very high and in spite of the difficulty
entailed in assessing them, it may reason-
ably be supposed, on the basis of a
cautious estimate, that in comparison
with new electric power stations, a
balance will be struck during the course
of the present decade between the eco-
nomic competitiveness of the nuclear
and conventional kWh, obtained from
high-quality coal and oil, albeit at dif-
ferent times and in various parts of the
Community.

In the thermo-electric field, nuclear

energy will therefore assume a réle of
ever-increasing importance in propor-
tion to the rapid increase in demand. In
this sector, where a balance will be
maintained between the competitive-
ness of the various sources of energy, it
will be the destiny of nuclear power to
play a part which will ultimately be no
less vital than that of coal, oil and
natural gas, so that the competition will
certainly be more active and more
diversified”.

2) The Economic and Social Commit-
tee issues notices representing its own
opinions independent of those of the
Commission and based on information
which it amasses and deems valid.

3) The Commission, however, on its
part, is devoting part of its activities to
systematic and thorough investigations
of the competitive possibilities of nuclear
power on the basis of published data,
information with which it is supplied or
which stems from contacts with the in-
terested parties.

In the light of these investigations, the
Commission has come to the conclusion
that the thesis put forward in the extract
from the above notice is valid with re-
gard to the present state of the energy
market and nuclear tech.ology.

4) Moreover, the cost price estimates
{or the most recent nuclear power plants
projects in Germany, France, Italy,
Great Britain, and the United States
available to the Commission confirm
that the envisaged cost of nuclear elec-
tric power is 10-30% higher than that
of conventional energy.

On the other hand, thorough analyses
carried out in various countries and
based on considerable industrial expe-
rience in this sphere—in France, Great
Britain and the United States—indicate
that by 1g70 large nuclear power plants
will be in a position to compete with
conventional power plants having the
same characteristics, facilities and oper-
ating conditions.

By way of example, at the Tokyo Forum,
the USAEC authorities announced that
certain nuclear power plants put into
operation in 1968 will be competitive in
those parts of the country where fossil
fuels are equal to or exceed the price of
approximately $ 10 per ton of equivalent
coal delivered to the plant.

Marked Molecules

Euratom recently signed a series of con-
tracts with the Institut Interuniversi-
taire des Sciences Nucléaires, Brussels,
the University of Heidelberg, the Uni-
versity of Gottingen, TNO (The Hague)
and the University of Freiburg, con-
cerning the manufacture of certain pro-
ducts ‘‘marked” with carbon-14 and
tritium. All of these products are com-
plex organic compounds intended for
use in biological research; in certain
cases the research is centred on their
therapeutic applications.

Transplutonium elements

Euratom has concluded with the Re-
actor Centrum Nederland a two-year
contract for research on transplutonium
elements. The research will be conduct-
ed into six fields, the most important of
which are: methods used for the separa-
tion of transplutonium elements such as
americium and curium from reator
fission products, procedures for the
identification of these elements, the
nuclear properties of certain transpluto-
nium elements and their technical and
scientific applications. The RCN will be
assisted by the Nuclear Physics Research
Institute (Instituut voor Kernphysisch
Onderzoek) which will give technical
advice.



Printed in the Netherlands

CDAAG2002ENC



