




















1. A reactor in which nuclear energy is
transformed into heat energy and trans-
mitted to an organic heat-transfer liquid;
2, A group of heat-exchangers in which
the heat energy of the organic liquid is
transmitted to the water/steam system;

3. A turbo-alternator group in which heat
energy is transformed into electrical energy.
The nuclear reactor is worth describing
in greater detail; it is composed of a
cylindrical tank filled with heavy water
and crossed from side to side by about
400 ‘“calandria’ tubes. Inside the latter
are placed ‘‘pressure-tubes”, so called
because the cooling fluid—in ORGEL an
organic liquid—circulates in them under
slight pressure. The pressure-tubes also
contain the fuel elements; in order to
facilitate heat extraction, the latter are
more or less finely divided, assuming the
form of either an assembly of concentric
tubes or clusters consisting of a number
of rodlets.

In order to limit the heat losses between
the heat-transfer-liquid, fuel-element and
pressure-tube assembly, called *‘the chan-
nel”, and the heavy water, an insulator is
placed between the pressure-tube and

4

the calandria tube; this insulator may be
inert gas, organic liquid, or a porous solid.

Design choices and dimensional choices

It is easy to see that such an installation
derives from a large number of choices,
which may be classified in two main cate-
gories—design choices and dimensional
choices.

The following may be quoted as examples
of design choices: the kind of fuel (metallic
uranium, uranium oxide, or uranium car-
bide); the geometric form of the fuel
element (cluster or assembly of concentric
tubes); the method of insulating the
channels; the method of loading the fuel;
the steam cycle. As dimensional choices
may be instanced the numerical value of
certain parameters such as the distance
between the rodlets of a fuel cluster, the
inlet and outlet temperature of the organic
liquid, the height and radius of the reactor,
the distance between the channels.

Design choices are few in number; the
same is not true of dimensional choices,
whose number is practically limitless. It
is therefore impossible to classify dimen-

sional choices in order of importance
without recourse to modern electronic
computers. The amount of calculation

depends on the number of parameters
under consideration; in fact, the higher
the number of parameters the greater the
quantity of possible choices. For example,
the number of possible solutions to a prob-
lem with four parameters, each of which
can have ten numerical values, is 10 10
10 - 10, i.e. ten thousand, whereas if the
number of parameters is ten the number
of solutions is ten thousand million.

As the number of the principal parameters
to be considered in designing the ORGEL
power plant is fifteen, it can be seen at
once that the optimal design for the plant
can only be obtained with the aid of a
computer.

The ORION Code

The first version of the ORION Code
made it possible to calculate the charac-
teristics of an optimal ORGEL plant with
respect to four parameters: the present
version makes possible the same calcula-
tion with respect to eight parameters, which
is a decided improvement.

The ORION Code comprises three main
parts, corresponding to three clearly
marked stages in the calculating operations
—the dimensioning of the reactor, the
calculation of the cost of the energy pro-
duced by a reactor with these dimensions,
and finally the search for the numerical
values for the eight parameters which wili
reduce the cost of the power to a minimum.
The Code has, of course, what may be
called a skeleton, and it is around this that
the values of the eight parameters can be
made to vary. This skeleton consists of a
collection of data corresponding to “‘design”
choices, in the sense already defined. For
example, the organic liquid which is to be
used as a coolant is the result of a design
choice and therefore its physical charac-
teristics do not need to be introduced as
variable parameters; on the contrary, once
they have been determined as accurately
as possible, the relevant dataare introduced
into the skeleton of the Code. The same
is true of the neutron characteristics of
the lattice, since they depend upon the
fuel and the moderator, both of which
have been fixed by a design choice. As for
the conventional part of the power plant,
it is hardly appropriate to speak of choice,
since this cannot, to all intents and pur-
poses, be anything but a water/steam cycle;
however, it was necessary to calculate the
outputs corresponding to various outlet
temperatures of the organic coolant liquid,
using as a basis the wealth of experience
available in this field.

All these data were obtained with the
help of either experiments or theoretical
studies, some of which were carried out
at the Ispra establishment of the Euratom
Joint Research Centre and others in the
numerous laboratoriesand computer centres
in the Community.

Dimensioning of the reactor

On the basis of these data, the first stage
of calculation may be embarked upon, i.e.
the dimensioning of the reactor. The eight
parameters mentioned above are intro-
duced, namely the outlet temperature of
the organic liquid, the temperature of the
fuel-element cladding, the organic liquid
circulation speed, the height of the reactor,
the distance between the channels, the
thickness of the radial reflector, the thick-
ness of the axial reflectors and the form
of the neutron flux (see Fig. 1). This first

























































methods, and in particular those at the
Euratom/ITAL Association laboratories.

Autoradiography

Another method of research which the use
of radioactive elements has put at the
disposal of botanists is that of autoradio-
graphy, by means of which an image pro-
jected by the substance emitting ionizing
radiations can be obtained in a photo-
graphic emulsion.

The term ‘autoradiography” was used for
the first time in 1924 by Lacassagne, of the
Institut du Radium in Paris, but in order to
find the true origins of this method we
must go back to the year 1896, when
Becquerel, without realising it, obtained
the first autoradiography from a crystal of
uranium potassium sulphate. Becquerel
thought the radiations must be due to the
fluorescence in the crystal and it was not
until Marie Curie’s discoveries of 1898 that
radioactivity as such was recognized and
autoradiography of minerals obtained. The
first time the method was used for biological
research was in 1908, when, at the Imperial
Institute in Petersburg, London obtained a
picture of a frog which had been exposed to
radium radiations. Although it has been
used by certain scientists, the possibilities
offered by this method in the field of
biology have frequently been neglected
in favour of counting, which in theory
provides a quantitative representation of
the distribution of the radioactive element
in the plant or plant section studied. Auto-
radiography, on the other bhand, can
provide us with a complete and permanent
visual image of a precise moment, or even
moments, in the metabolism of a plant,
whereas chemical or physical analysis alone
could only give a gquantitative picture.
It is important to note that with auto-
radiography it is possible to record all the
radiations emitted during the time of
exposure of the object studied, a period
which can be extended as appropriate.
With counting, on the other hand, it is only
possible to obtain absolute accuracy when
activity exceeds a certain basic level. At-
tempts have, of course, been made in
autoradiography to determine the quanti-
ty of the isotope present in the biological
subject by measuring the photographic
densities or counting grains or traces. For a
botanist, however, a simple, accurate
picture of the concentration of a particular

element is extremely valuable, especially in
studies relating to its distribution in the
various parts of the plant after its absorption
by the roots or the leaves.
Macro-autoradiographical studies, i.e., of
whole plants or organs, are made in the
course of investigations into the transpor-
tation and distribution of various marked
elements in specimens of extremely varied
morphology, age and size. Small plants, a
complete picture of which could be repro-
duced on one single film, are ideal, but it is
not difficult to cut a plant up into various
parts for easier handling and then to put the
pictures of the various parts together again.
Pictures of roots can be obtained just as
easily as pictures of stems, leaves or fruits,
and handling problems are thus the only
ones that arise.

On the other hand, the use of fine-grained
emulsions has resulted in the development
of micro-autoradiography, by means of
which striking pictures of, for instance,
histological sections of plant tissues can be
obrtained.

Interpreting autoradiographical data

Although autoradiography is a valuable
technique for research purposes, it must be
used in such a way that there is no risk of
the results obtained being falsified. Almost
invariably this procedure consists of three
stages. During the first, which is the period
of actual experimentation, the plant is
made to absorb, for a certain period of time,
the element to be studied. Once this stage
has been completed, the tissues must be
dried out before the final stage is com-
menced, in the course of which they are
placed in contact with a photographic plate
for a variable number of days. The methods
at present used, however, vary somewhat
from one researcher to another, and, as
we shall see, certain contradictions have
become apparent; some macro-autoradio-
graphies have yielded surprising results
which do not fit in with the hallowed
theories of plant physiology. For example,
peripheral accumulations were observed
in the leaves or at certain points in the stems
or even in parts of the plant where they
were least to be expected. In some cases
the pictures obtained were in marked
conflict with the results of similar experi-
ments of shorter duration. A notcworthy
instance is provided by the experiments on
bean leaves, which established that, ac-

cording to the autoradiographs at least,
the element was no longer present in the
conductor vessels, even after a long period
of absorption, but was concentrated in the
actual tissues of the leaf. Crafts succeeded
in proving the fallaciousness of certain
results by freezing the plants suddenly with
the aid of dry ice. He attributed this phe-
nomenon to a continuation of the metabo-
lism during the period of drying, either in
air or in the cabinet. After a number of
tests, he came to the conclusion that the
plants’ metabolism must be halted suddenly
by drying them at temperatures below
zero degrees centigrade before they come
into contact with the sensitive emulsion.
It was, however, established that such
anomalies had only been encountered
when the periods of treatment were less
than a few hours.

In the course of experiments carried out
under the Euratom/ITAL Association into
penetration of the bean leaf, exact pictures
had to be obtained of the concentration of
the element studied. As we shall see, these
experiments resulted in a slightly different
interpretation of the phenomena mentioned
above. As a result of improvements carried
out to the method used hitherto, it proved
possible to obtain pictures of substances
emitting high-energy P-particles, such as
phosphorus-32, which were of a clarity com-
parable to that obtainable with weak [-
emitters such as carbon-14 or tritium. The
experimental method adopted consisted
in making the plant absorb the phosphorus
for periods of 3 to 7 days and then to dry
the leaves at 80°C before carrying out the
autoradiography. The pictures obtained
revealed a new type of anomaly, in par-
ticular preferential concentration of mark-
ed phosphorus in certain tissues and its
almost total absence in the conductor
canals (see Fig. 1). However, these anoma-
lies disappeared (see Fig. 3) when plants
treated by a low-pressure, low-temperature
drying method (lyophilization) were ex-
posed in the same conditions. During the
next series of experiments, various inter-
mediate drying formulae were tried out, the
leaves being dried out for a variable length
of time in the oven before being subjected
to lyophilization. On the assumption that
the metabolism of certain tissues continues
during the drying period in the oven, one
would have expected differences in the
results according to the length of the
drying period; this, however, was not the
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EURATOM NEWS

Euratom courses al nuclear research centres

The Euratom Commission, in collaboration
with the nuclear research centres of the
Community countries, has created a num-
ber of places for trainees in order to enable
students from the Community countries
to obtain a better knowledge of the various
scientific and technical fields connected
with nuclear energy and to become acquain-
ted with nuclear research centres. The
Commission also aims thereby at estab-
lishing or strengthening relations between
higher educational establishments and nu-
clear research centres in the Community
countries.

Thus university and polytechnic students
may undergo a period of training in a nuclear
research centre, more particularly towards
the end or on completion of their studies. Prefer-
rence will be given to candidates who
have already obtained an engineering diplo-
ma or a degree. Where possible, and pro-
vided that they have an adequate know-
ledge of the language concerned, students
will be trained abroad, so that they may
acquaint themselves with the people and
the working methods of another country
than their own.

The duration of the course is 2 to 12 months
according to the student’s circumstances
and the training proposed for him.

The course will consist principally in taking
part in the current work of the nuclear
research centre's permanent teams or
studying secondary problems.

Vacancies are available for students of the
following subjects:

MATHEMATICS

APPLIED MATHEMATICS
(Especially statistics and programming)

THEORETICAL PHYSICS
EXPERIMENTAL PHYSICS
PHYSICAL CHEMISTRY
MINERAL CHEMISTRY
ORGANIC CHEMISTRY
GEOLOGY
METALLURGY

MECHANICAL ENGINEERING
APPLIED THERMODYNAMICS
ELECTRICAL ENGINEERING
ELECTRONICS

ANIMAL BIOLOGY

PLANT BIOLOGY
BIOCHEMISTRY

BIOPHYSICS
PHARMACOLOGY
DOCUMENTATICN

Euratom will refund trainees’ travel expen-
ses claimed at the beginning and end of the
training period and will grant them a
monthly allowance to cover living expenses.
Trainees will be covered by insurance
against accident and occupational diseases
throughout the period.

Application forms can be obtained from
Euratom,
Directorate-General for
Training,

51-53, rue Belliard,
Brussels 4.

Research and

Applications must reach Euratom at least
three months before the date on which it
is intended to start the course.

Processing of
radioactive waste

In the Journal Officiel des Communautés
Européennes dated 28 July 1963, the Eura-
tom Commission invites interested enter-
prises and persons to submit proposals
for collaboration under its programme
relating to the processing of radioactive
waste. It specifies in detail the various
points on which it would particularly like
to receive proposals, the field concerned
being the processing, treatment, evacuation
and storage of radioactive waste, without
precluding the possibility of any other
proposals being examined.

A total budget of $ 4,500,000 has been
earmarked for work in this field in the
Community’s second five-year programme.
A total of $ 1,300,000 is to be spent by the
Commission during the period 1963-1964
on this part of the programme, a state-
ment on which is shortly to be issued by
the Scientific and Technical Committee.

Euratom
to undertake rescarch on
radioactivity is the sea

The Euratom Commission plans to nego-
tiate a 3-year association contract with the
Itatian Nuclear Energy Authority (CNEN)
for research into radioactive contamination
of the sea. The aim is to find out to what
extent the introduction of radioactive
materials into the sea will affect under-
water life. The absorption, accumulation
and loss of radioisotopes by marine organ-
isms will be examined and studies will be
carried out on the effects of radioactive
contamination on the biological equilibrium
of the sca.
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As you are interested in nuclear affairs, you
will wish to keep abreast of Euratom’s
activities in the scientific and technical field.

Every two months

euvuratom

INFORMATION

will bring you, in one single multilingual
edition (Dutch, English, French, German and
Italian):

p abstracts of the scientific and technical
publications stemming from the research
programme carried out by Euratom and its
contractors;

p the main features of the patents filed to
safeguard the results of this research pro-
gramme;

P summaries of research contracts concluded
by the Euratom Commission;

P an outline of the research activities which
the Euratom Commission proposes to carry
out in collaboration with persons and enter-
prises within the Community.

Subscriptions to EURATOM INFORMATION (1 year, 6issues: $15, £5:7:-) should

be sent to
Verlag Handelsblatt GmbH

Kreuzstrasse 21

Diisseldorf, Germany
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