














devolving upon the Community in the attainment of these objectives.
This list has the merit of providing concrete instances of precisely
what Euratom is required to do. We shall in this editorial single out
the first of them, i.e. “The Community shall ... develop research
and ensure the dissemination of technical information’, and then
formulate, on this basis, a reply to the question posed.

The dissemination by Euratom of the knowledge acquired at the
establishments of its joint Nuclear Research Centre, which it finances
and manages directly, has not given rise to any particular difficulty.
In fact, since this knowledge is the fruit of the work carried out by
its own researchers and other emplayees, it was only natural that
Euratom should appropriate it entirely and be at liberty to communi-
cate it in accordance with the spirit of the Treaty, i.e. without dis-

crimination.

On the other hand, intractable problems arose at first as regards
the work entrusted to public and private bodies under research
contracts. By claiming as full an ownership of the results of such
work as in the case of the research projects conducted at the Joint
Centre, Euratom would have been in danger of acting inconsistently
with its terms of reference, namely the task of ‘‘creating the con-
ditions necessary for the speedy establishment and growth of nuclear
industries’’. Indeed, the effect of such a harsh policy would have been
to encourage a passive attitude on the part of firms which were
still venturing very timidly into the nuclear sector. As regards the
opposite policy—that of allowing research contracts to be transformed
into subsidy agreements—this would have been a flagrant breach of

the Treaty.

In order to solve this dilemma, Euratom sought compromises which
it was gradually able to define in the light of subsequent experience,
reconciling the industrial and commercial interests of the contract-
holders with the exigencies of the Community. Without going into
the details of these solutions, we can say that they enable the contract-
holder to enjoy, under certain conditions, some measure of preference
in the application of the knowledge accruing from the contract,
and that they recognise the value of the experience he contributes.
Consequently, Euratom’s research contracts are no longer merely
instruments for the supply of know-how but are also a medium of

industrial promotion.
By bringing up the problem of the dissemination of technical know-
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how before considering the actual research, we are in a sense putting
the cart before the horse. There is, however, a logical reason for this
reversal of the natural order: since research is not an end in itself
but merely a means of acquiring knowledge, it is after all natural to
be concerned about the goal before considering the means of attaining
it. And the fundamental goal is in fact industrial promotion.

What s true of the research carried out under contract is also true
of research conducted within other frameworks, e.g. that of the
Joint Centre or that of “‘associations”, under which the Community
participates in a research project. In this context the joint Centre
is a tool which is not without originality, since it represents the
pooling of material and human resources for the execution, on the
basis of fairly long-term programmes, of work whose importance is
acknowledged by all the Member States.

In short—and this is the point we wish to make—Euratom has not
only supplied a mass of scientific data in return for the funds allocated
to it, but has also tested and developed on a European scale a whole
series of devices and methods designed to stimulate the emergence

of a powerful nuclear industry.

Thus what Euratom had to do was to fashion for itself, so to speak,
a set of tools, whilst taking account of certain specifically nuclear
requirements and, above all, of numerous exigencies dictated by the
industrial structure of the Member States. It follows, in the light of the
foregoing, that these tools could be adapted for purposes of research
and industrial promotion in spheres other than that of nuclear energy,

e.g. space, electronics and aeronautics.

Hitherto we have been dealing with the Community’s own nuclear
research programme and the dissemination of the data issuing
from it. However, no programme, whether it be on a Community or
on a national level, can thrive in intellectual isolation; on the contrary,
it must be able to benefit from the results of research previously
or still being conducted under other programmes with similar objec-

tives.

This requirement is so obvious as to require no underlining. On the
other hand, the information and documentation activity that it
involves is deserving of emphasis, because this is becoming more
difficult every day.

The difficulties do not stem from any reluctance to publish scientific

results; on the contrary, it is the very abundonce of published infor-



mation that necessitates the spending of more and more time on locating
the data which are relevant to a given scientific or technical problem.
What in fact frequently happens is that the researcher, discouraged
by the tedious nature of the work that awaits him if he wishes to
collect adequate documentation himself, or—should there be an
information centre at his disposal—by the inevitable lapse of time

in the provision of such material, decides to do without it.

But sound administration requires that the researcher should have
at his disposal all published information relating directly or indirectly
to the field he is exploring. This will enable him to save himself
unnecessary work, to avoid following a false trail, or even to discover
that the problem concerned has already been solved and that he
could more profitably turn his attention to the next one.

It would be both laughable and tragic if we were to allow the advance
of nuclear science and technology in Europe to be held up merely
because we would not deign to pick up information which is public
property. In order to combat this danger, Euratom has taken various

measures, two of which deserve special mention.

One of the potential barriers to the transmission of information
is the language in which it is conveyed, especially, as far as the
Western world is concerned, when this is a language such as Russian
or Japanese. Euratom has therefore created a reference journal,
entitled *“‘Transatom Bulletin’, in which are listed all documents of
nuclear interest which were originally published in a *“difficult”
language but have been or are being translated into a Western

language.

But Euratom’s most ambitious undertaking in the information field
is undoubtedly its automatic documentation project—the biggest of
its kind in Europe—which is now in the final development stage and
will shortly be taken into service. This project is based on a combina-
tion of man’s analytical and critical faculty with an electronic com-
puter’s ability to store a virtually unlimited number of data and to
perform even highly complex operations in fractions of a second.
The user will merely have to ask a question; the machine, or rather
the team of experts who operate it, will be able to give him a rapid
answer in the form of a list of books, articles and reports containing

the information he is seeking.

Euratom’s automatic documentation system is certainly one of the

least specifically nuclear aspects of its activities. Although it was

designed to provide efficient retrieval of information in a well-
defined sector, it is nonetheless fundamentally versatile. If its use-
fulness is confirmed, there would be no great difficulty about extending
its application to the numerous other fields in which a rising flood
of information is creating similar problems.

We have already spoken of industrial promotion as a basic objective
of Euratom’s activities. In this field there is one facet of Euratom's
experience which is bound to be useful, and this is the procedure for
setting up target programmes on nuclear power production goals and

the investments called for.

This principle is already well-known in the other Communities,
as in the case of the High Authority of the E.C.S.C., which sets outoverall
programmes, objectives and forecasts, and when, within the framework
extended to cover the three Communities, the preparation is under-
taken of a general medium-term economic policy programme. How-
ever, the studies which the Euratom Commission has had to carry out,
particularly in connection with the recently published target pro-
gramme, relate to the period 1970-2000, i.e. a period extending beyond

the limits of the estimates arrived at in the other two cases.

There are plenty of other sectors in which Euratom can make a
contribution to the common interest. Mention can be made of the ex-
perience gained as regards patents. The notion of a ‘‘European
patent’ is not new, but there is still a great deal of ground to be
covered before it becomes a reality. What Euratom can contribute
here is its solid every-day experience acquired through the filing of
several hundred patent applications within the framework of a six-

nation industrial community.

The list of examples could be extended by reference to such widely
differing activities as the supplying of nuclear fuels on a Community
scale and the compilation of a multilingual scientific and technical

glossary.

From this, albeit brief, survey of some of its activities it can be
seen that the European Atomic Energy Community is not such a
highly specialised organisation as it appears to be. Its gradual integra-
tion into a single, wider, Community is bound to facilitate the ac-
complishment of the task assigned to it by the Treaty of Rome. There
can be no doubt, however, that although Euratom will benefit by
entering a much broader-based alliance, it will not come in empty-

handed.
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for? What future do they have?
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introduction of codes was accompanied by
a little head-shaking.

Two of the “fathers” of reactor physics,
A. M. Weinberg and E. P. Wigner, in the
preface to their authoritative work “The
Physical Theory of Neutron Chain Reactors”
wrote, in justification of their lack of
interest in computer techniques for the
solution of reactor problems:

“However, this omission also represents
an attempt on our part to resist what is
surely a deplorable trend in reactor
design—the tendency to substitute a
*‘code’ for a theory. Yet we believe strongly
thatonly when there isatrue understanding
of the physical and analytical basis of reactor
calculation can the machine be used to
full effect. In this we may be regarded as
old-fashioned; if so, let the new generation
remember that the first full-scale reactors,
in Hanford, were designed with desk calcu-
lators and slide rules!”.

Since 1958, when this book came out, the
use of codes for reactor computations has
become far more widespread than the
authors would probably have foreseen or
wished. The causes of the spread of nuclear
codes through the world are many. Among
them we may mention the fast-reactor
trend—for this type of reactor the prelim-
inary experimentation is very sophisticated,
and advanced computer techniques can be
of assistance—; the increasing practice, even
in conventional plants, of optimising costs,
long-term performance or design dimen-
sions, in which case the mass of calculations
to be effected calls for the use of electronic
computers; lastly, the growing availability
of ever-faster computers at ever lower
prices, which has often made it cheaper
to carry out a long series of calculations
than to construct experimental proto-
types. In fact the majority of nuclear
centres are now either equipped with an
electronic computer and a tibrary of nuclear

codes, or else make use of facilities be-
longing to nearby centres.

While being convinced of the enormous
and still growing usefulness and importance
of nuclear codes, | wish to reiterate the
words of Weinberg and Wigner, which |
wholeheartedly endorse: only when
there is a true understanding of the physical
and analytical basis of reactor calculation
can the machine be used to full effect”.

An outline of the computations
involved in reactor design

When a nucleus is split by the impact of a
neutron, two phenomena occur which are
basic to the whole conception of nuclear
reactors. The first, the liberation of energy,
enables heat and then electrical energy to
be produced; the second, the formation of
new neutrons, once the process has been
triggered off, causes the neutron chain
reaction which permits the reactor to
operate continuously.

The emergent neutrons, having energies of
several million electron volts, collide with
the nuclei of the surrounding materials, in
which process they may be ‘“‘captured” by
the nucleus, or deflected, generally with
loss of velocity, or give rise to further
fissions.

The reactor generally consists of a “‘core’
of fissile material, usually in the form of
compact rods, a reflector designed to return
part of the escaped neutrons to the core,
and lastly a shield preventing radiation
leakage to the outside.

A given reactor is said to be “‘supercritical”,
“critical’’ or ‘‘subcritical” according to
whether the number of neutrons generated
is greater than, equal to or less than the
number of neutrons which are captured or
escape.

The state of criticality (or reactivity) of the
reactor varies during operation: in fact the
phenomena of capture and fission alter the
state of the nucleus affected, leading in turn
to a change in the composition of the core.
A problem basic to reactor neutronics
resides in the need to ensure continuous
criticality and at the same time to preclude
either dangerous excursions, resulting from
excess of neutrons, or unscheduled shut-
downs caused by shortage of neutrons.
Bearing all these points in mind, now let
us see how we can split up the reactor
design calculations into the various headings.
The input data of a reactor computation,
apart from the reactor’s physical and geo-
metrical configuration, are the values (gen-
erally experimental}) which describe the
probability of nucleus/neutron interaction
at the various energies and for all the iso-
topes concerned. The entire set of these
values is contained in the so-called “‘nuclear
libraries”.

It is a common practice to suppose the
variable energy of the neutrons to be sub-
divided into groups. For each of the energy
groups, on the basis of the nuclear libraries,
calculations are made of the average inter-
action probabilities by weighting them over
appropriate neutron energy distributions
(the so-called spectra). Since the energy
range concerned is generally subdivided into
a thermal and a fast range in view of the
different phenomena involved, it is usual
to make two computations, one to deter-
mine average nuclear spectra and constants
in the thermal range, and the other to
determine them in the fast range.

The average group constants can be used to
calculate, for each group and each reactor
region, neutron density distributions from
which the reactor’s criticality state can be
determined.

Depending upon whether the regions con-
sidered are of high or low absorption, two
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demand. In the Western world, low-priced
reserves, i.e. at $8 to $10 per Ib. of uranium
concentrate  (U,0,)—the primary pro-
duct for the market, the ore not being
suitable for transportation in view of its
average content of one to two parts per
thousand—could theoretically meet in-
dustrial needs until around the end of the
next decade, disregarding possible extrac-
tion rates. (cf. fig. 2).

But on account of the practice of concluding
long-term supply contracts, demand will
anticipate supply on the market by several
years. Having regard to the time required
to discover new uranium deposits, it is
generally agreed that prospecting must be
resumed without delay and on a large
scale, as the Euratom Commission has
repeatedly stressed.

This process has begun, but will not
spontaneously develop the necessary impe-
tus until such time as producers derive a
fair return from the opening of a genuine
uranium market. Meantime only assistance
from the public authorities serving to
reduce the financial burdens and political
risks involved will induce the mining
industry to force the pace and exploit the
opportunities, which experts consider
favourable, for the discovery of cheap
uranium.

Unless they are able to conclude long-term
contracts, countries without uranium of
their own cannot rely on having access to
the most advantageous resources as regards
cost and dependability, except to the extent
to which their industry has shared the
prospecting effort.

The Community can hope to cover only a
small part of its needs from internal re-
sources, which ought primarily to be em-
ployed as a stop-gap in the event of break-
down of imports which might occur.
There is a reluctance at present to venture
long-term forecasts of uranium price-trends.
It may be expected, however, that prices
will be in inverse proportion to the growth
in the volume of economically exploitable
reserves. But they will also be affected by
the operating costs of marginal mines and
by the amortisation rate which the pro-
ducers will need to maintain—and which
may have to be fairly high in anticipation
of a contraction in demand after 20 to 25
years of rapid expansion. This will apply
all the more the later the mines in question
have been brought into production.
Although it is of course accepted that

fluctuation in the cost of fuel, even in the
highly-processed state, can have only a
slight effect on the overall nuclear energy
economy, the advantage of cheap fuel sup-
plies as a factor liable to improve the com-
petitive position and as a credit item in the
balance of payments should not be mini-
mised.

Meeting demand—the réle of the
fuel processing industry

Even if no account is taken of the final
stage, the cladding, which calls for high-
precision engineering, the fuel used in
reactors is the outcome of a series of
extremely complex industrial operations,
as a result of which its value has been raised
way beyond that of the primary product
for the market (cf. fig. 3).

To this must be added the transportation
costs, which will be in direct proportion
to the geographical dispersion of the dif-
ferent reprocessing stages. For their fuel
supplies, therefore, reactors are dependent
on a complete branch of industry which
has to meet exceptional physical and chemi-
cal specifications, far beyond those normally
accepted for non-ferrous metals and fossil
fuels. It thus follows that, since the user
bases his estimate of the cost of fuel supplies
on the price of the finished product, the
existence of an efficient nuclear fuel industry
constitutes just as significant a component
of the nuclear energy cost as the cost of
the raw fuel.

The added value which the fuel acquires
during industrial processing is a good
reason for having these operations carried
out in the Community: such a development
would be of advantage to Community in-
dustry as well as helping the balance of
payments. The producer countries are
simifarly motivated in wishing for the
setting up of a nuclear fuel industry on
their territory and of exporting their
resources in the most highly-processed
possible state. Over the long-term, how-
ever, at atime when plutonium has become
the most common nuclear fuel, the Com-
munity’s fuel-processing industry will be
virtually independent of imports. But at the
same time users will not be giving it their
business unless it can deliver the goods on
terms of price and quality which can com-
pete with those offered by foreign sup-
pliers.

Turning to the question of reliability of
supplies, although it is basically the con-
ditions governing the availability of the raw
fuel which determine whether supplies can
be said to be ‘‘dependable”, the user will
be alive to the fact that any shortage or
bottleneck arising at any stage whatever in
the industrial processing of the fuel would
risk cutting off deliveries. In this connec-
tion, it is definitely to the Community’s
advantage to haveasound industry equipped
for the processing of fuels, particularly since
the various stages involved are fairly pro-
tracted—the nearer the fuel is to the
raw state when imported, the sooner it
arrives in the Community and the greater
is the guarantee that the user will not be
affected by cuts in his supplies. The sum
total of fuel under fabrication at any given
moment amounts to a considerable reserve
of supplies, for the user at least if not for
the fuel industry.

Relations between user and producer
industries

Owing to the wide variety of industrial
stages culminating in the production of
finished fuel elements, a number of dif-
ferent types of business relationships are
possible between the user sector and the
producer sector, depending on the struc-
tural set-up of the latter, but the users, i.e.,
the clients, do have at their disposal means
of promoting an organisational set-up in
the producer sector which is most satis-
factory to them from the cost and reliability
angle.

It is difficult to arrive at an a priori con-
clusion as to the set-up which should be
adopted, from the user’s standpoint, by the
fuel industry. One view is that things would
be made easier for the users by a degree of
“vertical”’ concentration, i.e., if a number
of different operations were all carried out
by the same concern. This would obviate
the need to draw up an individual con-
tract for each industrial operation and for
each service provided. Furthermore, it
would constitute an element of financial
soundness which would bolster the de-
pendability of reactor supplies. A particular-
ly advanced instance of this type of concen-
tration would be afforded by an extension
of the reactor construction industry’s ac-
tivities to the fuel sector, in view of the
possibilities thus afforded for sub-contract-
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Business pattern of the nuclear fuel industry

ing or preparing to supply not only reac-
tors but the fuel as well.

In view of the present balance of existing
resources versus estimated future demand,
it is not surprising that users in the Com-
munity have been prompted to make ar-
rangements for meeting their long-term
uranium requirements, but they would be
able to contemplate a single long-term
contract with a fuel element manufacturer
only if the latter had adequate uranium sup-
plies of his own.

Where this is not the case, it does not ap-
pear that users can expect the manufac-
turer to shoulder the responsibility for
acquiring uranium on the best possible
terms with regard to reliability and cost.
For its part, the mining industry may well
be impelled to deal solely with the user
himself, to the exclusion of those engaged
in any intermediate operations, for reasons
connected with the necessary guarantees
relating to the applications to which the
nuclear fuels are finally put.

Another consideration which makes for
separate contracts for uranium supplies and
for its conversion is the fact that the appeal
of long-term arrangements for access to
uranium resources does not extend to fuel
fabrication, where the user has good
grounds for restricting himself to short-
term commitments in view of the greater
degree of competition which is likely to
obtain.

The beginnings of this trend towards
‘“‘vertical’’ concentration are in evidence
throughout the free world and are liable
to increase. However, the depressed state
of the uranium market has prompted certain
ore-mining undertakings to abandon all or
part of their activities to larger concerns.
This development has led to a ‘“‘horizontal
concentration” in this sector, and even to
a certain monopolistic tendency. This form
of concentration is, moreover, not confined
to mining, but is also to be observed in the
enrichment industry, where the USAEC has
virtually cornered the market.

It follows that users, in particular those in
the Community, are in a better position
if they can maintain some kind of united
front on the market. By not competing with
each other against producers from non-
member states, they can substantially im-
prove their bargaining position.

Quite apart from the organisational set-up
(vertical or horizontal) adopted by the
producers, it is in any case to users’ advan-
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tage to pool their resources for certain
fuel cycling operations in order to enable
the presest installations to make the best
use of their capacity. One way, for instance,
would be for several power plant operators
to dovetail their reprocessing, conversion,
transportation programmes, etc., in order
to obtain better terms from their con-
tractors.

The problem facing the producer states
with regard to the proliferation of nuclear
weapons would suggest that trading in
nuclear fuels will continue to be subject to
special conditions with respect to the appli-
cations to which they are put. This may
well place certain limitations on the at-
tempts of users and producers alike to
bring about a more rational use of the
available plant, but the recently initiated
trend towards a removal of restrictions
may nonetheless be expected to continue,
ultimately leading to a market somewhat
similar to that for fossil fuels.

The purpose of the ideas and prospects
outlined above is once again to focus atten-
tion on the magnitude of the problem in-
volved in fuelling the Community’s power
reactors and at the same time to stress its
industrial facets.

If the present estimates turn out to be cor-
rect, these specifically industrial features
will become progressively accentuated as
uranium is gradually ousted by plutonium
as a reactor fuel. There is good reason to
think, in fact, that given another 25 years
or so the problem of getting at the fuel
reserves present in the earth will be over-
shadowed by that of reprocessing a fuel
which is essentially artificial and which
occurs as an inevitable byproduct. For the
Community the switchover would prove all
the more dramatic since its fuel (apart from
the fresh uranium required at the outset)
would then be home-produced, whereas
uranium requirements have largely to be
met from imports.

In the meantime, undertakings in the Com-
munity would be well advised to keep in
the forefront of their attention the problem
of obtaining access to uranium resources,
in view of the delays and uncertainty in-
volved in prospecting, and a long-term
solution is vital for the development of
nuclear energy within the Community.
The foregoing arguments represent an
attempt to analyze the relationships which
might come about between energy pro-
ducers and the fuel industry.

Photograph taken during propagation of a P
brittle fracture in a steel plate
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pure plasma, subject to losing energy
through Bremsstrahlung radiation, which is
consequent mainly on the collisions which
take place between electrons and ions,
but this effect is increased if impurities are
present. To this has to be added the fact
that the impurities themselves lose energy
through radiation at a still higher rate and
thus contribute to a general degradation
of temperature.

In Garching, the view was taken that these
effects played a crucial part and that it was
therefore worth while to reduce impurities

to a minimum. In fact, by reducing them by
a factor of ten with respect to their own
previous experiments, electron tempera-
ture was pushed up from 4 to 20 million
degrees. There was therefore less drag on
the ion temperature, which could rise to
60 million degrees.

However, the end of the road to practical
thermonuclear fusion is still a long way off.
To give an idea of the distance still to be
covered, it is enough to point out that the
temperature of 60 million degrees was held
for about one hundred thousandth of a

second only, whereas, at the gas densities
used, several hundredths of a second would
be required to make it possible for a sub-
stantial thermonuclear reaction to set in.
In order to try and get nearer to this order
of magnitude, the Institute is proceeding
with further experiments, in which recent
and encouraging progress in the mastering
of instabilities will be exploited.

The Institute for Plasma Physics, which is an
institute of the Max-Planck Gesellschaft, has
a staff of 732. It is associated with Euratom,
which pays one third of its running costs.

A programme of interdisciplinary training

The European Atomic Energy Community
has recently concluded an agreement with
the Free University of Brussels, the Uni-
versity of Leyden, the Max Planck Institute
at Munich, the Commissariat d I'énergie
atomique (French Atomic Energy Commis-
sion) Paris, the Centre national de la recher-
che scientifique (National Centre for Scien-
tific Research) Paris, the Consiglio Nazionale
delle Ricerche (National Research Council)
Rome and the Comitato Nazionale per I’Ener-
gia Nucleare (Italian Atomic Energy Com-
mission) Rome. The object of the agree-
ment is to carry out jointly a programme of
interdisciplinary training for young research
scientists, in the parallel fields of molecular
biology and radiobiology.

The organisers’ specificaim is to give young
physicists and chemists an opportunity of
meeting the group of research workers—of

whom there are too few in the Community
—engaged on modern biological research.
The contracting organisations will turn by
turn hold a yearly course, lasting about a
month and centred on a subject in molecular
biology or radiobiology.

The course will comprise a theory section,
practical work and seminars. The pro-
gramme will be drawn up each year by the
organising committee, whose members in-
clude Professors J. Brachet (Brussels), A. A.
Buzzati-Traverso (Naples), J. A. Cohen
(Leyden), J. Coursaget (Paris), F. Kaudewitz
(Berlin), A. Monroy (Palermo) and C.
Sadron (Strasbourg).

Grants will be awarded to a certain number
of applicants.

No charge will be made for participation
in the course. Applicants for the course and
for grants must, in principle:

- come from a member country of the
European Atomic Energy Community;

- hold a university degree;

- have one or two years’ practical expe-
rience of scientific research;

- have a satisfactory knowledge of another
Community language.

Awards of grants and admission to the
course will be adjudged by the organising
committee.

A notice was recently sent to Community
universities and research institutes, ad-
vising them of the programme for the forth-
coming course and of the procedure for
applying for the course and for grants.
The general subject chosen for 1966 is
*Replication, transcription and expression
of genetic information”.

Any further information can be obtained
from the following address:

Secretariat du cours de biologie molécu-
laire et de radiobiologie, 51-53 rue Belliard,
Brussels 4.

Journal of Labelled Coumponds

The Journal of Labelled Compounds, a
quarterly, was first issued early in 1965. Its
aims are to publish papers on new methods
of preparing labelled compounds, on the
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improvement and generalisation of methods
already known and on all problems directly
relevant to the preparation of labelled com-
pounds, such as purification, analysis and

storage. It is edited by J. Sirchis, Euratom,
and published by Presses Académiques
Européennes, 98, chaussée de Charleroi,
Brussels 6.
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