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Quarterly Information Bulletin of the Euro
pean Atomic Energy Community (Euratom) 

1966 

The Community's mission is to create the 
conditions necessary for the speedy estab
lishment and growth of nuclear industries 
in the member States and thereby contrib
ute to the raising of living standards and 
the development of exchanges with other 
countries (Article 1 of the Treaty instituting 
the European Atomic Energy Community). 

On 8 April 1965, the Six signed the Treaty establishing a single 

council of Ministers and a single executive Commission for all three 

European Communities—the European Coal and Steel Community, 

the European Economic Community and the European Atomic Energy 

Community. This treaty can be expected to enter into force in the 

near future. 

The Euratom Commission has always been in favour of this merger, 

being convinced that it would constitute a further move towards the 

construction of a united Europe as well as providing a considerable 

stimulus to Euratom's own activities. However, this is merely the 

prelude to an amalgamation of the Communities themselves and to 

the preparation of a single treaty which will supersede the three 

existing ones. 

Developments must hence already be regarded from the viewpoint 

of a progression towards a uniform and unified structure. This does 

not mean, of course, that certain features of the three present treaties 

will not survive, but a suitable juridical framework will have to be 

devised to accommodate them. What is necessary, however, is to take 

a fresh look at the provisions of each treaty and, particularly, to 

decide, in the light of the experience gained in the course of their 

implementation, the extent to which a given clause or provision, at 

present applicable to a single field, could be adapted to Community 

objectives on a wider canvas. These are habits of thought which will 

inevitably make for the evolution of a whole which, constituting more 

than the sum of its parts, will represent the veritable synthesis of 

three units. 

What contribution can the European Atomic Energy Community 

make to this development, by virtue of the provision of its own treaty 

and the experience which it has acquired over the past few years? 

The first point to be made here is that, like its elder sister, the Euro

pean Coal and Steel Community, it was devoted to the development 

of a specific branch of the economy. Not all the problems to which 

Euratom has been obliged to seek solutions, however, can be said 

to come exclusively within the nuclear ambit. The Treaty of Rome 

itself sites Euratom's activities within an extremely wide framework. 

To quote Article 1 :"lt shall be the task of the Community to contribute 

to the raising of the standard of living in the Member States and to 

the development of interchange with other countries by creating the 

conditions necessary for the speedy establishment and growth of 

nuclear industries". Article 2 then gives a detailed list of the tasks 
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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 employees, 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-

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 is 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 abundance of published infor-

34 



mation that necessitates thespending 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 ofthe E. CS. C., which sets out overall 

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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Moi — conventional and nuclear energy side ^ 
by s/de. 
Here we see part of the Belgian Nuclear 
Studies Centre (CEN) and, in the back
ground, two coal-fired electricity generators. 

- a van de Graaff 0.4 MeV accelerator, 
employed as neutron generator (Polytech-
nical Faculty, Mons), 
- a van de Graaff A N 400 accelerator for 
all charged particles up to 0.4 MeV (Universi
ty of Liège), 
- a van de Graaff 2 MeV proton and deute-
ron generator, w i th energy-stabilized and 
analysed beam (University of Liège), 
- an 80 MeV linear electron accelerator 
(University of Ghent), 
- a specialized installation for interpret ing 
bubble-chamber films (High Energies Labor
atory, Brussels). 
In 1965, the sums made available to the 

NUCLEAR ENERGY IN BELGIUM 
As far back as the pre-1940 period, Belgian 
industrialists had acquired wide experience 
in the mining and processing of radioactive 
substances, for there is a major deposit of 
uranium-bearing ore at Shinkolobwe, In 
Katanga. A t that t ime, Belgium was the 
world 's leading producer of uranium. 
Even so, i t was not unt i l 1947 that nuclear 
research was given an official send-off in 
Belgium, w i th the launching of the Inter-
University Institute for Nuclear Physics, which 
in 1951 became the Inter-University Institute 
for Nuclear Sciences. This body is respon
sible for in i t iat ing, promoting and coordi
nating fundamental studies relating to the 
nuclear sciences in the higher education 
and research establishments of Belgium. 
In 1950, the Atomic Energy Commission was 
set up w i t h the object of encouraging and 
coordinating all Belgian nuclear activities. 
In 1952, the Commission launched the 
Study Centre for the Applications of Nuclear 

Energy, which was in 1957 renamed the 
Nuclear Studies Centre (CEN), and given the 
specific task of undertaking all technological 
research connected w i t h the use of nuclear 
energy. 

Resources 

The laboratories whose work is coordinat
ed by the Inter-University Institute for Nuclear 
Science employed 150 research scientists in 
1965. The equipment at the i r disposal is 
considerable, and includes: 
- a pool reactor, rated power 15 k W 
(University of Ghent), 
- a 12 MeV deuteron and 24 MeV alpha 
cyclotron (University of Louvain), 
- a van de Graaff 4 MeV electron accelerator 
(University of Louvain), 
- a Cockcrof t -Walton 1.4 MeV deuteron 
or proton accelerator (Polytechnical Faculty, 
Mons), 

Institute by the public authori t ies total led 
2.15 mil l ion dollars. 

Founded in 1952, the Nuclear Studies Centre 
(CEN) occupies a site of 1420 acres at Mol , 
in northern Belgium. Investments to date 
amount to nearly 70 mil l ion dollars. 

The installations comprise three reactors 
and two crit ical assemblies; chemistry, 
metallurgy, physics, electronics, radio-biolo
gy and medical laboratories; and the requi
site ancillary services. 

The BR-1 reactor, which started operating 
in 1956, is an air-cooled natural uranium 
and graphite research reactor, w i th a 4 MW 
thermal capacity. For many years, it was 
used for experimental purposes, for training 
personnel and for producing radioisotopes. 
Since the end of 1964, its operating power 
has been reduced to a few hundred ki lo
watts, as most experimental work is now 
carried out in the 6R-2 reactor. 
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R E G I N A L D L A M A R C H E A N D A I M É V A E S , 

Belgian Atomic Energy Commission 

The BR2 is a very high neutronf lux reactor 

for studying the behaviour of materials 

under intense irradiat ion and for producing 

radioisotopes of high specific act iv i ty. The 

BR2 has a rated capacity of 50 MW(th) and 

produces a fastneutron f lux, w i t h a power 

exceeding 100 keV, of 5 χ 10
14

 n/cm
2
 sec 

and a thermalneutron f lux of 9 : 10'
4 

n/cm
2
 sec. Since 1960, the CEN has been 

associated w i th Euratom in the operat ion 

of this reactor and its ancillary installa

t ions—dismantl ing cel l , mediumactivi ty 

laboratory, and the cr i t icalreactor model 

called BR02. This model is a vi tal factor in 

the operat ion of BR 2, as experiments can 

be prepared in it and then carried out in 

the reactor w i thou t necessitating a pro

longed shutdown. Al though it has a much 

lower neutron f lux, the model can be used, 

for instance, t o predict exactly the f lux 

d is t r ibut ion in BR2 dur ing a given exper i 

ment ; thus i t neatly rounds off a group of 

installations in which irradiations can be 

effected on behalf of the CEN, and more 

especially of foreign scientists engaged on 

exper iments. 

The BR3 ia a 10.5 MWe power reactor, of 

the pressurised water type, which was 

finally earmarked for t ra in ing the staff of 

nuclear power plants of the fu ture. Since 

its commissioning in 1962, it has contr ibuted 

nearly 100 mi l l ion kWh to the gr id . A f te r 

August 1964, i t underwent conversions 

w i t h a view to carrying out experiments 

w i t h a Vulcain core. 

The CEN also possesses, jo int ly w i th the 

S.A. BelgoNucléaire, an impor tant laboratory 

for studies and work on plutonium. 

The CEN employs a staff of about 1,000, 

roughly a th i rd of whom are university 

graduates and engineers. 

Mention must also be made of the impor

tant funct ion which has been and is st i l l 

being fulf i l led by the CEN in t ra in ing per

sonnel of all levels in nuclear science and 

technology. 

A t present, the CEN's annual expenditure 

amounts to 14 mi l l ion dollars. Its income 

consists mainly of subsidies f rom the state 

and f rom industry, also f rom contracts 

which for the most part are w i th inter

national organisations. 

Belgium has a very wide gamut of produc

t ion capacities which could form a major 

nuclear industry, capable not merely of 

sharing in domestic achievements but also 

of expor t ing a part of its output . 

Ninety industrial enterprises concerned 

w i t h nuclear energy are affiliated to the 

Groupement professionnel de l'industrie nu

cléaire (nuclear industry association), the 

object of which is t o protect its members' 

interests. 

As regards the preparation of materials 

used in the manufacture of fuels. Métallurgie 

Hoboken, of Olen, w i t h long experience in 

the processing of uraniferous ores, is today 

engaged in producing uranium in the form 

of salts, oxide and metal of high nuclear 

pur i ty . 

In the field of fuelelement manufacture, the 

firm of Métallurgie et Mécanique Nucléaires 

(MMN), through its experience in providing 
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Nuclear energy in Belgium 

supplies for Belgian and certain foreign 
reactors, has successfully developed the 
manufacture of the three established types 
of fuel—natural uranium metal, sl ightly 
enriched uranium oxides, and highly en
riched uranium-alloy plates. The cladding 
materials used are aluminium, magnesium, 
stainless steel, nickel and Zircaloy. 
As to the reprocessing of irradiated fuels 
and the processing of radioactive effluents 
and waste, the S.A. BelgoNucléaire has acted 
as industrial architect on behalf of Euro-
chemic and other Belgian and foreign con
cerns. 
Belgium possesses a highly-developed con
struction industry, part icularly in the field 
of mechanical engineering, boi ler-making, 
shipbuilding, and electrical and electronic 
engineering. There are also major research 
offices skilled in the design of industrial 
installations, which have been able t o build 
up useful experience through the i r par t i 
cipation in the design and construct ion of 
Belgian reactors and of certain foreign 
plants. 
Some th i r t y firms have formed a syndicate 
to develop the Vulcain reactor already 
ment ioned. 
In the field of electricity generation, i t should 
be pointed out that conventional fuel is rel
atively dear in Belgium, so that nuclear pow
er reactors offer very attractive prospects. 

An impor tant project now under way is the 
Ardennes nuclear power plant, which is 
equipped w i th a pressurised water reactor. 
This 266 MWe unit is being bui l t at Chooz 
in the French Ardennes and is scheduled 
to come into operat ion at the end of 1966. 
For the design, construct ion and oper
ation of this power plant the SENA (Société 
d'énergie nucléaire franco-belge des Ardennes) 
was incorporated, its capital being held on 
a fifty-fifty basis by Electricité de France and 
the Centre et Sud group of Belgian f irms. 
In consideration of the value to the Com
muni ty of the Ardennes nuclear power 
plant, which is being bui l t under the 
Euratom/Uni ted States Agreement fo r Co
operat ion, Euratom has conferred upon 
SENA " jo in t -en terpr ise" status w i th in the 
meaning of the Rome Treaty. 

D r a w i n g up a p r o g r a m m e 

In order to be effective, a scientific policy 
must extend over a number of years, 
t ime- l imi ts must be set for the various 
targets and the requisite funds must be 
allocated at the outset of the work , as 
otherwise the research workers dr i f t off 
in to a mul t ip l ic i ty of projects which are 
rarely carried through to a finish. 
Hence the first requirement for a nuclear 

General view of the BR-2 materials-testing reactor (left) and the BR-3 power reactor (right) 
policy is a programme which unites the 
best possible choices. 
As early as 1958, therefore, the Atomic 
Energy Commission formed a commit tee 
composed of representatives of the State, 
the universities and industry, for the pur
pose of drawing up a programme. The 
document which emerged f rom this com
mittee's labours was the f irst a t tempt t o 
channel new undertakings towards national 
objectives. 
The first three-year plan covered the period 
1959-1962. A f te r a transit ional per iod, a 
second three-year plan was laid down for 
1965-1967. It is based on a schedule 
of the research proposals financed, at least 
in part, by direct State subsidy, and takes 
into consideration, inter alia: 

- Belgium's membership of Euratom and 
of CERN, which affects the choice of a 
national or internat ional f ramework for 
certain research w o r k ; 
- the presence at Mol of the CEN, w i th its 



Introduction of a sodium loop into the central 
channel of the BR-2 reactor 

Fuel-element fabrication in the plutonium laboratory at Mol 

qualified staff and very comprehensive 
equipment; 
- the fact that nuclear technology is enter
ing the industrial stage. 

Fundamental research 

The results of fundamental research are 
far less predictable and st i l l less easy t o 
programme than those of applied research. 
Standards of p r io r i t y are consequently hard 
to lay down in this f ield, and often it is the 
competence of the researcher, rather than 
the subject, which forms the focal point of 
the decisions. 
The programme of fundamental studies is 
based largely on the proposals of the inter-
university Institute for Nuclear Sciences (IISN). 
The research relates in particular to exper
imental nuclear physics, theoretical nuclear 
physics, radiochemistry, radiogeology, radio-
biology and high energies. 
In the last-mentioned field, the Belgian 

activities are coordinated by the High 
Energies Laboratory, which works in close 
collaboration w i th the universities and 
w i th the European Organisation for Nuclear 
Research (CERN). This laboratory, which 
specialises in the interpretat ion of photo
graphs taken in the bubble chamber at the 
CERN, wi l l be equipped w i th new apparatus 
in order t o enable i t to intensify its collab
orat ion w i th this organisation. 
As far as other fundamental research 
activities are concerned, the task of the 
IISN is t o subsidise various university 
laboratories and to set up teams of highly 
specialised researchers. 
W i t h regard to the CEN, in view of the 
necessity of solving certain basic scientific 
problems raised by the programme of 
applied research and of the usefulness of 
certain exploratory research projects, this 
body likewise carries out various fundamen
tal studies in cooperation w i t h the uni
versities. These are for the most part 
theoret ical and experimental studies in low-

energy nuclear physics relating essentially 
to nuclear spectroscopy, the measurement 
of effective cross-sections and studies on 
the fission phenomenon; studies in solid-
state physics concerning the physical prop
erties of fissile nuclear materials, claddings 
and lattice defects, especially defects caused 
by i r rad ia t ion; and, finally, studies on 
matter conducted w i th the aid of neutron 
beams. 

Appl ied research 

The applied research calls for the greatest 
financial efforts; these must therefore be 
concentrated on a small number of pro
jects carefully chosen w i th a view to u l t i 
mate industrial application, so that suffi
cient funds can be allocated to them to 
ensure the i r success. 
The fol lowing factors were taken into ac
count in the selection of these projects: 
- the pr ior i t ies were determined on the 
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Nuclear energy ¡n Belgium 

Diagrammatic section of the present reference 

design for a Vulcain reactor. 

Compactness is the salient feature of the 

Vulcain, α pressurised water reactor using a 

mixture of heavy and light water as moderator 

and coolant. The core, the heatexchanger, 

the pressuriser and even the pumps are all 

incorporated in the pressure vessel. 

basis of economic cr i ter ia, that is to say 

in accordance w i th the prof i tabi l i ty of the 

products developed and w i th the potential 

market to which Belgian industry can 

reasonably hope to have access; 

 the commercial yield of research is 

greatest during the period immediately 

fol lowing the industrial development of the 

products. Shortterm research can there

fore only be justified if i t can be wr i t t en 

off against definite orders; 

 preference was thus given at the national 

level to mediumterm research. As regards 

longterm research, the most desirable 

policy is one of participation wi thout finan

cial commi tment ; 

 the selection was also influenced by the 

present position of certain Belgian indus

tr ies. In Belgium, research and development 

work involving precision techniques, l ight 

engineering and nonferrous metallurgy 

rests on extremely solid foundations; 

 the present specialisation of Belgium's 

nuclear industry wi l l not be modified but 

accentuated. The programme is therefore 

confined pr imari ly to reactors which are 

based on the technology of water as 

coolant and on uranium and plutonium 

ceramics as fuel. 

As a result of the application of these cr i 

ter ia, the bulk of the effort is being devoted 

to mediumterm programmes, namely 

development of the Vulcain reactor and 

of plutoniumbased fuels. 

In the short t e rm , the projects selected 

relate t o the improvement of proventype 

reactors and fuels, the study of corrosion 

problems and the operation of the BR2 

reactor. 

In addi t ion, funds are being allocated to 

longerterm studies such as those on fast 

reactors and the halogenation treatment 

of irradiation fuels. 

Shortterm programme 

Belgian activity in the field of proventype 

1 Control mechanism 

reactors has been directed mainly towards 

pressurised water reactors—construction 

of the BR3 prototype power plant, par t i 

cipation in the SENA power plant, develop

ment of equipment for pressurised water 

reactors and of fuel elements based on 

uranium oxide and clad wi th stainless steel. 

The programme stipulates that the accent 

must be not on the development of com

plete power plants but on that of specialised 

components. Among those selected are the 

core instrumentat ion, the primary pumps, 

the controlrod drives, the fuelhandling 

appliances and equipment for the manufac

tu re of piping by centrifugal casting. 

The work current ly in progress on fuels is 

a necessary prelude to the fabrication of 

fuelelement assemblies for large pres

surised water reactors and for the Vulcain 

reactors. 

Furthermore, a project of l imited scope 

aims at the improvement of BR2 type 

2 Secondary-water collector 

3 Primary pump 

4 Spray 

5 "Upstream" exchanger 

6 Master valve 

■j Pressuriser cap 

8 Pressuriser feed 
9
 "Downstream" exchanger 

10 Neutron-absorbing rod 

11 Fuel assembly 

12 Moderator tube 

fuel elements (rodlets in an alloy of alu

minium and 90%enriched uranium, w i th 

aluminium cladding). 

The BR2 materialstesting reactor is being 

used for the production of radioisotopes 

and above all for the execution of irradia

t ion programmes. Moreover, the exper i 

ments performed in BR2 have enabled the 

CEN to tackle problems associated w i th 

o ther reactor types, notably hightempera

tu re gas reactors (Dragon type), and w i th 

techniques for the handling of l iquid metals 

(Rapsodie) and organic coolants (ORGEL). 

Wi th a view to ensuring opt imum coordi

nation of the existing irradiat ion facilities 

in the Communi ty , the Belgian Govern

ment has submit ted a proposal t o the 

Euratom Commission for the settingup of 

a single Communi ty materialstesting centre 

which would combine the BR2 reactor and 

the HFR at Petten. 
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Medium-term programme 

The principal aim of this programme is 
the development of Vulcain, a Belgian-
designed reactor w i th a variable neutron 
spectrum. Studies are current ly in hand at 
the CEN, in collaboration w i th the Syndicat 
Vulcain and the UKAEA, in the l ight of 
which it w i l l be possible to decide whether 
the construction of a prototype is justi f ied. 
This is a very compact type of reactor 
designed for a relatively low power of 
some 20-30 MWe but for a high fuel burn-up 
(see figure on page 40). 
An ini t ial phase of the wo rk covered the 
construction and operation at the CEN of 
a zero-power reactor known as Venus 
(Vulcain Experimental Nuclear Study), which 
was taken into service in Apr i l 1964. A 
second major phase, being carried out at 
Mol , is the in-pile insertion and power-
testing of a Vulcain core in the BR-3 reactor, 
which has been modified for this purpose. 
Another impor tant medium-term activity 
consists in fuel-cycle studies, which are con
cerned chiefly w i th the development of 
plutonium-based fuel elements. For exam
ple, mixed uranium oxide/plutonium oxide 
ceramics have been developed which can 
replace enriched uranium oxide in thermaj 
reactors. Fuel pins thus enriched w i th plu
tonium were inserted in the BR-3 reactor 
and produced energy for several thousand 
hours. This wo rk is being carried out 

Aerial view of the BR-3 nuclear power plant 

Bird's-eye view of the Venus reactor 

jo int ly by the CEN and BelgoNucléaire under 
a Euratom contract. 

Long-term programme 

Fast reactors enjoy pride of place in the 
long-term programme. Indeed, this type 
of reactor, by means of which the potential 
energy contained in uranium can be ut i l 
ised much more fully, undoubtedly con
stitutes the solution of the future. 
Belgium's position in this field is determined 
by the existence in the country of a nucleus 
of qualified specialists and by Belgian 
industry's part icipation in the programme 
of the European Communi ty , especially in 
the form of contracts for the provision 
of industrial-architect services for the 
Masurca crit ical model and for the Harmonie 
source reactor being buil t under the CEA/ 
Euratom Association. 
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Nuclear energy in Belgium 

Very recently, an association agreement 
was concluded w i t h Euratom for the inte
gration of the Belgian programme into 
that of the Community. The work being 
done in Belgium supplements that carried 
out by the GfK (Germany)/Euratom Asso
ciation and relates essentially to the fol low
ing points: study of sodium-cooled reactors, 
a more l imited study on steam-cooled reac
tors and the development of fuels in collab
orat ion w i th the Enrico Fermi group in the 
United States. 
Among the long-term projects, mention 
must also be made of the work undertaken 
by the CEN, in cooperation w i th Euratom, 
on the reprocessing of irradiated fuel ele
ments. The CEN is engaged on the study 

promote the use of radioisotopes in indus
t r y o r improve methods of protection 
against radiation hazards. The production 
of radioisotopes in Belgium is in the hands 
of the CEN and wi l l continue to be unt i l 
the country's industry is economically ca
pable of taking over. Thanks to the BR-2 
reactor, i t has been possible to expand 
the range of products, notably by the pro
duction of cobalt and i r id ium w i th very 
high specific activities. Radioelement pro
duction and the relevant research are car
ried out under the terms of an association 
w i th the French Atomic Energy Commis
sion (CEA) and the Italian company SORIN, 
this collaboration having been undertaken 
in the interests of rationalisation. Such pro-

w o r k has been directed to the develop
ment, in conjunction w i th Euratom, of two 
processes. By means of the first of these, 
it is possible to separate highly active 
elements w i th long half-lives, such as stron
t ium and caesium, in mineral exchangers. 
The second process consists in coating the 
waste w i th bitumen in a solid and insoluble 
fo rm. 

In ternat ional cooperat ion 

Belgium is cooperating in the activities of 
numerous international bodies and in par
t icular is a member state of Euratom, the 
European Nuclear Energy Agency (established 

Plutonium 

Uranium 

Fission products 

Ceramic fuel processing by means of fluorine 1. Irradiated fuel feed-in (uranium + pluto
nium + fission products) 2. Drawing-off of solid fission products 3. Production of UF6 and PuF6 

4. Condensation of UFb and PuFt 5. Reduction of PuF& to PuF¿ and U/Pu separation 
6. Conversion of PuFt to Pu02 7. Distillation of UF6 8. Conversion of UF6 to U02 

of non-aqueous techniques eminently suit
able for ceramic fuels, w i th the object of 
developing a method which, as compared 
w i th the aqueous t reatment, w i l l lead to 
a considerable reduction of the reproces
sing costs and to a retrenchment of capital 
investments. The CEN w i l l short ly have 
at its disposal a " h o t " semi-pilot plant for 
reprocessing by halogenation (see figure 
on this page). 

Research in the public interest 

Under this heading are included all activi
ties the main object of which is ei ther to 

duct ion current ly has a value of some 
400,000 dollars a year. 
In order to expand the use of radioisotopes 
in industry, a Belgian Radioisotopes Bureau 
has been set up, whose task it is, in coopera
t ion w i th the CEN, to provide Belgian 
industrialists w i th information and assist
ance on the subject. 
As regards radiological protect ion, work 
on radiophysical control and medical re
search on contamination are carried out in 
accordance w i th the exigencies of public 
health. 
A related problem which has had to be 
resolved is that of radioactive-effluent and 
-waste treatment. The bulk of the CEN's 

under the auspices of the OECD), the Inter
national Atomic Energy Agency and the Europe
an Organisation for Nuclear Research (CERN). 
Our collaboration w i th Euratom is partic
ularly close and absorbs an appreciable 
proport ion of the resources devoted by our 
country to nuclear research (10.8 mi l l ion 
dollars out of a total of 25.5 mil l ion in 1963). 
In re turn, the CEN and Belgian industry 
have been awarded a large number of 
research contracts, and Euratom operates 
the BR-2 and its ancillary installations 
jo int ly w i th the CEN. Fur thermore, the 
Communi ty has set up on Belgian te r r i t o ry 
the Central Nuclear Measurements Bureau 
(BCMN), which is one of the Joint Research 
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Centre establishments. Belgium is also the 
country in which the first OECD jo int 
enterprise was established, namely the 
Eurochemic plant, which is to be commis
sioned very shortly and is capable of re
processing annually about a hundred tonnes 
of natural or slightly enriched uranium as 
well as a certain quantity of highly enriched 
fuel. 
Mention should also be made of the agree
ments signed, on the init iat ive of the Atomic 
Energy Commission, w i th India, Pakistan, 
Poland and the USSR. A fur ther agreement 
is being negotiated w i th the United King
dom, which is already participating in the 
development of the Vulcain reactor. 

Nuclear power plants 

As has already been stated, Belgium is a 
country in which fossil fuel is relatively 
expensive and in which the construction 
of competit ive nuclear power plants offers 
considerable benefits for the national 
economy. 
In the field of nuclear power plants, a first 
10.5 MWe unit , called BR-3, was taken into 
service in 1962 and has been employed 
mainly for manpower training. Also note
wor thy is the fact that Belgian enterprises 
are participating in the construction and 
operation of a second nuclear power plant, 
the 266 MWe SENA uni t , together w i th 
Electricité de France. 
It is now the intention of Belgian electricity 
companies to have two large 600 MWe 
nuclear power plants constructed, one on 
the Scheldt to the north of Antwerp and 
the other on the Meuse upstream of Liège. 
These units are scheduled for commiss
ioning dur ingthe 1970-75 period and wi l l be 
constructed for the most part by Belgian 
industry. 
Such vast-scale projects involve a whole 
range of technical, economic and social 
problems, which are now being studied 
by numerous work ing groups sponsored by 
both the responsible public authorities and 
the private sector. 
Among all these problems are three which 
assume an acute and what for Belgium is an 
entirely new fo rm, to w i t : 

- what should be the share of nuclear 
energy in our overall power supply scheme? 
- what are the problems raised by the 

introduction of 600 MWe basic units into 
our electricity grid ? 
- what part should be played by Belgian 
enterprises in the construction of the 
planned generating plants? 
The constant increase in electricity con
sumption in Belgium and throughout the 
European Community, coming as i t does 
at a t ime when nearly all "pr iv i leged" sour
ces of energy are being util ised, makes it 
necessary t o map out a concerted supply 
policy aimed at ensuring, in the best con
ditions, dependability of supply at the 
lowest prices in the short and the long te rm. 
As regards the problem of reliable and 
regular supply, there is now general agree
ment that a wide variety of sources affords 
the best guarantees. From this standpoint, 

in the price of imported coal. 
Lastly, the commissioning of the planned 
generators wi l l in no way affect the regular 
sale of indigenous refuse coal or of other 
privileged energy sources which may be
come available. 
It may therefore be concluded that as far 
as Belgium is concerned production of elec
trical energy from large-scale nuclear power 
plants offers wor thwhi le advantages and 
that this sector is marked out for expansion. 
In 1964, net electricity output in Belgium 
totalled 19,500 mill ion kWh, calling for a 
net maximum capacity of 4,383 MWe. For 
the past ten years, the annual growth rate 
has been 6.5%, which means that a pro
duction level of 27,300 mill ion kWh could 
be reached in 1970. The consumption in-

Eurochemic fuel-reprocessing plant 

nuclear fuel adds to the diversity in question. 
Furthermore, storage of the uranium neces
sary for fuel element fabrication entails 
capital expenditure which is about half that 
required for the storage of fossil fuels. 
Such stocks also occupy far less space. 
On the score of prices, nuclear fuel used 
in large 600 MWe power plants costs 
approximately 1.2 dollars per large calorie, 
whereas the corresponding cost for indig
enous fuel is 1.7 dollars and for indigenous 
washed fines 2.5 dollars per large calorie. 
By reason of the fact that most of the phases 
in nuclear fuel fabrication are carried out 
in Belgium, the Belgian added value in the 
final price is comparable t o that in the price 
of imported liquid fuel and appreciably 
higher than the corresponding proport ion 

crease between 1970 and 1975 would neces
sitate a stepping-up of the maximum capa
city by about 2,400 MW, i.e. double that 
of the two planned nuclear power plants. 

Belgium, as has been seen, was called upon 
to concern itself w i th nuclear energy at 
quite an early stage, but it is obvious that, 
being a small country, it could not risk 
embarking on unduly ambitious research 
and development programmes on its own. 
Nevertheless, it has an industry whose 
skills entit le it to aspire to an honourable 
place in the nuclear wor ld . It believes 
i t can achieve this aim by means of close 
cooperation wi th other countries, especial
ly w i th other member states of the Europe
an Community. 
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E U B U 5-6 

It is no more than fifteen years since the the instructions, codified in a language protracted affair. But it is clear that once 
Americans started using computers as a which the computer can digest, required it is finally ready a code can be used for 
tool for solving problems encountered in for the solution of a set of equations the solution of an unl imited number of 
nuclear reactor design. The complex of describing a problem in physics, is called problems of the same type, but of varying 

the nuclear "p rogramme" or "code" . input data. 
The setting up of a nuclear code is obviously In this as in other fields, automation may 

» Scientific Data Processing Centre a highly complicated and usually a fairly give rise t o certain hazards, and the initial 
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for? What future do they have? 

C A R L A M O N G I N I T A M A G N I N I , CET/S*, Ispra Establishment of Euratom's Joint Research Centre 

introduction of codes was accompanied by 
a l i t t le 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 
that only when there is a t rue 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 wi th 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 wor ld are many. Among 
them we may mention the fast-reactor 
t rend—for this type of reactor the prel im
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 i t 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 wi th an 
electronic computer and a l ibrary of nuclear 

codes, or else make use of facilities be
longing to nearby centres. 
While being convinced of the enormous 
and stil l growing usefulness and importance 
of nuclear codes, I wish to reiterate the 
words of Weinberg and Wigner, which I 
wholeheartedly endorse: " . . . only when 
there is a t rue 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 mil l ion electron volts, collide wi th 
the nuclei of the surrounding materials, in 
which process they may be "captured" by 
the nucleus, or deflected, generally w i th 
loss of velocity, or give rise to fur ther 
fissions. 
The reactor generally consists of a " co re " 
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 "supercr i t ical" , 
"c r i t i ca l " or "subcr i t icai" 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 crit icality (or reactivity) of the 
reactor varies during operat ion: 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 
crit ical i ty and at the same t ime 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 computat ion, 
apart from the reactor's physical and geo
metrical configuration, are the values (gen
erally experimental) which describe the 
probabil ity 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 
l ibraries". 

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 isgenerally 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 cr i t ical i ty state can be 
determined. 
Depending upon whether the regions con
sidered are of high or low absorption, two 
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Figure 1 : Diffusion theory and transport theory. 
Over a path of one centimetre, a neutron has 
a probability A of being absorbed, S of being 
scattered (i.e. deflected) and L of escaping 
from the region under consideration. If S is 
very great in relation to A and L, then the 
actual direction of the neutron at a given 
point of time is not important with regard to 

the neutron distribution over the region, 
whereas it is if S is small in relation to A and L. 
In the first case, which obtains for fairly exten
sive low-absorption regions, and for neutrons 
distant from the delimitation surfaces, the 
diffusion theory applies (drawing on left). In 
the second case it is the transport theory 
which is applicable (drawing on right). 

called "nuclear codes" are usually classified 
both in Europe and in America in categories 
which reflect the various above-mentioned 
problems, namely: 

a. Thermal spectra and data, 
b. Fast spectra and data, 
c. Solution of the diffusion equation, 
d. Solution of the t ransport equation, 
e. Burnup, 
f. Kinetics, 
g. Con t ro l , 
h. Shielding, 
i. Heat exchangers. 

different theoretical models are customarily 
used, designated the theory of transport 
and theory of diffusion (cf. fig. 1). 
As has been pointed out, the determination 
of the reactor's cr i t ical i ty state is repeated 
at various stages in the life of the core 
owing to the progressive changes which 
occur in the isotopie concentrations during 
operat ion. The investigation of the change 
versus t ime in the isotopes init ial ly present 
is called the " b u r n u p " or "dep le t ion" 
study. 
The reactivity of a reactor generally 
diminishes as operation proceeds, as a 
result of the formation of nuclei w i th a 
high capture capacity and as the init ial 
fuel charge becomes depleted. This means 
that the reactor must have an init ial excess 
of reactivity, control led by means of ab
sorbent rods (control rods) which wi l l be 
wi thdrawn l i t t le by l i t t le as t ime goes on. 
The control problem relates to the study 
of the reactivity absorbed by a given set of 
control rods and the techniques of moving 

the rods in such a pattern as to ensure a 
constant state of cr i t ical i ty during reactor 
operat ion. 
During the reactor l i fet ime there may oc
cur incidents which suddenly alter the 
state of the reactor and result in an un
expected rise in the neutron population. 
The department of reactor physics which 
studies the reactor's response to an in
sert ion of reactivity and thence evaluates 
its operational safety, is called "reactor 
kinet ics". 
Apart f rom the above questions of a str ict ly 
neutronic nature, there are other problems 
of major importance in reactor design, 
such as the study of the efficiency of the 
shield as a radiation barrier and the design 
of the cooling plant (heat exchangers). 

Classification of codes—their 
distr ibution 

The reactor computation codes, commonly 

The volume of nuclear codes available for 
the various categories of problems is con
siderable. 
As an indication we give t w o tables showing 
the state at the CET/S programme l ibrary 
at the beginning of the present year. 
The relatively small number of American 
codes may cause surprise, when it is recalled 
that nuclear plants and electronic process
ing facilities are vastly more numerous in 
the USA than in Europe. Various factors, 
however, must betaken into consideration: 
f i rst the policy of several of the best-
known American nuclear firms—General 
Electric, General Atomic, Westinghouse—of 
not making their codes available to Europe 
except on a l imited basis, and sometimes 
only on the basis of a sale; in the second 
place it is easier for codes to be exchanged 
between neighbouring countries, since the 
research staff have often established per
sonal contacts; finally the understandable 
tendency on the part of the user to prefer, 
given equal performance, a code developed 
by the organisation to which he belongs, or 
by organisations w i th which there is active 
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collaboration, to codes from other, less 
familiar organisations. 
An easier and cheaper dissemination of 
American codes in Europe is at present 
taking place through the offices of the 
programme library created by the European 
Nuclear Energy Agency of the OECD. The 
ENEA l ibrary, which has been functioning 
for about two years at Ispra beside CET/S 
and which collaborates closely w i th CET/S, 
has the particular task of collecting and 
distr ibut ing existing nuclear codes, either 
Américain or European, a task facilitated 
by the intimate ties between ENEA and the 
two similar American centres—the Argonne 
Code Center and the RS/C (Radiation Shielding 
Information Center) at Oak Ridge. 

The problem of testing the codes 

Unlike an ordinary l ibrary, a programme 
library is not, however, confined to the 
collection and distr ibut ion of codes; it 
also tests them, an operation which is more 
delicate and complex than may appear at 
first sight, and calls for a parallel effort on 
the part of computer programmers and 
mathematicians specialising in reactor phy
sics. 

It is customary to distinguish two test 
stages—a first stage of routine testing, 
and a second stage of full testing. 
Routine testing consists in ensuring that 
the sample problem is accepted by the code 
and carried through to the end. It is clear 
that whenever the computer for which 
the code has been evolved does not cor
respond exactly in its central and peripheral 
units to that on which it is desired to 
perform the testing, grave problems may 
arise in the routine testing stage. 
Even when the two computers are exactly 
identical, the routine testing may stil l not 
be particularly simple, since in many cases 
the operating instructions for the code 
received are not sufficiently clear. In all 
such instances a detailed study of the 
organisation of the programme is indispen
sable; a sample case can then receive a com
plete run through and the code can be said 
to be routine-tested. 

The second stage, i.e. full testing, consists 
in arriving at a statement of the mathemati
cal and physical hypotheses on which the 
programme is based and canvassing the 
whole range of possibilities which it offers. 
The solution of fairly complex problems, 
such as those which arise in reactor design, 

often entails the use of simplified models 
for the description of certain physical 
phenomena. Now the full testing of a code 
calls for the knowledge of any such models, 
although it wi l l be the task of the reactor 
designer to ascertain whether, and to what 
extent, these models are valid for the type 
of reactor in question. 
Once the problem to be tackled is defined, 
the next step is to choose the numerical 
methods to solve i t , methods which are 
examined w i th the object of demarcating 
their validity l imits. 
In this connection it should be noted that 
various methods of computation are usually 
provided in a code, corresponding to various 
options to be specified in the input data. 
Very often the descriptive report is not at 
all explicit as to which are the computa
tions which are to be carried out in connec
t ion wi th a given choice on the part of the 
user. In order to gain a thorough grasp 
of the various possibilities contemplated, 
and thus to exploit to the full the f lexibi l i ty 
of the code, it wi l l therefore be necessary 
to study the organisation of the programme 
and to set up other problems than the sam
ple problem. 
From the above it wi l l be clear that both 

Table 1: The range of nuclear codes now 
available in the CETIS programme library, 
split up according to the category of problems 
to which they apply. Euratom's contribution 
is in black. 

Thermal constants 

Velocity constants 

Transport 

Diffusion 

Burnup 

Engineering 
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Table II: Nuclear codes available in the CETIS 
programme library at Ispra, split up according 
to their origin. 

in routine testing and in ful l testing of a 
nuclear code, but undoubtedly more in the 
second than in the first, mathematicians 
and reactor physics experts play a decisive 
part alongside the programmers. 
In order to schematise the characteristics 
which distinguish one code f rom others 
relating to the same problem, and to facili
tate its use, CET/S prepares and distributes 
t o users manuals in English called " H o w to 
Use" for each code examined. Two bulletins 
wi l l be sent out per year describing the 
status of the nuclear code l ibrary. 

What future have the codes? 

In my opinion—an opinion confirmed in 
the course of visits to numerous nuclear 
and computation centres in Europe and 
the United States—nuclear codes wi l l 
develop along t w o relatively new lines 
which are at one and the same t ime distinct 
and complementary. These two trends are 
partly dictated by the advent of a new gener
ation of electronic computers, operating 
much faster, equipped wi th more fast mem
ories than their predecessors, and possessed 
of new capacities for solving different types 
of problem in parallel. 
The first line concerns the development of 
new and ever more advanced techniques 

of numerical computation for the various 
types of reactor design calculation sketched 
out above. The mathematical problems 
which arise in reactor studies now consti
tute an extensive and well-defined mathe
matical field concerned wi th the solution 
of a fairly l imited number of equations. A l l 
over the wor ld now, mathematics is 
bringing heavy guns to bear on the solution 
of transport, diffusion and kinetic equations, 
while international congresses such as the 
recent conference on "Appl icat ions of Com
puting Methods to Reactor Problems" are 
being held, entirely dedicated to reactor 
computation methods. 
An interesting report published by W. 
Sangren on the above symposium indicates 
the lines of study now being pursued by 
mathematicians of various countries—the 
application of variational methods to the 
solution of t ransportand diffusion problems, 
the use of Monte Carlo techniques for 
cri t ical i ty problems, the improvement of 
i terative techniques for the solution of 
problems of multidimensional diffusion and 
the numerical solution of problems of 
spatial kinetics. 
The second line of development concerns 
the possibility of carrying out series of 
nuclear codes in sequence, linked together 
by the fact that the output data of one code, 

suitably arranged, may (in part) constitute 
the input data of one or more subsequent 
codes. The tendency is thus t o l ink nuclear 
codes in a system rather than to carry them 
out individually, thus eliminating human 
intervent ion between the successive exe
cutions of the individual codes. 
There is a whole range of possibilities, f rom 
the automatic sequential l inking of a given 
series of codes to the highly-complicated 
sequential l inking of a series of codes, each 
of which may be chosen by the user in an 
assigned "se t " . 
Systems of the first type, for example, are 
now under study in various centres. 
CET/S some t ime ago init iated the study of 
a system of the second type. This system, 
known as Charon, should make i t possible 
to carry out any sort of code-series in 
sequence, provided the codes are chosen 
among those relating to the determination 
of thermal or fast data and to the solution 
of diffusion and transport equations. 
In both directions, a great deal of ground 
sti l l remains to be covered by those en
gaged in these studies in various countries. 
However, we are confident that reactor 
designers wi l l be able, on an increasing scale, 
to make use of computer techniques, even 
for the solution of problems which have up 
t i l l now been dealt w i th experimentally. 
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Figure 1: Estimated annual uranium require
ments in the European Community for the 
period 1970-1999. 
Both enriched and natural uranium require
ments are token into account in the graph, but 
they are expressed in tonnes of uranium metal. 
No account is taken of any plutonium recycling. 
The Western world's total requirements, 
which can be estimated at approximately six 
times those of the Community, will have to be 
met from production capacities which at 
present amount to only about 13,000 tonnes of 
uranium metal per annum. 

Business pattern of the 
nuclear fuel industry 

R O L A N D T U R K , Deputy Head of the Economy Directorate, Euratom 

As early as 1963, the Euratom Commission 
brought the problem of long-term uranium 
supplies in the Communi ty to the notice 
of the general public when it issued the 
repor t drawn up by the Supply Agency's 
Consultative Commit tee. 
The Commission has since reverted to the 
question in each of its annual reports, 
while there has been a growing number of 
long-term studies and forecasts, both offi
cial and private, and Euratom's f irst target 
programme for nuclear development w i th in 
the Communi ty has just been published. 
This document raises the problem of fuel 
supplies in direct relation to the attainment 
of the targets set in the nuclear electricity 
generation programme, the final date of 
which is 1980 and the " h o r i z o n " 2000. 
A t a t ime when in the Communi ty , and 
indeed throughout the wo r l d , the nuclear 
industry is start ing out w i th prospects of 
swift and large-scale development, and 
when industrial policies are being mapped 
out , it is wor thwh i le taking a look at the 
various aspects of the problem of long-term 
supply in this major energy sector. It may 
be split up into three heads — require
ments, industrial resources for satisfying 
them and commercial relationships between 
producer and consumer. 

H o w big exactly is the Communi ty 's 
long-term supply problem? 

Is it necessary to consider the needs of the 
nuclear power plants up to 2,000? It is t rue 
that many official forecasts take 2000 as 
the i r final date. There is increasing agree
ment that a nuclear plant's prospective 
l i fet ime is th i r t y years, so that a plant 
commissioned in 1970 would be maintained 
in operation unt i l 2000. 
Furthermore th i r t y years is the period in 
terms of which many nuclear energy pro
ducers wi l l no doubt assess their fuel-
supply problem. They are accustomed to 
taking a very long view in this field. 
Some figures may be quoted to give an idea 
of the foreseeable t rend of Community 
nuclear industry requirements in metric 
tons of natural uranium metal : 

Cumulative 
requirements 

Annual 
requirements 

(1970-1980 
»1970-2000 
Í1970 
¿1980 
'2000 

54,000 
332,000 

2,300 
8,200 

15,600 

This is the overall demand, i.e. including 
the uranium necessary for the production 
of enriched fuel (cf. f ig . 1). 
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Expressed likewise in tons of natural urani
um metal, the enriched uranium require
ments envisaged in the target programme 
can be summarised as fo l lows: 

Cumulative 
requirements 

Annual 
requirements 

ί 1970-1980 
Π 970-2000 
11970 
,1980 
'2000 

17,000 
106,200 

1,500 
3,700 
2,500 

As regards plutonium requirements these 
wi l l not assume industrial proport ions unt i l 
near the end of the next decade. 
A first general comment is called for con
cerning these estimates: they represent 

1. Natural uranium contains about 0.7",', uranium-235 ; 
a fissile isotope, and 99.3"„ uranium-238, a ferti le 
isotope. In enriched uranium, the percentage of 
uranium-235 is artificially increased. Uranium-238 is 
considered as fertile because during reactor operation 
it can be converted into plutonium, a fissile material 
comparable to uranium-235. 
2. The data at present available make it seem likely 
that recourse wil l be had eventually to thorium as 
well as uranium in the advanced thermal reactors, 
Thorium-232, a fertile material, is converted into 
uranium-233, which is a fissile material, in line wi th a 
mechanism similar to that which governs the con
version of uranium-238 into plutonium. Thorium, 
however, has been left out of account in this article, 
since the prospects which it offers still involve too 
many uncertainties. Moreover, thorium is not a direct 
competitor of uranium since i t contains no fissile 
material. At all events the industrial and commercial 
arguments expounded in this article are not invali
dated by the possibility that the uranium cycle may 
be accompanied by a thorium one, except insofar as 
the uranium demand would in such case be reduced. 

a min imum. On what are they actually 
based? On targets for nuclear electr ic i ty 
production which are increasingly coming 
to be considered modest in view of the 
competi t ive capacity of nuclear energy, and 
the f ixing of which has been dictated main
ly by anxiety t o integrate nuclear energy 
smoothly into the overall pattern of energy 
production and to permit a reasonable rate 
of construct ion. No account has been taken 
of applications of nuclear energy other than 
electr ici ty generation, since the data avail
able are inadequate as a basis for fore
casting. 
In the second place, these estimates of 
demand are founded on what is, generally 
speaking, deemed to be a realistic assump
t ion as to the pace of technical progress, 
namely that the "p roven- type" thermal 
reactors as we know them today (for 
example, graphite-gas reactors operating 
on natural uranium and water reactors 
using enriched uranium') wi l l at some future 
date be joined by "advanced" thermal 
reactors2 (which are inter alia better plu
ton ium producers than the proven type), 
and subsequently fast breeders also. 
Advanced thermal reactors burn less urani
um per kWh than the proven type, and 
fast breeders beat all records for uranium 
economy. Fast reactors comprise, on the 
one hand, a core containing p lutonium, 
a fissile material, and, on the other hand, 
a "b lanke t " consisting mainly of fer t i le 

materials, e.g. "dep le ted" uranium. During 
operat ion, fast reactors convert depleted 
uranium in to plutonium w i t h an efficiency 
which sets them apart f rom other types 
and which results in the product ion of 
quantit ies of p lutonium in excess of those 
consumed. The plutonium required for the 
startup of fast reactors can be drawn f rom 
the spent and reprocessed fuel of thermal 
reactors, whi le fer t i le materials can be 
obtained f rom the lat ter source as well as 
f rom enrichment plant wastage. They could 
therefore obviously be fuelled w i t h the 
by-products of thermal reactors; in any 
case the i r fresh uranium requirements wi l l 
be small. 

Taking the most pessimistic view — that 
in 2000 proven-type reactors would sti l l be 
alone in the field — the cumulative uranium 
demand over the next 30 years would be 
double the figure given and the enriched 
uranium requirements would be t reb led. 
A great deal of uncertainty persists, hinging 
upon the course to be pursued in nuclear 
industrial policy; the figures quoted make 
no allowance for p lutonium recycling in 
thermal reactors or the possibil ity of fuel
l ing all o r some advanced reactors w i th 
enriched uranium. It is at all events mani
fest that the respective shares of natural 
uranium, enriched uranium and plutonium 
are sti l l imprecise. What is certa in, how
ever, is f i rst ly that the figure given for 

Figure 2. Left: Estimated cumulative require
ments of uranium (in metric tons of uranium 
metal) in the Western world for the period 
1970-1999. The entire square represents the 
total requirements for the Western world; the 
red area represents the Community's require
ments. 
Right: Present proven reserves of uranium 
exploitable at a cost of less than 8-10 dollars 
per lb of U2Og. 
The entire square represents the total reserves 
of the Western world: the red area represents 
the Community's reserves. 
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overall uranium needs is a rock-bottom 
estimate, and secondly that technical ad
vance is a key factor in determining the ex
tent of the problem of nuclear fuel supply. 
It may even be said that by paving the way 
for the use of plutonium as a main fuel we 
reduce the problem of natural uranium 
supply, over the very long t e rm , to very 
minor proport ions, particularly for the 
Communi ty , which would suddenly find 
that its bonds of dependence w i th regard 
to the outside wor ld for fuel supplies had 
been loosed. But this t rend wi l l only assert 
itself in the period 1980-2000, on the dual 
proviso that the use of uranium as a basic 
fuel in thermal reactors has by then led 
to the product ion of significant quantities 
of plutonium and that fast reactors make 
the grade industrially in due course. Thus, 
a steep rise in uranium requirements wi l l 
give place to a decline towards the end of 
the century. 

In order to meet the rising demand, which 
wi l l be marked by a constantly shifting 
pattern, i t wi l l be necessary to push ahead 
vigorously w i th the development of a large-
scale mining and fuel-processing industry. 

Meet ing demand — the rôle of the 
mining industry 

The first essential is that uranium resources 
should keep pace w i th the growth in 

Final decontamination of a plutonium-en-
riched fuel pin (CEN-BelgoNucláaire Labor
atory, Mol). 
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mining and concentration of U3Oe 

Figure 3: The uranium cycle. 
After refining, uranium must 
be prepared for use in a 
reactor fuelled with either 
natural or enriched uranium. 
In the first case the cycle is 
fairly simple, the uranium 
being converted directly into 
fuel elements. In the second, 
it has to go through an isotope 
separation stage (enrichment) 
before being shaped and can
ned. 
After irradiation in-pile and 
"cooling", the fuel is reprocess
ed, depleted uranium and 

plutonium being recovered as 
well as uranium which is still 
partly enriched. As things stand 
at present, the former two 
materials are intended mainly 
for use in fast reactors, while 
there is a further possibility 
of recycling plutonium in ther
mal reactors. 
It should be noted that, while 
the different stages in the 
uranium cycle are shown sep
arately in the diagram for 
purposes of clarity, some of 
them can be carried out at 
one and the same plant. 

refining 
(conversion into metal, UO¡ , U C . ) 

irradiated fuel reprocessing 

depleted uranium 



demand. In the Western wor ld , low-priced 
reserves, i.e. at $8 to $10 per lb. of uranium 
concentrate (U3Oa)—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 unti l around the end of the 
next decade, disregarding possible extrac
t ion rates, (cf. fig. 2). 
But on account of the practice of concluding 
long-term supply contracts, demand wi l l 
anticipate supply on the market by several 
years. Having regard to the t ime required 
to discover new uranium deposits, it is 
generally agreed that prospecting must be 
resumed wi thout delay and on a large 
scale, as the Euratom Commission has 
repeatedly stressed. 
This process has begun, but wi l l not 
spontaneously develop the necessary impe
tus unti l such t ime as producers derive a 
fair return from the opening of a genuine 
uranium market. Meantime only assistance 
from the public authorit ies serving to 
reduce the financial burdens and political 
risks involved wi l l induce the mining 
industry to force the pace and exploit the 
opportunit ies, which experts consider 
favourable, for the discovery of cheap 
uranium. 
Unless they are able to conclude long-term 
contracts, countries wi thout uranium of 
their own cannot rely on having access to 
the most advantageous resources as regards 
cost and dependability, except to the extent 
t o 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 primari ly t o 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 
wi l l be in inverse proport ion to the growth 
in the volume of economically exploitable 
reserves. But they wi l l also be affected by 
the operating costs of marginal mines and 
by the amortisation rate which the pro
ducers wi l l 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 wi l l apply 
all the more the later the mines in question 
have been brought into production. 
Although i t 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 rôle 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 wi l l be in direct proport ion 
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 nuclearfuel 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 Communi ty : such a development 
would be of advantage to Community in
dustry as well as helping the balance of 
payments. The producer countries are 
similarly motivated in wishing for the 
setting up of a nuclear fuel industry on 
their te r r i to ry and of export ing their 
resources in the most highly-processed 
possible state. Over the long-term, how
ever, at a t ime when plutonium has become 
the most common nuclear fuel, the Com
munity's fuel-processing industry wi l l be 
virtually independent of imports. But at the 
same time users wi l l not be giving it their 
business unless it can deliver the goods on 
terms of price and quality which can com
pete wi th those offered by foreign sup
pliers. 

Turning to the question of reliabil i ty 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 wi l l 
be alive to the fact that any shortage or 
bottleneck arising at any stage whatever in 
the industrial processing of the fuel would 
risk cutt ing off deliveries. In this connec
t ion , it is definitely to the Community's 
advantage to have a sound 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 wi l l 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 reliabil ity 
angle. 
It is difficult to arrive at an a pr ior i 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 
"ver t i ca l " 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
trat ion would be afforded by an extension 
of the reactor construction industry's ac
t ivit ies to the fuel sector, in view of the 
possibilities thus afforded for sub-contract-
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ing or preparing to supply not only reac
tors but the fuel as wel l . 
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 the i r long-term 
uranium requirements, but they would be 
able to contemplate a single long-term 
contract w i th 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
tu re r to shoulder the responsibility for 
acquiring uranium on the best possible 
terms w i th regard to reliabil i ty and cost. 
For its part, the mining industry may well 
be impelled to deal solely wi th the user 
himself, to the exclusion of those engaged 
in any intermediate operations, for reasons 
connected wi th 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 restrict ing himself to short-
term commitments in view of the greater 
degree of competi t ion which is l ikely to 
obtain. 
The beginnings of this trend towards 
"ve r t i ca l " concentration are in evidence 
throughout the free wor ld 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 "hor izontal 
concentrat ion" 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 
vir tual ly cornered the market. 
It follows that users, in particular those in 
the Communi ty, are in a better position 
if they can maintain some kind of united 
f ront on the market. By not competing w i th 
each other against producers f rom non-
member states, they can substantially im
prove their bargaining posit ion. 
Quite apart from the organisational set-up 
(vertical or horizontal) adopted by the 
producers, it is in any case to users' advan

tage to pool the i r 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 
wi th regard to the prol i ferat ion of nuclear 
weapons would suggest that trading in 
nuclear fuels w i l l continue to be subject to 
special conditions w i th respect t o the appli
cations to which they are put. This may 
well place certain l imitations on the at
tempts of users and producers alike t o 
bring about a more rational use of the 
available plant, but the recently init iated 
t rend towards a removal of restrictions 
may nonetheless be expected to continue, 
ult imately leading to a market somewhat 
similar to that for fossil fuels. 
The purpose of the ideas and prospects 
out l ined above is once again to focus atten
t ion on the magnitude of the problem in
volved in fuell ing the Community's power 
reactors and at the same t ime to stress its 
industrial facets. 
If the present estimates turn out to be cor
rect, these specifically industrial features 
wi l l become progressively accentuated as 
uranium is gradually ousted by plutonium 
as a reactor fuel . There is good reason to 
th ink, in fact, that given another 25 years 
or so the problem of gett ing at the fuel 
reserves present in the earth wi l l be over
shadowed by that of reprocessing a fuel 
which is essentially artif icial and which 
occurs as an inevitable byproduct. For the 
Community the switchover would prove all 
the more dramatic since its fuel (apart f rom 
the fresh uranium required at the outset) 
would then be home-produced, whereas 
uranium requirements have largely to be 
met f rom imports. 
In the meantime, undertakings in the Com
munity would be well advised to keep in 
the forefront of their attent ion 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 wi th in 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 ► 
brittle fracture in a steel plate 
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A solution to the problem of 
brittle fracture? 

One of the key components of water 
reactors, whether of the boil ing water or 
pressurised water type, is the vessel housing 
the reactor core and the water circuits 
which draw off the energy produced. 
As the temperatures and pressures imposed 
on a reactor vessel are "classical" o r even 
sub-classical, its fabrication does not at f i rst 
sight raise any exceptional problem, and i t 
could be made f rom ord inary steel plate. 
However, certain factors peculiar t o the 
operat ion of a water reactor prevent this, 
in part icular the fact that a vessel must 
constantly undergo neutron bombardment. 
This raises the problem of " rad iat ion 
damage", especially the wel l -known prob
lem of the abnormal britt leness charac
ter ist ic of a steel which has received a 
heavy dose of neutrons. 
W i t h the exception o f austenitic stainless 
steels, which cannot be used fo r a number 
of reasons, especially cost, all steels are 
subject t o b r i t t l e rup tu re ; for each of them 
a " t rans i t ion tempera tu re " is determined 
experimental ly in a range in which the 
duct i l i ty of the metal varies rapidly w i t h 
the temperature. Below this t ransi t ion 
temperature, which in most cases is below 
0°C, the plastic propert ies of the steel are 
reduced t o a point at which a very slight 
shock can cause a fracture which spreads 
instantaneously. Neutrons—and the neu
trons in question are those w i th an energy 
above 1 MeV—have the effect of raising 
this t ransi t ion temperature. Normal ly this 
does not reach the wo rk ing temperature 
of the vessel, but i t may be high enough to 
be above the temperature of the vessel 
dur ing even momentary reactor shutdown. 
The phenomenon does not have any more 
dramatic result than the need for regular 
inspections, the findings of which may cause 
the vessel t o be taken out of service before 

its t ime. At tempts are also being made by 
various methods to reduce as far as possible 
the neutron dose which the vessel receives. 
In addi t ion, in order t o minimise the effect 
of a rise in the t ransi t ion temperature, 
there is a tendency to choose steels for 
which i t is ini t ial ly very low, for example 
nickel steels similar t o those used in the 
refr igerating industry. 

However, these solutions are only half-
measures, since they do not attack the 
root of the t roub le . Basic research has 
indeed been carried out or is in progress; 
a study has been made of the various 
parameters which define the inherent 
nature of the steel—its chemical compo
s i t ion, microstructure, methods of manu
facture, etc.—in the hope of reaching at 
least a diagnosis, if not a cure, but conclusive 
results have not yet been obtained. 
It was thought , for example, tha t the 
inevitable presence of certain o ther ele
ments than i ron and carbon in steel might 
be the cause of the radiation damage ob
served. In-pile tests were therefore stepped 
up w i t h the aim of pinpoint ing the element 
or impur i ty responsible, but in vain, no 
significant difference being found in the 
irradiat ion behaviour of steels of different 
compositions. It was tempt ing to conclude 
that i t was the iron itself, an essential con
st i tuent of steel, which changed direct ly 
and irrevocably under the effect of irradia
t i on , and that i t was therefore useless to 
dwel l on the subtleties of the chemical 
composition of steels. 
This line of research has, however, not been 
completely abandoned. A t Euratom, for 
example, a theory was advanced about 
three years ago according to which the 
presence of free " i n te r s t i t i a l " elements 
and in particular free nitrogen in the steel 

might be the cause of the marked rise in 
the transit ion temperature after i r radiat ion. 
The atoms in question are t ru l y " in te r 
s t i t i a l " , i.e., they are incorporated directly 
in the crystal latt ice of the steel, and are 
not bound atoms which combine w i th 
elements such as t i tan ium, aluminium, 
n iobium, etc., t o fo rm nitr ides. 
It is not possible t o make ent irely ni t rogen-
free steels by conventional metallurgical 
processes. But dur ing manufacture it is 
relatively easy, by the judicious addit ion 
of elements such as those just mentioned, 
which have a strong affinity for n i t rogen, 
t o reduce the propor t ion of free nitrogen 
considerably. 

Tests on unirradiated samples have con
f irmed that ferrous alloys contain ing nit rogen 
pr imari ly in the form of stable nitr ides have 
transit ion temperatures appreciably lower 
than those in which i t is present prima
r i ly in the form of interstit ials, a fact which 
was already known. This is a f inding which 
immediately favours the i r use in a reactor. 
In addi t ion, tests on irradiated samples in 
the SORIN reactor at Saluggia (Italy) have 
revealed a new fact: under the effect of 
irradiat ion these stable n i t r ide alloys under
go only one-third of the degradation of those 
which contain nitrogen in the free state. 

The hypothesis advanced at the outset has 
therefore been veri f ied. A t the practical 
level i t fol lows that if these results are con
f i rmed industrial ly, i t should no longer be 
necessary to accept a rise in the transit ion 
temperature of about 150°C towards the 
end of the life of a vessel. By treat ing 
steels in such a way that the format ion of 
nitr ides is favoured as much as possible, this 
rise in the transi t ion temperature under 
neutron irradiat ion could be kept w i th in 
reasonable l imits, of about 50 to 60°C. 
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Figure 1 : EDF 3 reactor — View of the outside 
of the vessel. 

E U B U 5-9 

Prestressed concrete 

I t was in the year 1954, when w o r k was 
started on the site of the French graphite-
moderated gas-cooled G 1 reactor, that 
concrete was used for the f irst t ime as the 
material of a reactor vessel. A l though this 
consti tuted an innovat ion, it was a fair ly 
cautious one, since the operat ing pressure 
of the reactor was fixed at a few inches of 
mercury only and therefore did not set 
serious problems in connection w i th the 
mechanical resistance of the concrete. 
Then, a few years later, came the G 2 and 
G 3 Marcoule reactors, which were to 
operate at considerably higher pressures, 
of the order of 15 atmospheres. It is w i th 
them that the era of prestressed concrete 
reactor vessels really began. 

Concrete is in fashion 

This does not mean that prestressed con
crete irrevocably ousted all other candi
date materials for gas-graphite reactor 
vessels. In Br i ta in, gas-graphite reactors 
continued for some t ime to be equipped 
w i th steel pressure-vessels as they had been 
f rom the very beginning, and it was only 
w i th the Oldbury nuclear plant that the 
changeover to prestressed concrete was 
made. Even the French switched back to 
steel in the case of the EDF 1 and EDF 2 
power reactors, which fol lowed G 2 and 
G 3. But w i t h the next reactor, EDF 3, 
concrete staged a comeback, and every
thing suggests that it was a final one, since 
EDF 4 and EDF 5 are both t o have concrete 
pressure vessels. 
As for water reactors, although those 
operat ing or under construct ion today are 

all w i thou t exception equipped w i th steel 
vessels, there are signs that water reactor 
manufacturers are becoming interested in 
the possibilities offered by prestressed con
crete, witness the research contract con
cluded recently between the French firm 
S.E.E.E. and General Electric, for instance, 
under the U.S./Euratom Agreement (see 
Euratom Bulletin 1965 n° 4, p. 128). 
From the few historical facts which have 
just been sketched in one can draw the 
conclusion that it must after all be some
thing more than fashion which is making 
prestressed concrete so popular. But before 
tackling this point it would be as well to 
have a closer look at prestressed concrete 
and remember what i t actually is. 

Prestressing—a 4800 years old 
technique 

It should be remembered in the first place 
that the prestressing technique is not as 
new-fangled as it seems. In the cooper's 
shop, for instance, i t has been an essential 
technique for centur ies: when assembling 
a barre l , the cooper t ightens the hoops 
round the staves and thus ensures that the 
wood is under compression in all c i rcum
stances, even when the barrel is f u l l ; no 
l iquid wi l l therefore leak out between the 
staves. 

But i t appears that the history of prestres
sing can be traced back not merely through 
hundreds but through thousands of years. 
There is some evidence that the Egyptians 
applied the technique in ship-building as 
long ago as about 2,700 B.C. 

Prestressed concrete 

It seems that i t was an Amer ican, P. H. 
Jackson, who first proposed, in 1886, that 
prestressing should be applied t o con
crete, but it was probably the Frenchman 
E. Freyssinet who brought t o l ight the ful l 
potential of this idea in the earl ier part of 
this century. 
As soon as good quali ty cements started 
being produced at low cost, the economic 
advantages of using concrete in all kinds of 
structures instead of steel became evident. 
However concrete, although i t can be sub
jected to high compressive stresses w i thou t 
damage, can only stand relatively moderate 
tensile stresses. 
If a pil lar is required, this is not embarrass
ing, but in the case of a beam i t poses 
problems. Any load on a beam tends to 
make it bend and therefore to compress the 
layers of material which are near the top 
and to stretch those which are near the 
bo t tom. In the case of a beam w i t h a 
rectangular section, for instance (see f ig. 2), 
t w o symmetrical sets of stresses are set up, 
compressive above the neutral plane and 
tensile below i t . This means in practice 
that the l im i t to the load the beam can carry 
w i l l be set by the tensile strength of the 
concrete. The abi l i ty of the material to 
resist much higher compressive stresses 
w i l l thus be wasted. 
One way out of th is situation is to rein
force the same beam w i t h steel bars as 
shown in figure 3a, in such a way that the 
steel v i r tual ly takes over f r o m the concrete 
in the regions where the highest tensile 
stresses are encountered. If the reinforce
ment is adequate, the load can then be 
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increased wi th safety and the concrete 
above the neutral plane wi l l be work ing 
closer to its full potential. However, when 
the steel is work ing at full stretch, cracks 
wi l l develop in the concrete (see f ig. 3b). 
This may not appear at first sight to be a 
major objection, at least in the case of a 
beam, but i t is often a drawback: for exam
ple, the cracks wi l l let in air and thus 
expose the steel to corrosion. 
Thanks to prestressing, this drawback can 
be overcome, as fig. 4 shows: a beam can 
be designed in such a way that the concrete 
is never in tension or, if so, only very 
slightly, even when the beam is carrying 
its maximum load. Consequently no cracks 
wi l l develop in the beam. 
Because of these properties a widespread 
use has been made of prestressed concrete 
for beams, bridges, in a word for what one 
may call load-carrying structures. But simi
lar reasons make its use attractive for 
various other structures, not least for those 
which have to hold the pressure of a fluid 
and remain leak-tight: oil-tanks, water 
towers, high-pressure water-pipes . . . and 
reactor pressure-vessels. 
In these sophisticated versions of the 
cooper's barrel the task al lotted to the 
steel is exclusively that of holding the ten
sions set up by the fluid under pressure. 

Gas-graphite reactors—prestressed 
concrete replaces steel 

However, the adoption of prestressed con
crete for gas-graphite reactor vessels is to 
be assigned ult imately to special circum
stances. The efforts to improve the econom

ics of this type of reactor were centred on 
the design of larger units, in order to reap 
the benefits of size, and on an increase of 
the gas pressure, in order to achieve higher 
power densities. Inevitably, pressure vessels 
had to become bigger and their walls 

thicker. Not only had they, because of 
their size, to be assembled on site, but the 
technological problems associated wi th 
welding together satisfactorily ever thicker 
plates, and then testing the welds, became 
extremely arduous and therefore costly to 

Figure 2: An ordinary concrete beam. When the beam is loaded, the layers of material above 
the neutral plane (in colour) are compressed and those below it stretched, and thus subjected 
to compressive and tensile stresses respectively (symbolised by the arrows). The greater the 
distance from the neutral plane, the higher is the stress. 
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Figures 3a and 3b: Reinforced concrete beam. Steel bars are set into 
the concrete near the bottom of the beam. As in the case of an ordinary 
beam, the effect of loading is to stretch the layers of the beam which 
are below the neutral plane. However, as steel is stiffer than concrete, 
it does most of the work involved in resisting this effect. As it is at 
the same time much stronger, it will be possible to put a higher load 
on this beam than on the ordinary beam even when using relatively 

small amounts of steel. In the imaginary example represented by 
fig. 3a, it will be seen that the compressive stresses in the top layers 
of the concrete have risen (the arrows are shown longer), whereas 
the tensile stresses in the bottom layers have not changed. 

At a certain stage, even though the beam will not fail, thanks to 
the steel bars, cracks will develop in the concrete (fig. 3b). 

solve. On the other hand switching to 
prestressed concrete turned the construc
t ion of the vessel into just one more civil 
engineering job, albeit a fairly delicate one. 
Besides, it must be remembered that any 
reactor must be surrounded by a concrete 
biological shield, designed to stop radiation. 
One of the advantages of the prestressed 
concrete solution is therefore its simplicity, 
inasmuch as pressure vessel and biological 
shield are one and the same structure (see 
fig. 5). 

N e w problems 

This is not to say that the concept is 
pervaded by simplicity and that it is devoid 
of drawbacks. How far, one may justifiably 
ask, are the mechanical properties of con
crete affected by radiation? But perhaps 
the major and immediate difficulty which 
the concept holds out stems f rom the fact 
that it is considered out of the question, as 
things stand today, to let temperatures in 
concrete rise much above 70°C. Higher 
temperatures could have an unfavourable 
influence on the mechanical properties of 
the material, and would set up a complex of 
thermal stresses, w i th the consequence 
that the safety of the whole structure could 

be affected. As the temperature of the 
cooling gas in a proven-type gas-graphite 
reactor can reach 400°C (i t comes nearer 
to 700°C in the advanced gas-cooled reac
to r ) , it follows that a means has to be found 
of insulating the concrete from the gas. 
There are a variety of devices through 
which this result can be achieved, but ex
perience has shown that they are all com
plicated and costly (they can account for 
as much as 40% of the cost of the whole 
vessel). Insulation consists either of a system 
of corrugated steel plates, w i th layers of 
gas between them, or of a low conduct ivi ty 
material. Addit ional ly, special cooling cir
cuits have to be devised to drain away the 
heat which gets through the insulation. 
Fig. 6 il lustrates the principles which today 
guide the design of insulation and cooling 
systems in prestressed concrete reactor 
vessels. 
A good deal of th inking has been devoted 
to the search for simpler and therefore 
cheaper solutions. The most elegant way 
of gett ing round the problem would 
undoubtedly be to develop a kind of con
crete capable of resisting higher tempera
tures w i thou t losing the mechanical proper
ties which are required of it in a prestressed 
s t ructure. The results of the research car

ried out t o date along these lines indicate 
that such a radical solution is not t o be 
ruled out. 
In view of its interesting prospects, the 
technology of prestressed concrete received 
a prominent position in the section of the 
Euratom research programme which is 
devoted to proven-type reactors. A brief 
rev iew of the various projects which it 
covers wi l l help to show how the search 
for more economic solutions is beingtackled. 

Fundamental research 

Since December 1962, the Italian group 
SNAM has been investigating, on behalf of 
Euratom, the behaviour of concrete at high 
temperatures and under i r radiat ion. The 
first part of the programme, which has 
been completed, covered a thorough in
vestigation of the effects of temperature 
on concrete, radiation being deliberately 
kept out of the picture at that stage. 
Experiments were carried out on a large 
number of test-pieces in order to bring 
out the influence of different important 
parameters such as the type of material 
mixed in w i th the cement, the water/ce
ment rat io, etc. As i t was found that the 
conditions under which the concrete set 
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also had an influence on its properties, 
these were also taken into account. As for 
the heat-treatment itself, i t was carried 
out at several different temperatures, 
ranging f rom 110° to 400°C, and for different 
lengths of t ime. Finally, after t reatment, 
the mechanical propert ies of the test-
pieces were measured and compared to 
those of similar untreated test-pieces. 
It is impossible to go into the details here 
of the results yielded by this first pro
gramme. It has however become apparent 
that the important mechanical properties of 
concrete, such as its resistance to com
pression, are l i t t le affected by heat-treat
ment up to temperatures of 200°C. Beyond 
this temperature, the mechanical proper
ties undoubtedly suffer, but it is interesting 
to note that in all cases, even in the extreme 
case of heat-treatment at 400CC, the figures 
obtained for the breaking stress of the 
concrete lay above the minimum values 
normally considered as acceptable. 
One of the other important phases of this 
study, which introduces an additional fac
to r , namely radiation, is under way at the 
moment. As the test-pieces wi l l otherwise 
receive a treatment identical to that which 
they underwent in the course of the first 
phase, it wi l l be possible to assess wi th 
accuracy, by comparing the results of the 
second phase w i th those of the f irst, the 
effects which can be ascribed to radiation 
alone. The Galileo Galilei swimming-pool 
reactor of the CAMEN research centre near 
Pisa is being used for this purpose. 
It should be pointed out in this connection 
that Euratom has also concluded a contract 
w i th the Dutch firm Verenigde Bedrijven 
Bredero N.V. covering a similar if less am
bitious investigation. Using the Petten 
centre's low-flux and high-flux reactors, 
Bredero are applying a set of testing tech
niques of their own invention to different 
kinds of concrete under high temperature 
conditions and under irradiat ion. It wi l l be 
interesting to compare their results wi th 
those of SN AM. 

Rethinking insulation devices 

The kind of fundamental research which 
has just been described may well lead to 
the most radical solutions of the tempera
ture problem, but this does not mean that 
all other possible ways of improving on the 
present situation should be neglected. 

Let us have a closer look at this present 
situation as it is represented in fig. 6. 
Moving from the inside of the vessel towards 
the outside we meet first of all w i th the 
insulating material; then comes a relatively 
thick (12 to 25 mm) gas-tight " s k i n " , made 
out of steel and serving as shuttering for 
the concrete, which is equipped w i th an 
external cooling system. This may seem com
plicated, but it has to be so far a number of 
reasons. 
These reasons become clearer if one sup
poses for a moment a simplified system 
involving the " s k i n " and, apart from this, 
only a layer of insulating material. To be 
certain of obtaining the necessary tempera
tu re drop through this layer, one would 
have to select a material w i th a very low 
conductivity indeed. Unfortunately no such 
material, which at the same t ime possesses 
the requisite mechanical and chemical prop
erties—and is cheap enough —,has been 
found yet. This is why it is necessary to 
fall back on a material w i th only a moder
ately low conductivity and to combine it 
w i th a cooling system which "sucks away" 
efficiently the calories which get through 
i t . A t the same t ime this cooling system 
contributes to safety because it constitutes 
an insurance against a possible deteriorat ion 

of the insulating material in the course of 
the reactor's l i fetime. 
The French f i rm Indatom and Deutsche 
Babcock and Wilcox are working out joint ly, 
under contract to Euratom, an alternative 
arrangement which it is hoped wi l l turn 
out to be more economical. Expressed very 
crudely the aim of this research project is 
to push the argument which has just been 
outl ined to its logical conclusion and do 
completely wi thout insulating materials. As 
fig. 7 shows, the idea consists in keeping 
the " s k i n " cool simply by placing a screen 
of water tubes in front of i t . Apart from 
this, all that is needed is a system of baffles, 
for instance, which acts not as an insulator, 
but merely as a brake on heat transfer. It 
is even considered that the efficiency of 
this thermal "b rake" is not an acute ques
t ion . In the l imit the water tubes could 
cope wi th the situation alone, the only 
difficulty being then that this increase in 
their activity would entail a substantial drain 
on the amount of heat produced by the 
reactor. The way out of this difficulty would 
be to work the water tube screen into the 
thermodynamic cycle at the preheating 
stage. 

Deutsche Babcock and Wilcox have built a 
loop in which panels of water tubes of 

Figure 4: Prestressed concrete beam. 
Left: before loading 
Right: after loading. 
Although subjected to a loading similar to that considered in fig. 2b, this beam does not show 
any cracks. The effect of the loading is, as always, to stretch the layers of material below the 
neutral plane, but this effect will have to cancel out the compression set up by prestressing 
before actually setting up tensile stresses in the concrete. 
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Concrete 

Prestressing cables 

Figure 5: EDF 3 reactor — Vert/ca/ cross sec
tion of the vessel. 

Figure 6: Principle of insulation and cooling 
systems today. 

Cooling system Gas-tight skin Insulating 
material 

various designs are being tested at the 
present t ime. 
In the laboratories of the French firm 
Benin et Cie insulation problems are being 
tackled from a fundamental point of view. 
For the purposes of this research it is 
assumed that a material owes its insulating 
properties to the fact that i t is porous or 
that it consists of cells filled wi th a sub
stance which is a poor conductor of heat. In 
everyday practice, this substance is simply 
air ; in the case of a gas-reactor, it is the 
cooling gas. There are several mechanisms 
which govern the transfer of heat through 
such a network of cells, but that which 
gives the most concern is the phenomenon 
of natural convection. Bertin et Cie have 
therefore launched a programme of theo
retical and experimental research based 
essentially on a study of this phenomenon 
in rectangular cells filled w i th carbon 
dioxide under pressure. 
Some of the results of these studies have 
already been useful to Indatom, as well as 

to the French aircraft company Sud-Aviation, 
which has also worked on insulation prob
lems under contract to Euratom. Sud-
Aviation's task has consisted in assessing the 
technical prospects of honeycomb stainless 
steel structures for the insulation of reac
to r vessels. Similar structures, developed 
under the trade-name NIDA by Sud-Aviation, 
have found many applications in the air
craft industry. Among thei r advantages one 
may mention the i r lightness, their strength 
and the relative ease w i th which they can 
be mounted onto the surface of the vessel. 
Latest results show that a honeycomb struc
ture 10 cm thick would be adequate for the 
purpose of a reactor. It now remains to be 
seen how far this solution is cheaper than 
more conventional ones. 

Rethinking the vessel itself 

The research projects which have just been 
outl ined take for granted that no major 
alterations are introduced into the design 
of the prestressed concrete vessel itself: i t 
remains basically a shell of concrete several 
metres th ick. 
Under a contract concluded by Euratom 
wi th F. Krupp of Essen, a different approach 
is being investigated, which seems to have 
been sparked off ini t ial ly by a set of theo
retical considerations. Before launching on 
calculations dealing w i th the stresses which 
can be set up in a pressure vessel, it is 
always necessary to decide whether the 
vessel is " th in" -wal led or " th ick" -wa l led , 
because a different set of equations is 
applicable in each case. A thin-walled does 
not differ f rom a thick-walled vessel in the 

way a cat differs f rom a dog. It is just that 
many of the factors which complicate the 
calculation of a thick-walled structure can 
be neglected when dealing w i th th in -
walled structures. Engineers therefore pre
fer to deal w i th the latter, not out of 
shear sloth, but because the solution of the 
equations which have to be used in connec
t ion wi th thick-walled vessels is beset, 
unlike the i r simpler counterparts, by a 
number of theoretical uncertainties. The 
practical consequence of this is that safety 
considerations make it necessary t o allow 
for these uncertainties at the design stage 
and thereby add to the cost of the structure. 
The concrete pressure vessels which have 
been developed to date for reactors are 
definitely of the thick-walled variety and 
the i r design is therefore subject t o the 
diff iculty which has just been mentioned. 
In order to avoid i t , F. Krupp have sought 
a design which could introduce thin-walled 
vessel theory and are building a model 
which wi l l enable it t o be put t o the test. 
Fig. 8 illustrates the kind of solution they 
are investigating: the pressure-vessel is in 
this case divided into t w o completely 
distinct concentric shells, separated by a 
layer of water, a special device ensuring 
that the pressure of the water is the same 
as the pressure of the gas inside the vessel. 
Only the outer shell is equipped w i th 
prestressing cables and its sole function is 
t o cope w i th the hoop stress and longitudi
nal stress set up under operating conditions 
by the pressure transmitted by the water, 
in the instance under consideration, it 
might be classed as " th in -wa l led" , which 
means that its calculation is straightforward. 
As for the inner shell, which could be as 
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thick as about one metre, i t is clear that i t 
is not at all submitted to hoop stress or 
longitudinal stress, but only to the direct 
effect of the gas and water pressures which 
set up relatively small compressive stresses. 
It is made of a special concrete and has two 
main functions: the first is to absorb the 
radiation from the reactor (some neutrons 
wi l l succeed in gett ing through i t , but they 
wi l l be absorbed by the water) ; its second 
function is to serve as a thermal insulator. 
The heat that it lets through wi l l be trans
ferred to the water, which can be cooled so 
that its temperature never rises above, 
say, 50°C. It follows of course that the 
temperatures in this inner shell wi l l be 
high, as it is directly exposed to the heat 
of the reactor, but this need not be a 
major objection in this case since the inner 
shell has practically no mechancial role to 
fulfill. 
Yet another solution is being envisaged 
under Euratom contract by the French 
f i rm C.I.T.E. (Compagnie d'ingénieurs et 
techniciens d'études). Superficially, it resem
bles the Krupp concept inasmuch as i t too 
consists in spl i t t ing up the vessel into an 
inner and an outer shell, but this is about 
as far as the analogy goes. The inner shell 
is made of concrete and the outer shell of 
reinforced concrete. Compression of the 
inner shell is obtained by injecting an 
ordinary l iquid, or a liquid which can set, 
into the cavity which separates the two 
shells. 
In this concept, no attempt is made to deal 
w i th the temperature problem, which is 
assumed to be solved by suitable insulation. 
The aim is essentially to obtain a structure 
which is at least as good, mechanically, as 
those which have already been developed, 
but is at the same t ime cheaper. A prel imi
nary study on the economics of the system 
has indicated that such factors as the ab
sence of a need for prestressing cables 
made of special high tensile steel and the 
simplicity of the method whereby the inner 
concrete shell is prestressed should be 
able to contr ibute to the fulf i lment of this 
aim. 
The prestressed concrete technique seems 
to have established itself f i rmly, at least asfar 
as gas-graphite reactors are concerned. Wi l l 
this situation last, or wi l l a new technique 
supersede i t , perhaps partly reinstating 
welded steel structures? It would be im
prudent to hazard an answer to this ques
t ion , but one thing is clear: as the few 

examples just given have shown, prestressed 
concrete reactor vessels leave plenty of 
scope for development. 

Figure 7: Water screen with heat "brake". 
This is an example of what a water screen 
system could look like. No insulating material 
is used, but only a heat "brake", which in this 
case consists of a series of cells (right-hand 
side of the diagram) which communicate with 
the hot gas inside the vessel. Heat transfer 
inside these cells must take place from right 
to left, i.e. from top to bottom. As this direction 
is opposite to that of natural convection, heat 
transfer is impeded (after a patent by Indatom, 
France). 

Figure 8: Prestressed concrete reactor pres
sure vessel — Principle of F. Krupp design. 

1. Heat removal 
2. Insulating material 
3. Reactor core 
4. Outer concrete shell (with prestressing 

cables) 
5. Pressure and heat transfer medium (e.g. 

water) 
6. Secondary cooling system for heat removal 
7. Insulating material 
8. Inner concrete shell 
9. Steel skin 

10. Gas circulator 
11. Insulation 
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Euratom signs contract wi th U S A E C for KRB reactor fuel 

The Euratom Supply Agency signed on 19 

February 1966 two contracts for the supply 

of enriched uranium fuel for the KRB 

(Kernkraftwerk RWEBayernwerk) 237 MWe 

power reactor at Gundremmingen, near 

U lm, German Federal Republic. The first, 

under the USEuratom Cooperation Agree

ment, was w i th the United States Atomic 

Energy Commission (USAEC) for the supply 

of 2,000 kg. of contained uranium235 in 

uranium enriched to an average of 2.5% and 

valued at approximately $ 15 mi l l ion. The 

second, between KRB and the Supply 

Agency, covers the transfer to the German 

f i rm of the right to use and consume the 

fuel supplied by the USAEC under the first 

contract. 

Under this contract, the USAEC has offered 

an ad hoc barter arrangement to the Com

munity pending entry into full operation 

on 1 January 1969 of the USAEC's full tol l 

enrichment policy (under which natural 

uranium supplied by the consumer is en

riched by the USAEC). In this case the 

Supply Agency and KRB wi l l supply natural 

uranium which they have acquired directly 

as partial payment for the enriched material 

to be delivered. 

Along w i th all other nuclear materials 

supplied to or produced in the Communi ty, 

the fuel supplied under this contract is 

directly and automatically subjected to the 

Euratom Security Contro l System. 

Under this control system, all holders of 

nuclear materials must declare to the Eura

tom Commission the technical characteris

tics of their installationsand submit monthly 

material balances and inventory reports. 

These declarations are verified through in

spections carried out by Euratom inspec

tors. This system assures in particular that 

the guarantees concerning the peaceful use 

of nuclear materials which the Communi ty 

has underwr i t ten in agreements w i th the 

supplier cou n tries are respected. The system 

has now been in operation for seven years 

and applies to 160 installations. 

■ Π B E ΒΠ _ _ J ' r a w i e B m t e B H 

Gundremmingen nuclear power plant 
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Reprocessing of Euratom fuels by Eurochemic 

On 7 March 1966, the Euratom Commission 
and the Société européenne pour le traite
ment chimique des combustibles irradiés, 
better known by the name of Eurochemic, 
signed a contract relating to the repro

cessing of fuels unloaded from the HFR 
(Petten) and BR-2 (Mol) research reactors. 
A quantity of approximately 4,000 kg of 
uranium/aluminium alloys wi l l have to be 
reprocessed during 1967 and 1968. 
It is after examining the various existing 

possibilities, both in and outside the Com
munity, that Euratom decided to award 
the contract to Eurochemic, a joint enter
prise of the OECD nuclear energy agency 
(ENEA), whose plant at Mol wi l l be starting 
up in July this year. 

Symposium on accidental irradiations 

A symposium on accidental irradiations, held 
by Euratom at Nice from 26 to 29 Apr i l 
1966, was attended by representatives from 
the 6 member states of the European Com
munity, as well as from non-member coun

tries and the international organisations 
concerned. 
The symposium had a dual objective: on the 
one hand to derive from the information 
gained on the most serious accidents the 

lessons to be drawn for dosimetry, industrial 
medicine, industrial hygiene and the ad
ministrative setup for the various radio
logical safeguards departments, and on the 
other hand to take stock of the most up-
to-date information calculated to bring 
about improvements in dosimetry tech
niques and accident therapy. 

60 mil l ion degrees in Garching 

A few weeks ago a newsflash announced 
that the scientists of the Institute for Plasma 
Physics at Garching, near Munich, had ob
tained a hydrogen plasma w i th one of the 
highest ion temperatures on record: 60 
mil l ion degrees Centigrade, which is about 
three times the temperature inside the sun. 
The experiment which yielded this result 
was carried out in a cylinder some 150 centi
metres in length inside which heavy hydro
gen atoms were compressed to form a th in 
pencil of plasma, only a few mil l imetres in 
diameter. Some 150 mil l ion kilowatts of 
electrical power, unleashed for ten micro
seconds by a capacitor bank, were necessary 
to generate the magnetic field which com
pressed the plasma, thus bringing it up to 
such a high temperature. 
Experiments had been carried out before in 
other laboratories in which similar densities 
were obtained and comparable amounts of 

energy were supplied, but somehow energy 
losses were such that the maximum ob
tainable ion temperature seemed to hi t a 
ceiling of the order of 40 mil l ion degrees. 
It was recognised that the electrons present 
in the plasma were primari ly responsible 
for this (a fully ionised hydrogen plasma is 
made up not only of ions, i.e. hydrogen 
nuclei, but also of the electrons set free 
by ionisation): the electrons, which could 
only be heated up to the comparatively low 
temperature of the order of 4 mil l ion 
degrees, acted as a drag on the achieve
ment of high ¡on temperatures. 

Various explanations were put forward, 
some more pessimistic than others. As for 
the Garching group, i t thought that i t could 
well be merely the presence of impurit ies 
that put a l imi t on electron temperature. 
Electrons are, even assuming an absolutely 

Plasma Physics Institute at Garching, near 
Munich. 1.5-2.6 MJ capacitor bank intended 
for the production of very-high-temperature and 
high-density plasmas by theta pinch. 
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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 impuri t ies are 

present. To this has to be added the fact 

that the impurit ies themselves lose energy 

through radiation at a sti l l higher rate and 

thus contr ibute to a general degradation 

of temperature. 

In Garching, the view was taken that these 

effects played a crucial part and that i t was 

therefore wor th while to reduce impurit ies 

to a min imum. In fact, by reducing them by 

a factor of ten w i t h respect to the i r own 

previous experiments, electron tempera

ture was pushed up f rom 4 to 20 mil l ion 

degrees. There was therefore less drag on 

the ion temperature, which could rise to 

60 mil l ion degrees. 

However, the end of the road to practical 

thermonuclear fusion is st i l l a long way off. 

To give an idea of the distance st i l l to be 

covered, i t is enough to point out that the 

temperature of 60 mil l ion 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 i t possible for a sub

stantial thermonuclear reaction to set in. 

In order to t r y and get nearer to this order 

of magnitude, the Insti tute is proceeding 

w i t h fur ther experiments, in which recent 

and encouraging progress in the mastering 

of instabilities wi l l be exploi ted. 

The Institute for Plasma Physics, which is an 

inst i tute of the MaxPlanck Gesellschaft, has 

a staff of 732. It is associated w i th Euratom, 

which pays one th i rd of its running costs. 

A programme of interdisciplinary training 

The European Atomic Energy Communi ty 

has recently concluded an agreement w i th 

the Free University of Brussels, the Uni

versity of Leyden, the Max Planck Institute 

at Munich, the Commissariat à l'énergie 

atomique (French Atomic Energy Commis

sion) Paris, the Centre national de la recher

che scientifique (National Centre for Scien

tif ic Research) Paris, the Consiglio Nazionale 

delle Ricerche (National Research Council) 

Rome and the Comitato Nazionale per l'Ener

gia Nucleare (Italian Atomic Energy Com

mission) Rome. The object of the agree

ment is to carry out joint ly α programme of 

interdisciplinary training for young research 

scientists, in the parallel fields of molecular 

biology and radiobiology. 

The organisers' specific aim is to give young 

physicists and chemists an oppor tuni ty of 

meeting the group of research workers·—of 

whom there are too few in the Communi ty 

—engaged on modern biological research. 

The contract ing organisations wi l l turn by 

tu rn hold a yearly course, lasting about a 

month and centred on a subject in molecular 

biology or radiobiology. 

The course wi l l comprise a theory section, 

practical work and seminars. The pro

gramme wi l l be drawn up each year by the 

organising commit tee, whose members in

clude Professors J. Brächet (Brussels), A. A. 

BuzzatiTraverso (Naples), J. A . Cohen 

(Leyden), J. Coursaget (Paris), F. Kaudewitz 

(Berlin), A. Monroy (Palermo) and C. 

Sadron (Strasbourg). 

Grants w i l l be awarded to a certain number 

of applicants. 

No charge wi l l be made for participation 

in the course. Applicants for the course and 

for grants must, in pr inciple: 

 come f rom a member country of the 

European Atomic Energy Communi ty ; 

 hold a university degree; 

 have one or two years' practical expe

rience of scientific research; 

 have a satisfactory knowledge of another 

Communi ty language. 

Awards of grants and admission t o the 

course wi l l be adjudged by the organising 

committee. 

A notice was recently sent t o Communi ty 

universities and research inst i tutes, ad

vising them of the programme for the fo r th 

coming course and of the procedure for 

applying for the course and for grants. 

The general subject chosen for 1966 is 

"Repl icat ion, transcript ion and expression 

of genetic in format ion" . 

Any fur ther information can be obtained 

f rom the fo l lowing address: 

Secretariat du cours de biologie molécu

laire et de radiobiologie, 5153 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 

improvement and generalisation of methods 

already known and on all problems directly 

relevant to the preparation of labelled com

pounds, such as purif ication, analysis and 

storage. It is edited by J. Sirchis, Euratom, 

and published by Presses Académiques 

Européennes, 98, chaussée de Char leroi , 

Brussels 6. 
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Cooperation between Euratom and the Internat ional 
Bureau of Weights and Measures 

The staff of Euratom's Central Nuclear 
Measurements Bureau, the laboratories of 
which are located at Geel (Belgium), have 
been collaborating for some t ime now w i th 

the International Bureau of Weights and 
Measures at Sèvres (France), a fact which 
has naturally led both staffs t o wish for a 
fur ther strengthening of the i r t ies, mainly 

by exchange of in format ion, consultations, 
and by sending observers to represent them 
at meetings held on subjects of common 
interest. 
This wish has been granted through an 
exchange of letters which took place re
cently between Euratom and the Inter
national Bureau. 
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Central Nuclear Measurements Bureau, Geel (Belgium): Weighing room 
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