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PROPOSED PLURIANNUAL PROGRAMME OF THE COMMUNTTY FOR THR YEARS 1976/80
IN THE FIELD OF CONTROLLED. THERMONUOLEAR FUSION AND PTASMA PHYSTCS

I. INTRODUCTION

1.1, Long and medium term objectives

The final aim of the Community's continuing Fusion programme
is to assess whether it is possible to produce, at a competitive cost,
useful energy ffom the reactions between light nucléi, and if so to
proceed to the joint construction of prototypes with a view to their
industrial scale production and marketing. The realizgation of this
aim requires the solution of many scientific and technological
problems .

An intermediate aim is to provide continuous assessments of the
potential of fusion power and of the volume of effort still required
to achieve it. '

These two objectives carry an intrinsic importance independently

of the present energy crisis.

1.2, Community nature of the programme

The progress made in the last few years, together with the
substantial benefits for Eufope of eventual success in fusion research,
suggest that an increase of effort to accelerate progress is jus-
tified., This continuing programme is, by decision of the Council,

a loné; term cooperative project embracing ; all work carried out in

the member states of the Community in the field of fusion and plasma
physics, and is partly financed by the Commission. In order to
pursue the most effective programme at reasonable cost this Community
character of the programme must be maintained and improved. ’
This is especially imp;rtant because of the need for a very large
experiment which can only be envisaged as a common effort, and '

because it allows an increasing specialization of the Associated

Laboratories,
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1.3. Motivation of the initiative of the Commission

Since the creation of the European Community for Atomic Energy
the Commission has contributed funds and manpower first to promote
the activities in the laboratories of the Member States and then to integrate
all these activities in a common programme,

The principal motives for such an initiative on the part of

the Commission are as follows :
- the scale of human and financial resources necessary makes impos~

sible the carrying out of such an enterprise on national basis

- such an activity meets a collective need common to all the memberxr

States

- it needs a long term effort extending towards the end of
the century . f

~ the benefits of realizing these objectives will be particularly
important for Europe because of the high population density and
the relatively limited emergy resources. The main advantages of
fusion reactors will lie in their safety, in the relatively low

environmental effects and the wide availability of fuels.

1.4. The JET (Joint European Torus)

The essential new element of the proposed prograﬁme is the
construction of the large device JET. This device belongs to the
Tokamak line in which important progress has been achieved during the
last years. Forecasts based on present experiments involve some
uncertainty, and it has become evident that the construction of a
muach larger device is necessary in order to be able to make progress.
To this end, the Associated Laboratories have already set up a Jjoint
design team which is currently finishing a detailed design of this
large tokamak,

This device should allow the study of plasma properties in a
regime which is practically unexplored so far, and which is near
to the regime required in a thermonuclear reactor. The results
expected from this experiment are therefore of primary importance,

The implementation of this project is one of the moat effective
ways of increasing collaboration between the Associated Laboratories

and progressively involving Industry with the #%technical aspects of
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Apart from JET no maaor expansmon is pr0posed 1n the programme.
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This is essentially the proiongatlon of +the precedlng pluriannual
pfoérammes, w1th some changes in prlormtles. The criterion applied )

ig concentratlon in all’ the cases in which the state of the art allows . .
it and the distribution of tasks between the Assgociated Laboratories

is well defined, in coordination with JBT, notably for the tokamsks,

vhich form the essential line of the programme,
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1.6. Short term ob jectives

) 8 %% L ' 1?

a, - In the fumgion programme the objectives of this 5-year period are :-

~ 4o achieve the construction of the JET which should be dbne by 1980. The
experimental results which will be obtained at the start of the nexfdplan

should give the answer on the scientific feasibility of a tokamak reactor;

- " <
- ; - - -

- 40 obtain mich other information essential o the realizetion of controlled
fusion aloné the tokamak line which is expected from the intermediate sized

4=

devices;
kal

- -to0 obtain a clear anawer on the potentialities of the stellerator whioh

mist be given by the relatively important work gtill developlng on thls

a - . + a s * '
lines L

~ 1o obtain the 1nformat10n expected from the other lines whloh mlght be

necessary fo: the ch01ce of a p0351b1e alternative to the tokamak.

N : B t %y N e . Y I

RO LT “aE

I.7. World context

4 comparison between ?hg content of the proposed programme and that
of other programmes developing in the world shows that the former fTits =g
well in a world context, I+ is in some, parts complementary especially

with the USA programme. . 1 -
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including the training of personnel, the comnstruction of
further small and relatively cheap experiments may possibly

be useful. Fa.- i

If present expectations for tokamaks are confirmed, preparations
for the design and construction of theAnéxt major step, a
tritium burning experiment, could be considered during the
five-yéar programme, This experiment, which would operate
with deuterium-tritium fuel for most of its life and will
genefage large numbers of neutrons, should demonstrate energy'
produéfion without a large energy gain. The energy density
in the plasma should be high enough to allow as a secondary

aim the study of blanket problems,

2.2. Low=-beta stellarator

A stellarator is a closed toroidal system in which the
magnetic field is determined entirely by windings outside the.
plasma,., This gives the advantage, in principle, of greater
flexibility and continuous operation., Several alternative
configurations of external conductor are possible so that the
magnétic field can be precilsely design;d for optimum confine-

ment, Because of'the gimijarity of the tokamak and stellara-
tor systems, work in the two areas is complementary,
Work will continue on existing stellarators and similar experi-
ments.(WII, Torso, Cleo, W VII a, Levitron) and their perfor-
mance will be compared with resulés from tokamaks., The second
stage of the largest experiment (W VII b} will be completed
during the programmé, and no new experiment is envisaged until
its operation has demonstrated significant advantages for the

stellarator geometry.

2.3, Hiéh beta configurations

If it eventually appears necessary to use in a more
effective mamer the magnetic fields which confine the plasma,

in order to achieve power economically from a reactor, thers
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are several other toroidal configurations which offer the
prospect of a higher value of the ra@io, beta, between ikhe
plasma and magnetic pressures,Atibe present time the develop-
ment of these systems is not so advanced as the development

of the tokamak nor the scale of experiments sco large, with

the result that the plasma temperatures and confinement

times obtained are not so high. Research will be continued
along several lines, of which some may be considered as modi-
fications of a tokamak and others are alternative systems.

The reversed field pinch (HBTX) is an axisymmetric configura-
tion of medium pulse duration, which might develop as an
altérnative to the tokamak reactor, especially if the problems
connected with the coliisionless regime or increased beta
appear more difficult in the tokamak than expected, The high-
beta stellarator (HBS) which is a very high aspect ratio non-
axisymmetric configuration involving wall stabilization, offers
the possibillity of continuous operation and also has potential
as a reactor. The development of other axisymmetric configura-
tions, inecluding the screw pinch and belt pinch (SPICA, Belt.
Pinch, TEE, TENQ) requires further study, but these systems
can aiso be considered'as both direct and indirect support

to the tokamak line and might merge with it.

The aim of the work in all these configurations is to
understand more fully the behaviour of high beta plasmas and
to evaluate their potential as alternative reactor systems,
During the next programme it should be possible to concentrate
this work into fewer lines, and specific criteria have been
suggested which should be met before the extension of each
line to the following stage of development,

2.4, Heating and injection

The heating of plasmas is an essential aspect of fusion
research. Some confinement systems involve heating methods
which are an intrinsic part of the system, such as ohmic ,

adiabaticsor shock heating. Other auxiliary methods of
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heating a plasma are important for both future tokamak experi-_
ments and several rTeactor concepts, and the continuing work

on neutral injection, high;freduency,turbulent, and other
methods of heating is aimed at establishing the most suitable
methods for development. ‘
Heating by neutral beams is being vigorously developed in a
coordinated way by at least two of the Associated Laboratories
to meet the requirements of the JET project and other confine-
ment experiments., A comparable effort will be maintained on
high-freguency heating, and further clarification of the many
alternative possibilities is expected with experiments now
under construction (mainly Petula and Wega), Activities in

this area also include cluster injection and refuelling studies,

[

2.5. Open configurations

Work on open magnetic configurations (magnetic wmirrors},
which were originally an important area of activity, has
decreased during the present programme because the plasma
confinement appears less adequate than in the closed configura-
tions for an energy gain in a reactor., This work will bq dis-
continued in the next programme in view of the expansion requi-
red for more promising lines, Contact will be maintained with

continuing work elsewhere, .

2.6. Very higzh density plasma

The coordinated venture of several laboratories,on the
Plasma Focus will be maintained, especially in order to extend
the scaling laws. No new major experiment is foreseen until
the results of the 1 MJ experiment now under construction are
avallable.

Experiments with imploding liners were discontinued at the
beginning of the present programme, but contacts continue to

be maintained with similar work elsewhere,
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Concerning inertial confinement (fusion by laser or by relati-
vistiec electron beams)}, some theoretical and experimental
aétivities already exist in some Associations. To keep in
touch with the subject, these activities will at least be
maintained, The possibility of the extension of such a col-
laboration will be’ considered with flexible procedures taking
into account the ﬁarticular situation in some Member ﬁtates
where thﬁse activities are developed'as part of classified

Programmes .,

2a7e Sﬁbporting rhysics research

All the areas of work above involve both experimental

and theoretical studies, TIn addition, continuing theoretical
and experimental activities in fundamental plasma physics are
envisaged in support of the main confinement systems and in
order to extend the underlying science of fusion. To help
reach this'objective, it is desirabie to develop links between
the programme and universities, as exist in some countries.
Such links should be encouraged, in principle through the
existing Associations, and would have the additional benefits
of creating the reserve of fbung scientista and engineers which

will be required by an expanding programme,

2.8. Technology

The ultimate success of the fusion programme will depend
a8 much on technological developments as on the solution of
physics problems. An increasing activity in this field should
be envisaged with the following aims :

a) Provide the necessary expertise for JET and other new
experiments, in areas such as plasma-wall interactions,
vacuum , techniques, materials selection and fabrication,
magnetic field aystems design and construction, power

supplies and control;
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Develop the necessary expertise to design and conatruct
the following generation of experiments, in areas' such
as supraconduc%ing coils, plasma,control, materials '

activation, tritium handling, and safety;

Continuation of studies on the technological and economic
feasibility of fusion reactors and the indentification
of eritical areas. Modest experimental activities in

support of these studies are envisaged,

These three aims can be covered by activities inside the

Associated Laboratories and by external sub-~contracts on well
defined and limited subjects placed through the Associated

partners, Strong coordination and continuous interaction with

the plasma physics laboratories are required,

IIX. VOLUME AND STRUCTURE Of THE PROGRAMME

3.1,

Total Staff of the Associations and of JET.

The rapid growth of the JET construction team must be
assured by contributions from each Association. To aliow
this growth and maintain the programme indicated'above will
require an increase of the total professional staff of JET
and of the Associated Laboratories of 10% at the beginning
of the programme and a slight expansion during the following
yvears. This increase should introduce new expertise into

the fusion programme, and allow the preparation of the trai-
ned staff who will be needed for the next stage of deve -

lopment. |

Cost of the programme

The total expenses of the Associations in 1975 will be about
72 Mua, and the total expenditure on fusion research inclu-
ding the design phase of JET, laser fusion, and some reactor
technology which is in the Community programme but not sup-
ported by the Commission, is about 80 Mua,
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In the next five years, including the comstruction of JET, an increasing
scale of experimental assemblies in other lines, and an increase iy the
total fusion staff, the necessary total budget of the Associations,

the Commission and JBT, is estimated to be 615 Mua 2% March 1975 prices.
The cost of constructing JET and operating it for one year will be 135
Mua *, These costs are consistent with the estimate of 550 Mua made in
mid-1974 and already given by the Commission to the Council in the fra-

mework of its proposal on energy for Europe (Ref: ~COM{74) 2150).

In the present situation the Commission proposes to ask year by year
to the Council to mske the necessary arrangements in order to adept the

ceilings to the actual economic position.

3¢5 Commission's appropriation

The Commission should participate in this activity as it has done
till now, by providing scientific¢ and technical staff,ahd-by a financial
contribution which should amount to:
~25% of the general expenses of the Associated Laboratories( salaries,

running costs etc...)+This uniform support of all the activities de-
veloped in the Community in this field is essential to maintain the
integrated nature of the programme, and to increase the distribution

of tasks between the Associated Laboratoriess

~45% of the construction costs of large devices which will be- available
for experiments to all the partners. The system of preferential support
in accord with the priority actions of Community interest has proved

stimulating and effective during the last S5-year programnmes; '

-§9ﬁ of the total cost of JET. This relatively high participation by the
Commission allows the Associated Laboratories to pursue the rest of the
programme with concentration but without any reduction in the objectives.
On the other hand, the Associated Laboratories will alsoc be involved in

the financial plan in the construction of this large common project;

~100 % of the cost of a limited activity with well defined objectives on
reactor technolagy at JRC,Ispra.

*) Note: The cost of JET, was expressed in Belgian Francs and converted

to units of account at the rate of 1 ua=. S50 BF.
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The Commission's appropriation for the next five year programme will.

therefore be:

General support 89 Mua
Preferential support  45% of 130 Mua = 58 Mua
JET support 80% of 135 Mua = 108 Mua
JRC Ispra 100% of 6 Mua = 6 Mua
Mobility of person-
nel 2 Mua
Management and admi-
nistration 2 Mua '
265 Mua

It is necegsary to adjust, year by year the Commission's appropria-
tion concerning the rest of the five-year period. The Commission will
gubmit every year to the Council a propomal in order to adapt the ceiling

4o the actual economic position.

Thig adaptation im necesgsary for reasong specific to the fusion

programmes

- Most of this programme consists of the construction of large devices,
involving technical difficulties; the case of JET is just a particu-
larly clear example. Many pieces of egquipment and componcﬁts must he
ordered in Industry and their construction often reguires several years.
The contracts relating to these orders necessarily include price adjus-
tment clauses involving price indexes of materials(e.g. copper,stain-
less steel, molybdenum «+s) and of labour.
The Associations cannot engage in such contracts if their own finan -

cial resources are not secured in case of strong increase of prices.

- The fusion programme covers the whole activity of the Community in this
field and has a2 long term cobjective. Its financing system should then

allow its coherent development on a sufficiently long time scale.

|

3.k. Personnel of the Commission

The Commission staff necessary to carry out the programme gpart from
JET is 117. This represents a reduction of 15 in the number stated in

the last five-year plan.
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The staff needed to build JET (about 260 persone a year, including
80 professionals, averaged over 5 years) will partly have to be ssconded
from the Agsociated Laboratories, and the remainder supplied by the
Commission. Their status will need to be temporary with contracts for
the duration of +the progmmma.. The exaot nurber depends on ths choice

of a site and can be proposed as soon as a decision on this matiter has
been taken,
The ataff of the head office in Brussels should be brought to about
20 employees of the three categories, included in the ceiling of 117 men-
tioned above,in order to allow a reinforcement of the coordination of -
the programme and to undertake the part of the JET management which is

the duty of the Commission.
3«5« Collaboration

It should be mentioned again, as already expressed in the past, that
it im only possible to ensure a stronger repartition of activities between
the Associated Laboratories if the toital Community programme is placed
on an integrated basis. 1In so far as this can be guaranteed and imple-
mented, both a diversified activity and a distribution of the lines of
resgearch between laboratories is acoeptable, in such a way that the insti-
tutiong of each country can rely on the differihx activities of the
otherss Such an inferdependence implies, however, a stronger coordination
of the activities.

It is also important, in order to maintain the integrated basis
of the programme that prc;cedures should be developed for the initiation
of collaboration outside the Associated Laboratories in areas such as
basic physics at universities, technological activities in extermal
laboratories, and collaboration with other countries and with international
organigsations, in particular when activitiés in the Associated Labora-

tories may be involved.
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3.6, Structure

For the continuing development and effective management of the’
fusion programme, it is necessary to extend the organizational struc-
ture of the programme. The role of the Commission should be increa~
sed. For this purpose the staff of the head office in Brussels
should be strengthened.

The Liaison Group will continue to be responsible for advising
the Commission and the Council on general policy,‘the annual | program-
mes oi the Associations, and the allocations of preferentialﬁsupport.

The Committee of Directors will be in charge of the implementation of
the programme, and of the exchange and mobility of personnel, and will be consul-
ted for all the probléms concerning collaboration outside the Associgted Labo~
ratories and ouiside the Comminity. The Committee of Directors mhould play & more

ilmportant role as managing body. Both the Liaison Group and the dommittee

of Directors will continue to he assisted by Advisory Groups and
Coordinating Committees.

An additional structure for the management of the construction
phase of JET has been agreed. This structure will be intimately
linked with the original structure for the planning and execution of
the whole programme.

As the fusion programme progresses, the Commission, in coope-
ration with the Associations, will continue to evolve a suitable

structure for the work.
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PROPOSAL FOR A

COUNCIL DECISION ADOPTING A FIVE-YEAR RESEARCH AND
TRAINING PROGRAMME OF THE EUROPEAN ATOMIC ENERGY COMMUNITY
IN THE FIELD OF FUSION AND PLASMA PHYSICS.

THE COUNCIL OF THE BUROFEAN COMMUNITIES,

Having regard to the Treaty establishing the European Atomic Energy

Commnity, and in particular Article 7 thereof,

Having regard to the proposal from the Commisgion submitted after

consultation with the Scientific and Technical Committee,

Having regard to the Opinion of +the Buropean Parliament.

Whereas in account of the:extent of the effort =till necessary
to reach the stage of the practical application of controlled thermo-—
nuclear fusion, from which the dommunity could benefit, particularly
as regards, in the most general sense, the security of its long-term
energy supplies, the work hitherto undertaken in this field should be
continued, at the various stages of development thereof, on a joint

hagis.

Whereas the progress achieved during the third five-year
programme shows that it is necessary, particularly for Tokamak-type
devices, to build larger, complex and more costly devices that no

single Association could contemplate buildings unaided.

Whereas the action proposed by the Commission constitutes
adequate means of pursuing this operation ; whereas, therefore, it is
in The common interest to adopt a multiammual programme in the field of

controlled fusion and plasms physics.

Whereas it is olearly important that the Community should continue
to encourage the construction of certain equipment relating to activitiesm
accorded priority status, both by granting a preferential rate of
participation in the expenditure on such equipment and by encouraging

the carrying~out of major projects conducted jointly by all the

asgociated laboratories.
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Whereas the mobility of staff should be promoted between labora-

[

tories which cooperate in the implementation of the programme,
HAS DECIDED AS FOLLOWS 3

Article 1

A research and training programme in the field of controlled
thermonuclear fusion and plasma physics shall be adopted for a five-year
period from 1 January 1976. This programme is set out in the Annex,

which forms an integral part of this Decision.

Article 2 i

The upper limit for expenditure commitments, and for staff neces-
sary for the implementation of this programme shall be fixed at 265 mil-
lion units of account and 109 Community servants, plus 8 temporary Com-
munity servants and those temporary servants necessary for the JET pro-
ject.(The unit of account is defined in Article 10 of the Financial Regu-
lation of 25 April 19973 applicable to the general hudget of the European

Communities.)

Article 3

On propomsal of the Commission the Council will anmnually take the
necessary dispositions to adjust the upper limit given in Article 3 to the

actual economic position,

Article 4

The Commission will submit a proposal to the Council in the course
of the year 1977 in order to ensure the prolongation and a possible re-

vision of the programme.



o =21-

FUSION AND PLASMA PHYSICS

1. The subject-matter of the programme which will be executed shall be

— general physics in the smector concerned, in particular studies of

ANNEX

2

basic character or relating to confinement of plasmas with suitable

devices and to methods for producing and heating plasmas

- research on the confinement im closed configurations of plasmas

of widely varying density and temperature ;

- producfion of and research on plasmas of high and very high density

~ improvement of diagnostic methods ;

- investigation of technological problems connected with current

research and of problems relating to thermonuclear reactor technology ;

— the construction stage of the JET project.

This work shall be carried oﬁi wnder contracts of association or
contracts of limited duration for the purpose of attaining the

results necessary for the accomplishment of the programms.

r

2. The programme set out in point 1 shall bhe part of a long—term cooperative

project embracing all work carried oul in the Member States in the
Tield of fusion and plasma physics. It is designed to lead in due
course to the joint construction of prototypes with a view to their

industrial-scale production and marketing.
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An amount of 265 million units of account shall be allocated %o

this objective. This amount is intended to cover :

— the expenditure on equipment concerned with operations accorded

priority status

— the expenditure on the construction stage of the large Tokamak
device JET ; t

- other expenditure on action to be taken within the framework

— cogty of procuring mebility of staff

of this programme.

Within the upper limit of 265 million units of account @

a) a maximm amount of 58 million units of account shall be allocated
to the financing of the cperatione defined as in point 5, a
uniform rate of participation equal to or less than 45 %
being applied. In return therefore, all the Associations
ghall be entitled to take part in the experiments carried out

with this equipment.

b) a maximum amount of 2 million units of account shall be set aside
for expenditure for procuring mobility of research personnel from
the Menmber States, 1o enable them to work in the laboratories which

cooperate in the implementation of the programme ; |

¢c) a maximum amount of 108 million units of account shall ie set
agide for the expenditure covering the conetruction stage of the
JET project. Thig amount shall be used hoth for finaneocing
at-a rate of 100 % by the Commission work to be done under contracts
other than contracts of association, and also to partially cover

other expenditure on the JET project;

d) a maximum amount of 6 million units of account shall be
allocated for expenses related to work to be undertaken at J.R.C.

Isprae
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e¢) The amount which shall not have been set aside for the
operétions and exPenditure specified in sections a),b),
¢), and d) shall form the upper limit of financial par-
ticipation by the Community in other expenditure of the
Associations and in the manégement 6f the programme.
This participation shall be uniform, taking into account
the cost of the staff seconded by the Commission, at a
rate of about 25 %. ‘

5. After a technical examination of the various projects, the
Commission will be able to finance at a rate of 45% the

operations accorded priority status by the Liaison Group.
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OPINION OF THE SCIENTIFIC AND TECHNICAL COMMITTEE (STC) ON THE
PROPOSAL FOR A FIVE-YEAR PROGRAMME 1976-80 ON CONTROLLED THERMO-
NUCLEAR FUSION AND PLASMA PHYSICS

- The STC has examined the proposal for a five-year programme presented by the

Commission.

While recognizing that fusion still constitues an uncertain long-term ohjective,
but that its success will entail substantial benefits, the Committee's opinion on
the proposed programme as a whole is favourable, bearing in mind the Commission's
intention, expressed in its covering note ¥o the Committee, to ensure that
activity is focused on specific ohjectives. The Committee recognizes the need

to build a large experimental device in order to make significant progress in
understanding the behaviour of plasmas in conditions similar to those required
by a thermonuclear reactor; while realizing the risks inherent in such an under-
taking it approves the implementation thereof. The Commitites aitaches great
importance to the project being implemented in such a way that, as the work
proceeds, benefits may be derived from the results obtained with other deviges.
The Commiitee notes the fact that, in addition to JET, the scale of the program-
‘me has been substantially increased. It recommends due caution in the choice of
projects to be undertaken during the first two years of the programme, mainly

by setting a limit to investment in priority projects to be launched during the
first two years. The Committee regards as positive the Commission®s intention

to provide for a review of the situation at mid-programme and for a rolling pro-
gramme; it recognizes the need for a mechanism to make allowances for economic

fluctuations.

The Committee asks the Commission to pay special attention, when the revision

is undertaken, to fusion by inertial confinement and to technological probléms.

30 April 1975
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Annex,

SUMMARY OF ACHIEVEMENTS OF THE CURRENT PROGRAMME IN
CONTROLLED THERMONUCLEAR FUSION AND PLASMA PHYSICS,

I.

i.1.

Fusion, & Community Enterprise

The aim of centrelled fusien research is te realize
a new source ef energy, using an abundant,widespread
and very easily stoeckable fuel and reducing substan-
tially environmental effects,

Due to the high density eof anergy censumption, this
aim is mere important fer Eureope than for many ether
parts of the werld, because only fusien is likely to
secure & real independence in energy supplies,

Other possible energy sources depend in fact en the
geographical situation in such a way that Eureope ia
in an unfavourable positien.

Although the research is long-term, this facteor was
taken inte account and measures were taken so that
the level of knowledge'acquired in Europe when suc-
cess is achieved would allow new energy supplies to
be developed in COmpléte independence, if the situa-~-

tion requires it.

The development of Fusien has been a task ef the Com-
mission since the foundation of the EAEC, because it

is explicitely incliuded in the annex to the Treaty of
Euratom,

Since 1958, in the course of smuccesmsive auingquennial
programmes, the Commission has fulfilled this task by
enabling member States te obtain the maximum benefit
from research carried out in their specialized institu-

tions,

The experts cencerned have continually felt that because
of the size of the effort and cost inveived, it was bet-
ter for the countries of the Community to develop diffe-
rent activities during the research phase and to share

the fisks in order to share the banefiis eof sucecess,

The balance between the efforts te be invested, the risks
to be run and the calculated chances ef gain justified the

establishment of- a programme defined in the framework of

the Community.
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1.3, The following contracts of Association were concluded

between the Commission and the national organisations

concerned:

Associations Countries ' Dates Fusion Labora-
tories

EUR~CEA France %659 Fontenay-Aux-Roses
Saclay and(later)
Grenoble,

EUR-CNEN/ '

CNR Italy 1960 Frascati and(later)
Padoua and Milan

EUR~IPP Germany 1961 Garching

EUR~FOM Holland 1962 Jutphaas

EUR-KFA Germany . 1962 Jiilich

EUR-EB Belgium 1968 ERM and ULB

EUR-UKAEA U.K. . 1973 Culham

EUR~DAEK Denmark 1973 Risg |

The Associations cover all the work pursued in this field
within the Community in non~classified Laboratories.
Fusion is one of the few fields in which all the institu-~
tions of member States have recognized the benefit of being
completely involved in a programme of Community interest.
This phenomenon continues to develop by the interest of ins-
titutions outside the Community whd now wish to join in the
programme ,

Ii.Technical Qbjectives Attained.

2.1.The most imporitant results have been obftained in the Tokamak

line which is presently considered to have the best prospects
of leading to a reactor. A Tokamak programme, differentiated
but well co~ordinated, has been mounted during the plan.
Tokamaks of differing sizes and characteristics have been
built or are in construction at Garching, Fontenay, Culham,
Grenoble and Frascati. The exploltation of some of them
allowed us to explore a wide field of parameters, and to ac-
quire a technical expertise and a physical understanding which
puts the Community in a leading position in the world scene.
The results obtained in UéA and USSR have been confirmed and
improved, and the performances achieved on the tokamak at Fon-

tenay-Aux-~Roses are presently the best yet realiied.
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Due to the speed with which expertise has been agquired,
we have been able to undertake JET, which is presently the
first ewecutive project for the next generation of experi-
ments,

2.2.Much of the technological experience in plasma experiments
which has been well used in tokamaks was gained in werk cax-
ried out on open-ended machines; a line which has just been
abandoned because the plasma confinement =eemed less favoura-
ble for a reactor than in closed systems., In particular, ex-

perience in the field of neutral injection, originaliy deve-

loped for open systems, has been capable of direct applica-
tion to tokamaks,
2+3.In the Stellarator line, considerable progress has been made

by comparison with the first experiments in this Uine,
In particular, results at Garching have contributed, together
with the first tokamaks, to prove that the losses from closed
systems could be reduced to a tolerable level, The Stellarator
currently under construction at Garching is the largest expe-
riment of this type in the world acene.

2.4,The field of plasma heating, which is an essential complement

to all lines of magnetic confinement, was characterised during
an exploratory phase by a considerable dispersion.-
During the laast programme, the criteria for a choice of methods
of heating mos+t suited to large experiments have been isolated.
Radiofrequency heating has been developed for application to
intermediate size experiments. The work has been concentrated
at Grenoble with collaboration with Garching and the ERM.
2.5.The very effective plasma heating obtained in different pinch
experiments at Jlilich and Garching is at the base of the line
called high beta . This could represent an alternative to the
tokamak line, to which it is wvery close. Original contributions
in this line have also been made at Culham , Jutphaas and Garching.
2,6,In the field of wvery high density plasmas a distribution of the

tasits between Frascéti,Julich and Culham allowed the construction
of the large Plasma Focus experiment.

Concerning Laser fusion,exploratory work has been developed nota-
bly at Frascati,Garching and at the Université Libre of Brussels,
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2+7.Theoretical studlies and numeriec 2l ecomputing have been

developed in parzllel with each of the lines mentiened.
Amoeng the most impertant . results in the field of plasma
theory, one must mentien the magneto-hydredynamic theory
of equilibrium and stability developed at Fontenay and the

study of diffusien developed at Garching.

2.8.During the last quinguennial programme, under the scheme

of the contract for mobility of personnel, about 40 phy-

sicists and engineers of the assoclated laboratories have
spent periods of several months in other laberateries of

the Community. [

b

2.9. Concerning the resources, the European Community has pre-

sently available ;

B

a) a staff of 700 gqualified research workers, having many
years of experisnce in this fileld. .
It should be noted that the average period of post =
graduate training of each of them correspends teo many
vears of effort,

If one includes techmical and administrative support,

the total rises to 3000 people. |

It is undeniable that this group does not presently cons-
titute the sum of sub-groups geographically dispersed,
but a very homogeneous complex of research workers, ca-
rable of working together on a European scale,

b) an assembly of specilalised laboratories, possessing mo~
dern equipment such as pewer supplies, capable of meeting
needs for many years,

c) organisational structures created through the actiens of

the Commission, and through wich the work of each Labora-

tory is accomplished in tha light of the work in the others.

These structures, by maintaining a cocherent European re -
search grouping,places the member States of the Community
in a competitive pesition in regard to other programmes
in the world.
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2,10, The results 4acquired during the third pregramme con-
firm that the capacities established were utilised
during the third »lan quite as effectively as the
comparable or greater capacities of the USA and

USSR,
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2. Title of operation

¥

’

Co- -FINANCGIAL STATEMENT "EUSION™

' PR

Part I .

1o Tdentification of the statement : legal and administrative infeormation

1.0,

Tote
1‘2&

1m3n
11:1%’0

105@

~
-

Number of statement 3 _ |

Date of statement : 2.10.1975
Budgetary item : chapter 3.20 of the statement of revenue and

expenditure for 1976 relating to research and investﬁent activi-
ties (Annax I of Sectlon ITI "Commission™ of the Budget of the
EuroPean Communities).

Financial years s 1976-1980 '
Legal basis : Proposal submitted %o the Coﬁncil on 18.7.1975
having regard to Article 7 of the Treaty establishiﬁg the EAEC.

Authorizing department : DG XII (Research, Science and Education).

’

Plurmannual researuh programme 1976=1580 "Conirolled Thermonuclear

Fusion and Plasma,Ph381cs"

3. Description of operation / Persons involved

300. , Description o _ .

Tﬁis‘is the 4th five year period of a pf&grammé which shall be,
accor@ing to the p;eceding decisions of the Council a long-term
cooperativé project embracing almost all the work carried out in
éhe Membexr States in the field of Controlled Thermonuclear Fusion
and Plasma Physics. This proéramme is carried ocut in close
collaboration between the competent organisations of the Member
States and the Commission and is coordinated by a system of

bllateral assoclatlon conuracts between Buratom and these organlm

sations *.

* See the list of the Associations on page & of the Annex to the
proposal of 18 761975, i

ﬁﬁ/ob
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3.1,

. .
’ - -
- R ‘ -
Bt _ ,
. *

t

The research and development work is aimed af the flnal chiective.

defined under 4.0. The present fmve—year permod mncludes :

- the construction phase of the large JET device /

P

- the continuation of the work complementary t6 the JET in the
Tokamak line | | -

= the continunation of work in the magnetic conflnement lines ,
alternative o the Tokamak (Stellarator, High Beta dev1ces)

- the continuation of work on very high density plasmas and in
.the fields of theory and fundamental support physics as well
as the development of the ﬁechnological activity concerning

fusion.

. ’ ! s . -

Persops involved in this operation
Commission @

Z.1.0. Category : Commiss%pn's staff, categories A, B, C.

Zo1e1. Number : 113 (75 4 + 35 B + 3 C)*

30720 -Geographical location : distributed in the Associations
in the Member States (see list on page 2 of the Annex to
the proposal), Brussels for management and adminisfratiag,

and the site of JET. i \

! '

Contractual Partners : A o '

3.1e3« Category : Research personnel and resaérch &orkersg
personnel of the contractants. .
391.4: Number : About 650 professionals and the corresponding.. =
" technical sﬁppoft"personnela . ‘N

3ﬁ1.5, Geographical location : in the Associaﬁions.(see list

\
I

gquoted above).

Fl

, * The construction phase of the JET project will require an average

of 260 men/year for f?ve years. This personpmel, seconded for a
large part by the Associated Laboratories, will have a temporary
statute. The corresponding expenditure is included in the overall

cost of the constructlon of JET, given under 6.3.0.

RN

A
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4, Qbjective of the ope

»ation

- +e0, (G.Aerzl objectives lald down by thé Treaties 3

bols

-~

Development of = new nuclear energy source {(Art.1 and Art.2.a),
c¢),'g2)y, h), of the EAEC Treaty). The programme proposal is based
on Art. 7 of the Treaty. The field of research is explicitly

mentioned in the Annex 1, Title IX, 1.e) of the Treaty.

[

More specific objective of the operation and contribution of the

oﬁeration to the general objective :

The final aim of this programme is to assess whgther it is possible
to produce, at a competitive cost, useful energy from the reactions
between light nuclei, and if so to proceed to the Joint construc-
tion of prototypes with a view to their industrial scale broduction
and marketing. The realization of this aim requires the solution

of many scientific and technological problems. The project embraces

almost a1l the work carried out in the Member States.

The  specific actions of this five year period are listed under 3.0

and are aimed at
~ gonfirming the possibilify to confihe in a Tokamak-type device

a thermonuclear plasma

-~ providing an assessment of the potential of the lines altermnative

t6 the Tokamak

- providing the necessary technological expertise in order to carry

on the development towards the final aim.

The construction of JET represents a necessary step on the way to
the fusion reactor based on magnetic confinement.

The complementary work on the Tokamak are equally necessary in order
to reach this aim.

‘The-continuation of work in the other magnetic confinement lines
keeps open the alternative options to the Tokamsk line which might
come out to be necaessary.

The other activities constitute a normal and necessary support to

the programme.

oo/ a0



-kl . | ﬁ ,

5. Reasons for the operation chosen to attain the objectives -,

From the technical point of view, the proposed programme was, prepared
! 4in close collaboration with the competent Organisations in the Member

l States, it has been formulated by the "Liaison Grbup“ for Fusion who
approved it unanimously. _

+ From the execution point of view, the system of Associétioﬁ contracts
and the coordinating structufes set up ensures an effective utilisation
of the means available. ’ i
The operation chosén is ;n optimisation at the european scale of the
chances to reach the final aim and aliows the Fusion Programme of +he
Coﬁmunity to maintain its credibility and consequently to' have access

to the results obtained by other impbrtant programmes in the world.

6. Expenditure .

6.,0. Overall expenditure for the operation for the entire proposed

duration .;Q-BG--B-“-H..CB‘-'.-Q.'..I-..-..'......-Q-..-...II- 615 MUC
6.0.0., EIxpenditure charged to the Community Budget ......... 265 MUC
6.,0.1. Expenditure charged to the nationsl admipnistrations . 350 MUC

6.0.2, BExpenditure charged to other sectors at national ,

]

level ccescceraescessesnsceccansssncesscsorocaeasssee s 000 - MUC

~

. [
6.1. Appropriation authorized, commitments made and payments

Current Programme

Current financial year
. 1973 197k 1975

Ge1e0s Commitments 8. 42k 924 14,622,717 9.811.122

6.1.7. payments 11.399.046  19.26k.400 21,379,524

1

0!‘/l.



PROGRAMME 1976-1980

6ole0o Commitments

w Appropriaztion for staff

1976 3.652.30% ;=
) 1977 4.200.146,~
1978 k.830.168,-
1979 | 5,554,693,
1980 60387.789,= - 24,625.097,-
« Infrastructure
1976 33,642 -
1977  38.688,-
1978 51.165,=
1979 58,840 4= ‘
1980 . T B7.666,- 250,007 ;~

Administrative expenditure

1976 99.700,=
1977 111,400 ,~
1978 123,100 g
1979 135,300 ,~
1980 147.500,= 617.000 =

Operational expenditure (JRC~ISPRA)

H

1976 - 989.941 -
© 1977 “1.138.432 -
. 1978 T1309,197 ;=
1979 1.505.577 y= ]
1980 - 10731413 = 6.674.560 ,-
-~ BExpenditure for contracts (JBT, Associations, Preferential
support) ‘
1976 157.834.313,~
1977 20,000,000 =
1978 20.000,000 jw
1979 24,000,000 ,~ )
1980 1009992029 y~ 532.833,342 4=

265,000,000 ,~

eo/oo
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Payments
- Appropriation fér statf .
| 1976 5.652.301,~ -
1977 1,200,146 -
1978 4,830,168 ;=
1979 54554.693
1980 6.387.789,~
- Ianfrastructure
1376 33,642 ,-
1977 38.688 ,-
1978 51.165,=
" 1979 , 58.840,-
1980 67666 4=
- Administrative expenditure
1976 99,700 ,~
1977 111.400,=
1978 123.100,~
1979 1353004~
1960 147,500 4y~
- Operational expenditure (JRC—ISPRA)
1976 o . 989.941,-
1977 1.138.432,=-
1978 1.309.197;-
- 1979 - 1e505.577 g
1980 12731.413 =
- Expenditure for contracts (JET, Associations, Preferential
o support)
1976 34.095.363,-
1977 49.773.775 -
1978 5747374667 4=
1979 57.238.317 =
1980 33.988.220,-

24.625.097 4=

250-00ﬁ9-

617.000,~

6.674;560,-

232.833.342 -

.265l000.000 [

eefon
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Programme 19756-1980

Summary

. Gommitments | Payments
1976 ' 162.609.897 ,~ 38.870.947 ;=
1977 ' : 25.488.666 ;- 55,262 441, -
1978 26.313.630,- ‘ 64,051,297 =
1979 31.254 . 410 4= 64.492.727 =
1980 19.333.397 4~ 42,322,588 ,~

The comparison between the appropriations authorized for the
period 1971-75 and the appropriations proposed for the period
1976-80 is meaningless since two new association contracts with
the organisations of two new Member States {(United Kingdom and
Denmark) have been concluded and since the economic position has

evolved during the lasgt 5 years.

Bxplanation of overall cost and appropriations reguested

6.3.0. Method of Calculation

Overall expen= %  Commission
diture Appropriation
Generallexpenditure 335 ( 25 89*
Preferential gupport 130 45 58
JET coﬁstruction phase - 135 80 108
Technology work {(JRC) . 6 _ 100 . 6
Mobility of personnel 2 100 2
Management and administration 2 - 100 2
Total | g;;;ﬁﬂc ;g; MUC

Justification of the rates of Commission's appropriations

-~ The 25% rate of appropriation towards the general expenditure of
the Associations {covering almost all the work carried on in the
Member States in this field) allows the Commission to participate
by right in the decisions concern%ng the planning and execution of:

)

the woik. -

* Tncluding 5 MUC for complement of saléries of seconded staff.

_esfan
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~ The 45% rate of preferential support to investments accorded
priority status by the Liaison Group allows the Commission to
ensure the commén interest cof new investmenits, to encourage
actions undertaken jointly by several Laboratories and to
entitle a1l the Associatlons to take part in the experimgnts

on the devices accorded priority status.

The majority appropriation (80%) of the Commission in the
construction of JET is necessary due to the financial and high
level staff requirements of this project which could net be
undertaken on & national basis. A 100% appropriation is not
proposed in order to emsure the commitment of the partnerg

also on a financial basis and to ensure the Community character
of the project and the close cooperafion between the Commission

and all the competent national organisations, wherever the site

will be. . N

Justification of the proposed annual distribution of expenditure

-~ A detailed estimate of commitments and payments concerning the
JET construction phase was formulated duriné the degign phase

of this projec% on the basis of study contracts placed in the

Industry.

~ The total amount of commitments concerning general support to
the Associstions and preferential support to priority actions ‘
are inscribed in the financial year 1976, during which the
association contia&ts will be renewed and will bind the -

GCommission and th: Associated Laboratories for all the duration
of the five year programme. '
~ The commitments concerning staff infrastructures and technical
operation are ¢ilculated on the basis of a 15% rate of annual

increasej the conmitment appropriations concerning administration

{missions, meet:ags, etc.) on the basis of 10% rate approximately.

oo/ oo
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be3ule Without object for this long term programm;

—

The financial volume of the programme was estimated on

a techqical basis, in constant mone& at March 1975 prices.
The principal'uncertainty factors are involved by contracts
placed in the industries including price adjustment clauses,-
raw material and man—po}er prices and expenditure for the
staff.

7a Revenue

Without object in the strict frame of the proposal submitted by the
Commission on 18th July 1975.

8« Audit and re-examination

8.0.

8.1,

Internal audit arrangements for this operation and, where
appropriate,in the Member States :

Scientific control : by the steering Committees of the Asscociations
by the Committee of Directors

by the Liaison Group for Fusion
The "Financial Control" verifies the execution of the budget
The "Contract Service" of the DG XII controls yearly the expen-

ditures of the contractunal partners.

Complete reappraisal of the operation : to be made on the
occasion of the revision of the programme after two years of

execution.

PART TWO

(additional information

for a new operation)

The 1976-1980 fusion programme is the continuation of the three prew

ceding programmes and is part of a long term action.

The JET project has been set up during the 3rd programme (1). His

design phase being achleved, its construction phase will start at the

beginning of the Lth programme.

(1) Council decisions of 17.12.73, O 1L 30/7&

and 20. 5-75’ 0 L 172/75
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