














































































12 JET Construction Phase 

• The Construction Phase of JET should start in 1976 and will continue 
for a period of about five years. Some design work will of course 
continue during this phase and some aspects (modification, prepara
tion for the operation with tritium) will extend into the Experimental 

Phase. The time scales involved for the various components are shown 

in the time bar chart. 

• The Experimental Phase will start in 1980 provided that decisions 

concerning the site and the build-up of the Construction Team can be 

taken before the end of 1975. 

Vacuum 

[
Toroidal Field 
Mech. Structure 

Poloidal Field 

Power Supplies 

Control, Data handling 

Jan 

0<1 m >()() 

..--. 
;IJ > 

" 
., c:OO 

" Ill Ill !!. la 0 Ill .o· 3 
0.. 1'1 

:> -< 3 
r:r 

• 30 
I-<" Q. 
J: 

3 :; &r=> 0 
Ill 

74 Jan 75 Jan 76 Jan 77 Jan 78 Jan 79 Jan 80 

-Design Phase -

.......... 
___ I:==:J·----·--

---======IJ _._ ..... ___ 

:!\ ., 
Ill .... 

[
Diagnostics. 
Additional Heating ======== 

[
Machine Assembly 
Commission 

fBuildings, Shielding 
LArea Preparation 

Engineering Studies, Design, Feasibility. 

Scale Models, Purchase of Long Del. Items. Development 

- Construction, Manufacture. Installation. 

- Sub. Assembly. Test, Connections. 

System, Test. 
Prototype. 

Time Bar Chart for JET 

34 



• An overall view of a possible site layout is shown below. More detailed 

drawings of the Experimental Buildings are shown overleaf. 
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13 JET Experimental 
Program 

A significant feature of the JET design is the 
flexibility, which permits the use of a wide range of 
plasma configurations and modes of operation, with 
large current (greater than 1 million amperes) and large 
radius (greater than 0. 5 metres). This will play an 
important role in the making of the studies described in 
section 9. There are two basic modes, one involving a 
fixed plasma shape, the other involving the major radius 
compression of a reduced size plasma. In both modes a 
wide range of configurations, involving circular or 
elliptical (D-shaped) cross section plasmas, are possible 
as illustrated. 

As a general strategy it 1s intended to realise the 
objectives by a program of phased exploitation. This is 
described below and summarised in the table. 

Outline of Experimental Program 

1980 1981 1982 1983 

I t t E; 1 

1984 

Phase l : Exploratory Studies I Phase 11 : Improvement of Plasma Phase lii: Fusion Studies 

I Performance 

I (some of the following will be 

I attempted) 

• establish a range of opera ring 
I 

• extend power supplies • attempt fusion experiments 
conditions 

• examine heating me thods using (a) non-Maxwellian beam-
• scaling studies I internal structures plasma methods, maybe 

• work up to maximum plasma I • increase heating power 
with compression 

current fo r installed power 
I • fit divertor if necessary 

(b) self-heating if 
supplies including use of possible 
0-shaped cross-section I • try new limiter or wall materials 

• examine additional heating I 
• investigate impurity effects 

I 
• establish limits of operation 

I • decide on future power supplies 

• decide whether the divertor is I 
needed I 

t if results from Phase I are extremely favourab le 
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Phase I Exploratory Studies. 

This phase will begin in the final stages of the machine commissioning 
to establish operating regimes at low plasma currents. Over a period of 
months the plasma current will be raised to the 3 million amperes level 
and non-circular plasmas will be studied. A decision will then be taken as 
to whether to order further power supplies for later phases of operation. 

• The experimental results will be compared with the predictions of 
plasma simulation computer codes, which in turn should indicate 
optimum regimes of operation. 

• A range of heating methods including neutral injection, radio 
frequency heating and adiabatic compression will be assessed. 

By the end of the phase the possible range of parameters - density, 
temperature, containment time, etc., for the available power supplies and 
heating methods, will have been established. 

Phase II Improvement of Plasma Performance. 

The program for this phase will depend on the outcome of Phase I. At 
one extreme, if very favourable plasma parameters are obtained it will be 
possible to go directly to Phase Ill; at the other extreme, Phase 11 will 
contribute the bulk of the experimental program and will involve the 
exploration of heating and impurity control for future experiments. 

It may be necessary to enhance the power supplies or to install a 
modified vacuum vessel for impurity control. For example, a special wall 
might be introduced or an additional field system (divertor) to divert 
impurities away from the plasma might be added. 

Phase Ill Fusion Studies. 

The object of experiments m this phase will be to establish the 
behaviour of plasmas which include a significant level of 'fast' particles 
produced by fusion reactions in the plasma. The heating, diffusion and 
pressure of the fast fusion particles will modify the plasma equilibrium. 

Discharges with appreciable fusion power generation may be produced 
with plasma temperatures greater than 50 million degrees. The fusion 
reactions take place in collisions involving the more energetic plasma 
nuclei. Alternatively they may be produced by injecting the energetic 
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particles, by neutral injection, into a lower temperature plasma, e.g. by the 

injection of energetic deuterons (160 000 volts) into a tritium plasma, or 
into a plasma of 3 He. 

Except in the case of deuteron injection into a 3 He plasma there will 

be a large release of neutrons and the consequent activation problems will 
severely restrict access to the machine and may well limit operation to 

only a small number of discharges. Consequently the experimental 
program for this phase will have to be very carefully planned so that the 
maximum information is obtained from each discharge. 

Method of Working. 

JET is planned to be the principal Tokamak in the Euratom Fusion 
Program from 1980 onwards. Clearly the success of the experiment will 
depend on the active support of scientists in the Associations. It is 
foreseen that the JET experiment, carried out as a joint venture of the 
Associations, will benefit from many individual investigations carried out 
by teams of scientists visiting the JET site for periods of several months, 
using equipment developed in their own laboratories. Such work has 
already begun in the field of plasma heating. During the operating phase it 
is foreseen that the JET project will involve the following: 

• A European Program Committee to determine the general line of 
experiments and the relative priorities. 

• A resident European JET Team; (1) to run the experiment, (2) ensure 
program continuity, (3) collect, interpret and distribute the data 

obtained on JET, and (4) take responsibility for maintenance, safety 
· and to undertake modifications to the apparatus. 

• A formal body to certify the acceptability and safety of equipment 
proposed for use on JET. 

• A number of Visiting Teams of Specialists from the Associations to 
develop and use specialist dignostic techniques. 

• Theoreticians on site and in their own laboratories working on 
problems relevant to JET. 
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14 European Collaboration 

in Fusion Research 

Fusion research started around 1950 in a number of European 
countries. Cooperation between these countries was initiated first through 
exchanges of information. As the work progressed, the true European 
dimensions of the program were appreciated and the advantages to be 
gained from sharing the effort became apparent, a closer collaboration was 

sought. 

The first European 5-year program for Plasma Physics and Fusion 
Research was a part of the initial program, when in 1958 the European 
Atomic Energy Community (EURATOM) was established. This has since 

been followed by a number of pluriannual programs, adopted by the 
COUNCIL of the European Communities on the proposal of the 
COMMISSION of the European Communities. 

' 
According to the EURATOM Treaty the Commission is responsible 

for the implementation of the program. The Commission decided that, 
given the existence of the national programs, the goal of a united 
European Fusion Program could most readily be achieved through 
CONTRACTS OF ASSOCIATION with the laboratories already existing 
or being built up. 

Finally, in adopting the present 5-year program the COUNCIL decided 
that the program should be part of a long term cooperative project 
embracing all work carried out in the Member States in the field 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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Up to now, the Commission has concluded such contracts with: 

AEK -The Atomenergiekommissionen Denmark (Laboratory at 
Ris~). 

CEA -The Commissariat a l'Energie Atomique (Laboratories at 
Fontenay-aux-Roses, Saclay and Grenoble). 

CNEN -The Comitato Nazionale per l'Energia Nucleare (Laboratory 
at Frascati). 

CNR -The Consiglio Nazionale delle Richerche (Laboratories at 
Milan and Padua). 

EB -The Etat Belge (Laboratories of the Ecole Royale Militaire 
and the University of Brussels). 

FOM - The Stichting voor Fundamental Onderzoek der Materie 
(Laboratories at Jutphaas, Amsterdam and Eindhoven). 

IPP -The Max-Planck-Institut fur Plasrnaphysik (Laboratory at 
Garching). 

KFA -The Kernforschungsanlage Jiilich GmbH (Laboratory at 
Jiilich). 

UKAEA -The United Kingdom Atomic Energy Authority (Laboratory 
at Culham). 

Fusion Research 1n the European Community 
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The subject matter of each individual Contract of Association, a 
pluriannual program, is agreed after discussion in the COMMITTEE OF 
DIRECTORS and a recommendation of the LIAISON GROUP to the 
Contracting Parties. These programs form part of a Community-wide long 
term collaboration with the aim of the joint construction of large 
experimental facilities. 

The execution of these programs is supervised by the STEERING 
COMMITTEE. of the individual Association. 

In the framework of these contracts the Commission contributes to 
the expenditure of the Association by about 24% (or about 44% for 
certain experiments of priority interest), participates through representa
tives in the different management boards in the preparation and execution 
of the programs and seconds scientists to the laboratories for collabora
tion with the national staff. 

A contract concerning the important exchange of personnel 
(MOBILITY CONTRACT) allows national laboratories to second their 
staff to other national laboratories, the costs of these secondments being 
reimbursed by the Commission. 

The program is open to cooperation with countries outside the E.E.C., 
in particular other European countries. In this respect negotiations for 
cooperation with Sweden are well advanced. 
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14.1. EUROPEAN COLLABORATION IN THE JET DESIGN 

HISTORY 

Encouraging results with various relatively small Tokamaks have led to 
proposals for large Tokamak facilities, to extend the parameter range close 
to the conditions needed in a thermonuclear reactor. It soon became clear 
that the realisation of such a machine would involve large personnel and 
financial requirements, and would best be achieved by a joint effort of the 
Partners. 

After preliminary discussions in the T okamak Advisory Group in 1971 
the Liaison Group set up a JOINT EUROPEAN TORUS WORKING 
GROUP to prepare various design concepts and compare them from the 
point of view of technology, cost and construction time. On the basis of 
this work the Liaison Group in 1973 recommended the setting up of a 

Team to design a 3 MA Tokamak. 

LEGAL BASIS 

The basis for the realisation of the JET Design was a PROGRAM 
DECISION of the Council of the European Communities in 1973, 

incorporating the JET Design Project into the presently running 5-year

program. 

In implementation of this decision a JET DESIGN AGREEMENT 
covering the Design Phase from October 1973 to December 1975 was 
concluded between the PARTNERS, that is between the contracting 
parties of the Association Contracts. 

The MOBILITY CONTRACT was amended in order to take into 

account the specific requirements of the JET Design Phase. 

ORGANISATION 

Within the framework of the overall organisation of European 
collaboration in Fusion Research the Partners set up a SUPERVISORY 
BOARD \Wich represents all the Partners and ensures on their behalf the 
proper implementation of the Design Agreement. This Board has approved 
secondments of the Head of Project, of the Administrator, set up a Project 
Board and decided the staff strength of the Design Team. In close contact 
with the Committee of Directors the Board decides between the main 

tEchnical options for the Design proposed by the Head of Project and 

approves contracts above 50,000 U.C. 
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The Board is assisted by a Committee for Scientific and Technical 
matters as well as a Committee for Administrative matters, both of which 
advise the Board. 

The execution of the program agreed upon in the Design agreement 
was assigned by the Partners to a JET DESIGN TEAM, which was set up 
in October 197 3 and centred at the UKAEA Culham Laboratory acting as 
host laboratory. 

The Team is directed by a HEAD OF PROJECT who is responsible to 
the Supervisory Board for the execution of the work and who has power 
of decision for any operation required for the implementation of the work 
except where the Design Agreement specifies otherwise. 

The implementation of the successive stages of the work as well as 
contracts up to 50,000 U.C. are approved by a PROJECT BOARD, 
composed of the Head of Project and five Group Leaders. 
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THE FUNDS FOR DESIGN 

The following funds necessary for the implementation of the JET 
Design Project are provided by the JET Design Agreement and the 
Mobility Contract as upper limits: 

Total Commission Association TYPE OF EXPENDITURE Ceiling Share Share (MUC*) 

NATIONAL STAFF: SALARIES 1.2 0.3 0.9 

EXPATRIATION ALLOWANCES, etc., 
travel of JET team members 1.25 1.25 -

EURATOM STAFF 0.3 0.3 -

CONTRACTS WITH ASSOCIATIONS 
to execute specified work required for JET 3 1.32 1.68 

CONTRACTS WITH THIRD PARTIES 
(Industry, etc.) to execute specified work 3 3 -

or to supply certain long delivery items 

HOST LABORATORY EXPENSES 0.45 0.34 0.11 

9.2 6.51 2.69 

* MUC = Million Units of Account. 
1 Unit of Account equals 50 Belgian Francs. 

THE WORK OF THE DESIGN TEAM 

The Design Team, internationally composed and supported by Host 
Laboratory staff, is organised in 7 groups as shown in the introduction. 

In November 1973 the Team issued an outline design and first set of 
dimensions in the Report 'Preliminary Description' (EUR-JET-R1), 
followed in April 1974 by the Report 'First Project Proposal' (EUR-JET
R2) and in July 1974 by a first cost estimate for the project (EUR-JET-R4). 

On the basis of a positive response from the JET Supervisory Board and 
after discussion in the Committee of Directors and the Liaison Group the 
Partners accepted the JET parameters outlined in EUR-JET-R2 and the cost 
estimates contained in EUR-JET-R4 as a basis for continuing design. 

By June 197 5 the final report required by the JET Design Agreement 
(EUR-JET-R5) was issued. The work of the Team as well as the results of 
over 100 contracts with the Associations and Industry about specific 
problems resulted in a detailed design of the whole facility and includes 
specifications, calculations and drawings of the various prototypes 
allowing immediate calls for tender. The report also contains detailed cost 
estimates and planning schedules for the various stages of supply, 
construction and tests as well as a program for the operational phase. 
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14.2. EUROPEAN COLLABORATION IN ]ET CONSTRUCTION 

Upon a recommendation of the Partners on the basis of this report, 

the Commission may propose to the Council the construction of the JET 

facility within the next pluriannual research and training program of 
the Community in the field of Nuclear Fusion and Plasma Physics. 

THE FUNDS FOR CONSTRUCTION 

The proposal of the Commission to the Council includes funds for 
JET during the 5 years from 197 6 to 1980 of 13 5 million Units of 
Account (MUC; 1 UC = 50 Belgian Francs) at March 1975 prices for the 
following items: 

TYPE OF EXPENDITURE Amount 
(MUC) 

THE JET DEVICE 29.1 
(comprisi~g Mechanical structure, Toroidal field magnet, Core 
and outer coil support structure, Poloidal field windings, Vacuum 
vessel, Limiter, Miscellaneous, Spares, Transport). 

AUXILIARY SYSTEMS 9.0 
(comprising Pumping and Cooling systems, Assembly and 
Maintenance systems, Additional Heating systems) 

POWER SUPPLIES 22.5 
(for Toroidal and Poloidal field systems; Auxiliary power supplies) 

CONTROL, MONITORING, DATA ACQUISITION 3.5 
(comprising Computers and peripherals, Control station and 
connections) 

DIAGNOSTICS 3.5 

OPERATING BUDGET 8.9 
(Preparation of the operation phase, Test and commissioning of 
the device, Provision for modifications) 

BUILDINGS 15.3 
(Assembly hall and Torus hall, Power supplies areas, 
Cooling tower, Rental auxiliary buildings) 

MANPOWER 31.9 
(Team for construction phase and preparation of operation phase, 
Overheads, Travel) 

RESERVE 11.3 

135 

THE MANPOWER 

Building JET efficiently requires a careful distribution, control and 
monitoring of the work. Although the legal form of JET and its detailed 
organisation are at present still under discussion, one can distinguish three 
main groups contributing to the Project. 
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1. The ]ET Construction Team 

Provision of Team members will be shared between the Partners, a 

larger share being provided by the Host Partner. The Team might also 

use manpower on a rental basis under its direct control, mainly for 
assembly work. 

The required man-years have been estimated and are split into various 

categories as shown below: 

Calendar Year 1976 1977 1978 1979 1980 

Man-Years JET 
Construction Team 108 206 325 374 385 
(1398 MY total) 

Engineers 26% 19% 14% 13% 12% 

Physicists 9% 6% 6% 9% 14% 

Draughtsmen 30% 20% 11% 9% 10% 

Technicians 17% 24% 32% 32% 32% 

Clerical, secretaries 18% 19% 16% 15% 14% 

Industrials 0% 12% 21% 22% 18% 

2. Groups working inside the Associations 

Work to be shared between JET and the Associations in the area of 
physics, diagnostics and additional heating will progressively increase 

as the project moves towards its operating phase. 

The following number of professional man-years additional to those 

shown above were estimated to be required in the Associations: 

Year 1976 1977 1978 1979 1980 

PMY 35 50 60 60 50 

3. Groups working under the Control of Industry 

This includes staff belonging to or hired by contractors to complete 
orders on site (e.g. assembly of buildings, hardware of the device and 

its power supplies). 
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LEGAL BASIS 

For the realisation of the JET Project a PROGRAM DECISION of the 
Council on the proposal submitted by the Commission is now required. 

The execution of such a decision will need arrangements between the 
Partners such as for instance those covered by the present MOBILITY 

CONTRACT, incorporating provisions as to the conditions of service as 
well as to the sharing of funds for JET staff. 

Additional arrangements will also be required. The basic rules 
governing the JET collaboration could be set forth in a JET CONSTRUC
TION AGREEMENT. 

ORGANISATION 

In order to ensure the possibility of continuous transition from the 
Design Phase to the Construction and Experimental Phase the Partners 
have already consulted and agreed on a MANAGEMENT STRUCTURE. 

This structure provides for a PROJECT TEAM directed by a HEAD 
OF PROJECT, who is responsible for directing the execution of the 
project. 

A MANAGEMENT COMMITTEE shall assure the effective manage
ment of the Project by developing the guidelines and controls under which 
the Project is directed by the Head of Project. 

A JET COUNCIL, meeting once or twice a year, shall advise on the 
overall general management and prepare matters needing a decision of the 
Council of the European Communities. 

Other important issues like the conditions of service, the sharing of 
funds and the site of JET are under discussion. 
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r 5 Involvement of Industry 

Many large scale and long term research programs are undertaken 

initially in Government Research Laboratories. 

In the early phases of these programs Industry usually plays a 
supporting role in providing tools for the research. The involvement of 
Industry, however, becomes more active and the participation increases as 

the goals are approached, and finally in the exploitation of the research 

Industry plays the major role. 

According to the Treaty an important mission of the Community is to 
encourage this involvement of Industry in the nuclear program, with the 
aim of producing a vigorous European Nuclear Industry. 

In the fusion program, and in particular in Europe, the participation 
of Industry, in the past, has been in a supporting role. Within the next 
phase of the program, however, the large fusion experiments and 
especially experiments of JET-size will require a much stronger involve
ment of Industry. 

Already in the JET DESIGN PHASE vanous study contracts and 
orders for long delivery items have been placed, after calls for tender from 
firms, in all member states of the Community. 

During the JET CONSTRUCTION PHASE an even closer collabora
tion with Industry will be required since by far the majority of the JET 
components will be manufactured by Industry. To a certain extent it may 
also become necessary to employ consulting engineering firms, especially 

in the areas of power supply construction, very heavy engineering 
components and large scale project control. In this way it is hoped to 
ensure that European Industries will have a long term competitive position 

in this exciting new field. 
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Symbols and Units 

SYMBOLS 

R
0 

- major radius of the plasma 

a - minor radius of the plasma in the median plane 

b - half height of the plasma 

, BTOR - toroidal magnetic field on the plasma axis 

BPOL - poloidal magnetic field of the plasma 

lP - plasma current 

T e - peak electron temperature 

Ti - peak ion temperature 

UNITS 

The standard units are sometimes inconveniently small and it IS 

common practice to use a prefix to define a larger unit. 

k means 1000 times, as in kG (kilogauss) 

M means 1 000 000 times as in MW (megawatt) 

G means 1000 million times as in GJ (gigajoule) 

An abbreviated way of writing a large number is in powers of 10, e.g. 

3 000 000 A= 3.0 X 106 amperes of current= 3 MA 

1110 000 000 000 torr= 1 o- 1 0 torr pressure 

100 000 000 000 000 cm- 3 = 1014 particles per cubic centimetre. 

Quantity 

Energy 

Time 

Power 

50 

Unit 

joule 

second 

watt 

Symbol 

J 

s 
w 

Comment 
1 million joules - 1 MJ ~ll raise 

about 2 litres of water from room 

temperature to the boiling point. 

1 watt = 1 joule of energy used per 
second. 

A community of about 1 million 

people in an industrialised country 

uses an average power of about 

1000 MW. 



Temperature degrees Celsius 

or Centigrade 

Density 

Vacuum 
Pressure 

Dimensions 

Current 

Voltage 

Magnetic 
field 

Weight 
Force 

number of cm- 3 

particles 
per cubic 
centimetre 
torr 

metres 
centimetres 

amperes 
volts 

gauss 

tonnes 
tonnes 

m 
cm 

A 

V 

G 

t 

t 

To produce 1000 MW for one day we 

must burn about 9000 tons of coal or 
5000 tons of oil or in a fusion reactor 

about 125 grams of deuterium and 
400 grams of lithium. 

Plasma temperatures are often quoted 
in electron volts (eV). The relation 

between temperature (random energy) 

and the directed energy of a charge 
accelerated through a potential of 1 

volt is 11 600 degrees = 1 e V. 
1014cm-3 means 100 000 000 000 000 

particles per cubic centimetre. 

Atmospheric pressure is 750 torr. 

At room temperature a pressure of 1 
torr corresponds to a particle density 
of about 3.5 X 1016 particles per 
cubic centimetre. At 10-10 torr there 
are 3.5 X 106 particles cm- 3. 

l 
An electric heating element supplied 
at 100 V and carrying a current of 
10 A provides 1000 Watts of heating. 
The very weak magnetic field of earth 
has a maximum value of about 0.4 G. 
A typical bar magnet has a field near 

the end of about 5000 G = 5 kG. 
1 tonne = 1000 kilograms = 1 000 kg. 

1 t force is the force exerted by a 1 
tonne weight due to gravity. 
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