














being run has been an important factor in attracting
overseas staff and in assisting them and their families in
settling into their new environment.

The year ahead is a challenging one for the Project
Team. Most of the major contracts must be awarded and
construction of the JET buildings, specific and
non-specific, will hopefully commence at an early date.
A maximum of 275 persons will have been recruited to
the Team by the end of 1979. The future, however, can
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be viewed with optimism. The spirit of enthusiasm,
commitment and dedication which characterised the
Design Team has been transmitted to the existing team.
This provides the foundation on which future success
can be built.

H.-O. Wiister
The Director of the Project
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energy confinement time of 20ms.)

The Tokamak Advisory Group, a group of scientists
selected from the Associated Laboratories, which advises
the Liaison Group on tokamak-related aspects of the
European fusion programme (for a description of this
programme and the various related groups and
committees see Appendix 1), considered that it would
be wise for Europe to construct a device large enough to
bridge the gap between PLT and a future experimental
reactor. A Joint European Torus Working Group (see
Appendix 4) was therefore established (October 1971)
and it outlined the characteristics of such a large
tokamak device. This group recommended (March 1973)
that a detailed design be prepared and an outline plan
for carrying out the design work was prepared by an Ad
Hoc Group (see Appendix 4).

In July 1973 the Liaison Group and Committee of
Directors approved the recommendations of the Working
Group and agreed to establish a multinational project
team to design a tokamak as outlined by the Working
Group. This machine was named the Joint European
Torus (JET). On the basis of optimistic extrapolations of
the experimental results of that time, the plasma
performance in JET was predicted to approach the
plasma ignition conditions necessary for thermonuclear
reactor operation. In view of the experimental results
obtained since then the extrapolation necessary to reach
such conditions is now much reduced.

A Design Team composed of staff seconded from the
Associated Laboratories was established and started
work (September 1973) as guests of the UKAEA at its
Culham Laboratory near Oxford in the United Kingdom.
P.H. Rebut headed this Design Team and was assisted by
a Project Board (see Appendix 4).

The Design Team issued an outline design and first set
of dimensions in the “Preliminary Description”
(EUR-JET-R1) November 1973 and the “First Project
Proposal” (EUR-JET-R2) in April 1974. The first cost
estimate for the Project (EUR-JET-R4) was issued in
July 1974. Seven “workshops™ were held during 1974
and 1975 at which the physical and technical bases of the
Project were discussed with members of the Associated
Laboratories (EUR-JET-R6). In this way (and also
through the expertise of their staff in the Design Team)
the Associated Laboratories were able to make available
to the Project their skills in the areas of technical

design, diagnostics and additional heating and their wide
experience in plasma systems and behaviour.

On the basis of the advice of the JET Supervisory
Board [later the JET Management Committee (see
Appendix 4)], the Liaison Group at its meeting in
September 1974 accepted the parameters (EUR-JET-R2)
and the cost estimates (EUR-JET-R4) as a basis for
continuing design. The Design Proposal (EUR-JET-RS,
made widely available as a CEC report, EUR 5516e)
required by the JET Design Agreement* was issued in
May 1975 and was reviewed by the JET Scientific and
Technical Cominittee (see Appendix 4) and accepted by
the Partners to this Agreement. Euratom made funds
available (September 1975) so that staged contracts
could be placed for some major system components with
long delivery schedules. In May 1977 the scientific and
technical developments of the project for 1976 were
presented in EURS5791le (EUR-JET-R8). Related
administrative matters were considered by the JET
Administration Committee (see Appendix 4).

In April 1974 the Commission formed a Site
Committee (see Appendix 4) to consider the merits of
various sites proposed for JET. On the basis of the work
of this Committee, which produced its final report in
February 1975, a first discussion of the choice of site for
JET took place at a meeting of the Council of Research
Ministers of the European Communities in February
1976. Following a series of meetings at all levels,
including the Council of Foreign Ministers of the
European Communities, a decision was reached on 30
October 1977 to site the JET Project on land adjacent to
the Culham Laboratory.

An Interim JET Councilt was formed (November
1977) to establish the conditions and statutes of a Joint
Undertaking which was chosen as the form of
organisation for the execution of the Project. The
Director of the Project, H.-O. Wiister and the Deputy-
Director, P.H. Rebut (Head of the Project Team in the
Design Phase) were nominated in December 1977. The
Director took up his position on a full-time basis in June
1978 when the Joint Undertaking officially came into
existence and funds for the project were allocated by the
Council of Ministers. Some senior staff of the Project
Team were nominated by the JET Council in July 1978
and progressively other staff members took up
appointments with the Project.

*The JET Design Agrecment was an agreement between the European Atomic Energy Community (Euratom), represented by the
Commission of the European Communities (CEC) and the Associated Laboratories (see Appendix 1).
1Prior to the establishment of the Interim JET Council (see Appendix 4) JET-related matters were the responsibility of the

Consultative Committee for IFusion (see Appendix 1).






(iii) Approving, in accordance with the rules on the
award of contracts established by the JET Council
(Annex Il, JET Financial Regulations, see Appendix
3), the tendering procedure and the award of
contracts.

(iv) Promoting and developing collaboration between
the Associated Laboratories and the Joint
Undertaking in the execution of the Project.

JET Scientific Council

The JET Scientific Council has not yet been
established but its members and chairman will be
appointed by the JET Council in 1979. The Scientific
Council’s primary function will be, upon the request of
the JET Council, to advise it on scientific and technical
matters, including proposals involving a significant
change in the design of JET, its exploitation and its
long-term scientific implications.

The Director of the Project

The Director of the Project is the chief executive of
the Joint Undertaking and its legal representative. He is
responsible to the JET Council for the execution of the
Project Development Plan which specifies the plan for
the execution of all elements of the Project, in particular,
work to be performed by the Project Team, by third
parties and by members of the Joint Undertaking. The
Project Development Plan covers the whole term of the
Joint Undertaking and will be regularly updated. The
Director is also required to provide the JET Council, the
JET Executive Committee, the JET Scientific Council
and other subsidiary bodies with all information
necessary for the performance of their functions.

The Host Organisation

The United Kingdom Atomic Energy Authority is the
Host Organisation (JET Statutes, Article 15) for the JET
Joint Undertaking. The Host Organisation is obliged to
make available to the Joint Undertaking land, buildings,
goods and services required for the implementation of
the Project. The details of such support, as well as the
procedures of co-operation between the Joint
Undertaking and the Host Organisation, are covered by a

“Support Agreement” between both parties. The Host
Organisation is required to bear the costs of putting the
JET site into *standard condition”. The requirements
for the “standard condition” are summarized in an
Annex to the JET Statutes.

Furthermore the Host Organisation is required to
supply at proven cost such technical, administrative and
general services as are required by the Joint Undertaking.

In addition to providing staff in accordance with
Article 8 of the JET Statutes the Host Organisation shall
provide support staff, at proven cost, to meet the
requirements of the JET Project. Such staff shall be
under the management authority of the Director of the
Project.

Project Team Structure

At present the JET Project Team is divided into:
(a) the Administration Department, and
(b) the Scientific and Technical Department.

The Departments are further sub-divided as follows:
(a) Administration Department:
Contracts Service
Finance Service
Personnel Service
(b) Scientific and Technical Department:
Experimental Systems Division
Magnet Systems Division
Plasma Systems Division
Assembly Division
Power Supplies Division
Control and Data Acquisition Systems (CODAS)
Division
Site and Buildings Division
The Heads of Departments report to the Director of the
Project and together with the Director they form the
Directorate.

In addition, the following report directly to the
Director; the Secretariat (which is responsible for
providing all secretarial services to the JET Council and
JET Executive Committee), the Project Control Section,
and the Internal Audit Section (when established).






by the Director of the Project in conjunction with
the JET Executive Committee before tender
invitations are dispatched.

In particular, the list of possible tenderers in each
member’s country is checked with the members through
their representatives on the JET Executive Committee.
In relation to important contracts for services which
may be of an advanced technical or scientific nature,
preliminary enquiries may be made with proposed firms
in order to assess their competence in the particular area,
before issuing invitations to tender.

Status of Contracts

A number of important contracts for long delivery
components were placed by the Commission during
the Design Phase. Those have now been assigned by the
Commission to the Joint Undertaking. In the meantime
the “production” stages of most of these contracts have
been released. A considerable number of study contracts
related to the JET Design, which were let in the Design
Phase, have been concluded, while others, not yet
concluded, have been assigned by the Commission to
the Joint Undertaking. Since September 1978 contracts
for the mechanical structure, the magnetic circuit and
the poloidal field coils (Nos.l, 3 and 4) have been
awarded.

The calls for tender for the torus hall cranes, for some
parts of the civil engineering and building works and for
the CODAS computers have required the formulation of
new special supplementary terms and conditions. This
has been done and the calls for tender for the cranes, the
preliminary works, the piling and structural steel, the
CODAS computers and some power supply equipment
have been issued. The boards for the acceptance and
evaluation of tenders are organised by this service.

A programme of future calls for tender for contracts
with a value of more than 0-15 MEUA each has been
prepared. This programme entails a considerable
workload in the placement and negotiation of contracts
for 1979.

The existing large contracts, many of which will be
passing through critical stages in the near future, will
need to be carefully administered. In addition, contract
conditions will have to be aligned with whatever policy
for corporate insurance will be approved for the Joint
Undertaking, and standard conditions and pro-forma
orders for contracts of medium and small value will need
to be prepared. There is likely to be an increase in the
procurement on contract of skilled assistance to the

Project Team, particularly for the drawing office and for
quality assurance inspection. There will also be study
contract work with the Associated Laboratories.

The Contracts Service is also responsible for the
provision of stores services to the Project. While it will
be necessary to establish JET specific stores, it is
envisaged that the UKAEA will arrange to provide local
stores and related services. The establishment of these
facilities will be initiated during the coming year.

Finance

Funding

The Joint Undertaking is funded as follows:-

80% from the budget of the Commission of the
European Communities.

10% from the United Kingdom Atomic Energy
Authority as Host Organisation.

10% from the members having Contracts of Association
with Euratom, in proportion to the contributions from
Euratom towards the cost of their Association
Contracts.

Financial Regulations

The financial activities of the Project are governed by
the Financial Regulations which have been adopted by
the JET Council in accordance with the Statutes of the
Joint Undertaking. These regulations cover all aspects of
budgeting, commitment and authorisation of payments
and letting of contracts. In particular, they provide that
the financial year shall correspond to the calendar year,
and that the budget shall be drawn up in European Units
of Account (EUA) and consist of commitment
appropriations and payment appropriations.

The estimated cost for the Construction Phase of the
Project is 184-6 MEUA at January 1977 price levels. The
forecast for the profile of commitment and payment of
this sum over the Construction Phase is shown in
Table I1.

As the Construction Phase progresses this profile will
be regularly updated to reflect the current cost estimate,
and to include the increases due to changes in economic
conditions since 1 January 1977.

1978 Budget

The 1978 Budget was approved at 20 MEUA for
commitments and 12 MEUA for payments, agreeing
with the 1978 figures in the original profile. In

Table I1. Commitment and payment profile: 1978—1983

Years 1978 1979 1980 1981 1982 1983 | Total
Commitments
(MEUA) 20 60 48 35 17 4-6 184-6
Payments - . .
(MEUA) 12 35 50 43 30 14-6 184-6




Table I11. Associations’ 1978 contributions to the Joint Undertaking.

Member

EUA %

Belgian State
France
Italy
Forsggsanlaeg Ris¢, Denmark
Federal Republic of Germany
Institut fir Plasmaphysik, Federal
Republic of Germany

Development, Sweden

der Materie, Netherlands

European Atomic Energy Community 9600 000 80-000
Commissariat 4 'Energie Atomique,

Comitato Nazionale per I’Energia Nucleare,
Consiglio Nazionale della Ricerche, Italy 7 680 0-064

Kernforschungsanlage Jilich GmbH,

National Swedish Board for Energy Source
Stichting voor Fundamenteel Onderzoek

United Kingdom Atomic Energy Authority [ 1374 600 11-455

21960 0-183
247320 2061

88080 0734

8 640 0-072

96720 0-806

461 880 3-849

23760 0-198

69360 0-578

12000000 | 100-000

Table |V. Estimated expenditure (in MEUA) for commitments and payments under the JET budget for 1978.

Commitments Payments
Budget Heading Estimated Estimated
Budget Expenditure Budget Expenditure
Title 1 Investment
Chapter 1.01 JET Device 11-6 12-75 55 63
1.02 Auxiliary Systems 0-3 02 02 0-15
1.03 Power Supplies 12 11 05 0-35
1.04 Control, Monitoring, Data Acquisition 0-2 - 0-1 -
1.05 Diagnostics 01 - - -
1.06 Buildings 1-1 1-5 0-2 06
Title 1 Total 14-5 15-55 65 7-4
Title 2 Operating Costs 10 0-85 1-0 085
Title 3 Personnel Costs
Chapter 3.01 Euratom Staff 0-8 05 08 05
3.02 UKAEA Staff 07 04 0-7 04
3.03 Contracts for Consultants and Services 07 07 07 07
3.04 Seconded Staff — Others 20 1-8 20 1-8
3.05 Travel and Subsistence 0-3 02 03 0-2
3.06 Social Infrastructure - - - .
Title 3 Total 4-5 36 4-5 36
Budget Total 200 200 12-0 11-85

accordance with the funding arrangements shown above,
the amounts shown in Table III were requested.

After allowance is made for outstanding commitments
due for payment from the 1978 budget, but not actually
paid at the end of the financial year, the provisional out-
turn for the year is as shown in Table IV.

Financial Arrangements

In the early part of 1978 payments were made on
behalf of the Project either by the Commission of the
European Communities or by the Culham Laboratory. A
Finance Service has now been established within the
Project Team. Following a selection procedure Sal.



Oppenheim Jr. & Cie., Cologne were appointed to
handle the JET EUA bank account for major receipts
and payments. In addition, Sterling and Deutschemark
operating accounts have also been opened for small
transactions at Lloyds Bank and Sal. Oppenheim Jr. &
Cie., respectively. The Project now makes its own
payments and no further payments are made from
Brussels. However, because of the slow build-up of staff
in the Finance Service the bill-payment service provided
by the Culham Laboratory will continue to be used to
some extent.

1978 Annual Accounts and Balance Sheet

The Financial Regulations require that the Annual
Accounts and Balance Sheet of the Joint Undertaking be
prepared for audit within two months of the end of the
financial year. Accordingly, these will be presented for
audit at the end of February 1979 to the Court of
Auditors of the European Communities, Luxembourg.
The Financial Regulations also provide for the
establishment of an internal audit service to report
directly to the Director of the Project. This service will
be established in the near future.

Personnel

The JET Statutes (Article 8) stipulate the principles
for the recruitment of staff for the Project.

The composition of the Project Team must strike a
reasonable balance between the need to guarantee the
Community nature of the Project, especially in the case
of posts for which qualifications and experience of a
certain level are required (physicists, engineers,
administrative staff at an equivalent level), and the need
to give the Director of the Project the widest possible
authority in the matter of staff selection in the interests
of efficient management. In applying this principle,
account must be taken of the interests of the non-
Community members of the Joint Undertaking. The
Project Team is composed of staff made available by the
members of the Joint Undertaking. Staff coming from
the Host Organisation remain in the employment of the
Host Organisation on the terms and conditions of service
of that organisation and are assigned to the Joint
Undertaking. Staff made available by the other members
of the Joint Undertaking are recruited by the
Commission for temporary posts in accordance with the
“Conditions of Employment of other Servants of the
European Communities” and assigned by the
Commission to the Joint Undertaking. All staff
expenditure, including that related to staff assigned to
the Joint Undertaking by the Commission and the Host
Organisation, is borne by the Joint Undertaking. Each
member having a Contract of Association with Euratom
shall undertake to re-employ the staff whom it places at
the disposal of the Project and who were recruited by
the Commission for temporary posts, as soon as the
the work of such staff on the Project has been
completed.
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On the formal establishment of the Joint Undertaking
the recruitment of a team for the Construction Phase of
the Project commenced. Up to 320 team members will
be recruited in the next few years.

A large proportion of the staff who had been
seconded on “‘mobility”’ contracts from the Associated
Laboratories for the Design Phase were immediately
available to the Joint Undertaking. Most of these staff
continued on ‘“‘mobility’”’ contracts until 1 November
1978 when the Director was delegated the authority by
the Commission to sign contracts of employment for the
duration of the Construction Phase on behalf of
Euratom. All such staff will have been employed on
Euratom contracts by 1 January 1979.

The selection of staff is governed by the
“Supplementary Rules concerning the Assignment and
Management of the Staff of the JET Joint Undertaking”
(see Appendix 3). In accordance with these Rules all
vacancies are normally notified initially to the Members
and to the staff of the Joint Undertaking. These posts
are graded only within the European Communities’
categories A, B or C and have an equivalent UKAEA
grading. The grade level(s) and the likely period of
assignment are included in the vacancy notice for each
post. Members are required to circulate vacancy notices
at least within their own organisations. They may, if
they wish, also seek candidates from external sources.
Members are required to send to the Director any
nominations which they may wish to make and to
forward all applications within 25 working days from
the date on which the vacancy notice was issued.

Because of the time scale implied in these recruitment
procedures and also because candidates are normally
required to give three months notice to their employers,
an interval of six months on average arises between the
preparation of a job description and the commencement
of duty by a successful candidate.

The delays inherent in the procedures laid down for
the publishing and filling of posts have resulted in a
slower than anticipated recruitment of the Project Team.
At the end of December 1978, 105 staff vacancy notices
had been published and 27 others were being prepared
for publication early in 1979. The 1978 budget,
however, provided for 180 posts.

Of the staff who will be recruited for the
Construction Phase, up to 150 will be employed under
Euratom contracts; the remainder will be assigned to the
Project by the Host Organisation. A satisfactory formula
has now been agreed between the UKAEA and JET
governing the procedures for the assignment, employ-
ment and continued assessment of such staff in
conformity with the requirements of the UKAEA as the
long term employers.

With the assistance of Commission staff in Brussels,
systems and procedures have been established for the
payment of salaries and allowances and the maintenance
of personnel records consistent with the UKAEA and
the Commission rules and regulations.






JET — SCIENTIFIC AND TECHNICAL

Introduction

Organisation

Urgent tasks to be performed on the establishment of
the JET Joint Undertaking were the organisation of the
Scientific and Technical Department responsible for the
construction of JET, and the recruitment of the
necessary staff. The department is made up of seven
divisions and some staff reporting directly to the
department head. Each division consists of several
groups. The status of the divisions and of the group
structure at December 1978 is shown in Figs.3 and 4.
This structure has evolved from that of the Design Phase
but the present divisions have, in general, broader
responsibilities than the corresponding groups of that
phase. Indeed, two essentially new tasks have now to be
undertaken, namely quality control and assembly.

Placing of Contracts

In the period covered by this report further contracts
for the basic JET machine itself have been placed, so
that they now cover (in all their stages) more than 70%
of the total cost. Specifications have also been prepared
for external items, e.g. the main step-down transformers
and the rectifier units for the static power supply. An
application for planning permission for the JET specific
buildings* was lodged with the Local Authority in
November 1978. A call for tender procedure was
initiated for the diaphragm wall, the main cranes and for
the computers of the CODAS systems.

Programme

During 1978 the JET Project was presented to several
scientific and technical meetings; in particular the
International Energy Agency Workshops on Operations
and Maintenance and Power Supplies, the 3rd Topical
Meeting on the Technology of Controlled Nuclear
Fusion (American Nuclear Society), and the 10th
Symposium on Fusion Technology (Euratom). In
addition Project team staff participated in more
specialised meetings as well as maintaining close contacts
with the Associated Laboratories.

In September 1978 JET assisted in hosting the 3rd
IAEA Technical Committee Meeting on Large Tokamak
Experiments held in Paris. This series of meetings
provides a forum for the exchange of information
between the large tokamak project teams [JET (EUR),

JT-60 (Japan), TFTR (USA) and T-10M (USSR)]. The
recent tokamak experimental results reported at the
7th International Conference on Plasma Physics and
Controlled Nuclear Fusion Research in Innsbruck and
their implications for the large tokamak programmes
were fully discussed.

One important result of these discussions is the
awareness that the temperature of well-confined plasma
can be increased beyond the ideal ignition value with
suitable amounts of neutral beam heating power
provided that adequate care is taken to ensure a high
level of plasma purity. These results are extremely
favourable for JET in the sense that the attainment of
near-ignition conditions in JET no longer represents such
a large extrapolation from present experimental
achievements. In order to take advantage of these results
a proposal has been made to brng forward the
implementation of the extended performance of the
device, in particular to install 25MW of additional
heating power in the first experimental phase rather than
the 10MW originally foreseen. TFTR has reacted
similarly by seeking approval for an increase in initial
additional heating power from -24MW to 45MW.
Encouraging results from rf heating experiments indicate
that rf will become a realistic option for additional
heating power.

The JET planning schedules have been revised to
enable the Operation Phase to commence prior to
mid-1983, the date originally planned. It is now
proposed to accelerate construction and thus to shorten
the construction period by six months to four and a half
years. Operation could then begin at the end of 1982.
This should be achievable by strict control of the project
development at the beginning of the Construction Phase.
The TFTR and JT-60 experimental programmes are
scheduled to start in late 1981 and in late 1982
respectively.

Experimental Systems

The task of the Experimental Systems Division is to
prepare and, in the Operation Phase, to execute the
experimental programme of the JET Project. The
division will therefore prepare, implement and analyse a
programme of measurements on the JET plasma
designed to establish a reliable basis for predicting the
behaviour of plasma in a future reactor. The division will
continually review world tokamak research and will

*The JET specific buildings are those to be provided by the Joint Undertaking itself. The non-specific buildings will be provided by
the UKAEA under the terms of the Support Agreement. Planning permission for some of the non-specific building was obtained in

October 1978.
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propose such modes of operation or apparatus
enhancements as may be necessary to enable JET to
attain its objective.

The Experimental Systems Division was formed from
the Physics Group of the JET Design Team on the
establishment of the JET Joint Undertaking in June
1978. The work and staff of the division will increase
significantly as the Project approaches the Operation
Phase and it is expected that some functions will
separate into other divisions at that time.

Tokamak Research Developments
and Implications for JET

During the period under review a notable advance has
occurred in tokamak research with the production of
high ion temperatures (~6keV) by the neutral injection
heating of a low density plasma (mean particle number
density i ~ 2 x 10" m~3) in the US Tokamak PLT. This
demonstration of high temperatures in PLT has the
following three important implications for JET:

(i) The trapped-ion mode does not impose unacceptably
short 7g values at these plasma conditions of high
temperatures and low particle collisionality.
Sufficient heating leads to high plasma temperatures
(in the case of PLT, 2MW heating gave 6keV
temperatures in the face of an overall plasma energy
confinement time of about 20 ms).

(ii) In order to control high Z impurities in PLT it was
necessary to remove all high Z material from the
system and in particular to use low Z limiters. The
development of longlife, low Z limiters for large
tokamaks is a challenging problem.

(iii) Control of low Z impurities was obtained by
titanium gettering of the walls. Such methods may

be difficult for a tritium experiment. Thus the DITE -

group (Peacock et al., 1978)* have reported
measurements of hydrogen build-up on gettered and
ungettered surfaces. They obtain 0-5—>1 x 10’ H
atoms cm™2 after a few thousand discharges for
ungettered surfaces and 2—>5 x 10'® H atoms ¢cm™
after a few hundred shots for gettered surfaces. If
these are taken to be saturation levels the total
inventory of tritium on the JET wall would be:
0-3—>0-6g T, for ungettered surfaces
and 12-+30¢g T, for gettered surfaces.
These values are large compared with the quantity
of tritium typically used to fuel one discharge, i.e.
0-1g.

The large tokamak projects responded to the
favourable PLT results by initiating requests for the
provision of more heating power. TFTR has announced
an “Improvement Project” involving an increase in
injected power from the initial implementation of
24MW to 45MW in the “Improvement™. JET is seeking
the implementation of extended performance (toroidal
field 35kG, additional heating power 25MW and
provision for operation with D-T plasma) during the

Construction Phase. The reason for this request is that
with the demonstration of successful low collisional
plasma operation at Princeton there is good reason to
expect that it will be possible to operate JET with
plasma parameters close to the threshold of ignition.

As an illustration of this point, it is worth considering
global extrapolations from PLT to JET made on the
optimistic assumptions that impurities can be kept out
of JET and that limiter problems can be solved. Then
energy confinement time scalings of the typeT TE™ a’ or
7g « In % (Mirnov, 1978)35 give 7 values for JET in the
range of a half to a few seconds, and ~ 2s is a plausible
value. In these conditions ignition would be obtained in
JET by introducing about 25MW of additional heating
power to the core of the plasma (up to SOMW overall).
The corresponding mean plasma beta (8) of about 5%
might well be possible within the constraints of MHD
stability.

Thus it is clear that high temperatures will only be
obtained if sufficient additional heating power is
provided. Furthermore, progress in the areas of impurity
control and stable operation is such that there is a good
possibility that the application of a technically and
financially feasible amount of additional power will
permit a close approach to the ignition condition. These
considerations have clear consequences for JET:
sufficient heating power should be provided to obtain
near-ignition conditions in the initial hydrogen operation;
provision should be made for early D—T operation; and
steps should be taken to ensure that the programme can
continue should there be a major machine failure in
active conditions.

Specific Investigations

Cool Plasma Mantle: The work which was initiated in
the Design Phase on methods of modifying the plasma
edge profile to limit impurity influx, continues. The
general principle of controlling impurity influx by
controlling the power and mass deposition in the outer
layers of the plasma remains promising. The computer
models used are being refined to describe more
realistically the low energy neutral influx and to
simulate the effects of the presence of both high Z and
low Z impurities.

Magnetohydrodynamic (MHD) Studies: A comprehensive
study of JET MHD equilibria has been undertaken at the
Culham Laboratory under a series of JET contracts
initiated during the Design Phase. Reports on the
individual contract investigations have been issued and a
comprehensive report on the full series of investigations
has been completed. Discussions are in progress with the
CRPP$ (Lausanne) to install the ERATO MHD stability
code on the Harwell computer for JET use. The division
has also been successful in interesting other groups in
JET configurations to the extent that they have used
JET parameters as a basis for their stability studies. In
particular, the group at the General Atomic Corporation

*Paper CN-37/N5-2, 7th International Conference on Plasma Physics and Controlled Nuclear Fusion Research, Innsbruck 1978.
ta is the plasma minor radius, I the plasma current and n, the number density of electrons.
fPaper CN-37/F1-2, 7th International Conference on Plasma Physics and Controlled Nuclear Fusion Research, Innsbruck 1978.

§ Centre de Recherches en Physique des Plasmas.
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(USA) have found fully MHD stable configurations with
B values in excess of 5%.

Ripple Trapping: An investigation has been conducted
into the effect on injected neutral beams of the magnetic
field ripple at the outside edge of the JET plasma.
Analytic assessments have been made of the fraction of
an injected beam which is lost by the ripple trapping
process. It is found that the beam power lost in this way
is small and that the introduction of impurities sputtered
by the lost beam particles is less than the introduction of
impurities sputtered by other processes.

Horizontal Position Control: Previous calculations have
been extended to use more realistic models of the coils
and external structure of JET. They confirm that
adequate position control is possible in the current
build-up phase provided that momentary peak displace-
ments of the order of 20—30 cm are acceptable.

Additional Heating: JET will require powerful heating
techniques in addition to ohmic heating in order to
reach temperatures of thermonuclear interest. Accord-
ingly, 10MW of neutral injection heating will be installed
for initial operation and this power level will be
increased to 25MW or beyond if necessary by the
addition of further neutral injection or radiofrequency
(rf) heating. Provision is also made in the design for
adiabatic major radius compression of the plasma. The
neutral injection will initially have an acceleration
voltage up to 80kV in hydrogen with about a 1s pulse
length. This will later be extended to 160KV in
deuterium with a pulse length of several seconds. Radio-
frequency techniques are still under development in the
Associated Laboratories and a number of frequency
ranges are possible as follows; lon Cyclotron Resonance
(ICR) range (~50MHz in JET); Lower Hybrid
Resonance (LHR) range (~ 1 GHz in JET); Transit Time
Magnetic Pumping (TTMP) range (~ 50kHz in JET); and
possibly, as suitable sources are developed, the Electron
Cyclotron Resonance (ECR) range (~ 80GHz in JET).

Neutral Injection: During the Design Phase responsibility
for neutral injection development rested with the
Physics Group which co-ordinated the neutral injection
development programmes in the Fontenay-aux-Roses
(FAR) and UKAEA Culham laboratories. This
responsibility has now been transferred to the Plasma
Systems Division. The test bed lines in the two
Associations which were constructed as part of the
collaborative programme are now operating and are
being tested at voltages up to their design value of 80kV.
The power level for the next 6 months of operation will
probably be around 0-5MW neutrals for 80kV operation
rather than the 1MW in the design. These test bed lines
are expected to provide the basis for the design decisions
now required on the JET injectors.

Direct recovery of the energy in the un-neutralised
ions becomes very important for energies in excess of
60keV per nucleon. The first direct recovery system has
now been operated at FAR using peripheral grids in a
geometry that might be adapted to JET. The system has
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operated up to an extraction voltage of 70kV; at 50kV
extraction voltage 80% recovery of the power of the un-
neutralised energy of the full energy protons has been
demonstrated. The test was made on a 14cm diameter
source and required recovery grids around the system
which were 80cm in diameter. A JET source might be
16cm x 40cm and would require correspondingly larger
peripheral grids. Such a system, inertially cooled, might
have a 1s pulse length and might raise the efficiency of a
JET injector from ~20% to ~40% in addition to
offering an attractive solution to the beam dump
problem. However, the problems of incorporating such a
large system in a JET line and of extending the pulse
length are formidable.

RF Heating: Certain developments in rf heating which
occurred during the period under review appear promising
for JET. An rf loop antenna only 20cm in radius and a
few cm wide has been used to inject 190kW of ICR
(66MHz) heating power into a 500eV TFR plasma yield-
ing temperature increases of 200—~400eV, i.e. of 40% to
80%. Provisional measurements suggest a coupling
efficiency from generator to plasma approaching 70%,
giving the possibility of an overall efficiency of say 40%.
Four such antennae mounted through 8cm diameter
holes are planned to inject 3 MW of power into TFR.

Success has also been obtained at other frequencies.
Thus LHR experiments have shown bulk heating on a
number of devices with increments in ion temperature
AT;~ 150eV, and electron temperature AT, ~ 300eV.
This type of power could be introduced through the
smaller auxiliary ports of JET.

TTMP has been demonstrated on PETULA where
AT;/T; =40% from an initial T;=200eV has been
reported. It is felt that overall efficiencies of 12% could
be obtained on JET for an initial Tj of 3keV.

RF heating systems offer advantages of compactness
and efficiency, and furthermore they permit the heating
of high density plasmas. It is very important that the
systems be developed to a stage where a decision can be
taken as to which one can most effectively be applied to
JET. This decision will have to be taken in 1980 in order
that a construction programme can be started with the
aim of applying, say, 15SMW of rf heating to JET in the
early stages of its operation.

A report “Physics and Technology Developments
required for the RF Heating of the JET Plasma”
(EUR-CEA-FC-982) has been produced as a result of a
JET study contract placed with the CEA Grenoble
Laboratory.

Radiological Protection: During the period under review
a considerable amount of work has been undertaken to
assess the radiological protection provisions for JET so
that the JET building design can be finalised. This work
involves the specification of radiation emission for
various operating regimes, the limitation of air activation
and the specification of the shielding walls. It has been
performed in conjunction with study contracts placed at
the UKAEA Winfrith Laboratory.









Poloidal Field Coils No.1

The design of these coils is now complete. A
manufacturing contract was placed in September 1978
the first stage of which includes basic tests of the new
insulation system (glass — kapton — epoxy) which will
be used for these coils. The testing of the prototype coils,
which include features such as an inner supporting ring
and an outer rubber layer, should be completed within
12—14 months. The entire magnet should be delivered
and assembled at the JET site in October 1980.

Poloidal Field Coils No.2

An outline design has been agreed for these coils
which have to provide radial and vertical equilibrium
fields as well as field curvature control. Technical
specifications and drawings are being prepared for the
call to tender which is expected to take place early in
1979. Manufacture should be complete early in 1981.

Poloidal Field Coils Nos.3 & 4

These coils, which provide most of the vertical
equilibrium field, are of an unusual design because of
their large size. In order to make them transportable
they are composed of a large number of individual
pancakes, each of which is split into two halves which
are electrically connected by external straps. The
manufacturing contract for these coils will be placed
early in 1979 and the total manufacturing time will be
26 months.

The Transtormer Core

The transformer core is unusual only in its overall size
and weight. The design has been reviewed and finalised.
Manufacture should commence early in 1979. Erection
at the JET site is also part of the manufacturing contract
and will take place in July—September 1981.

The Mechanical Structure

The material selected for the manufacture of the
mechanical structure is an austenitic nodular cast iron.
This was chosen following an extensive test programme
which assessed not only the conventional mechanical
properties but also the fracture mechanical properties. A
prototype of the most difficult casting has now been
made and its quality is being assessed. A full manufactur-
ing contract for the production of all castings and
another contract for the machining of the castings were
placed at the end of 1978. The entire mechanical
structure should be complete by June 1981.

The inner part of the mechanical structure (inner
cylinder) will be the object of a separate manufacturing
contract. Technical specifications and drawings were
prepared for a call for tender which will be issued in
early 1979.

Future Work

Due to limited staff numbers during the Design and
Interim Phases the divisional effort has been concentrated

on the major components of the machine, because these
involve long delivery items. However, a much wider
range of activities will be undertaken during the
Construction Phase, the following of which are typical:-

(i) Busbar Systems
e Final designs must be established and manufactur-
ing contracts placed;
® Tests must be carried out on flexible power
connections.
(ii) Cooling System
The most recent development in this area is the
large increase in the cooling power requirements
for the neutral injectors. The system now
includes three de-ionised water loops:
Loop 1 — for the TF coils and PF coils Nos.3
and 4,
Loop 2 — for the PF coils Nos. 1 and 2,
Loop 3 — for the neutral injectors.
These three loops have a common heat exchanger
and a common water tank. A call for tender for
detailed design, manufacture and installation is
expected to be issued during the second half of
1979.

(iii) Instrumentation
Little work has been done so far in this area. The
parameters to be measured will be:- strains,
displacements, water flows, pressures and
temperatures. The detailed design and develop-
ment of the fault detection systems for the TF
and PF coils remain to be done.

Plasma Systems

The Plasma Systems Division is responsible for the
design and manufacture of the vacuum vessel, the
neutral beam injectors and the corresponding pumping
and gas handling systems.

The manufacture of the vacuum vessel proper
involves four major industrial contracts: VDM (Germany)
and Henry Wiggin (England) for the materials; Flexider
(Italy) for the bellows; and Morfax (England) for the
rigid sectors and assembly. The following tasks for the
vessel periphery have yet to be completed: the design of
and choice of materials for the limiters; the choice of the
first wall cleaning methods; tests and calculations to
specify the vessel baking and cooling loop; and the
specification for vessel control and monitoring.

The design of the neutral beam injection lines is still
in a preliminary phase awaiting the evaluation of the
results of two 1MW test lines. These have been
developed at the Culham and Fontenay-aux-Roses
Laboratories as part of a collaborative neutral injection
development programme.

The pumping and gas handling systems are at
different stages of design. The pumping systems are
being modified to use mainly turbomolecular pumps for
the torus and shell pumping, and cryo-pumps for the
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jigs and tools;
and

® Assessment of the overall time planning with continu-
ing emphasis on the cost estimates. The time-scales
involved for the various components are shown in the
time bar-chart (Fig.9).

The current work involves two main activities:

(i) The preparation of the calls for tender for the
octant assembly rigs. With a vacuum vessel octant,
four toroidal field coils and the outer mechanical
structure, these rigs will permit the assembly of
fully equipped machine octants in the assembly hall
prior to final positioning and welding in the torus
hall (this last operation will require another main
rig, the octant sliding gear equipment). Enquiries are
due to be sent out by March 1979.

(ii) The completion of the work breakdown for the
whole project.

Future Work

During 1979 the Assembly Division will undertake
the following programme of work:
(i) Implementation of the computerised planning and
control system by June 1979;
(ii) Preparation of the assembly of the JET device (i.e.
preparation of temporary storage and organisation
of assembly stores, writing the specifications for a
technical assistance contract and undertaking the
tendering procedures);
(iii) Provision of information which will allow Culham
Laboratory to organise workshops, stores and close
assembly support for JET;

(iv) Completion of the tender action for the octant
sliding gear equipment by September 1979 and
commencement of tests on conventional
maintenance using a telemanipulator; and

(v) Commencement of procurement of conventional
assembly equipment (i.e. handling, precise
positioning).

Power Supplies

The Power Supplies Division was formed by merging the

former Toroidal Field Power Supply Group and the

Poloidal Field Power Supply Section of the Poloidal

Field Group.

The division is responsible for the design, construction
and commissioning of all power supplies required by
JET and the power distribution system from 400kV
downto4l5V.

During 1978 the activities in the division have been
two-fold:

(i) The deployment of staff, together with the definition
of the main tasks, responsibilities and boundaries
with other divisions, the Culham Laboratory, the
CEGB (Central Electricity Generating Board) and
the SEB (Southern Electricity Board).

(ii) The completion of subsystem designs, preparation
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of technical specifications, tender actions and the
placing of contracts.
A brief account of the work performed on main items
and indications of work to be done are given in the
following paragraphs.

Large Power Supplies

The flywheel-generator-convertor (FGC) contract has
been placed with GEC Machines Ltd (UK). The contract
signed in June 1978 is for two identical generators with
the same kinetic energy of 2600MJ. The AC/DC diode
convertors are also identical and rated for a 67kA pulse
current for 20s or 100kA for 5s. The peak power
available from each machine is 400 MW.

Stage 1 of the contract is the detailed design of all the
equipment in the generator house including pony motors,
liquid resistor starters, exciters, auxiliary power supply
and control equipment with data logger and interface
with CODAS. Stage 1 is expected to be finished in
February 1979. An important part of the work done
during Stage | is the fatigue testing of sheet material and
of machined end plate material. The work has been
performed by GEC Machines Ltd in the Mechanical
Engineering Laboratory of GEC Power Engineering 1td
at Whetstone. The fastening of the generator poles to the
rotor rim has been improved and the safety factor
against fatigue failure has been raised relative to the
conditions of the tender without influencing the
contract price.

A tender enquiry for the large 400/33kV step-down
transformers to be connected to the supergrid network
of the CEGB was sent out in December 1978. Arresters
for overvoltage protection may be ordered at the same
time as the transformer. One transformer is required for
JET Basic Performance. The call for tender makes
provision for ordering a second transformer (required for
Extended Performance) two years after the first one.
Each transformer will be rated to supply a puise load of
300MVA. Taking the duty factor to be about 0-04 the
continuous rating will be much less. The JET Joint
Undertaking will be the only customer in England
purchasing power at this very high voltage and it is
therefore foreseen that it will have a special electricity
supply contract directly with CEGB.

The major load for the 400/33kV transformers will
be the *“static” power supply to be connected with one
of the flywheel-generator-convertors to form a combined
power supply for the TF magnet. A number of thyristor
AC/DC convertors or combinations of diode rectifiers
and thyristor convertors are foreseen. The technical
specifications have been prepared and a number of such
options remain open, to be decided upon after the
tender has been received. The call for tender for the
static power supply was issued in December 1978.

The main technical specifications for each TF unit
are: DC output voltage exceeding 1700V with 67kA DC
current and with an AC input voltage of 33kV; current
capability of 67k A for 20s, 53kA for 32s, 75k A for 165
every 10 minutes (corresponding to various power pulse



scenarios); a continuous operation at 18KkA is specified;
the maximum amount of reactive power drawn from the
33kV line shall not exceed 60MVAR for each unit. 24
pulse operation is required.

Advanced Power Supplies

There are basically two systems involved:
(i) Additional heating power supply and protection.
(ii) The ohmic heating circuit.

Additional Heating Power Supply and Protection

Up to the end of September 1978 progress has been
very slow due to the lack of staff. However, there was a
study contract with Siemens (FRG) and a final
discussion of the results will take place in February
1979.

Contacts were re-established with BBC Baden and
JET was invited to attend the tests performed at
Mannheim (Forschungsgemeinschaft fiir Hochspannungs-
und Hochstromtechnik) on the BBC tetrode CQS-200-3.
The tests were organised mainly to assess the tetrode
capability at the request of Aydin Corporation (USA)
who had obtained the contract to build the neutral
injection power supply and protection system for the
Livermore MFTF (Mirror Fusion Test Facility). Since
then Aydin has decided to use BBC tetrodes CQS-200-4
and the contract is being prepared. The first tetrode will
be ready in April 1979 for testing at Baden. JET has
been invited to attend the tests.

Various meetings were held with companies which
already have some experience from involvement in the
US programme: RCA, Aydin, System Science and
Software, Mullard and Phillips.

Ohmic Heating Circuit

Now that the generator design is fixed the various
proposed solutions for the ohmic heating circuit are
being analysed so as to finalise the circuit details.
Specifications have been drafted for circuit breakers,
their capacitor banks, commutating resistors, saturable
inductors, nonlinear resistors, and for a large reversing
switch.

Space Requirements, Ducts and Busbar Runs

The area requirements for the advanced switching
components, the control amplifiers and the equipment
for adiabatic compression and discharge cleaning are
now complete. Decisions on duct routings and sizes are
underway.

Control — Interlocks and Protection

The basic items for interlock, protection and control
have been identified and preliminary requirements will
be specified for the CODAS Division. Detailed work
remains to be done on the procedure control and
continuous monitoring requirements.

Progress on Vertical Position Control of Plasma

Further analysis and specification has been under-
taken for the power supplies required for the field
circuit controlling vertical movement of the plasma. A
study of the thyristor amplifier requirements has been
completed by the Technical University of Braunschweig.

Adiabatic Compression

All items necessary for the adiabatic compression
have been identified. Detailed specifications must now
be written before tender action is taken.

Discharge Cleaning Requirement

Some analysis of the power supply requirements
needed to provide the discharge cleaning of the vacuum
vessel has been done. Space and power have been
allocated accordingly. A more detailed analysis is to be
undertaken. The circuit breaker capacitors have been
specified in order that they may be used for this duty.
Additional switching arrangements and charging are
being provided in the ohmic heating circuit design to
allow for discharge cleaning.

Auxiliary Power Supplies,
Layout and Services

The amount of work performed in this area during
the JET Design Phase was limited. Moreover, the
technical and administrative boundaries of the JET
supply have had to be defined in conjunction with the
UKAEA and the CEGB.

The JET power supply and distribution system is
shown in Fig.10. Detailed estimates have been made for
the auxiliary power requirements, and call for tender
specifications are  being  prepared for  the
132kV/11kV/415V distribution system.

A detailed electrical and mechanical design of the
toroidal field load busbar system is now complete with a
proposal for the 400kV/33kV substation, cabling and
busbar routing, auxiliary power transformer location,
and layout of the power supplies in the J3 and J4
buildings.

Control and Data
Acquisition System
(CODAS)

The JET computerised control and data acquisition

system, CODAS, has been designed and is now being

implemented. CODAS will provide:

(i) Centralised control and monitoring of JET using
two main consoles; and

(i) The independent operation of the different
subsystems for commissioning and maintenance
using auxiliary movable consoles.
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CODAS will also provide a computer-controlled Central

Timing System (CTS) and a computer-independent

Central Interlock and Safety System (CISS). The system

can acquire and store up to 10° plasma data and 10°

engineering data per pulse; experimental results can be

analysed on-line after each pulse in the CODAS

computers or sent to alarger computer facility linked to

JET for off-line computations.
The basic structure of the computer system is shown

in Fig.11.
During the period under review the following tasks

were completed by the CODAS Division:

® The control building (J2), including the service
requirements, has been specified.

® Benchmark tests have been prepared to be used for
the evaluation of tenders for the computers.

® The call for tender for the supply of all CODAS
computers has been issued, based upon the evaluation
of replies of computer manufacturers to a preliminary
enquiry.

® The CAMAC Serial Highway and its use in CODAS
has been investigated as a basis for the preparation of
detailed specifications.

® The techniques which can be used for the interlock
and safety system have been investigated.

® Basic interface standards for signals have been
established, starting from the interface of CODAS
with the flywheel-generator-motor set.

® Further studies have been performed on the plasma
position and shape control and the associated
electrical measurements for feedback-control.

Current Work

The current work programme of the division includes

the following activities:

® Specifications are being prepared for powered
CAMAC crates and the CAMAC Serial Crate
Controller to be used for CODAS.

® Provisions are being made to establish an outline
specification of the CAMAC Serial Driver for
CODAS.

® The Central Timing System (CTS) is being defined,
based upon the use of CAMAC modules.

e The final design of the man/machine interface (main
and auxiliary consoles) has begun.

® The requirements for control, monitoring and data
acquisition in the various JET systems are being
updated in collaboration with other JET divisions.

Future Work

® Early in 1979 the computers will be selected and the
order for the computers will be placed. The first
computers delivered will be temporarily installed and
tested. The standard software for control will be
planned.

e C(Calls for tender will be issued for the supply of the
first set of CAMAC equipment.
® The design of the Central Timing System will be

finalised and prototype CAMAC modules for the CTS
will be procured.
® A detailed design of the central interlock and safety
system will be performed.

® The man/machine interface will be specified and
tender action for the supply of the associated
hardware and software will be initiated.

The CODAS Division coordinates its activities with
those of other divisions so as to ensure that the JET
equipment will be appropriately connected to CODAS.
For example the planning of the plasma diagnostic
subsystems of CODAS is done in collaboration with the
Experimental Systems Division. It is proposed to use
CODAS in the commissioning and testing phase of JET
systems.

Site and Buildings

The Site and Building Division is responsible for the
development of the building and service facilities
required for the JET Laboratory. In particular the
division is concerned with:

(i) Superintending directly the design, construction,
operation and maintenance of the specific
experimental buildings, distribution of the related
site services, transport facilities around the site and
major items of conventional mechanical plant.

(ii) Liaison activities with Culham Laboratory in
relation to the provision on the JET site of general
offices, laboratories and site roads as well as the
provision of services networks external to the JET
site boundary. The provision of the site and these
buildings and facilities are the responsibility of
Culham Laboratory as Host Organisation.

The JET programme requires the completion of
buildings and services facilities by the end of 1980. The
construction programme has been planned to permit
sequential occupation in order to allow the start of the
assembly of experimental equipment and installation
early in 1980.

During the first half of 1978 the site soil
investigations were completed, and a detailed report was
issued, containing all significant parameters. Further-
more a contract was placed with a consulting engineering
organisation for the design of the buildings. The first
stage of this contract covered preliminary evaluation,
collection of data and analysis of early studies, with the
definition of the overall features of construction. This
stage was completed by June 1978, and since then the
second stage involving scheme design work has been
carried out. This work has included:-

(i) Definition of the overall architectural layout of the
site (see Fig.12) including landscaping requirements.
The application for the planning permission of the
JET specific buildings was lodged with the Local
Authority in November 1978;

(ii) Design of the buildings, service facilities and related
equipment to the level of definition necessary to
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form the basis of detailed design and specification
for tendering action;
(iii) Preparation of a detailed cost estimate.

In parallel with this activity, and in order to ensure
building completions within the construction target
dates, tender enquiries have been prepared based on the
notional requirements as currently defined.

In December 1978 tender enquiries were issued for:-
® Main cranes (150 tonne and 80 tonne cranes) in the

main experimental building J1 (see Fig.12).
® Site preliminary works.

At the end of 1978 the scheme design was being
finalized and evaluated.

Future Work

Tender documents have been drafted for:-
Foundation piling work.
Excavation diaphragm wall.
Steel structures.
Auxiliary cranes.
The enquiries for these works will be issued early in
1979. All the tendering activities for the principal
construction works will be completed with contracts
placed during the first half of 1979.

Breaking ground on the site of the JET specific
buildings is expected in the first hatf of 1979.
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JET Supervisory Board (July 1973 — June 1976)
Chairman : R. Toschi (CNEN-CNR)
Secretary : C. Lafleur (EUR) (deceased 22 January 1976)
B. Brandt (EUR)
R.J. Bickerton (UKAEA), C.M. Braams (FOM), G. von Gierke (IPP), D. Palumbo (EUR), F. Prevot (CEA),
F. Waelbroeck (EUR).

JET Scientific and Technical Committee (June 1974 — June 1975)

Chairman : R]. Bickerton (UKAEA)

Secretary : B. Brandt (EUR)
J.B. Adams (CERN), B. Coppi (MIT, Cambridge, USA), L. Enriques (CNEN-CNR), G. Grieger (IPP),
D. Kind (Institut fiir Hochspannungstechnik und Elektrische Anlagen), G. Laval (Ecole Polytechnique),
C. Mercier (CEA), D. Pfirsch (IPP), D.C. Robinson (UKAEA), H.G. van Bueren (Sterrewacht Sonneborgh,
Utrecht), P.E.M. Vandenplas (EB).

JET Site Committee (April 1974 — February 1975)

Chairmen : G. Grieger (1PP), G. Stoecklin (KFA)

Secretary : C. Lafleur (EUR)
N.A. Gadegaard (DEA), C. Gourdon (CEA), M. Longo (CNEN-CNR), M. Neve de Mevergnies (EB),
D. Palumbo (EUR), A. van Ingen (FOM), D.R. Willson (UKAEA).

JET Administrative Committee (November 1974 — July 1975)

Chairman : K. Melchinger (EUR)

Secretary : M. Bauer (JET-IPP)
Miss L. Buyse (EB), N.A. Gadegaard (DEA), J. Hoverstreydt (FOM), M. Longo (CNEN-CNR), E.J. Meusel (IPP),
P.G. Oates (UKAEA), J. Pellerin (CEA), W. Schroeck-Vietor (KFA).

Consultative Committee on Fusion (April 1976 — November 1977*)T

Chairman : H. von Billow (Denmark)

Secretary : U. Finzi (EUR)
M. Frérotte (Belgium), J.W. Graham (lIreland), J.D. de Haan (Netherlands), A. Larsson (Sweden),
W. Marshall (UK). C. Salvetti (Italy), W.J. Schmidt-Kiister (Federal Republic of Germany), G. Schuster (EUR),
J. Teillac (France).

JET Management Committee (July 1976 — June 1978)

Chairman : R.S. Pease (UKAEA)

Secretary : R. Saison (EUR)
C. Cunningham (Ireland), Mrs. Elbaek-Jorgensen (Denmark), H. Kofoed-Hansen (Denmark), G. von Gierke (IPP),
G. Holte (NE), L. Ornstein (FOM), D. Palumbo (EUR), F. Prevot (CEA), D.I. Rasmussen (DEA),
R. Toschi (CNEN), R. Vanhaelewijn (EB).

*Special responsibility for JET-related matters ceased.
TMembership in May 1976.

34



Interim JET Council (November 1977 — May 1978)
Chairman : J. Teillac (France)
Secretary : R. Saison (EUR)

Belgium: M. Frérotte, P.E.M. Vandenplas*
Denmark: ‘ H. von Biillow, C.F. Jacobsen*
Federal Republic of Germany:  G. von Klitzing, R. Wienecke*
France: J. Teillac, J. Horowitz*

Ireland: S. Collins, C. Cunningham*
Italy: C. Salvetti, R. Toschi*
Luxembourg: Permanent Brussels representative
Netherlands: J.D. de Haan, C.M. Braams*
Sweden: L. Rey, G. Holte*

UK: C. Herzig, A M. Allen

EUR: G. Schuster, D. Palumbo*

1JC Working Group on Statutes (November 1977 — March 1978)

Chairman : G. von Klitzing (Federal Republic of Germany)

Secretary : Miss C.U. Roedig (EUR)
C. Cunningham (Ireland), Mrs. Elbaek-Jorgensen (Denmark), A. Gibson (JET-UKAEA), C. Gourdon (CEA),
B. Brands (Netherlands), V. Hertling (KFA), M. Longo (CNEN-CNR), C. Mallman (IPP), K. Melchinger (EUR),
P.G. Oates (UKAEA), L. Procope (CEA), P.J. Svenningsson (NE).

IIC Working Group on Finance (November 1977 — February 1978)

Chairman : A M. Allan (UKAEA) )

Secretary : C.M. Vandenavont (EUR)
B. Brand (Federal Republic of Germany), Miss L. Buyse (EB), D. Eckhartt (JET-IPP), J. Fabre (France),
G. von Gierke (1PP), H. Kofoed-Hansen (Denmark), K. Lundgren (NE), K. Melchinger (EUR), L. Procope (CEA),
M. Purificato (Italy), K. Salow (IPP), P.J. Svenningsson (NE), J. Wright (UKAEA).

lJC Working Group on Host Support (December 1977 — February 1978)

Chairman : CM. Braams (FOM)

Secretary : D.R. Willson (EUR)
E. Bertolini (JET-CNEN), V.G. Birchall (UKAEA), M. de Cort (EB), M. Ferrini (CNEN), G. Giacchetti (EUR),
V. Hertling (KFA), A. Ilse (IPP), K. Melchinger (EUR), P. O’Brien (Ireland), R.S. Pease (UKAEA),
J. Pellerin (CEA), J.P. Poffé (JET-EUR), F. Prevot (CEA), A. Verhaegen (EUR), C.J.H. Watson (UKAEA).

IJC Working Group on Staff (January 1978 — April 1978)

Chairman : D. Palumbo (EUR)

Secretary : A. Malein (EUR)
J. Baxter (EUR), T. Brand (Federal Republic of Germany), Miss L. Buyse (EB), Mrs. L. Fox (UKAEA),
R. Grunwald (IPP), E. Hollis (UKAEA), H. Lammers (FOM), K. Lundgren (NE), T. Nielsen (DEA),
P. O’Brien (Ireland), J. O’Connor (Ireland), L. Peek (FOM), A. Ricci (Italy), D. Rogalla (EUR),
D.L. Smart (JET-UKAEA), P. Toublanc (France), D.R. Willson (EUR).

*Scientific expert
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Quantity Unit Symbol Comment
Money unit of ucC 1 Unit of Account was defined by reference to a given
account weight of gold with fixed parities (1 UC =50 Belgian
francs). It has been superseded by the EUA.
European EUA 1 European Unit of Account is made up of different
unit of natfonal currencies and reflects the aggregate
account movement in those currencies as well as the day-to-day
fluctuations between them. The value of the EUA in
various national currencies is published daily, e.g.
1 EUA = 39-907 Belgian francs, 27 April 1978.

Power watt w 1 watt equals 1 joule of energy used per second. A
community of about 1 million people in an
industrialised country uses an average power of about
100 MW. To produce 1000 MW for one day we must
burn about 10000 tonnes of coal or 6600 tonnes of
oil, or in a fusion reactor about 2-4 kilogrammes of
lithium.

An electric heating element supplied at 100V and
carrying a current of 10 A provides 1000 watts (1kW)
of heating.

volt-ampere- VAR The volt-ampere-reactive figure is the product of the

reactive voltage and the reactive current in an AC (alternating
current) circuit.

volt-ampere VA The volt-ampere figure is the product of the voltage
and the current in an AC circuit.

Pressure torr Torr Atmospheric pressure is 760 Torr. At room tempera-
ture a pressure of 1 Torr corresponds to a particle
density of about 3-5x 10 particles per cubic
centimetre. At 107'% Torr there are 3-5 x 10 particles
cm™3,

Temperature degree K The temperature of a gas is usually given in degrees

kelvin kelvin, but it can be expressed in terms of the kinetic
(or electron (eV) energy of the constituent particles. A convenient scale
volt) for plasma is to express temperature in keV where
1keV (10%eV) is equivalent to 11-6 x 10% degrees
kelvin.
Ion temperatures are usually denoted as Tj and
electron temperatures as T,,.

Time second s

Voltage volt \" A dry cell battery for a transistor radio typically has a
voltage rating of 1-5 volts.

Weight tonne t 1 tonne weight is the force exerted on a mass of 10%g
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Additional heating 12,15,16
Additional heating power supplies, see Power supplies

Ad Hoc Group 4,33
Adiabatic (major radius) compression 16,23
Administration Department 6,7
Administrative Committee 434
Advisory Groups 3,4,29
« (alpha) particles 1
Annual accounts 10
Assembly 12,21,25
Assembly Division 5,6,13,14,21
Assembly jigs, tools 22
Assembly hall 22

Associate Director 5
Associated Laboratories iii,4,5,6,8,12,29,30
Aydin Corporation 23
Baking, see Vacuum vessel

BBC (Brown-Boveri Company) 23
Bank accounts 10
Basic performance

22
Belgian State v,5.9,29,30,33,35,36
19

Bellows ,

Budget iii,5,8,9,10
Buildings iii,iv,8,9,12,16,25,26
Busbars 17,1923
CAMAC 25
CCF 42934
CEA 5,9,29,30,33

CEC, see Commission

CEGB (Central Electricity Generating Board) 22,23
Central Interlock and Safety System (CISS) 25
Central Timing System (CTS) 25
CNEN 5,9,29,30,33
CNR 5,9,29,30,33
CODAS (Control and Data Acquisition System) 9,22,23
CODAS computers 8,12,24

CODAS Division 5,6,13,14,25
Comitato Nazionale per I’Energia Nucleare, see CNEN
Commissariat 4 I’Energie Atomique, see CEA

Commission (of the European

Communities) iii,4,5,8,9,10,29,30,33,35
Commitment appropriations 89
Committee of Directors 4,29

Computer studies
Conferences and meetings
Confinement studies, see Magnetic field confinement
Consiglio Nazionale delle Ricerche, see CNR
Construction Phase

Consultative Committee on Fusion, see CCF
Contamination, see Plasma contamination
Contract of Association 8,10,29
Contracts Service 56,7
Contracts, consultants and services,see Support staff and services
Contracts, manufacturing, see Manufacturing contracts

Control building (J2) 25,26
Convertors 22
Cooling systems 17,19
Cool plasma mantle 15
Cost 8
Council of Ministers 2,34,29,30,31
Council of the JET Joint Undertaking, see JET Council

iii,3,8,10,15,21

Court of Auditors 10
Cranes 8,12,27
CRPP (Centre de Recherches en Physique des Plasmas) 15,29
Culham Computer Group 17
Culham Laboratory iii,4,7,9,10,19,20,21,22,25
Danish Energy Agency 29,30,33
Data acquisition, see CODAS

Denmark v,35,36
Deputy Director 4.5
Design Agreement 4,33
Design Phase iii,3,8,10,12,16,17
Design Proposal 34
Design Team iv,3,4,15,21
Deuterium (D) 1,15,16
Diagnostics 9,25
Diaphragm wall 12,27
Direct recovery 16
Director of the Project v,4,5,6,7,8,10
Directorate 6

15,16,17,20.21
12

Discharge cleaning 23
DITE (Divertor and Injection Tokamak Experiment) 15
Drawing office 8
Ecole Royale Militaire 5
Electron cyclotron resonance (ECR) 16
Electron temperature, see Plasma temperature
ERATO computer code 15
Euratom (European Atomic Energy

Community) v,5,8,9,10,29,33,36
Euratom fusion programme iii,2,4,29,32
Euratom treaty 29,31
European school iii,11

European Torus Working Group (JET Working Group)
European Unit of Account

Executive Committee, see JET Executive Committee ,
Experimental Systems Division 5,6,12,13,14

34,33
38

Extended performance 12,15,22
External relations 11
Federal Republic of Germany v,35,36
Finance Service 5,6,7,8
Flywheel-generator-convertor (FGC) system 22,25
FOM 5,9,29,30,33
Fontenay-aux-Roses (FAR) 16,19,20
Fors¢ggsanlaeg Risg 59
France v,35,36
Fusion reactors iii,1,2,12
Garching, see IPP

Gas handling systems 19,20
GEC (General Electric Company) 22
Generator hall 23,26
Grenoble : . 16
Harwell 15,17,21
Heads of Departments 6,7,13,14
Helium 1
Host Organisation 2,5,6,10,25
Hydrogen ,18,
IAEA (International Atomic Energy Agency) 12
1BM computers 17
IEA (International Energy Agency) 12
Ignition 1,2,4,12,15
Impurities control 15
Industry ii, 11,17
Inner cylinder 19
Institut fur Plasmaphysik, see IPP

Instrumentation 19
Insulation, electrical 19
Insulation, thermal 1
Insurance

Interim JET Council (1JC) 4,30,35
1JC Working Group on Finance 3
1JC Working Group on Host Support 35
1JC Working Group on Staff 35
1JC Working Group on Statutes 35
Interim Phase 3,19
Internal Audit Section 6,10
Ion cyclotron resonance (ICR) 16
Ion temperature, see Plasma temperature

IPP (Institut fur Plasmaphysik) 5,9,29,30,33
Ireland v,5,11,35,36
Italy v,35,36
J2 building, see Control building

J3 building, see Generator hall

J4 building, see Power supplies building

JET Council iii,v,5,6,30
JET device parameters 2
JET Executive Committee iii,5,6,36

JET Financial Regulations

JET Joint Undertaking: Members
JET Scientific Council 5,6
JET Statutes 2,4,5,6,79,10,31,32
Joint Design Group 20
Joint Undertaking ii, 31,32
JT-60 (Japanese tokamak) 12

6,7,8,9,10,32
5

KFA (Kernforschungsanlage Jilich GmbH) 5,9,29,30,33

Liaison Group 34,29
Limiters 15,19
Lithium 1
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Lower hybrid resonance (LHR)
Luxembourg

Magnetic circuit

Magnetic field confinement
Magnet Systems Division
Management Committee
Manufacturing contracts

Max-Planck-Institut fiir Plasmaphysik, see IPP

Mechanical structure
MFETF (Mirror Fusion Test Facility)

MHD (magnetohydrodynamic) studies

Maintenance
Mobility contracts
Monitoring, see CODAS

National Swedish Board for Energy Source

Development (NE)
Netherlands
Neutral beam heating
Neutral (beam) injection
Neutral (beam) injectors

iii,11,12,25
16
v,5,35,36
8
1
5,6,13,14,17
4,34
iii,7,8,12,18,19
8,17,19,22

2

5,9,29,30,33
v,35,36
12,16

16

16,19,20

Neutral injection power supplies, see Power supplies

Nuclear fusion

Octant

Ohmic circuit
Ohmic heating
Operation Phase

Payment appropriations
Personnel Service
PETULA
Physics Group
Piling
Planning
Planning permission
Plasma
Plasma beta
Plasma collisionality
Plasma contamination
Plasma current
Plasma density
Plasma energy confinement time
Plasma position control
Plasma temperature:

ion temperature

electron temperature
Plasma-wall interaction
Plasma Systems Division
PLT (Princeton Large Tokamak)
Poloidal field coils
Poloidal Field Group
Power supplies
Power supplies, additional heating
Power supplies, auxiliaries
Power supplies building
Power Supplies Division
Power supplies, neutral injectors
Preliminary works
PRIME satellite computer
Project Board
Project Control Section
Project Cost Estimates
Project Development Plan
Project Team
Protection
Pumping

Quality control
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1,12
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1,3,15,16
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8,17,19
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8,9,22
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23

23,26
5,6,13,14,22
23

27
17
4,33
6

5

5,6
iii,6,10
22,23
19,20,21

8,12

Radiation 16
Radiation cooling 1
Radio-frequency (rf) heating 12,16
Radiological protection 16
Recruitment, see Staff recruitment

Rectifiers 12
Remote handling 21,22
Rigid sectors 19,20

Ris¢, see Forsggsanlaeg Ris¢

RIJE (remote job entry) station 17
Rotary valve 20,21
Scientific and Technical Committee 4,34
Scientific and Technical Department 5,6,12,13,14
SEB (Southern Electricity Board) 22
Secretariat 6
Shielding 16
Siemens 23
Site and Buildings Division 56,13,14,25
Site Committee 34,34
Soil investigations 25
South Oxfordshire District Council, see Local Authority
Sputtering 16,20
Staff iii,5,7,9,13,14
Staff procedures 32
Staff recruitment ii,7,10,12
Static power supply 12,22
Statutes, see JET Statutes

Steering Committees 29
Stichting voor Fundamenteel Onderzoek der Materie, see FOM
Stores and services 8,22
Study contracts 7.8,15,16,17,20
Supervisory Board 34,34
Support Agreement 1ii,6,17,32
Support staff and services 8,9
Sweden v,2,30,35,36
Switzerland 2,5,30
T3, T3-A 3
T-10M 12
TAFEST computer code 20
Technical University of Braunschweig 23
TFR (Tokamak Fontenay-aux-Roses) 16
TFTR (Tokamak Fusion Test Reactor) 12,15
Theoretical studies 15,16
Titanium gettering 15
Tokamaks 1,2,3,12,15
Toroidal field coils 17,18,22
Toroidal Field Group 17
Toroidal field magnet 17,22
Toroidal Field Power Supplies Group 22
Torus 1,2,37
Torus hall 22,26
Transformer core 17,19
Transformers 12,22,23
Trapped-ion mode 15
Tritium (T) 1,15,20
TSO (time-sharing option) cluster 17
TTMP (Transit-Time Magnetic Pumping) 16

UKAEA (United Kingdom Atomic Energy

Authority) iii,v,2,4,5,6,7,8,9,10,16,23,29,30,33
United Kingdom v,35,36
Unit of Account (UC) 38
Université Libre de Bruxelles 5
Vacuum vessel 19,20,22,23
Vacuum vessel baking 19,20
Visitors 11
Winfrith 16
Workshops iii,22
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Page 36

JET
JOINT UNDERTAKING

Report for the period 1 June — 31 December 1978

Errata

This page should be headed ‘“Organs of the JET JOINT UNDERTAKING.” The addresses of the
members of the JET Council are noft in every instance the addresses of the member organisations
of the JET JOINT UNDERTAKING (see page 5) but are the addresses of the members of the JET
Council as shown.

Under Denmark, the address for N.E. Busch should read: ‘‘Ris¢ National Laboratory, Denmark.”

Under Netherlands, a second member should be added:
Foundation-FOM, C. le Pair
Utrecht,
Netherlands.

Column 2, lines 30/31 should read:
““....,adecision was reached on 25 October 1977 ...."

Comment to the footnote (see also the footnote on page 34 and the text on page 30):
The CCF continues to be responsible for advising the Commission on the implementation and
development of the entire Euratom fusion research programme.

Column 1, 4 lines up:
DEA (Danish Energy Agency (Laboratory at Risp) should be replaced by:
RNL — Ris¢ National Laboratory.

Column 2, lines 19/20 should read:
“The Liaison Group is composed of the scientific heads of the . ...”

The second box down on the right should read:
“Risg National Laboratory
Denmark.”

Line 16:

DEA — Danish Energy Agency (Laboratory at Risg ) should be replaced by:
RNL — Ris¢ National Laboratory.

Under JET Management Committee, replace H. Kofoed-Hansen (Denmark) by:
0. Kofoed-Hansen (Risg) and delete: D.I. Rasmussen (DEA).

Under IJC Working Group on Finance, replace H. Kofoed-Hansen (Denmark) by:
T. Nielsen (Denmark).

Under IJC Working Group on Staff, T. Nielsen (DEA) should read:
T. Nielsen (Denmark).

The address of the Danish Members should read:

“Ris¢ National Laboratory
Denmark.”
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