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FOREWORD

beam injection heating. At low current, quasi-steady
state stable operation has also been produced with high
normalised plasma pressure, H-mode confinement and
significant bootstrap current fraction (the so-called
advanced tokamak mode of operation). Confinement
studies in ELMy H-modes (including similarity
experiments with ITER) have shown the need to provide
more aceurate data on the H-mode threshold power and
on transport scaling close to the threshold and at high f3.

Improved plasma shaping has allowed long ELM-
free H-modes (up to 1.2s) to be produced with plasma
currents up to 4. 5MA. A neutron yield of 4.7x10"
neutrons per second in deuterium (a new JET record)
and fusion triple product (nTt )>8x10""m~keVs™,
(which i1s within 10% of the previous best), were
achicved at 3.8MA current and 3.4T toroidal field and
with [8MW of neutral beam injection. In addition. the
plasma cnergy recached 13.5MJ (the highest energy
recorded in a JET plasma).

Whereas hotion H-modes at low plasma current and
low toroidal field reached a normalised beta () of
about 2.5, high performance hot ion H-modes were
limited to [SN of about 1.8, well below the Troyon limit
(f,=2.8) by a varicty of magnetohydrodynamic (MHD)
instabilities. The termination of the high performance
phase was delayed by reducing the NB heating power
in order to maintain MHD stability. In this way, the
neutron rate and the stored plasma energy remained
high and steady for up to [s.

Other experiments of significance to ITER included
studies when the JET toroidal field ripple was varied.
This indicated that magneticripple in the ITER relevant
range of 0.1% to 2% at the plasma edge should not
affect energetic particle confinement in ITER. In
addition, Alfven Eigenmodes have been externally
cxcited using the saddle coils and non-linear beat
waves. Most relevant for ITER is the identification of
the kinetic Alfven Eigenmode with very weak damping.

The campaign with CFC tiles was successtully
completed in mid-March and was followed by a
shutdown in which the CFC tiles were replaced by
beryllium, whichis atarget material favoured by ITER.
A wide range of experiments were performed to assess
the performance of beryllium as a divertor target tile
matcrial and to compare it with CFC. JET is the only
machine in the world. which is capable of undertaking

such a comparison. The main outcome was that, under

normal operating condition, the CFC and beryllium targets
result in very similar plasma behaviour and have
comparable power handling characteristics. Experiments
were also performed to test whether the beryllium targets
would ‘self-protect’, by evaporating beryllium, leading
to high radiation from the plasma and reduced heat
fluxes, when subjected to significantly higher heat
loads than normal. Significant surface melting but only
moderate ‘self-protection’ was observed at equivalent
ITER power loads.

The neutral beam injectors operated reliably and
routinely delivered close to their maximum power
throughout the campaign. These reached power levels
of up to 20.4MW, and at these levels, the Octant No.4
injector contributed a world record 12.6MW for a
single injection port. The ion cyclotron resonance
frequency (ICRF) generators coupled up to I5MW
power to the plasma. and high density, high power
plasmas (>10MW) showed a soft transition to the H-
mode, with small ELMs and high confinement. Lower
hybrid (LH) frequency heating achieved arecord power
of 7.3MW to the plasma. This was used to fully drive
aplasmacurrentof 3MA, to produce reversed magnetic
shear configurations, to control sawteeth and to soften
the termination of hot-ion ELM-free H-modes.

Following completion of the experimental campaign
in June 1995, a shutdown started for the installation of
the 'more-closed’ Mark ITA divertor and modification
of the ICRF antennae. The shutdown is scheduled for
completion in March 1996. At the start of the shutdown,
a detailed inspection showed that in-vessel components
were in good condition with no significant damage except
for the deliberately induced beryllium target plate melting.

The first stage of in-vessel work in the shutdown to
replace the Mark I divertor was the strip out of
components. This was completed ahead of schedule.
The next stage involved the installation of the modules
ot the Mark Il divertor supportstructure. This structure,
about 6 metres in diameter and with a weight of 7
tonnes, was assembled to an accuracy of within 0. lmm.
This was aremarkable engineering achievement within
the confined space of the JET vacuum vessel.

Since the Mark II divertor will become radioactive
during its use with tritium plasmas, it has incorporated
an important and novel feature in its design: it has been
engineered to allow replacement of the divertor target

structure by full remote handling techniques. To validate



the capability of the remote handling approach, part of the
Mark II divertor target plates will be installed by remote
handling inearly 1996. Successful trials have been carried
out on a mock-up arrangement and results have provided
a high degree of confidence that target plate exchange
with an active machine can be achieved in a reasonable
time-scale. It will be the first time that such a complex
remote handling operation has been performed on an
active machine, providing most valuable engineering
experience for the finalisation of ITER design.

For late 1996/ early 1997, planning is underway for
a limited period of D-T operation (DTE-1, producing

20

up to 2x10*" neutrons), which will demonstrate long
pulse fusion power production (fusion amplification
factor, Q>1 with more than 10MW of fusion power for
a few energy replacement times). These experiments
will also make important contributions to D-T physics
(including H-mode threshold, ELM and confinement
behaviour in D-T, and some D-T specific radio
frequency heating studies) which JET alone can provide
in an ITER relevant divertor configuration. DTE-1
should allow the original four areas of JET work to be
completed and would provide timely input to the ITER
EDA. It would also address the important technology
issues of reactor relevant tritium processing and remote

handling. In particular, it would demonstrate the ability
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of the Active Gas Handling System (AGHS) to process
tritium while supporting a reacting tokamak plasma.
The commissioning of the AGHS subsystems continued
successfully during 1995.

The proposal for extension of the JET Programme to
the end of 1999, supported by the JET Council, is
awaiting formal approval by the Council of Ministers.
The programme would include studies aimed at
providing data in support of the ITER divertor, while
satisfying the requirements of high performance D-T
operations. The subsequent programme would progress
to divertor/plasma optimisation studies before a more
extensive period of D-T operation (DTE-2)in 1999. In
DTE-2, D-T plasmas would be studied with substantial
alpha-particle heating, capitalising on the performance
improvements achieved in preceding experimental
campaigns. DTE-2 experiments could produce up to
5x10%' neutrons, but efforts would be made to reduce
activation while still satisfying JET s role in supporting
ITER and the World Fusion Programme.

JET isstill making substantial advances in its scientific
and technology programme. With the continued dedication
of the staff, I am confident that the Project will meet the
challenges ahead and will continue to provide crucial
information to ensure that fusion will be an important

source of energy for future generations.

77 T Mon B

Dr M Keilhacker
Director
April 1996
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Introduction, Background

and Summary

Introduction

JET Progress Reports are aimed both at specialists in
plasma physics and nuclear fusion research and at the
more general scientific community. This contrasts with
the JET Annual Reports, which provide overview
descriptions of the scientific, technical and administrative
status of the JET programme, and is directed at the average
member of the public.

To meet these general aims, the Progress Report con-
tains a brief summary of the background to the Project,
describes the basic objectives of JET and sets out the
principal design aspects of the machine. In addition, the
Project Team structure is detailed, since it is within this
framework that machine activities and responsibilities
are organized and the scientific programme is executed.

The main part of the 1995 Report provides overview
summaries of scientific and technical advances made
during the year, supplemented by detailed cross-refer-
ences to the more important JET scientific and technical
articles produced during the year. The final part of the
Report briefly sets out developments underway to further
improve JET’s performance and plans for future experi-

ments through to its foreseen completion.

Background

Objectives of JET

The Joint European Torus (JET) is the largest single
project of the nuclear fusion research programme of the
European Atomic Energy Community (EURATOM). The
project was designed with the essential objectives of
obtaining and studying plasma in conditions and with
dimensions approaching those needed in a fusion reactor.
These studies are aimed at defining the parameters, the

size and working conditions of a tokamak reactor. The

realisation of this objective involves four main areas of

work:

(i) the scaling of plasma behaviour as parameters
approach the reactor range;

(i1) the plasma-wall interaction in these conditions;

(iii) the study of plasma heating; and

(iv) the study of alpha-particle production, confinement
and consequent plasma heating.

Two of the key technological issues in the subsequent
development of a fusion reactor are faced for the first time
inJET. These are the use of tritium and the application of
remote maintenance and repair techniques. The physics
basis of the post-JET programme will be greatly
strengthened if other fusion experiments currently in
progress are successful. The way should then be clear to
concentrate on the engineering and technical problems
involved in progressing from an advanced experimental

device like JET to a prototype power reactor.

Basic JET Design

To meet these overall aims, the basic JET apparatus was
designed as a large tokamak device with overall
dimensions of about 15m in diameter and 12m in height.
A diagram of the apparatus is shown in Fig.1 and its
principal parameters are given in Table I. At the heart of
the machine, there is a toroidal vacuum vessel of major
radius 2.96m having a D-shaped cross-section 2.5m wide
by 4.2m high. During operation of the machine, a small
quantity of gas (hydrogen, deuterium or tritium) is
introduced into the vacuum chamber and is heated by
passing a large current through the gas. Originally, the
machine was designed to carry 4.8MA, but has been
modified to achieve 7MA. This current is produced by

transformer action using the massive eight-limbed






Experiments have been carried out mainly using
hydrogen or deuterium plasmas, although during 1991,
experiments were performed in helium-3 and helium-4
and a preliminary experiment was performed using 10%
tritium in deuterium. In the final stage of the programme,
itis planned to operate with deuterium-tritium plasmas so
that abundant fusion reactions occur. The alpha-particles
liberated from the reactions should produce significant
heating of the plasma. During this phase, the machine
structure will become radioactive to the extent that any
repairs and maintenance would have to be carried out
using remote handling systems.

To reach conditions close to those relevant to a
fusion reactor, plasma densities of ~102%m-3 at tem-
peratures of 10-20keV would be needed. Even with
plasma currents up to 7MA in JET, this would be
inadequate to provide the temperature required using
ohmic heating alone. Consequently, additional heating
is required and two main systems are being used at
JET, as follows:

* Injection into the plasma of highly energetic neutral

atoms (Neutral Injection Heating);
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* Coupling of high power electromagnetic radiation
to the plasma (Radio Frequency (RF) Heating).

In 1991, the lifetime of the Project was extended to the
end of 1996 to allow JET to implement a new Pumped
Divertor phase of operation. This would assist the aim of
establishing in deuterium plasmas “reliable methods of
plasma purity control under conditions relevant for the
Next Step Tokamak™. During 1992/93, an axisymmetric
pumped divertor was installed inside the vacuum vessel,
together with all necessary auxiliary equipment.

The new plasma shapes of the divertor configuration
required a complete redesign of the vacuum vessel first
wall to accommodate the relevant plasmas. Upon com-
pletion, the inside of the vessel had been almost com-

pletely rebuilt and JET was effectively a new machine.

Project Team Structure
The Project structure adopted, for management purposes,
is divided into three Departments (see Table II):

* Torus and Measurements Department;

» Heating and Operations Department;

* Administration Department.

Table Il
JET Departmental and Divisional Structure

Co-ordinating Staff Unit: J-P Poffé

Data Analysis and Modelling Division: J.G. Cordey

Next Step Unit: B. Tubbing

Divertor Interface Unit: C. Lowry

DIRECTOR:
M. Keilhacker

Deputy Director:
A. Gibson

Directorate

Counsellor: G. Vlases

Chief Engineer: E. Bertolini

Torus & Measurements Department Heating & Operations Department Administration Department
Associate Director & Head of Department: Associate Director & Head of Department: Associate Director & Head of Department:
A. Gibson J. Jacquinot G.W. O’'Hara
Deputy Head of Department:
E. Bentolini
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INTRODUCTION, BACKGROUND AND SUMMARY

In addition, some scientific and technical duties are
carried out within the Directorate and in Supporting
Units.

The main duties of the Administration Department
have been described in previous JET Annual Reports.
This Reportconcentrates on progress made in the scientific
and technical areas during 1995, To aid this description,

the functions of these Departments are described below.

Torus and Measurements Department

The Torus and Measurements Department has overall

responsibility for the performance capacity of the ma-

chine: this includes enhancements directly related to this

(excluding heating) and the long term planning associ-

ated with integration of these elements to achieve ulti-

mate performance. The Department is also responsible
for: fusion technology requirements for the active phase
including tritium handling and processing; for construc-
tion and operation of necessary measurement diagnostic
systems and the interpretation of experiment data; and for
data systems comprising data control, acquisition and
management. The main functions of the Department are:

* to design, procure and implement enhancements to

the JET device;

* to provide and maintain clean conditions inside the

vessel which lead to high quality plasma discharges;

* to conceive and define a set of coherent measure-

ments;
* to be responsible for construction of necessary
diagnostics;

* 10 be responsible for diagnostics operation, quality of
measurements and definition of plasma parameters;

* to organise and implement data acquisition and
computing;

* todesignand develop remote handling methods and
tools to cope with JET requirements;

* o design and construct facilities for handling tri-
tium and for waste management.

The Department consists of five Divisions and three
Groups (Machine Assembly. Diagnostic Engineering and
Data Management):

(a) First Wall Division, which is responsible for the vital
arca of plasma wall interactions. Its main tasks in-
clude the provision and maintenance inside the vacuum
vessel of conditions leading to high quality plasma
discharges. The Division develops. designs, procures

and installs the first wall systems and its components

such as limiters, wall protections and internal pump-
ing devices. The area of responsibility encompasses
the mechanical integrity of the vacuum vessel as a
whole and the development and implementation of
mechanical and Remote Handling techniques;

(b) Fusion Technology Division, is responsible for all
nuclear engineering aspects of this Project includ-
ing tritium and gas handling, vacuum systems,
waste management and regulatory approvals;

(c) Control and Data Acquisition System Division
(CODAS), which is responsible for the implemen-
tation, upgrading and operation of computer-based
control and data acquisition systems for JET;

(d) Experimental Division 1 (ED]), which is responsi-
ble for specification, procurement and operation of
about half the JET diagnostic systems. ED1 under-
takes electrical measurements, electron tempera-
ture measurements, surface and limiter physics and
neutron diagnostics;

(e) Experimental Division 2 (ED2), which is responsible
for specification, procurement and operation of the
other half of the JET diagnostic systems. ED2 under-
takes all spectroscopic diagnostics, bolometry, inter-
ferometry, the soft X-ray and neutral particle analysis.
The structure of the Torus and Measurements Depart-

ment to Group Leader level is shown in Fig. 2 and the list

of staff within the Department is shown in Fig. 3.

Heating and Operations Department
The overall responsibility of the Heating and Operations
Department is for the efficient and effective day-to-day
operation of the machine. In addition, the Department has
responsibility for plasma heating and auxiliary equip-
ment and related physics; the design and operation of
power supplies as well as contributing to the execution
and evaluation of JET’s experimental programme. The
main functions of the Department are:
* preparing and co-ordinating operation of the machine
across Departments and Divisions;
* heating and current drive and analysis of its effects
in the plasma;
. plaéma fuelling, including pellet injection;
* designing and employing power supplies for ensur-
ing etficient operation and control of the machine.
The Department consist of two Groups (Machine Op-

erations and Machine Services) and four Divisions:
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Divertor and Wall Group
H. Altmann

First Wall Remote Handling Group
M. Pick A. Rolfe

First Wall Installation Group
G. Celentano

Neutron Diagnostic Group
O.N. Jarvis

Experimental | Microwave Diagnostic Group
P.E. Stott D.V.Bartlett

Plasma Boundary Group
G. Matthews

Spectroscopy and
Impurity Physics Group
R. Giannella

Charge Exchange
Spectroscopy Group

Experimental I M. von Hellermann

P.R. Thomas

Particle Dynamics Group
A. Gondhalekar

Soft X-Ray Analysis Group

R.D. Gill

Department Head
A. Gibson

Vacuum Systems and

Development Group -
J.L. Hemmerich

Active Gas Handling Group
Fusion Technology R. Lasser ,
A.C. Bell

Tritium Safety Group
A.C. Bell

Waste Management Group
A.D. Haigh

Machine Assembly Group and
Shutdown Manager
B. Ingram

Diagnostic Engineering Group
S. Scott

Data Management Group
R. Ross

Control Group
C.A. Steed

" Computer Group
CODAS H.E.OQ. Brelen

V. Schmidt

Data Acquisition Group
E.M. Jones

Electronics and
Instrumentation Group
K. Fullard

JG96.94/2

Fig.2: Torus and Measurements Department, Group Structure
(December 1995)




C. Earl

C. Hancock

B. Ingram

Mrs. P. Longworth
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TORUS AND MEASUREMENTS DEPARTMENT

Head of Department: A. Gibson

J. Lundquist

J. Reid

Mrs. J. Roberts
R. T. Ross

FUSION TECHNOLOGY DIVISION

Head: A.C. Bell

S. Bryan

P. Brennan

C. J. Caldwell-Nichols
C. Caltaghan

Mrs. J. Campbell

N. Green

A. Haigh

J. L. Hemmerich
D. Holland

H. Jensen

Mrs. M. E. Jones
J. F. Jaeger

FIRST WALL DIVISION

Head: MLA. Pick

H. Altmann

P. Brown

T.V. Businaro
R.A. Cusack

G. Cclentano
Mrs. D. Cranmer

E. Deksnis
C. Froger

L. Galbiati
F. Hurd
Mrs. [. Hyde

P. Sagar
Miss. D. Samuel
S. Scott

R. Lisser
J. Lupo

J. Mart

A. Miller
G. Newbert
J. Orchard

G. Israel
M.A.Irving
L.P.D.F. Jones
J.F. Junger
A.B. Loving

CONTROL AND DATA ACQUISITION SYSTEMS DIVISION

Head: V. Schmidt

M. B. Baronian
Mrs. A. M. Bellido
H. E. O. Brelen
W. J. Brewerton
T. Budd

P.J. Card
J. J. Davis
S. Dmitrenko
S. E. Dorling
K. Fullard

EXPERIMENTAL DIVISION I

Head: P. E. Stott

S. Ali-Arshad
D. Bartlett

H. Bindslev
B. W. Brown
S. Clement

J. P. Coad

J. Ehrenberg
J. Fessey

C. Gowers
P. J. Harbour
J. Hoekzema
M. Hone

1. Hurdle

O. N. Jarvis
M. Loughlin

EXPERIMENTAL DIVISION 11

Head: P.R. Thomas

B. Alper

P. Beaumont
Mrs. K. Bell
G. Braithwaite
P. Breger

A. Edwards

R. Giannella

R. Gill

A. Gondhalekar
L. D. Horton
A. Howman

H. Jickel

E. M. Jones
F.J. Junique
N. G. Kidd
J. G. Krom
C. Perry

F. B. Marcus
G. Matthews
G. Neill

P. Nielsen

H. Oosterbeek
Mrs N. Povey
R. Prentice

R. Kénig

P. Morgan
C. Nicholson
R. Reichle
R. Robins

P. Smeulders

R. Smith
A. Tiscornia
C. Wilson

R. Pearce
Mrs J. Pointer
K. D. Walker
R. Warren
T. Winkel

B. Macklin
A. Nowak
J. Palmer
A. Peacock
T. Raimondi

C. A. Steed
C. Terella

G. Wolfers
I. D. Young

P. Roberts
G. Sadler
A. Stevens
D. Summers
P. Tegg

P. van Belle
J. Vince

M. Stamp

S. A. Staunton-Lambert
W. Studholme

M. von Hellermann

B. Viaccoz

R. Webb

Fig.3: Project Team Staff in the Torus and Measurements Department
(December 1995)
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(a) Operations Division plays amajorrole in the efficient

planning and execution of JET’s experimental pro-
gramme and in the integration of existing orimminent
systems into an effective experimental programme.
In addition, it is responsible for effective methods of
fuelling the plasma including the development of
methods based on solid high speed hydrogen pellets;
development of new plasma wall conditioning tech-

niques; plasma control systems; development of

IROPUCTION, BACKGROUND AND SUMMARY

disruption control methods; training of operations
staff; and monitoring of machine operations;

(b) Neutral Beam Heating Division, which is responsible
for construction, installation, commissioning and
operation of the neutral injection system, including
development towards full power operation. The
Division is also responsible for all cryo-systems and
also participates in studies of physics of neutral beam
heating;

Machine Operations Group
P. Chuiion

Machine Services Group
N. Dolgetta

Plasma Fuelling Group
P. Kupschus

Physics Operations Group
P.J. Lomas

Operations Plasma Configuration Group
A. Tanga D.J. Campbell

Operations Support Group
J. How

Physics Group
D.F. Start

Antenna Systems Group

Deputy Head

E. Bertolini Radio Frequency
C. Gormezano RF Power Group

A. Kaye

T. Wade

Department Head
J. Jacquinot

Profile Control Group
F. Soldner

Operations Group
T.T.C. Jones

Engineering Group

Neutral Beam
Heating Testbed Group

D. Stork H.D. Falter

M.J. Watson

Cryogenics Group
W. Obert

Magnet Systems Group
J. Last

Additional Heating Power

Magnet and R. Claesen

Power Supplies Power Distribution and
E. Bertolini Services Group

Supplies Group

L. Zannelli

Tokamak Magnet Power
Group
M. Huart

JG96.94/4

Fig.4: Heating and Operations Department, Group Structure
(December 1995)
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V. Bhatnagar
C. Birks

M. Bolton

P. Chuilon
N. Dolgetta

HEATING AND OPERATIONS DEPARTMENT

Head of Department: 1. Jacquinot

Deputy Head of Departiment: E. Bertolini

T. Dale

R. Greenfield
M. Hughes

M. Macrae

S. McLaughlin

MAGNET AND POWER SUPPLIES DIVISION

Head: E. Bertolini

A. Barnard
T. Bonicelli
D. Chiron
R. Claesen
E. Daly

P. Doyle

C. Folco

J. Goft

D. Graham
M. Huart

F. Jensen

J. Jeskins

J. R. Last
H. McBryan

OPERATIONS DIVISION

Head: A. Tanga

D.J. Campbelt
S. Cooper

M. Gadeberg
J. How

M. Johnson

P. Kupschus
M. Lennholm
P.J. Lomas
T. Martin

NEUTRAL BEAM HEATING DIVISION

Head: D. Stork

A. Bickley

A. Browne

C. D. Challis

J. F. Davies

A. Dines

H. P. L. de Esch

D. Ewers

H. Falter

D. Godden

L. Hackett

Mrs. S. Humphreys
T.T.C. Jones

R. Meadows W. Smith

C. Rayner K. Taylor

B. Regan J. Watt
Miss. V. Shaw B Workman
J. McKivett P. Presle

V. Marchese S. Shaw

G. Marcon A. Tesini
Mrs. H. Marriott J. van Veen
G. Murphy C. R. Wilson
P. Noll L. Zannelli
R. Ostrom

S. Puppin R. Sartori

L. Rossi B. Schunke
G. Saibene A.C.C. Sips

A. Santagiustina

RADIO FREQUENCY HEATING DIVISION

Head: C. Gormezano

S. C. Booth

M. Brandon

G. Cottrell

P. Crawley

Mrs. R. Deitrich
T. Dobbing

D. T. Edwards
A. Franklin

P. Finberg

M. Gammelin
M. Graham

R. Horn

M. Tabellini

F. Long A. I. Parfitt
D. Martin R. Parkinson
C. Mayaux D. Raisbeck
Mrs. D. Noyes L. Svensson
W. Obert I. Waterhouse
S. Papastergiou M. J. Watson
A. Kaye F. Soldner

J. Plancoulaine D. F. Start

F. Rimini C. Steele

P. Schild M. Timms
M. Schmid T. Wade

A. Sibley

Fig.5: Project Team Staff in the Heating and Operations Department (December 1995)

(¢) Radio Frequency Heating Division, which is respon-

JG96.94/5

(d) Magnet and Power Supplies Division is responsible for

sible for the design, construction, commissioning and
operating RF heating and current drive systems dur-
ing the different stages of its development to full
power. The Division is also responsible for the TAE
cxcitation system and also participates in studies of

the physics of RF heating:

the design, construction, installation, operation and main-
tenance of the electromagnetic system and plasma con-
trol. The area of responsibility encompasses the toroidal,
poloidal and divertor magnets, mechanical structure;
and all power supply equipment needed for magnets,

plasma control, additional heating and auxiliaries.
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Fig.6: Directorate and Support Units, Group Structure
(December 1995)

The structure of the Heating and Operations Depart-
ment to Group Leader level is shown in Fig. 4 and the list
of staff in the Department is shown in Fig. 5.

In addition, both Departments are involved in:

» execution of the experimental programme;
* interpretation of results;

* making proposals for future experiments.

Directorate

Within the Directorate, there are three technical units, one

Division and a Chief Engineer, reporting directly to the

Director. The main responsibilities are as follows:

(a) The Co-ordinating Staff Unit is responsible for the
availability of a comprehensive health physics and
safety project organisation; and for the provision of
centralised engineering supportservices. It comprises
four Groups:

* Health Physics and Safety Group;
* Quality Group;
 Technical Services Group;

* Drawing Office.

(b) The Data Analysis and Modelling Division is responsi-
ble for the provision of software for the acquisition and
processing of the data from JET diagnostics; for con-
firming the internal consistency of the processed data
and assembling itinto public databases; and the develop-
ment and testing of theoretical models against JET data.
In addition, the Division is responsible for prediction by
computer simulation of JET performance, interpretation
of JET data and the application of analytic plasma theory
to gain an understanding of JET physics.

It comprises four groups:

* Analytic Theory Group;

» Simulation Group;

* Data Processing and Analysis Group;
* Diagnostic Software Group.

(¢) The Next Step Unit is responsible for co-ordinating
contributions from JET to the European effort in
supportofthe ITER-EDA. This responsibility includes
drawing up proposals, initiating relevant work
programmes on JET and taking part in their execution

and evaluation.
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(d) The Divertor Interface Unit is responsible for assess-
ing the impact of developments in the experimental
programme and operation on the design requirements
for JET divertors. This includes a high level of partici-
pationinthe JET experimental programme ondivertor
physics, themomechanical analysis of plasmainduced
loads on the divertor, and the definition of advanced
divertor concepts.

In addition, there is a Chief Engineer, who reports to
the Director, and is responsible for ensuring the overall
coherence of technical aspects of JET operations.

The structure of the Directorate to Group Leader level
is shown in Fig.6 and the list of staff in these areas is

shown in Fig.7.

Report Summary

The firstsection of this Report provides a brief introduction

and background information relevant to the Report. The

second and third sections set out an overview of progress
on JET during 1995 and with a survey of scientific and
technical achievements during 1995 sets these advancesin
their general context. This summary is specifically
cross-referenced to reports and articles prepared and
presented by JET staff during 1995.

The fourth section is devoted to future plans and
certain developments which might enable enhancements
of the machine to further improve its overall perform-
ance. Some attention has been devoted to methods of
surmounting certain limitations and these are detailed in
this section.

In addition, Appendix I contains a list of work topics
which havebeen carried out under Task Agreements with
various Association Laboratories. A full listisincluded in
Appendix Il of all Articles, Reports and Conference papers
published by JET authors in 1995. Copies of particular
papers can be obtained from JET Publications Office.
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Technical Achievements during 1995

Introduction
JET started 1995 in the middle of the Pumped Divertor

Characterisation Phase. This phase had begun in Febru-
ary 1994 and ended in June 1995. During this period, the
Mark I pumped divertor was very effective and allowed
a broad-based and highly ITER-relevant research pro-
gramme to be pursued. The 1995 experimental campaign
addressed the central problems of the ITER divertor:
efficient dissipation of the exhausted power, control of
particle fluxes and effective impurity screening. It started
the year with using carbon fibre composite (CFC) tiles in
the vessel as the power handling material.

The campaign with CFC tiles was successfully com-
pleted in mid-March and was followed by a shutdown of
22 working days in which the CFC tiles were removed
and replaced by beryllium. In addition, a prototype sepa-
rator for the ion cyclotron resonance frequency (ICRF)
antenna was installed and eighteen French Horn cooling
pipes were strengthened and replaced. The efficiency of
the in-vessel work was improved with the effective use of
the in-vessel training facility and the use of an observa-
tion platform, adjacent to the torus access cabin, to allow
Responsible Officers to control the in-vessel work via
closed circuit video cameras.

Following this shutdown, experiments were performed
to assess the performance of beryllium as a divertor target
tile material and to compare it with the CFC tiles. In
response to the ITER Joint Central Team, beryllium
melting was induced at ITER-relevant heat fluxes to see
whether a protective radiative shield was established.

In June 1995, a shutdown started for the installation of
the Mark IIA divertor and the modification of the ICRF
antennae. The shutdown is scheduled to finish in March
1996. At the start of the shutdown, a detailed inspection

showed that in-vessel components were in good condi-
tion with no significant damage except for the deliber-
ately induced beryllium target plate melting. The first
phase of in-vessel work in the shutdown was the strip out
of components. This work, which included the removal of
the ICRF antennae for modification, was completed ahead
of schedule.

The installation of the Mark II support structure con-
stituted a major development in JET. This support struc-
ture is designed to allow JET to investigate a wide variety
of divertor geometries by the installation of different tile
carriers. These carriers can include the necessary diag-
nostics and can be attached to the support structure easily,
quickly and with high precision. The diagnostics are
simply plugged into the support structure. The whole
procedure is designed to be possible by remote handling.

This phase of in-vessel work involved installation of
the modules of the Mark II divertor support structure,
which is about 6 metres in diameter and has a weight of
7 tonnes. This was assembled on time and to an accuracy
of within 0.1mm. The ICRF antennae, modified to im-
prove the coupling of ICRF power to the JET plasma,
were then reinstalled. At the end of the year, work to
install other in-vessel components was continuing.

Preparations are also continuing for the next period of
D-T operation (DTE-1), which is scheduled for the end of
1996. Work is also continuing on the procurement of the
ITER specific Mark II Gas-box divertor target assembly,
which is due to be installed by remote handling in 1997.

The Remote Tile Exchange, during which the Mark
IIA tile carriers will be exchanged for the Mark II Gas-
box tile carriers, will be the first fully remote task under-

taken on JET and the most significant fully remote han-
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dling task undertaken on any fusion device in the world.
Accordingly, extensive preparations are being made for
the proving of equipment function. performance and
reliability together with the derivation and development
of task procedures and operator training.

The following sections detail the main technical

achievements made during 1995.

First Wall Systems

Introduction

The main activities associated with First Wall systems
during 1995 were related to: the procurement and prepa-
rations for and implementation of the shutdown to install
the Mark 11 Support Structure and Mark IIA Divertor Tile
Carriers; preparations for the fully remote replacement of
Mark I1A Divertor Tile Carriers with the Mark II Gas-
Box tile carriers immediately after the Deuterium-Tri-
tium Experiment (DTEI); and, in addition, completion of
the Mark II Gas-Box Divertor design. In addition to
preparations for and execution of the major planned Mark
11 Installation Shutdown which started in June 1995, two
additional vessel interventions were also carried out.

The installation of the Mark II support structure
constitutes a major development in JET. This support
structure is designed to allow JET to investigate a wide
variety of divertor geometries by the installation of
different tile carriers. These carriers can include the
necessary diagnostics and can be attached to the sup-
portstructure easily, quickly and with a high precision.
The diagnostics are simply plugged into the support
structure. The whole procedure is designed to be pos-
sible by remote handling.

The Remote Tile Exchange, during which the Mark
ITA tile carriers will be exchanged for the Mark II Gas-
box tile carriers, will be the first fully remote task under-
taken on JET and the most significant fully remote han-
dling task undertaken on any fusion device in the world.
Accordingly. extensive preparations are being made for
the proving of equipment function, performance and
reliability together with the derivation and development

of task procedures and operator training.

interventions in the Vessel during 1995

Two short in-vessel interventions, one of which had been
previously scheduled, were carried out during 1995,
followed by the main shutdown to install the Mark II

divertor structure.

Intervention to Repair GDC Electrodes

The unscheduled shutdown took place in February 1995
and was due to problems arising from the bending of
Glow Discharge Cleaning (GDC) electrodes. This was a
short four day shutdown performed in full pressurised
suits and based on three shifts per day. The in-vessel
radiation level at the beginning of the intervention was
130+7uSv/hour.

The repair procedure for the GDC electrodes consisted of
removing the spiral coil of the GDCelectrode and reconnect-
ing the current feed to the electrode back plate. The interven-
tion was used to carry out some additional work including:
removal from the divertor of the tip of the plasma boundary
probe which had broken during a disruption; cleaning of
three beryllium evaporator heads at Octants Nos. 1,5 and 7;
surveys and inspections of numerous in-vessel components;

and some minor repairs to damaged diagnostics.

Intervention for Tile Exchange

The scheduled intervention took place in March 1995.

The purpose of this shutdown was primarily to exchange

the carbon fibre reinforced carbon (CFC) divertor tiles to

beryllium tiles. An additional task was to install an
antenna separator between a pair of RF antennas at

Octants No. 6/7. The shutdown started on the 17 March

and ended on the 12 April. It was based on three shifts per

day for six days per week with work proceeding in full
pressurised suits. The radiation level at the start of the
shutdown was 165uSv/hour. The installation work was
performed as planned and with no unexpected problems.

Detailed in-vessel inspections revealed only relatively
minor problems:

* Some ICRH antennae upper protection rails had bent
towards the plasma by about 17mm;

* Ceramicdiscs and ceramic spacers on 18 positions out
of 96 on the so-called French Horns had cracked or
were missing. There was also some deposition of
beryllium metal onto these ceramics. A temporary
repair was carried out by removing the affected sup-
ports and refurbishing them in the J1A Beryllium
Handling area;

* Several diagnostic activities were carried out during
this shutdown:

- Kal Lost Alpha-particle system was installed in
Octant No.7 MHP;
- RF antenna separator/rail current shunt installed;

- Inner Wall Guard Limiter current shunts installed;



























Magnet System

Maintenance and Installation

Theinstallation of the TF ripple bus-bars from Building J1P,
through the Basement to the Torus Hall to re-connect the TF
power supplies to the TF coils, started in late-1994, and was
completed by February 1995. This allowed the ripple experi-
ment to be performed toward the end of the 1995 campaign.

In view of the DTE] programme, it was decided to
replace all the Rafix quick release water connectors on coils
P1 and P2 by screwed connectors, as these would be more
reliable. All parts have been ordered for the modifications to
Coil P1 but for Coil P2 a suitable welding technique to attach
the new couplings must be established.

The number of turns on the poloidal coils (P2 and P3) are
regularly changed to enable different plasma shapes to be
achieved. These turn changes are made at link boards
mounted on the magnetic circuit limbs and also on the coils
themselves. It had been recognized that turn changes during
operating sessions cannot be avoided during DTE1 and
radiation levels at the coils are expected to be too high for
convenient access. In fact, turn changes need to be per-
formed immediately, without waiting a week or more to see
the radiation level decay to acceptable level for hands-on
intervention in the Torus Hall. Therefore, new bus-bars have
been designed to enable Coil P2 turns to be changed at new
link boards in the Basement and Coil P3 turns to be changed
atexisting link boards in the Torus Hall. The radiation levels
at these link boards will be low.

The inductance of all 32 toroidal field (TF) coils is
routinely measured at the beginning and end of each shut-
down to detect inter-turn faults. The inductance measure-
ments, performed at the start of the 1995 shutdown showed
no problems, i.e. the measurement confirmed that no electri-
cal faults were present in the coils. These measurements will

be repeated before operation is resumed.

Machine Instrumentation and Protections

Although JET is already considered a well instrumented
machine, engineering experience gained in the 1994-95
campaign, on such new phenomena as toroidal asymmetries
of vessel forces and forces higher than expected in some in-
vessel components, suggested the addition of further instru-

mentation on the machine for monitoring and protection.

Divertor Coils In-vessel Instrumentation
The following divertor in-vessel instrumentation was
installed during the year:

- TECHNICAL ACHIEVEMENTS DURING 1995

* Rogowski coils on D1, D2, D3 and D4: designed to
measure the coil ampere-turns. The Rogowski coils
are helically wound cable in stainless steel cases and
will be used for coil protection;

e Thermocouples on D2, D3 and D4 clamps (5 off):
intended to assist evaluation of thermal conditions in
the new divertor configuration;

* Vertical flux loops on DI and D4: to enable the radial
forces on D1 and D4 to be measured. Vertical flux loops
are already installed on coils D2 and D3 for magnetic
diagnosis and will be used for force calculation;

» Radial flux loop on D4: to replace a loop on Coil D4
which failed. In the original divertor installation ra-
dial flux loops were installed on all coils to calculate

vertical forces.

Improved Coil Protection System (CPS)

In 1995, the main objective was to rationalise and im-
prove the magnet protection system. This consisted of
mainly hardwired protection installed over the years and
of the relatively new CPS software system. Hardwired
systems are therefore being progressively transferred to
CPS to avoid duplication and enable better processing
and flexibility. The hardwired systems will be maintained
until the new systems are fully operational.

Protection systems transferred to CPS during the 1995
shutdown include TF transverse force protection, TFampere-
turn protection (Rogowski), over-current and I*t protection
forall magnetcircuits and earth leakage protection. New coil
protection algorithms are also being introduced. To carry the
increased load, new signal processing electronics and a new
CPU are being installed. A CPS development system for

testing new software has been built.

Improved Machine Diagnostics

New vacuum vessel measurements are required to diag-

nose newly discovered vessel movements. The following

improvements are underway:

* New displacement measurements at the following
vacuum vessel ports: inner, intermediate, main vertical
and main horizontal ports;

* Acceleration and force measurements at main
horizontal ports;

* Improved processing of vacuum vessel vertical
restraint forces.

This increase in signals has necessitated a new cubicle

in Building J1D, incorporating similar processors to CPS.
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Magnet Power Supplies

Disruption Feedback Amplifier

Due to the damaged upper saddle coils, the Disruption
Feedback Amplifiers were used on the lower saddle coils
only. Full performance was obtained with the amplifiers
on these coils but without plasma or toroidal field. In the
presence of plasma, the maximum current could not be
applied as the forces on the coils would be excessive if
subjected to adisruption. The maximum current obtained

with plasma was 2.5kA for 0.5s.

Saddle Coil Crowbar

The crowbars were designed to short-circuit the saddle
coils in the presence of disruptions or of internal faults in
the coils. During early operation, the current measured in
the crowbar reached values of 6kA during disruptions.
However, the damage seen in the lower saddle coils
would need induced currents during disruptive events
larger that 10kA. These currents are not dangerous for the
crowbar but the same current is flowing in the saddle coil.
This current combined with the magnetic field resulted in
excessive forces being applied to the coils. Simulations
showed that by introducing a resistor of 100-200mW in
series with the crowbar, the current would be limited to
acceptable levels while the increase of the voltage against
ground remained within the isolation test levels of the
coils. Resistors of 100m& 2 were installed, and operation
continued with this configuration for the remainder of the

operational period.

Additional Heating Power Supplies

The additional heating power suppy systems include
neutral beam. ion cyclotron radio frequency and lower
hybrid power supplies, and there are also discharge clean-

ing power supplies.

Neutral Beam Power Supplies

Although the Neutral Beam Power Supplies now operate

most reliably the need forimprovements, although minor,

remains and some were implemented during 1995:

» At the start of 1995 an additional protection circuit
was added to the Grid | protection systems. This
circuit compares the voltages of two different voltage
dividers and terminates the pulse if the difference is
more than a predetermined value. In this way, a
complete new protection for the output voltage was

implemented. It acts as if a different voltage divider
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was used for the protection and for measurement and
control circuits;

* There was adriftand an offset in the measurement and
control chain. For this reason, potentiometers were
changed by fixed resistors. Older type resistors have
been changed with more accurate and stable ones;

* During the campaign, some instabilities were ob-
served during voltage ramp-up. The complete control
loop modifications were simulated and implemented,
first in the testbed for checking and testing, and
subsequently on all protection systems;

* A new monitoring system is being installed for the
filaments of the ion sources. The original system only
monitored for open-circuit. However, the more dan-
gerous fault is ashort-circuit between the filament and
the ion source bucket. The new circuit incorporates
the monitoring function for both possible faults;

¢ Qccasional voltage dips were experienced in the rec-
tifier output voltage for the Grid | power supply at the
start of the pulse. When this ocurred, the voltage
across the regulating tetrode became too low and the
pulse was terminated. Recent measurements on the
PINI and the ion dump have shown that the original
specifications can be relaxed, i.e. a voltage dip of 15%
for 50ms is allowed in the PINI voltage at the start of
the pulse. Testing of a new circuit which incorporates
the allowance for a 15% dip is now in progress. This
will eliminate the cause of premature pulse termina-
tion, leading to more reliable operation of the system.

* During the shutdown, all protection systems are being
tested on dummy load, the calibration and control loops
are checked upto full performance. The SF6 towers were
opened and checked, a few connectors were replaced.
The pressure relief valves on the SF6 towers were moved
from Building J1H to the Basement in preparation of the
DTE experiment. A pressure monitoring system was
installed between the two bursting disks; this will give an
early indication of any problem with the bursting disk

nearest to the SF6 tower.

lon Cyclotron Resonance Frequency
Heating Power Supply

The ICRF power supplies continue to operate without
major problems. Routine maintenance is performed at
regular intervals. The power supplies are used during
operation with the RF generator connected to the antenna

and during the shutdown with the RF generator connected



Table Il - Expenditures on Electricity in 1995

Units ECU/ ECU®
(kWh) kWh®"
National Grid® - - 119,273
National Power 10,558,580 0.056 552,449
Southern Electric 31,511,380 0.053 1,680,452
AEA Culham 4,291,585 0.053 227,692

(1) average unit cost including all charges
(2) including all other charges in addition to the unit charge
(kWh) (I ECU = £0.8488)
(3) connection charges
to a dummy load. As far as the power supplies are
concerned, both operational modes are similar, so that

these supplies are operated almost continually.

Lower Hybrid Current Drive Power Supplies

Operation of these power supplies is following similar lines
- as the ICRF power supplies. These are used either with the
klystrons connected to the launcher or to the dummy load
almost on a continual basis. Routine maintenance is per-
formed at regular intervals but no major changes have been

necessary since their early commissioning.

Glow Discharge Cleaning Power Supply

The Glow Discharge Cleaning Power Supply was used
extensively during operation, for the cleaning the vessel
wall. Atthe start, cleaning was only carried out atlow voltage
(300V) and low current (2A). Later, some experiments were
undertakentocheck thecleaningefficiency athigher voltages
(600V). Atthese voltages, instabilities on the current and the
voltage were observed. Consequently, the control loop inthe
power supply was modified after which operation at high

voltage was possible without further problems.

Power Distribution

No major installations at 33kV and/or at 11kV were
foreseen in 1995. Therefore, work mainly dealt with
design, construction and installation of new plants at

415V, repairs/modification and routine maintenance.

Service, Design and Installation Work

Electrical supplies at 415V were provided for the new
Health Physics Laboratory, the Beryllium Handling
Facility, the Metallurgy Laboratory, the In-vessel Electri-
cal Distribution, and the TAC. Other important jobs were

TECHNICAL ACHIEVEMENTS DURING 1995

the re-location of the 300k VA Cryogenic Section Board,
the IVIS Control cubicles and the installation of a 60k VA
UPS in Building J1S. In addition, there were a large
number of ‘minor’ installations, for a total number of 500
jobs. Most of them were concerned with cable installa-
tion: about 70km of cables of various functions and size
were installed during the shutdown.

In preparation for DTEI, an accurate revision of cable
blocking in all Basement and torus cable penetrations, to
allow adequateradiation shielding, has been an important

task associated with cable pulling.

Design Work

A large number of New Projects have been implemented

during 1995, and have required extensive design work.

Significant examples were:

» PDFA Power Filters: design of the layout, including
forced air cooled resistors, tuned filter assembly, control
and instrumentation and support steel structure;

* PVFA System: design of snubber assembly, reposi-
tioning of DCCT’s, modification of dummy load;

* Study for TF Enhancement to 4T: design of the civil
work for the new transformer assembly;

¢ Study for NB Enhancement: design of power supplies

schematics and plant layout.

Maintenance

In addition to the shutdown routine maintenance, the

following main maintenance tasks were performed:

¢ Overhauling of the three 400kV-300MVA (pulse)
transformers, including the automatic tap changer, the
test of oil samples and the test of the fibre optic links;

* Overhauling the 3.3kV and the 36kV distribution sys-
tems, including HV cubicles, switchgear and cable
terminations;

* Complete servicing and oil testing of three 36kV/
415V/3.5MVA transformers for the PINI auxiliary

power supplies.

Supply of Electricity

Electricity is supplied to JET at 400kV (main tokamak DC
pulsed loads) and at 1 1kV (AC auxiliary loads), by means of
four contracts: with National Grid and with National Power
for the supply at 400kV, Southern Electricity and Culham
for the supply at 11kV (the latter is used as a back-up during
maintenance or failures of the JET 132kV/11kV Substa-
tion). The bills for the supply of electricity in 1995 are shown
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in Table I11. (It should be noted that the first six months only

were operational months).

Machine Services
Some major modifications in the cooling system have taken
place during the 1995/96 shutdown, with particular rel-

evance 1o the safety and reliability for the D-T operation.

The PF-TF Water-Freon Management
System Re-build

The system controls all the main sequence of operations,
encompassing and backing the operation of most systems
cooling loops, and coordinating their protections.

The system has been re-built, and relocated. The 15 year
oldelectronics including the PLC were replaced. The system
interface to C1SS (Central Interlock Safety System) was also
changed to meet safety requirements for the D-T phase, and
the control enhanced to include new remotely controlled
isolation valves. The cubicles, previously located in the
Basement plant-room, where access during the D-T phase
would be severely restricted, were moved to a new location
in the 6MW Chiller building. This entailed wiring the
cubicles to the plant via new cables. The re-build was

completed in December 1995.

Remote Isolation Enhancement

The PF system was enhanced by fitting pneumatic actua-
tors to the isolation valves of the cooling loops of the PF
system. Twenty valves, which were up to the previous
period of operation of manual type, have been modified
to be remotely operated, and also five new isolation
valves were fitted into the system for the same purpose.
The isolation of any of these loops, in case of leaks or any
other reasons, could be easily performed without requir-
ing access to restricted areas, and they will be controlled

via the PF-TF management cubicles.

TF Pumps Magnetic Drive Modifications
The TF Freon motor pumps have been moditied to include
a seal-less magnet drive coupler. In the past, the pump seal
was a hydraulic oil seal and this caused some problems as in
various instances oil would be lost in the freon, or freon
would diffuse in the oil in some quantities. This problem
must be addressed prior to the active D-T phase.

The magnetic drive coupling intrinsically seals the
pumped fluid from the surroundings, and does not require

a seal between impeller shaft and volute case of the

24

pumps. However, it requires internal cooling for the
shroud interposed between the magnet connected to
the motor, and the magnet connected to the impeller
shaft, as it is subjected to eddy currents.This was
already a feature of the Divertor Freon pumps, but
these are of considerably smaller size and of standard
production. The magnet coupling drive for the TF pumps
had to be especially designed as a retrofitting on the
existing pump, due to their unusual large size and flow/
pressure characteristic curve.

The development had to overcome problems related to
the ceramic bearings. The silicon-carbide bearings had to be
changed during the development, while the shaft bearings
were changed to tungsten-carbide. Different cooling paths
for the internal cooling were also tested to achieve the
required flow. Following the modifications on all the three
pumps, tests were carried out on the freon system at JET in
Augustand October. All the tests were successful. Flowmeters
and thermocouples and instrumentation of the pumps inter-

nal cooling were also wired to the new cubicle.

Sampling of Cooling Fluids

Four sampling boxes were installed, to allow the simple
retrieval of samples of PF and PINIs, Octant Nos.4 and 8,
water, and the TF-Divertor freon. This allows the moni-
toring of the progressive activation of the freon and
contamination by tritium in the demineralised water,
during the active D-T phase.

The system relies on a sequence of automated valves
and on a trickle flow of the fluid through the sampling
box. This avoids draining dead legs in the circuit where
the validity of the sample would be doubtful, and it will

be simple and safe.

In-vessel Components Drained

Woater Tank

A new holding tank (of ~4m?) has been installed in the
Basement South Trench. This will hold the water drained
under any circumstances, including protection activated
drain, and water of in-vessel cooled components, accord-
ing to the requirements for the active phase. This will
allow sampling of the water before being discharged
through the Waste Management active drain. Routed to
this tank are also the drains of the PINI and NIB systems,
under controlled discharge, and the SF6 tower bursting
disk and pressure relief exhaust. The SF6, which would

also become activated during the D-T phase, if released,



would then be directly routed, through the tank vent, to
the environmental stack and discharged, without con-

taminating the Basement.

Nitrogen Gas Distribution
Enhancement

The nitrogen gas distribution system consists essentially
of two lines, one at 4barsg and the other at 1.3barsg
supplying a number of users. In the past, it was not
possible toisolate the line to each user, nor was it possible
to account for the gas usage.

In the shutdown, isolation valves and gas mass
flowmeters were fitted to each of the six user lines and, a
new line has been installed dedicated to the venting of the
vacuum vessel. A new cubicle, located in the West Wing,
was built for the instrumentation electronics and interface
to CODAS. This will allow remote monitoring, from the
Building J2 Control Room, of the status of the distribu-
tion, detection and assessement of leaks or malfunctions.
A new hardwired low pressure protection, for the venting
of the vessel, has also been installed, set to close the

pertinent flow valve.

Engineering Analysis

With the installation of the single-null pumped divertor,
JET became even less symmetric (above and below the
mid-plane of the machine). In addition, the experimental
programme required alarge variety of scenarios to optimise
physics performance. Therefore, more emphasis was given

to the engineering analysis.

Engineering Aspects of 1994/95 Operations

A specific objective of the engineering analysis of operation

work is to study the plasma instability and disruption effects

and their mechanical consequences, to assess the reliability
of the machine in the light of higher performance.

New problems were encountered during divertor
operation:

» The vertical position of the plasma is more difficult to
stabilise, mainly due to the smaller plasma size and
the resulting reduction of passive stabilisation by wall
currents, but also due to the fact that larger equilib-
rium field gradients are needed for the desired divertor
configurations;

* The magnetic configuration with single X-point is
strongly up/down asymmetric. As a consequence,

rapid disturbances like giant ELMs and giantsawtooth
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relaxations often led to loss of stabilisation so that
the plasma moved vertically by typically 1m before
disrupting. This kind of VDE can cause particularly
large dynamic vertical forces at the torus. Forces up
to about 8MN had been anticipated during divertor
design for an upward VDE of a strongly elongated
6 MA plasma;

The new in-vessel components are exposed to eddy
and halo current loads, arising from fast plasma cur-
rent variations during the energy quench and the
current quench and from VDEs. In some cases, these
loads were higher than expected and caused damage
to some of these components. The non-uniformity of
halo currents may have enhanced local forces;
During 1995, a new and unexpected disruption-re-
lated phenomenon was observed and measured for the
first time. This was the sideways displacement of the
whole vacuum vessel (i.e. is a lateral movement in the
horizontal plane). Many previous disruptions have
been re-examined, including ‘pre-divertor’ opera-
tion, and some similar, although less significant, events
have been found. In JET (and in other tokamaks), the
existence of small deviations of the mechanical re-
sponse of the vessel and of the magnetic measure-
ments during disruption from the assumed toroidal
symmetry has been accepted for long time, but this
latest finding highlights a completely new aspect of
the non-symmetric behaviour of plasma induced cur-
rents and forces. Pulse No. 34078, with plasma cur-
rent 3.5 MA, resulting in a vertical instability/disrup-
tion, is a typical example. It shows both the trend of
the global axisymmetric parameters and also the larg-
est recorded sideways displacement of the vessel.
This was an average displacement of 5.6mm (in the
direction from Octant No. 5 to Octant No. 1) accom-
panied by a force reaction at the MVP in the same
direction of ~550kN. Taking into account the dynamic
effect of the huge mass of the vessel, this meant that a
horizontal pulse of more than one hundred tonnes must
have been applied to the structure. The typical trends of
the plasma current I, the displacements of its centroid
and the total vertical force measured at the vessel sup-
ports are shown in Fig.21. This total force does not
directly represent the electromagnetic forces acting on
the vessel, butindicates the effect of these forces through
the dynamic response of the vessel, (ie, the inertial and

constraint spring effect).
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antennae have been replaced and bump limiters have
been installed. Finally the reciprocating probe has
been replaced with a boron nitride one, which has a
very good thermal shock resistance;

* In 1995, a new template for technical documenta-
tion was introduced (TCD-IVA Technical Control
Document - In Vessel component Assessment).
The aim of this document is to formalise the analy-
sis of any component installed inside the machine,
with the purpose of evaluating its electro-mechani-
cal performance and permissible operating range.
Any TCD-IVA highlights clearly the list of physics
and engineering assumptions considered in the cal-
culation (which often are critical to reach reason-
able conclusions), as well as the list of Responsible
Officers for the assessment. So far, a few dozen
components have been covered by a TCD-IVA
document, including diagnostics (reciprocating
probe head. 1VIS probe), parts of the divertor (like
the Mark Il module-vessel junctions) and other
major components; extensive work for example,
has been undertaken on the lower saddle coils and

on the modified poloidal limiters.

Machine Instrumention

Analysis of the events of the the 1994/95 campaign
suggested that more instrumentation was needed on
the machine for a better understanding of the effects of
these events on the vacuum vessel structure and for
machine protection. Unfortunately, there is no access
to the vacuum vessel main body. Therefore, the new
instrumentation, with few exceptions, is mainly
related to the vessel ports and to the in-vessel
components.

The instrumentation of the torus and of the TF and PF
coils comprises about 950 signals in the Mark I phase and
about 1220 signals in the Mark Il phase. Of particular
interest are measurements of halo currents. During the
Mark 1 phase. the top/bottom toroidal field difference
could not be used to derive the total poloidal halo current
as currents in the target obscured the evaluation. A TF
probe has now been installed above the target base plate
in Octant No.4 so that an evaluation of the total halo
current should be possible. Moreover, poloidal currents
in the target can now be derived from the top/bottom TF
differences at Octant Nos.3 and 7 after correction by the

current in the target plate.
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Neutral Beam Heating

Overview

During 1995, the Neutral Beam Heating system and other
associated systems again played a fundamental and suc-
cessful role in the JET Programme.

The Operations and Cryogenics groups had an intense
operational campaign up to mid-June followed by the shut-
down during which extensive maintenance and improve-
ment activities were carried out. During the operational
campaign, the injectors performed with high reliability and
availability (atthe 90% level ineach case). Thelarge injector
cryopumps were routinely operated with close to 100%
reliability and the new Pumped Divertor (PD) and LHCD
cryopumps were also most reliable.

The Engineering Group had a heavy commitment in
the shutdown period, procuring and installing new Iner-
tial Calorimeters for the beamline and extensions to the
Duct Scrapers. Conversion of the Positive Ion Neutral
Injector (PINI) beam sources for final tritium operation
was also underway. The Engineering and Operations
groups were also involved in the construction of the new
gas introduction system for the PINIs in D-T operation.

The Testbed Group continued the characterisation of
PINIs and their conditioning and progress was made in
the area of high heat flux element testing and beryllium
power handling.

In addition, there was considerable activity in design
proposals and prototype tests for a possible enhancement
to neutral beam power on JET. This proposal is described

in a separate section.

Neutral Beam Operations
NBI Performance, Reliability, and
Contribution to the JET Programme
Neutral beam injection (NBI) was used on nearly every
operational day of the 1995 experimental campaign.
Whilst the number of pulses with neutral beams during
1995 was less than in 1994, due to the shorter duration of
the campaign, the proportion (63%) was the highest of
any operating period. The level of NB usage in 1995 is
compared with other years in Table IV, which also
indicates the number and proportion of intermediate
power (>10MW) and high power (>15MW) NB pulses.
The basic configuration of the two injector boxes in
1995 was similar to 1994. One box was equipped with

eight ‘high voltage’ (three-grid or triode) Positive Ion










































TECHNICAL ACHIEVEMENTS DURING 1995

hydrogen minority ICRH have been combined with I 7MW
of neutral beam injection to give a total additional heating
powerof 32MW into a 2.5MA radiative divertor plasmas.
H-modes with RF only have been produced for plasma
current up to SMA and record electron temperatures, up

to 15keV have been achieved.

Control Electronics

Some key components of the new electronics control
system were identified not to perform according to speci-
fications and have severely limited the ICRF plant capa-
bility. Significant effort has been devoted to identifying
these problems and to establishing proper solutions.

The replacement of the electronic phase and frequency
control module (PFCM) was delivered in February 1995,
and gave a dramatic and immediate improvement in the
operation of the RF amplifiers with the new A2 antennae.
The first design produced outside JET had a substantial
problem with the feedback loop controlling the operating
frequency and its phase. The incorrect operation of the
loop caused sidebands and false locking of the oscillator
which substantially reduced the output power that could
be obtained on plasma. The new electronic module, of
novel design, is immune to false frequency locking and
accurately controls the output phase of the RF amplifiers.
It has allowed the RF Plant to couple 16.5MW limited by
voltage on the antenna. In addition, it is now possible to
reliably condition the RF antennae to exceed 30kV with-
out spurious tripping.

In March 1995, a new design of electronic amplitude
and phase detection module (APDM) was delivered and
installed giving improved control of the phase and ampli-
tude. By converting the RF signals into two quadrature
digital streams and using a digitally stored look-up table,
the amplitude and phase information could be produced
with minimal noise and drift. Just before each pulse, the
detectors were zeroed and any residual DC-offsets re-
moved. This has cured the long-term drift in the previous
design, which necessitated checking of each individual
detector circuit (a total of 192). Accurate frequency
filtering allows the RF generators to be staggered in
frequency reducing the cross coupling interference to the
arc detection or tripping circuits.

Edge Localised Modes (ELMs) occurring mostly dur-
ing neutral beam heated plasmas present a large load
change to the RF amplifier. These occur with <100ms rise

time, last for several tenths of milliseconds, cause a large
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mismatch, trigger the arc detection circuit and cause

tripping of the RF power. As the original suppression

period was fixed at 20ms, the RF power is substantially
reduced when long duration high frequency ELMy peri-
ods occurred. To combat this problem, several solutions

were implemented using a fast digital output from the D

light emitted at the plasma periphery (diagnostic KS3):

« at the end of the ELM period, restart the RF power
immediately;

» at the start of the ELM period, momentarily desensi-
tize the arc detection circuit;

* using the automatic matching error signals, identify
the high impedance load and momentarily desensitize
the arc detection circuit.

The new electronic circuitry was designed, built and
installed at JET in April and gave good results during
heating of ELMy plasmas.

During the shutdown, three new electronic modules
associated with the amplitude control, tetrode protection and
timing are being rebuilt, incorporating further enhance-
ments and additional control facilities. These changes will
allow efficient antenna conditioning by using an automatic
power reduction system when frequent arcing occurs. De-
signed and built in-house, the twelve prototype modules
were tested five months after the start of the shutdown and
incorporate advanced programmable logic systems allow-
ing for future flexibility in operation. Changes to the RF
generators, required for the new modules, have been com-
pleted and commissioned and the sixty production units are
due for delivery in January 1996.

A major change to the RF plant computer control and
operation (CODAS) is planned towards the end of 1995.
This will lead to the following benefits:

* improvements to the coupling resistance feedback
system (plasma positioning controlled by RF);

» control of launched RF power;

» real time control of RF power;

» swiftchangesallowing antenna conditioning between
pulses.

Previously generated in local CODAS equipment,
amplitude and phase waveforms for the RF plant will now
be generated by a central source, the RF Local Manager
(RFLM) using the VME standard. These analogue wave-
forms will be distributed to each RF generator over fibre
optic links. Directional coupler signals are sent back to
RFLM for real time calculation of coupling resistance,

output and launched power.
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Table VIil:
Lower Hybrid System on JET

Table VII:

Hydraulic Stub Design and Performance Parameters

Spring rate 1400N/m

Steady (vacuum) load 350N

Moving mass I5kg

Stroke 70mm

Capacitance 20-300pF

Acceleration 50ms?

Velocity [.5ms’!

Positional accuracy 0.5mm

Response time <50ms

Duty 30mm amplitude 0.5Hz
for 1000s

Space envelope 235mm diam. in line
with stub

Operating pressure 210bar

Cylinder size 40mm bore x 28mm rod

Fluid volume inside loop  0.27

Loop gain [79s!

Closed loop resonance 46Hz

Velocity error [.8mm

plete system of 72 stubs for a system of 36 antennae on
ITER have been defined, and the cost estimated.

In comparison with a electric servo-motor driven sys-
tem, the hydraulic drive potentially offers faster response,
but with increased complexity of plant and associated

maintenance requirements.

Lower Hybrid System

Lower Hybrid power up to 7.3MW has been coupled to
plasmas, using 8.2MW of generator power. Long pulses up
to 13s duration with high power at a level of 6 MW have been
applied. A maximum energy of 67MJ was transferred to the
plasma. A high availability of the LHCD system was main-
tained through a routine maintenance program and regular
conditioning of the klystrons and the launcher. Experiments
focused on profile control experiments with LHCD off-axis
current drive. The LH power deposition profile was studied
for a wide plasma parameter range in experiments and
modelling studies. Sawteeth were suppressed in high power
ICRF and NB heating phases with preceding LHCD. The
performance of hot-ion H-modes was improved with LHCD
profile control. Indischarges with negative central magnetic
shear, improved confinement was obtained during strong

central electron heating with LHCD.

LHCD System
An overall view of the LHCD system is shown in Fig.55

including the power plant, the transmission line and the

Plant

Frequency
Number of klystrons
Power (generator)
Pulse duration
Duty cycle
Efficiency

Phase control
Phase accuracy
Maximum VSWR
Transmission line
Length

Insertion loss
Launcher

Number of waveguides

Dimensions of waveguides

Position control
Radial movement
Radial stroke
Baking temperature
Pumping

Total weight
Coupling control

Woave spectrum
Maximum
Full width

3.7GHz
24

12MW, (15MW)
20s, (20s)

1130

42%

|0kHz

10°

1.8

40m

IdB

grill type, 48
multijunctions (copper
coated stainless steel)
384 (12 rows x 32
columns)

height: 72mm,

width: 9mm,

wall: 2mm

hydraulic actuators
5ms2, 33mms"!

210mm

450°C

cryopump, 85 000 /s
15tonnes

launcher position
control

plasma position control
local gas puff

N|| =1.4-2.3, adjustable
AN, = 0.46

launcher. The JET LHCD system consists of 24 klystrons
feeding a phased array of waveguides mounted on the main
horizontal port of Octant No.3. At the rear of the launcher,
the power from the klystrons is split by a hybrid junction and
transmitted through flexible waveguide elements that allow
the launcher to move radially. At the back plate of the
launcher vessel are 48 windows. These have two ceramic
discs with a pumped interspace to provide the double con-
tainmentrequired for tritium operation. The launcherhouses
48 multijunction assemblies. These split the power in one H-
plane and 6 E-plane junctions and have mechanical phase
shifters to produce a slow travelling wave across the grill
mouth. The main parameters of the LHCD system are given
in Table VIIL

The electron density at the grill mouth must be about

1x10*¥m™ for the LH wave to propagate into the plasma.
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Pump Local Controi Unit
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Fig.56: Position control schematic.

different areas of the grill, to provide homogeneous
coupling;

» real time control of the loop voltage and the internal
inductance by feedback control of the LH power with
upgraded systems for signal processing and with new

fast algorithms.

Position Control

To obtain the best coupling for the LHCD launcher, the
distance between the grill mouth and the last closed
magnetic surface must be controlled. For this reason, the
radial position of the antenna can be varied during a
plasma pulse under a feedback control based on the value
of the reflection coefficient. Figure 56 shows a schematic
of the position control system. The position of the launcher
is controlled by three hydraulic systems. The first one,
called Offset Circuit, compensates for the atmospheric
pressure load against the evacuated vessel. The second,
called Legs Circuit, controls the position of a movable
buffer (called Legs), which enables the positioning of the
antenna within a range deemed safe for operation. The
third, called Servo Circuit, moves the launcher to a given
position either outside a pulse or within a pulse under
feedforward or feedback control.

During plasma shots, the LHCD antenna can be moved
radially forward up to +30mm, relative to the poloidal limiter
position. The launcher follows a position waveform with or
without additional feedback on the reflection coefficient

which allows a movement of *20mm around the pre-

programmed position waveform. The bandwidth of the
hydraulic control system is 1-5-Hz. The reflection coeffi-
cient has been kept constant at the requested value between
2-10%. During the shutdown, the Launcher Position Control
System has been upgraded, so that the Control Unit, is on a

digital system to improve performance and flexibility.

Coupling

The power that can be coupled to the plasma depends
critically on the reflection coefficient seen at the input of
the launcher. The reflection coefficient is determined by
the density immediately in front of the grill. This density
in turn is determined by the distance from the launcher to
the plasma Last Closed Flux Surface (LCFS), and the
density decay length in the scrape-off layer. The density
decay length in the scrape off layer is determined by the
connection length for the field lines in front of the launcher.
Figure 57 shows the measured reflection coefficient ver-
sus the launcher-plasma distance, illustrating how the
reflection coefficient depends exponentially on this dis-
tance, and how the density decay length is influenced by
variation in the plasma configuration.

Another factor that influences the density decay length
in the scrape off layer and hence the coupling is edge
confinement (whether the plasma is in H-mode or in L-
mode). When the plasma is in H-mode, the coupling is
degraded compared to the L-mode coupling illustrated in
Fig.57, corresponding to the density decay length being

reduced by several mm. ELMs during the H-mode result







Real Time Central Controller (RTCC)
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Fig.59: Schematic of the Real Time Power Control for LHCD.

coefticient during the development of the ELM-free periods.
When an ELM appears, the position control cannot respond
sufficiently fast, and the density in front of the launcher
becomes too large for a short period. This fast variation in
density during ELMy H-modes has so far strongly limited
the power that could be coupled to ELMy H-modes.

Real Time Power Control
The current profile control experiments are currently
conducted in a pre-programmed way, where power and
phase waveforms are specified before the discharge. This
open loop operation of the machine is subject to varia-
tions in the plasma conditions leading to uncontrolled
excursions of the non-inductive current generated by the
LH waves and the resulting total current profile.
Automatic control concepts with a perspective of ap-
plication to steady-state operation scenarios have been
therefore developed for the Lower Hybrid system. Refer-
ence waveforms are imposed to a set of plasma states, in
contrast with the open loop operation in which power and
phase waveforms have to be specified. The plasma pa-
rameters to be controlled in real time are loop voltage and
internal inductance. The system is implemented in a front

end computer working in discrete time steps with sam-

of these algorithms is configured using the Level 1
editor. These are typically waveform generation of
feedforward powers, references for feedback, feed-
back timing, filtering and PID control. The network
output is calculated every 10ms. The profile control
algorithm is implemented in this area. The result of
the processing are a power and/or phase demand sent
through an Ethernet connection to the Lower Hybrid
Local Manager;

* the Lower Hybrid Local Manager ( LHLM) reads the
power and phase requested by the RTCC and passes it
on to the power plant after some basic processing such
as clipping between maximum and minimum power
settings and filtering. Provision for local feedback
control of the generated power has also been made in
the Local Manager.

Initially, a simple loop voltage controller has been imple-
mented while establishing the engineering basis of this new
control concept. In the longer term, a more advanced control
scheme to control both loop voltage and internal inductance

using LH power and phase is envisaged.

Scientific Achievements
LH Power Absorption

pled data. The fraction of the coupled LHCD power absorbed has
The control system consists of three main parts (shown  been determined by a method utilising the time derivative
in Fig.59): of the total stored energy. The time derivatives of the

¢ the Real Time Signal Server (RTSS) collects signals
from numerous plasma diagnostics and performs some
simple processing such as calibration and filtering;

* the Real Time Central Controller (RTCC) reads from
a common memory area, shared with RTSS, of the
relevant diagnostics selected for feedback. It then
executes a network of interconnected algorithms pre-

scribed by the user. The selection and interconnection

plasma energy and the magnetic energy are evaluated
directly after either the switch-on or switch-off of the
LHCD power. This method can account for the power
absorbed inside the normalised flux coordinate, y = 0.7.

The evaluation of the LHCD power absorption coeffi-
cient, o, has been performed on 69 LHCD discharges in
a wide range of plasma parameters. The most important

parameter is the electron density. The absorption coeffi-
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settings.The output now provides forevery discharge analy-
sis data files with the time evolution of count rates, line
integrated intensities, local intensity profiles, also normal-
ised by density and time traces of peak and width of the
deposition profile. The profile inversion has been mapped
on EFIT equilibria, where the local deposition profiles are
approximated by parametrised model functions revealing
the major deposition shape characteristics. For this purpose,
the non-linear fit is performed applying a Levenberg-
Marquardt algorithm. A wide spectrum of deposition shapes
from centrally peaked to far off-axis have been observed.
For astatistical approach to analysis of functional dependen-
cies of the LH deposition profile, about 100 FEB profiles
have been analysed and a data base built up in the parameter
range a (n )=4.6(6.0)x 10"*-3.0(4.0)x 10”m”, <T > (T, )
=0.8(1.7)-3.7(13.8)keV,1 =1.5-3MAand B =2-34T.

LHCD Modelling

The LHCD experiments on JET have been modelled by
means of numerical codes including ray tracing and beam
tracing to describe wave propagation and 1D and 2D

Fokker-Planck codes for the absorption calculations.

Current Drive Efficiency Calculation.

More than 50 pulses covering a wide range of parameters
were modelled.The LH current drive efficiency
Nep=1, 5 (A)xn (10°m)xR (m)/P (W) increases with vol-
umeaveraged temperature in the range of 0<<T »< 1.5keV up
to values of N, =0.3. Saturation was seen at low density and
high LH power (P, >4MW). Possible causes of the satura-
tion have been investigated. For most of the discharges, the
LH driven current profile differs from the ohmic one.
Therefore, a negative electric field is induced in a plasma
region where the local LH current is greater than the ochmic
current. This negative field strongly decreases the LHCD
efficiency. The effect of saturation is well pronounced in low
density discharges withn_<1.5x10'" m”. Calculations show
that the energy content of suprathermal electron population
increases above the bulk electron energy.Hot electron con-
ductivity increases to the level of the Spitzer conductivity
and above in this case. Negative electric field in conjunction
with LH power can create runaway electrons in the direction

opposite to LH driven current due to pitch angle scattering.

Profile Control Experiments
A wide range of LH driven current profiles j ,(r/a) have
been observed in the LHCD experiments. The LH current

ECHNICAL ACHIEVEMENTS DURING 1995

deposition profiles are derived from Fast Electron
Bremsstrahlung (FEB) measurements. The FEB profiles
broaden with higher electron density, plasma current and
broader temperature profiles. This tendency is well repro-
duced in modelling. Details of the experimental FEB
profile are sensitive to moderate variations of the plasma
density and temperature. The calculated current profile
Juu(t/a) is stable. There are only small changes in j ,(1/a)
for small variations of n (r/a) and T (1/a). Modelling of
LHCD during the current ramp-up stage with [ <1.5MA
shows that, in a plasma with a narrow peaked temperature
profile (n,_<1.5x10""m?), the power deposition is local-
ised close to the plasma centre. Efficient electron heating
leads then to freezing of the current profile in the central
plasmaregion. Broadening of the temperature profile and
increase of the plasma current lead to a shift of the power
deposition from the centre. Calculated LH current and
power deposition profiles are broad and hollow in dis-
charges with <T>>1.5keV and I,>2.5MA during the
quasi stationary phase preceding the NB heating phase.
Simulated FEB profiles are in reasonable agreement with
the experimental data. Sawtooth stabilisation and £, de-
crease are observed in the experiment. The performance
of hot ion H-modes has been improved due to preceding

current profile modification with LHCD.

Code Development

The LHCD code development has focused on further

work on Fokker-Planck code validation and on structural

changes required for routine use in the analysis of experi-
ments.

1) The relativistic 2D Fokker-Planck solver implemented
in the LHCD code has been validated by comparison
with the 3D code “Bandit”, as well as with analytical
solutions. Particular attention has been paid to the cases
of a wide spectrum (low plasma density), high magni-
tude of the quasi-linear diffusion coefficient D, (high
LH power) and negative electric field. It has been found
that both codes give similar solutions for low D <1
Numerical instabilities arise in Bandit for D,>1 .The 2D
solverstill gives quite reasonable results. Smoothness of
Dql isrequired in the momentum space to obtain a proper
solution. The position of the outer boundary in the
momentum space is also very important.

2) A fast version of the LHCD code has been imple-
mented on a PC for scenario modelling studies. The

CPU time consumption on the IBM mainframe com-

55



























TECHNICAL ACHIEVEMENTS DURING 1995

use of the full 150barf reservoir content. This would corre-
spond to ~90mbar/s! equivalent primary fuelling rate. The
repaired cutter beam and magnet has now performed about
half a million cutter actions. Pellets from these long-pulse
operations have been accelerated by the centrifuge at speeds
around 400m/s.

The second extruder for 4mm pellets is well advanced,
and should be ready for installation at the start of 1996. Itis
intended to be commissioned before plasma start-up. On the
experience with the first extruder with the difficulty of
extruding ice, a review panel came to the conclusion that as
a matter of design safety, the extrusion pressure should be
enhanced. The reservoir cylinder was equipped with an
insert reducing the cross-section area of cylinder and piston
by factor of 10 but the pressure could only be raised by a
factor of 3.5 for the reason of insert sealing. The obvious
penalty was the reduction of the reservoir volume by about
the same factor, but it was felt that 10bar¢ would still be
sufficient without apparent experimental limitations. For
this extruder, the available force approached the shear
strength of the ice, if the ice were firmly frozen to the channel
wall. If similar performance values could be achieved for
this extruder, then fuelling rates of around 300mbar(s’
could be expected at 4Hz.

The advantage of this development approach along the
lines of the two extruders on somewhat complementary
extrusion principles is that valuable design data for a
centrifuge to feed ITER-like machines can be evaluated
in parallel and moreover in the proper environment of

such a machine.

iii) Centrifuge performance summary
The pelletcentrifuge system performance expected for torus
operationis: 2.7mm pellets are available with repetition rates
of up to 7Hz but with extrusion speed is limited to lcm/s
(equivalent to ~4Hz nominal repetition frequency) leading
to more than 80 mbar//s. Pellet sequence pulse length can be
considered unlimited (usable 150barl of ice, the condensa-
tion of which is performed in about 30 minutes). Pellet
speeds of 150 to 400m/s have been operated and there is no
reason Lo believe that the full range of 50 to 620n/s should
not be available. From comparison with the ASDEX Up-
grade centrifuge, 930m/s (i.e. 300 Hz rotor frequency) may
also be accessible but is outside the initial specifications.
Extruder performance for 4mm pellets can only be specu-
lated on but is not expected to be worse than that of the first

extruder. As a matter of principle for a high inertial moment
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rotor, the centrifuge rotational speed is more or less fixed
during a plasma pulse and can only be slowly changed at a
rate of ~100Hz (i.e. 300m/s) per 10 minutes. Systems
operation should be available all day and regeneration may
only be required once or twice a week. Regeneration with
additional heating is ~2-3 hours; cryopump cool-down after
regeneration is ~4 hours and extruder cool-down with the
cryopump in operation is ~2 hours; both can be performed
automatically (e.g. at night). The simultaneous availabil-
ity of two extruders, although desirable, is uncertain at
this stage due to the tricky regulation problem of parallel
LHe circuits.

The High-Speed Pellet Launcher

The high-speed pellet launcher on the basis of two-stage
gun technology has been under development for some
years. The system was installed on the machine in 1994
and preliminary experiments (e.g. the injection of a
polypropylene pellet for plasma termination) were car-
ried out. However, it was given very low priority and only
very limited effort was spent on the commissioning
during plasmaoperation. Nevertheless, reproducible con-
densation of single pellets, their transfer into the breech
and reliable follow-up by the two-stage gun firing se-
quence for speeds exceeding 3km/s could be demon-
strated for ~400 shots. After initial proof of deuterium
pellets following sabot removal in the microwave cavity,
the injector performance deteriorated, with full technical
performance still available. The experimental window
could not be used, which had been foreseen for deep pellet
injection on the plasma. The reason for this could not be
investigated to this date due to manpower limitations, but
itis believed that the lack of possibility for barrel cleaning

is at least a contributory factor.

Gas Collection System

In the 1994/95 experimental campaign the gas collection
system (GCS) for the analysis of the torus exhaust gas was
operated in a limited way without the use of its specific
LHe cryopump which could not be finalised in time. The
GCS measures the time evolution, absolute amount and
chemical composition of the gas released from the vacuum
vessel by wall out-gassing, after plasma pulses, divertor
cryopumpregeneration and during glow discharge cleaning.
The main tools are pressure and mass spectrometer measure-
ments complemented with gas sampling to external analysis

stations. Figure 70 shows a schematic of the GCS.
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Table X: CODAS Computer Configuration and Allocation

Category Quantity Quantity
end 1994 end 1995
Server 10 6
0 4
MMI 13 7
3 4
0 5
Host systems 4 4
Control system 17 16
Diagnostic 10 9
system
Communication 2 2
5 4
Off line 0 22
development 0 4
I l
]
Computer Totals 76 88
X-terminals 87 112

Machine type Memory Disksize in
in MByte GByte
Sun SPARCserver2 64 0.424
Sun SPARCserver5S 64 0.535
5x1.6 RAID
Sun SPARCserver2 64 0.424
Sun SPARCstation2 32 0.424
Sun SPARCserverS 64 0.535
Sun SPARCserver2 32 0.424
Sun SPARCserver2 32 0.424
Sun SPARCserver2 32 0.424
|
Sun 4/670 128 1.6
Sun SPARCserver2 32 0.424
Sun SPARCserver2 64 0.424
SPARCserver5 32 0.535
Sun SPARCstation|+ 32 0.424
Sun IPC Workstation 32 0.256

JET components and diagnostic devices are grouped into
anumber of sub-systems. Sub-systems that include parts of
the tokamak and its auxiliary systems are referred to as
control sub-systems; diagnostic devices are grouped into
diagnostic sub-systems. Each sub-system is controlled and
monitored by one dedicated computer interfaced to the
machine and its diagnostics through CAMAC and/or VME
instrumentation. Embedded front-end intelligence is imple-
mented through CAMAC and VME-based microprocessors

for real-time applications.

Networks and Computers

Ethernet networks

The Ethernet networks are split into two main areas:

¢ the site-wide network (JETnet), which supports the PC
and UNIX connections from offices and laboratories on
site. This network has been steadily improved by CODAS
and Data Management Group (DMG). New Ethernet
switches are being installed in strategic places to replace
old equipment and improve performance and fault find-
ing facilities. These are interconnected via two Fibre
Distributed Data Interface (FDDI) rings giving a band-
width of 100 Mbps rather than the 10 Mbps of Ethernet;
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« the second section consists of all the networks re-
quired to support the control of, and data collection
from, VME and PC-based systems distributed across
the site. The various connections provide the structure
of the client server UNIX system and the data collec-
tion and transfer medium. Over the year, continuous
improvements have been made to this system but a
review of the organisation of the plant segments is
planned for next year. Also included in this area are
some dedicated sections of Ethernet, which are used
for real-time systems. These have the economy of
standard hardware and software, while still maintain-
ing sufficiently certain communication paths.
Progress has been made in provision of network manage-

ment facilities and a new Simple Network Management

Protocol (SNMP) stack has been introduced. This makes the

installation of new Management Information Bases (MIBs)

simpler when adding new equipment. New Ethernet inves-

tigation tools have also been purchased and installed.

Network and Sub-system Performance
During the last two months of operations, it was apparent

that the overall load was increasing on a number of sub-
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Table XII
Review of CODAS Electronics Stock Holding

Table Xi

Quantitative Information on CODAS Installation
ITEM End 1994 End 1995
CODAS Interface Cubicle 167 173
CAMAC Crates 212 211
CAMAC Modules 2,739 2,718
Eurocard Modules

(Signal Conditioning and

Power Supplies) 6,835 7,095
VME modules 252 406
CAMAC Serial Loop

(Fibre Optic) 24 24
On-line Computers 54 57
Off line and Commissioning

Computers 19 32

system computers, the main ones being the Poloidal Field
sub-system (PF) and the Vacuum sub-system (VC). One
of the major contributions was found to be due to the
increased level of monitoring particularly of equipment
connected to these two sub-systems, by users both within
the Control Room, and also outside in offices. One of the
first tasks following the start of shutdown, was to inves-
tigate ways in which this extra load could be minimised.
The resulting proposal, based on providing additional
‘mate’ computers on which to run extra software for
‘object monitoring’, began development towards the end
of 1995. The new scheme will minimise the number of
low level driver calls on the machine sub-systems, thus
reducing the sub-system load to an acceptable level. The
necessary hardware changes have been made, and devel-

opment of the software will be completed early in 1996.

Network Isolation
Towards the end of 1994, attention was given to ways of
restricing access to the system by user’s outside the JET
Control Rooms. A scheme was devised which would
allow isolation of the ON-LINE network from the OFF-
LINE development systems. This system will block the
transmission of Internet Protocol (IP) messages between
the two networks. The effect of this will be to ensure that
Transmission Control Protocol (TCP) and User Datagram
Protocol (UDP) packets cannot be transmitted, and we
can therefore be confident that reasonable isolation is
effected. This concept, called the IP-Gap, received ap-
proval in the middle of 1995, and the detailed planning
was undertaken during the Autumn.

To minimise the inconvenience which would be expe-

rienced by a complete block on communications, those

ITEM End 1994 End 1995
CAMAC system modules 911 91l

CAMAC digital /O modules 843 848
Timing system (CAMAC,

VME & Eurocard) 1,681 1,726
CAMAC analogue I/O modules 1,435 1,475

CAMAC auxiliary controllers 151 150

CAMAC powered crates 280 280
U-port adapter 215 213
CISS modules 1,079 1,339
CCTV 684 683
Cubicle frames 396 406
Power supply modules 2,163 2,165
Intercom, Public Address,

Computer terminal network 844 895
Pool instruments 1,021 1,030
Analogue /O in Eurocard 3,206 3,384
Digital /O in Eurocard 5,080 5,102
Eurocard sub-racks 1039 1,044
JETnet active devices 372 598
VYME modules and sub racks 672 894
Totals 22,072 23,143

Increase 4.9%

services which were required to be available from both
networks, will be installed onto a new computer cluster
called the ‘core services’ cluster. This cluster will block
IP traffic but will allow access from both sides to those
systems installed within the core. These systems include
database services, print services, access to ‘home’ direc-
tories, etc. Provision of the capability for users to monitor
operations using X-displays in their offices, will be satis-
fied by the new ‘object monitoring’ software which will
allow reading of data, but no control, across the IP-Gap.

Installation of the necessary hardware will be com-
pleted before the restart of operations in 1996, and the
‘object monitoring” software (OMS) will be completed
by mid-1996.

Computer Installation
During 1995, the computer installation has evolved both
in terms of computers and X-terminals. Table X gives a

quantitative overview.

Electronics

Most growth in CODAS’s installed electronic hardware
during the year has used VME and related technology.
Overall, there was a 4% growth in installed hardware (see
Tables XI and XII). During 1995, ten new cubicles were
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designed, constructed and installed, 292 fully-documented
hardware improvements were made and 176 maintenance
interventions were recorded. Four of the new cubicles were
for the Central Interlock and Safety System (CISS), while in
the computer room, three new cubicles were fitted out with
UNIX equipment and three more were rebuilt.

New VME modules have continued to be deployed.
The 150 used have mainly been of the flexible type, based
on the Xilinx 4010 gate array and the Motorola 68040
processor (described in the 1994 Report). Memory on the
Xilinx cards has been increased from | to 8 Mbytes per
module, thus allowing sustained high rates of data cap-
ture. Forexample, in the upgraded X-ray diagnostic KX1,
640 20-bit latching scaler channels have been deployed,
in 20 modules, supported by 16 other VME modules

A new CAMAC module, type CPLI1, using a similar
flexible approach has been designed in conjunction with
a commercial firm. Prototypes are newly available. The
module has the same programmable logic devices as the
VME series, Xilinx 4010, but there is no processor. These
are intended, in the first place, to replace CAMAC mod-
ule types which are no longer in production or which
cannot be procured in an economical way, but the design
canbe used for many more complex functionsin CAMAC.

Increasingly, the distribution of timing signals has
been provided through the new Composite Timing and
Trigger Signal (CTTS). Timing signals are encoded onto
a single widely-distributed data stream. The older timing
system now derives its timing marks from CTTS so that
there is no risk of asychronism between the two systems
whilst they coexist.

The serial CAMAC loops have continued to work with
highreliability. The totalamountof CAMAC hardware in
use is more or less static, but this is the balance of new
installations, removals, and conversions of some systems
to VME. CAMAC procurement of new equipment is rare,
most changes being achieved by re-deployments of exist-

ing modules.

Control Systems

Real Time Power Control.

This system comprises a number of cooperating VME
processors, to provide a Real Time Central Controller
(RTCC). Its function is to coordinate the operation of the
various local managers according to feedback networks
defined by users using functional blocks flexibly con-

nected in a variety of ways according to users needs. Input
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signals are derived from the Real Time Signal Server
(RTSS) component, which also distributes the relevant
control signals to the Local Managers. Local managers
are provided for the various heating systems to allow the
capability to control the level of heating power in accord-
ance with a central feedback algorithm.

The software for this system was completed in its
initial form on time, and was used during operations in
March and April 1995. The results have shown that the
system is working well and it has been well received by
users. During the latter part of the year, substantial
changes have been made to integrate fully the central
system operation with the Neutral Beams, Ion Cyclotron
Radio Frequency (ICRF), Lower Hybrid and Toroidal
Alfven-Eigenmode (TAE) controllers, providing a much
greater degree of freedom in the feedback controls.

Other developments have taken place in the Real Time
Signal Server allowing for the generation of complex
signals derived from two or more raw signals using more
complex algorithms. One such example is the movement
of the Plasma Density Validation (PDV) system to this
server, along with its connection to the Plasma Density
Feedback systems. A further extension will take place
during the first half of 1996, in the addition of a Reflective
Memory system to allow the fast reliable distribution of
these real time signals. Initially this will be used to
distribute signals to non-essential components until the

reliability has been properly assessed.

Plasma Density Feedback Control

Towards the end of 1994 and early 1995, the Plasma
Density Feedback (PDF) system was moved into VME.
The main reason for moving to VME, was to provide
enhanced functionality, including a secondary feedback
loop, and control of all Gas Introduction Modules (GIM).
In addition a second VME processor was provided to
allow adaptive density control to be tested in parallel with
normal PDF operation. The controller is adaptive in the
sense that it tunes its own dynamic properties to those of
the process it is controlling, so that the required control
performance is maintained despite the changing proper-
ties in the controlled plant. The plant properties, or the
plant transfer function, is obtained by a concurrent iden-
tification process. In February 1995, the PDF VME
system was fully commissioned and brought into opera-
tion. In subsequent weeks, the Adaptive Plasma Density

Control was operated, which was the first time this type
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more on-line systems have been converted, and two more

will be ready for Operations in 1996.

Control Room
During the last campaign, experience was gained of the new
Control Room layout and its flexible, compact X-terminals.
It offers much more usable space than the former purpose-
built consoles and has been generally well liked (Fig.80).
The Session Leaders suite has been modified in shape to
improve communications with the Physicist-in-Charge and
to reduce crowding around the Engineer-in-Charge. A spe-
cial area has been set aside for next-pulse preparation, being
within sight of the Session Leader, but far enough away not
to disturb the operations of the current pulse.

A new overhead display system was brought into use
in the control rooms. This provides the physicists and

engineers with information relevant to the JET operation.

Data Management

The Data Management Group is responsible for the
provision of the Central Computing Services based on
three separate networked computing environments - the
[BM mainframe system, a cluster of high performance
UNIX systems, and the site-wide network of PCs and
Apple Macintosh computers. The Group is also respon-
sible for the management of JET data and for organisation
and control of routine data processing.

The mainframe computing service is based on an IBM
3090/3001 three-way processor mainframe with two vec-
tor facilities. There are 160 Gigabytes (GB) of disc
storage and a further 2000GB of automated cartridge tape
storage. The service has been operating since June 1987,
initially based on an IBM 3090/200E dual processor
mainframe. This was replaced in February 1990 with the
present 3090/300J, almost doubling the processing ca-
pacity. The system was upgraded in 1995 to increase the
central memory to the maximum of 256 Megabytes (MB)
with a further 256 MB of expanded memory.

In February 1992, a Memorex-Telex automated car-
tridge tape library (ATL) with eight cartridge tape drives
(IBM 3480 standard) and a capac'ity of about 1000GB
was installed to replace the original IBM 3851 MSS. The
ATL notonly provides storage for all the raw data (JPFs)
and archived processed data (PPFs), but also provides
storage for backup and dump tapes that were previously
handled using manually operated cartridge tape drives.

This together with the introduction of automated opera-
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tions via the product AutoMate/MVS eliminated the
requirement for operator cover. In November 1993, the
drives were upgraded to 3490E (36 track) technology
doubling the storage capacity to about 2000 GB.

The JET IBM Computer Centre was originally estab-
lished at the UKAEA Harwell Laboratory but was relo-
cated to Building J2 at JET in July 1992. The service has
since run very successfully from the JET location, pro-
viding the expected improvement in communications,
integration with the UNIX and PC systems, and a reduc-
tion in staff. The integration was further improved early
in 1994 with the introduction of TCP/IP services on the
mainframe using the Interlink SNS/TCPaccess software
to provide more efficient means of data transfer between
the mainframe and the UNIX and PC/ Mac systems. It
also improved the terminal emulation access from the
PCs and UNIX systems. During 1995, the operating
system (MVS/ESA) was upgraded to the latest version,
providing enhanced facilities in various areas, including
the data management software.

The mainframe plays a major role as the data server
and archiver, and also provides a powerful computer
facility used by about 200 staff. The workload includes
the main Drawing Office CAD system (CATIA) support-
ing 32 CAD stations, interactive data manipulation and
extensive scientific data processing including the high

priority Intershot data processing.

The JET Analysis Cluster

Thiscomputing service was established in 1994. This was
initially based on three IBM RS/6000 model 370 UNIX
(AIX) systems. Due to the increasing demand for this
type of computing power, the cluster was enhanced by
installing four more systems, three model 380s and one
model C10 to provide server functions, and, then, during
1995, by adding a further two model 380 systems, and
upgrading the memory and discs on several of the other
systems. The cluster has a total of 40GB of disc storage.
The UNIX systems act as a clustered compute server by
running the Load Leveller work sharing (batch) system,
distributing work to any of the workstations that has spare
capacity.The different classes of work have priority on
different systems, giving a preferential level of service to
certain users, but also ensuring that the system can be
fully utilised even when the priority work is absent. This
mechanism means, for example, that outside Drawing
Office hours the UNIX work-station dedicated for CATIA



Robotics use can be incorporated in the cluster to process
background batch overnight.

As planned, the Analysis Cluster took much of the
computationally intensive computing away from the main-
frame, but further this service has revealed a whole new
approach to modelling by enabling plasma modelling and
structural analysis to be undertaken at a level of detail that
was not possible on the mainframe. This work includes
transport analysis studies (e.g. TRANSP) and plasma edge
modelling (such as the EDGE2D program), and the struc-
tural analysis work (mainly Abaqus and Patran). One work-
station with a powerful graphics processor is used primarily
to run the CATIA (CAD system) robotics design work for
remote handling. This integrates well with the main CATIA
work run on the 32 mainframe stations.

The total computer power of the Analysis Clusterin terms
of the standard numerical benchmarks (Linpak Double
Precision) corresponds to about 330 mega-flops (Mflops),
compared to about 50 Mflops for the IBM mainframe in
scalar mode or up to peak values of 140 Mflops on each of
the two vector processors. For the right kind of work the
Analysis Cluster provides an extremely powerful compute
environment and also provides high performance interac-
tive graphics even when run to an X-terminal over the
Network. On the other hand, the mainframe is much better
suited for sharing facilities between large numbers of simul-
taneous tasks (150 users, and multiple batch streams), and
for frequent access to multi-Gigabyte shared databases. The
mainframe databases like the full PPF system and the
CATIA data are available to the JAC systems.

Management of Data

During the 1994/95 operational period, there was a dra-
matic increase in the amount of JET data with JPF size up
to 130MB per pulse (compared with 35 MB during the
operations period up to March 1992), yielding up to
3.5GB of data each day of operation. The data are trans-
mitted from the CODAS UNIX systems to the IBM at
speeds of about 600 kilobytes per second ensuring that the
JET data are available for analysis on the mainframe
promptly after collection on the CODAS systems. The
development of a very sophisticated data archiving and
retrieval system based on a cache of 32GB of on-line disc
backed by tape storage on the ATL accommodates the
storage of about 650GB (before compression) of raw JET
data (JPF). The mechanism gives almost instant access to

any JPF data that is available on disc (currently the
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preceding five weeks of data), and access typically within
two minutes to restore the complete JPF for a given shot
from the automated tape library, for any pulses back to
original start-up (1983).

The Intershot Analysis is run automatically when the
data are received on the IBM and the analysed results are
stored in the Processed Pulse File (PPF) data base system
This corresponds typically to about 12MB of analysed
data per shot. A major upgrade to the PPF system was
made in 1994, converting the system to a client server
architecture. This has led to the full PPF system on the
mainframe being available on the UNIX and Windows
NT PC systems, to provide an essential centralised data
storage and retrieval system for use within a distributed
analysis environment.

During the shutdown, most of the PPF data from the
preceding operations period have been re-processed fol-
lowing developments in the magnetic equilibrium codes,
the availability of new calibration data, and corrections
and improvements to many of the other analyses.

The Central Physics File (CPF), stored and used under the
SAS environment, forms a complete higher level data selec-
tion and storage system. A subset of all data is extracted at
time points of interest, determined by the Time-slice pro-
gram and the interactive time slice editor, TED, and stored
in the SAS databases. These data are the basis for extended
statistical analysis, and the source for other extracts such as
the TRANSPORT and EDGE data base. This fully auto-
mated system has been further developed during 1995 and
used by many physicists in the Project.

The JOTTER system developed in SAS on the IBM
mainframe stores all the control room information for
each session and each pulse and is available for all users
as soon as it is entered

The widely used JET data display facilities (JETDSP)
on the mainframe have been continuously enhanced in
response to user requests, to provide a versatile data
display and manipulation environment.

The group has also been involved in the upgrade of the
magnetics diagnostic KC1D, working closely with other
members of the Project in the interpretation and exploita-
tion of the data produced by this system. As part of this
work, some of the programmes developed for the Intershot
processing on the IBM 3090 have been converted to run on
DEC Alphabased workstations using Windows NT, provid-
ing in real-time similar data to that available from the PPF

database after each pulse. This has greatly extended the
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flexibility of the plasma control systems, particularly the
Real Time Power Control system where, for instance, the
plasma energy (as measured using a diamagnetic loop) can
now be held at a preset value by controlling the power
injected by the neutral beam heating plant. Data from the real
time analysis is also used to display the position of the
plasma boundary and various processed values (suchas 8, q

and () in the J2 Control Room during each pulse.

PC and Apple Macintosh Support

There are about 600 Personal Computers (PCs), and 80
Apple Macintosh systems, the vast majority of which are
connected to the site-wide ethernet (JETnet). The Mac-
intoshes are used mainly by the secretarial and typist staff
for word-processing. The PCs are used for a wide variety
of tasks including word processing, data analysis, data
acquisition, program development, terminal emulation,
CAD, project planning and circuit design and analysis.
The networked services are provided from six servers
running the Banyan Vines network operating system.
This provides services such as electronic mail (integrated
with mail systems on UNIX, the mainframe and the
Administrative Department PCs), shared file access with
central backup service, centrally provided software, ac-
cess to shared printers and to the UNIX and IBM compu-
ter systems. The number of users on the PC network
continues to increase, with typically over 300 simultane-
ous users logged on. This has lead to some performance
problems at times on the network, necessitating various
upgrades. During 1995, there have been continued en-
hancements to server disc systems and the associated
software, leading to improved reliability and increased
capacity. The performance deterioration has been re-
duced to an extent by careful balancing of the workload
between the various servers. The JETnet services have
become essential tools for the work of many of the JET
staff and the reliability of the network over the past year
has been high.

The Group has worked closely with CODAS in the
provision of the JETnet services, co-ordinated by the
regular NeST (Network Service Team) meetings. One
major new service introduced early in 1995 has been the
secure connection of the site networks to the outside
world via the Internet connection through the commercial
provider, Pipex (UK) Ltd. This provides File Transfer
(FTP) and remote computer access (Telnet) services from

essentially all systems on the JET site networks, and
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incoming access to the IBM mainframe for authorised
users subject to various security restrictions. Later in the
year, the services were expanded to include access to
World Wide Webssites, together with the establishment of

both internal and external web sites for JET.

Review of Computing to end of 1999
The group co-ordinated a major review of the JET com-
puting facilities that would be required for the JET project
to the end of 1999. The main conclusions were that the
mainframe service should continue as a general comput-
ing facility supporting the majority of the routine data
processing and CATIA service, and also providing stor-
age and access from all computing systems for all JET
data. The disc systems and automated tape storage sys-
tems should be enhanced to provided increased storage
and performance.The main numerical computing and
some of the data processing should be concentrated on the
JAC cluster where any further growth of computing
power will be most economically accommodated. Some
of the CATIA work should move to the RS/6000 systems,
to take advantage of the advanced graphical capabilities.
The power of the desktop PCs should be further exploited
in the area of data visualisation and interpretation.

The main review was complemented by a separate
review of the developments of the PC network services,
which recommended a progressive move to industry

standard systems.

Diagnostics Systems

The status of JET’s diagnostic systems at the end of 1994 is
summarized in Table XIII, and their general layout in the
machine is shown in Fig.81. The staged introduction of the
diagnostic systems onto JET has proceeded from the start of
operation in June 1983. The present status is that 48 systems
are in existence. Operational experience on the existing
diagnostics has been good and most of the systems have
operated automatically with minimal manual supervision.
The resulting measurements have been of high quality in
terms of accuracy and reliability, and have provided essen-
tial information on plasma behaviourin JET. Further details

on specific diagnostics systems are given below.

Magnetics
A new set of magnetic diagnostics was installed to improve
the dataset on plasma instabilities. This included several

arrays of coils. A ‘high-resolution’ array provides data on
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Table XIlI: Status of JET Diagnastics Systems, December 1995 - Existing Diagnostics

System Diagnostic Purpose Association
KB1 Bolometer cameras Time and space resolved total radiated power PP, Garching
KB3D* In-vessel main plasma bolometers Time and space resolved radiated power JET
KB4* In-vessel divertor bolometer Time and space resolved radiated power JET
KC1 Magnetic diagnostics Rlasma current, loop volts, plasma position, shape of flux surfaces, JET
diamagnetic loop, fast MHD
KC1D* Magnetic pickup coils Plasma geometry in divertor region JET
KD1D* Calorimetry of Mark | divertor target Power balance of divertor plasma JET
KE1E* Edge Thomson scattering T, and n, in scrape-off layer JET
KE3 LIDAR Thomson scattering Te and ng profiles in core plasma JETS;S:;TSQ“
KE4* Fast lon and alpha-particle diagnostic Space a”‘? time resolveq velacity distribution of JET
alpha particles and fast ions
KESD* Divertor LIDAR Thomson scattering Te and ng profiles in divertor plasma JET
5 | lon energy distribution up to 3.5MeV (ICRF minority and Purchased from loffe,
KF1 High energy neutral particle analyser fusion products) St Petersburg
KG1 Multichannel far infrared interferometer Id€ on four Yenlcal chords and four horizontal ehords - CEA, Fontenay-aux-Roses
electron density
KG3 O-mode microwave reflectometer n, profiles and fluctuations JET and FOM, Rijnhuizen
. In,B,d¢€ on four vertical and four horizontal chords ~ JET and CEA,
KG4 Polarimeter 4 "
poloidal magnetic fieid Fontenay-aux-Roses
KG&D" Divertor microwave interferometer Jn,d€ on sightline across the divertor plasma JET
KG7D* Divertor microwave comb reflectometer Peak n_ on sightline across divertor plasma JET
KG8A* E-mode reflectometer Measurement of n, fluctuations and profiles in edge and SOL JET and CFN IST, Lisbon
KG8B* Correlation reflectometer Density fiuctuations JET
KH1 Hard X-ray monitors Runaway electrons and disruptions JET
KH2 X-ray pulse height spectrometer Monitor of T,, impurities and LH fast electrons JET
KJ3* Compact, re-entrant soft X-ray camera MHD fnstabxlltles, mode identification, plasma shapes and JET
impurity transport
KJa Compact, in-vesse! soft X-ray camera MHD }nstabllltles, mode identification, plasma shapes and JET
impurity transport
KJs* Active phase, soft X-ray cameras MHD instabilities and vertical position sensing, DT compatibie JET
KJg* Compact VUV camera Divertor view in VUV JET
KK1 Electron cyclotron emission spatial scan Tel(r.t) with scan time of a few milliseconds NPL, UKAEA
Culham and JET
KK2 Electron cyclotron emission fast system Te(r.t) on microsecond time scale FOM, Rijnhuizen
KK3 Electron cyclotron emission heterodyne To(r.t) with high spatial resolution JET
KK4D* Electron cyclotron absorption n, T, profile on sightline across divertor plasma JET
KL1 CCD viewing and recording Plasma viewing JET
KL1E* Endoscopes To allow an unrestricted view of the divertor in the visible and IR JET
KL2* Impurity flux camera Impurity influx from the divertor targets with high spatial resolution JET
KL3A* Infra-red camera (1 dim) Divertor tile temperature profiles JET
KL3B* \nfra-red camera (2 dim) Divertor tile temperature profiles with high dynamic range JET
KL4* Infra-red protection diodes Machine protection — divertor tile temperature JET
KL5* Fast spectroscopic cameras Fast D, measurements at two toroidal locations for ELM studies JET
KL6" Colour view of divertor tiles Colourimetry - used for erosion/redeposition measurements JET
KM2 14MeV neutron spectrometer Neutron specllra'ln l?-T discharges, ion temperatures UKAEA Harwell
and energy distribution
KM3U* 2.4MeV time-of-flight neutron spectrometer Neutron spectra in D-D discharges, ion temperatures JET and NFR, Studsvik

and energy distributions

* Brought into operation in 1995

+

New Diagnostic — not yet operational

JG96.94/1
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Table Xl (continued): Status of |JET Diagnostics Systems, December 1995 - Existing Diagnostics

System Diagnostic Purpose Association
in D-T discharges, ion temperatures
KM5 14MeV time-of-flight neutron spectrometer Neutron spec.tra.lnp iseharges, | P NFR, Gothenburg
and energy distribution
KM7 Time-resolved neutron yield monitor Triton burnup studies JET and UKAEA, Harwell
KN1 Time-resolved neutron yield monitor Time resolved neutron flux UKAEA, Harwell
KN2 Neutron activation Absolute fluxes of neutrons UKAEA, Harwell
. . ) ) Spatial and time resolved profiles of neutron flux and
KN3U Neutron yield profile monitor and FEB fast electron Bremsstrahlung JET and UKAEA, Harwell
KN4 Delayed neutron activation Absolute fluxes of neutrons Mol
KR2 Active phase, neutral particle analyser lon distribution function, T(r) and H/D/T flux ratios ENEA, Frascati
KS1 Active phase spectroscopy Impurity behaviour in active conditions IPP, Garching
KS3 H-alpha and visible light monitors lonisation rate, Z, impurity fluxes from wall and divertor JET
KS4 Chgrge exghange recombination speciroscopy Fully ionized light impurity concentration, T (r) and rotation velocities JET
(using heating beam)
KS5 Active Balmer alpha spectroscopy Neutral beam deposmonj plasma effectn{e ?harge and motional JET
Stark measurement (for internal magnetic field)
KS6 Bragg rotor X-ray spectroscopy Monitor of low and medium Z impurity radiation UKAEA, Culham
KS7 Edge charge exchange !\Aultlchanne] measurgmgrl\t of edge poloidal rotation, UKAEA, Culham
ion temperature and impirity density
KT1D VUV spatial scan of divertor Time and space resolved impurity densities JET
KT2 VUV broadband spectroscopy Impurity survey UKAEA, Culham
KT3 Active phase CX spectroscopy Fuily |.on|zed light impurity concentration, T(r), rotation velocities JET
and divertor sources
KT4 Grazing incidence XUV broadband spectroscopy Impurity survey UKAEA, Culham
KT5P* Divertor gas analysis Analysis of divertor exhaust gasses
Poloidal view, visible ctrosc i divert - P " .
KT6D* oidal wfew v15f Speclroscapy of divertor Impurity influx, 2D emissivity profile of spectral lines JET
plasma using periscopes
KT7D* VUV and XUV spectroscopy of divertor plasma Impurity influx, ionization dynamics, electron temperature and density JET
KX1 High resolution X-ray crystal spectroscopy Central ion temperature, rotation and Ni concentration ENEA, Frascati
Verti - " " "
KY3 Plasma boundary probes ertical drives for reciprocating Langmuir and surface JET and UKAEA, Cutham
collector probes
KY4D Langmuir probes in divertor target tiles and limiters n, and T, at the divertor and limiters JET
KYSD Fast pressure gauges Neutral flux in divertor region JET
KY8* 50kV lithium atom beam Electron density in scrape-off layer and plasma edge JET
KY7D Thermal helium beams n, and T, in the divertor plasma (together with KT6D) JET
KZ3 Laser injected trace elements Particle transport, 1, impurity behaviour JET
K1 Thin foil charge collectors Lost alpha-particle detection JET
K548 Gamma rays Fast ion distribution JET

‘ Brought into operation in 1995
New Diagnostic — not yet operational

JG96.94/1

scale-lengths of ~10-100cm, both poloidally and toroidally.
The coils have ceramic formers, and transmission lines are
matched to allow accurate mode analysis with frequency
response of 500kHz. To fully exploit the data, a new acqui-
sitionsystem with2MHz sampling rate has been installed. This
provides key information to analyse TAE and related insta-
bilities, broad-band tluctuations such as observed at ELMs,
and other high frequency instabilities known to exist in H-
modes. In addition, a new toroidal set of 10 coils provides

time traces of toroidal mode numbers selected by mixing.
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A combination of fast coils and digital mixing has
allowed accurate mode selection up to ~70kHz, com-
pared with ~15kHz with the previous system. The exam-
ple in Fig.82 shows power spectra of five mixes during a
high performance H-mode. Analysis of this type can be
complicated by spatial aliasing, and this is indicated in the
y-axes’ labels. Crosstalk on both the n=2... signal (from
the n=4... mode at 30kHz), and on the n=1... signal (from
the n=3... mode at ~60kHz) is at a level of ~20%. The

mode frequency dependence on the toroidal mode number





















bremsstrahlung (FEB) studies, or to make alterations to
the collimation efficiency for high yield (e.g. D-T) dis-
charge studies. The FEB and the 2.5MeV neutron detec-
tors and associated data acquisition systems were fully
commissioned. The new 14MeV neutron detectors were
installed in the upgrade but could not be commissioned as
the requisite additional data acquisition system, based on
VME scalers, was not completed. Nevertheless, some
signals were recorded and a sensitivity to pick-up from
the ICRF heating system was encountered, attributed to
radiation from the unscreened vacuum vessel feedthroughs
of the saddle coils which act as efficient receiving anten-
nae at times of poor ICRF coupling to the plasma.

Detailed computer models of the two new shielding
blocks (cameras) have been constructed for the Monte
Carlo neutron transport calculations needed to ascertain
the detection efficiencies of the 19 detector channels.
These calculations are essential if the profile monitor is to
be used as a source of absolute neutron yield measure-
ments. The thicknesses of the torus vacuum vessel win-
dows, the FEB detectors and the magnetic screens to-
gether conspire to halve the neutron flux reaching the
detectors. After all the appropriate corrections were made,
it was found that the absolute yields provided by the
upgrade profile monitor (KN3) fell 30% below those
determined with the activation system (KN2). The most
likely cause of the discrepancy is that the light response
functions for the latest batch of scintillators differ from
those used in the prototype. Toresolve this issue it will be
necessary to repeat the series of intrinsic efficiency meas-
urements for the scintillators.

Coverage for most of the 1994/95 plasma discharges
was provided with the prototype, the upgrade or a combi-
nation of both profile monitors. The beam power step-
down experiment (Pulse No. 34236), was studied using
the upgrade horizontal camera and the prototype vertical
camera. The step-down discharges involve reducing the
initial beam power (and the fuelling rate) in an attempt to
avoid or delay MHD events while maintaining high
performance in quasi steady-state conditions. For Pulse
No. 34236, the power step-down was realized by turning
off 6 of the 8 high current 80 keV injectors. The maximum
fusion Q corresponded to a (D-T) Q exceeding unity. The
diagnostic data exhibited excellent consistency, with the
peak value of the central neutron emissivity calculated
using CXRS ion temperature and beam deposition calcu-

lations agreed well with the value deduced from neutron
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tomography. After the step-down, the neutron emission
strength was nearly constant and most of the neutrons

were produced by thermal fusion.

Lost Alpha-Particle Detector

A prototype lost alpha-particle detector (essentially, a
charge collector) was installed during the beryllium tile-
exchange shutdown in March 1995, so that an early
investigation into the level of electromagnetic interfer-
ence from various systems could be undertaken. The
detector consisted of four nickel foils each 2.5x10*mm
thick with an area of 29cm?, stacked in parallel with 3mm
separation. Thus, 3.5MeV alpha-particles can be identi-
fied by exploiting their range-energy relationship. Some
electrical interference was encountered from the saddle
coils and the ICRF heating systems. However, it proved
possible to reject most of the interference by using low-
pass filters appropriate for the anticipated signal sam-
pling rate of 100Hz. The detector appeared immune to
neutron emission and a detection level of order of 1nA for
slowly varying currents was established. The expected
current during high power D-T discharges is about ImA.
The full diagnostic, comprising four individual detectors
mounted on a single support structure, will not be in-
stalled during the main 1995 shutdown but it is hoped that
a suitable opportunity for its installation will arise before

the DTEI experiment takes place.

Nuclear Gamma-Ray Emission
The study of gamma-ray emission from reactions between
patticles accelerated to high energies by ICRF heating and
lightimpurity ions in the plasma can give important informa-
tion. A re-examination of the gamma-ray data acquired with
the neutron profile monitor for Pulse No.23230has provided
unique insight into the behaviour of energetic ions during a
major sawtooth crash [2]. The gamma-rays are produced
from nuclear reactions between *He ions (of 2 or more MeV)
and °Be impurity ions. Figure 90 shows the contours of
gamma-ray strength in a vertical section through the plasma
just before and just after the crash. The ions are relatively
immune to the occurrence of the crash, with the majority
remaining on their trapped particle orbits with turning points
in the resonance layer. However, those ions responsible for
the prominent intensity peak before the crash seem to have
disappeared afterwards.

This peak is understood to be attributable to fast

passing ions that describe relatively small poloidal excur-
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the line integrated density at the peak of an ELM can be
up to 8 or 9 times greater than that between ELMs. To
reduce the incidence of loss of phase information at high
density, work is in progress to replace the 130GHz
channel with one operating at a frequency of 304GHz.
The existing 200GHz channel will be retained as the
lower frequency channel. An upgraded fringe counter
with twice the sensitivity will soon be available. It should
help to offset the loss of resolution caused by the smaller
phase shift at the higher frequency.

The comb reflectometer probes the divertor plasma
with up to eight microwave frequencies simultaneously.
The purpose of the system is to estimate the peak electron
density along the sightline by determining which tre-
quencies are in transmission and which are in retlection.
The system is designed to measure both the transmitted
and the retlected signals. A very high sensitivity is achieved
by amplitude modulating the sources at 100kHz and then
employing high gain receivers with narrow band filtering
centred on the modulation frequency. The first measure-
ments have been made using the four highest frequency
channels (83.9,86.7,96.5 and 98.5GHz). A difficulty has
been encountered in measuring the reflection signals
from the plasma, because of strong reflections from the
mitre bends in the waveguides close to the transmitter/
receiver systems. A temporary solution adopted during
the experimental campaign was to connect the receiver
for the reflected signals to an antenna in the divertor
structure which is adjacent to the launch antenna. A
permanent solution, using separate transmit and receive
waveguides connected to the launch antenna, is being
planned. Using the temporary solution, retlections have
been observed for large ELMs. The effects of ELMs and
sweeping the plasma across the divertor target plates are
easily observed on the transmitted signals. Work is in
progress to allow the reflectometer and the interferometer to
operate simultaneously on the same sightline. Frequency
Selective Surface (FSS) beamsplitters will be mounted in the
waveguides to multiplex/demultiplex the microwave sig-
nals. These devices will be similar to those already devel-
oped for the ECE heterodyne radiometer (KK3). The possi-
bility of extending the density range of the system by the
additionofchannels with probing frequencies above 100GHz
is also being investigated.

The first plasma measurements were made with the
Electron Cyclotron Absorption (ECA) diagnostic, KK4D,

during the last two months of operation before the shut-
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down. This is a complex and novel diagnostic, employing
a sophisticated microwave source which can be rapidly
sweptinfrequency overa wide bandwidth. The waveguide
to and from the plasma forms one arm of an interferom-
eter, the other arm being a static reference of nearly equal
length. When radiation from the two arms is mixed, a beat
signal is generated at a frequency which depends on the
difference in propagation times between the two arms and
the rate of sweeping of the source frequency. The envelope
of this beat signal contains the absorption information.
Standing waves, due to reflections within the waveguide
system, produce beats at a different frequency because of the
longer propagation path. They are eliminated during the data
analysis. During each plasma pulse, the system typically
records datafromabout 1200 frequency sweeps, each of 2ms
duration and at a maximum rate of about 50 per second.

An intensive examination of the data has shown that
although the level of cyclotron absorption is lower than
expected, it can be unambiguously distinguished from
effects which produce spurious variations in the level of
the received signals. The frequency at which absorption
occurs correlates precisely with that predicted from the
known plasma position and the spatial variation of the
magnetic field strength. This is particularly clear when
the plasma moves during sweeping of the target strike
points. The spatial width of the absorbing region
(deduced from the frequency width and the magnetic
field variation) is consistent with the plasma width esti-
mated by other diagnostics. The accuracy of the absorp-
tion measurements has been limited by systematic effects
in the data which are still under investigation, but for
some plasma conditions absorption up to about 30 % has
been observed. This was measured in a plasma of moder-
ate density (estimated at 4x 10'm*), and therefore corre-
sponds to an electron temperature of about 20eV.

At very high density, the lower end of the frequency
sweep of the ECA system suffers cutoff. Using the known
spatial variation of the magnetic field strength, the peak
density along the sightline can be deduced from this
extraordinary mode cutoff. It has been compared with
simultaneous measurements on the same sightline by
either the comb reflectometer or the dual frequency
interferometer. There is good agreement between the
different measurements, as shown in Figure 95. Further
investigation of density measurements using the ECA
system have also been undertaken. Since it is an interfer-

ometer, it is possible to measure the phase shift of the
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simplified JET s operations, since it allowed accurate
control of the plasma boundary. PPCC has proven to
have the capability of controlling the plasma distance
from the outer, inner and top vessel wall, the X-point
position and the plasma current simultaneously, and
to change control behaviour during the pulse to satisfy
the different requirements of the various phases of the
pulse. Switching from coil current to gap control does
not affect plasma equilibrium. Although the vertical
stabilisation performance is presently limited by the
noise introduced in the feedback signals by thyristor
switching of the divertor power supplies, the system
has demonstrated the ability to cope with plasma with
growth rates of 800s'. This has allowed the Mark 1
campaign to be conducted effectively without vertical
instabilities not generated by plasma internal events.
Improvements are now underway: a tuned power
filter will be installed at the PDFA d.c. output leading
to 232dB attenuation ot the 600Hz and 1200Hz ripple
noise; the computational power to allow more complex
algorithms to be used will be increased, to include soft X-
ray signals as the detection element for vertical
stabilisation purposes; plasma shape control will be
upgraded to achieve a more accurate control of X-point
position and the simultaneous control of the two strike-
point positions.

A similar technology has been used for the new coil
protection system {CPS), necessary to cope with the
ercatly enhanced electromagnetic equatorial asym-
metry of the machine. It comprises a wide range of
protections in respect of overcurrents, overvoltages,
limits to thermal and mechanical stresses, and model-
based fault detection. CPS has extended the JET
operating range by allowing the use of dynamic thresh-
olds based upon on-line calculations (e.g. the central
P1 coil current threshold, which is a function of the
toroidal field current). It has introduced a real-time
evaluation of the coil models that made possible fault
detection from unmeasured quantities such as short-
circuit currents. transducer faults, wrong power sup-
ply polarities, etc. A typical example of CPS interven-
tion is the prolective action for excessive P1 average
current (the six P1 central coils can carry up to 60kA
because of the pre-compression of the toroidal field
coils, while the outer coils can carry 40kA only). The
algorithm has been optimised to minimise the over-

shoot of the current in the Pl end coils. TF coil
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protection includes transverse force protection (due to

the tokamak torque), the coil interturn fault detection and

the earth leakage protection. CPS has operated with a

highdegree of reliability. CPS will now be progressively

upgraded to a Torus Protection System (TPS) to include
monitoring and analysis of stresses in the vacuum vessel.

The most important result obtained was the demon-

stration that the pumped divertor operated success-

fully. In fact, in the previous X-point configuration

(without divertor) an input of only 15MJ of injected

energy would lead to a ‘carbon bloom’, with sudden

termination of the high performance phase. With

introduction of the divertor, up to >180MJ (from 32

MW of combined NB and RF heating) were injected

without sign of discharge deterioration. The care

taken in the design and in the installation CFC divertor
tiles (which eliminated sharp edges), the successful
use of the cryopump and X-point sweeping (a suitable
technique to reduce target temperature from about
1000°C to 600°C or less) have been instrumental in

achieving longer, cleaner and more stationary H-

modes. As a result plasma performance could be

maintained for long pulses (~20s, ~40t.) with Z_~1.

Two specific experiments, requested by ITER design-

ers were also performed in JET:

- The first experiment was to investigate the effect of
toroidal field ripple. To this aim the d.c. power
supplies to the toroidal coils underwent a major re-
arrangement and they were re-configured in two
independent sets, each supplying 16 of the total of
32 toroidal coils. In this way, it was possible to vary
the toroidal magnetic field ripple in the ITER-
relevant range of 0.1% to 2% at the plasma edge.
The results have shown that the ITER ripple, with
20 TF coils, should be acceptable.

- The second experiment dealt with the comparison
between CFC and beryllium target tiles. Since the
primary choice for ITER first wall was beryllium,
the CFC divertor tiles were replaced with castel-
lated beryllium tiles, (to reduce thermal stresses).
The most significant CFC plasma scenarios were
repeated and, in a global sense, similar physics
results have been obtained. Since the melting tem-
perature of beryllium is as low as ~1300°C, experi-
ments have been conducted causing intentional
surface melting of the beryllium tiles, culminating in

a controlled beryllium melt experiment. The prelimi-



nary conclusion was that beryllium could still be

considered as divertor target plate material for ITER.

Plasma-Machine Interactions

The vacuum vessel consists of eight double wall Octants,
each made up of four bellows and five rigid sectors. Each
Octant carries a main horizontal port and two (top and
bottom) main vertical ports for access. The vessel has two
inboard in-vessel and two outer out-vessel reinforcing
rings. In-vessel components are welded on the inner wall.
The vessel support system allows for thermal expansion
with the vessel operating at 250-320°C) and contains
vessel movements in plasma operation. Plasma
displacements and disruptions, can cause impulse verti-
cal and horizontal forces to be applied to the vacuum
vessel, in-vessel components and divertor coils, leading
to vessel movements and stresses. The plasma
displacements induce currents in the structural compo-
nents and halo currents flowing from the plasma to the
structural components. The forces are generated by the
interaction of these currents with the magnetic field.

Two types of vessel movements were experienced sev-
eral years ago and the vessel supports were designed accord-
ingly: rolling and rocking motion, due to the fact that the
centroid of the vertical forces applied on each Octant is not
in line with the reaction forces at the main vertical port
restraints, causing a twisting moment around the toroidal
axis; and a net inward motion caused by the toroidal current
induced by plasma disappearance and by the poloidal cur-
rent induced by the change in the diamagnetic flux.

New phenomena were encountered during the 1994/
95 divertor campaign: vertical forces on the vessel are not
toroidally symmetric, causing overloading and additional
shear stresses; and vessel sideways motion, caused by
non symmetric horizontal forces applied to the vacuum
vessel. While the basic structure of the first wall did cope
extremely well with these forces and stresses, some
auxiliary in-vessel components were damaged (saddle
coils, beryllium evaporator head, glow discharge clean-
ing electrode, reciprocating probe, earthing straps and tile
support rail for ICRH antenna), since when these were
first designed, the consequences of these phenomena
were not yet fully appreciated.

While appropriate design modification have made the
‘weak’ components suitable for operations, these phe-
nomena are not fully understood and JET is dedicating a

special engineering-physics effort in this area. This in-
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volves theoretical work, analysis of data, and implemen-
tation of new measurements. It is clear, however, that
stresses in the vessel and in other structural components
depend now not only on the magnetic field and the plasma
current (as assumed by designers in the past) but also on
plasma configuration and disruption scenario. Finalisation

of ITER design would benefit from progress in this area.

Shutdown Activities and

Future Development

The main elements of the Programme for 1996 and

beyond are the Mark II divertor studies using configura-

tions as close as possible to reactor requirements and
fusionexperiments with D(50%)-T(50%) mixtures (DTEI

in 1996-97 and DTE2 in 1999):

e TheMark Il divertor is being installed during the present
shutdown (June 1995-March 1996).The Mark Il divertor
will provide a more closed configuration, enhancing
neutral particle and impurity retention in the divertor
chamber. The support structure consists of a continuous
toroidal tray (assembled in radial sectors) on top of
which the target plates are installed and can be subse-
quently replaced by different divertor configurations,
such as Mark IIGB, a configuration closer to the require-
ment of ITER, while maintaining the divertor coils and
the toroidal tray in position.

» Following the Preliminary Tritium Experiment in
1991, it was decided to further develop the machine to
a more reactor-like configuration by the installation
of a pumped divertor, prior to further D-T experi-
ments. Two periods of D-T operation are currently
foreseen: alimited period (DTELI) to start towards the
end of 1996 and a more extended period (DTE2) in
1999, after completion of divertor studies with the
Mark IIGB. As aresult of JET s long pulse capability
and its control of impurities, a key objective of DTE1
would be the production of 210MW of fusion power
for several seconds, so that o-particle heating could
play a role in the plasma power balance. In addition,
a crucial objective would be the study of isotopic
effects on confinement scaling and H-mode threshold
power. Operationin ELMy-H-mode detached radiative
divertor plasmas would also provide valuable infor-
mation for ITER divertor design. It is expected to
carry out the planned programme with a total neutron
production of 2x10? neutrons. In performing the

extended D-T operation, full use will be made of the

I3
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JET Active Gas Handling System (AGHS). This gas
re-processing plant collects the gases from the torus,
neutral beam system, pellet injection and diagnostics,
purifies and isotopically separates these gas mixtures
and re-injects pure tritium and deuterium into the
torus. Therefore, the D-T experiments would also
provide useful engineering experience on the technol-
ogy of tritium handling for a tokamak reactor.

Although the neutron budget for DTEI represents a
small fraction of the total neutron influence foreseen in
thelife of JET, 12 to 18 months of cool-down would be
required to permit manned in-vessel intervention.
Therefore, besides its physics characteristics, the
Mark Il divertor has an important and novel feature: it
has been designed to allow replacement of the divertor
target structure by full remote handling techniques.
The tile carriers will be handled and positioned by the
Mascot [V servomanipulator mounted on the articu-
lated boom transporter, through Octant No.5 port.
Navigation and pre-positioning will be carried out
automatically using teach-and-repeat techniques.A
shorter version of the articulated boom, a Tile Han-
dling Transfer Facility, (THTF) will be used for trans-
fer of the tile carriers between the Torus Hall and the
vessel, through Octant No.1 main horizontal port. All
remote handling tools have been tested, except the
THTF, which is now under manufacture. To validate the
actual capability of the remote handling approach, part of
the Mark 11 divertor target plates will be installed by
remote handling in early 1996. A mock-up testbed has
been prepared, which makes use of the spare machine
octant. Shutdown time for replacing Mark II with
Mark 11GB divertor is of the utmost importance to limit

machine down-time. Therefore, preparation for remote
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installation of the Mark II tile carriers have included
1000 hours trial with the Mascot IV Articulated Boom,
Viewing Cameras and associated control systems per-
forming a typical tile exchange for 24hrs/day, for five
days per week. Moreover, two months of mock-up trials
were performed to establish precise techniques to be
used and to create the ‘teach-and repeat’ files. These
results had provided a high degree of confidence on the
time-scale foreseen for the Mark I to Mark IIGB target
plateexchange withan active machine, following DTE1.
It will be the first time that such a complex remote
handling operation has been performed on an active
machine, providing most valuable engineering experi-
ence for the finalisation of ITER design.

D-T global fusion performance (fusion triple product
n,t.T.and energy gain Q) could benefit substantially
by certain engineering enhancements of the machine.
The possibility of increasing the toroidal magnetic
field from 3.45T to 4.0T for ~10s flat top, and by an
increase of ~6MW in the injected neutral beam power
are being considered as possible options:

A preliminary assessment of the electromechanical
capability of the JET coils and of the mechanical struc-
ture indicate that, for the scenarios considered at 6MA
plasma current, forces and stresses are still acceptable
(shear stress in the central solenoid P1 electrical insula-
tion £20MPa and well within the capability of the TF
coils and of the mechanical structure). The design for
upgrading the current capability of the TF power sup-
plies from 67kA to ~80kA is underway;

The design to upgrade each one of the 16 NB injectors
from 80kV, 60A to 120-140kV, 60A is being per-
formed. 16x40-60kV, 60A power supplies would be

needed to supplement the present ones.
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Scientific Achievements during 1995

Introduction

For 1995, the operation system of the scientific programme
was similar to that employed since 1989. The programme
operated for a series of campaign periods, the standard being
of eight weeks duration (composed of six weeks tokamak
operation and two weeks of maintenance/commissioning).
Two Programme Leaders had responsibility for formulating
near programme proposals (one campaign ahead) and out-
line plans (two periods ahead).This was carried out in
collaboration with the Head of Operations Division (A
Tanga). These proposals were within the broad outline of the
Development Plan and subject to guidelines provided by the
Experiments Committee. These proposals were presented
to the Experiments Committee for discussion and approval
before implementation. The Programme Leaders, Task Forces

and the Topic Groups continued as in 1994.

Programme Leaders for 1995 were:
D Stork and M L Watkins.

Three Task Forces implemented the programme, as follows:

H) High Performance
(involving progression to full performance in the
pumped divertor configuration with currents up to
6MA, with high energy content and including pro-
gression to the highest fusion product, long pulse
operation and steady-state conditions, etc.)
(Task Force Leader: P J Lomas)

D) Divertor Assessment
(involving assessment of divertor performance on the
vertical and horizontal target plates of the Mark I
pumped divertor).
(Task Force Leader: D J Campbell)

T) Tokamak Concept Improvement
(involving studies of those physics areas in whichJET
can make important contributions to ITER and DEMO,
including development of advanced tokamak
Scenarios based on stable, long pulse discharges with
a high bootstrap component).
(Task Force Leader: C Gormezano)

Task Force Leaders had responsibility for (i) interacting
with and advising Programme leaders on programme
requirements within that task area; (ii) devising and
setting out adetailed programme for allocated time within
a campaign period; (iii) driving through that task
programme (including acting as a Control Room
representative); (iv) analysing data (in conjunction with
Topic Leaders, if appropriate); (v) disseminating
information in the task area through internal meetings and

publications (in conjunction with Topic Leaders, if

appropriate).
In addition, Topic Groups were formed, as follows:
Topic Group Topic Leader
(a) Transport and Fluctuations; R Giannella
(b) MHD and Beta Limits P Smeulders
(c) Divertor Physics G Vlases
(d) Next Step Related Issues B Tubbing

Topic Group subjects are of longer term interest than
the immediate tasks undertaken by the Task Force Groups.
The Topic Groups are responsible for analysis of results
within many areas across the Task Force spectrum, but
they also have responsibility for advising Programme
Leaders on programme requirements which are topical
and relevant to the Groups areas of activity. In addition,
the Groups disseminate information through a number of

internal meetings and in external publications.
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exceeded 1200°C. Indeed the highest temperatures have

been reached in lower energy plasmas, where high poWer
heating has been applied in ELM-free H-modes. Power
densities of greater than 10MWm have been achieved
routinely at the separatrix. Experiments on the CFC side-
plates have reached SOMIJ conducted to the target, with no
indication of significant temperature rises. The resilience
of the target and the good agreement between the calcu-
lated and measured power handling capability gives con-
fidence that the design approach for the Mark II divertors
will achieve satisfactory power handling, and that this
should not limit JET in the future. This cannot, of course,
disguise the fact that these inertially cooled target plates
do not represent a solution to the challenge of dissipating
reactor-relevant exhaust power fluxes in steady-state.

Previous experiments have shown that power is dis-
tributed more symmetrically between the inner and outer
strike points when the ion VB drift is away from the X-
point. This prompted the suggestion that this mode of
operation would both mitigate the power handling prob-
lem and be more likely to achieve stable divertor detach-
ment than plasmas where the ion VB drift is towards the
X-point. Specific experiments were, therefore, designed
to investigate the behaviour of divertor asymmetries [2].
Systematic studies were confined to ohmic and L.-mode
plasmas due to the difficulties of diagnosing the divertor
parameters in the presence of ELMs. Asin earlier experi-
ments, significant asymmetries in plasma density, tem-
perature, radiation and recycling light were observed
with the ion VB drift towards the X-point. Radiation and
recycling light came predominantly from the inner divertor
leg, with a denser and cooler plasma near the target. The
reversal of the toroidal field produced more balanced
parameters at the inner and outer targets (Fig.144). Power
flux asymmetries measured by the IR camera were also
reduced by reversing the toroidal field.

Considerable, and unexpected, differences were ob-
served in the behaviour at detachment [3]. In ohmic
experiments (Fig.145), it was found that the ion satura-
tion current ‘rollover’ which is characteristic of the ap-
proach to detachment, occurred at the same density in the
two cases. However, plasmas with the ion VB drift away
from the X-point then disrupted rather quickly, and did
not achieve the same densities as plasmas with the oppo-
site toroidal field direction. Nor did plasmas in the former
case establish steady-state detached phases. These results

contradict the original proposition that operation with the
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ion VB drift away from the X-point should be preferable
in the detached divertor regime. In fact, the results sug-
gest that, in ITER, operation with the more conventional
toroidal field direction is preferable both from the point of
view of divertor detachment and H-mode access, and

does not confer a significant penalty in power handling.

Erosion and Redeposition at the
Divertor Target Surface

Erosion and redeposition at plasma facing components is
anurgentissue to be faced in the design of ITER. For most
materials, the dominant erosion process is physical sput-
tering, whilst for graphite, chemical sputtering should
become dominant at low incident ion energies. However,
itis unclear what the consequences of this are for erosion
since chemical sputtering not only exhibits an uncertain
flux dependence, but also there is the possibility of
prompt local redeposition of molecular ion fragments.

During the Mark I campaign, erosion profiles of the
divertor target were directly measured using the tech-
nique of colorimetry [4]. It has been observed that the rate
of erosion is strongly dependent on the motion of the
strike point position and power deposition on the targets.
For example, in a discharge with 10MW of heating and
moderate density, an erosion rate of about 5nms™' was
observed near the strike point. Sweeping of the strike
zones greatly reduced the erosion except at the turning
points of the sweep, as would be predicted.

The Monte-Carlo impurity transport code DIVIMP
has simulated the colorimetric results, together with
divertor carbon profiles measured by spectroscopy [S]. In
the high density attached plasma regime, the erosion at
the strike points was dominated by physical sputtering
and showed no obvious effect of chemical sputtering.
This suppression of chemical sputtering in high flux areas
has also been observed in other experiments [6] and is
thought to be due in part to the prompt local redeposition
of molecular fragments. However, in the private flux
region, where sputtering is due to low energy neutrals
with a relatively low flux density, it was evident from the
spectroscopic data that chemical sputtering dominates. In
hotion H-modes, the ion temperature at the target must be
assumed to be 6-8 times higher than the local electron
temperature to reproduce the measured erosion rate and
the global power balance.

Additioninformation on erosion/redeposition has come

from the fixed target Langmuir probe tips that were







SOL, where films were more widespread and showed some
signs of spalling. These were higher concentrations than
seen before in redeposited films in JET. The probable reason
is that the divertor target is cooled, with bulk temperatures at
about 50°C, rising for a few seconds to 100-200°C during a
pulse. Although surface temperatures in plasma-exposed
areas may rise to ~1000°C during a pulse, surface tempera-
tures in the shadowed regions should not exceed that of the
bulk. However, in previous operations, PFCs have had an
ambient temperature of 250-300°C and even shadowed
areas may have reached higher temperatures following a
discharge, since the tiles were not in good thermal contact
with the vessel. Such sustained temperatures may be suffi-
cient to reduce the H isotope saturation level.

Ascanbe seenin Fig.146, Be was present over the part
of the tiles exposed to plasma. Be was introduced into the
torus by regular Be evaporations from four heads spaced
around the vessel near the outer midplane. However, the
Be seen on the tiles was much greater than would be
deposited directly during evaporation, and the distribu-
tion was inconsistent with the line-of-sight process. In-
stead, Be was evaporated onto PFCs in the main chamber,
was eroded during plasma operations, and travelled
through the SOL to the divertor. Similarly, metals such as
Ni, Fe, and Cr were found on the exposed parts of the
divertor tiles and these impurities resulted from erosion
of uncovered parts of the inconel wall, as well as from
various incidents causing localized melting during the
early campaign. Thus, the divertor tiles, rather than being
the primary source of impurities in the torus, were the sink
for material eroded from elsewhere in the machine. Local
recycling then occurred in the divertor, wherein carbon
sputtered by the plasma was redeposited on the tiles, and
material deposited inside the shadowed region accu-
mulated, trapping D at the saturation level for low
temperature films.

For the last two months of 1995 operation, the graphite
divertor tiles were replaced by Be tiles. Similar patterns of
deposition developed on the tiles, and subsequent NRA
analysis showed that similar amounts of D were trapped in
redeposited films in the shadowed regions of tiles in the
inner SOL. These films also contained carbon, which was,
presumably, sputtered from the main chamber, trans-
ported along the SOL, and then locally recycled. Since
there was much more carbon in these redeposited films
than on the areas of the Be tiles exposed to plasma (in

contrast to the situation for Be on C seen in Fig. 146), this
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suggests that chemical sputtering was taking place. There
were no large D levels to indicate thick redeposited films
in the shadowed areas on tiles in the outer SOL, nor were
there significant amounts of redeposited carbon, so that
transport of carbon in the SOL from the main chamber was
mostly to the inner part of the divertor. The amounts of the
metals, Ni, Fe, and Cr found on the Be tiles were less than
on the graphite tiles, confirming that measures to protect
the vessel walls during the campaign were successful.
Divertor tile analyses thus showed that high concen-
trations of D could be retained throughout films (at least
to >7um) if the surfaces remained sufficiently cool. This
may be important when considering tritium retention
scenarios for ITER. The divertor acted as a sink for
impurities eroded by the plasma from the main chamber,
for example Be, during the graphite tile phase and C
during the Be tile phase. Similar D retention occurred
during the Be phase of the 1994/95 experimental campaign,
but the thick redeposited films also contained high concen-

trations of carbon.

Neutral Density Analysis

The neutral particle density in the Mark I divertor was
measured by special ionization gauges located in the sub-
divertor volume, ~5cm below the divertor target, and one in
the sub-divertor volume just in front of the cryopump.
Neutral particles (predominantly deuterium) were scattered
into this volume by charge exchange and Franck-Condon
processes between the ion population of the divertor plasma
and neutrals that recycle from the divertor target plates. Due
totheexperimental arrangement, the measured neutral fluxes
represented a superposition of particles that were almost
directly scattered from the divertor plasma into the gauges
and fluxes produced by the sub-divertor pressure, which
depended on the total particle flux entering the sub-divertor
volume. Several of the gas introduction modules were
also located in the sub divertor volume, but they contrib-
uted only <10% of the neutral particle density, which was
dominated by the much larger particle flux from recy-
cling at the target plates.

Studies of neutral particle density in the divertor con-
centrated on questions relating to neutral particle reten-
tion capability in various discharge scenarios (ie attached
and detached plasmas), ohmic and additionally heated
plasmas, low and high magnetic flux surface expansion at
the target plates. Effective retention of neutrals in the

divertor, and hence low neutral particle fluxes in the
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or main chamber. Use of nitrogen only (at the same
nitrogen flow rate used in D,+N, discharges) gave lower
radiated power fraction and confinement. When D, and
N, were injected, with an approximate electron ratio of 1/3
to 1/2, the radiated power fraction could be increased to
~80% and maintained in steady-state for periods of ~5s.
Total powers of up to 32MW were used and typical confine-
mentenhancements of ~1.4to .67 "™*¥* obtained (Fig159).
Above 80% radiation, a MARFE formed and the plasma
rapidly disrupted. This regime was characterized by rapid
type 111 ELMs (frequency ~300Hz), and the plasma param-
eters at the divertor target exhibited the behaviour usually
observed in L-modes as detachment occurs (Fig.160). That
is, as the radiated power increased, I rolled over at both the
inner and outer targets, so that the envelope, modulated by
ELMes, fell by an order of magnitude. The residual power
flowing to the target was too small to be determined by infra-
red camera measurements, but the target Langmuir probes
indicated that <IMW of power flowed to the target (of
1SMW input power) during the detached phase.

Although the usual splitting technique used in JET to
analyze the bolometer signals showed that ~2/3 of the
radiation came from the “X-point region’, with the remain-
ing 1/3 emitted from the bulk plasma, two-dimensional
tomographic reconstructions of the radiation showed that
the majority of the “X-point’ radiation was emitted from a
region just above the X-point [25]. However, the transition
from predominantly divertor radiation to ‘X-point’ radiation
was a gradual one and., in principle, an operating point could
be selected at a lower radiated power fraction, so that the
radiating region was deeper in the divertor. Code calcula-
tions suggest that this ‘nearly detached’ state may be very
useful, resulting in better impurity control, while maintain-
ing acceptably low power flux onto the target. During the
detached phase, active charge exchange spectroscopic meas-
urements of plasma impurity content showed thatZ  rose to
~3, corresponding to n./n ~64%. This compares with a
typical Z  of ~1.5 in normal ELMy H-modes at equivalent
powers (ie “attached” and without impurity seeding).

Several aspects of the performance in this regime hold
potential for ITER. In particular, stable operation at high
radiated power fractions has been achieved and the target
power fluctuations due to ELMs have been suppressed,
though possibly by changing the nature of the ELMs
rather than by buffering giant ELMs. In addition, the
thermal confinement enhancement, which was typically

~0.757,""**M "is adequate for ITER and has been rou-
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tinely obtained at g,,~3. On the other hand, the enhance-
ment compared to ITER89-P scaling was only ~1.5,
against an ITER requirement of 1.8, so that further con-
finement studies, preferably involving dimensionless pa-
rameters, are necessary to establish the appropriate scal-
ing. This behaviour has beenreproduced on both CFC and
Be targets, demonstrating that the target material is not an
issue in establishing such regimes. The most serious
discrepancy with ITER requirements is that plasma purity
was severely degraded due to the radiating impurity. In
radiative divertor experiments, Z . rose with increasing
power (and increasing level of injected impurity), so that
at input powers of 15SMW, Z ~3. This compares unfa-
vourably with the ITER requirement that Z.~1 .2, when
helium ash is neglected. In addition, rather high levels of
injected impurity were required, equivalent to ~3x10%
electrons of nitrogen, and a recycling impurity would
probably be preferable. Finally, the plasma density in
these discharges was usually influenced by the degraded
confinement properties and was ~75% of the Greenwald
value, rather lower than that required by ITER. Further
experiments are necessary to investigate ways of control-
ling the plasma density and purity in this regime. The
improved closure of the Mark II divertor configuration
may have a profound impact on bulk plasma behaviour,
affecting both energy and particle confinement, in de-

tached plasma regimes.

Comparison of CFC and

Beryllium Divertor Targets

During the last two months of the experimental cam-
paign, the CFC divertor target tiles were replaced with
beryllium tiles of similar design, and wide range of
experiments, in various plasma configurations, was car-
ried out in assessing the performance of beryllium as a
target material. Analysis of tile heating data showed that
_Pmd)to,s’ as

expected from the simplest, semi-infinite-solid analysis

the target surface temperature rose as (P
of power handling. Moreover, the success of the target tile
design was confirmed by the absence of melting on tile
edges. Nevertheless, several individual instances of sur-
face melting with Be did occur in advance of the deliber-
ate melt experiment which took place at the end of the
campaign. The first was observed during the initial
(unswept) power handling investigations at a measured
temperature of ~800°C, indicating that the spatial resolu-

tion of the IR camera limited the accuracy with which the
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ronment of the Mark I divertor. On the other hand, no major
changes in divertor performance have been observed in
beryllium target experiments. In particular, detachment and
H-mode performance are remarkably similar in plasmas on
the beryllium and CFC targets. Thus, there does not appear
to be a strong reason, from the divertor physics point of view,
to choose one material in preference to another. However, in
view of the significant carbon radiation observed in experi-
ments on the beryllium target, it is likely that carbon sput-
tered from the main chamber, as well as carbon redeposited
on the divertor target, played a significant role in beryllium

target experiments.

Implications of the Mark I Divertor
Assessment for ITER

Considerable progress has been made in the Mark I
campaign on a broad spectrum of ITER Divertor R&D
issues. One of the most significant achievements is in the
area of steady state H-modes. where true steady state was
achieved for times of up to 507, the flat-top duration being
limited only by technical constraints on the tokamak. These
discharges had typical H-mode enhancement factors of
1 .SIE""“R“""’ and, in the best of them, Q,“=0.3 was attained
for several seconds. The use of the cryopump to control the
density was an essential feature of these experiments.

As had been predicted by both code simulations and
simple models, detached divertor H-mode discharges
could not be attained in JET with the radiation arising
solely from intrinsic impurities and hydrogenic proc-
esses. As the density was raised to initiate divertor de-
tachment, the discharges reverted to L-mode, typically at
radiated power fractions of 40-50%. By adding an extrin-
sic impurity (‘seeding’) it was possible to achieve radi-
ated power fractions of 70-80% whilst remaining in
H-mode and reducing the power to the targets to very low
levels. This approach also eliminated the Type I ELMs
characteristic of moderate density steady H-modes, re-
placing them with more benign type III, or threshold,
ELMs. However, these discharges were characterized by
(a) reduction of the H factor to values barely acceptable
to ITER, (b) loss of hysteresis in the H-L back transition
threshold, (c) rapid motion of the radiating zone to the X-
point region, eliminating the advantages expected from a
deep, large volume divertor, and (d) values of Zcrr in the
main plasma which are probably unacceptable when
scaled realistically to ITER. The latter two problems are

confirmed by detailed code calculations.
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The solution for ITER may therefore be to abandon the
concept of a fully detached divertor plasma, and operate
either in pure hydrogenic fuel (plus He and intrinsic
impurities) or with a very small (minimum acceptable)
addition of a seeded recycling impurity.This would im-
prove main chamber confinement and plasma purity,
possibly restore the L-H-L mode threshold hysteresis,
and retain full use of the divertor volume for energy
dissipation. Preliminary EDGE2D calculations for the
vertical target version of the ITER divertor suggest that
this approach may be viable. The main residual problem
would be the re-emergence of Type I ELMs, whose
frequency and amplitude scaling to ITER is unknown, but
which pose a potentially serious problem for the plasma
facing surfaces. This strategy, which involves an inte-
grated approach to maintaining main plasma confine-
ment and purity at acceptable levels while attacking the
problem of divertor performance, will be vigorously
pursued in the Mark II campaign.

The problem of producing steady state H-modes at
densities well in excess of the Greenwald value is loom-
ing as an increasingly difficult task for ITER. JET expe-
rience to date, as well as that worldwide, is that such
operation is not possible using gas fuelling, except at low
current values. No clear theoretical interpretation has yet
emerged. However, it has to be noted that high current,
high density, plasmas require operation in a technically
constrained region of tokamak operating space, so that
dedicated time must be allocated to the development of
appropriate scenarios to separate the technical from the
physics aspects of the problem. A positive aspect of the
recent experimental campaign is that the use of the
cryopump proved beneficial in raising the maximum
density which could be achieved in the H-mode to values
commensurate with the Greenwald limit. One source of
concern which emerged in the course of these experi-
ments was that excessive gas fuelling rates were required
to achieve higher densities, so that more efficient fuel-
ling, for example by pellet injection, is a pre-requisite for
ITER. Attempts will be made in the Mark II divertor
campaign to boost the line averaged density above the
Greenwald value using centrifuge pellet fuelling.

Several otherresults of significance to ITER have been
obtained:

* itappears that operating with the ion VB drift towards
the divertor, as planned for ITER for reasons of

H-mode access, will be acceptable. The target power



loading asymmetries at low-q are acceptable, and the

detachment window appears larger than that with
reversed B;

» chemical erosion of CFC in areas of high plasma flux
appears to be slower than was predicted, increasing
the expected lifetime of CFC components;

* indirect evidence suggests that wall sources dominate
the impurity content of JET pulses, reaffirming the
necessity of keeping the density of hydrogen neutrals
in the main chamber to a minimum. This is one of the
prime purposes of introducing the Mark II divertor;

» relatively small differences in divertor performance
were seen in the Mark I divertor when changing from
horizontal to vertical targets, or making changes in X-
point height and field line connection length. This
arose, at least in part, because of the ribbed structure
of the Mark I target, and the relatively poor closure of
bypass leakage, and thus may not be significant for
predicting differences between the horizontal and
vertical target versions of ITER. Once again, the
Mark II divertor will provide a more definitive test;

* although helium transport in the main plasma appears
sufficiently rapid for ITER purposes, the rate at which
the helium reaching the boundary is exhausted was
unsatisfactory in the JET experiments, probably due
to poor performance of the cryopump with respect to
He pumping. However, these results need to be scaled,
based on JET and ASDEX experience, to ITER to see
if its designed pumping speed should be adequate.

Conclusions

The divertor studies carried out in the course of this
experimental campaign have produced considerable
progress in areas of relevance to the Mark II programme
and to ITER. Clearly, the Mark IIA and Mark IIGB
geometries will be expected to have an impact on many of
the topics discussed. Perhaps the mainissue whichemerges
is that it is essential that improved divertor closure,
combined with appropriate fuelling and pumping, should
favourably influence plasma confinement and impurity
retention. This is essential if the promising results ob-
tained with radiative divertor plasmas are to be exploited
in a reactor. Since the Mark II targets are specifically
designed to address this problem, they seem well matched
to the future requirements of the divertor programme. The
major disappointment of the programme was the inability

to fully exploit the argon frosting capability of the
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cryopump to study helium exhaust, as a result of argon
contamination of the vessel. This may benefit from the
changed geometry of the Mark II, in that deuterium
poisoning of the argon layer during recovery pulses
should be reduced.

Experiments in the Mark I configuration have clearly
demonstrated that an ITER-relevant scenario for the
dissipation of exhaust power can be maintained in steady-
state with acceptable confinement. The major problem
which remains is that impurity contamination of the bulk
plasma must be dramatically reduced, to approximately
the level of intrinsic impurities, if a self-consistent igni-
tion scenario is to be viable. Another source of concern is
that complete detachment occurs very close to the density
limit, which was invariably disruptive in this campaign
and which would obviously be undesirable in ITER.
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diffusivity profile in the bulk of the discharge: (i) the
radial extent of the low transport region; (ii) the magni-

tude of D in the region of slow transport; and (iii) the
magnitude of D in the region of fast transport.The result-
ing profiles of D for several pulses are shown in Fig209,
compared with the corresponding experimental ones [24].

This model is not expected to describe the last few cm
close to the separatrix. An ad hoc treatment of this region
is needed [27] for the predictive simulation, i.e. a periph-
eral transport barrier (decrease of D and strong increase
of the inward pinch V) preventing too fast an outward
diffusion of the lower to intermediate ionised states.

As an example of the performance of the model,
Fig.210 shows the experimental profiles of the perturba-
tion to the soft X-ray emissivity and their simulation for
a JET pulse.
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MHD and Beta Limits

During 1995, studies of magneto-hydrodynamic (MHD)
behaviour has mainly concentrated on the performance
limitations observed in JET plasmas during high power
neutral beam heating. With the fast new acquisition
system, Central Acquisition and Timing System (CATS),
MHD phenomena such as sawteeth and ELMs have been
analysed resulting in new information on these events. In
addition, a new soft X-ray diagnostic system with over
400 channels has been developed allowing analysis of
modes with poloidal Fourier components of up to m=5.
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Another class of high B discharges are the high B poloidal
shots at low plasma current. These are discussed in detail in
the section on Tokamak Concept Improvements. Essen-
tially, these discharges can be quasi-steady state at very high
B, because the frequent ELMs keep the density constant.

Fast Sawtooth Crash

Fast sawtooth crashes were first discovered in JET about a
decade ago. Early tomographic reconstructions of data from
a two camera system showed that, firstly, the original hot
plasmacentre was displaced off-axis to the g =1 surface, and
then a crescent pattern of emission was observed as the
energy became redistributed uniformly over the region of
the plasma, within the q = 1 surface. Both the speed of the
crash and the redistribution mechanism has lead to several
new theoretical ideas on the mechanisms of the sawtooth.
The data did not correspond to the Kadomtsev model.

The sawtooth analysed occurred, without precursors,
during a2.6MA, 3.3T discharge with T, =8.0keV, andn_ =
4.5x10m*. Additional ICRF heating of 1 1MW was ap-
plied. Figure 217 shows clearly the three stages of the
collapse: initial movement of the core; formation of crescent
shape; and collapse to a symmetric state with a region of
approximately constant emission within the q = 1 surface.
This particular sawtooth is also extremely fast with the
whole process over in ~100ps. This data gives a very close

confirmation of previous work on fast sawteeth.

Disruptions

Tokamak discharges can be terminated by adisruption. It
is generally accepted that these have a variety of causes
such as a too low edge q value, a too high density or
impurity level. Although each disruption proceeds in an
individual way, the final events leading to the negative
voltage spike and current decay are generally the same.
On the soft X-rays and ECE temperature measurement,
the final event is seen as a rapid cooling of the central
region of the plasma followed by a characteristic electron
temperature and X-ray spike coincident with the negative
voltage spike. The rapid cooling phase has been identified
theoretically as due to the growth and interaction of a
number of different MHD modes leading to a loss of
confinement. Experimentally, this phase has always been
observed in JET as a plasma erosion, which in the older
tomographically reconstructed profiles have always
exhibited an m = 1 characteristic only. However, with the

new multi-camera system which can resolve much higher
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m-numbers, shows in addition a clear m = 2 structure for
the first time. It is possible that even higher m-numbers
appear at larger radii and have not yet been detected due
to the lower emission towards the plasma edge.

Edge Localised Modes
Edge Localised Modes (ELM’s) are present in most JET
discharges with an X-point. These limitimpurity build up
within the plasma and sometimes terminate extended
periods of high plasma performance. In H-mode dis-
charges, the plasma has a high temperature close to the
separatrix, and, therefore, the effects and structure of the
ELMs can be studied with the soft X-ray cameras.

As seen by a single camera the ELM’s often consist of
a series of sharp spikes of emission quite limited in space
and time. Some of these spikes are clearly related to
increased emission from the divertor strike zones or from
the X-point. However, by observing correlations from the
lines-of-sight of the different cameras, it is clear that some

of the emission spikes originate well within the plasma.

Physics Issues related
to the Next Step

This section highlights progress on a number of topics of
specific relevance to ITER, and are topics which are not
already covered in the JET programme. Two JET experi-
ments were carried outduring 1995 specifically for ITER.
These were the ‘Second JET TF Ripple Experiment’, and
Plasma Operation on a Molten and Damaged Beryllium
Divertor Target’. These are described below.

The Toroidal Field Ripple Experiment

In 1992, a first experiment on the effects of toroidal field
(TF) ripple was carried out [1]. In this experiment, JET
was operated with 16 of its 32 TF coils. In 1995, a second
ripple was carried out [2]. In preparation, a considerable
re-configuration of the TF coil system was undertaken. A
midpoint busbar was constructed from the TF power
supplies to the mid-point between the two 16-coil sets,
and the Toroidal Flywheel Generator and Static Units
configuration was modified. The new set-up allowed
operation with different currents in the two 16 coil sets.
This made operation possible with variable ripple, rang-
.»» 10 about 50% of pure 16-
coilripple, 8,.. In the JET pumped divertor configuration,

ing from pure 32-coil ripple, &

8., corresponded to about 0.1% ripple at the plasma edge,













It was observed that soon after the heating was switched on,
there was an initial Be influx lasting about 0.5s, presumably
due to accumulation of material deposited during the previ-
ous shot. After that, conditions were stationary until Be
melting started (after about 5s at 20MW total input power).
Then, a strong Be influx was observed, the radiated power
increased, and the D-D reaction rate dropped dramatically.
Significant further damage to the target was observed to
result from these discharges.

Figure 222 shows a sector of the target near the outer
strike zone, after the experiment. Three annuli of damage are
visible. The inner ring already existed before these experi-
ments. The middle ring is due to the unswept melting
discharges, while the outer ring is due to the swept high
power discharges. In the middle ring, significant formation
of droplets and bridging of gaps between tiles (typically
10mm) is observed. At the worst places, tiles were eroded to
adepth of about 3mm. There was little spreading of droplets
to neighbouring areas. All damage exhibits full toroidal
symmetry around the machine, highlighting the installation
accuracy of the Mark. I divertor.

The heat fluxes to the target in these experiments were
typically 2SMWm 2. This corresponds to the typical level
of heat flux expected on the ITER divertor bumper target
in off-normal conditions. The implication for ITER is that,
at these levels of heat flux, significant damage to a Beryl-
lium divertor target can be done, while only a moderate
degree of self protection is established. Damage on this
scale does not lead to an immediate loss of operation, but
may be expected to lead to a rapid failure of the exposed
component. If beryllium is to be used on the ITER divertor
targets, it may therefore be prudent to design and imple-
ment an active safety device againstexcessive heat-fluxes,

rather than to rely on the self protection.
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Data Analysis
and Modelling

The work on data analysis and modelling can be divided
into three areas: Analytic Theory; Numerical Simuation;
and Data Processing and Analysis. However, there is a
very strong interaction among these areas. The ultimate
goal is to improve the modelling of the many physics
processes taking place in both the core and edge regions
of a tokamak. There is a strong interaction with experi-

mental programme through Task Force and Topic Groups.

Analytic Theory

The Analytic Theory Group has supported the experi-
mental programme by detailed interpretation of JET
discharges and by predictive studies. Macroscopic MHD
models have been applied for equilibrium and stability
analysis and, in particular, to the physics of Global Alfvén

wave excitation and the resulting energetic particle losses.

Equilibrium Reconstruction
The equilibrium code EFITJ has undergone a major up-
grade. In the past, equilibrium reconstruction codes at JET
have used full flux ‘measurements’ which have been calcu-
lated from saddle coil (flux differences) measurements
around the vessel. EFITJ has been modified to fit directly to
the saddle measurements so that the gaps between saddles
and other geometric effects due to the vessel structure are
taken properly into account. Another significant modifica-
tion was to allow deformations of the flux surface geometry
in the fitting section of the code. This has improved the
convergence properties of the code considerably. Using
higher order polynomials in the current parametrization can
sometimes give rise to oscillations in the pressure profile
leading to small negative pressures at the edge of the plasma.
The oscillations have been ameliorated by imposing asmooth-
ing regularization and the negative pressures eliminated by
using an ansatz which forces the polynomials to be positive
in the interval of interest.

For the plasma current profile reconstruction, itis now
possible to fit to Faraday, Motional Stark (magnitude of
the electric field only), Diamagnetic and Pressure Profile
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measurements. At present, there are three Faraday chords
available, which will be increased to eight for Mark II
divertor operations. During the Mark I divertor opera-
tions, the Faraday and Pressure Profile measurements
were used to demonstrate the existence of reversed shear
in the g-profile of some discharges. UNIX versions of the
EFITJ code have been ported to SUN, DEC-ALPHA and
RS6000 workstations. During the Mark I divertor cam-
paign, the XLOC Real Time Boundary Display System
was upgraded to include a modified version of the FAST
code. This provided signals for real-time control of plasma
heating. These signals were used successfully by the
neutral beam controller in closed loop feedback in some
discharges where the diamagnetic energy was stabilized
for several seconds.

Itis planned to use real-time signals more extensively for
Mark 1l operations, when real-time current profile feedback
will be attempted. This is expected to provide greater flex-
ibility in the control of plasma conditions, leading to im-
proved plasma stability and hence confinement. The avail-
ability of physics quantities in real-time will also allow the
use of advanced triggers with fast sampling diagnostics such
as the CATS system, enabling the time evolution of plasma

events to be studied in greater detail.

Movement of Radiative Zones

A common feature of both tokamak divertor experiments
and the numerical modelling of divertor plasmas is that
after detachment from the target has occurred, the radiative
zones move away from the target plates to the X-point
region on a short time-scale and remain there. As a
consequence, the radiation in the divertor region itself
drops to virtually zero. A simple physics model based on
the balance between radiation and effective conduction
has been employed to outline the fundamental ingredients
responsible for this rapid movement of the radiative zone.
It has been shown that a global increase in the radiation
level (due to an increase in either density or impurity
fraction) results in a continuous movement of the radiative
zone from target to X-point. Once the radiative zone has
started to move, small changes in density lead to substan-
tial movement.

Experimental results with radiative divertors have
established that the movement of the radiative zone
clearly is continuous; the radiative zone does not ‘jump’
to the X-point, but gradually moves there in response to

changes in the plasma properties (density or neon/nitro-
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gen levels). In spite of the fairly narrow operational
window between detachment and the density limit, JET
experiments have established that a detached plasma with
X-point radiation can be successfully maintained and a

density limit disruption avoided.

Edge Plasma Physics

The edge plasma in tokamaks plays a crucial role in the
behaviour of the entire plasma. It includes a part of the core
plasma and a scrape-oft-layer part about a few Larmor radii,
inside and outside of the separatrix. In particular, the separatrix
is essential for the development of sharp temperature and
density gradients at the boundary. These gradients, on the
one hand, stabilise micronstabilities (L-H transition [1]) but
cause, on the other hand, the destabilisation of MHD-type
surface modes (ELM events [2]). Near the X-point the
transverse magnetic field is very small and the magnetic
configurationis sensitive to perturbations. These perturbations
can easily destroy the magnetic surfaces in this region
allowing the core plasma to interact with the wall and the
target plates.

Based on a reduced MHD model in conjunction with
the ballooning approximation for the perturbation the
linear stability of the SOL plasma with respect to inter-
change-type modes including the effect of line-typing at
the target plates has been studied. This allows analysis of
specific JET discharges and the scaling of the critical beta
with plasma parameters, such as safety factor, and the
shear is derived. The SOL plasma is found to become
unstable more easily than the plasma just inside the
separatrix and MHD perturbations are strongly localised
near the X-point. Such SOL interchange instabilities are
proposed as ELM precursors, which release the free
energy stored inside the separatrix. The entire process of
a giant ELM consists of three stages: (a) onset of the SOL
instability near the X-point with subsequent influx of cold
plasma; (b) trigger of the major interchange instability
due to unfreezing of the internal perturbations leading to
a loss of a plasma layer near the separatrix with width
Ax = a/nq (a minor plasma radius); (c) refilling of this
layer by hot plasma from the centre on the (anomalous)
diffusion time scale. From this scenario, the dependence
of the ELM frequency on the heating power P and on the
plasma current, I, has been established:

f=P (B/I)x [*x (Ax )"?

where (Ax ) denotes the characteristic edge pressure

gradient length in the mid-plane. The linear dependence









analyse the nonlinear interaction of fast particles with
low-frequency MHD modes (TAE, EAE, fishbone, etc)
hasbeendeveloped. Studies of redistribution and anoma-
lous loss of RF and NB heated ions, as well as thermonu-
clear ’s, are presently underway for a variety of JET and
ITER scenarios. Unstable moderate-n modes have been
observed, and are found to saturate nonlinearly through a
mechanism universal to weakly turbulent systems, namely

particle trapping in the local wave potential well.

Correlation Length of Plasma Turbulence

The outstanding problem of determination of the form of
the anomalous transport coefficients has motivated a
review of the properties of plasma microturbulence driven
by ion temperature gradients (ITG). This reanalysis has
produced a new expression for the correlation length (or
characteristic scale-length) of ITG turbulence [17]. Com-
bining this result with a phenomenological assumption
about the characteristic time that guarantees the correct
current scaling has led to new form for the conductivities
%, and x_ that depends strongly on the local temperature
gradient. This translates into interesting properties:
although formally gyro-Bohm, the new . and x_have an
increasing radial dependence (in line with the experimen-
tal findings) and the resulting profiles are strongly resil-
ient. The inital comparison with discharges from JET and
from the ITER database has been encouraging, with the
new conductivities predicting temperature profiles close

to the experimental ones [18].

lon Cyclotron Resonance Frequency
Heating
Routine analysis of heating and current drive with waves in
the ion cyclotron range of frequencies (ICRF), for interpre-
tation of experimental results and for prediction of the
performance of different heating scenarios, requires models
of the wave field which are computationally inexpensive but
still sufficiently accurate. One such model has been imple-
mented in the PION code, which has been successfully used
to analyse experimental results [19]. However, the model in
the PION code only calculates flux surface averaged power
densities and can therefore not be used for current drive
calculations and other applications where a full knowledge
of the wave field structure is needed.

Work ondeveloping anew and computationally inexpen-
sive model for the full wave field is in progress. As a first

step, a model for the wave field in toroidal plasmas with
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weak damping has been developed [20]. In atoroidal plasma
the ray trajectories become stochastic when the damping is
weak, i.e. when the rays bounce many times before the wave
power is absorbed. This problem has been studied before,
[21],andithas been assumed that the energy density in phase
space is constant. This is, however, not correct for the
magnetosonic wave in typical JET plasmas.

The new model is based on expanding the wave field in
the eigenfunctions of acircularcylinder. The functional form
of the weight coefficients g(m), where m is the poloidal
mode number, have been determined approximately using
an ansatz: g(m) =lml™®, and by comparing with calculations
made with the full wave code LION [22]. The assumption of
aconstant g(m) (i.e. constant energy density in phase space),
gives a very poor representation of the LION result, whereas
K =0.65 gives the best fit. The new model was first applied
to large aspect ratio plasmas, for which the expansion is
expected to be most appropriate. Higher order toroidal
corrections and corrections for ellipticity have now been
added. As a result, the model is now applicable to plasmas
typical for JET and ITER, and in all cases, ¥ = 0.65 has been
found to give good agreement between the model and LION

calculations.

Numerical Simulation
The activities of the Simulation Group were directed
along two main lines:
* Development and validation of models of energy
transport inside the separatrix (JETTO code);
e Predictive and interpretive study of plasma in the
boundary region (EDGE2D/U-NIMBUS codes).
A summary of results is given in the following sections.
Other results are presented in the sections dedicated to
Transport and Fluctuations, and Divertor Physics Topics.

Numerical Simulation of Transport

Modelling of transport phenomena both for the core and
the boundary plasma region has been carried out by
means of the JETTO and EDGE2D codes. This model-
ling activity has led to further development of these codes
that are presently widely used for the interpretation of
JET results, the preparation of future JET experiments
and also for prediction of ITER performance.

Modelling of Transport in the Plasma Core

An extensive analysis of experimental results from JET
and other tokamaks, available in the ITER profile data
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Threshold Database and the ITER Profile Database. The
official Expert Group (three members from each of the three
ITER Parties) acts as a Steering Committee for the activities,
whereas the actual Working Group is much larger. All the
participating tokamak groups, (i.e. ASDEX, ASDEX UP-
GRADE, C-MOD, COMPASS-D, DIII, DIII-D, FTU, JET,
JFT-2M, JT-60, JT-60U, PBX-M, PDX, RTP, START,
TORE SUPRA, TEXTOR, TFTR and T-10), are repre-
sented in the Working Group. The Working Group also
includes modellers participating in the ITER 1-D modelling
activity for which the Expert Group is also responsible. Two
official workshops were held in 1995, in San Diego, U.S.A.
(March 13-15) and in Naka, Japan (October 16-19). In
addition, an informal L-mode database meeting was held in
Bournemouth, U.K. (July 4). The progress made with each

database and its data analysis is described below.

ITER L-mode Database

The L-mode database now consists of data from 14
tokamaks, (i.e. ASDEX, C-MOD, DIII, DIII-D, FTU,
JET, JFT-2M, JT-60, PBX-M, PDX, TEXTOR, TFTR,
TORE SUPRA and T-10). Thermal energy confinement
data are available from all tokamaks, except DIII, so that
a scaling of a thermal L-mode energy confinement time
can now be established from the database. Two standard
datasets suitable for regression analysis (one for total and
one for thermal confinement) have been identified and
checked forbad data. The scaling analyses of the standard
datasets are still ongoing as well as the write-up of the
database documentation. The analyses so far indicate
that: the ITER89-P scaling [25] for the total energy
confinement time may not need to be updated; the power
degradation of the thermal L-mode scaling is more in line
with that of the thermal H-mode scaling ITERH93-P
[26]; the thermal L-mode scaling is Bohm-like; and only
small differences between limiter and X-point L-mode

confinement have been detected.

ITER H-mode Database

The H-mode database [27] still consists of data from six
tokamaks, (ASDEX, DIII-D, JET, JFT-2M, PBX-M and
PDX). and no changes have been made in 1995. There-
fore, the thermal ELM-free H-mode confinement scaling,
ITERH93-P {26], has not been updated. However, it has
been recognised that the ELM classification in the data-
base is not sufficient to establish reliable confinement

scalings for the various types of ELMs. At present, the
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ITERH92-P(ELMy) scaling [28] gives the best simple
power law fit to the whole ELMy subset. Another pro-
posed ELMy scaling is 0.85xITERH93-P which assumes
that, in the ELMy H-mode, the underlying ELM-free H-
mode confinement is degraded by a constant fraction due
to ELMs. The database will be updated with more data
(including more tokamaks) and an improved ELM clas-

sification in 1996.

ITER H-mode Threshold Database
The H-mode threshold database now consists of data
from nine Tokamaks, (ASDEX, ASDEX UPGRADE,
COMPASS-D, C-MOD, DIII-D, JET, JFT-2M, JT-60U
and PBX-M). The documentation of the present version
has been completed and will be published shortly to-
gether with the results of the power threshold scaling
analyses [29]. A standard dataset has been identified
which represents the lowest achieved threshold in each
Tokamak. In one approach, the lower boundary of the
data in the standard dataset has been regarded as the
threshold power scaling. The following candidates fit this
boundary reasonably well:

P, =03n,BR*

thr

P, =0.034n, B*S

thr

P, =0.016n,""BS
P, =0.025n,BS

In these expressions, S denotes the plasma surface area.

The first three expressions are dimensionally correct. The

predicted H-mode power threshold for ITER ranges from

TOMW (3rd expression) to 150MW (1st expression) at a

density of 0.5x10*m . Figures 229 (a-d) show the compari-

son between the data and the above expressions.

ITER Profile Database

The Profile database now consists of data from eight
Tokamaks (ASDEX, DIII-D, JET, JT-60U, TEXTOR,
TFTR, TORE SUPRA and T-10). JET has contributed
dataonsevendischarges: Pulse Nos.19649 and 19691 are
both L-mode D plasmas, Pulse Nos. 26087 and 26095 are
high performance hot ion H-mode pulses, Pulse No.
33140(1.7MA, 1.6MA), Pulse No. 35156 (2T, 2MA) and
Pulse No. 35171 (1T, IMA) are all ELMy H-mode D
plasmas and part of a group of pulses of a pscaling
experiment. The profile database is now well defined and
software to prepare, transfer and look at the data has been
made available. The testing of transport models using the
profile data by the modellers is progressing smoothly.
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pulses with and without TF ripple. In most cases a
satisfactory level of consistency can be found between
magnetic, kinetic and neutron data. The consistency check-
ing involves iterations as data is often reprocessed.

For 1994 and 1995 the entire diamagnetic data, the
neutral beam data, the interferometer data have all been
reprocessed. Several new Intershot analysis codes have
been introduced describing e.g. vessel forces, ELM types,

confinement scaling, etc.

Larmor Radius Scaling of ELMy H-modes
In non-dimensional scaling experiments, all but one
dimensionless plasma parameter are held fixed. Such ex-
periments have been carried out on TFTR, DIII-D and JET,
but joint experiments involving two tokamaks can also be
made. There are experimental problems with establishing a
series of dimensionally similar pulses. This has been seenin
the three series of experiments on the p* scaling of ELMy
H-modes on JET. The reproducibility of ELM characteris-
tics, as the magnetic field is doubled say, depends on the
proximity of the power level to the H-mode threshold power;
close to the threshold an ELM of the“compound type”
occurs in which L-mode confinement follows the ELM for
some short period. The result from the experiments con-
firmed this. For discharges far away from the threshold, a
gyro-Bohm scaling with p” applied to both ions and electrons
over most of the discharge. Evaluation of the local heat flux
datahas been made with the TRANSP code. Asthe threshold
is approached, the scaling of the local heat flux with p” is
closer to the Bohm scaling: the latter has been determined
for L-mode plasmas on TFTR, DIII-D and JET.

Diagnostic Software

The Diagnostic Software section is responsible for the
design and maintenance of software for diagnostic con-
trol. data acquisition, calibration and display for a consid-
erable number of diagnostics. It also provides support to
diagnosticians with the commissioning of diagnostics
and trouble-shooting during operations.

The section maintains some general purpose software
products, such as a JPF dataretrieval and display package,
a General Data Acquisition and Control package and
various subroutine libraries. It also supplies data analysis
support on the IBM system, mainly for the KH2, KSI,
KS2 and KS6 spectroscopy diagnostics.

During 1995, considerable effort was expended in

further development on the following areas:
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» the Central Acquisition and Trigger System (CATS)
and the Real Time Plasma Boundary Display
(XLOC-RT) were further developed. The Diagnostic
Data Network (DataNET) continues to grow.

* VME based stepper motor control of the steerable
mirror and polarisers of the Space and Time Resolved
Velocity Distribution of alpha-particles diagnostic
(KE4) was implemented. Internal WWW pages were
created detailing both the KE4 hardware and
software.

* Design specifications detailing CAMAC modifica-
tions to the Plasma Boundary probes diagnostic were
produced.

» The PC based data collection system for the fast CCD
camera diagnostic (KL1.3) was commissioned and has
operated successfully throughout the 1995 operational
period. The hardware and software for the magnetics

transient recorder diagnostic (KC1F) was developed.
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Summary of Scientific
Progress and Perspective

The effectiveness of the pumped divertor during the
1994/95 experimental campaign has allowed the pursuit
of a broad-based research programme, which is highly
relevant to the International Thermonuclear Experimen-
tal Reactor (ITER).

During the campaign, the plasma current in a separatrix
limited X-point configuration being increased to 6MA, the
total heating power to 32MW, the plasma stored energy to
13.5M1 and the neutron rate to 4.7x10'neutrons s'. The
pumped divertor has been most effective and this has al-
lowed a broad-based research programme to be pursued,
which is highly relevant to the ITER. Five areas of research
are of particular significance to ITER: high fusion perform-
ance in plasmas with high energy confinement (H-modes)
and free of Edge Localised Modes (ELMs), together with
fast particle studies which involve varying the toroidal
magnetic field ripple and exciting and detecting Alfvén
eigenmodes; a wide range of ITER-relevant steady-state
ELMy H-modes, including two specific contributions to the
validation of the operating conditions foreseen for ITER;
energy confinement studies (including the scaling with
machine size) for conditions both well away from, and close
to, the H-mode threshold and also at high values of the
plasma pressure relative to the toroidal magnetic field pres-
sure, 3; and experiments with detached divertor plasmas and
radiative power exhaust.

For most of the campaign, the divertor target tiles were
made of carbon fibre composite (CFC), but these were
replaced by beryllium tiles for the last two months of
operation. This allowed an assessment of beryllium as a
target tile material, including a controlled beryllium melt
experiment for ITER.

High Fusion Performance

ELM-Free H-Modes

Highest Fusion Performance in 1994/95
ELM-free hot-ion H-mode plasmas achieved the highest
fusion performance in JET. Performance improved as the
duration of the ELM-free period was lengthened by
reducing recycling (wall conditioning and/or use of the
cryopump), expanding the magnetic configuration to fill
the divertor, and increasing magnetic shear (triangular-
ity) at the plasma edge. The highest fusion performance

achieved in 1995 was comparable to the best achieved
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prior to the installation of the pumped divertor, even though
the plasma volume was now 20% smaller. An ELM-free hot-
ion H-mode at 3.8MA/3.4T with 18MW of neutral beam
(NB) heating and high magnetic flux expansion in the
divertor resulted in a neutron yield of 4.7x10's™" (best JET
rate in deuterium) and the fusion triple product of plasma
density, temperature and energy confinement time, nTt,
>8x10®m“keVs was within 10% of the previous best. The
equivalent fusion amplification factor in deuterium-tritium

(D-T) plasmas, Q.. was =1, transiently.

DT
Limits to High Performance

Hot-ion H-modes at low plasma current and toroidal
magnetic field reached B, =2.5 (where B is the value of [3
relative to the normalised plasma current, I7aB), but high
performance hot-ion H-modes were limited at ,~1.8,
well below the Troyon limit (B,=2.8). In general, three
classes of magnetohydrodynamic (MHD) phenomena
were involved in setting this limit: sawteeth and other
internal MHD phenomena occured in the plasma centre;
low frequency modes occured in the outer 20% of the
plasmaradius; andgiant” ELMs occured in the very edge
of the plasma.

In the discharge with the highest performance, the high
performance phase was terminated by a “giant” ELM,
simultaneous with a sawtooth, and preceded for =200ms
by high frequency MHD activity from the plasma within
the radius at which the safety factor, q=1. This MHD
activity was observed on the magnetic pick-up coils and
was seen to affect the central ion temperature and the
neutron rate. Other discharges were limited by modes in
the outer 20% of the plasma radius. There was no evi-
dence that these “outer” modes. or the ELMs, were
ballooning modes, but stability analyses suggested that
the edge current density could be sufficient to destabilise
external kink modes. Furthermore, MHD data suggested
that the terminating events included a low frequency
(5kHz) n=1, m=3-5 character and could be external kink
modes. Concomitant with the increase in low frequency
cdge activity, the loss power, the temperatures of the
inner and outer divertor targets and the level of recycling
as indicated by deuterium excitation measurements (D,
signal) all increased. the edge temperature fell and the
total stored plasma energy and neutron rate exhibited
“roll-over”. First experiments with lower hybrid current
drive showed that sawteeth could be controlled and the

effect of the “outer” modes could be softened, such that
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the duration of the high performance phase was extended
by 0.5s to the end of the heating pulse.

High Performance Quasi-Steady State
Operation

It was possible to delay the termination of the high perform-
ance phase by reducing the NB heating power to maintain
MHD stability. In this way, the neutron rate and the stored
plasmaenergy remained high and steady forupto Is. Insuch
apower step-downexperiment, theequivalent Q, remained
above 0.7 for almost 1s but the density continued to rise after
the power step-down, albeit at a reduced rate due to the
retention of the low current 140kV neutral beams. The
density increase facilitated the convergence of the electron

and ion temperatures, but led to lower average temperatures.

ITER-Specific Toroidal Field

Ripple Experiments

The toroidal magnetic field ripple was varied in JET in the
ITER-relevant range of 0.1% to 2% ripple at the plasma
edge. Low levels of ripple (=1% at edge) were found to
improve H-mode confinement, probably due to the effect on
ELM frequency, while high levels of ripple (>1.5% atedge)
degraded H-mode confinement. High energy neutral parti-
cleflux measurements and triton burn-up experiments showed
that ripple induced losses of thermal and high energy parti-
cles (125keV NB ions and 1MeV tritons) were very small (a
few %, orless) and were consistent with preliminary calcula-
tions of stochastic diffusion losses. The observed losses of
intermediate energy particles (thermal to 10’s of keV),
however, were higher than predicted.

Alfvén Eigenmode Studies

Saddle coils on JET were used to excite externally toroidal
Alfvén eigenmodes (TAEs) and the Alfvén nature of the
observed resonances were verified by scanning the toroidal
magnetic field. A strong multi-peak structure was seen with
very weak damping y/w<103. These are the first reported
observations of kinetic Alfvén eigenmodes. The TAE reso-
nance werealsoexcited whenradiofrequency waves launched
from two antennae differ in frequency (Af) by the TAE
frequency (f,

) and generate a “beat” wave. The TAE

frequency was matched to Af by scanning the toroidal field.

Summary and Significance for ITER
High fusion performance plasmas were obtained with the

pumped divertor (in spite of the 20% reduction in plasma



volume) and were limited by various MHD phenomena to
B,=1.8, less than the Troyon value of 2.8. Nonetheless,
equivalent Q_ ~1, transiently, and 0.7, steady, were ob-
tained and these experiments will be the basis for alpha-
particle heating studies in high Q_, operation in the
deuterium-tritium (D-T) plasmas in late 1996.0ther ex-
periments of significance for ITER included the toroidal
field ripple experiment, which indicated that the ripple in
ITER should have no significant effect on energetic
particle confinement, and studies of Alfvén eigenmodes,
which led to the identification of weakly damped kinetic

Alfvén eigenmodes.

ITER-Relevant Steady-State

ELMy H-modes

Giant ELMs give rise to significant and fast (<200ms)
movements of the separatrix strike points. On the other
hand, frequent ELMs effectively broaden the power pro-
file and reduce the peak temperature on the divertor target
tiles. ELMy H-mode plasmas with steady-state condi-
tions for many energy confinement times are therefore
considered a credible mode of operation for ITER. After
a period free of ELM instabilities, plasmas with the
pumped divertor develop regular EL.Ming behaviour,
with an energy confinement time which is typically a
factor Hy,~1.8 higher than that predicted by the [ITER89-

P scaling for low confinement (L-mode) plasmas.

Long Pulse ELMy H-modes

The divertor cryopump allowed good density control and
facilitated the production of long, clean, stationary H-mode
plasmas with electron density, effective ionic charge, radi-
ated power loss and stored plasma energy remaining con-
stant for up to 20s (=40 energy confinement times). The
cryopump with argon frosting also pumped helium in L- and
H-modes. So far, there was no evidence for the accumulation
of helium in the central plasma, but the ratio of the helium
replacement time to the energy confinement time was greater
than 10 in L-mode plasmas and greater than 20 in H-mode
plasmas. Further experiments will be needed to determine
whether these high values are set by transport at the plasma
edge or by a degradation of the pumping rate due to the
contamination of the cryopump with deuterium.

High Current 6MA ELMy H-modes
The full 6MA current capability of JET was demonstrated
and 6MA H-modes were obtained with up to 18MW of
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NB heating. The beneficial current dependence of scalings
for energy confinement in H-modes was also demon-
strated for currents up to 6MA. At 4.7TMA, 28MW of
heating power was coupled to ELMy H-modes.

High (3 Plasmas at Low Edge q

Quasi-steady state stable operation has been produced
with high normalised plasma pressure (3,>3 and, relative
to the poloidal magnetic field pressure, Bp>2), H-mode
confinement (H,,>2.0) and signficant bootstrap current
fraction (=50%). These advanced tokamak discharges at
low plasma current can exceed the Troyon limit at high
values of |3p, but the absolute values of the stored plasma

energy and neutron rate are low.

High Power, Steady-state ELMy H-modes
with Detached Divertor Plasmas and
Radiative Power Exhaust

JET successfully established quasi-steady ELMy H-mode
plasmas with combined (NB and ICRF) heating powers
up to 32MW. Most of the power was exhausted by
radiation from neon, nitrogen or argon seeded impurities.
For example, in a discharge which used nitrogen seeding
and additional deuterium fuelling the radiated power
could be =75% of the input power, with two thirds of the
radiation emanating from below the X-point. The H-mode
quality factor, Hy, is about 1.5. The density reached a
steady value, and the D_ signal showed the presence of
benign “grassy” ELMs. In discharges of this type, the
total deposited energy reached 180M1J (120M1J) with CFC
(beryllium) target tiles.

Summary and Significance for ITER

JET has been exercised over a wide range of quasi-steady
conditions, including that foreseen for ITER, namely, the
ELMy H-mode in combination with a detached divertor
plasma and radiative power exhaust. Essential contribu-
tions have thus been made towards the validation of these

operating conditions.

Energy Confinement in ELMy H-modes

JET has been a major contributor to the multi-machine
scaling studies to characterise the H-mode threshold
power and energy confinement in ELMy H-modes. In
addition, similarity experiments, which keep all
dimensionless parameters (3, normalised collision fre-

quency v*, q, aspect ratio €, elongation X, etc) near [TER
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design values except for the dimensionless Larmor ra-
dius, p*=p/L (where p, is the Larmor radius and L is a
typical scale length for the machine), have been crucial

for the understanding of transport.

Larmor Radius Scaling Experiments in
ELMy H-modes

The validity ot the similarity technique has been demon-
strated by JET and DIII-D discharges, in which each of the
dimensionless parameters (B, v¥, p*, q, €, K) is approxi-
mately the same and the energy confinement time is found
to scale inversely with the toroidal field. Pairs of JET
discharges at IMA/IT and 2MA/2T satisfy the quasi-
ayro-Bohm expression of the ITERH93-P H-mode scaling
for the energy confinement time and extended DIII-D stud-
ics towards ITER. Furthermore, the calculated thermal
diffusivities over most of the plasma varying inversely with
the toroidal field and this indicated a scaling close to

gyro-Bohm.

Approach to B Limits

As the NB heating power in these discharges was in-
creased from 6MW to [EMW, BN first increased and then
saturated. The ELM frequency also increased. The en-
crgy confinement time was seen to fall rapidly above
B,=2.3 and this may be the origin of the b dependence in

the ITERHY93-P scaling expression.

Approach to the H-mode Threshold

[f the powers needed to achieve the correct dimensionless
parameters in the p* scaling experiments were plotted
against a fit to the H-mode threshold power data from
several tokamaks operated with the same geometry it was
clearly seen that discharges well above the H-mode
threshold exhibited a clear gyro-Bohm dependence but,
close to the threshold, this scaling was lost and became
Bohm or Goldston-like, and followed the threshold.

Summary and Significance for ITER

When considering the operating point foreseen for ITER
(R=8.14m, a=2.8m, k=1.73, [=21MA, B=5.68T,
n=1.3x10"m>, alpha power=300MW, radiated power
fraction=0.36), it was clear that, with |0OMW of heating
power, ITER would operate close to both the b limit and
the H-mode threshold. It would then be necessary to enter
the H-mode at low density (=3x10""m™) and to rely on the

H-to-L transition in a deuterium-tritium mixture being
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lower than the L-to-H transition in deuterium in order to
sustain ignition at higher density. The multi-machine
scaling studies for ITER need, therefore, to provide more
accurate data on the H-mode threshold power and on
transport scaling close to the threshold and at high B.
Confidence in the accuracy of the scalings would increase
if JET operated at lower p* and higher 3.

Detached Divertor Plasmas with
Radiative Power Exhaust

Detached divertor plasmas with radiative powerexhaust can
reduce the particle, momentum and energy fluxes to the
divertor target plates, thereby easing power handling and
erosion. The exhaust power can be distributed by radiation
and charge-exchanged neutral losses over the divertor
sidewalls which have a sufficiently large area to reduce the
heat load to acceptable values. The investigation of such
divertor plasmas, which began at JET in 1992 has been
pursued in depth with the relatively open (Mark I) divertor

installed for the 1994/95 experimental campaign.

Detachment with Intrinsic Impurities

in L-mode Plasmas

In a detached L-mode discharge, deuterium fuelling in-
creased the plasma density to about 5x10"m™ and the
radiated power to about 70% of the input power. As the
density increased, the particle flow to the inner and outer
targets, as measured by Langmuir probes, was first seen
to increase (high recycling), then level off (“rollover”),
and finally decrease (detachment). The temperature also
decreased, so that both the heat flux and pressure at the
target decreasd. Profiles of electron pressure at the mid-
plane of the scrape-off layer plasma and along the target
showed that a significant pressure drop (more than a
factor of 10 near the separatrix) developed between

midplane and target when detachment occured.

Detachment with Extrinsic Seed Impurities
in H-mode Plasmas

It was not possible to produce detached divertor plasmas
with H-mode confinement in JET by using deuterium
fuelling alone. This had been predicted theoretically tor
both JET and ITER. At the powers required to maintain
the H-mode, the density required to reduce the divertor
temperature to the point where detachment could occur
(below 5eV) exceeded the H-mode density limit, and a

transition back to the L-mode occured. H-mode detached



plasmas could, however, be produced by introducing an
extrinsic seed impurity into the divertor toenhance radiation.
Neon, nitrogen, and argon seeds were injected into JET,
either pre-programmed or feedback-controlled on the divertor
radiation or the ion saturation current at the targets.
Withnitrogen seeding, the radiated power fractionrose to
more than 85%, with two-thirds of this being in the divertor.
The H-factor relative to the ITERH93-P scaling leveled off
at H ~0.74, typical of detached H-mode discharges in JET.
Theeffectivecharge,Z  rose tomore than 2.5. Tomographic
reconstructions of the radiation pattern in the lower half of
the vacuum vessel as measured by abolometer array showed
that the radiated power fraction is low (=20%) when the
plasma was attached to the target plates and that the radiation
is well distributed throughout most of the divertor volume
below the X-point when the plasma was partially detached.
In the latter case, 50% of the input power was radiated and
some power still flowed to the targets. Z  was also some-
what lower than at later times. At later times, ~80% of the
input power was radiated and the radiating volume, which
moved away from the targets, was located at the X-point.
Some fraction of the radiation emanated from inside the
separatrix. The motion of the radiating volume was smooth,
but occured over a fairly small range of total radiated power.
Similar behaviour was predicted using the computer codes

for the edge plasma.

Summary and Significance for ITER
The results obtained are promising for ITER, since the
achieved radiated power fractions of 80% to 85% were
sufficient to prevent target damage, overheating and
erosion. Detachment was accompanied by a transition
fromlarge isolated ELMs to more benign “grassy” ELMs,
which should not cause target damage. So far, however,
these results were achieved at the expense of main plasma
confinement and purity. The H-factor decreases as the
radiated power fraction increased and, at the highest
power levels, was somewhat below the minimum con-
finement time required for ignition in ITER (H,,=0.77).
With regard to main plasma purity, nitrogen was found to
radiate more in the divertor, but radiating 80% of the input
power required Z ~3. With argon, radiating 80% of the
input power requires Z =2, but significant radiation then
emanated from the main plasma. The observed seed impu-
rity concentrations with nitrogen, neon or argon would not
be acceptable in ITER, which requires Z  <1.6 for ignition
when the contribution from helium ash was taken into
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account. However, the scaling of these results to ITER has
yet to be established and improvements are to be expected
from experiments with the more closed Mark II divertor.

Beryllium Target Tile Assessment

For the last three months of the 1994/95 campaign, the
CFC divertor target tiles were replaced by beryllium tiles
of similar geometry and a full experimental programme
was carried out to assess beryllium as a divertor target tile
material for ITER. The campaign was concluded by
exposing the target to significantly higher heat fluxes,
with the explicit aim of studying the behaviour of molten

and damaged beryllium.

Performance under Normal

Operating Conditions

Under normal operating conditions, beryllium was proven
to be an acceptable divertor target material. The power
handling characteristics of the CFC and beryllium target
were found to be comparable and the general plasma behav-
iour (H-mode power threshold, the behaviour at the density
limit and the density range for detachment) was similar to
that with CFC. In particular, for both cases, H-mode confine-
ment was lost when the radiated power fraction reached
=50% with intrinsic impurities and detached H-modes (radi-
ated power fraction =80%) could only be achieved with
impurity seeding. Gross melting of the target tiles was
generally avoided by limiting the input energy and by
“sweeping” the magnetic configuration over the target tiles,
but superficial melt damage occurred due to some giant
ELMs in hot-ion H-mode discharges which deposited =1MJ

of plasma energy onto the target in about 20ms.

The Controlled Beryllium Melt Experiment
The hypothesis put forward by ITER, that a beryllium
target would “self-protect” against excessive heat fluxes
during off-normal events by evaporated beryllium lead-
ing to high radiation from the plasma and reduced heat
fluxes, was also tested. With ITER reference off-normal
heat loads of 25MW/m?, which resulted in significant
surface melting, only a moderate degree of self-protec-
tion of the beryllium target was found. At best, the
radiated power increased to =50% of the input power, but
only after several seconds. Following these experiments,
ELLMy H-mode discharges and nitrogen seeded radiative
divertor discharges were established on the molten beryl-

lium surface and found to be essentially unchanged.
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Furthermore, high power swept operation resulted in
180MJ of input energy being deposited on the target,

causing additional melting.

Summary and Significance for ITER

Under normal operating conditions, gross melting dam-
agetothetiles was avoided by careful operation, although
some superficial damage was produced by giant ELMs.
Significant tile damage was inflicted during a controlled
melt experiment when ITER reference off-normal heat
loads of 25MW/m?* were applied and only a moderate
degree of self-protection of the beryllium target was
found. Following melting, the effect of a damaged beryl-
lium target on the operating regimes relevant to ITER was
found to be small. Overall, beryllium remains one of the
candidate materials for the divertor target in ITER. The
final choice will depend largely on other considerations

such as tritium retention and erosion lifetime.
Overall Summary

The JET pumped divertor has proven effective in

handling the power exhaust and in preventing the high
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impurity influxes, which previously terminated high
performance discharges. This has allowed a broad
based and highly ITER-relevant research programme
to be conducted during the 1994/95 experimental cam-
paign. In particular, high performance ELM-free
H-modes with comparable performance to the past
have been sustained towards steady-state, but are lim-
ited by various MHD phenomena to B =1.8. A wide
range of quasi-steady state ELMy H-modes have been
studied at high power, high current, high b and with
detached plasmas and radiative power exhaust. p* scal-
ing studies suggest that the underlying transportin ELMy
H-modes has a gyro-Bohm character which is lost close
to the H-mode threshold and at high . ITER-relevant
ELMy H-modes with detached divertor plasmas and
radiative power exhaust have eased the power loading on
the targets, but at the expense of main plasma confine-
ment and purity. Beryllium compares favourably with
CFC as a divertor target material under normal operating
conditions, but melting has occurred and, with ITER
reference off-normal heat loads, aradiative shield was not

established quickly enough.



* DevELOPMENTS AND FUTURE PLANS

Developments and Future Plans

In 1978, the original objectives of JET were set out in the
JET Design Proposal, EUR-JET-RS, as follows:

‘The essential objective of JET is to obtain and
study a plasma in conditions and dimensions ap-
proaching those needed in a thermonuclear reac-
tor. These studies will be aimed at defining the
parameters, the size and the working conditions of
a Tokamak reactor. The realisation of this objec-
tive involves four main areas of work:

i) the scaling of plasma behaviour as parameters
approach the reactor range;

ii) the plasma-wall interaction in these conditions;

iii) the study of plasma heating; and

iv) the study of a-particle production, confinement
and consequent plasma heating.

The problems of plasma-wall interaction and
of heating the plasma must, in any case, be solved
in order to approach the conditions of interest.

Animportantpartof the experimental programme
will be to use JET to extend to a reactor-like plasma,
results obtained and innovations made in smaller
apparatus as a part of the general tokamak pro-
gramme. These would include: various additional
heating methods, first wall materials, the control of

the plasma profiles and plasma formation.’

At the start of 1995, JET was in an operating phase,
continuing the Pumped Divertor Characterization Phase,
which had begun in February 1994 and ended in June
1995. During this period, the Mark I divertor was most
effective and allowed a broad-based and highly ITER-
relevant research programme to be pursued.

Since the beginning of its experimental campaign,
extensive studies had been made in the first and third
areas of work of JET s objectives: reactor relevant tem-
peratures (up to 30 keV), densities (up to 4 x 102°m?) and

energy confinement times (up to 1.7s) had been achieved
in separate discharges. The second area of work had been
well covered in the limiter configuration for which JET
was originally designed. However, the highest perform-
ance JET discharges had been obtained with a ‘magnetic
limiter’, (or X-point configuration). The duration of the
high performance phase of these discharges exceeded
1.5s; this was achieved by careful design of the targets
and specific operation techniques, but is limited, ulti-
mately, by an unacceptably high influx of impurities,
characterized by a rapid increase in electron density,
effective ionic discharge and radiated power (referred to
as the ‘bloom’).

The fourth area of work had been started by earlier
studies of energetic particles produced as fusion products
or by ion cyclotron resonance heating (ICRH). It was
addressed further during 1991 by the first tokamak plasma
experiments in deuterium-tritium mixtures. The high
performance achieved in deuterium discharges, together
with the experience gained in making substantial modifi-
cations to JET in a beryllium environment and with
significant vessel activation, gave confidence that an
experiment with about 10% tritium in the plasma could be
performed and would provide data that could be used to
plan an effective campaign of deuterium-tritium experi-
ments in 1996.

During 1991, the JET Council had approved the policy
of a step-wise approach to the introduction of tritium in
advance of the full D-T phase of JET operations. Asafirst
such step, after having obtained all necessary regulatory
approvals, JET successfully carried out a preliminary
tritium experiment (PTE-1) in November 1991 (as al-
ready described). A release of fusion energy in the mega-
watt range in a controlled fusion device had been achieved
for the first time in the world.

In the 1991/92 campaign, JET achieved plasma

parameters approaching breakeven values for about a
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sccond, resulting in large bursts of neutrons. However,
in spite of the plasma pulse continuing for many seconds
after reaching peak plasma values, the neutron count fell
away rapidly as impurities entered the plasma and low-
ered its performance. This limitation on the time for
which the near-breakeven conditions could be main-
tained was due to the poisoning of the plasma by impuri-
tics (the ‘bloom’). This further emphasised the need to
provide a scheme of impurity control suitable for a Next
Step device.

In late 1991, the Council of Ministers approved a
modification to the JET Statutes, which prolonged its
statutory lifetime by four years until 3 1 st December 1996.
The extension will allow JET to implement the new
Pumped Divertor Phase of operation, the objective of
which is to establish the effective control of plasma
impurities in operating conditions close to those of the
Next Step. This programme of studies will be pursued
before the final phase of full D-T operations in JET.

During 1993, a large proportion of JETs effort was
devoted to shutdown work for the pumped divertor phase
of operations. The first stage of the shutdown in 1992 had
involved removal of components and replacement of
faulty toroidal magnetic field coils. The second stage in
1992/93 involved assembly of the four divertor coils and
casings inside the vacuum vessel. The third stage of the
shutdown began in mid-1993, with the final positioning
of the coils. The shutdown was successfully completed
with pumpdown of the torus in January 1994. The first
plasma in the Pumped Divertor Characterisation Phase
was produced in mid-February and by mid-March suc-
cessful 2MA diverted plasmas had been established.
During 1994, the plasma current was increased to SMA,
the total heating power to 26MW, the stored energy to
11.3M1 and the neutron rate to 4x 10'° neutrons/s.

1994 saw significant progress in optimising peak fu-
sion performance and extending operation to the reactor
relevant steady-state ELMy H-mode, which has now been
obtained under a variety of conditions (plasma currents up
to 4MA, power levels up to 260MW, in the high B, regime,
in discharges with negative central magnetic shear, and at
high B,).The high 8 regime has also been extended to
steady-state and to the reactor relevant domain.

The high power handling capability of the Mark I
divertor target was demonstrated and the severe impurity
influxes (carbon “blooms”), which previously terminated

high performance plasmas, have been eliminated. The
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cryopump reduces recycling, eliminates the effects of
wall saturation (observed in previous long pulse opera-
tion), allows effective particle control, and generally
allows higher performance.

The 1995 experimental programme had addressed the
central problems of the ITER divertor: efficient dissipa-
tion of the exhausted power, control of particle fluxes and
effective impurity screening, using both carbon fibre
composite and beryllium as the power handling material.

During this phase, the plasma current was increased to
6MA (a world record in an X-point configuration), the
total heating power to 32MW, plasma stored energy to
13.5MIJ (the highestenergy recorded in a JET plasma) and
the neutron rate to a new JET record in deuterium of
4.7 X 10'® neutron/s (comparable to the best achieved
prior to the installation of the pumped divertor and was
achieved even though the plasma volume was 20%
smaller). ITER-relevant quasi-steady state ELMy
H-modes were also studied at high power, high current,
high bandincombination with detached divertor plasmas
and radiative power exhaust.

The campaign with CFC tiles on the first-wall was
successfully completed in early-1995. This was followed by
experiments to assess the performance of beryllium as a
divertor target tile material and to compare it with CFC. In
response to a request from the ITER Joint Central Team,
beryllium melting was induced at ITER-relevant heat fluxes
to see whether a protective radiative shield was established.

Overall, these achievements show that the main objec-
tives of JET are being actively addressed and substantial
progress is being made.The overall aim for JET can be
summarised as a strategy "to optimise the fusion product
(n,T,te)". For the energy confinement time, Tg, this involves
maintaining, with full additional heating, the values that
have already been reached. For the density and ion tempera-
ture, it means increasing their central values n,(0) and T,(0)
to such an extent that D-T operation would produce alpha-
particles in sufficient quantities to be able to analyse their
effects on the plasma.

In parallel, preparations continued for the next phase of
D-T operations (DTE-1), which is scheduled for the end of
1996. JET has also continued the commissioning phase of
the sub-systems of the active gas handling system in accord-
ance with the JET programme for D-T operations.

JET is now continuing its programme of operations to
demonstrate effective methods of power exhaust and

impurity control in operational conditions close to those
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the divertor plasma fans only from that side of the separatrix.
However, this configuration has aconsiderably larger power
handling capacity for attached divertor operation, while the
penalty associated with the loss of neutrals re-entering from
the outer sides of the divertor plasma fans is believed to be
unimportant. This is the configuration currently favoured by
ITER.

The septum shown in Fig.230 is comprised of a number
oftoroidally discrete radially-oriented plates with a toroidally
continuous top tile, as shown schematically in Fig.231. In
the base septum configuration, neutrals can pass through it
from one side of the divertor to the other, with about a 40%
transmission probability. In this case, pumping from the
inner leg is expected to be increased by such neutral transits.
In a small modification, vertical plates running toroidally in
the centre of the septum assembly (not shown on the dia-
gram) can be fitted to make the septum opaque to neutrals.
A degree of control over the neutral pressure on the two
sides, and the symmetry of the divertor plasma, is provided
through the use of independent gas-feed circuits for the inner
and outer divertor legs.

A third possibility for the septum is to cover its two
sloping sides with toroidally continuous plates which con-
vert the divertor from a true gas-box into a moderate deep-
V configuration. In this case, the recycling neutrals are more
localized towards the bottom of the divertor, which may
offer certain advantages with respect to closure and control
of partially detached plasmas. Finally, the divertor can be
operated with the septum entirely removed and replaced
with a flat cover plate. It is unlikely that this option will be
utilized: it is being prepared as a backup in the event that
sputtering from the septum top tile proves to be excessive.

At present, it is planned to begin operation with the
vertical target (Fig.230(b)) and the septum in place. This
experimental phase will last four to five months. JET will
then shut down to switch, via remote handling, to a second
configuration which will be either the horizontal target gas
box or the deep V version of the septum and vertical target
plates. That decision does not have to be taken until fairly
late, and thus can be based on further experimental observa-
tions and analysis. The design of the Gas-box is essentially

complete, and procurement of materials has begun.

Tritium Handling

The purpose of the JET Active Gas Handling System
(AGHS) is to pump the torus, to collect gases from

various systems (the torus, neutral beam injection, pellet
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Fig.232: Block Diagram of Active Gas Handling System (AGHS)

injection and various diagnostics), to purify and
isotopically separate these gas mixtures (consisting of the
six hydrogen molecules, helium and impurities such as
hydrocarbons, oxygen, nitrogen, etc) and tore-inject pure
tritium and deuterium gas into the torus.

The AGHS is situated in a separate building (Building
J25) and can be separated into sub-systems as shown in
the block diagram (Fig.232). During the year, the com-
missioning phase of the sub-systems continued in accord-

ance with the programme for D-T operations.

Inactive Commissioning of the AGHS

Inactive commissioning in accordance with a very de-

tailed inactive commissioning procedure for the AGHS

was completed for the following systems:

a) Cryogenic Forevacuum
The cryogenic modules were tested: their pumping
speed and separation efficiency of the pumped gases into
pure helium, hydrogen, and other species were deter-
mined and found to fulfil design specifications. The
Cryogenic Forevacuum system was then used to pump
gas from the NIBs and torus during a short commission-
ing period after the divertor tile exchange shutdown.



b)

c)

d)

Mechanical Forevacuum System

The Mechanical Forevacuumsystem consists of anumber
of oil-free pumps specifically developed to pump radio-
active gases. This systemis intended for use during torus
pump-down and glow discharge cleaning. It was tested
inconjunction with pump-down and vessel conditioning
following the tile exchange shutdown.

Impurity Processing System

The principle of Impurity Processing is to oxidise all
tritiated gas species to water, to freeze the water out on
acoldtrap, toheat the cold trap torelease water vapour
and to reduce the water vapour on hot iron beds to
tritiated hydrogen which is absorbed temporarily on
U-beds. To reduce the processing times a new
recombiner with a much smaller flow resistance was
installed and tested successfully.

Intermediate Storage System

The main parts of Intermediate Storage are four ura-
nium (U) beds, which are used as temporary storage
for the distilled hydrogen gas mixtures from the
cryogenic forevacuum system before their injection
into the Cryogenic Distillation system or into the Gas
Chromatography system. The intermediate contain-
ment temperature of the U-beds was found to be
unexpectedly high, partly caused by the high thermal
conductivity of hydrogen permeated at high tempera-
ture. A metal getter was added to the intermediate
volume to absorb the hydrogen.

Gas Chromatography System

The eluant displacement gas chromatographic proc-
ess is used for isotopic separation. The packing mate-
rial is Pd deposited on A1,0,, and the eluant gas is H,.
Many separation runs were performed with the gas
chromatography-system integrated between interme-
diate storage and Product Storage. These runs showed
that the separation quality is fairly independent of
many system parameters such as flow rates, tempera-
tures, pressure, etc.

Product Storage System

The Product Storage system is a combination of eight
U-beds, four each used for the storage of deuterium and
tritium, respectively. U-beds can function as pumps,
storage containers and compressors for hydrogen gas
mixtures. The pumping efficiency of U-beds can de-
crease very drastically in the presence of gases which are
notabsorbed by the U-beds. Therefore, the possibility of

circulating gas through U-beds is a fundamental precon-

g)

h)

)

i)
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dition to use their pumping capability and to scavenge
hydrogen from hydrogen containing gas mixtures and
the system was configured to permit this.

Analytical Laboratory

The Analytical Laboratory is mainly a large glove box
which contains manifolds connected via small-bore
lines to the other subsystems of the AGHS. The gas
mixtures can be analysed by five different techniques:
analytical gas chromatographic system, ionisation
chambers, katharometers, residual gas analyser and
omegatron. These systems were fully tested.
Exhaust Detritiation System

Gas to be released from the process pipework of
AGHS to the environment can be discharged via the
Exhaust Detritiation system. This system has an ex-
pected detritiation factor of about 1000. Continuous
operation with cycling between driers, collection of
water in 4m?® waste holding tank in the AGHS build-
ing, and transfer via a bowser to the active drainage
system has been tested.

Distributed Control System

Almost all of the various AGH subsystems are oper-
ated fully remotely by a Distributed Control system.
(The exceptions are the Cryogenic Distillation and
Exhaust Detritiation systems, which are controlled by
separate PL.Cs). The commissioning of the control
system was a significant task because it involved the
testing of about 500 process inputs, a large number of
digital inputs/outputs and the remote control of about
600 valves.

Over/Under Pressure Protection system

The process pipework of the AGHS is surrounded by
secondary containments. In most cases this second-
ary containment is filled with nitrogen gas kept a
certain pressure below atmosphere. All 14 valve/
glove boxes were sealed and the pressure control
established via the control system.

Safety related procedures for these systems were per-

formed including leak tests of primary and secondary con-

tainments, tests of hardwired interlocks, tests of software

interlocks, checking of correct installation of safety relevant

equipment (eg, rupture discs, non-return valves), tests of the

Over/Under Pressure Protection System under simulated

failure conditions (eg, rupture of acompressed pneumatic air

line to actuate valves), etc. Testing tritium ionisation cham-

bers was carried out as far as possible using X- or y-ray

sources to provide initial indication of correct functioning.
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in the DTE1 experiments. A model was designed, built

and tested, which makes use of a temperature stabilised
base with inertial mass feedback control, working en-
tirely under vacuum. Resolution and base line stability
are approximately £1uW (~1GBq).

A simpler, high accuracy, calorimeter with sample
access from atmosphere, based on the same temperature
control principle, was designed and built for routine
tritium measurement (delivery/return to AGHS in
U-beds). Resolution and base line stability are approxi-
mately £10puW.

Instrumentation

H, - O, recombination sensors were developed and tested.
They will be used as alarm devices in torus and NIB
forevacuum lines to detect potentially explosive gas mix-
tures arising as a result of air in-leakage.

Selective pumping of H, (or D,) to permit He leak
testing of the torus at elevated temperature has been
further improved; a getter trap with low conductance and
high trapping efficiency is inserted between a torus
turbopump and the He leak detector; the relatively high
pressure drop of this trap is compensated by an additional
small molecular drag pump. The new device cansuppress
hydrogen for deuterium) partial pressures by up to six

orders of magnitude.

Baking Plant

A helium purification loop for the baking plant was
designed and installed. Its purpose is to remove tritium
(as HTO) from the recirculating helium gas in molecular
sieve driers and to remove air (the loop cannot be fully
evacuated and filled with pure helium) in an activated

charcoal absorber cooled with liquid nitrogen.

Safety Submissions to UKAEA
JET is required to satisfy the United Kingdon Atomic
Energy Authority (UKAEA, the host organisation) that
adequate safety standards exist prior to tritium operation.
The UKAEA endorsed the issue of an Authority to
Operate (ATO) for tritium commissioning of the AGHS
following submission of a Pre-Commissioning Safety
Report (PCMSR), an audit, and clearance of considerable
number of follow-up actions arising from AGHS safety
submissions.

The safety submission for DTEI are now at a stage of

being submitted for review by the Safety Directorate

Group of AEAT on behalf of UKAEA. Theso-called Pre-
Construction Safety Report contains an overview of the
engineered safety of JET, a deterministic analysis (show-
ing that the dose on-site and off-site for conceivable
accidents is small) and a probabilistic risk assessment
(showing that the UK’s Health and Safety Executive
(HSE) limits are complied with).

Plans for D-T Operation

A Working Group was constituted to propose plans for

D-T operations in 1996 (DTE1), under the chairmanship

of Dr A Gibson. The programme was prepared within the

constraints of a limit of 2x10%* D-T neutrons and a

programme duration of 3-4 months. The Group included

the Programme Leaders and Task Force Leaders from the

1994/95 Experimental Campaign, and as well, there were

a number of additional Proposal Co-ordinators.

A set of initial proposals were considered by the Group
and this was narrowed down to twelve main experiments,
and two necessary calibration and clean-up experiments.
The titles of these experiments, including the number of
shots and the D-T neutron budget are set out in
Table XVIII. In addition, seven subordinate and six para-
sitic experiments were also selected. This gave a total of
2x10% neutrons and 350 D-T neutron shots.

Preparations are underway to prepare for these experi-
ments with D-T plasmas (DTE-1) scheduled for the end
of 1996. The preparations aim to ensure that all technical
provisions are made, and that the 1996 deuterium cam-
paign performs the necessary preparatory experiments.

The four main objectives set for the experiment are
summarised, as follows:

(a) High fusion power demonstration in a reactor-like
configuration, with Q approaching unity (Q=1)forin
excess of one energy confinement time. This should
allow the observation and study of alpha-particle
effects, at least in the plasma centre;

(b) D-T physics of a reacting divertor tokamak, in an ITER
like geometry, including H-mode threshold behaviour;
ELMs; confinement; and RF heating at higher density;

(c) Demonstration of a reactor-relevant fully remote
handling operation (i.e. replacement of the divertor tar-
get assembly);

(d) Operation of the Tritium Processing System inte-
grated with a reacting tokamak (the JET Tritium
Processing Facility is reactor scale and uses reactor

relevant technology).
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Table XVIill: Proposed DTE-| Experiments

Proposal Titles D-T Neutron  No. of
TxI10'® Shots
High Fusion Power, Q, and -Heating
A P.. in hot-ion ELM-free H-mode 29.2 4
Determination of tritium beam fuelling efficiency in
low-recycling hot-ion H-mode (1% tritium) 1.5 4
B Beam power step-down experiment to obtain high fusion Q 28.5 4
and alpha-particle heating
C ¢-particle heating experiment 19.2 4
D Neutron diagnostics calibrations using: “1%” tritium; “10%” tritium 4.6 112
ITER Related
E Assessment of ICRF Heating Methods in Reactor Relevant
D-T plasmas 10.0 I
F Maximum Fusion Performance with Combined heating at
High Toroidal Field 27.6 2
G Use shear reversal configurations to increase performance of
Hot-lon modes 16.6 2
K ELMy H-Mode p~ scaling 6.8 5
B saturation dependence on isotope 0.0 0
L H-Mode power threshold measurements in D-T plasmas 3.1 4
ITER-relevant H-mode Scenario 0.7 I
M Isotope effect on H-mode power threshold 2.6 4
Steady State and Physics
H Maximum fusion power in a Steady State ELMy H-mode 37.8 2
I Isotope mixture control in Hot-lon H-Modes 1.9 15
Isotope mixture control in high density discharges 43 40
Change-over characterisation 0.1 20
] Tritium clean-up methods using: plasma; gas soaking;
glow discharge 2.2 30
N Tritium transport 0.7 25
study of divertor closure/retention with trace tritium 1.0 20
tritium fuelling efficiency 1.5 36
high power radiative divertor (i) - (ii) 0.1 5
Total 200 350

The physics programme of DTE-1 would study the
isotopic effect on confinement scaling and H-mode thresh-
old power in D-T plasmas. These would be the first experi-
ments of this kind in the geometry appropriate to ITER and
including a divertor. Furthermore, the H-mode threshold
power in D-T plasmas would be determined for the firsttime
in these JET experiments. This would allow more accurate
assessments of the ignition margin and the heating require-
ments for ITER. In addition, JET"s capability for long pulse
operation and impurity control should permit alpha-particle
heating to make a significant contribution to the plasma
power balance and this would allow the effects of c-particle
heating (confinement and thermalisation of o-particles and
stability of toroidal Alfven eigenmodes in the presence of o

particles) to be studied and experience gained for ITER. The
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operating conditions foreseen for ITER, namely long pulse
ELMy H-mode detached radiative divertor plasmas, would
also be studied in D-T plasmas.
The proposed DTE-1 programme contains experi-
ments designed to produce the following outcome:
- Discharges with high fusion power;
- Significant plasma heating effects from fusion
alpha-particles;
- Sustained fusion power production of several MW;
- ITER relevant design information on the H-mode
threshold in D-T divertor plasmas;
- Plasma energy and particle confinement scaling;
- Plasma-wall tritium recycling and control;
- Neutron and alpha-particle diagnostic demonstra-

tions and measurements;



Table XX:
Allowable Collar and Ring Tooth Forces

Table XIX:

Allowable Stresses and Forces on Magnet Coils
Copper conductor Copper Brazed
(All stresses in MPa) conductor  joints
Primary membrane stress 119 67
Primary membrane

+ bending stress 154 87
Primary + secondary stress 178 100
Electrical insulation
Primary shear 15
Primary + secondary shear 18

- Technical demonstration of neutral beam and radio-
frequency and (RF) heating with tritium, and tri-

tium processing.

Studies for Machine
Performance
Enhancement

In the light of the proposed extension to the end of 1999,
studies have been undertaken on possible enhancement
options of some JET subsystems. In particular, it has been
considered that, the toroidal magnetic field could be
increased from the present 3.45T to a value of 4T and that
the neutral beam injectors could be improved from 80kV,
60A t0120-140kV at 60A.

Toroidal Field to 4T
The strategy for operating the coils is based on high
reliability, long life and minimal risk. However, the
reliability analysis performed in 1992/93, showed that
only a small percentage of the coil’s life has been used
since JET started operation in 1983. Therefore, with a
moderately increased risk and an acceptable reduction of
life, it was thought that operation of the TF coils at 4T
should be possible. It was considered worthwhile to
analyse in detail this possibility.
For D-shaped coils, the forces generated on the TF
coils by the tokamak magnetic configuration are:
¢ The out-of-plane force generated by the interaction of
the TF coil current with the poloidal magnetic field
(supported by the mechanical structure) causes shear
stresses in the glass-fibre-epoxy electrical insulation,
in the mechanical structure, and, in particular, in the
collar and ring teeth;
» The in-plane forces due to the interaction of the TF

coil current with coils own field, giving rise to:

Maximum operational
force (tonnes)
50 (limited by coil)
50 (limited by coil)
75 (limited by bolts)
75 (limited by bolts)

Top collar tooth
Bottom collar tooth
Top ring tooth
Bottom ring tooth

- longitudinal tension causing tensile stress in the
copper conductor;

- inward force supported by the P1 coil (causing
compression and shear stresses in P1).

The D-shape practically eliminates the bending moment
in the plane of the coil and the absence of an individual coil
casing, with the coils free to expand within the mechanical
structure, eliminates the thermal hoop stresses. The stresses
in the tokamak coil system have been re-assessed for the TF
magnetic field at 4T and the new requirements for the power

supplies have been studied.

Assessment of the Coil System

Allowable Stresses

To help in evaluating new stress levels, the allowable
stresses for copper and insulation have been reviewed
and common acceptance criteria applied to all relevant
coils. The allowable stresses are defined according to
the philosophy of the ASME codes and are summarised
in Table XIX.The allowable force on the ring and
collar teeth which support the TF coils have also been

reviewed and are shown in Table XX.

Forces and Stresses in the TF Coils

and MS Teeth

The out-of-plane forces depend upon the overall pulse
configuration, due to the interaction with the normal
component of the poloidal field, and, are therefore, pro-

portional to the TF current, I, and to the plasma current

TF?
[,. The in-plane forces, on the other hand, depend only
upon the interaction with the toroidal field generated by
the 32 coils and, therefore, scale with I *.

Three plasma configurations of scientific interest have
been analysed to assess the safety of future 4T operations.
Disruption conditions were simulated by means of a
sudden plasma disappearance. Stresses and forces were
evaluated using an FE beam model and these were within

the allowable limit (Table XXI).
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Table XXI. - Forces and Stresses at 4T

Configuration a) 6MA Mk 1l

Plasma current (MA) 6
equilibrium disruption

Total torque on 12300 16500

structure tonne.m

Shear stress in the insulation (MPa)

inter pancake (nose) 10 7
inter turn (peak) 17 3
at top collar tooth

inter turn (peak) at 15 8

bottom collar tooth

Tensile stress in the copper (MPa)

total at the nose 114 01
membrane+ bending 76 72
at the brazed joints

membrane at the 60 60
brazed joints

Forces on teeth (kN)

top collar -478 79
bottom collar 426 233
top ring 340 577
bottom ring -553 -701

b) 5SMA high q c) Pulse No:33140
high ICRF coupling (ITER p* scaling)

5 4 (scaled from 3MA)
equilibrium  disruption equilibrium  disruption
10000 13400 10100 12700

10 7 9 7
17 0 8 4
14 9 6 I
113 101 108 98
76 73 72 70
60 60 60 60
481 -3 232 119
400 237 160 -35
30 506 397 526
-491 -616 -579 -660

Forces and Stresses in the P1 Coil

The P1 coil supports inward force of the TF coils and,
therefore, stresses in the coil scale as B_*. The winding is
in turn supported by a steel supportring. The sub-division
of forces between coil winding and support ring depends
on the elastic properties of each, the initial state of stress,
the temperature of the P1 Coil and the current in P1. The
P1 Coil assembly is, in principle, axisymmetric so there
are no shear stresses except due to internal features
(joggles and terminals) and temperature gradients.

Stress calculations showed that the final temperature
reached by the coil is an important factor in determining
the stress in the coil. The temperature is determined by the
energy dissipated (I’t) of the pulse. Pulses suitable for use
at 4T were considered and it was found that an It of less
than 30x10°A%s (probably 25x10°A%) would be suffi-
cient for the experiments foreseen.

Stresses in the Pl coil were studied in detail in 1988,
when the machine was upgraded to 7TMA. It has been
possible to extend these finite element calculations to
include operation at 4T. These show that if the I’t is
limited to 28x10°A%s, the maximum von Mises stress in

the winding is 76MPa. This is within the allowable stress,
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as itincludes secondary stresses (Table XXII). Operation
at higher I’t needs further investigation to determine its
acceptability.

Conclusion on 4T Operation

In conclusion, if plasmas that avoid excessive transverse
fields in the collar and tooth region are selected, operation at
4T is practicable without changing the present levels of
allowable stress and force. However, further studies are
underway. A high-resolution 3D brick model is being pre-
pared in order to analyze in more detail the stress distribution
in the most critical areas of the TF coils, i.e. the sections
supported by the collar teeth and the nose of the coil (where
it detaches from the inner cylinder), where a local bending

stress due to the in-plane forces appears.

Power Supplies

The TF coil power supplies consists of a flywheel genera-
tor with a peak capability of delivering 2.6GJ/pulse and of
two static units supplied directly from the 400/33kV
substation. Each static unit consists of two rectifier trans-
formers, with the capability of an o.c. voltage of 2.0kV.

The design specification of these power supplies allow



" DEVELOPMENTS AND FUTURE PLANS

Table XXII:
Stresses in PI for various pulse parameters

Parameters

lasma 6 6 6
Toroidal field 3.40 3.40 3.40
I I max 40 50 60
Bt x 10%A%) 28 35 44
Main body of coil (Stresses in MPa)

von Mises 64 52 73
Shear (MBFE) 0 9 13
Steel ring (Stresses in MPa)

von Mises 140 140 140

7 0 6 6 6 6
3.40 3.40 3.85 4.00 4.00 4.00
60 60 40 40 50 60
44 44 28 28 35 44
71 92 72 76 100 100
12 15 i2 14 14 14
140 140 149 161 161 161

the TF coils to be fed with 67kA (B, = 3.45T) for 20s.
However the power supply system has a built-in redun-
dancy, that would allow delivery to the TF magnet of
75kA (B, = 3.85T) with a 3s flat-top.

To supply the TF coils at higher field (4.0T, 78kA
supply current) and with extended flat-top (~10s), the
power supplies would need to be upgraded. The boundary
conditions to be considered for an optimum design of the
upgrading of the power supplies are the energy to be
delivered by the flywheel generator, the load voltage (and
load current) of the static units, and the I’t capability of
the TF coil system. The current (and voltage) capability
of the flywheel generators is higher than required. The
simplest and the cheapest way to reach this goal is to
upgrade the voltage and current capability of the static
units (2.8kV each). Engineering analysis and tests on the
existing system, indicate that this goal can be achieved,
basically, by replacing the four static unit transformers
and the thyristor and cable protecting fuses, while the
thyristor themselves have a built-in capability suitable for

the new scenarios.

Enhancement of the Neutral Beam
Heating System

Overview

The 1994/95 Experimental Campaign confirmed Neutral
Beam Injection (NBI) heating as the heating method most
able to couple power reliably into a wide range of plasma
configurations. The relative insensitivity of the available
NB heating power to plasma position (X-point height,
strike zone location), plasma shape (triangularity, elon-
gation, edge shear), safety factor and toroidal field ena-
bled the execution of a wide experimental programme. In

addition, NB heating remains essential for generation of

the so-called hot-ion H-modes discharges, in which its

highest fusion performance is achieved [1], and remains

the prime candidate for D-T discharges, in which signifi-
cant thermonuclear effects will be seen.

Forthesereasons, an investigation into possible enhance-
ments was instigated, which could be made to the NBI
system to raise the available heating power from that pres-
ently available (21MW with deuterium (D°) beams in both
Injectors or 25MW with D° beams in the Octant No.4
Injector and tritium (T°) beams in the Octant No.8 Injector).

Two scenarios were investigated:

i) Replacing the 140kV/30A PINIs on the Octant No.8
Injector with 80-85kV/60A PINIs as presently used
on Octant No.4; or

ii) Upgrading the high voltage (140kV) PINIs at Octant
No.8 from 30A to 60A operation by upgrading the
power supplies and regapping the PINI accelerating
structures.

The constraints for both upgrades were that major modi-
fications to the injectors themselves could not be considered,
because the enhancement procedure should not lead to extra
shutdowns in the 1996-1999 JET Programme. On the other
hand, power supply modifications of a modular nature (ie:
which would lead to the unavailability of a pair of PINIs at
any one time) could be contemplated.

Although the first scenario would involve much less
investment than the second scenario, it was rejected for
further study for the reasons:

* the gain in mixed (D°T°®) operation of injectors would
be marginal and the central power deposition (within
the inner 20% volume of the plasma) would actually
decrease at all reasonable densities;

+ thefuelling from the 80-85kV beams would be higher,
thus making density control difficult;






Scope of the Tests

i) Most of the tests were carried out up to 120-125kV
with hydrogen beams, due to restrictions to Testbed
use in deuterium during the shutdown;

ii) Power loading measurements were taken during the
conditioning pulses on: power to the plasma source
body; power to the accelerating grid structure; power
to scrapers representing the Box Scrapers on the
Torus Injector; power to the Testbed Beam Dump;

iii) Beam profile measurements (horizontal and vertical)
were also taken for each PINI at several distances from

These

profiles enabled beam divergence and beam steering to

the PINI using the new mobile calorimeter.

be separately determined, and enabled the minimum
divergence (optimum perveance) to be derived for com-
parison with codes. Beam profile measurements were
also taken with source operation in helium, which re-
moved the effect of extracted species variation.The
helium results were compared with the standard PINIs;
iv) One geometry was then selected for tests in deuterium
atup to 140kV. The restriction to one geometry was
necessary as special working arrangements had to be
provided to allow D, operation in the middle of the
shutdown. Forreasons given below, the triode geom-

etry was chosen for the D, tests.

Test Results

All tests were performed with the so-called ‘chequerboard’
(CHQ) plasma source on the PINI. This gives an excep-
tionally uniform plasma across the PINI extraction grid:

i) Optimum perveance
The predictions of the code for the optimum perveance in
hydrogen with the CHQ source were within 10% of the
measurements. The measured optimum perveance at
high voltage and also at lower voltage are both well
described by a unique ‘normalised perveance’ curve
when the known extracted species variation with current
density in the CHQ source is taken into account, indicat-
ing that there are no other space charge effects to be
accounted for. The extrapolated normal D, operation
values for the enhanced PINIs would be: 140kV/52A for
the tetrode and 140k V/59A for the triode, when using the
normal (‘filter’) ion source with high monatomic yield.
ii) Beam divergence

The tetrode PINI had exceptionally low beam diver-
gence, in agreement with the code. The divergence of the
triode was slightly better than the standard triode. The
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results were: tetrode 0.25° divergence; triode 0.47° diver-
gence. These results meant that for the tetrode the beam
divergence could be easily identified as the profiles from
the two halves of the PINI grids were well-separated. On
the other hand, the power on the Test-bed Beam dump
was already too high in H, tetrode operation (at ~ 6MW)
and caused melting on the edge of the hypervapotrons.
Operation in D, (with a narrower divergence beam and at
higher power) was therefore considered unsafe and would,
moreover, lead to excessive beamline power loads which
could only be alleviated by increasing the focal lengths by
re-drilling of grids thus removing one advantage origi-
nally ascribed to the tetrode.
iii) Power Loadings
The power loadings on beam dump, scrapers, ‘source’ or
PINI (grids+source+ neutralisers) were measured. The
power loading on the simulated Box Scrapers was much
lower (~7-8%) for the tetrode PINI than for the triode
(~11-12%). Although this is clearly advantageous, it is
indicated below that it is necessary to redesign the Box
Scrapers on the Torus Injector to accommodate the up-
graded PINIs in tritium operation and so lower Box
Scraper loading is not a decisive factor. The total power
falling on the source (at ~10%) was the same for both
geometries. The breakdown of power loading to the vari-
ous parts of the PINI and neutraliser showed that the
relative values were similar for the tetrode in H, an the
triode in D,. The percentage power loads on Grid 1,
negative grid (Grid 3’), earth grid (Grid 4’ )+first stage
neutraliser and on the second stage neutraliser are all
similar to the usual values and well within the previous
defined operational levels. The percentage power load on
the plasma source body is also similar to normal, but the
absolute power on the source body is above previously
accepted safe levels. A 5% level of loading on the body
corresponds to 420kW at full power, compared to safe
working levels of 280k W. This previous safe levelis now
being investigated. Preliminary indications give an opti-
mistic prognosis that it was too conservative.
iv) Beam Steering

The ‘standard’ PINI extraction systems from which the
two upgraded geometries were developed both have
steering grid hole patterns set to give: Vertical focal
length (f ) = 14 m; Horizontal focal length (f,) = 10m.
From the profiles at optimum perveance taken at various
distances (z) from the source, the value of f and f, was

fitted, together with the divergence. The three parameters
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and 1.14 (which is the level required to simulate Pulse
No0.26087 from the best performance PTE development
series). It can be seen that if the recycling levels of the
PTE series can be achieved, a =2.5 fold increase in
neutron rate would result from the enhancement of the
NB system to 28.4MW.
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Future Plans

The JET Programme was divided into phases governed
by the availability of new equipment and fitting within the
accepted life time of the Project. Phase I (Ohmic Heating
Studies) was completed in September 1984, and Phase 11
(Additional Heating Studies) in October 1988. Phase 111
(Full Power Optimization Studies) ended in February
1992,

maximum performance in limiter configuration (currents

The scientific aims of Phase III were to obtain

up to 7TMA) and to optimize X-Point Operation (currents
up to 6MA) including a comparison of H-modes in X-
point configuration using beryllium (lower X-point) with
carbon (upper X-point) dump plates.

JET future plans are dominated by the insertion of a
new phase of the Project (Phase 1V: Pumped Divertor
Configuration and Next-Step Oriented Studies). This
phase is subdivided into a Divertor Characterization
Plasma and an ITER Support Phase. This new phase
extended the lifetime of the Project up to the end of
1996.

The Pumped Divertor Characterisation Phase began
in February 1994 and ended in June 1995. During this
period, the Mark I pumped divertor was very effective
and allowed a broad-based and highly ITER-relevant
research programme to be pursued. It had addressed
the central problems of the ITER divertor: efficient

dissipation of the exhausted power, control of particle
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fluxes and effective impurity screening, using both
carbon fibre composite (CFC) and beryllium as the
power handling material.

During this phase, the plasma current was increased to
6MA (a world record in an X-point configuration), the
total heating power to 32MW, plasma stored energy to
13.5MJ (the highestenergyrecordedinaJET plasma) and
the neutron rate to a new JET record in deuterium of
4.7 x 10' neutron/s (comparable to the best achieved
prior to the installation of the pumped divertor and was
achieved even though the plasma volume was 20%
smaller). ITER-relevant quasi-steady state ELMy
H-modes were also studied at high power, high current,
high band in combination with detached divertor plasmas
and radiative power exhaust.

The campaign with CFC tiles on the first-wall was
successfully completed in mid-March. This was followed
by a shutdown of 22 working days in which the CFC tiles
were removed and replaced by beryllium, a prototype sepa-
rator for the ion cyclotron resonance frequency (ICRF)
heating antenna was installed and eighteen French Horn
cooling pipe insulators were strengthened and replaced.

Following this shutdown, experiments were performed
to assess the performance of beryllium as a divertor target
tile material and to compare it with CFC. In response to a
request from the ITER Joint Central Team, beryllium
melting was induced at ITER-relevant heat fluxes to see
whether a protective radiative shield was established.

InJune 1995, a shutdown started for the installation
of the Mark IIA divertor and the modification of the
ICRH antennae. The shutdown is due to finish in
March 1996. A detailed inspection at the start of the
shutdown, showed that in-vessel components were in
good condition with no significant damage except for
the deliberately induced beryllium target plate melt-
ing. The first phase of in-vessel work in the shutdown
was the strip-out of components. This work, which
included the removal of the ICRF antennae for modi-
fication, was completed ahead of schedule.

The next phase of in-vessel work involved installation
of the modules of the Mark II divertor support structure.
This structure, which is about 6m in diameter and with a
weight of 7 tonnes, was assembled to within an accuracy
of 0.1mm. The ICRF antennae, modified to improve the
coupling of ICRF power to the JET plasma, were then
reinstalled. At the end of the year work to install other

in-vessel components was continuing.



Preparations are also continuing for the next period of
D-T operation (DTE-1), which is scheduled for the end of
1996 and work is continuing on the procurement of the
ITER specific Mark II Gas-box divertor target assembly,
which is due to be installed by remote handling in 1997.

Extension of Programme to end of 1999
A proposal for the extension of the JET Programme to the
end of 1999, which is supported by the JET Council, is
currently being sent to the Council of Ministers for approval.
The purpose of the extension of JET to the end of 1999 is to
provide further data of direct relevance to ITER, especially
for the ITER-EDA, before entering into a final phase of D-T
operation. In particular, the extension:

i) should make essential contributions to the develop-
ment and demonstration of a viable divertor concept
for ITER; and

ii) carry out experiments using D-T plasmas in an
ITER-like configuration, which will provide a firm
basis for the D-T operation of ITER;

while allowing key ITER-relevant technology activities,

such as the demonstration of remote handling and tritium

handling, to be carried out.

Divertor Studies

The divertor must fulfil three main functions: (i) exhaust
plasma power at acceptable erosion rates; (ii) control
plasma purity; and (iii) exhaust helium “ash” and provide
density control. For ITER, successful divertor operation
must also be compatible with high confinement (H-mode)
operation with Edge Localised Modes (ELMs).

Erosion can be reduced by decreasing the plasma
temperature at the target plates which can be achieved
with high density and high recycling near the target
plates. However, the exhausted plasma power conducted
to the targets in this high recycling regime is not reduced
and has to be distributed over a large surface area. To
some extent, this can be achieved by inclining the targets
so as to project a larger surface area to the conducted heat
flux which flows along the magnetic field. In JET, the
plasma “footprint” can also be swept across the targets,
but this would not be possible in ITER or a reactor.

An alternative approach is to reduce the conducted
power to the targets by atomic physics processes (charge
exchange and hydrogen and impurity radiation) in the
divertor channel. These power losses can be enhanced by

generating plasma and impurity flows in the divertor.
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This requires sufficient pumping and recirculation of the
plasma in the divertor. Of course, the divertor conditions
must not affect adversely the main plasma performance
and this requires the divertor plasma to be as decoupled as
possible from the main plasma. In particular, the leakage
of neutrals from the divertor to the main plasma must be
reduced as far as possible. Such “closure” of the divertor
can be achieved by introducing baffle structures at the
entrance to the divertor or maintaining a sufficiently
dense plasma to attenuate neutrals within the divertor
(plasma “plugging”). The geometry of the divertor is thus
important in providing the necessary degree of closure,
and this requires the testing of several different divertor
configurations.

Inthe ITER-CDA, the solution adopted for the divertor
was to use the high recycling approach with steeply
angled target plates, which offers good purity control.
However, with the adoption of a single null configuration
and higher power in the ITER-EDA, the high recycling
approach does not suffice, and a gas target (detached
plasma) divertor was adopted to exhaust power over the
sidewalls of a deep divertor via charge exchange and
radiation. This approach requires the relatively free
recirculation of the hydrogenic and impurity neutrals
within the divertor, and plasma density and purity control
must therefore be demonstrated.

The JET divertor programme is based on three divertor
configurations (Mark I, Mark IIA and an ITER-specific
Mark IIGB) which will be introduced and tested
sequentially in the period up to the middle of 1998 (end
of the ITER-EDA).

During the present shutdown, the relatively open Mark 1
divertor used for the 1994/95 Experimental Campaign is
being replaced by the Mark II divertor which comprises
a common base structure capable of accepting various
target assemblies. This allows the divertor geometry
(degree of closure and target configuration) to be varied
and its effect on divertor and main plasma performance to
be studied.

Due to the need to test various divertor geometries for
ITER, the Mark II divertor has been designed so that its
target assembly can be exchanged by remote handling,but
does not lend itself to the use of active cooling. No
financial provision is made in the proposed Programme to
study target materials other than CFC.

The first target assembly (Mark ITA) is a moderate

“slot” divertor which is significantly more closed than
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Mark 1, thus improving purity control and increasing
atomic losses. Mark IIA allows operation under a wide
range of plasma configurations and conditions and makes
high power, high current operation possible on both the
horizontal and vertical target plates.

The second target assembly (Mark IIGB) is a deep
divertor with a well baffled entrance. The aim of the
Mark lIGB configuration is to distribute the exhaust
power over the length of the divertor and this is assisted
by the free recirculation of neutrals below the baffle on
oneorboth sides of the divertor plasmalegs. Recirculation
also allows greater flows, better pumping and better
impurity retention in the divertor.

The investigation of these three generically differ-
cnt configurations will allow a coordinated and timely
investigation of the various options for an ITER divertor
and is designed to lead to a solution giving compatibil-
ity between power exhaust, purity control and high
performance (H-mode). A major part of the strategy is
the development and validation of numerical codes for
the edge and divertor plasma so that they may be used
for extrapolation to the geometry, dimensions and
operating conditions of ITER. The experimental re-
sults from all three divertor configurations, together
with those from smaller tokamaks and model calcula-
tions. will allow the ITER divertor design to be vali-
dated. This should be possible by the middle of 1998,
in line with the ITER-EDA schedule.

D-T Plasma Studies

The first magnetic confinement experiments using a
mixture of 10% tritium in deuterium took place in JET in
1991 and produced significant fusion power (peaking at
1.7MW and averaging IMW over 2 seconds). Since then
the US tokamak TFTR, using 50% tritium in deuterium,
has produced some 10MW of fusion power and shown
that, with their particular operating conditions and geom-
etry, D-T plasmas have more favourable confinement
properties than deuterium plasmas (isotopic effect). Sub-
ject to the necessary approvals, two further periods of
D-T operation (DTE-I and DTE-2) are foreseen for the
JET programme to the end of 1999.

The physics mission of DTE-1 would have the crucial
objective of studying the isotopic effect on confinement
scaling and H-mode threshold power in D-T plasmas.
These would be the first experiments of this kind in the

geometry appropriate to ITER and including a divertor.
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These experiments would be essential to determine
whether the D-T performance improvements observed
in the circular cross-section TFTR tokamak are also
realised in the D-shaped cross section of JET, and
ITER. Furthermore, the H-mode threshold power in
D-T plasmas would be determined for the first time in
these JET experiments. This would allow more accu-
rate assessments of the ignition margin and the heating
requirements for ITER.

In addition, JET’s capability for long pulse operation
and impurity control should permit about 10MW of
fusion power for several seconds (typically with 50%
tritium). The o-particle heating would then make a sig-
nificant contribution to the plasma power balance and this
would allow the effects of o-particle heating (confine-
ment and thermalisation of o-particles and stability of
toroidal Alfveneigenmodes in the presence of o-particles)
to be studied and experience gained for ITER. The oper-
ating conditions foreseen for ITER, namely long pulse
ELMy H-mode detached radiative divertor plasmas, could
also be studied in D-T, albeit at reduced levels of fusion
power. These results could provide important informa-
tion for the design of the ITER divertor.

As well as a physics mission, DTE-1 would also have
a technology mission with the objective of carrying out
and demonstrating key ITER and reactor-relevant tech-
nologies, such as tritium handling and processing, remote
handling and control, and heating systems operating in
D-T. Specifically, DTE-1 would provide a first test of a
large scale technology for processing tritium through an
operating tokamak.

Operation in TFTR and detailed preparations for
DTE-1 on JET have shown that a longer phase of D-T
operation than DTE-1 is needed for a thorough study of
the physics and technology of D-T plasmas. This is
provided for by DTE-2, with substantial a-particle
heating, capitalising on the performance improvements
achieved in the preceding experimental campaigns
with deuterium.

This period of D-T operation will also provide a full
evaluation of the technology of processing tritium in
support of an operating tokamak.

Programme Plan
The programme to the end of 1999 is illustrated in
Fig.240. It covers all the agreed objectives for the JET

extension. Its main aspects are summarised below.
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Fig.240: JET Programme to end of 1999

ITER-EDA Support Phase

(mid-1995 to mid-1998)

The present shutdown which commenced in June 1995 is
scheduled to be completed in March 1996. During this
shutdown the Mark II divertor, its first target structure
(Mark ITA) and modified ICRF antennae are being in-
stalled. Work is also being undertaken to prepare for the
D-T operations planned for the end of 1996.

During 1996 the experimental campaign will concen-
trate on divertor and other ITER-specific studies (includ-
ing development toward long pulse high performance
operation) and optimisation for D-T. The programme will
therefore extend many of the issues addressed initially
with the Mark I Divertor and give, in particular, further
emphasis to studies of the effect of geometry on radiative
detached divertor plasmas, which form the physics basis
for the divertor concept favoured by ITER.

A period of D-T operation (DTE-1) is scheduled for
late 1996, following an intervention to make the neces-
sary final adjustments for D-T operations. The precise
content and duration of DTE-1 is being defined at present
and takes account of the developing needs of ITER and
the experience gained in JET and TFTR. It will require
the prior approval of the JET Council. The extent of
DTE-1 will be a compromise between studying essential
D-T physics for the ITER-EDA and minimising the
delays in the experimental programnie that could result
from certain component failures during DTE-1.

The physics mission of DTE-1 as defined above could
last about four months and produce up to 2x10?° neutrons.

In this case, the activation of the vessel would prevent

manned in-vessel intervention for up to one year after D-T
operation. However, in-vessel components which are acces-
sible can be repaired using the remote handling equipment
developed for the Mark IIGB target assembly change. This
equipment has demonstrated a very high level of reliability
and is now fully proven for the planned remote handling
tasks. Its versatility and ability to perform a wide variety of
other tasks has also been demonstrated, provided access can
be obtained. Manned access for ex-vessel repairs will be
possible after DTE-1.

If the alternative of not proceeding with DTE-1 were
to be considered, it would, of course, eliminate the risk of
delays in the experimental programme, but would not
allow the test of a specific divertor concept for ITER to
commence earlier than shown in Fig.240 since the pro-
curement schedule for the Mark IIGB target structure
cannot be shortened.

In a six month shutdown in the first half of 1997, the
Mark IIA target structure will be exchanged for a second
target structure, an ITER-specific divertor of the “Gas-
box” class (Mark IIGB). The exchange will be made by
remote handling without manned intervention. This re-
mote handling operation will demonstrate for the first
time one of the central technologies required both for
ITER and for a fusion reactor.

During the remainder of 1997 and the first half of 1998,
the Mark IIGB divertor will be tested experimentally
with deuterium plasmas at high power. The design of the
Mark IIGB provides flexibility to modify the target ge-
ometry with relative ease. The Programme Plan provides
for two target geometries for Mark 1IGB, together with a
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septum which may, or may not, be included to limit the
communication between the inner and outer divertor legs
and to absorb energy from energetic neutrals and photons.

Possible ways of improving JET’s performance which
are under consideration include improving the wall con-
dition, increasing the toroidal magnetic field (to 4T) and
plasma current, increasing the heating power (by =30%)
and overcoming the performance limitations due to MHD

instabilities.

Final Phase of D-T Operation

(mid-1998 to end-1999)

A fourmonth shutdown in 1998 will permit any necessary
modifications to the divertor and final preparations for
DTE-2. Normal manned in-vessel interventions will again
be possible in this shutdown. The Mark IIGB divertor
target structure is less flexible than Mark I1A with respect
to the variety of equilibria which can be accommodated.
Furthermore, its power handling capability in attached

divertor operation is somewhat lower. It may therefore
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not be compatible with the highest plasma performance
obtained in JET, such as the low density, high magnetic
shear, hot-ion H-mode of operation. This has to be tested
experimentally and if it proves to be the case, it will be
possible to re-install Mark IIA (for DTE-2) following the
completion of the Mark IIGB studies.

During late 1998 and early 1999, the experimental
programme will continue by optimising plasma perform-
ance in deuterium in preparation for a further period of
D-T operation (DTE-2).

DTE-2 is scheduled to take place during the remainder
of 1999. DTE-2 experiments could last up to eight months
and could produce up to 5 x 10%' neutrons. Actual neutron
production, within this upper limit, will be reassessed in
the light of the experience with D-T operations on JET
and TFTR. Every effort will be made to reduce this upper
limit, while still satisfying JET s role in supporting ITER
and the world fusion programme. In this way the activa-
tion of the JET structure would be kept as low as possible

compatible with fulfilling the required objectives.
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JET Task Agreements 1995

Title Association JET Responsible Officer
RF HEATING DIVISION
Wave induced current drive experiments EUR-CEA, C. Gormezano

on JET

RF transport code development

Cadarache, France

EUR-IPP

Garching, Germany

C. Gormezano

Fast ion and electron kinetic EUR-UKAEA C. Gormezano
effects on JET Culham, UK
Confinement studies in profile EUR-ENEA F.X. Soldner

control experiments

Frascati, Italy

Tokamak Optimisation EUR-UKAEA C. Gormezano/

Culham, UK P.Thomas
EXPERIMENTAL DIVISION I

Edge plasmas and plasma surface EUR-UKAEA P.E. Stott

interactions Culham, UK

Plasma wall interactions EUR-IPP P.E. Stott
Garching, FRG

Neutron production related physics EUR-NFR P.E. Stott

and associated diagnostics Sweden

Plasma surface interactions EUR-NFR P.E. Stott
Sweden

Neutron production related physics EUR-UKAEA P.E. Stott
Harwell, UK
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Title

Microwave reflectometry

Neutron production related physics
and associated diagnostics

Physics of turbulent and
convective transport, MHD

and related diagnostics

Work on collector probes

EXPERIMENTAL DIVISION II

DATA ANALYSIS & MODELLING

216

Measurement and interpretation of
divertor and plasma edge

impurity ion temperatures

Dynamics of ions and of neutral

particles in tokamak plasmas

S])CCU“OSCO])iC measurements:

interpretation and impurity analysis

Charge exchange recombination

spectroscopy
Impurity analysis and plasma
diagnostics using spectroscopic

measurements

Impurities and other topics

Plasma stability

Modelling of anomalous transport
and study of energetic particle

collective effects

Association

EUR-CFN/IST
Lisbon, Portugal

EUR-ENEA

Frascati, Italy

EUR-FOM
The Netherlands

EUR-NFR

Sweden

EUR-KFA

Julich, Germany

EUR-ENEA
Frascati, Italy

EUR-CEA

Cadarache, France

EUR-FOM

Amolf, The Netherlands

EUR-NFR

Sweden

EUR-UKAEA
Culham, UK

EUR/UKAEA
Culham, UK

EUR-ENEA
Frascati, Italy

JET Responsible Officer

P.E. Stott

P.E. Stott

P.E. Stott

P.E. Stott

R. Konig

R. Gianella

P.R. Thomas

M. von Hellerman

P.R. Thomas

P.R. Thomas

W. Kerner

A. Taroni



Title

Analysis of local transport
in JET and comparison with

theoretical models

Transient transport analysis in JET
Comparison between JET profile data
and the predictions of a transport
model based on ITG and trapped

electron modes

MHD spectroscopy and stability

OPERATIONS

Alfven eigenmodes

Feedback stabilization of

disruptions

The control of instabilities

and disruptions

Study of density evolution and
recycling of JET plasmas during
(pumped) divertor operation as a
function of fuelling method and

wall conditioning state

Scenario studies of plasma breakdown

Association

EUR-UKAEA
Culham, UK

EUR-ENEA
CNR-Milan, Italy

EUR-NFR

Sweden

EUR-FOM
The Netherlands

EUR-CRPP

Lausanne, Switzerland

EUR-ENEA
CNR-Milan, Italy

EUR-UKAEA
Culham, UK

EUR-ENEA
Frascati, Italy

EUR-ENEA
CNR-Milan, Italy
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JET Responsible Officer

J.G. Cordey

A. Taroni

J.P. Christainsen

W. Kerner

J. Jacquinot

D.J. Campbell

D.J. Campbell

G. Saibene

P.J. Lomas
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List of Articles, Reports and Conference Papers
Published in 1995
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Observation of TAE activity in JET.

Ali-Arshad S Campbell D J

Plasma Physics and Controlled Fusion, vol.37 no.7
July 1995. p.715.

Report JET-P(94)12

Design of the MK II divertor with large carbon-fibre
composite (CFC) tiles.

Altmann H Deksnis E B Fanthome J Froger C Lowry
C Mohanti R Nilsen M Peacock A Pick M Spencer
D Tivey RB Vlases G

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, vol.1. p.275.

Hydrogen retention in the first wall.

Andrew P Pick M

Journal of Nuclear Materials, vols.220-222 April 1995
(Proceedings of the Eleventh International Conference
on Plasma-Surface Interactions in Controlled Fusion
Devices, Mito, Ibaraki, Japan, May 23-27, 1994).
p.601.

The JET glow discharge cleaning system.

Andrew P Bosia G Claesen R Grobusch L Harling J
How J Jensen HS McBryan H McCarthy ] Monk R
Orchard J Pearce R J Saibene G Winter J

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, vol.1. p.203.

Alfven eigenmode induced energetic particle
transport in JET.

Appel LC Berk HL Borba D Breizman B N Hender
TCHuysmansGT A Kerner W PekkerM S Pinches
S D Sharapov S E

Nuclear Fusion, vol.35 no.12, December 1995
(Proceedings of the Fourth IAEA Technical Com-
mittee Meeting on Alpha Particles in Fusion Re-
search, Princeton, 25-28 April 1995) p.1697.
Alsoin UKAEA, Culham, 1995.25p. Report UKAEA-
FUS-311 and Report JET-P(95)26

TAE-induced diffusion of fast particles in JET.
Appel L C Berk HL Borba D Breizman B Eriksson
L G Fasoli A Hender T C Huysmans G T A Kerner
W Monticelli E Pekker M Pinches S D Sharapov S
22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed papers. Part 2. p.261.

Advanced signal processing techniques used for infor-
mation extraction from single and multiple-point
reflectometry at JET.

Bak P E Deliyanakis N Vayakis G

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed Papers, Part I'V. p.405.

p* scaling experiments for ELMy H-modes in JET.
Balet B Campbell D Christiansen J P Cordey ] G
Gormezano C Gowers C Muir D Righi E Saibene G
R Stubberfield P M

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995. Contributed Papers. p.009.

Bulk plasma impurity behaviour with the new JET
configuration.

Barnsley R Chen H Coffey I H Cushing D
GiannellaR Lauro-Taroni L Lawson K D McGinnity
P Peacock NJ Singleton M von Hellermann M



10.

11.

12.

13.

14.

15.

22nd European Physical Society Conference on Con-

trolled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995. Contributed Papers. p.081.

Physics issues of ECE and ECA for ITER.
Bartlett D V

Joint European Torus (JET), 1995. 10p.
Report JET-P(95)46

Recent progress in the measurement and analysis of
ECE on JET.

Bartlett D V Bishop C Cahill R McLachlan A Porte
L Rookes A

Joint European Torus (JET). May 1995. 13p. Report
JET-P(95)17 Submitted for publication in Procs. EC9,
9th Int. Workshop on ECE & ECRH.

Modelling of lower hybrid current drive and compari-
son with experimental results in JET

Baranov Y F Ekedahl A Froissard P Gormezano C
Lennholm M Rimini F Soldner F X

Submitted for publication in Nuclear Fusion

Report JET-P(95)27

Environmental monitoring for tritium at JET.

Bell A C Caldwell-Nichols C Patel B Serio L
Fusion Technology, vol.28 no.3 Part 1, October
1995 (Proceedings of the Fifth Topical Meeting on
Tritium Technology in Fission, Fusion and Isotopic
Applications, Belgirate, Italy, May 28-June 3, 1995).
p.821.

Status of the JET active gas handling system and
plans for tritium operation.

Bell A C HemmerichJ L Lasser R Bainbridge N
Bishop G BrennanD Caldwell-Nichols C Campbell
J Dearden A Grieveson B Jones G Lupo J Mart J
Pereventsev A Skinner N Stagg R Walker K
Warren R Yorkshades J

Fusion Technology vol.28 no.3 part 2, October 1995
(Proceedings of the Fifth Topical Meeting on Tritium
Technology in Fission, Fusion, and Isotopic Applica-
tions, Belgirate, Italy, May 28-June 3 1995). p.1301.

More on core-localized toroidal Alfven eigenmodes.
Berk HL BorbaD Candy J Huysmans GT A Sharapov
S vanDamJ W

16.

17.

18.

19.

20.

21.
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Joint European Torus, JET, April 1995. 16p. Submitted
for publication in Physics of Plasmas. Report IFSR 695
Report JET P(95)12

Impact of JET experimental results and engineering
development on the definition of the ITER design
concept.

Bertolini E

Fusion Engineering & Design, vol.27 March (I) 1995,
pt.A, (Proceedings of the Third International Sympo-
sium on Fusion Nuclear Technology, Los Angeles,
CA, June 26-July 1, 1994). p.27. Report JET-P(94)36

JET with a pumped divertor: design, construction,
commissioning and first operation.

Bertolini E

Fusion Engineering and Design, vol.30 nos.1-2 May
1995 (Invited papers of the 18th Symposium on Fusion
Technology, Karlsruhe, 22-26 August 1994) p.53.
Report JET-P(94)56

JET with a pumped divertor: design, construction,
commissioning and first operation.

Bertolini E

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, vol.1. p.53.

Power electronics systems at JET: objectives and
operational experience.

Bertolini E Bonicelli T Chiron D Santagiustina A
Joint European Torus (JET). March 1995. 11p. Report
JET-P(95)11 Submitted to Procs. IPEC

Fast-wave heating and current drive scenarios for
the Joint European Torus and International Thermo-
nuclear Experimental Reactors.

Bhatnagar V P Jacquinot J

Fusion Engineering & Design, vol.26 nos.1-4, January
1995 (Proceedings of the Fifth International Toki Con-
ference on Plasma Physics and Controlled Nuclear
Fusion, November 16-19, 1993, Toki, Japan: Phys-
ics and Technology of Plasma Heating and Current
Drive). p.575.

Local magnetic shear control in a tokamak via fast
wave minority ion current drive: theory and experi-
ments in JET.

Bhatnagar V P and others
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Nuclear Fusion, vol.34 no.12 1994 p.1579.
Report JET-P(94)22

Comparison of kinetic and cold fluid models of
three-wave mixing and Thomson scattering.
Bindslev H

Plasma Physics and Controlled Fusion, vol.37 no.2
February 1995 p.169.

Report JET-P(95)01

Relativistic effects in millimetre wave applications on
magnetically confined plasmas.

Bindslev H

Joint European Torus (JET). April 1995. 23p. Submit-
ted for publication in Procs. 9th Joint Workshop on
ECE and ECRH, Borrego Springs, 22-26 1995.
Report JET-P(95)16

Theory of collective Thomson scattering.
Bindslev H

Joint European Torus (JET), 1995. 10p.
Report JET-P(95)66

MHD stability of ITER equilibria.

Bondeson A Villard L Ward D J Wermeille D
Goedbloed J P Holties H A Hender T C Huysmans
G T A Kerner W

Next European Torus, Garching. 1995. 10p.
Report NET-107

Kinetic toroidicity induced Alfven eigenmodes in
toroidal shaped plasmas.

BorbaD Candy J HoltiesH A Huysmans G T A Kerner
W Sharapov S

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed papers. Part 2. p.237.

Access conditions for H-modes with detached
divertor plasmas

Borrass K Farengo R Vlases G

Submitted for publication in Nuclear Fusion
Report JET-P(95)74

Progress on the inactive commissioning and
upgrade of the JET cryogenic distillation system.
Boucquey P Morfl C Delvart F Mart J

29.

30.

31.

32.

33.

34.

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, Vol.2. p.1055.

High resolution spectroscopic measurements of impu-
rity radiation distributions and neutral deuterium pro-
files in the JET scrape-off layer.

Breger P Konig R W T Maggi CF Pietrzyk Z A
Summers D DR Summers HP von Hellermann M G
22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed papers. Part 2. p.377.

An adaptive plasma density controller at Joint
European Torus.

Brelen HE O

Fusion Technology, vol.27
p.162.

Report JET-P(94)27

no.2 March 1995.

Manufacturing and testing of a copper/CFC divertor
mock-up for JET.

Brossa M Ciric D Deksnis E Falter H Guerrischi U
Peacock A Pick M Rossi M Shen Y Zacchia F
Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, vol.1. p.375.

Window transmission monitoring and cleaning
schemes used with the light detection and ranging
Thomson scattering diagnostics on the JET tokamak.
Brown B W Gowers C W Nielsen P Schunke B
Review of Scientific Instruments, vol.66 no.4 April
1995. p.3077.

Report JET-P(94)21

Key features of the new in-vessel inspection system at
JET.

Businaro T Dalle Carbonare G Junger J F Raimondi T
Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, Vol.2. p.1387. Amsterdam,
Elsevier. 1995.

Studies of tritium dispersion around and close to the
buildings on the JET site.
Caldwell-Nichols CJ



35.

36.

37.

38.

39.

40.

Fusion Téchnology, vol.28 no.3 Part 1, October 1995
(Proceedings of the Fifth Topical Meeting on Tritium

Technology in Fission, Fusion and Isotopic Applica-
tions, Belgirate, Italy, May 28-June 3, 1995). p.827.

Exhaust and impurity control experiments in the
JET pumped divertor.

Campbell D] and the JET Team.

Plasma Physics and Controlled Nuclear Fusion Re-
search 1994, 15th International Conference, Seville,
26 September-1 October 1994. vol.1. p.527.

The operation of the JET beryllium analysis laboratory.
Campling D C Litchfield R A RussRM

Fusion Technology 1994, Proc. 18th Symposium on
Fusion Technology, Karlsruhe, Germany, 22-26 Au-
gust 1994, Vol.2. p.1541. Amsterdam, Elsevier. 1995.

A numerical method for solution of the generalized
Liouville equation.

Candy J

Joint European Torus (JET), 1995. 20p. Report JET-
P(95)56

Electron landau damping of toroidal Alfven
eigenmodes

Candy J

Submitted for publications in Plasma Physics and
Controlled Fusion (letter)

Report JET-P(95)75

A unified picture of fusion product ion cyclotron
emission in TFTR and JET.

Cauffman S Majeski R Dendy R O McClements K
G Cottrell G A

Bulletin of the Americal Physical Society, vol.40
no.11 October 1995 (Program of the Thirty-seventh
Annual Meeting of the Division of Plasma Physics,
6-10November 1995; Louisville, Kentucky). p.1870.

The installation of the JET MK 1 divertor - features
and achievements.

Celetano G Macklin B Pick M Scott S M Shaw R
Tait J

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, vol.1. p.271.

41.

42.

43.

44.

45.

Quasi steady-state advanced tokamak scenarios in
JET.

Challis CD Balet B Bhatnager V P de Haas ] C M
ErikssonL-G Gadeberg M Gormezano C Gowers CW
How J A Huysmans G T Ishida S Kemer W O K
Loughlin M J Rimini F Sadler GJ Sips A C C Tanga
A Tubbing BID Ward DJ

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed Papers. Part 2. p.069.

Review of neutral beam heating on JET for physics
experiments and the production of high fusion per-
formance plasmas.

Challis CD

Fusion Engineering & Design, vol.26 nos.1-4, Janu-
ary I 1995 (Proceedings of the Fifth International
Toki Conference on Plasma Physics and Controlled
Nuclear Fusion, November 16-19, 1993, Toki, Ja-
pan: Physics and Technology of Plasma Heating and
Current Drive). p.17. and Report JET-P(93)90

Effect of the toroidal field reversal on divertor
asymmetries.

Chankin A Campbell DJ Clement S Davies S J Loarte
A Matthews GF Monk R D Reichle R Saibene G
Stamp M Stangeby P C

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed Papers. Part 3. p.289.

Fluid equations for temperature anisotropy based on
kinetic drifts.

Christiansen J B

Plasma Physics and Controlled Fusion, vol.37 no.12
December 1995. p.1363.

Report JET-P(95)20

The p dependence of the energy confinement in
ELMy H-modes in JET.

Christiansen J P Balet B Campbell D Cordey J G
Eriksson L-G Gormezano C de Haas J Lowry C
Muir D Righi E Saibene G

Bulletin of the Americal Physical Society, vol.40
no.11 October 1995 (Program of the Thirty-seventh
Annual Meeting of the Division of Plasma Physics,
6-10November 1995; Louisville, Kentucky). p.1765.




APPENDICES

46.

47.

48.

49.

50.

51.

222

Beam profiles measurement using a undirectional
CFC-target and infrared imaging.

Ciric D Falter HD Fanthome J G A Massmann P
Mellon K N

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, vol.l. Amsterdam,
Elsevier. 1995. p.827.

Light emission from graphite surfaces during beam
bombardment, observation and consequences for
use of graphite in divertors.

Ciric D Falter H Massmann P Mellon K

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, vol.1. p.391.

Power deposition studies in the JET Mark I pumped
divertor.

Clement S Campbell D J Chankin A Coad J P
Horton LD Loarte A Lingertat] Monk R D Tabasso
A ViolaR

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed Papers. Part 3. p.309.

An appraisal of deuterium retention in JET.
Coad J P
Journal of Nuclear Materials vol.226 1995. p.156.

The applications of waste management systems in
support of the JET divertor shutdown.

Collins D Atkins G Booth S J Haigh A D May C
Newbert G

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, Vol.2. p.1545. Amster-
dam, Elsevier. 1995.

Theoretical models and results from COMPASS-D,
START and JET.

Connor J W Fielding SJ Polevoi A Roach C M
Stringer TE Sykes A Tibone F Valovic M Walsh
M J Wilson HR

Physica Scripta, vol.51 no.5 May 1995 (Transport
in Fusion Plasmas, Workshop, Goteborg, Sweden,
13-16 June 1994). p.605.

52.

53.

54.

55.

56.

57.

58.

Dimensionless form for the L-H power threshold.
Cordey J G Kerner W Pogutse O

Plasma Physics and Controlled Fusion, vol.37 no.7
July 1995. p.773. Report JET-P(94)66

Evolution of transport through the L-H transition in
JET.

Cordey ] G Muir D G Parail V'V Vayakis G Ali-
Arshad S Bartlett D V. Campbell D J Colton A L
Costley AE GillRD Loarte A Neudachin SV Porte
L Sips A C C Springmann E M Stubberfield P M
Taroni A Thomsen K von Hellerman M G
Nuclear Fusion, vol.35 no.5 May 1995. p.505.
Report JET-P(94)19

A numerical simulation of the L-H transition in JET
with local and global models.

Cordey J G Muir D G Neudachin S V Parail V'V
Springmann E Taroni A

Nuclear Fusion, vol.35 no.l January 1995 p.101.

The design of a hydraulic fast stub driver for ITER.
Crawley PJ Kaye A
Joint European Torus JET), 1995.Report JET-R(95)09

ICRH antennae system for the JET pumped divertor.
Crawley P AgariciG BrownT Gormezano C Jessop
G Kaye A Panissie H Walton R

Fusion Technology 1994, Proc. 18th Symposium on
Fusion Technology, Karlsruhe, Germany, 22-26 Au-
gust 1994, vol.1. Amsterdam, Elsevier, 1995. p.541.

A new comb reflectometer for the JET divertor
plasma

Cupido L Prentice R Bartlett D V. Manso M E
Nunes I SerraF Silva A

Submitted for publications in Plasma Physics and
Controlled Fusion

Report JET-P(95)79

The behaviour of divertor and scrape-off layer
parameters in JET.

Davies S Erents S K Guo HY Loarte A Matthews G
F McCormick K Monk R D

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed Papers. Part 3. p.257.



59.

60.

61.

62.

63.

64.

Analysis of cold pulses produced by impurity injec-
tion in JET.

de AngelisR Deliyanakis N de Luca F Giannella R
Gorini G Jacchia A Jackel H Mantica P Porte L
Parail V Springmann E Taroni A

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bourne-
mouth, 3rd-7th July 1995. Contributed Papers.
p.053.

Perturbative transport studies in JET using fourier
techniques

de Angelis R de Luca F Delyanakis N Erba M
GiannellaR Gorini G Jacchia A Mantica P Parails
V Porte L Taroni A

Report JET-R(95)04

The optimizaiton of neutral beams for ignition and
burn control on next-step reactors.

de Esch HP L Stork D Challis C Tubbing B
Fusion Engineering & Design, vol.26 nos.1-4, Janu-
ary 1995 (Proceedings of the Fifth International
Toki Conference on Plasma Physics and Controlled
Nuclear Fusion, November 16-19, 1993, Toki, Ja-
pan: Physics and Technology of Plasma Heating and
Current Drive). p.589.

Sawtooth heat pulse propagation in tokamaks:
ballistic response and fourier analysis.

De Luca F Deliyanakis N Erba M Galli P Gorinin
G Jacchia A Mantica P Porte L

Joint European Torus, 1995. Report JET-P(95)43

Report on ITER emergency task. Fatigue studies of
S65c¢ beryllium.

Deksnis E B Ciric D Falter H Martin D

Joint European Torus (JET), December 1994. 17p.
Report JET-R(94)04

Ion cyclotron emission due to collective instability
of fusion products and beam ions in TFTR and JET.
Dendy R O McClements K G Lashmore-Davies
C N Cottrell G A Majeski R Cauffman S

Nuclear Fusion, vol.35 no.12, December 1995 (Pro-
ceedings of the Fourth IAEA Technical Committee
Meeting on Alpha Particles in Fusion Research,
Princeton, 25-28 April 1995) p.1733.

65.

66.

67.

68.

69.

70.

71.

Engineering a new compact soft X-ray diagnostic on JET.
Dillon SF Alper B Edwards A Gill R D Staunton-
Lambert S AB Wilson D

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, vol.l. Amsterdam,
Elsevier. 1995. p.815.

Minimum entropy production principle due to ohmic
dissipation in tokamaks and determination of non-
inductive current density profiles on JET.

DiVita A Brusati M

Plasma Physics and Controlled Fusion, vol.37 no.10
October 1995. p.1075.

Thermal considerations and cooling system for the
JET divertor coils.

Dolgetta N Bertolini E Butcher P Cooke M Last J
R Marchese V Miele P Sannazzaro G Tesini A
Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, vol.2. Amsterdam,
Elsevier. 1995. p.929.

The JET diagnostic fast central acquisition and
trigger system

Edwards A W Blackler K

Review of Scientific Instruments, vol.66 no.1 pt.2,
January 1995 (Tenth Topical Conference on High
Temperature Plasma Diagnostics, Rochester, New
York, 8-12 May 1994) p.518.

First wall effects on particle recycling in tokamaks.
Ehrenberg J K

Joint European Torus (JET). May 1995. 71p. Sub-
mitted for publication in Physical Processes of the
Interaction of Fusion Plasmas with Solids.

Report JET-P(95)18

On ion temperature profile measurements in ITER
by means of neutron spectroscopy

Elevant T Brelen H Linden P Scheffel J
Submitted for publication in Fusion Technology
Report JET-P(95)65

The rapid determination of plasma equilibrium param-
eters at JET from external magnetic measurements.



APPE

72.

74.

75.

76.

7.

224

NDICES

Ellis J J Christiansen J P O’Brien D P J Zwingmann
W P van der Goot E Garribba M Milani F Puppin
S Sartori F

Joint European Torus (JET). December 1994. 19p.
Report JET-P(94)70

Extension of a Bohm model for L-mode electron heat
transport to ion heat transport and to the ohmic regime.
Erba M Parail V Springmann E Taroni A

Joint European Torus (JET), February 1995. 23p.
Report JET-R(95)02

Predictive modelling of energy transport in JET
discharges.

Erba M Cherubini A Parail V Springmann E
Taroni A

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed Papers. Part 2. p.213.

The location of the separatrix in the JET divertor and
SOL.

Erents S K Davies S J Ellis J J Guo HY
McCormick K Matthews G F Monk R D
O’Brien D Zwingmann W

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed Papers. Part 3. p.297.

A model for calculating ICRH power deposition and
velocity distribution.

Eriksson L-G Hellsten T

Physica Scripta, vol.52 no.l July 1995. p.70.
Report JET-P(94)25

Runaway electron measurements in the JET tokamak.
Esposito B Martin-Solis R van Belle P Jarvis O N
Marcus F B Sadler G Fischer B Froissard P Adams
JM Cecil E Watkins N

Joint European Torus (JET), 1995. 24p. Report JET-
P(95)48

Runaway electron diffusion measurements in the
JET Tokamak.

Esposito B Adams M Cecil E Fischer B Froissard
P Jarvis O N Marcus FB Solis R M Sadler G van
Belle P Watkins N

78.

79.

80.

81.

82.

83.

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bourne-
mouth, 3rd-7th July 1995, Contributed Papers. Part
2. p.037.

Comparison between actively cooled divertor dump
plates with beryllium and CFC armour.

Falter H D Ciric D Deksnis E B Massmann P
Mellon K Peacock A Akiba M Araki M Sato K
Suzuki S Cardella A

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, vol.l. p.291.

Performance of hypervapotron beam stopping
elements in JET.

Falter HD Thompson E

Joint European Torus (JET), 1995. 28p.

Report JET-P(95)13

Vapotron as heat sink for flat high conductivity
unidirectional CFC tiles.

Falter HD Ciric D Celantano A Ibbot C Watson M
Araki M Suzuki S Sato K

Joint European Torus (JET), 1995. 23p.

Report JET-P(95)25

Visualisation of thermal contact with a commercial
CCD video system.

Falter HD CiricD Long FD

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, vol.1. p.467.

Alfven eigenmode studies in JET.

Fasoli A Lister J Sharapov S Ali-Arshad S Bosia
G BorbaD Campbell D J Deliyanakis N Dobbing
J A Gormezano C Holties H Huysmans G
Jacquinot] Jaun A Kerner W Lavanchy P Moret
J-M Porte L Santagiustina A Villard L
Bulletin of the Americal Physical Society, vol.40 no.11
October 1995 (Program of the Thirty-seventh Annual
Meeting of the Division of Plasma Physics, 6-10 No-
vember 1995; Louisville, Kentucky). p.1861.

Direct measurements of the damping of toroidicity

induced Alfven eigenmodes.



84.

85.

86.

87.

88.

Fasoli A BorbaD Bosia G Campbell D J Dobbing J
A Gormeano C JacquinotJ Lavanchy P Lister J B
Marmillod P Moret J-M Santagiustina A Sharapov S
Joint European Torus (JET), February 1995. 17p.
Report submitted for publication in Physical Review
Letters. JET-P(95)02

Direct measurement of TAE, EAE and multiple
kinetic TAE in JET.

Fasoli A Borba D Delyanakis N Dobbing J A
Campbell D J Gormezano C Jacquinot J Jaun A
Kerner W Holties H Lavanchy P Lister J B Moret
JM Porte L. Sharapov S Villard L

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed papers. Part III. p.081.

Observation of multiple kinetic Alfven eigenmodes.
Fasoli A ListerJ Sharapov S Borba D Deliyanakis
N Gormezano C Jacquinot J Jaun A Holties H A
Huysmans G T A Kerner W Moret J-M Villard LL
Joint European Torus (JET), July 1995. 7p.
Report JET-P(95)24

Overview of Alfven eigenmode experiments in JET.
Fasoli A Lister J B Sharapov S Ali-Arshad S Bosia
G Borba D Campbell DJ Deliyanakis N Dobbing
J A Gormezano C Holties H A Huysmans G T A
JacquinotJ Jaun A Kerner W Lavanchy P Moret J-
M Porte L Santaguistina A Villard L

Joint European Torus (JET), July 1995. 16p. Report
JET-P(95)30

Alfven eigenmode excitation by ICRH beat-waves
Fasoli A Dobbing J A Gormezano C Jacquinot J
Lister J B Sharapov S Sibley A

Submitted for publication in Nuclear Fusion Letters
Report JET-P(95)32

Ion cyclotron emission due to collective instability
of fusion products and beam ions in TFTR and JET.
Dendy R O McClements K G Lashmore-Davies
C N Cottrell G A Majeski R Cauffman S

Nuclear Fusion, vol.35 no.12, December 1995 (Pro-
ceedings of the Fourth IAEA Technical Committee
Meeting on Alpha Particles in Fusion Research,
Princeton, 25-28 April 1995) p.1733.

9.

90.

S1.

92.

93.

Alfven eigenmodes active excitation experiments in
JET.

Fasoli A Ali-Arshad S Borba D Bosia G Campbell
DJ DobbingJA GormezanoC JacquinotJ Lavanchy
P Lister ] B Marmillod P Moret J-M Santagiustina
A Sharapov S E

Plasma Physics and Controlled Nuclear Fusion Re-
search 1994, 15th International Conference, Seville,
26 September-1 October 1994. vol.1. p.405.

Overview of Alfven eigenmode experiments in JET.
Fasoli A Lister J B Sharapov S E Ali-Arshad S
Bosia G Borba D Campbell D J Deliyanakis N
Dobbing J A Gormezano C Holties H A Huysmans
G T A Jacquinot J Jaun A Kerner W Lavanchy P
Moret J-M Porte L Santagiustina A Villard L
Nuclear Fusion, vol.35 no.12, December 1995 (Pro-
ceedings of the Fourth IAEA Technical Committee
Meeting on Alpha Particles in Fusion Research,
Princeton, 25-28 April 1995) p.1485.

Modelling of LH current drive and profile control
experiments on JET.

Fischer B Baranov Y Ekedahl A Gormezano C
Lennholm M Parail V V Pericoli-Ridolfini V
Peysson Y Rimini F Schild P Smits F Soldner F X
Springmann E

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bourne-
mouth, 3rd-7th July 1995, Contributed Papers. Part
3.p.361.

LHCD operations in JET and developments for
fusion applications.

Froissard P Agarici G Baranov Y Brandon M Brusati
M Dobbing J A Ekedahl A Finburg P Fischer B
Gormezano C Haydon P Kaye A Lennholm M
McCarthy T Page R Paling P Platt G Pledge D
Plancoulaine J Rimini F Schild P Soldner F X
Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August1994, vol.l. Amsterdam,
Elsevier, 1995. p.569.

Comparison between JET profile data and the pre-
dictions of a transport model based on ITG and
trapped electron modes.




APPE

94.

96.

97.

98.

99.

226

NDICES

Frojdh M Christiansen J Strand P Weiland J
Joint European Torus (JET), 1995. 40p.
Report JET-R(95)08

Tomographic reconstruction of the radiation distri-
bution during neon puff experiments in ASDEX
Upgrade and JET.

Fuchs J C Mast K F Reichle R

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed Papers. Part 3. p.401.

. Topological transitions of fast ion orbits.

Furno I Porcelli F Eriksson L G

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed papers. Part 2. p.253.

First operational experience with the new plasma
position and current control system of JET.
Garibba M Browne M L. Campbell D J Hudson Z
Litunovsky R Marchese V Milani F Mills ] Noll P
Puppin S Satori F Scibile L Tanga A Young I
Fusion Technology 1994, Proc. 18th Symposium on
Fusion Technology, Karlsruhe, Germany, 22-26 Au-
gust 1994, vol.1. Amsterdam, Elsevier. 1995. p.747.

The plasma shape and current control system of JET
Garribba M Litunovsky R Puppin S

Submitted for publication in Fusion Technology
Report JET-P(95)19

A scaling law for the confinement time of non-
recycling injected impurities in JET and TORE
SUPRA.

Giannella R Mattioli M de Michelis C Denne-
Hinnov B Dudok de Wit T Magyar G Myrnas R
22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bourne-
mouth, 3rd-7th July 1995.
p.085.

Contributed Papers.

Studies of energy and particle transport in JET.
Giannella R and the JET Team

Plasma Physics and Controlled Nuclear Fusion Re-
search 1994, 15th International Conference, Seville,
26 September-1 October 1994. vol.1. p.307.

100. Investigation of performance limiting mhd effects

101.

102.

103.

104.

105.

using the new JET diagnostic fast data acquisition
system.

GillR D Alper B Edwards A W Lyadina E
Bulletin of the Americal Physical Society, vol.40
no.11 October 1995 (Program of the Thirty-seventh
Annual Meeting of the Division of Plasma Physics,
6-10November 1995; Louisville, Kentucky). p.1766.

Non-uniform rotation and the resistive wall mode
Gimblett C G Hastie RJ Van der Linden R A M
Wesson J A

Submitted for publication in Physics of Plasmas
Report JET-P(95)57

Development of advanced tokamak scenarios based
on high bootstrap currents in JET.

Gormezano C and the JET Team.

Plasma Physics and Controlled Nuclear Fusion Re-
search 1994, 15th International Conference, Seville,
26 September-1 October 1994. vol.1. p.633.

Recent developments in LIDAR Thomson scatter-
ing measurements on JET

Gowers C W Brown B W Fajemirokun H Nielsen
P Nizienko Y and Schunke B

Review of Scientific Instruments, vol.66 no.1 pt.2,
January 1995 (Tenth Topical Conference on High
Temperature Plasma Diagnostics, Rochester, New
York, 8-12 May 1994) p.471.

A Thomson scattering scheme for obtaining T, and
n_profiles of the ITER core plasma.

Gowers C W Nielsen P Orsitto F Pijper F J
Salzmann H Schunke B

Joint European Torus (JET), 1995 10p. Report JET-
P(95)44

Impurity production and erosion/redeposition at the
JET Mk I divertor.

GuoHY CoadJP ElderJ D Horton L D Hwang A
Li XL Lingertat ] Loarte A Matthews G F Monk
R D Stamp M F Stangeby P C Tabasso A

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bourne-
mouth, 3rd-7th July 1995, Contributed papers. Part
2.p.273.



106.

107.

108.

109.

110.

111.

Ion temperature measurements in JET boundary
plasmas using a retarding field analyser.

Guo HY Matthews G F Davies SJ Erents S K
Horton L D Monk RD Stangeby PC D

Joint European Torus (JET), 1995. 6p. Report JET-
P(95)62

Remote handling experiments with the MASCOT
IV servomanipulator at JET and prospects of
enhancements.

Hamilton D Colombi S Galbiati L. Haist B Mills S
Raimondi T

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, Vol.2. p.1391. Amster-
dam, Elsevier. 1995.

Convection and impurity retention in the JET MkI
pumped divertor during L-mode.

Harbour PJ Barnsley R Campbell D Davies S Horton
L Jaeckel H Lauro-Taroni L. Lingertat H Loarte A
Matthews G Meigs A Monk R Morgan P O’Brien D
Prentice R Reichle R Rookes A Saibene G Stamp M
Stangeby P Taroni A von Hellermann M

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed Papers, Part IV. p.465.

The scrape-off layer in a finite-aspect-ratio torus:
the influence of limiter position.

Harbour P J Loarte A

Nuclear Fusion, vol.35 no.7 July 1995. p.759.
Report JET-P(93)96

Edge pressure gradients and velocity shear behav-
iour during H-modes and ELMs in the new JET
divertor configuration.

Hawkes N Bartlett D V Campbell D J Deliyanakis
N GiannellaR M Lomas P J Peacock NJ Porte L
Rookes A Sartori RI A Thomas PR Vayakis G
22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed Papers. Part 3. p.261.

Measurements of edge electron and impurity ion
profiles during H-modes in the new JET divertor
configuration.

112.

113.

114

115.

116.

e

Hawkes NC ChenH Barnsley R Coffey I Flewin
C O’Mullane M Reichle R Rookes A

Bulletin of the Americal Physical Society, vol.40
no.11 October 1995 (Program of the Thirty-seventh
Annual Meeting of the Division of Plasma Physics,
6-10November 1995; Louisville, Kentucky). p.1766.

Progress in spectroscopic plasma diagnostics and
atomic data.

Hellermann M von Breger P Core W G Gerstel U
Hawkes N C Howman A KonigR W T Maggi CF
Maas A C Meigs A G Morgan P D Svensson J
Stamp M F Summers HP Wolf R C Zastrow K-D
Joint European Torus (JET), November 1994 10p.
Report JET-P(94)58 (Preprint of a invited paper
presented to ICPP 1994, Iguacu, Brazil, 31 October
1994.)

Minority ion cyclotron current drive in tokamaks.
Hellsten T CarlssonJ Eriksson L-G ]
Physical Review Letters, vol.74 no.18 1 May 1995.
p.3612.

Wave field distributions for toroidal plasmas with
nearly circular cross sections

Hellsten T Kallback J Eriksson L-G

Submitted for publication in Physical Review Let-
ters, Report JET-P(95)61

Influence of edge instabilities on JET high perform-
ance.

Hender T C Alper B Deliyanakis N Huysmans GT A
Jones TT C Konig R W T Lawson KD Lomas PJ
Marcus FB Nave MFF O’Brien DP Porte L Schunke
B Smeulders P Thomas P R

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995. Contributed Papers. p.029.

First observations of collective Thomson scattering
from JET plasmas.

Hoekzema J A Bindslev H Egedal J Fessey J A
Gatcombe C P Hammond N P Hughes T P
Machuzak J S Oosterbeek J W Roberts P J
Stevens AL Stott PE

22nd European Physical Society Conference on

Controlled Fusion and Plasma Physics, Bourne-




APPENDICES

117.

H18.

119.

120.

121.

mouth, 3rd-7th July 1995, Contributed papers. Part
2. p.445.

MHD spectroscopy, application of a new diagnostic
tool.

Holties H A Huysmans G Kerner W Zwingmann W
and others

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed Papers, Part IV. p.085.

MHD stability of advanced tokamak scenarios.
Holties H A Huysmans GT A Goedbloed J P Kerner
W O K Parail VV Soldner F X

Joint European Torus (JET), March 1995. 15p. Re-
port JET-P(95)06

Submitted for publication in Nuclear Fusion.

Aninvestigation of the accuracy of Doppler broadened
line profile analysis applied to plasma diagnostics.
Horling P Zastrow K-D

Journal of Quantitative Spectroscopy and Radiative
Transfer, vol.53 no.6 June 1995. p.585

Modelling and measurements of JET divertor plasmas.
Horton I D and the JET Team.

Plasma Physics and Controlled Nuclear Fusion Re-
search 1994, 15th International Conference, Seville,
26 September-1 October 1994. vol.1. p.541.

Ten year operational experience of the JET
flywheel-generators.

Huart M Doyle P G Beedham E

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe, Ger-
many, 22-26 August 1994, vol.2. Amsterdam,
Elsevier. 1995. p.1005.

. Parametric upconversion of scattered CO, laser radia-

tion for an ITER alpha and fast particle diagnostic
Hughes T P
Report JET-P(95)73

. Influence of edge currents and pressure gradients on

the MHD stability of low-n external kink modes.
Huysmans G T A ChallisCD ErbaM Kemer W
Parail V Vv

228

124.

125.

126.

127.

128.

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995. Contributed Papers. p.201.

MHD stability analysis of the plasma edge in JET
discharges.

Huysmans G T A Challis CD Kerner W Parail V
\Y%

Bulletin of the Americal Physical Society, vol.40
no.l1 October 1995 (Program of the Thirty-seventh
Annual Meeting of the Division of Plasma Physics,
6-10November 1995; Louisville, Kentucky). p.1766.

Modelling the excitation of global Alfven modes by
an external antenna in the Joint European Torus.
Huysmans G T A Kerner W Borba D Holties H A
Goedbloed J P

Physics of Plasmas, vol.2 no.5 May 1995. p.1605.
Report JET-P(94)49

Comparison of JET and DIII-D temperature and
density profile shapes and their parametric depend-
encies.

Imre K Riedel K S Schissel D P Schunke B
Bulletin of the Americal Physical Society, vol.40
no.11 October 1995 (Program of the Thirty-seventh
Annual Meeting of the Division of Plasma Physics,
6-10 November 1995; Louisville, Kentucky). Ab-
stracts only. p.1765.

Sawtooth heat pulse propagation: ballistic response
and Fourier analysis.

Jacchia A de LucaF Gorini G ManticaP Deliyanakis
N Erba M Porte L

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed papers. Part III. p.009.

Highly radiative JET-discharges with seeded and
intrinsic impurities.

Jackel HJ Campbell D Chen H Giannella R von
Hellermann M Loarte A Reichle R Taroni L
Bulletin of the Americal Physical Society, vol.40
no.11 October 1995 (Program of the Thirty-seventh
Annual Meeting of the Division of Plasma Physics,
6-10 November 1995; Louisville, Kentucky).
p-1766.



129.

130.

131.

132.

133.

134.

JET relevance to ITER, new trends and initial results.
Jacquinot J

Fusion Engineering and Design, vol.30 nos.1-2 May
1995 (Invited papers of the 18th Symposium on Fusion
Technology, Karlsruhe, 22-26 August 1994) p.67.
Report JET-P(94)65

The effect of a sawtooth crash on fast particle behaviour.
Jarvis O N AdamsJ A Bond D Hone M Howarth
PJ A Loughlin M J Marcus F B Sadler G van Belle
P Watkins N

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bourne-
mouth, 3rd-7th July 1995, Contributed papers. Part
I1I. p.057.

Gamma-ray emission profile measurements from
JET ICRF-heated discharges.

JarvisON AdamsJM Howarth PJ A Marcus FB
Righi E Sadler G Start D FH van Belle P Warrick
C Watkins N

Joint European Torus, JET, 1995. 36p.

Report JET-P(95)53

The route to high performance on JET.

Jones T T C and JET Team

Plasma Physics and Controlled Fusion, vol.37 Sup-
plement 11A November 1995 (Invited papers from
the 22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bourne-
mouth, 3-7 July 1995). p.A359.

Report JET-P(95)39

New neutron spectrometer for high power D-T
experiments on JET

Kallne J Conroy S Frenje I Ericsson G Traneus E
Renberg P U Enge H King N Review of Scientific
Instruments, vol.66 no.1 Part I January 1995,
(Tenth Topical Conference on High Temperature
Plasma Diagnostics, Rochester, New York, 8-12
May 1994.) p.884.

Lower hybrid heating and current drive in ITER:
operation scenarios and outline system design.

Kaye A Moreau D Soldner F X Engelmann F
Gormezano C Lloyd B Santini FTonon G Wegrowe
JG Baranov Y Bhatnagar V P Goniche M Huysmans

135.

136.

137.

138.

139.

140.

GT A Litaudon X O’Brien MR Parail VV Rey G
Springmann E Taroni A Walton R Warrick C D
Joint European Torus (JET), November 1994. 72p.
Report JET-R(94)07

Implications for ITER: JET divertor results.
Keilhacker M Watkins M L
Europhysics News, vol.26 no.5 1995. p.105.

JET results with the new pumped divertor and
implications for ITER.

Keilhacker M and the JET Team

Plasma Physics and Controlled Fusion, vol.37 Sup-
plement 11A November 1995 (Invited papers from
the 22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bourne-
mouth, 3-7 July 1995). p.A3.

Report JET-P(95)42

Dimensional analysis of L-H power threshold
scalings.

Kerner W Cordey J G Pogutse O Righi E

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed Papers. Part 3. p.229.

Optimization of neutral beam deposition, configura-
tion and recycling of hot-ion H-modes in JET.
Konig RW T Lawson KD Sartori R Deliyanakis N
Hellermann MV Jones T T C Lomas P Maas A C
Marcus F B Schunke B Smeulders P Stamp M F
Thomas PR Zastrow K-D

Bulletin of the Americal Physical Society, vol.40
no.11 October 1995 (Program of the Thirty-seventh
Annual Meeting of the Division of Plasma Physics,
6-10November 1995; Louisville, Kentucky). p.1765.

Impurity induced neutralization of MeV energy pro-
tons in JET plasmas

Korotkov A A Gondhalekar A

Submitted for publications in Nuclear Fusion
Report JET-P(95)47

Physics aspects of coupling the ICRF A2 antennae to
JET discharges.

Lamalle P U Bell G Bhatnagar V P Bures M
Fechner B Gormezano C Jacquinot J Kaye A




APPENDICES

141.

143.

144.

145.

Lennholm M Nguyen F Righi E Sibley A Start D
FH Timms M Wade TJ

22nd European Physical Society Conference on Con-
trolled Fusion and Plasma Physics, Bournemouth, 3rd-
7th July 1995, Contributed papers. Part 2. p.329.

The analytical laboratory for the JET active gas
handling system - inactive commissioning.

Lasser R Grieveson B Hemmerick J Stagg R
Walker K

Fusion Technology vol.28 no.3 part 2, October
1995 (Proceedings of the Fifth Topical Meeting on
Tritium Technology in Fission, Fusion, and Isotopic
Applications, Belgirate, Italy, May 28-June 3 1995).
p.1033.

. The preparative gas chromatographic system for the

JET active gas handling system - inactive
commissioning.

Lasser R Jones G Hemmerich J L Stagg R
Yorkshades J

Fusion Technology, vol.28 no.3 Part 1, October
1995 (Proceedings of the Fifth Topical Meeting on
Tritium Technology in Fission, Fusion and Isotopic
Applications, Belgirate, Italy, May 28-June 3, 1995).
p.681.

Possible semi-empirical drift-wave models for the
simulation of impurity transport and their comparison
with JET experiments.

Lauro-Taroni L ConnorJ W GiannellaR Romanelli
F Wilson H

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995. Contributed
Papers. p.089.

First experiments of pulse compression radar
reflectometry for density measurements on JET
plasmas.

Laviron C Millot P Prentice R

Plasma Physics and Controlled Fusion, vol.37 no.9
September 1995 p.975.

Report JET-P(95)05

The optimisation of recycling in high performance
hot-ion H-mode JET discharges.

146.

147.

148.

149.

Lawson K D Deliyanakis N Hawkes N C von
Hellermann M G Jones T T C Konig R WT Lomas
PJ Maas A C Marcus F B Sartori R Schunke B
Smeulders P Stamp M F Thomas P R

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed Papérs.
Part 2. p.077.

The effects on ELMs on the plasma edge of JET.
LingertatJ Alper B Ali-Arshad S Bak P E Chankin
A Clement S Coad P Cortes I Deliyanakis N
Ehrenberg J Loarte A Monk R Porte L. Prentice R
Tabasso A

22nd European Physical Society Conference on
Controlled Fusion
Bournemouth, 3rd-7th July 1995, Contributed Papers.
Part 3. p.281.

and Plasma Physics,

Power flux and electric current flow to the divertor
target plates of JET.

Gunther K Loarte A
Journal of Nuclear Materials, vol.220-222 April
1995 (Proceedings of the Eleventh International

Lingertat J

Conference on Plasma-Surface Interactions in
Controlled Fusion Devices Mito, Ibaraki, Japan,
May 23-27, 1994). p.198.

Comparison between measured scrape-off layer
plasma parameters and 2D model calculations for
JET X-point discharges.

Loarte A Chankin A Clement S Corrigan G Harbour
P Horton L Janeschitz G Lingertat J] Matthews G
Simonini R Tagle J Taroni A Vlases G

Journal of Nuclear Materials, vols.220-222 April
1995 (Proceedings of the Eleventh International
Conference on Plasma-Surface Interactions in
Controlled Fusion Devices, Mito, Ibaraki, Japan,
May 23-27, 1994). p.606.

The influence of divertor geometry on JET
discharges.

Loarte A Campbell DJ ClementS Davies S J Erents
S K Guo HY Harbour P J Horton L Lingertat J
Lowry C Matthews G F McCormick K Monk R D
O’Brien D Saibene G Simonini R Radford G J
Taroni A Vlases G



B

150.

151.

152.

153.

154.

155.

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995, Contributed Papers. Part 3. p.305.

High performance in JET in relation to Next Step
tokamaks.

Lomas PJ and the JET Team

Bulletin of the Americal Physical Society, vol.40 no.11
October 1995 (Program of the Thirty-seventh Annual
Meeting of the Division of Plasma Physics, 6-10
November 1995; Louisville, Kentucky). p.1766.

Operation for high performance in the new JET
configuration.

Lomas PJ and the JET Team

Plasma Physics and Controlled Nuclear Fusion
Research 1994, 15th International Conference,
Seville, 26 September-1 October 1994.vol.1.p.211.

Investigation of opacity in the JET tokamak divertor
region.

Lovegrove T Horton LD Konig R W T Lingertat J
Maas A C Maggi CF Monk R D Stamp M F Storey
PJ Tabasso A

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995, Contributed Papers. Part 3. p.301.

The impurity processing system for the JET active
gas handling system - inactive commissioning.
Lupo J Hemmerich J L Lasser R Yorkshades J
Salanave J L

Fusion Technology vol.28 no.3 part 2, October 1995
(Proceedings of the Fifth Topical Meeting on Tritium
Technology in Fission, Fusion, and Isotopic
Applications, Belgirate, Italy, May/June 1995). p.1347.

Alignment systems for pumped divertor installation at
JET.

Macklin B Brade R Celentano G Cordier JJ Israel
G TaitJ van Lente E

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe,
Germany, 22-26 August 1994, vol.1. p.279.

Detailed design, installation and testing of the new
coil protection system for JET.

156.

157.

158.

159.

160.

161.

Marchese V De Marchi E DolgettaN LastJ R Ryle
C Sannazzaro G Scibile L Van Veen J Zannelli L
Fusion Technology 1994, Proc. 18th Symposium on
Fusion Technology, Karlsruhe, Germany, 22-26 August
1994, vol.2. Amsterdam, Elsevier. 1995. p.925.

Evolution and optimisation of neutron emissivity
profiles in JET.

MarcusFB AdamsJM Bond D S Hone M A Jarvis
ON Jones TTC Koenig R Loughlin MJ Nave M
FF Sadlet G Schunke B Smeulders P Watkins N
22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995, Contributed Papers. Part 2. p.053.

A neutron camera for ITER: conceptual design.
Marcus FB AdamsJM Batistoni P Elevant T Jarvis
O N Johnson L de Kock L Sadler G Stott P
Joint European Torus, 1995. Report JET-P(95)45

Evaluation and refinement of the conceptual design
for the ITER neutron camera

Marcus F B Adams J M Bastistoni P Elevant T
JarvisON

Report JET-P(95)77

Highly radiating and detached plasmas on carbon
and beryllium targets.

Matthews G F and the JET Team

Plasma Physics and Controlled Fusion, vol.37
Supplement 11A November 1995 (Invited papers
from the 22nd European Physical Society Conference
on Controlled Fusion and Plasma Physics,
Bournemouth, 3-7 July 1995). p.A227.

Report JET-P(95)40

Plasma detachment from divertor targets and limiters.
Matthews G F

Journal of Nuclear Materials, vol.220-222 April
1995 (Proceedings of the Eleventh International
Conference on Plasma-Surface Interactions in
Controlled Fusion Devices Mito, Ibaraki, Japan,
May 23-27, 1994). p.104.

Report JET-P(94)63

Laser blow-off injected impurity particle confinement

times in JET and Tore Supra.




APPENDICES

162.

164.

165.

166.

232

Mattioli M Giannella R Mymas R De Michelis C
Denne-Hinnov B de Wit T D Magyar G

Nuclear Fusion, vol.35 no.9 September 1995.
p.1115.

Report JET-P(94)73

Surface layer composition of the JET vessel walls,
material transport and hydrogen trapping in the
vessel walls.

Mayer M Behrisch R Prozesky V' Andrew P
Peacock AJ

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed papers.

Part 2. p.301.

. Interpretation of ion cyclotron emission from sub-

Alfvenic fusion products in the tokamak fusion test
reactor.

McClements K G Cauffman S Cottrell G A Dendy
R O Lashmore-Davies C N Majeski R

Joint European Torus (JET). April 1995.22p. Report
UKAEA-FUS-280 Submitted for publication in
Physics of Plasmas.

Report JET-P(95)15

Recycling, divertor parameters and SOL transport
for high performance discharges in the new JET.
McCormick K Ehrenberg J Loarte A Monk R
Simonini R Spence J Stamp M Taroni A Vlases G
22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995. Contributed Papers, Part I. p.313.

Reporton vertical stability studies during the plasma
start-up at ITER (Task 2.1e).

Milani F Garribba M

Joint European Torus (JET), November 1994 36p.
Report JET-R(94)09

Determination of JET scrape-off layer transport
coefficients using an interpretative “onion-skin”
plasma model.

Monk R D Horton L D Loarte A Matthews G F
Stangeby P C

Journal of Nuclear Materials, vols.220-222 April
1995 (Proceedings of the Eleventh International

167.

168.

169.

170.

171.

Conference on Plasma-Surface Interactions in
Controlled Fusion Devices, Mito, Ibaraki, Japan,
May 23-27, 1994). p.612.

Divertor plasma detachment in JET.

Monk R D Campbell DJ Clement S Davies S J
EhrenbergJ Erents S K GuoH Y Horton L D Loarte
A Lowry CG Lingertat ] Matthews G F Reichle R
Saibene G Tabasso A Vlases G C

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed Papers.
Part 3. p.293.

Visible spectroscopy of the JET pumped divertor
using coherent optical-fibre bundles.

Morgan P D Wilson C H

Review of Scientific Instruments, vol.66 no.l part
II January 1995. (Tenth Topical Conference on
High Temperature Plasma Diagnostics, Rochester,
New York, 8-12 May 1994) p.606.

Full wave modelling of ICRF edge fields and far-
field sheaths in JET.

Moroz PE MyraJ R D’Ippolito D A Bures M
Bulletin of the Americal Physical Society, vol.40
no.11 October 1995 (Program of the Thirty-seventh
Annual Meeting of the Division of Plasma Physics,
6-10November 1995; Louisville, Kentucky). p.1767.

A visible and UV charge exchange spectroscopy
system for the tritium phase of JET.

Morsi H W von Hellermann M Konig R W T
Schropf H

Plasma Physics and Controlled Fusion, vol.37 no.12
December 1995. p.1407.

Report JET-P(95)10

MHD activitiy in JET hot ion H-mode discharges.
Nave MFF Ali-Arshad S Alper B Balet B De Blank
HJ Borba D Challis C D Von Hellermann M G
Hender T C Huysmans GT A Kerner W Kramer G
J Porcelli F O’Rourke J Porte L Sadler G J
Smeulders P Sips A C C Stubberfield P M Stork D
Reichle R WessonJ A Zwingmann W

Nuclear Fusion, vol.35 no.54 April 1995. p.409.
Report JET-P(93)79



172.

173.

174.

175.

176.

177.

Observations of MHD activity in JET high
performance plasmas.

Nave M FF Alper B Smeulders P Ali-arshad S
Lomas P Marcus F Monticelli E Parail V Sartori R
Stamp M F

Joint European Torus (JET), February 1995. 10p.
Report JET-P(95)-03

The time behaviour of the heat conductivity during
L-H-L transitions in JT-60U.

Neudatchin S Muir D G and others

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed papers.
Part II1. p.029.

The handling, assessment, transport and disposal of
tritiated waste materials at JET.

Newbert G Haigh A Atkins G

Fusion Technology vol.28 no.3 part 2, October
1995 (Proceedings of the Fifth Topical Meeting on
Tritium Technology in Fission, Fusion, and Isotopic
Applications, Belgirate, Italy, May 28-June 3 1995).
p-1552.

Fast wave current drive experiments in JET divertor
plasmas.

Nguyen F Eriksson L G Fischer B Gormezano C
Righi E Rimini F Sadler G Sips A Start D

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995, Contributed papers. Part 2. p.353.

Performance of the supercritical helium cooling
loop for the JET divertor cryopump

Obert W Mayaux C Barth K Herblin L
Submitted forpublicationsin Advances in Cryogenic
Engineering

Report JET-P(95)38

Sawteeth-induced impurity transport in tokamak
plasmas.

Odblom A Anderson D Eriksson L-G Lisak M
22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995. Contributed Papers. p.093.
Report JET-P(95)36

178.

179.

180.

181.

182.

183.

Disruption and VDE characterization for ITER.
Ortolani S Campbell D GarribbaM Johnson M Noll
P Tanga A and others

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed Papers,
Part IV. p.009.

Fast nonlinear magnetic reconnection.
Ottaviani M Porcelli F

Physics of Plasmas, vol.2 no.11 November
1995.p.4104.

Report JET-P(95)04

Unanswered questions in ion-temperature-gradient-
driven turbulence

Ottaviani M Beer M A Cowley S Horton W
Krommes J

Submitted for publication in the Proceedings of the
ITP Program on Plasmas Report JET-P(95)70

Impurity ion emission and edge transport during
ELMy H-modes in the new JET divertor
configuration.

O’Mullane M G Chen H Coffey I H Hawkes N C
von Hellermann M Lauro-Taroni L Peacock N J
Rookes A

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995, Contributed papers. PartIII. p.121.

Low level tritium assessment in JET solid waste
materials.

Pacenti P Atkins G Campi F Newbert G Terrani S
Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe,
Germany, 22-26 August 1994, Vol.2. p.1549.
Amsterdam, Elsevier. 1995.

European negative ion based neutral beam
developments.

Pamela J Fumelli M Hemsworth R S Jacquot C
Jequier F Simonin A Hopkins M B Turner M M de
Esch HP L Challis C Stork D Thompson E
Fusion Engineering & Design, vol.26 nos.1-4,
JanuaryI1995 (Proceedings of the Fifth International

Toki Conference on Plasma Physics and Controlled




APPENDICES

184.

185.

186.

187.

188.

189.

Nuclear Fusion, November 16-19, 1993, Toki, Japan:
Physics and Technology of Plasma Heating and
Current Drive). p.407.

Outline design of a neutral beam injector for the
ITER EDA.

Pamela J Nightingale M Taylor N Thompson E
Watson M and others

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology,
Karlsruhe,Germany, 22-26 August 1994, vol.l.
Amsterdam, Elsevier, 1995. p.629.

Operational safety of the JET in-vessel divertor
cryopump system.

Papastergiou S Ageladarakis P Obert W Thompson
E

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe,
Germany, 22-26 August 1994, vol.1. Amsterdam,
Elsevier, 1995. p.343.

Numerical simulation of ELM free H and hot ion H-
modes JET plasmas.

Parail V ErbaM Cherubini A Springmann E Taroni A
Joint European Torus, JET, 1995. 5p. Report JET-
P(95)49

The physics of L- and H-mode confinement in JET.
Parail V'V Balet B Bak P Cordey J G Deliyanakis N
Erba M GiannellaR Muir D G Nave M FF Porte L
Springmann E M Taroni A Thomsen K Vayakis G

Plasma Physics and Controlled Nuclear Fusion
Research 1994, 15th International Conference,
Seville, 26 September-1 October 1994. vol.1. p.255.

The physics of L and H-mode confinement in JET.
Parail V Bak P Balet B Cherubini A Cordey J G
Deliyanakis N Erba M Porte L Springmann E
Taroni A Vlases G

Joint European Torus (JET). July 1995. 18p. Report
JET-P(95)09

Transport analysis of the giant ELM’s in JET.
Parail V Balet B Bak P Cordey J G Cherubini A
Erba M Deliyanakis N Nave M F F Porte L
Springmann E Taroni A Vayakis G

190.

191.

192.

193.

194.

195.

22nd European Physical Society Conference on

Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995. Contributed
Papers. p.013.

Diagnostics of tokamak fusion plasma viacorrelation
analysis of soft X-ray signals.

PazsitI GillR D

Joint European Torus (JET). June 1995. 9p.
Submitted for publication in SMORN Conf. Procs.
(Avignon 1995).

Report JET-P(95)23

Large carbon fibre re-inforced carbon tiles for a
Mark II divertor in JET.

Pick M A Altmann H Ciric D Deksnis E B Falter
H D FanthomeJ Lowry C Massman P Mohanti R
B Peacock AT Tivey RB

Journal of Nuclear Materials, vols.220-222 April
1995 (Proceedings of the Eleventh International
Conference on Plasma-Surface Interactions in
Controlled Fusion Devices, Mito, Ibaraki, Japan,
May 23-27, 1994). p.595.

Edge modes as ELM events.

Pogutse O Cordey J G kerner W Schunke B
22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed Papers.
Part 3. p.277.

Topological transitions of fast ion orbits in
magnetically confined plasmas.

Porcelli F Eriksson L-G Furno I

Joint European Torus (JET), January 1995. 11p.
Report JET-P(94)72

Evolution of edge electron temperature and density
in JET H-mode plasmas.

Porte L. Bartlett D V Deliyanakis N Rookes A
Bulletin of the Americal Physical Society, vol.40 no.11
October 1995 (Program of the Thirty-seventh Annual
Meeting of the Division of Plasma Physics, 6-10
November 1995; Louisville, Kentucky). p.1765.

New microwave measurements of electron density

and temperature in the JET divertor.



196.

197.

198.

199.

Prentice R Bartlett D V Porte L. Prior P C S
Salisbury M W Smith R J Tellier X Cupido L
Manso M E Serra F

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995, Contributed Papers, Part IV. p.425.

A two colour mm-wave interferometer for the JET
divertor.

Prentice R Edlington T Smith R T C Trotman D L
Wylde R J Zimmermann P

Review of Scientific Instruments, vol.66 no.2 Part
1 February 1995. p.1154.

Antennas and waveguides for the JET pumped
divertor microwave diagnostics.

Prior P C S Bartlett D V Prentice R Smith R J
Tellier X

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe,
Germany, 22-26 August 1994, vol.1. Amsterdam,
Elsevier. 1995. p.819.

The particle and heat drift fluxes and their
implementation into the EDGE2D transport code
Radford GJ Chankin A V Corrigan G Simonini R
Spence J Taroni A

Report JET-P(95)78

Radiation in JET’s Mark I divertor.

Reichle R BartlettD V Campbell DJ Chen H Fuchs
JC GiannellaR Gottardi N A C Hawkes N Horton
L D Jackel HJ Lauro-Taroni L Maas A C Monk R
D O’Mullane M G Porte L van der Linden R von
Hellermann M Wesson J

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed papers.
Part III. p.085.

200. Bolometer for ITER

Reichle R Fuchs J C Giannella RM Gottardi N A
C Jackel HJ Mast KF Thomas PR van Belle P
Submitted for publication in Procs. of Diagnostics
for ITER, International Workshop, VillaMonastero,
Varenna, Italy, 28 August - 1st September 1995
Report JET-P(95)51

201.

202.

203.

204.

20s.

. APPENDICES

Density scaling of the H-mode power threshold in
JET.

Righi E Campbell DJ Cordey J G Ehrenberg J
Giannella R de Haas ] Harbour P Hawkes N C
Nielsen P Porte L Saibene G Start D FH Thomsen
K von Hellermann M

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed Papers.
Part 2. p.073.

H-mode power threshold database for ITER
Ryter F Campbell DJ Carlstrom TN Christiansen
JP Cordey J G DeBooJ C Fielding SJ Fukuda
T GranetzR S Greenwald M Kamada Y Kardaun
OJWF Kaye SM KollermeyerJ Kus A Matsuda
T Miura Y Mori M Righi E Ryter F Sato M
Schisel D P Snipes J A Stroth U Suzuki A
Takizuka T Tamai H Thomsen K Tsuchiya K
Valovic M

Submitted for publication in Nuclear Fusion
Report JET-P(95)55

The distribution function of fusion products at birth.
Sadler G van Belle P

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed papers.
Part 2. p.269.

Fast particle diagnostics at JET: status and plans.
Sadler GJ Adams J M Cecil F E Cottrell G A
Gonkhalekar A HoekzemaJ A Jarvis O N Loughlin
M J Marcus FB Van Belle P Von Hellermann M
Nuclear Fusion, vol.35 no.12, December 1995
(Proceedings of the Fourth IAEA Technical
Committee Meeting on Alpha Particles in Fusion
Research, Princeton, 25-28 April 1995) p.1609,
and Joint European Torus, JET, 1995. 14p.
Report JET-P(95)58

Effect of active pumping and fuelling on divertor
plasma discharges in JET.

Saibene G Apicella M L Bart K Campbell D J
Ehrenberg J K Harbour PJ Horton L D Lowry C G
Loarte A Monk R D Obert W Rossi A Sartori R
Stork D Thomson E




APPE

206.

207.

208.

209.

210.

236

NDICES

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995, Contributed Papers. Part 2. p.121.

Review of vacuum vessel conditioning procedures
at JET and their impact on plasma operation.
Saibene G Rossi a Monk R D Orchard ] Andrew P
Barnsley R Cushing D Coad P J Davies S Erents S
K Guo HY Lawson K Lingertat] Mattews G Sips
G Stamp M Tanga A

Journal of Nuclear Materials, vols.220-222 April
1995 (Proceedings of the Eleventh International
Conference on Plasma-Surface Interactions in
Controlled Fusion Devices, Mito, Ibaraki, Japan,
May 23-27, 1994). p.617.

Modification of the JET vacuum vessel support and
restraint systems.

Sannazzaro G Celentano G Miller A Raimondi T
Saunders S Tait Jvan VeenJ] Wykes M

Fusion Technology 1994, Proc. 18th Symposium on
Fusion Technology, Karlsruhe, Germany, 22-26 August
1994, vol.l. Amsterdam, Elsevier. 1995. p.755.

Studies of tearing mode control in JET.
Santagiustina A Arshad S A Campbell D J Antona
G D de Benedetti M Edwards A(Culham) Fishpool
G Lazzaro E La Haye RJ Morris A W (Culham)
Ostrom R Rossi L Sartori F Savrukhin P Tabellini
M Tubbing B J Tanga A Zullo G

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995, Contributed Papers, Part IV. p.461.

DSP control of the fusion plasma configuration of
JET.

Sartori F Garriba M Litunovsky R Milani F Puppin S
Joint European Torus, JET, July 1995. 5p. Report
JET-P(95)29

High current operation with the new JET divertor.
Sartori R Ali-Arshad S Bertolini E Bonicelli T
Bures M Christiansen J P Chuilon P de Esch H
Deliyanakis N Fishpool G JarvisON Jones TT C
Koenig R Lawson K Lomas P J Maas A C Marcus
FB Nave M F Sannazzaro G Schunke B Smeulders
P Taroni A Thomas PR Thomsen K

211.

212.

213.

214.

215.

216.

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Boumemouth, 3rd-7th July 1995, Contributed Papers,
Part IV. p.141.

Numerical simulation of feedback control of coupled
tearing modes at JET.

SavrukhinP Campbell DJ de Benedetti M Edwards
A M D’Antona G Fishpool G Santaguistina A
Sartori F

Joint European Torus (JET), 1995. 100p. Report
JET-R(95)06

Comparison of JET and DIII-D temperature and
density profile shapes and their parametric
dependence.

Schissel D P Schunke B Imre K Riedel K S
22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed Papers.

Part 2. p.065.

Possible safe termination by injection of polyethylene
pellets in JET.

Schmidt G L Ali-Arshad S Bartlett D Chankin A
Clement S Gadeberg M Kupschus P O’Brien D
Reichle R Sadler G Tanga A

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995, Contributed Papers, Part IV. p.021.

Log-additive parameterization of JET electron
temperature and density profiles

Schunke B Imre K Riedel K S

Submitted for publication in Physics of Plasmas
Report JET-P(95)80

Cleaning of the JET vacuum vessel using the carbon
dioxide pellet blasting technique.

Scott SM Haigh A Schreibmaier J Davies N Porter
A Saibene G

Joint European Torus (JET), 1995.35p. Report JET-
R(95)03

Transient adiabatic/isothermal calorimetry tests on
JET uranium beds for tritium storage.
Serio L. Hemmerich J L Lasser R Milverton P



217.

218.

219.

220.

221.

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe,
Germany, 22-26 August 1994, Vol.2. p.1107.

Energetic particle drive for toroidicity-induced
Alfven eigenmodes and kinetic toroidicity-induced
Alfven eigenmodes in a low-shear tokamak.
Sharapov S E Breizman B N Institute for Fusion
Studies, The University of Texas, October 1994 31p.
Report IFSR 671

Confinement of high BPO] plasmas in JET.

Sips A C C Challis CD Gormezano C Gowers CW
Huysmans G T A Ishida S Rimini FG Tubbing B
JD WardDJ

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995, Contributed papers. Part III. p.005.

Influence of MHD instabilities on JET high
performance.

Smeulders P Alper B Bak P Balet B Christiansen
J P Deliyanakis N Edwards A ErbaM de Esch H
GillR D Hender T C Huysmans G Jones T Koenig
R Lawson K Lomas P Lyadina E Marcus F Nave
M Parail V Porte L. Rookes A Schunke B Thomas
P Thomsen K

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed Papers,
Part IV. p.061.

Survey of pellet enhanced performance in JET
discharges.

Smeulders P and others

Nuclear Fusion, vol.35 no.2 February 1995. p.225.
Report JET-P(94)07

Shear reversal experiments on JET.

Soldner F X Balet B BaranovY Ekedahl A Fischer
B Goedbloed J P Gormezano C Holties H A
Huysmans G T A Lennholm M Parail V V Rimini
F Schild P Sips A C C Smits F Springmann E
Taroni A Tubbing BJ D

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics, Bournemouth,
3rd-7th July 1995, Contributed Papers, Part IV. p.113.

222.

223.

224,

225.

226.

2217.

228.

Lower hybrid current drive in JET and reactor
applications.

Soldner FX and the JET Team. Plasma Physics and
Controlled Nuclear Fusion Research 1994, 15th
International Conference, Seville, 26 September-1
October 1994. vol.1. p.423.

Neutron radiation testing of JET in-vessel inspection
system components.

Sordon G Tartaglia G P Businaro T

Fusion Technology 1994, Proc. 18th Symposium on
Fusion Technology, Karlsruhe, Germany, 22-26 August
1994, vol.1. Amsterdam, Elsevier. 1995. p.751.

Improved plasma purity in the JET pumped divertor.
Stamp M F von Hellermann M

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed
papers. Part III. p.089.

Determination of T, from a Langmuir probe in a
magnetic field by directly measuring the probe’s
sheath drop using a pin-plate probe.

Stangeby P C

Plasma Physics and Controlled Fusion, vol.37 no.11
November 1995. p.1337. Report JET-P(95)21

Impurity retention by divertors, Part 1: One-
dimensional models.

Stangeby P C Elder ] D

Joint European Torus (JET), 1995. 50p. Report JET-
P(95)08

A problem in the interpretation of tokamak Langmuir
probes when a fast electron component is present.
Stangeby P C

Plasma Physics and Controlled Fusion, vol.37 no.9
September 1995 p.1031.

Report JET P(95)14

Radial and poloidal ExB drifts in the scrape-off layers
of a divertor tokamak: Effects on in/out asymmetries,
plasma detachment at the targets, and divertor biasing.
Stangeby P C Chankin A V

Joint European Torus (JET). April 1995.29p. Report
JET-P(95)07 Submitted to Nuclear Fusion.




APPENDICES

229.

230.

233.

234.

Understanding impurity retention by divertors.
Stangeby P C Elder J D

Journal of Nuclear Materials, vol.220-222 April
1995 (Proceedings of the Eleventh International
Conference on Plasma-Surface Interactions in
Controlled Fusion Devices Mito, Ibaraki, Japan,
May 23-27, 1994). p.193.

Recent results of ICRF heating on JET.

Start DFH Bell G Bhatnagar V P Bures M Cottrell
G A Eriksson L-G Fechner B Goulding R
Gormezano C Howman A Jacquinot J Kay A
Lamalle P Nguyen F Righi E Rimini F Sibley A
Sips A C C Tubbing BJ Wade T Ward D

Joint European Torus (JET), 1995. 8p. Report JET-
P(95)33

. Characterisation of long pulse steady-state H-modes

in the JET pumped divertor configuration.

Stork D Bickley A J Campbell D J Clement S
Davies S Erents K Garibba M Hawkes N Horton L
D Howman A Konig R LingertatH Loarte A Maggi
C Monk R Reichle R Righi E Saibene G von
Hellermann M

22nd European Physical Society Conference on
Controlled Fusion and Plasma
Bournemouth, 3rd-7th July 1995, Contributed Papers.

Part 2. p.125.

Physics,

. The new experimental phase of JET and prospects

for future operation.

Stork D and the JET Team

Plasma Physics and Controlled Nuclear Fusion
Research 1994, 15th International Conference,
Seville, 26 September-1 October 1994. vol.1. p.51.

Non-ambipolar neoclassical transport.

Stringer T E

Nuclear Fusion, vol.35 no.8 August 1995. p.1008.
Report JET-P(94)38

Modelling the neutralisation and energy distribution
function of MeV ions during combined ICRH and
NBI heating in JET.

Stuart A J G Dalla S C Eriksson L-G Gondhalekar A
22nd European Physical Society Conference on

Controlled Fusion and Plasma Physics,

:238

235.

236.

237.

238.

239.

240.

Bournemouth, 3rd-7th July 1995, Contributed Papers.
Part 2. p.033.

Multifluid modelling of radiative and detached edge
plasmas and comparison with JET experimental
results.

Taroni A Corrigan G Horton L D Loarte A
Matthews G F Radford G J Reichle R Simonini R
Spence J

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed Papers,

Part IV. p.297.

Bifurcations and intermittent magnetic activity.
Tebaldi C Ottaviani M Porcelli F

JointEuropean Torus (JET), 1995. 11p.Report JET-
P(95)28

Irradiation effects on magnet components of the
Joint European Torus.

Tesini A Bertolini E LastJ R Sordon G Tartaglia G P
Fusion Technology 1994, Proc. 18th Symposium on
Fusion Technology, Karlsruhe, Germany, 22-26
August 1994, vol.2. Amsterdam, Elsevier. 1995.
p.977.

Experiments with TF ripple in JET.

Tubbing B and the JET Team

22nd European Physical Society Conference on
Controlled Fusion
Bournemouth, 3rd-7thJuly 1995, Contributed Papers,
Part IV. p.001.

and Plasma Physics,

The new phase of the Joint European Torus and
prospects for future operation.

Tubbing B J D and the JET Team.

Physics of Plasmas, vol.2 no.6 pt.2 June 1995
(Special Issue: Invited and Review Papers from
the 36th Annual Meeting of the Division of Plasma
Physics of the American Physical Society 7-11
November 1994, Minneapolis, Minnesota). p.2256

The operational characteristics of a molten and
damaged beryllium divertor target in JET.
Tubbing B J] D Chankin A Clement S Coad P
Deksnis E Lingertat J] Loarte A Lowry C



241.

242.

243.

244,

245.

246.

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed Papers.
Part 3. p.453.

Plasma performance on solid and molten beryllium
divertor targets in JET.

Tubbing B J D and the JET Team.

Bulletin of the Americal Physical Society, vol.40
October 1995 (Program of the Thirty-
seventh Annual Meeting of the Division of Plasma
Physics, 6-10 November 1995; Louisville,
Kentucky). p.1766.

no.l1

A model of the effect of plasma turbulence on time
delay measurements by reflectometry

Vayakis G

Report JET-P(95)76

Information integration for finite element analysis at
JET.

Viola R Carman P

Joint European Torus (JET), January 1995.9p. Report
JET-R(95)01

Divertor similarity and multi-machine scaling
experiments.

Vlases G C Hutchinson I H Pietrzk Z A

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed Papers.
Part 3. p.313.

Analytical approximation of cross-section effects
on charge exchange spectra observed in hot fusion
plasmas.

Von Hellermann M Breger P Frieling J Konig R
Mandl W Maas A Summers HP

Plasma Physics and Controlled Fusion, vol.37 no.2
February 1995 p.71.

Feasibility of quantitative spectroscopy on ITER.
Von Hellermann M Core W G F Howman A Jupen
C KonigRW T Stamp MF Summers HP Thomas
PR Zastrow K-D

Joint European Torus (JET) 1995. 10p. Report JET-
P(95)63

247.

248.

249.

250.

251.

252.

f. Arpenpices

Helium and neon transport experiments at JET.
Von Hellermann M Barth K Bickley A J Campbell
D1J Gerstel U de Haas J Hillis D Horton L. Howman
A Konig R Lauro-Taroni L Mayaux C Nielsen P
Obert W Saibene G Stamp M F Stork D Wade M
Zastrow K-D

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7th July 1995, Contributed Papers.
Part 2. p.009.

The engineering of JET diagnostics.

Walker C I Dillon SF Hammond N P Hancock CJ
Lam N McCarron E J Prior PC S Reid J Sanders
S Tellier X Tiscornia A J Whitfield G A H Wilson
CH WilsonDJ

Fusion Technology 1994, Proceedings of the 18th
Symposium on Fusion Technology, Karlsruhe,
Germany, 22-26 August 1994, vol.1. Amsterdam,
Elsevier. 1995. p.823.

JET diagnostics’ vacuum windows development,
assessment of failures, classification and preparation
for D-T use.

Walker C I

Joint European Torus (JET), 1995. 87p. Report JET-
R(95)07

JET divertor research in support of ITER.

Watkins M L

Joint European Torus (JET), October 1994 11p.
Preprint of a paper accepted for publication in Journal
of Plasma Physics and Controlled Fusion. Report
JET-P(94)47

Effect of temperature gradient on plasma sheath.
Wesson J A

Plasma Physics and Controlled Fusion, vol.37no.12
December 1995. p.1459. Report JET-P(95)22

Snakes.

Wesson J A

Plasma Physics and Controlled Fusion, vol.37 Sup
11A November 1995 (Invited papers from the 22nd
European Physical Society Conference on Controlled
Fusion and Plasma Physics, Bournemouth, 3-7 July
1995). p.A337. Report JET-P(95)41



APPE

253.

254.

255.

0]
N
[@))

257.

258.

259.

240

NDICES

In situ determination of the JET neutral heating
beam divergence by beam emission spectroscopy.
Wolf R C Ciric D KonigRWT

Joint European Torus (JET), December 1994. 17p.
Submitted for publication in Journal of Applied
Physics. Report JET-P(94)68

A vacuumultra-violet spectrometer (double SPRED)
for the observation of the JET divertor plasma
Wolf R C Lawson K D Coffey I Giannella R
Hancock CJ Hawkes N C Horton L D Janeschitz
G Hemmeson H Maas A C Maggi C F Maio M Di
Submitted for publication in Review of Scientific
Instruments. Report JET-P(95)34

Simulation and analysis of time-dependent neutron
energy spectra.

Wolle B Gerstel U Hubner K Eriksson L-G Sadler
G van Belle P

Plasma Physics and Controlled Fusion, vol.37 no.10
October 1995. p.1187. Report JET-P(95)35

. The influence of trapping effects on the fusion

reactivity in NBI heated tokamak plasmas

Wolle B Jauch Z Eriksson L-G

Submitted for publication in Plasma Physics and
Controlled Fusion

Report JET-P(95)71

Disruption amelioration experiments in JT-60U and
JET.

Yoshino R Neyatani Y Isei N Koide Y Kawano
Tanga A Campbell DJ Johnson M F Rossi L
Plasma Physics and Controlled Nuclear Fusion
Research 1994, 15th International Conference,
Seville, 26 September-1 October 1994. vol.1. p.685.

Nonlinear growth of the double tearing mode
YuQ

Submitted for publication in Physics of Plasmas
Report JET-P(95)82

Effect of temperature gradient on the characteristic
of langmuir probe

Yu Q Wessonl] A

Submitted for publication in Plasma Physics and
Controlled Fusion. Report JET-P(95)81

260.

261.

262.

263.

264.

265.

266.

Toroidal momentum slowing down and replacement
times in JET divertor discharges.

Zastrow K D de Haas J CM von Hellermann M G
Howman A C KonigRW T

22nd European Physical Society Conference on
Controlled Fusion and Plasma Physics,
Bournemouth, 3rd-7thJuly 1995, Contributed papers.

Part 2. p.453.

JET contributions to ITER design deliverables on
the NET Article 7 Contract NET94/868.

Joint European Torus (JET), 1995. 149p.

Report JET-R(95)05

JET papers presented at the Joint Lausanne-Varenna
Workshop on Theory of Fusion Plasmas (Varenna,
Italy, 22-26 August 1994). Joint European Torus
(JET), December 1994. 78p.

Report JET-P(94)41

JET papers presented at the 22nd EPS Conference
on Controlled Fusion and Plasma Physics (3-7 July
1995, Bournemouth, UK.)

Joint European Torus (JET), 1995. 252p.

Report JET-P(95)37

JET papers presented to the 16th Symposium on
Fusion Engineering (SOFE) (2-5 October 1995,
Champaign, Illinois, USA).

Joint European Torus (JET), 1995 80p.

Report JET-P(95)60

JET Posters and papers presented at the 36th Annual
Meeting, APS Division of Plasma

Physics (Minneapolis, Minnesota, USA, 7-11
November 1994).

Joint European Torus (JET), November 1994. 124p.
Preprint of papers to be published in the Procedings
of 36th Annual Meeting, APS Division of Plasma
Physics (Minneapolis, Minnesota, USA, 7-11
November 1994). Report JET-P(94)61

JET Posters presented at the 22nd EPS Conference
on Controlled Fusion and Plasma Physics (3-7 July
1995, Bournemouth, UK). Volume 1.

Joint European Torus, JET, August 1995. 254p.
Report JET-P(95)31



267. JET Posters presented to the 37th Annual Meeting,
APS Division of Plasma Physics (Louisville, USA,
6-10 November 1995).

Report JET-P(95)72

268.JET papers presented to the 6th European Fusion
Theory Conference (Utrecht, The Netherlands, 2-4
October 1995).
Report JET-P(95)64

269.JET papers presented to the Second IEA
International Workshop on Beryllium Technology
for Fusion (6 September 1995, Jackson Hole,
USA).
Report JET-P(95)59

270. JET papers presented to the 11th Colloquium on UV
and X-ray Spectroscopy of Astrophysical and
Laboratory Plasmas (Nagoya, Japan, 29 May - 2
June 1995).

Report JET-P(95)54

271.JET papers presented to the 13th International
Vacuum Congress, 9th International Conference on
SS (Yokohama, Japan, 25-29 September 1995)
Report JET-P(95)52

 ArpEnDICE

272. JET papers presented to the IAEA H-mode Workshop
(PPPL, 1995)
Report JET-P(95)50

273. JET Annual Report 1994.
JET Joint Undertaking 1995. Edited and compiled
by BE Keen and G.W.O’Hara. 141p. EUR-16475-
EN-C (EUR-JET-AR-17).

274.JET Progress Report 1994.
JET Joint Undertaking 1995. Edited and compiled by
B.E Keen. 225p. EUR-16474-EN-C(EUR-JET-PR12).

275. Plasma Physics and Controlled Fusion 37pp Al-
A370 (1995)
(Invited Papers for 22nd European Physical Society
Conference on Controlled Fusion and Plasma
Physics, Bournemouth, UK, 3-7 July 1995)
Edited by B E Keen, P E Stott and J Winter

276.Europhysics Conference Abstracts. 19¢ (Volumes
I-IV), (1995)
(Contributed Papers to 22nd European Physical
Society Conference on Controlled Fusion and Plasma
Physics, Bournemouth, UK, 3-7 July)
Edited by B E Keen, P E Stott and ] Winter

241
























ke o1 it A%, et e s i o A LAY MM 1, L L el T e e e s A et B A ke Bt it &







	Table of contents
	Introduction, Background and Summary
	Technical Achievements during 1995
	- First Wall Systems
	- Power Supplies and Magnet Systems
	- Neutral Beam Heating
	- RF Heating Systems 40 Operations Systems
	- Vacuum Systems
	- Waste Management 69 Control and Data Acquisition System
	- Data Management
	- Diagnostic Systems
	- Summary of Operations
	- Summary of Technical Achievements

	Scientific Achievements during 1995
	- High Performance
	- Drvertor Assessment and Divertor Physics
	- Tokamak Concept Improvements
	- Transport and Fluctuations
	- MHD and Beta Limits
	- Physics Issues related to the Next Step
	- Data Analysis and Modelling
	- Summary of Scientific Progress and Perspective

	Developments and Future Plans
	- Advanced Divertor Studies
	- Tritium Handling
	- Plans for D-T Operation
	- Studies for Machine Performance Enhancement
	- Future Plans


