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Abstract

During the INTOR workshop sessions (phase I) an attempt was made to
arrive at a preliminary and qualitative assessment of INTOR relevant
R+D in Europe, Japan, United States and USSR. A11 four delegations
contributed in an iterative way.

The results achieved so far have been used to compare the actual
situation with an idealized schedule for a possible INTOR realization.
Also they enable a preliminary insight into the degree of completeness
in R+D required for INTOR to be expected in various partner combi-
nations.

Pending a detailed evaluation of all mentioned facilities and pro-
grammes together with their schedule and expected quantitative results
it is seen already, that only under the most favouralbe conditions one
could decide by the mid to end '80s to build INTOR. International
collaboration strongly increases the completeness of R+D required for
INTOR.
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Introduction

Since 1978 under the auspices of IAEA the INTOR study concerning a next
generation Tokamak (after JET - JT-60 - TFTR - T-15) is carried out with
the participation of EURATOM, Japan, USA and USSR. After the conclusion
of the data base assessment phase end of 1979 the definition phase was
started. For these first two phases workshops have been organized in
Vienna.

The contents of this report have been prepared for INTOR workshop sessions
during the definition phase (Phase One). '

In the frame of the international effort to define INTOR an assessment of
the required R+D has been prepared (see International Tokamak Reactor Zero
Phase Report, IAEA Vienna, 1980). Basing on this assessment during Phase
One of the INTOR workshop a comparison was made between the anticipated
INTOR design and construction schedule and the schedule of INTOR related
R+D required before design freezing and/or start of fabrication.

In this comparison, which takes the form of bar charts for 16 different
R+D topics with their pertaining subtopics, both an idealized R+D pro-
gramme schematic and the actual timing of running and planned programmes
are contained thus enabling a rather direct rough judgement on the co-
verage of INTOR related R+D requirements and on the possible time scale
of INTOR realization. (For bar charts see Enclosure 1.)

The information collected in an iterative manner from all delegations to
the INTOR workshop on running and planned programmes is qualitative so

far in the sense that only indications have been given as to whether cer-
tain facilities or programmes can (or could) provide results pertaining

to a certain subtopic at a certain time. Quantitative information like
parameters to be achieved, cost involved for tackling additional questions
in existion facilities, possibility to provide in practice all answers
requested from certain facilities a.s.o. will have to be collected later
as the INTOR work proceeds.

Despite this more qualitative character of the bar charts thus far, a re-
arrangement of the information permits some quantitative conclusions such
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as on a possible overloading of certain facilities, lacking programme
parts and coverage of the INTOR related R+D requirements in national or
cooperative international programmes.

Contributions to INTOR related R+D

Table 1 shows a summary of all present entries (as of February 1981) in
the INTOR bar charts (Enclosure 1). The R+D topics are regrouped in
order to distinguish between plasma physics and technology, whereas

the facilities besides of this aspect have been ordered roughly in
chronological sequence according to their respective date of commission-
ing. This leads to the accumulation of data mainly in the left upper and
right Tower part of the Table. A few observations are the following:

- The solution of the open plasma physics questions bears on about ten
tokamaks including the four large ones, which show by far the majority
of entries. This calls for a careful review whether this would lead to
overloading their programme in practice.

Overloading of experiments due to a considerable number of technologi-
cal contributions expected for INTOR may not be of comparable impor-
tance since these contributions are mostly results achieved in con-
structing and operating these machines.

- Roughly about 70% of the entries concerning technical topics mean ex-
pected results from plasma physics experimental programmes, whereas
only about 30% of the entries refer to results expected from specia-
lized technology test facilities.

- About 55% of the entries refer to open plasma physics questions, which
underlines the necessity to make the most efficient use of the avai-

lable machines in order to supply all necessary information in time
for INTOR.

Coverage of INTOR R+D demand

From Table 1 it cannot be seen to what extent the subtopics under the
different R+D topics are covered by the entries. Some subtopics are not



- 8-

covered at all (see Table 2). It appears, however, that the effort needed
to cover also those missing ones should not change the overall picture.

In order to estimate the existing coverage of INTOR related R+D demand
one has to assume for the time being that the subtopics are items of
equal importance. In a possible subsequent assessment subtopics covered
just by one programme in one country may be weighted in a different
manner as compared to other subtopics with many entries from several
national programmes a.s.o. In the INTOR Zero Phase Report the R+D topics
had been classified as adequately or inadequately covered. In the mean-
time further assessment and planning has changed the initial picture
considerably which can be seen in the charts where the subtopics are
still grouped in the sequence of the initial classification.

With a total number of 620 specific entries on R+D activities in INTOR
participants' programmes (running, started, planned) the coverage of
INTOR R+D demand has been evaluated in the following way. Assigning
100% coverage to the total R+D demand listed under the 16 topics and
relating to this the percentage of subtopics actually covered by at
least one entry the relative fulfillment of R+D requirements has been
calculated for the four INTOR participants individually and for all
possible combinations of two or three of them together with the case
of all four cooperating.

The result is given in Table 4, in which also a classification of the
degree of coverage is indicated. The classification into three categories
of different relevance is explained on page 5.

In short this classification distinguishes between
coverage 100% - 67%

66% - 34%
33% - 0%

relevant category I
category 1II

category III

questionable relevance
irrelevant for INTOR

The two lower categories are indicated in each column of Table 4.
Assuming larger uncertainties about the R+D programmes found in the two
lower categories the partner combinations can be mainly considered for
their number of category I topics.
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Coverage of INTOR R+D demand until end of 1985

The INTOR R+D bar charts in their present form infer from the antici-
pated INTOR design and construction schedule (see top part of each
chart) that in an ideal R+D programme schematic all information should
be available until end of 1985. Neglecting the inconsistency that the
entries in the charts often refer only to data base assessment stages,
leaving out decision making stages and their required time, and taking
the optimistic view that - if information is indicated until end of
1985 - subtopics mentioned by at least one entry count for coverage
one can set up a more stringent listing (see Table 5), in which all
entries after end of 1985 are left out. This then characterizes the
near term situation of INTOR related R+D.

Since there is hidden overlap sometimes in the subtopicsa further

Table 3 is added from which to see which participant contributes to
which subtopic in the listings of Tables 4 and 5.

Completeness of INTOR R+D

Defining completeness as the percentage of R+D topics in category I
one can set up the result of the present R+D assessment in a rather
condensed form. Fig. 1 shows completeness of INTOR R+D versus all
possible partner combinations and indicates the clear tendency to
high completeness in multilateral cooperation. In addition the per-
centage of topics in category II is drawn up. Also the effects of
restricting INTOR R+D to what could be expected until end of 1985
are to be seen.

It must be stated, however, that more conclusive results could only be
expected from detailed assessments of quantitative R+D needs for INTOR
and the possibility to quantitatively fulfill the needs by the times

indicated. Insofar the present assessment cannot really judge whether

INTOR R+D can be provided to a sufficient degree when called for by

the anticipated schedule.

In order to illustrate the specific European situation with respect to
INTOR related R+D Fig. 2 shows the completeness of R+D in the EURATOM
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programme for the individual topics. The influence of specific results
expected from some planned experiments is indicated assuming that their
contribution will not greatly change the picture under topics with
entries from existing facilities.

Conclusions

On the basis of existing information as of the INTOR bar charts (February
1981) one can derive the following conclusions:

International collaboration strongly increases the completeness of
R+D required for INTOR construction.

- For a further assessment of R+D related to INTOR it is important to
collect more data and facts about the experiments and facilities Tisted
and on the real possibility that they respond to all the INTOR demands
to the required degree and by the time necessary.

- Also a more detailed planning network for INTOR design and construction
is needed in order to check with a realistic R+D programme.

- Only under the most favourable conditions as
a) rapid implementation of supporting programmes
b) successful completion of all required R+D by the date indicated
c) very efficient international cooperation
does it seem possible that in the mid to end '80s a decision to build
INTOR could be taken.

Classification of coverage for INTOR R+D

The implementation time of any major facility from which R+D questions
shall be answered for INTOR may be so long, that its present nonexistence
means that INTOR could only be realized with considerable delay if it

had to wait for construction of that facility. In a very general sense
this holds similarly for important R+D programmes yet to be started.
Therefore, as a crude indication for the coverage of any existing INTOR
oriented R+D programme one can use the following definitions:
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relevant

i

67% - 100% of necessary R+D existing, started, planned

questionable relevance
irrelevant for INTOR

34% - 66% of necessary R+D existing, started, planned

0% - 33% of necessary R+D existing, started, planned

Irrelevant as used here means that a sufficiently broad R+D programme
could only be implemented with drastic programme changes und funding
increase and considerable delay of INTOR realization. Questionable
relevance means the same but to a lesser degree such that INTOR could
in the end be realized with some tolerable delay. A relevant programme
would be such that with some augmentation a decision to build INTOR
could be taken in the mid to end '80s.
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USSR-Facilities: U-3, MIN II, IREK II, ISTRA, RF-C,

USA-Facilities:

METF, HPTF, NBETF

JAP-Experiments: Doublet ITT (J), JFT-2, JFT-2M

LUMSI, CYCL, WWR-M, IRT, ESU-VI,
WWR-K, MAMONT, ILU-4, IWW-2M, TFC
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Table 2

4A

4B

10,

13

15,

INTOR R+D_SUBTOPICS_NOT_COVERED_SO_FAR

Heating - Neutral Beam
- Reliability and remote maintenance

Heating - RF

- Vacuum windows resistant to thermal loading, neutron radiation and high
RF power

First Wall, Blanket and Shield
- Study of heat storage devices for smoothing out the power output

Magnetics
- Divertor test stand

Assembly and Remote Maintenance
- PF coil joints if required for internal coils

Shielding and Personnel Access
- General shield design methods
- Multi-dimensional transport techniques for streaming

Tritium
- Resolve tritium shipping, accountability and safeguad issues
- Study the influence of a divertor on the tritium system

Safety and Environment

- Assess the consequences of earthquakes on the safe operation of INTOR
- Exposure to electromagnetic radiation (guidelines)

February 1981 / Ki




Table 3 R+D_CONTRIBUTIONS TO_SUBTOPICS

1. EUR JAP USA USSR 3. EUR JAP USA USSR 4A EUR JAP USA USSR 4B EUR JAP USA USSR
- X X X X - X X X X - X X) %X X - X X X X
- X X X X - X X X X - X X X X - X X X
- X X X X - X X X - X X) X X - . . .
- X X X X - X X X X = X) X X - X X X
- X) X) - X X - X X) X
- X X X - X X - X
- X) X X) - X X X -, .
=X X) X X) = X X - X X
11. EUR JAP USA USSR 12. EUR JAP USA USSR 2. EUR JAP USA USSR 5. EUR JAP USA USSR
- X X X X - X X X X - X X X X - X X X X
- X X X X - X X X X - X - X
- X X X X - X X X X - : - X X X X
- X X X X - X X) X - X X - X X X
- X X X X - X X X X - X X - X X
- X)) X X X) - X X X X - x) - X X X
= X) X X - X X X - X X X
6: EUR JAP USA USSR 8. EUR JAP USA USSR 9. EUR JAP USA USSR 10. EUR JAP USA USSR
o X =X X X X - X X X - X X
- X % - X X X X - X = .
- X - X - X X = X
- X X - X X X X - X X) X - : ; :
- x) X X - X X X X = X = X X
- X X - . )
- x) X X - X)  x)
- X X
- X X X
- X X
13. EUR JAP USA USSR 14. EUR JAP USA USSR 15. EUR JAP USA USSR 16. EUR JAP USA USSR
- X) X X - X X - X X) X X - X X) X X
- x)  x - X X X - X X x)
- X) X —-ix X - X)  x) - X X X X
- x) X - X X X - X - X X X X
- X X X X = X -x) X X =) X X X
- X) X = X - X X - X) X X
- x) X - X X - . : . =i X X X
- . =% X X X = . .
. X - X X b X
- . = X

1. Topic-Number (for characterization see Table 1)

- Subtopics (the number and sequence is the same as
in the R+D bar charts as of Febr. 1981)

X Contributions until end of 1985
x) Contributions after 1985
Subtopic not covered (see Table 2) February 18, 1981 / Ki
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Enclosure 1

INTOR R+D BAR CHARTS

including comments from all delegations during
INTOR workshop phase I (March 1980-Febr. 1981)

compiled by A. Knobloch

Comments to bar charts

In a conventional undertaking bar charts are the results of a planning network
which includes all cross links and interdependencies between items included.
For INTOR at the present state R+D bar charts can only give a very first over-
view on the situation. Thus a considerable degree of inconsistency will have
to be resolved yet.

For the present version of bar charts a separation between the bar charts
concerning R+D for INTOR (with its data base assessment and decision making
stages) and the stages of relevant experiments and R+D programs has been made,
the latter being indicated on transparent sheets. This offers the possibility
to .

- discuss separately the appropriate R+D program plan in accordance with the
realization stages of the INTOR project as worked out during the workshop
sessions, and the overall situation of the INTOR relevant R+D programs;

- get an indication on a proper and realistic timing of the INTOR project.

During the discussions it became clear that a number of further steps have to
be taken in order to make the R+D bar charts a useful tool. These include:

Improvement of the R+D definitions

Getting more details on expected results from experiments and programs and
on their status of approval

Evaluation of required results from R+D according to INTOR design and con-
struction schedule

Discussion of consequences for INTOR definition and planning

Procedure followed in present bar chart version

- In order to give an indication for the realization stages of the INTOR
project, the general definitions from the March 1980 versions together with
the INTOR schedule as of the INTOR workshop were used. It was felt practical
to show the assumed duration and overlap of the phases of INTOR realization
since this eases the discussion of the principal R+D bar charts and their future
extrapolation for the needs of later stages of INTOR operation which are not
included so far. Also the implications for decision making become more clear.

- The entries concerning stages of experiments and R+D programs at which certain
degrees of data base assessment are expected from them have been optimisti-
cally made one year after the pertinent scheduled start of operation. Multiple
appearance of the same experiment or program means consecutive achievement of
relevant portions of information. Especially the underlined entries refer to
operation with tritium.




BAR CHART - INTOR R+D DESIGNATIONS

1. Realization stages of the project

- Conceptual design

- Engineering design

- Production design

Construction, equipment fabrication
- Assembly

- Testing

[l =] =]

- Operation

2. Decision-making stages

- Concept selection
- Final version selection, final check

3. Data base assessment stages

(:) - Information collection
(E) - Feasibility justification
(E) - Prototype construction

- Full power testing
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Facility/Program

Large Tokamaks:

Tritium test facilities:

Material test facility
Neutron source

Safety analysis

Poloidal coil test

Toroidal coil test

Vacuum test facility

Medium energy beam test fac.

Ion source and neutral
injection test facility

High power beam test fac.
Neg. ion source test fac.

Neutral beam engineering
test facility

SC magnet test stand

Water cooled research reacts.

Neutron generator

1 MeV heavy ion accelerator
Fast research reactor

Water cooled research react.

Test facility for cryo-
panels studies

Research reactor

Research reactor

Research reactor

Research reactor

Research reactor

RF-complex

10 MeV heavy ion accelerator
Mass-monochromator

2-4 MeV helium,
hydrogen ions accelerators

Cyclotron

Torsatron for plasma RF-
heating studies

Ion sources and energy recup.

Fast neutron source

Abbreviation

JET
TFTR
JT-60
T=15
TSTA
TETL
VTS

FMIT
HINSF
INEL
20 MJ-coil
LGTF
KRIS
METF
IREK

HPTF
MIN
NBETF

SIMS

WWR-2 + IWW-2M
NG-150

ILU-4

BOR-60

SM-2

TFC

MR
WWR-M
MIR
IRT
WWR-K
RF-C
ESUVI
Mamont

VG-4
LUMSI

Cycl
u-3

ISTRA
FNS

Location

Culham
Princeton
JAERI
Moscow

Los Alamos
Japan

USSR

Hanford
Livermore
Idaho

Los Alamos
Oak Ridge
Moscow

Oak Ridge
Moscow

Oak Ridge
Moscow
Berkeley

Moscow

Dimitrovgrad

Leningrad

Moscow
Kiev

Dimitrovgrad
Salaspils/Riga

Alma-Ata
Kiev
Kiev
Moscow

Kiev

USSR

Kiev

USSR
JAERI

Operational

12-1982
12-1981
10-1984
12-1983
1981

mid 80s
mid 80s

authorized 1980
1980
1980
fabrication 1980
1982

yes

yes

1984




Facility/Programm

Present Tokamaks
and Tokamaks
under construction:

Planned Tokamaks:

Planned test facilities:

Abbreviation

Doublet III
(US/JAP Coop.)

PLT

PDX

ISX-B
Alcator-A
Alcator-C
JFT-2
Tuman-3
T0-2

™-3

™-4
T-7
T-10
T-11
T-13
FT-1

R-05
ASDEX
TEXTOR
TFR

DITE

FT

Petula

WEGA
Ringboog/SPICA

TORE II
ISX-C

Doublet III
Large Dee

TB-0
ZEPHYR

IREK II
MIN II

Location

San Diego
Princeton
Princeton
Oak Ridge
Cambridge
Cambridge
Tokai-mura
Leningrad
Moscow
Moscow
Moscow
Moscow
Moscow
Moscow
Moscow
Leningrad
Sukhumi
Garching
Jilich
Fontenay-
aux-Roses
Culham
Frascati
Grenoble
Grenoble
Jutphaas

France
Oak Ridge
San Diego

USSR
Garching

USSR
USSR

Operational

= = = S = S S e S S e e s

2-1984 or
6-1985
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