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ITER PROGRESS CITED

Recent worldwide conferences have heard of the encouraging progress in ITER
Activities.

Speaking before the World Energy Conference in Canada, in September 1989,
on the subject "World Progress toward Fusion Energy,” ITER Council Chairman
John Clarke assessed the Activities as *the largest fusion collaboration ever
attempted." He reported that “the Definition Phase of the ITER activity has been
concluded successfully, and the Design Phase will be finished in 1990." Dr. Clarke
outlined the major objectives of the Activities, described the direction and
management aspects and provided figures illustrating the scale of the Parties’
contributions including both the core design team work and supporting R&D.

The Director General of the International Atomic Energy Agency, Dr. Hans Blix, in
his statement to the 33rd General Conference of the IAEA, 25-29 September 1989,
cited ITER as a project "of major importance to the international fusion community.®
Also, he informed the Conference that "preliminary discussions will now start about
a possible second phase.”

[TER CONFINEMENT WORKSHOP
by V.S. Mukhovatov, Physics Project Unit

Confinement scaling expressions based on experimental data are often used for
predicting the energy confinement time in tokamaks. The ITER Confinement
Workshop was held in Garching from 31 July through 11 August 1989 with the
main objective to reassess the existing scaling expressions for the main
confinement regimes (L- and H-mode) and to estimate their uncertainties in
predicting the energy confinement time for ITER. Twelve experts from four Parties
and seven permanent members of the ITER design team fook part in the
workshop.

The global L-mode confinement data base established by S. Kaye, Princeton
Plasma Physics Laboratory, in 1984 was recently extended with data from JT-60,
TFTR, JET, DIll-D and other experimental teams as a part of the ITER joint activity
and it is now called the “ITER data base.” Based on the analysis of this [TER data
base, two new L-mode scaling expressions for the energy confinement time, an
ITER power-law scaling and an ITER offset-linear scaling, were proposed at the



Joint H-mode data

base is

needed

~ radiation age, etc.

parameters was identified to vary little in the d

* reproduced by muttiplying the proposed ITER scalings b

 scalings, the data with a strong variation.

expressions, which describe the available t kamak data equall
divergent projections for ITER, was clarified. A ‘combination ¢

roved to be close to unity for all existing tol
and minor radii of the plasma column and k is
was shown that most of the commonly known  scaiing

[e.g. ()° with -0.7<p<0.7] and by other factors f
considerably differs for different tokamaks, i.e., n,, A,and q (n, is
A, is the ion mass and q is the safety factor). To improve the

reasons for the differences in the dependen
A, and q in different tokamaks need to be clarifi

The ITER H-mode confinement data base is not yet established,
needed. The results from an analysis of the JET/ASDEX H-mode dat
presented at the workshop. A JET/DIlI-D comparison is in progress
however, that a two-tokamak data base is not enough to obtain
respect to the geometrical variables (i.e., to A=R/a, k and a) that
constant in any particular device. A four-tokamak comparison
DII-D and JFT-2M) was suggested for thi requ

ast parti ergy content, the
ts of the lized modes

TER operation ¢

BLANKET AND SHIELD DESIGN ACTIVITIES | )

by C. Baker, Head of Blanket Design Unit*

The ITER Bianket Design Unit, supported by each Party’s home team, has been
involved in shielding analysis (including benchmark problems) and blanket design

ection. The blanket design work is concerned with the “driver*
i TER for the technology phase.
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The SB concepts use Be for neutron multiplication. Tritium is recovered in-situ by
flowing low pressure helium through the solid ceramic material. In the AS concept,
thtium is bred in the water coolant by adding a lithium salt (e.g. LiOH) to the water.
In the LiPb concept, the eutectic material is mainly solid during plasma burns and
is melted during off-periods so that the eutectic can be removed from the blanket
to recover the tritium.

A detailed discussion was held by experts at a 1989 summer work session to
identify the advantages and concerns of each of the blanket options. Based on
these discussions, the "best* blanket in several key areas was identified as follows:

Key area “Best* blanket
+ Radiation tolerance of breeder/

multiplier LiPb
+ Flexibility of changing from

non-breeding to breeding AS
+ Design tolerance AS, LiPb
+ Safety SB
+ Long-term waste all are about the same
+ Tritium breeding all are about the same
+ Demonstrated tritium recovery AS
+ Breeder R&D data base and

on-going programme SB
+ Reactor relevance 1. SB

2. LiPb

Based on these considerations, the solid-breeder concept has been selected by
the Blanket Design Unit as the *first option* to be incorporated in the reference
ITER conceptual design. It is recommended that design and R&D activities
continue on the other two options, because all the options have one or more key
technical issues that need to be resolved so that a final choice can be made.

Solid-Breeder Blanket Concept

We describe here further details of the proposed solid-breeder design candidates
for the *first option® blanket for ITER.

A solid-breeder water-cooled blanket has been designed by the US for ITER based
on a muttilayer configuration for the inboard and outboard sections. The blanket
uses lithium oxide for tritium breeding. The material forms are sintered products
for both materials with about 0.8 density factor. The lithium-6 enrichment is 95 %
to maximize the tritium breeding ratio. The use of high lithium-6 enrichment
reduces the solid breeder volume required in the blanket and the total tritium
inventory in the solid breeder material.

The blanket uses one and two thin solid-breeder layers in the inboard and the
outboard sections, respectively. Each breeder layer has thin clad steel and is
inserted inside a beryllium zone. The water coolant removes the heat from the
beryllium zone surfaces which are parallel to the first wall. The blanket has a
poloidal manifold for each segment to supply the water coolant for each blanket
module in the segment. The water flows in the radial direction in the side walls,
in the toroidal direction to cool the blanket module, and in the radial direction to
exit from the other side walls. The blanket modules are made by hot vacuum
forming and diffusion bonding a double wall structure with integral cooling
channels.

The Japanese team has pursued a pebble-type blanket in which the Li,O breeder
in the form of small spheres ( 1 mm diameter) is filled. Two types of blankets
have been designed for ITER, i.e. MiXture type and SANDwich type.
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Some other options
are being considered

in the MiX-type blanket, the Be neutron multiplier is filled also in the form of small
spheres ( 1 mm diameter) which is homogeneously mixed with Li,O pebbles. The
optimum mixing ratio of Li,O and Be in this design is 25 % and 75 % respectively.
An enrichment of Li of 30 % is adopted to enhance the breeding performance,
however Li,O without lithium-6 enrichment may have a high enough tritium
breeding ratio depending on allowable space for the blanket installation and also
by future design efforts.

The breeder temperature is maintained within the range of 450°C - 600°C (nominal)
by an arrangement of coolant tubes and a He thermal gap around the coolant
tubes. Since the temperature limits for Li,O is 400°C - 1000°C, power variations
of -10 % to +70 % from the nominal condition are permissible for this design.
Permissible power variations are design-dependent and can be adjusted by
selecting the nominal temperature range.

A SAND-type blanket has been developed as a concept in which the atmospheres
of Li,O and Be are separated from each other. It is one of the approaches which
can be applied if the compatibility of Li,0 and Be is a large concern.

The tritium generated in the solid-breeder blankets is continuously recovered by
a He purge stream of 0,1 MPa. The estimated tritium inventory in Li,O in these
blankets is from 10 to 190 g with 1% H, addition in the purge stream, excluding
the Be inventory. More experimental data on tritium release/retention from
irradiated Be is required.

The EC hometeam is currently in the middle of an evaluation and selection phase
during which three options are being considered: a PIN concept, a SLAB concept,
and a PEBBLE BED concept. One of them will enter the predesign phase and will
be the focus for the related R&D programme.

All three concepts employ water cooling in the poloidal direction, which is in
accordance with the EC first wall concept. A further common feature is the
method of breeder temperature control via a gas gap, either with pure helium or
with a helium/neon mixture.
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A dascnpﬂon of the edge ptasm’a“ 'h
Contents of the IAEA  programme is devoted to characteri e materials exposed to high
programmes are heat fluxes (disruptions, effects of run-away electrons, etc.). The contents of all
defined through inter- these programmes have been defined through a continuous interaction with the
action with the ITER Physics Group and the pertinent segments of the atomic, solid state and
ITER team plasma physics communities.

The plasma edge atomic molecular data programme is the most advanced one,
and integrates a considerable part of atomic physics community. A co-ordinated

research project involving twelve laboratories, the International Atomic Data Centrei

Network (with participation of ten national atom" data centres) and several
individual research projects are currently involved in the creation of the required
plasma edge atomic data base. This data base should prowde a sound basis for
accurate modelling of the impurity and neutra! paruc!e transport in the sma
edge, for calculations of ‘plasma edge radiative cooling, helium transport and
exhaust, for plasma edge diagnostics, and for exploring the possibilities of
enhancement of radiative capabilities of the scrape-off layer and of an intense
dlssomatlve dwertor plasma cooling.

The plasma-material interaction data activity is focussed on the ‘back
erosion/redeposition and other material release processes. A
characterization of these processes for both low- and high-Z r
clean and realistic plasma environment conditions will be the su
co-ordinated research programme to be initiated by the end of
establishment of the data bases for particle reflection and phys,e
already been started.

The activity related to the data base on material response 10 high heat fluxes and
material behaviour during off-normal events is in its initial stage. ‘An s
meeting is envisaged for the next year with the task to categorize and rank




different candidate plasma-facing materials with respect to their behaviour under
off-normal condmons and for defining an IAEA co—ordmated research programme
in this area. ‘

sign is accepted as a truly international sc1entmc endeavour and that the
s to mtegfate a significant part of the work potentials outside the four
N suppoft of the ITER des*lgn database reflect this generic scientific
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[TERrelated The information generated by the ITER Conceptual Design Activities is published

information is by the IAEA in a Special ITER Documentation Series. The first booklet of this

published by the IAEA  series, issued in 1988, contains documents relevant to establishing the ITER
Conceptual Design Activities, including the ITER *Terms of Reference.”

The overall results of the Definition Phase were published under the title "ITER
Definition Phase* and were distributed to all recipients of the ITER Newsletter.
Detail information on the ITER Concept Definition resulting from the Definition
Phase, is contained in two volumes (Vol. 1, 71 pages - summary, and Vol. 2, 562

pages).

Also, publication of selected subject reports written by the members of the [TER
design team has recently been initiated.





