
XA0101178
OPINION OF

THE CONSULTATIVE COMMITTEE FOR THE EURATOM SPECIFIC
RESEARCH AND TRAINING PROGRAMME IN THE FIELD

OF NUCLEAR ENERGY (FUSION)
- CCE-FU -

ON THE EUROPEAN DOMESTIC ASSESSMENT
OF THE ITER-FEAT OUTLINE DESIGN REPORT

Brussels, 11 July 2000

INTRODUCTION

The ITER Meeting held on 19-20 January 2000 in Tokyo accepted the ITER-FEAT Outline
Design Report (ODR), taking note of the TAC Report and recommendations and agreed to
transmit the reports to the Parties for their consideration and domestic assessment.

In order to provide the CCE-FU with a technical basis for its Opinion, at its meeting on 14
January 2000, the CCE-FU gave the responsibility for organising the domestic assessment to
the Fusion Technology Committee (FTC) under the Chairmanship of Mr. R. Andreani. Upon
Mr. R. Andreani's proposal, the FTC agreed that the following persons would be in charge of
preparing the assessment:

- 'Physics': Mr. Robinson, with support by Mr. Kaufrnann;

- 'Engineering': Mr. Andreani, with support by Mr. Vetter, Mr. Komarek (new European
member of TAC) and an expert from EFET to coordinate industry participation.

It was agreed that, in addition, expertise was to be drawn from scientists and engineers from the
Associations, as appropriate.

OPINION

The CCE-FU:

• having had an in depth exchange of views on the basis of the Report from the FTC (doc.
EUR (00) CCE-FU 7/3.2) and having heard the outcome of the ITER meeting of 30 June
2000 on the domestic assessments of the ITER-FEAT ODR

• endorses the findings of the FTC on the European Domestic Assessment of the ITER-FEAT
Outline Design Review, and expresses the opinion that:

• The machine, ITER-FEAT, the design of which is presented in the Outline
Design Report and accompanying document (Technical Basis for the ITER-
FEAT Outline Design) successfully responds, in broad terms, to the requirements
set by the Special Working Group, established by the ITER Council, in response
to Task No. 1 and adopted by the Council.
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• The parameters chosen represent convergence towards a coherent design, based
upon preserving adequate margins within the cost target against the new
objectives and yet retaining flexibility to exploit advances in physics
understanding.

• ITER-FEAT can meet its objectives of extended burn in inductive operation with
power amplification Q >10 at the reference operating values of Ip=15MA,
Paux=40MW, thus providing 400 MW of fusion power. The margins to achieve
this objective are in the range of 15-25% . The design also has sufficient flexibility
to explore hybrid scenarios with long pulse capability (> 2000 seconds), and
scenarios aiming at demonstrating steady state operation with the ratio of fusion
power to input power for current drive of at least 5, provided further
confinement enhancement can be achieved.

• Although most of the components of ITER-FEAT are still in a preliminary design
stage, the new design appears suitable to be developed into the final design of a
machine capable of achieving the objectives set by the ITER Council.

• The target cost for the realisation of ITER-FEAT was set by the ITER Council at
about half of the 1998 ITER cost estimates. The present preliminary analysis
provides confidence that this target will be reached. By the end of 2000, the
detailed cost estimates will be provided from the detailed design specifications
and manufacturing studies in the industries of the three Parties. It should
furthermore be noted that the Balance of Plant is, to a large extent, site
dependant and will therefore remain uncertain until a Host Country has been
chosen.

• The extensive safety analysis work carried out for ITER FDR is applicable to
ITER-FEAT. Tritium inventory and release problems are reduced in ITER-
FEAT with respect to the FDR.

notes with satisfaction that the ITER Meeting on 30 June 2000 has endorsed the
assessments and recommendations of the TAC Report and approved the ODR as updated
following domestic assessments and as outlined to TAC as the basis for preparation of the
Final Design Report.
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EU DOMESTIC ASSESSMENT OF ITER-FEAT ODR: PHYSICS

OVERALL ASSESSMENT

• ITER FEAT performance predictions benefit from the reduced uncertainties arising from
the reduced value of normalised beta and the more favourable predictions of the power
necessary to access regimes of improved confinement and particularly from the reduction in
density normalised to the Greenwald density into regions covered by the confinement
database for existing ITER geometry devices.

• The parameters chosen represent convergence towards a coherent design , based upon
preserving adequate margins against the new objectives within the cost target with a
shallow minimum at intermediate aspect ratios than at lower or higher ones and yet
retaining flexibility to exploit advances in physics understanding.

• ITER-FEAT can meet its objectives of extended burn in inductive operation with Q >10 at
the reference operating values of Ip=15MA, Paux=40MW, and has sufficient flexibility to
explore hybrid scenarios with long pulse capability (2000s), and scenarios aiming at
demonstrating steady state operation with the ratio of fusion power to input power for
current drive of at least 5, provided further confinement enhancement can be achieved.
Margins exist to achieve the performance objectives typically in the range of 15-25% by
increasing the density and current within the achieved normalised p and density parameters
and safety factor , q ,on existing ITER geometry devices. A smaller but adequate margin of
10% exists to achieve the approach to ignition at high currents with q less than 3, albeit for
limited pulse durations.

• For the divertor an integrated approach has been achieved consistent with inductive
operation scenarios which limit the power loading to the divertor targets to less than
10MW/m**2 (to be compared with 20MW/m**2 achieved with carbon & tungsten target
tiles in the R & D programme ) and with acceptable He concentrations as demonstrated on
existing devices. SOL scaling, C migration and minimising T retention , and a reduction in
ELM amplitude whilst retaining the required confinement enhancement, are key R & D
requirements. Divertor compatibility with the approach to steady state scenarios is more
severe and remains to be demonstrated. Partial detachment, reduction in ELM amplitude
particularly at high normalised densities, as observed in ITER geometry experiments, gives
confidence that an acceptable solution can be found.

• The position control capability is fully acceptable. It is capable of controlling significant
excursions in inductance and p at increased elongations (c.f. FDR) at acceptable power
levels given the near up-down symmetric coil system and internal support rings for the
blanket modules. The two ECCD MHD control systems offer the flexibility both for NTM
control and sawtooth stabilisation ,and the external coils can be used for both error field
control and RWM stabilisation.

• The H & CD systems have increased importance in ITER-FEAT compared with the FDR,
and high reliability and continuous operation together with coupling into narrow SOLs and
ELMing plasmas for IC & LH systems are key R & D requirements.
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A comprehensive list of diagnostics has been proposed with a focus on current profile
control but with large extrapolations from present systems requiring an early focus on the
necessary R & D.

The key elements of R & D in the short term in priority order are:- the population of the
database at sustained high normalised densities for the ITER reference equilibrium
parameters, and the related problem of the reduction in amplitude of ELM's, increase in
pressure arising from stabilisation of NTM's, the development of techniques to minimise
the tritium retained in co-deposited layers of carbon and the avoidance and mitigation
techniques for disruptions including the sensitivity to the production of runaway electrons.
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ITER FEAT
Outline Design Report European Assessment

Engineering

1. General Assessment
The machine, ITER FEAT, which design is presented in the Outline Design Report and
accompanying document (Technical Basis for the ITER FEAT Outline Design) responds, in
general terms, to the requirements set by the Special Working Group, established by the ITER
Council, in response to Task No. 1 and adopted by the Council.
Although most of the components of ITER FEAT are still in a preliminary design stage and
also the cost of the machine (reducing the cost to about 50% of the cost of ITER, as given in
the Final Design Report, was one of the key objectives) is given so far as a simple
extrapolation of the ITER FDR cost estimate, the new design appears suitable to be developed
into the final design of a machine capable of achieving the objectives set by the ITER Council
within close to the cost limits.

Extensive interaction between the Joint Central Team and the Home Teams of the parties has
taken place through the work of a joint "Concept Improvement Task Force" and an
"Integration Task Force" where fundamental physics choices and many aspects of the design
have been discussed.

In the course of the European assessment, a series of questions aiming at better clarifying the
rationale behind a number of choices made by the JCT have been submitted to the Project
Director. To most questions detailed answers have been provided in advance of a meeting held
in Garching on May 22, 2000, where technical discussions with the JCT have also taken place.

The assessment has been conducted by Dr. R. Andreani, Chairman of the Fusion Technology
Committee assisted by Dr. J.Vetter, also member of the FTC, and by Dr. P. Komarek,
European member of the ITER Technical Advisory Committee, by Dr. J.M. Bottereau of CEA
EURATOM Association, who has taken part in the Garching meeting, and by members of
EFET. Industry had been requested to look in particular into aspects of design related to
manufacturing procedures and to cost drivers.

2. Magnetic Structure
The magnetic structure of the machine has evolved in the sense indicated in the past by the
European Home Team. The choice of a wedged solution for the Toroidal Field magnet has
allowed to adopt a Central Solenoid (CS) made by a number of coils.
This provides a more viable and safe manufacturing solution for the CS, eases transportation
problems, already reduced by the size of ITER-FEAT, and allows greater flexibility in
controlling the plasma shape.

The design of the TF coils has not been frozen yet. The JCT appears oriented to maintain the
radial plate configuration adopted for ITER FDR , in spite of slightly higher costs, emphasizing
strongly the electrical insulation issue. The manufacturing process of this configuration has
been demonstrated through the construction of the TF model coil and has to be validated by
the model coil operation soon. The JCT has been encouraged to continue investigating cost
effective manufacturing methods.

The CS pancakes will use the square cable in conduit conductor already developed. The
question of the use of Incoloy as a jacket material has been raised again. This material is still
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presenting problems (a satisfactory weld filler has not yet been fully qualified). On the other
side, also the possibility of using a stainless steel, capable of standing the heat treatment needed
to form the NbjSn superconductor, without losing part of its fatigue performance, is still under
investigation.

For the TF conductor jacket the JCT has now chosen stainless steel. For the square CS
conductor, three alternatives have been presented as far as the jacket is concerned: a thin
titanium liner and a steel jacket made by two semiconduits welded together, an Incoloy jacket
or a steel jacket. Final choice will depend on results of the running material qualification tests.

Altogether, the design and the related R&D of this basic component of the machine, is well
advanced. The CS model coil testing is fully confirming the performance expected according to
the design assumptions for the NbsSn superconductors but confirmation of the relevance of the
joints in respect to the new CS design has still to be made. For the Poloidal Field coils, made of
NbTi, a limited R&D programme is being launched.

Concerning the question of the choice of a solution with coils internal to the vacuum chamber
for plasma control, the position of the project is that the technical risk involved would be too
high and is not compensated by a large enough gain in allowable plasma elongation.

3. Vacuum vessel, first wall/blanket, divertor
The decision of removing the backplate is reasonable in the case of ITER where temperature
difference of the coolants in the blanket and in the vacuum vessel is rather low (temperatures
are both in the range 100 - 150 °C) and no separation is needed between blanket and vacuum
vessel which acts as the first containment.

As a consequence there is a reduction in cost but an increase in the complexity of the vacuum
vessel, which has to support directly the blanket modules and an increase of the safety issues.

However the on site assembly time of the vacuum vessel has been reduced by going to nine 40°
sectors. This fact would require additional capabilities in the machine shop (one sector weights
more than 530t) and would complicate the transport. But it would allow better control of most
of the fabrication procedures and would reduce the number of field welds. A good part of the
critical problems posed by the manufacturing and installation of such a complicated structure
has been covered during the EDA. New possible methods of fabrication (forging or casting of
components or hiping of parts of the vacuum vessel) are under investigation with the scope of
reducing the cost. The design appears well under way.

Use is being made of the housings for the blanket modules supports acting as connecting ribs
to reinforce the double walled vessel.

As far as the blanket is concerned, the size of the modules has remained as in the FDR (so their
number has substantially decreased) but they have been simplified making them flat. In addition
a separable first wall has been adopted and this appears a rather important improvement
concerning machine operation and reduction in the amount of waste produced. Typically, after
dismounting blanket modules from the machine, only the first wall elements would be replaced
in a hot cell. A further improvement which needs to be pursued is a solution whereby first wall
elements could be removed and replaced in situ without removing the entire module.

No change in armour material is envisaged. An extremely important problem is the tritium
retention in graphite in the divertor region. Considering the very large uncertainty on this issue,
an in depth investigation on JET is mandatory.
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4.17 MA Operating scenario
The 17 Ma , 700 MW operating scenario has been investigated in more detail by the JCT. The conclusion of
the analysis are the following: burn duration based on the available magnetic flux is of the
order of 170 s; PF coils and related power supplies are capable of providing the needed plasma
control within their operating limits; the TF magnet system is capable of 20,000 cycles at 17
MA vs. 30,000 at 15 MA although some additional analysis is required concerning fatigue
performance of the insulation of the poloidal shear keys in the bottom part of the TF coils.
Nuclear heating of the coils corresponding to the larger neutron production can be dealt with
by increasing the helium flow rate within the limits allowed by the presently designed cryogenic
system.

5. Long pulse operation
Steady state operation of the TF magnets is possible both at 15 and at 17 MA plasma current
as far as the cryogenic system is concerned. Limitation is set by the present design of the
cooling towers and water collection system and is only related to cost. The allowable length of
continuous operation depends on atmospheric conditions and is located at present between
2,000 and 4,000 s. While there are no new feasibility issues and only relatively minor cost
implications for the Fuel Cycle in accommodating long pulse operation, an additional tritium
inventory of several hundred grams appears to be necessary.

6. Balance of plant
The layout of the plant has been substantially reviewed in order to reduce the footprint of the
buildings and the length of needed interconnections, and also to maximise the reuse of
buildings for different purposes at different stages of the project. The significant improvement
achieved is shown from a reduction from ITER-FDR to ITER-FEAT of 50% in the cost of the
BOP, which is more than one would expect from simple scaling.

7. Cost
The estimate of ITER-FEAT cost, as presented in the Outline Design Report, is only a
preliminary rescaling of the ITER FDR cost (1998). The result (-4 BEURO) exceeds the
target of 50% of ITER FDR cost estimate.
However this estimate, made by simple rescaling, does not take into account possible
improvements in the design and fabrication processes of reduced size equipment.

With reference to the study of the European Union "Intermediate Aspect Ratio" machine
(EUI), and the costing exercise made by European industry, significant savings appear to be
possible in several areas. Nevertheless the cost of the Balance of Plant is, to a large extent, site
dependant and will therefore remain uncertain until a Host Country has been chosen.

A valid cost estimate of ITER FEAT will be obtained only after engineering detailed studies
have been worked out to provide specifications for an industrial cost estimate. This cost
analysis would be performed by the end of the year 2000.
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