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FOREWORD

Development of nuclear fusion as a practical energy source could provide
great benefits. This fact has been widely recognized and fusion research has
enjoyed a level of international co-operation unusual in other scientific areas.
From its inception, the International Atomic Energy Agency has actively
promoted the international exchange of fusion information.

In this context, the IAEA responded in 1986 to calls for expansion of
international co-operation in fusion energy development expressed at summit
meetings of governmental leaders. At the invitation of the Director General
there was a series Oi meetings in Vienna during 1987, at which representatives
of the world's four major fusion programmes developed a detailed proposal for
a joint venture called International Thermonuclear Experimental Reactor
(ITER) Conceptual Design Activities (CDA). The Director General then
invited each interested party to co-operate in the CDA in accordance with the
Terms of Reference that had been worked out. All four Parties accepted this
invitation.

The ITER CDA, under the auspices of the IAEA, began in April 1988 and
were successfully completed in December 1990. This work included two
phases, the definition phase and the design phase. In 1988 the first phase
produced a concept with a consistent set of technical characteristics and
preliminary plans for co-ordinated R&D in support of ITER. The design
phase produced a conceptual design, a description of site requirements, and
preliminary construction schedule and cost estimate, as well as an ITER R&D
plan.

The information produced v/ithin the CDA has been made available for the
ITER Parties to use either in their own programme or as part of an
international collaboration.

As part of its support of ITER, the IAEA is pleased to publish the
documents that summarize the results of the Conceptual Design Activities.
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PREFACE

This is the Final Report by the International Thermonuclear
Experimental Reactor (ITER) Council on the ITER Conceptual Design
Activities (CDA) which were carried out in 1988-90 jointly by four Parties -
the European Atomic Energy Community, Japan, the Union of Soviet Socialist
Republics and the United States of America - under the auspices of the
International Atomic Energy Agency (IAEA).

1. INTRODUCTION

Thermonuclear fusion is one of the very few options, potentially
acceptable from the environmental, safety and economic points of view, to
provide energy for a growing world population. The bulk of the research
effort takes place in four large fusion programmes which are broadly similar
in content, accomplishment and direction and comparable in levels of efforts:
in the European Community, in Japan, in the Soviet Union and in the United
States. Fusion has now achieved a level of knowledge such that the scientific
and technological feasibility of fusion power can be addressed in the next step,
the International Thermonuclear Experimental Reactor (ITER).

The history of co-operation on ITER began in 1985 when government
leaders in summit meetings called for more substantial international co-
operation in order to increase the efficiency and minimize the cost of fusion
power development. In response to the summit initiatives, experts from the
European Community, Japan, the Soviet Union and the United States, were
invited by the Director-General of the IAEA develop a guiding document
called the "Terms of Reference Concerning Conceptual Design Activities for
an rnternational Thermonuclear Experimental Reactor". The Conceptual
Design Activities (CDA) began in April 1988 after the four Parties formally
accepted the invitation of the Director-General to participate, in accordance
with the Terms of Reference, under the auspices of the IAEA (1).

The Terms of Reference of the CDA allowed for the involvement in the
contributions of the Parties of other countries which possess specific fusion
capabilities. Canada was involved in the CDA through the contribution of the
European Community (plus Sweden and Switzerland), while Czechoslovakia
took some part in the contribution of the Soviet Union.

The CDA were directed and managed by (1) the ITER Council (IC),
responsible for the overall direction of the CDA and exercising overall
supervision of their execution, and (2) the ITER Management Committee
(IMC), responsible for the execution of the CDA. The ITER Scientific and
Technical Advisory Committee (ISTAC) advised the IC on scientific and
technical matters.



2. ITER OBJECTIVE

The overall programmatic objective of ITER is to demonstrate the
scientific and technological feasibility of fusion power.

ITER would accomplish this objective by demonstrating controlled
ignition and extended burn of deuterium-tritium plasmas, with steady-state as
an ultimate goal, by demonstrating technologies essential to a reactor in an
integrated system, and by performing integrated testing of the high-heat-flux
and nuclear components required to utilize fusion power for practical purposes.

The heart of the ITER facility would be a tokamak device, a concept
first demonstrated in the Soviet Union and since then brought to a high level
of development in the major fusion programmes of the world.

3. SUBJECT MATTER OF THE CDA

The Terms of Reference of the CDA called for a quadripartite co-
operation aiming at:

(a) defining a set of technical characteristics of an ITER and
subsequently carrying out the design work necessary to establish
its conceptual design;

(b) carrying out in a co-ordinated manner specific validating research
and development work supportive of the design activities;

(c) defining future research and development needs and drawing up
schedule, manpower and cost estimates for the realization of
such a device;

(d) performing a safety and environmental analysis and defining the
technical requirements for a construction site of ITER.

with the objective of providing, by the end of 1990, a design that is then
available for all Parties to use either in their own programme or in an
international collaborative programme.

Each of these aims was met, as described in the following Sections.

4. ORGANIZATION OF THE CDA

In compliance with point (a) of Section 3., the CDA were carried out
in two phases: a definition phase performed from April to October 1988 and,
subsequently, a design phase, completed in December 1990.

As part of the definition phase, a single set of ITER technical
characteristics was developed and reported on by the IMC in the two-volume
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document "1TER Concept Definition" [2]. The report also contained a plan
for ITER supporting R&D activities, which were subsequently carried out.

As part of the design phase, a conceptual design of the ITER device
was developed. All the design work carried out for the implementation of
CDA was documented; it was summarized by the IMC in the document "ITER
Conceptual Design Report" [3].

Furthermore the Terms of Reference of the CDA state that the ITER
Council "will make suggestions on how the Parties may explore ways and
means to comply with the objective of the co-operation...". Accordingly and
believing that it would be highly desirable to avoid any unnecessary hiatus in
the technical work after completion of the CDA at the end of 1990, the ITER
Council in 1989 chartered a Working Party to explore these ways and means
and to propose those supporting elements needed for the possible conduct of
future ITER collaboration. The ITER Council members came to the view that
these findings could be helpful in exploratory discussions among the Parties to
prepare consolidated common elements for future negotiations. As a result,
a summary of the material produced by the Working Party was incorporated
into the Council's Status Report [4] and made available to the Parties in April
1990.

5. CONCEPT DEFINITION

The ITER design is based on scientific knowledge and extrapolations
derived from the operation of dozens of tokamaks over the past decade, and
on the technical know-how flowing from the extensive technology R&D
programmes of the four Parties. The ITER tokamak is shown in Fig. 1. Its
principal parameters are listed in Table 1.

The main characteristics and parameters of the ITER tokamak follow
from its technical objectives which in turn are in line with the programmatic
objective. The detailed technical objectives and the main characteristics of
ITER are given in Annex I to the Terms of Reference. Ignition requirements
set the value of plasma current. Extended burn favours superconducting coil
systems. The design targets for the first wall fluxes and fluence both dictate
approximately the same minimum shield thickness in the device. When these
are combined with considerations of plasma stability, impurity control and
current drive, the general features and approximate size of the ITER reactor
are determined. Nevertheless, within the freedom allowed by the technical
objectives, the design philosophy has been to control size and minimize cost.
Moreover, safety considerations have been an integral part of the design
activities.

The design was carried out to comply with the technical objectives of
ITER laid down in the Terms of Reference and its Annex I. Design policy,
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TABLE 1. ITER PRINCIPAL PARAMETERS

Plasma major radius, R (m) 6.0
Plasma half-width at midplane, a (m) 2.15
Elongation, 95% flux surface 1.98
Toroidal field on axis, Bo (T) 4.85
Nominal maximum plasma current, Ip (MA) 22
Nominal fusion power, Pf (GW) 1
Pulse length, (s) >200

Fig. 1. Principal Elements of ITER Tokamak
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aimed at risk reduction, has been to: (1) proceed essentially from the data base
derived from the operation of the present generation of Tokamaks; (2) provide
the maximum machine performance and physics margin consistent with prudent
engineering practices and reasonable costs; (3) build in as much experimental
and operational flexibility as practical in a machine of ITER's size; (4)
implement physics and technology R&D plans to validate the ITER design
concept.

6. DESIGN AND R&D ACTIVITIES

As described by the IMC in Ref. [3], the CDA resulted in the joint work
of about 40 to 60 professionals for a period of many months each year at a
Technical Site provided by the European Community at the Max-Planck-
Institut fuer Plasmaphysik in Garching, near Munich. As shown in Fig. 2,
there were five months of joint work in 1988, six in 1989 and seven in 1990.
Figure 2 also shows meetings of the ITER Council and the ISTAC.
Specialists' meetings were held during the period of the joint work sessions in
Garching. Also, short-term visits by experts contributed to the activities.
Considerable design and analysis support was provided by staff at the Party's
home sites. The joint work at the technical site was integrated with regard to
the technical work of personnel in the four Parties with a view to resolve each
major design issue by forging a consensus among the Parties at the technical
level.

In compliance with point (b) of Section 3., the conceptual design process
has been supplemented by an extensive programme of supporting research and
development. As anticipated in the Terms of Reference each Party committed
approximately 10 million US dollar of R&D per year. Following the
recommendation of the IMC, all of this committed effort was devoted to
technology R&D. Furthermore, a substantial programme of physics research
was developed and the Parties agreed to contribute this research support in
addition to the technology R&D.

Overall, the design activity performed during the CDA involved over 100
man years from each Party during the nominal three years of the ITER CDA

7. FUTURE R&D NEEDS

In compliance with point (c) of Section 3., the CDA has defined the
R&D work to be conducted in both physics and technology in the various
laboratories of the Parties to validate the scientific and technical basis and
assumptions for the ITER design. As described by the IMC [3], the physics
R&D plan puts particular emphasis on reducing uncertainties in the divertor
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performance and energy confinement, extending the burn duration with non-
inductive current drive and avoiding disruptions. The main categories of the
technology R&D activities are a superconducting magnet, plasma-facing
components, nuclear blankets and shields, remote maintenance, fuelling
systems, and heating and current drive systems.

The ITER Council concludes that continued focus on physics R&D, using
existing facilities, would minimize uncertainties and increase confidence in the
ITER design assumptions. With appropriate additions to the existing
technology R&D efforts by the Parties, sufficient prototype and proof-of-
principle demonstration and other necessary developments could be carried out
to provide a sound basis for decisions to proceed with the construction of
ITER, according to the schedule estimates described in the next Section.

8. FUTURE ITER PROJECT ACTIVITIES

The ITER Council has concluded that, from a technical point of view,
Engineering Design Activities (EDA) preparing the ground for a possible later
decision on construction would be the appropriate next stage in ITER activities
14].

Organizational Assumptions

In order to develop estimates in compliance with point (c) of Section 3.,
various organizational assumptions were made in addition to the technical
assumptions underlying the design: that the Parties would agree to continue
their co-operation through all future ITER project activities, that there would
be a Central Team, and that there would be Home Support organizations run
by each of the Parties to conduct specific design and R&D, assigned by the
Central Team, in home research institutions and industry.

All costs have been estimated in January 1989 USS and are given in round
figures. The costs have been derived with the assumption that the Engineering
Design Activities start at the beginning of 1991 and would have to be
reassessed should there be a significant delay.

The following estimates are sensitive to the assumptions and would have
to be updated as the technical and organizational issues are further resolved.

Project Schedules

A possible project schedule for such EDA, as developed on a purely
technical basis by the IMC, is given in Fig. 3. Taking practical considerations
into account, the ITER Council believes that after a decision to proceed with
the EDA, 6 years would be needed to carry out the design and complete the
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Fig. 3. Possible Schedule for ITER Engineering Design Activities (developed on purely technical basis)



necessary R&D to provide the Parties with well-documented and technically
convincing information for making a decision on construction and siting.
Following these decisions it has been anticipated that there would be a
construction period (about 8 years) and operation in two phases, physics and
technology (together lasting about 18 years), concluding with decommissioning.

Manpower and Costs During Engineering Design Activities

The professional manpower needed to carry out the design activities during
the EDA amounts to about 1200 professional man years (pmy). This work
would be conducted at a central site by a team whose strength would rise to
about 180 professionals, and by the home teams. The cost of this design work
including full overhead and support personnel, is estimated to be about $250
million.

The R&D in support of the design includes Physics R&D, Basic
Technology R&D which constitutes engineering database validation, and
Specific Engineering R&D which consists of scalable models and related test
facilities.

Costs of the physics R&D are not included in ITER costs since they are
integral to the world fusion programmes and cannot be separately estimated.

The Basic Technology RAD is estimated to cost about $400 million
including R&D to provide alternatives or backup options to the primary
choices. The Specific Engineering R&D cost is estimated to be about $350
million. The cost of developing DEMO-relevant blanket modules, to be tested
on ITER, is not included since this work is assumed to be part of the long-
term home R&D programmes.

Estimated Manpower and Cost Requirements During Construction, Operation
and Decommissioning Activities

The professional manpower that would be needed during the Construction
Activities has been estimated to be about 2900 pmy, provided primarily at the
construction site.

The construction cost of ITER has been estimated to be about
$4.9 billion.

During the construction phase there would be the need for technology
R&D (estimated to cost about $300 million). As in the EDA, the cost of
physics R&D directly attributable to ITER cannot be separated from the world
fusion programmes expenditure.

A Central Team of 300 professionals would be needed during the
Operation Activities, including physicists and engineers, to operate the machine
and supervise the testing programme.
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The resulting preliminary operating cost estimates amount to about $270
million/year. The cost of the experimental programme which will be carried
out on ITER will be in addition to this basic operational cost.

Decommissioning costs have not been estimated.

9. SAFETY AND ENVIRONMENTAL ANALYSIS
AND TECHNICAL REQUIREMENTS

FOR A CONSTRUCTION SITE

As described by the IMC in Ref. [3], in compliance with point (d) of
Section 3. of the present report, a safety and environmental analysis has been
conducted and construction site requirements for ITER have been under study
during the CDA.

The safety and environmental analysis shows that the conceptual design
of ITER is consistent with anticipated regulatory dose limits for routine as well
as accidental exposure of the public. There remain issues to be addressed by
further design and future safety research so as to benefit fully from the
po ei.iial safety advantages of fusion reactors.

Apart from the requirements deriving from safety and environmental
considerations, other key requirements for the site of ITER construction would
be sufficient electric grid capability, potential for on-site cooling, land area and
appropriate access. The ITER construction site would have to be equipped for
handling radioactive components and materials. In general, the range of
acceptable conditions for the construction site is sufficiently large that all of
the Parties appear to have sites available for detailed consideration at the
appropriate time.

10. ADDITIONAL POTENTIAL BENEFITS OF ITER

In addition to iis direct benefits, ITER would produce industrial and
technical knowledge for participants. Moreover, full implementation of the
ITER project could provide valuable experience for international collaboration
in other large high-technology projects for solving some of the world problems,
for which the scales are such that solutions must be found through
multinational efforts. Some of the problems of large-scale global collaboration,
particularly those that involve human factors, have already been met and solved
during the ITER Conceptual Design Activities.
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11. C O N C L U S I O N S

The ITER Council's final conclusions are the following:

1. The Conceptual Design Activities of ITER represent a significant
advance in international technical collaboration by the four Parties.

2. The ITER activity has resulted in a self-consistent conceptual design
which meets the programmatic and technical objectives formulated
in the ITER CDA Terms of Reference.

3. The ITER conceptual design, along with the long-term physics and
technology R&D programmes which have been developed, is
technically sufficient to proceed to the engineering design, which is
the appropriate next stage in ITER collaboration.

4. The critical issues to be addressed during the engineering design
have been identified along with approaches for their resolution
which would take into account continuing advances in technical
knowledge.

5. \ae ITER collaboration has served to focus the fusion research
efforts of the various Parties toward a common goal.

6. ITER will be judged by public opinion not only as a demonstration
of the technical feasibility of fusion power, but also as a
demonstration of its safety and environmental advantages. It is
important that safety and environmental considerations should
continue to be a guiding principle in the engineering design.

7. A significant quantity of R&D has already been carried out during
the Conceptual Design Activities, and this has been useful in
optimizing the conceptual design. It is important to take the
necessary steps to maintain the momentum of this unique
international co-operation.
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