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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 high level of international co-operation. Since early in its history, the
International Atomic Energy Agency has actively promoted the international
exchange of fusion information.

In this context, the IAEA responded in 1986 to calls at summit level for
expansion of international co-operation in fusion energy development. At the
invitation of the Director General there was a series of meetings in Vienna during
1987, at which representatives of the world's four major fusion programmes
developed a detailed proposal for co-operation on the 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. The information produced within
the CDA has been made available for the ITER Parties and IAEA Member
States to use either in their own programmes or as part of an international
collaboration.

After completing the CDA, the ITER Parties entered into a series of
consultations on how ITER should proceed further, resulting in the signing of the
ITER EDA (Engineering Design Activities) Agreement and Protocol 1 on July
21, 1992 in Washington by representatives of the four Parties. The Agreement
entered into force upon signature of the Parties and shall remain in force for six
years, with the EDA being conducted under the auspices of the IAEA.
Protocol 1 expired on March 21, 1994. On this very day representatives of the
ITER Parties signed in Vienna Protocol 2, which entered into force upon
signature. This Protocol covers the remaining part of the EDA.

As part of its support of ITER, the IAEA is pleased to publish the documents
summarizing the results of the Engineering Design Activities.
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INTRODUCTION

Continuing the ITER EDA, two further ITER Council Meetings were held since
the publication of ITER Documentation Series no. 6, namely, the eighth ITER
Council Meeting, IC-8, on 26-27 July 1995, in San Diego, and the ninth ITER
Council Meeting, IC-9, on 12-13 December 1995, in Garching.

This volume presents records of these two Council Meetings. Together with the
seven previous volumes in the ITER EDA Documentation Series, on:

- ITER EDA Agreement and Protocol 1 (DS/1)
- Relevant Documents Initiating the EDA (DS/2)
- ITER Council Proceedings: 1992 (DS/3)
- ITER Council Proceedings: 1993 (DS/4)
- ITER EDA Agreement and Protocol 2 (DS/5)
- ITER Council Proceedings: 1994 (DS/6)
- Technical Basis for the ITER Interim Design Report,

Cost Review and Safety Analysis (DS/7)

it represents essential information on the evolution of the ITER EDA.
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IC-8 Record of Decisions
26-27 July 1995, San Diego

The Council accepted participation as attached (IC-8 ROD Attachment 1) and approved
the IC-7 Minutes. •)

The Council adopted the IC-8 Agenda (IC-8 ROD Attachment 2).

1. The Council took note of the Director's Status Report (IC-8 ROD Attachment 3)
and remarks and expressed to the Director and the JCT its high appreciation for
the remarkable progress made over the period reported.

2.1 The Council accepted for consideration by the Parties a) the ITER Interim
Design Report, Cost Review and Safety Analysis, b) the Report on ITER Site
Requirements and ITER Site Design Assumptions presented by the Director and
c) the CPs' Report on Tentative Sequence of Events.

2.2 The Council accepted the TAC-8 Report and the SRG Report.
2.3 The Council commended the Director, JCT, and Home Teams for the high

quality and coherence of the joint work presented in the ITER Interim Design
Report Cost Review and Safety Analysis and related documents and expressed
appreciation to TAC and SRG for the thoroughness and quality of their reviews
of the documents.

2.4 The Council, on the basis of the ITER Interim Design Report, Cost Review and
Safety Analysis, and the reports from TAC and SRG, agreed:
a. that the design as a whole was well-founded as a basis for continuation of

technical work; and
b. that the estimated costs remain comparable with previous estimates.

2.5 The Council determined that the IDR Package (IC-8 ROD Attachment 4)
consisted of 1) the ITER Interim Design Report, Cost Review and Safety
Analysis, 2) the Report on ITER Site Requirements and ITER Site Design
Assumptions, 3) the TAC-8 report, 4) the SRG report, and 5) the CPs' report on
the Tentative Sequence of Events; the IDR Package is supported by detailed
technical documentation - Interim Design Report, dated 12 July 1995, and Design
Description Documents - which is available to the Parties.

2.6 The Council commended to the Parties, for their consideration, a position on
ITER at the half way point in the EDA based on conclusions drawn by the
Director in his presentation to the Council (IC-8 ROD Attachment 5).

2.7 The Council accepted the draft paper on possible mechanisms and legal
frameworks contained in the CPs' Report (IC-8 ROD Attachment 6) as a helpful
survey of conceivable legal instruments for possible ITER construction and
exploitation.

2.8 With regard to specific SRG recommendations on decommissioning, the Council
asked the Director to prepare basic concepts and minimum requirements along
the lines suggested by SRG for the host to prepare for the licensing procedures.
The Director said he now planned to incorporate this information in a section of
the Detailed Design Report.

*) Not included in this publication
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2.9 The Council supported Director's proposal that those Parties giving consideration
to offering sites for construction should identify persons to provide informal
liaison with regulatory authorities so as to offer relevant advice on the possible
regulatory environment for construction in their territories.

2.10 The Council endorsed the Director's view that those Parties wishing to have Cost
Sensitivity Analyses on aspects of site design assumptions should try to provide
the necessary additional resources to supplement JCT efforts.

2.11 The Council thanked Ken Tomabechi, SRG Chair, for the successful completion
of the SRG task as assigned by the Council.

3.1 The ITER Council, having accepted the MAC-8 report on its review of the Work
Program (IC-8 ROD Attachment 7):
a. agreed that the Work Program as proposed by the Director (IC-8 ROD

Attachment 8) met the requirements of the EDA Agreement;
b. noted that the estimate of resources required to perform the Work

Program was appropriate and was within the overall envelope of resources
for the EDA previously noted by Council (IC-5 ROD Attachment 13); and

c. approved the Work Program for EDA as proposed by the ITER Director
and agreed to address in ROD 3.2. the resource requirement as
recommended by MAC-8 R&A Recommendation 3.b.

3.2 With regard to the provision of resources necessary to perform the Work
Program, the ITER Council:
a. noted the dependence of the performance of the Work Program upon the

timely provision of resources as proposed by the Director;
b. agreed to encourage the Parties to make all endeavors to provide a total

of 800 PPY of effort to the Joint Central Team during the EDA. Each
Party was also encouraged to provide additional Team members to enable
the achievement of this figure, with the buildup occurring as quickly as
practicable. To this end the Council noted several supportive statements
of the delegations on their plans to contribute to this buildup;

c. encouraged the Parties to make best efforts to bring the design and
technical support at each of the Joint Work Sites, including necessary
equipment and software, to the levels proposed by the Director as quickly
as practicable. In particular the number of CAD designers at Garching
and Naka should rise at each site to 12 with appropriate equipment. At
San Diego the CAD designers should rise to 10 (with equipment) and
there should be an increase of 3 in other host staff to support project
integration tasks;

d. supported the Director's proposal to have complementary design work
( -40 PPY) in support of the JCT undertaken in the RF, funded through
the Joint Fund;

e. supported the Director's proposal to allocate a total 750 PPY of Home
Teams design tasks and 656 KIUA of R&D tasks including both Task
sharing reviewed and supported by MAC-8 and a provision for Tasks yet
to be defined and allocated.

3.3 The Council requested the Program Directors, acting in consultation with the
Director, to monitor the progress on the matters agreed in 3.2 above and to take
appropriate actions to ensure timely provision of necessary resources for the
EDA.
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3.4 The Council encouraged the Director, in consultation with the Program Directors,
to be flexible in seeking to make most cost-effective use of available resources to
meet project requirements, e.g., by considering the relationship between the use
of the Joint Fund and the Parties' direct contribution in supporting the Work
Program, optimizing the balance of domestic and international JCT members in
each Joint Work Site as well as the balance between R&D and JCT resources.
The Council supported the Director's proposal to undertake joint planning with
Program Directors and HTLs taking into account information about relative costs
of different resources within each Parry. Also, the Council requested the Director
to identify for consideration at IC-9 any resulting revisions to the Work Program.

4.1 Following the Director's proposals on the Joint Fund and in light of the MAC-8
report, Council approved:
1. The ITER Joint Fund Accounts for 1994 as prepared by the Director (IC-8

ROD Attachment 9);
2. The proposed allocation to Agents of the $0.58 M unspent 1994 provision

for Other Expenses (IC-8 ROD Attachment 10);
3. The proposed Joint Fund Budget for 1996 - $2.4 M in total, with the

contribution of $0.6 M per Party (IC-8 ROD Attachment 11).
The Council took note of the proposal by the EU Party that the Council consider
increasing the amount of the Joint Fund in the future as a means to increase
flexibility.

4.2 The Council agreed that, in addition to supporting the travel of senior JCT
management, the Director could use the Joint Fund to support travel and
subsistence costs of other JCT members for whom there is no Joint Work Site on
their home territory. Such expenditure should be within the Council-approved
allocations for travel and subsistence and according to the priority needs of the
project.

4.3 Noting the RF Party's concern regarding the distribution and spending of the
Joint Fund, the Council supported the RF Party's request to use a larger portion
of the Joint Fund for execution of tasks in Russia such as support for an RF-
based ITER JCT support design team working under the direction of the Director
and appropriate hardware and software for establishing, inter alia, proper
information transmission lines.

4.4 The Council accepted the MAC-8 R&A (IC-8 ROD Attachment 12) and endorsed
its Recommendations, 1-8.

4.5 The Council accepted the principle contained in the Director's proposed policy
for involvement of industry in ITER (IC-8 ROD Attachment 13) and asked the
CPs, working with the Home Team Leaders and Director, to make the proposal
final.

5. The Council took note of the oral report of the CPFPs.

6. The Council agreed to have its next meeting (IC-9) in Garching on December 12
and 13. The Council also asked that the tentative IC-9 Agenda be prepared well
in advance of the meeting.

7.1 The ITER Council approved further tasks for MAC (IC-8 ROD Attachment 14).
7.2. The ITER Council approved a further task for TAC (IC-8 ROD Attachment 15).
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7.3 The Council directed the CPs to undertake further preparatory work, in particular
to assist in identifying the items for any Parties' Explorations and in the
consideration of the possible basis for establishing SWG, and report to IC-9.

8. Having had an in-depth exchange of views, the Council
1. agreed that the IDR Package was suitable for transmission to the Parties

at this stage in the ITER Engineering Design Activities;
2. commended the IDR Package as working documents to the Parties, for

their consideration, with the intent to reach a common position at IC-9 at
which time the Council may approve the IDR Package; and

3. invited the Program Directors to exchange information, as appropriate, on
their domestic considerations of the IDR Package to facilitate the
achievement of a common position. This information should also be
provided to the Director for technical coordination with results to be
provided to IC-9.

9.1 The Council noted the RF delegation's expectation of improved ability to fulfill
assigned tasks and urged the RF Party to provide 45 JCT members. Furthermore,
the Council noted the Director's proposed allocation (reviewed by MAC) of
remaining tasks as well as the reallocation of some existing tasks in pursuance of
the overall balance for the EDA.

9.2 Recognizing the usefulness of the annual IAEA publications entitled ITER
Council Proceedings which include the Director's progress reports, the Council
determined that these documents, which are transmitted to the Parties, will
constitute the annual progress reports called for in Article 16.

9.3 The Council developed a Press Guideline (IC-8 ROD Attachment 16)
9.4 The Council took note of the initiative from the US side to make preparations for

an industrialists' meeting; the Council members will provide necessary assistance.
9.5 The Council agreed to address the organization of the Parliamentarians' Meeting

at IC-9 and asked the Program Directors to take the necessary preparatory action.

10. The Council approved this IC-8 ROD.
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IC-8 -ROD
Attachment 1

EIGHTH ITER COUNCIL MEETING
26 - 27 JULY 1995

SAN DIEGO

LIST OF ATTENDEES

EU

Prof. P. Fasella
Dr. Ch. Maisonnier

IC Member
IC Member

Prof. K. Pinkau
Prof. R. Toschi
Dr. E. Canobbio
Ms. H. Donoghue

JA

Mr. N. Oki
Dr. M. Yoshikawa

Dr. S. Tanaka
Dr. S. Mori
Dr. A. Kitsunezaki
Dr. S. Matsuda

RF

Permanent Expert
Expert, HTL EC
Expert, CP EC
Expert, EU Delegation in the USA

IC Member
IC Co-Chair, MAC Chair

Expert, STA
Expert, JAERI
Expert, CP JA
Expert, HTL JA

Acad. E.P. Velikhov
Dr. N.S. Cheverev

Dr. L.G. Golubchikov
Dr. N.P. Kornev
Mr. A.E. Lebedev

US

Dr. J.F. Decker
Dr. N.A. Davies

Dr. M. Roberts
Dr. C. Baker
Mr. W. Marton
Mr. B. Weakley

IC Chair
IC Member

Expert, CP RF
Expert, MINATOM
Expert, MINATOM

IC Member
IC Member

Expert, CP US, Chair CPs, CPFP Chair
Expert, HTL US
Expert, DOE
Expert, DOE
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Dr. R. Aymar ITER Director
Dr. Y. Shimomura ITER Deputy Director, Deputy to the Director
Dr. V. Chuyanov ITER Deputy Director, Head of San Diego JWS
Dr. R. Iotti ITER Administrative Officer
Mr. M. Drew PC w/D

Dr. P. Rutherford TAC Chair
Dr. K. Tomabechi SRG Chair
Dr. V. Vlasenkov IC Secretary

IAEA
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IC-8 ROD
Attachment 2

AGENDA FOR IC-8 MEETING
26-27 July 1995

San Diego
Opening by Chair
Meeting Arrangements, Papers and Attendance by IC Secretary
Remarks by Parties' Delegations Heads
Approval of IC-7 Minutes through CPs' Channel
Adoption of Agenda

1. Director's Status Report
2. Interim Design Report Package

2.1 Director's presentation on Interim Design Report,
Cost Review and Safety Analyses; and ITER Site Requirements
and Site Design Assumptions

2.2 TAC Report
2.3 SRG Report
2.4 CPs' Report

3. Work Program
3.1 Director's Presentation
3.2 MAC Report on Work Program

4. Other Proposals by Director
4.1 Director's Presentation on Joint Fund Proposals
4.2 Director's Presentation on Policy for involving

industries in ITER EDA
4.3 MAC Report on Director's other proposals

5. CPFPs' Oral Report
6. IC-9 Meeting-date, place and paper submittal time
7. Further Tasks

7.1 MAC
7.2 TAC
7.3 CPs

8. Acceptance of IDR Package for transmittal to Parties
9. Other Business

9.1 RF resources
9.2 Annual Progress Report
9.3 Press Guideline
9.4 Parliamentarians' Meeting
9.5 Industries' Meeting

10. Approval of IC-8 ROD
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IC-8 ROD
Attachment 3

ITER EDA STATUS REPORT

Report by the Director

1. This note summarises progress made in the ITER Engineering Design
Activities in the period between IC 7 and mid-June 1995. As requested at IC-7,
the section on ITER Physics has been prepared in consulation with the Parties'
Physics designated persons. The report was presented to MAC-8 for review.

Project Management
2. The changes to the main management structure approved by IC-7 were
brought into effect from the start of 1995 and the Project Management Plan, as
presented in summary to IC-7, has been issued and progressively implemented,
with emphasis at first on those aspects most needed to meet the challenge of
preparing the Interim Design Report and related documents. The Project
Management Plan is a living document, expected to evolve as appropriate in
response to the developing needs of the Project and to changing circumstances.

Design Activities
3. The focus of technical work, for both the JCT and Home Teams has been
the Interim Design Report.

4. The major issues which arose from the design assessment last autumn
received intensive study to arrive at conclusions about the main design choices.
The outcome of this work was the subject of joint presentations by the JCT and
Home Team presenters, at informal technical reviews held during May at the
Garching and Naka Joint Work Sites involving the ITER Technical Advisory
Committee (TAC), designated experts, the Joint Central Team (JCT) and some
Home Team members, and the Home Team Leaders.

5. The purpose of these informal reviews was to provide an opportunity for
the participants jointly to review the status of the ITER design and to provide
technical input to the Project for use in preparing for the Interim Design and Cost
Review and for the continuing work by the Project after that review. The
meetings took place in a very constructive spirit and their results provided
support to the formal review of the Interim Design Report, both through direct
improvements to the report itself, and through increased mutual appreciation of
the issues on the part of JCT, Home Team, and TAC members.

6. The industrial costing studies continued in parallel, based principally on
the Outline Design; the data were then reviewed and adapted as necessary in the
light of design changes. The results were presented on a "business-confidential"
basis to the Parties' costing experts and discussed at a joint meeting held in early
June.
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7. Site Requirements and Site Design Assumptions were developed in
consultation with the Special Review Group, which held three meetings during
the period. At the final meeting in June, the SRG asked for a number of
cost/sensitivity studies to be done around the reference assumptions. The Work
Programme makes no provision for such studies, which will therefore require the
interested Parties to provide the necessary resources in addition to those foreseen
in the Work Programme.

8. This intensive joint work culminated in the completion of the Interim
Design Report and its distribution to TAC members and experts in good time
before the TAC-8 review meeting at the end of June 1995.

9. The IDR was prepared within a management framework that links the
development of the ITER EDA design and related technical data directly to the
level and flow of resources available within the project. This integrated planning
work is reflected in the Work Programme which is presented to the current
meeting for MAC review before submission to IC-8. The Work Programme and
Interim Design Report are thus entirely complementary; achievement of the ITER
EDA design goals depends crucially on the timely provision of resources
foreseen.

10. The completion on schedule of the major items of work undertaken since
the last ITER Council meeting is a remarkable achievement which has been
realised only with the highest levels of commitment and cooperation throughout
the JCT and its support and the Home Teams.

11. The Project is now well-placed to move forward, after ITER Council
consideration of the IDR, into the phase of detailed design work leading up to the
Detailed Design Report due to be prepared by end 1996. Detailed Design will be
largely undertaken in the Home Teams and Parties' industries. Success in this
work will depend on continuing cooperation and commitment to ensure that
work is well-focussed along the agreed lines. The Home Teams share with the
Joint Central Team responsibility for maintaining the coherence of design work
through compliance with QA and configuration control and regular personal
interaction. Actions are in hand to ensure satisfactory electronic communication
and coordination for distributed design activities.

Joint Central Team and Support
12. The status of the JCT by Joint Work Site and by Party and the cumulative
PPY effort to date are shown in the Tables below; the build up over time is
shown in Figure 1. In the period since IC-7, seven members have left the team; a
further two are due to leave very shortly. Selection activity has been continuing
with the objective of filling the priority posts in the JCT structure.
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I. JCT - Status by Joint Work Site at 21 June 1995

Selected

On Site

Seconded

Garching
48

41'

40

Naka
53

43'

42

San Diego
51

49'

44

L Total
1523

1331

126

II. JCT - Status by Party at 21 June 1995

Selected

On Site

Seconded

EC

46

42'

37

JA

37

35

35

RF

31

21

21

US

38

35

33

Total

1522

133

126
1 includes three Canadians provided through the Canadian association with the EC Party.
2 totals exclude team members who have left, or selected staff who have declined posts or otherwise
withdrawn

III. JCT - Cumulatve PPY's on-site to 21 June 1995

Garching

Naka

San Diego

Total

EC

22.9

23.0

18.5

64.3

JA

19.1

21.2

24.4

64.7

RF

7.7

7.4

16.0

31.1

US

18.5

21.3

30.3

70.1

Total

68.2

72.9

89.2

230.3

13. The Work Programme sets out the requirements for JCT effort over the
remainder of the EDA period and presumes that the continued build up to a
stable level takes places in the first half of 1995. To this end the Director wrote to
Parties indicating the priority areas for new selection to the Team. Is it becoming
increasingly urgent to find and assign suitable candidates with minimum delay.
Already, the PPY figures are falling short of the planned schedule and, with
further delay, it becomes more difficult to make up for the shortfall by using
more resources later.

14. In addition, the Director would like to encourage each of Parties to
reinforce efforts to identify suitable candidates for the priority vacancies, in order
to keep the Team in as good a balance as possible, recognising that the JWS Host
Parties for each JWS might be expected to provide staff with some weighting in
favour of the home site.
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15. The Work Programme also indicates the need for the JCT to have CAD
support - both staff and equipment - commensurate with its role and functions.
As noted at IC-7, this requires, in essence, a proposal for the Hosts to increase the
CAD and associated CATIA equipment by 5 CAD staff each at Garching and
Naka and by 2 CAD staff at San Diego. (An increase of 3 in other support staff is
also required at San Diego to support the project integration tasks.) In addition,
it is proposed to complement the CATIA resource, which is essential for overall
design management, by using the less sophisticated Autocad system where
appropriate for subsystem and component design.

16. To ensure complete compatibility between sites and compliance with
project-wide design management systems, a standard version of CATIA V.4 has
been adopted for project wide implementation. The adoption of this standard
requires upgrading of some CAD work stations to meet the required
performance standard.

17. The host organisation at Garching has procured the necessary upgrades to
work stations and additional equipment there and is actively recruiting the
additional CAD designers. Discussions have been held with the other Host
Organisations and Host Parties with the hope of quickly realising the necessary
enhancements to staff and equipment.

Task Assignments
18. The status of existing Task Assignments and proposals for further Task
Sharing are set out fully in separate Papers to the current Meeting.

19. The total value of technology R&D credits granted, or proposed now
exceeds 621K and the total of ITER design credit assigned or proposed for
assignment amounts 698 PPY. The Work Programme is now based on total
budgets for the whole EDA of about 655 KIUA for R&D and 750 PPY of Home
Team design. Total values of task allocations to date are as shown below:

Type RJA PPY
TA Work Completed
TA Committed/ongoing
MAC-8 Task Sharing

proposals

84,642
358,956
177,850

99.25
233.15
349.8

Totals 621,448 682.20

The pattern of asssignment to Parties is as summarised below:

EC
JA
RF
US

Party IUA
179,338
166,984
109,927
165,199

PPY
178.48
165.45
157.80
180.47

Totals 621,448 682.20

Note: the design task data in both tables exclude VHTP's. VHTP completed and committed to
date total 16.03PPY.
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The ITER Joint Fund
20. The Joint Fund completed its first year of operation in 1994. Consolidated
accounts for 1994 are before the current meeting for review before submission to
Council for approval. Unspent appropriations from 1994 were carried forward
in accordance with the Financial Rules. The Agents are active in implementing
spending plans for 1995 which include the funds carried forward. Whilst the
development of IPMS as a whole has been suspended, there are still necessary
expenditures on management systems to be supported by Joint Fund. At the
same time, whilst it is assumed that the required enhancements to CATIA
capacity and staffing will be supported by the Host Parties, a role is foreseen for
the Joint Fund to meet complementary needs not addressed in the compilation of
inputs, eg Autocad capacity, and other related enhancements.

21. In addition to CAD support at the Joint Work Sites, the Work Programme
assumes supplementary effort amounting to about 40 CAD designer-years is
provided offsite. Discussions and tests have taken place to allow such work to be
undertaken in the RF under the direction of the JCT. The costs of such work and
the necessary liaison and supervision would be supported from the Joint Fund.

ITER Physics
22. The ITER Physics work in the JCT is undertaken through the Physics Unit
in San Diego, with contributions on radiofrequency heating, divertor, and
fuelling physics in Garching, and on plasma poloidal field control engineering in
Naka. The overall responsibility is to assure mat the ITER design is based on the
most current and credible results from the international magnetic fusion research
community and that the chosen design parameters represent a judicious
optimization. The principal interface with the Parties' physics programs comes
via the ITER Physics Committee and the seven ITER Physics Expert Groups.
Generally, each Expert Group holds two Workshops per year, often with
additional attendence by Experts.

23. The Expert Groups have proven successful in communicating ITER
Research Needs to the Parties' national physics program and in suggesting
coordinated experiments among both large- and small-tokamak installations to
improve ITER extrapolations. Also, the Expert Groups have motivated the
creation of new database activities, notably in the disruption and power handling
areas, to improve our confidence in projections to set ITER design requirements.
Particularly useful were the Workshops on Disruptions and Divertors held in
February 1995 where key experts collaborated with the JCT in setting design
requirements for first wall and divertor components. Similarly, the Confinement
database Workshop of March 1995 provided a current H-mode confinement
scaling relation which has formed the basis for physics assessments in the
Interim Design Report. By and large, the recent Informal Interim Design Reviews
found that, with a few exceptions which are being addressed, the essential
physics needed for ITER had already been identified by the Expert Groups and
that meaningful programs were underway.

24. There is a growing recognition that some level of Physics Design Tasks are
needed to apply codes, databases, etc. to the specifics of the ITER design.
Computation of error fields arising from construction tolerances and design of
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appropriate error compensation coils is but one example. The small size of the
JCT physics staff precludes on-site expertise in the large number codes with ITER
design capabilities. An outline of needed Physics Design Tasks has been
prepared and they are included in the Director's proposal for Design Tasks.

25. The ITER physics program has contributed key portions of the GDRD, the
Plasma-DDD, and the Interim Design Report. Extensive consultation among the
three JWS was involved. Computation of various design margins indicate that
the new Interim Design is appropriately optimized. There is a high probability
that ITER will achieve the objectives of ignition and sustained burn without
needing auxiliary heating while driven burn with 100 MW of auxiliary power
can still yield 1500 MW of fusion power under rather pessimistic projections.

26. The ITER Diagnostics Group has, via consultation with the Diagnostics
Expert Group, identified the conceptual diagnostics and instruments which ITER
will need. Initial Diagnostic Design Task Agreements have been useful in making
the initial definition and specification of the ITER diagnostics sytem. The Parties
that will design particular diagnostics systems have been identified and, in the
near future, Diagnostic Design Tasks will be awarded for the remainder of the
EDA to support actual diagnostic design. Advice will be sought from the
Diagnostics Expert Group with regard to how far to proceed with the design of
individual diagnostic systems during the EDA.

27. To carry out its reponsibilities, the Physics Integration Unit is adding two
persons to the Diagnostic Group and seeking a VHTP with expertise in MHD
computations.

28. Overall, the scale of ITER creates conditions beyond the operating
experience with present tokamaks. The ITER physics program is fulfilling its
responsibility to improve our understanding of these conditions and to provide
the results to help optimize the design to meet the new requirements.

IAEA Technical Activities
At its seventh meeting (IC-7 ROD 7.2), the ITER Council requested the Director
"to provide the (International Atomic Energy) Agency with a brief evaluation of
the worth of the contribution being made by the Agency's Atomic and Molecular,
Plasma-Material Interaction, and Fusion Nuclear Data Programs to ITER."

A draft report on this matter is in the final stages of preparation on the basis of
evaluations within the appropriate parts of the JCT structure, and helpful
consultations at working level with IAEA officers who have had an opportunity
to comment on early drafts. When finalised, the report will be forwarded to
IAEA management. Copies will be sent to ITER Council members for
information.

RECOMMENDATION

The ITER Council is invited:

to take note of the current status of the Project as set out in this report.

2.7
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ITER
INTERIM DESIGN REPORT,

COST REVIEW & SAPETY ANALYSIS

1. Introduction

1.1 The ITER Interim Design Report, Cost Review & Safety Analysis is the
second major milestone report presenting the progress made in the ITER
Engineering Design Activities. An Outline Design Report was presented in
January 1994 to ITER Council and provided a basis on which the Parties
concluded Protocol 2 of the ITER EDA Agreement. This interim report reflects
further development and enhancements of the design undertaken jointly by the
Joint Central Team and the Home Teams.

1.2 The key elements of the ITER Design as presented in the report have been
established under the guiding principles of maintaining plasma performance
and strictly controlling expected costs, whilst enhancing the design from the
standpoints of manufacture, assembly, maintenance, safety and reliability. To
this end the design process has incorporated:
• performance calculations, based on the latest physics results from the world's

fusion experiments, to ensure a choice of parameters which provide high
confidence of meeting agreed technical objectives, and

• detailed consideration of constructability, maintainability and safety and
environmental characteristics.

The cost and schedule estimates, now underpinned by extensive studies by the
Parties' industries, are established within ranges of uncertainty.

1.3 The necessary technology developments to realise the design are
incorporated in R&D programmes which have been formulated to focus on key
demonstrations and on establishing rigorous procedures to ensure feasibility
and reliability of components and systems, including their remote maintenance.

1.4 The following sections of this report cover:
Programmatic and technical objectives (Section 2);
Machine Parameters and Physics Performance (Section 3);
Key Technical Features of the Design (Section 4);
Safety and Environmental Characteristics (Section 5);
Site Requirements and Site Design Assumptions (Section 6);
Construction Schedule (Section 7);
Cost Estimates (Section 8);
Conclusions (Section 9).

1.5 This report is supported by detailed documentation which has been
reviewed within the ITER EDA framework.
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2 Programmatic and Technical Objectives of ITER

2.1 The overall programmatic objective of ITER, as defined in the ITER EDA
Agreement, is to demonstrate the scientific and technological feasibility of
fusion energy for peaceful purposes. ITER would accomplish this 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
energy for practical purposes.

2.2 Detailed technical objectives along with the technical approaches to
determine the best practicable way to achieve the programmatic objective of
ITER have been established and were adopted by the ITER Council in December
1992 and acknowledged in Protocol 2 of the ITER EDA Agreement. These
objectives have been translated into a General Design Requirements
Document, adopted within the project, which provides a more specific
statement at the system and component level of the performance, safety and
configuration requirements to be met by the design.

2.3 The detailed technical objectives involve two phases of operation, the
Basic Performance Phase and an Enhanced Performance Phase. The ITER
Design provides the design for Basic Performance and allows for a future
incorporation of a tritium breeding blanket and for other features which could
be needed to achieve the objectives of the Enhanced Performance Phase.

2.4 The main characteristics and parameters of the ITER Design follow from
the agreed programmatic and detailed technical objectives for ITER, in
particular to meet the objective of demonstrating controlled ignition and
extended burn, in inductive pulses with a flat-top duration of approximately
1000s and an average neutron wall loading of about 1 MW/m2. An important
assumption underlying the detailed technical objectives, is that there will be an
adequate supply of tritium from external sources of around 2-3 kg/year
throughout operation.

Machine Parameters and Phvsics Performance of ITER

3.1 The main parameters of ITER as the design has now evolved are as
follows:

Total Fusion Power 1.5 GW
Average Neutron Wall loading lMW/m2

Plasma inductive burn time 1000s.
Plasma major radius* 8.1 metres
Plasma minor radius 2.8 metres
Plasma Current ID 21 MA

* Plasma major radius is measured to the centre of the last closed flux surface.
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k95(eilipticity @95% flux surface) 1.6

q95 (safety factor @95% flux surface) 3

Toroidal field Bo @ 8.1 m radius 5.7T
Maximum Toroidal field B @ TF coil 12.5T
Maximum Toroidal Field Ripple 2% at the separatrix.
Maximum Auxiliary Heating power 100MW

The overall dimensions of the machine are essentially unchanged from the
Outline Design Report.

3.2 ITER Physics performances have been estimated using guidelines and
physics rules developed on the recommendation of the Parties' designated
Physics experts. They are based on the most up to date views on.'plasma
confinement and are extrapolated from present experimental results which fit
the best available empirical global energy confinement scaling. Indicators have
been established to describe expected plasma performance in relation to
limiting requirements as outlined below.

3.3 To fulfill its objectives of ignition and extended burn, ITER must satisfy
a number of physics requirements, especially:

• sufficient confinement to allow for sustained ignition (Plasma
confinement);

• plasma power compatible with operation in an enhanced mode of
confinement (H-mode power threshold);

• resistive flux consumption compatible with the plasma maintained purely
inductively for 1000s (Burn duration); and

• compatibility with operation limits such as the maximum tolerable value of
plasma pressure (Beta limit).

3.4 The overall assessment is that, with the present values for the plasma
confinement, beta limit, sustained H-mode power threshold, and burn
duration based on extrapolation from current Tokamaks operating in near
thermonuclear grade plasmas, there is high probability that ITER will achieve
the objectives of ignition and sustained burn for 1000s with 1.5 GW of fusion
power without needing auxiliary heating. In addition, the availability of 100
MW of auxiliary heating provides a robust backup against lower than expected
energy confinement or higher equilibrium impurity levels. For instance 100
MW would be sufficient to sustain the nominal fusion power even in the
worst case extrapolation from presently observed energy confinement times.
The auxiliary heating also offers, through its current drive capability, the
possibility to demonstrate steady-state operation.

3.5 Margins have been analysed using, as reference for the nominal
operating point, recommended assumptions on He and impurity levels and H-
mode plasma profiles. This analysis indicates that, for 1.5 GW fusion power,
there are margins relative to what is required to meet the ITER objectives
without any auxiliary heating input to the plasma from external sources.
Margins are increased while keeping the same fusion power either by
increasing the speed of the helium exhaust or by adding some auxiliary
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heating. Doubling the speed of helium exhaust doubles the confinement
margin and the margins on burn duration and H-mode transition power
threshold become very large. With auxiliary heating, similar improvements
occur proportional to the power - 50MW doubles the confinement margin.
No account has been taken of recently observed improvements in confinement
by D/T mixture isotopic effects.

3.6 To determine how wide is the operational space for ITER and how
resilient is expected performance to the uncertainties in assumptions,
probability estimates have been made for ITER performance. For each of a
range of values of physics assumptions about confinement deterioration,
helium and beryllium levels around the reference levels, a self-consistent
scenario is computed that yields the amount of auxiliary heating required in
ITER to sustain the fusion power at 1.5GW. Initial ignition is assured because
of the slow Helium build up resulting from fusion reaction. Thereafter, the
analysis indicates that the probability of sustaining about 1000 s of burn with no
auxiliary heating is high. With 50MW of auxiliary heating, the probability
becomes almost a certainty.

3.7 Questions of the proximity of the nominal operating point to operation
limits which are not fully established experimentally, such as density limit,
beta limit or H-mode power threshold, and of the effects on confinement of
D/T isotopic composition and radiating divertor regime are being addressed in
vigorous R&D Physics research programmes in the Four Parties.

4 Key Technical Features of the ITER design

4.1 OVERALL ITER PLANT CONFIGURATION

4.1.1 The ITER plant is an experimental heat generation plant with a tokamak
reactor at its core. The plant comprises the tokamak, its auxiliaries, and
supporting plant facilities including a Tritium plant, Heat Transport Systems
and Electrical Power systems.

4.1.2 The major components of the tokamak are the superconducting toroidal
and poloidal coils, which produce magnetic fields to confine, shape and control
the plasma inside an evacuated torus (vacuum vessel). The coils are
superconducting and cryogenically cooled by a supercritical helium flow; they
are powered from the grid via a large AC/DC power supply. Inside the vacuum
vessel are internal, removable components; these include the first wall and
shield/blanket modules and the divertor cassettes. These components serve to
absorb heat lost by the plasma through radiation and particles, to protect the
vessel from excessive neutron radiation, and to control impurities in the
plasma. Provisions are also made to install test modules for breeding blankets
inside the vessel. The initial shield/blanket can be replaced with a breeding
blanket in the Enhanced Performance Phase.

4.1.3 The heat deposited in the internal components and the vacuum vessel is
transported and released to the environment via a set of pressurized water
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loops designed to preclude releases of tritium and other radionuclides to the
environment. Portions of the heat transport systems are also used to heat the
inside of the vessel to bake-out temperatures above 200°C for impurity-control.
The tokamak is housed in a cryostat, with a thermal shield system as a thermal
barrier for cryogenic temperature structures. Pumping systems provide the
necessary plasma particles exhaust and vacuum to the vessel and the cryostat.
The tokamak is fuelled by a dual fueling system, capable of gas and pellet
injection. Either recirculated, unburned fuel or fresh fuel (all hydrogen
isotopes) from a storage subsystem can be used.

4.1.4 The tritium plant processes the plasma particles exhaust, separates the
tritium and deuterium, and returns them to the fueling system. This process
will also recover the tritium produced in breeding blanket modules. The
tritium plant also detritiates the heat transport system coolant and the
atmosphere in spaces where potential contamination can occur. Lastly, it
provides the vacuum vessel and attached spaces with inert gas for maintenance
operations, and detritiates the gas upon exhaust.

4.1.5 The auxiliary heating and current drive systems, capable of driving part
of the plasma current, are provided to bring the plasma to ignition, to help in
controlling the DT burn and extending it to steady-state. These systems, now
under consideration, are known as the Ion Cyclotron Radio Frequency (ICRF),
the Electron Cyclotron Radio Frequency (ECRF) and the Neutral Beam
Injection (NBI) systems. (The Lower Hybrid frequency heating system is also
being developed by the Parties.)

4.1.6 The tokamak and portions of its ancillary systems within the cryostat are
maintained with a remote handling system, either in-situ, or in hot-ceils,
where decontamination and detritiation are accomplished.

4.1.7 Other systems maintain proper chemistry and inventory control of the
water coolant and the liquid helium needed for the cryogenic structures
(cryoplant). They also distribute fluids (water, cryogenic fluid) and gases
(compressed air, inert gases) to various points in the plant. Steady-state
electrical power is distributed throughout the facility and uninterruptible
power supplies will drive those systems that require power for safety and
reliability reasons.

4.1.8 The various systems will be housed in buildings that contain the
necessary support systems (Heating, Ventilation and Air Conditionning,
lighting, fire protection, radiation monitoring, access control and security,
plumbing, lightning protection, etc.).

4.1.9 The entire plant is controlled from a central control room by a
computerized Command, Control and Data Acquisition system (CODAC).

4.1.10 Figure l(a) shows the ITER Tokamak in cross-section; Figure l(b) shows
an isometric view.
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Fig. l(b)
ISOMETRIC VIEW OF ITER
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4.2 MAGNET SYSTEMS

4.2.1 The ITER superconducting magnet systems consist of twenty Toroidal
Field (TF) magnetic coils, seven Poloidal Field (PF) magnetic coils, a Central
Solenoid (CS) coil, and related structures. They are combined in an integrated
overall assembly which simplifies the equilibration of electromagnetic loads.
All coils are cooled by a supercritical helium flow maintained by cryogenic
circulation pumps. Figure 2 shows key features of the main Magnet Systems
and Structures.

4.2.2 The CS coil supports a significant fraction of the TF coil centering forces.
This mitigates fatigue stress limits in its conductor and reacts partially out of
plane forces acting on the TF coils, in addition to the outer structure which
links the TF coil outer legs together.

4.2.3 The TF and CS coils and the two small diameter PF coils are built using
Nb3Sn superconducting strands, housed in an Incoloy or steel jacket which
serves as conduit for the He flow. This high magnetic field superconductor has
to undergo a long heat treatment after being wound on a coil form, and
subsequently electrically insulated and transferred to its proper position on the
coil - the so-called "wind, react, transfer" technology.

4.2.4 The TF coils are built by enclosing this conductor in grooved radial
plates, forming "pancakes", which are themselves enclosed in a thick steel case
thus providing stiffness to the coil both for operation and handling. The CS
coil is wound in layer configuration. All these coils are to be manufactured off-
site and shipped to the site despite their size and weight. (The CS coil weighs
about 1300 tonnes, including 250t of superconductor, and is about 12 m high
and 6m in diameter; each TF coil weighs about 650t, including about 60t of
supercondutor, and is about 19m high by 13m wide.)

4.2.5 The large-ring PF coils are supported by the TF coils against vertical
forces and are self-supporting against radial forces. A feature of their design is
that it is possible to disconnect one faulty module from the circuit and to work
with the others at similar total coil current by decreasing the He coolant
temperature. Ultimately, it is possible, in principle, to replace or rewind in situ
any of the PF coils, including those under the machine.

4.2.6 The five larger PF coils are too large to be transported (20m-30m in
diameter) and will be buit on site using as superconductor NbTi, a ductile
material working at lower magnetic field.

4.3 VACUUM VESSEL

4.3.1 The Vacuum Vessel provides the high vacuum boundary for the' plasma
and is the primary safety barrier against radioactive releases for ITER. The
vessel cooling also provides decay heat removal by natural water convection
even when other in-vessel cooling is not working.
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4.3.2 The vacuum vessel is divided toroidally into 20 sectors joined by field
welding at the central plane of the ports. It is an all-welded structure made
from SS 316 LN and with a double, ribbed shell. The total thickness of this
structure is typically in the range of 0.4-0.9 m. To fulfill the neutron shielding
function, the space between the shells will be filled with water and an array of
plate inserts. Figure 3 shows a Vacuum Vessel sector.

4.3.3 The vacuum vessel has 20 upper, midplane, and divertor ports. The
cover plates for the upper ports are used as feedthroughs for the blanket cooling
manifolds. The midplane ports are used for access to the plasma, inserting
diagnostics, test blanket modules, heating and current drive systems and for
permanent installation of remote handling tools. The lower horizontal ports
are used for replacement of divertor cassettes and vacuum pumping.

4.4 FIRST WALL AND BLANKET

4.4.1 In the Basic Performance Phase, ITER will operate with a Shielding
Blanket with three main functions:

• to remove the majority of the neutron power generated by the plasma as
well as a substantial fraction of the alpha power going to the first wall;

• to provide shielding and to reduce the nuclear responses in the vacuum
vessel structure and superconducting coils; and

• to contribute to the passive stabilization of the plasma.

4.4.2 The primary structural element of the blanket system is the "backplate",
a toroidally continuous thick stainless steel shell to which shield modules and
cooling water manifolds are attached. It resists all axisymmetric loads (only
vertical forces are transmitted to the vessel) and is designed as a permanent
component.

4.4.3 There are 720 first wall and shield modules, each one connected to a
permanent manifold by two pipes which should be inspected, cut and welded
from inside using remote tools. Stainless Steel and pressurised water provide
the necessary shielding against the neutron flux. The modularity will allow
partial First Wall and Blanket changes for easier maintenance by a special
remotely driven in-vessel transporter inserted through the main horizontal
ports; it is also expected to reduce significantly the burden of operational waste
arisings. Figure 4 shows a Shielding Blanket module on the backplate.

4.4.4 The First Wall is made from a combination of copper alloy to diffuse
heat to the coolant, stainless steel for structure and an armour material facing
the plasma, Beryllium being the prime candidate at present.

4.4.5 A breeding blanket will be needed to provide most of the tritium
necessary to achieve the technical objectives of the Enhanced Performance
Phase. It should be built in modules, geometrically similar to the shield
modules used in the Basic Performance Phase and providing the same water
cooling and shielding characteristics. On this basis, it could be installed in
about two years using the remote handling tools designed for standard
maintenance. It should be possible to provide a tritium breeding ratio of -0.8
within the same dimensional constraints.
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4.5 DIVERTOR

4.5.1 The main functions of the ITER divertor systems are power and helium
exhaust, impurity control and tritium recirculation.

4.5.2 A Single Null divertor consisting of 60 modules (cassettes) is located at
the bottom of the vacuum chamber between the plasma and the vacuum
vessel. The present design provides an accurate mechanical support and the
flexibility to change the configuration of plasma interaction with the high heat
flux component and interface material. It has the ability to accommodate a
stationary power load of up to 300 MW. Figure 5 shows the Divertor in cross-
section.

4.5.3 Given the physics uncertainties in the power flux distribution, it is
difficult to ascertain component durability; therefore, the design provides for
rapid replacement and refurbishment of divertor cassettes. A detailed remote
handling program has been developed for cassette removal, with the full
change over of the divertor calculated to take less than six months.

4.6 CRYOSTAT

4.6.1 The cryostat is a large (~30,000m3) evacuated vessel containing the ITER
tokamak and serves as a second safety barrier. It consists of a cylindrical section
bolted and seal welded to torospherical heads at top and bottom. The vessel is
made up of two walls each of 20mm nominal thickness connected across a
200mm interspace by horizontal and vertical ribs. The space between the walls
can be compartmentalised and evacuated or filled with He gas for leak
detection or heat transfer.

4.6.2 Although its design may seem simple, the cryostat vessel presents a
challenge because of the large number (>400) of penetrations to be
accommodated whilst remaining leak-tight. Figure 6 shows the Cryostat in situ
in the Tokamak building.

4.7 AUXILIARY HEATING AND CURRENT DRIVE

4.7.1 There are three main auxiliary heating systems under consideration for
ITER, to deliver a total power of 100 MW to the plasma, with a capability of
current drive:

• Fast wave ion-cyclotron;
• Neutral beam injection; and
• Electron cyclotron resonance systems.

These three approaches are being pursued within the ITER programme at
roughly equal levels of effort. Lower hybrid is also a possible system which is
developed in the Parties' fusion laboratories. Each scheme under consideration
has advantages and disadvantages; at least two should be used to fulfill all
requirements. They all appear to be able to deliver the requisite share of power
to the plasma.
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4.7.2 The choice of heating and current drive systems does not need to be
made now and the time is not yet ripe to make a well-informed judgement for
ITER. On the current project schedule, the choice will be made at the end of
1996, on the basis of the best technical and cost information available at that
time. At this interim stage of the EDA, all the candidate systems are
compatible with the ITER design as it now stands.

4.8 REMOTE HANDLING

4.8.1 Direct physical access to the ITER machine will not be possible soon after
the first DT burn pulses and the consequent activation of in-vessel
components. A fundamental requirement for the machine design and for the
definition of its maintenance procedures is therefore that all maintenance tasks
be carried out remotely.

4.8.2 Work on Remote Handling has proceeded hand-in-hand with
component design. The main impact on the machine design has been to
segment it in such a way as to mitigate the effects of localised faults and to
simplify the more frequent or demanding maintenance operations. There is
also a consequence for the overall plant layout. Transportation routes for the
movements of activated components have been carefully defined so as to
ensure their fast and safe handling.

4.8.3 The divertor, the in-vessel component most expected to require
replacement, has been segmented in modules (cassettes) to permit quick
Remote Handling replacement through four lower dedicated ports., using
sealed containers via a double-seal door. The estimated replacement time is six
weeks for one segment and six months for a complete divertor replacement.

4.8.4 Four equatorial ports have been allocated for the permanent access of
dedicated in-vessel transporters inside the vacuum vessel for replacing
shield/blanket modules. The replacement process has been estimated to
require 6/8 weeks for one module and about two years for a complete set of
modules (this is also the time expected to be required for replacing at the end
of the Basic Performance Phase the shielding by a Tritium Breeding Blanket for
the Extended Performance Phase.)

4.8.5 Standard components for use in the construction of ITER, standard tools
and procedures for maintenance operations are defined where practicable. The
aim is to ensure that no component nor system can be installed in an area with
restricted human access unless it is fully capable of being maintained or
replaced remotely.

4.9 TOKAMAK ASSEMBLY

Assembly planning has also proceeded in hand with component design
in order to ensure the practical feasibility of the evolving design. In order to
have an efficient construction schedule, the general approach for assembly is to

46



modularise the components into manageable sub-assemblies which can be
manipulated within the capacity of the proposed overhead cranage (2x750t) .
The component modules would be pre-assembled either at factory or in a pre-
assembly area located within the area of crane coverage.

4.10 POWER SUPPLIES

4.10.1 The pulse power supply system provides electrical power to the TF and
PF superconducting magnets, and the auxiliary heating and current drive
systems. During operations total peak demand is 500-650 MW active and 400-
500 MVAR reactive power which is assumed to be provided to the ITER Site
from a stiff, high voltage grid. A very large electrical plant follows; the total
installed AC/DC conversion power for all the superconducting magnet system
is 2800 MVA, and 300-400 MVA for the auxiliary heating systems.

4.10.2 In addition, a conventional steady-state power supply system is capable of
delivering up to 230MW, to the ITER support systems, notably the water cooling
systems and the cryoplant.

4.11 TRITIUM PLANT

4.11.1 The tritium plant:
• supplies the hydrogen isotope mixtures for fueling the plasma from

fuel in storage beds;
• processes the various plasma particle exhaust streams to recover

tritium and eliminate tritiated impurities, using hydrogen membrane
permeation and hydrogen isotope separation by cryogenic distillation;
and

• detritiates the cooling water and reduces the concentration of tritium
in air, gases and liquids discharged to the environment to maintain
tritium releases below the applicable limits.

4.11.2 The system is designed, in line with the operating scenarios foreseen, to
support large tritium flows from plasma particle exhaust whilst meeting
stringent requirements for the detritiation of large volumes of water and air to
extremely low concentrations. Its design uses established and reliable
technologies that have been proven in industrial plants.

5 Safety and Environmental Characteristics

5.1 Recognising the objective that ITER should be designed to operate safely
and to demonstrate the safety and environmental potential of fusion power,
the following general safety principles underly the development of the ITER
design with regard to safety and environmental characteristics:

• to ensure that ITER is potentially acceptable in any Party's territory;
• to maximise use of the inherent favorable safety characteristics of fusion;
• to meet dose/release limits based on recommendations by the

International Commission on Radiological Protection (ICRP) and
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International Atomic Energy Agency (IAEA), and further reduce releases
and doses to the public and site personnel to levels as low as reasonably
achievable (ALARA); and

• to minimize the safety role of and dependence in safety assessments on
plasma behaviour and experimental in-vessel components.

These principles are expressed in a set of specific functional requirements for
the safety aspects of ITER design.

5.2 Within the design, major lines of defense are identified and an
achievable reliability target is allocated to each. Integrating these roles and
providing multiple independent confinement barriers such as the vacuum
vessel and the cryostat, serve to reduce levels of risk of radioactive release.

5.3 The Design has been subject to an independent internal review, on the
basis of analyses by the Joint Central Team and the Home Teams, to provide:

• a systematic and comprehensive Functional Failure Modes and
Effects Analysis using summarized failure rate data.

• an assessment of the implementation in the design of the key safety
functional requirements;

• estimates of releases of radioactive materials and assessment of
public and site personnel safety during normal operation.

5.4 The preliminary internal assessments set out in supporting documents
and the more detailed analyses available give confidence that the ITER general
safety objectives are being met. As the design progresses, safety assessments
will be further elaborated, following the approach described above, to provide
specific assurance on the main issues.

6 ITER Site Requirements and Site Design Assumptions

6.1 The ITER design is directly linked to a set of requirements that are
compulsory for the ITER site, supplemented by assumptions about the site
which are used for design and related analyses until the actual ITER site is
known. The requirements and assumptions have been incorporated into the
ITER project management documentation to ensure that all documents are
consistent.

6.2 The compulsory requirements are firm in the sense that the plant design
cannot be reasonably reconfigured to allow a less demanding set of
requirements. Key features of the ITER Site Requirements include:

• 70 hectares of land committed for at least 30 years;
• capacity to dissipate on average 1.3 GW(thermal) to the environment;
• 400 m3 daily average of fresh water - 300 m3 daily average of industrial

sewage - and sanitary waste for a peak site population of 1500;
• 230 MW of steady state electrical power supply;
• ability to receive large components of up to 14m width, 6m height and

19m length, one component of about 1300 tonnes, and about 80 other
components in the range 100-600 tonnes;
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• soil bearing capacity adequate for building load of at least 25 t /m 2 (a t
normal building locations) and 80 t/m2 (at tokamak building location at
depth of about 50 m);

6.3 The site design assumptions are not compulsory requirements but are
characteristics of the site assumed to exist so as to provide designers with the
bases for site sensitive aspects of the design and for purposes of cost estimating
and construction scheduling. They were selected so that the essential EDA
design would not be invalidated by deviations of the actual site from the
assumptions. Key site assumptions include:

• temporary use of ~60 hectares of additional land adjacent to or nearby the
site;

• 500-650 MW of active electric power for pulsed power supplies from a
resilient network capable of absorbing 200MW/sec variations;

• about 50 mVmin of raw water for cooling tower heat sink;
• availability of local industrial, workforce, and socioeconomic

infrastructure, and access to road, rail, water and air transportation in the
vicinity of the site;

• meteorological characteristics of a temperate climate;
• seismic characteristics based on the safety importance of the systems,

structures, and components with peak horizontal and vertical ground
acceleration in the range 0.4g (lO^/year, high confidence); 0.2g (ICH/year,
best estimate); and 0.05g (10"2/year best estimate);

All other external (natural or man-made) accident initiators except seismic are
assumed to be below regulatory consideration.

6.4 Deviations from the site design assumptions by the actual ITER site may
require design and/or construction modifications, but these modifications are
expected to be feasible. The cost and schedule sensitivities for variations of
several assumptions will be analyzed during the EDA.

6.5 As well as the specific site requirements and site design assumptions
illustrated above, there are other site-related considerations to be recognised,
including:

• any improvements necessary to the off-site infrastructure;
• the securing on a timely basis of all licenses and permits necessary for

the construction, operation, exploitation and decommissioning ITER;
• assurance of shipment of radioactive materials, ie tritium fuel and

operational wastes;

6.6 Figure 7 shows one example of the site layout for ITER.
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7 Construction Schedule

7.1 The design for ITER has been developed on the presumption that the
ITER EDA is taking place with a view to construction starting as soon as
practicably possible after the end of EDA. An integrated technical plan has
been developed for the Project which sets out a timetable, resources and
related logic for all the design, engineering and R&D activities necessary to
carry ITER through procurement and construction to reach first plasma.

7.2 The schedule shown in Fig 8 assumes a scenario of the site selection,
procurement, construction, assembly and commissioning of ITER. It is based
on the assumptions that:

1 site selection occurs right after the end of EDA;
2 procurement starts immediately after the end of EDA;
3 the necessary regulatory processes are pursued on a timetable which places

some relatively mild constraint on the on-site construction schedule; and
4 resources identified in this report are made available as planned.

The schedule has been derived from detailed schedules of each major activity
related to systems, and components, including procurement, delivery, testing
before assembly if necessary, on-site fabrication , construction, assembly, and
preoperational testing.

7.3 In this scenario, by following a realistic compressed schedule,
construction would be essentially finished early in 2007, and first plasma could
be achieved by end 2008. Critical elements of the schedule include the "delivery
of the magnets and vacuum vessel segments and the expected site-specific
regulatory process, subsequent civil work on the construction of nuclear
buildings, and Tokamak assembly.

7.4 Different assumptions give rise to alternative scenarios. If, for example,
one assumes that the regulatory review process places no constraint on the start
of site work and on site construction and that more human resources are
available for detailed design work in the period of the EDA than in the above
scenario, then the schedule could be shortened by about V/2 years; i.e.
construction would be completed by late 2005, with first plasma occurring by mid
2007.

8 Cost Estimates

8.1 The expected costs of ITER have been estimated at a level of detail
consistent with the current state of the design and planning.

Engineering and R&D costs during EDA
8.2 Detailed estimates have been made of the resources needed for the
engineering activities and supporting technology R&D during the EDA. The
total costs are consistent with those previously agreed.

52



Construction Costs
8.3 The main focus of the costing activity has been the systematic study of
expected costs of construction for all of the components and systems of ITER,
including procurement, manufacture and assembly costs. Where possible,
industrial estimates have been obtained through the four Home Teams in order
to ensure a high level of realism and confidence in the estimation. Over 70% of
the total estimated construction cost is covered by industrial cost estimates and
over 90% of the costs of the tokamak systems.

8.4 Differences between the approaches to Cost Estimating of the ITER Parties
can arise as a result of differing conventions and assumptions about the
procurement and construction arrangements. In this sense it is not possible to
determine a single figure which can be simply converted through exchange rates
to represent the cost of ITER construction from the perspective of each Party.
However, from the information provided from the Parties (expressed in the
respective domestic currencies deflated to a common base date), it is evident
that, for each of the Parties, the percentage of the construction cost accounted for
by each main system is similar. This process suggests that the "value" of each
major cost element and the total can be considered the same irrespective of the
Party. It is thus possible to normalise the information to a common basis
independent of the structural differences and economic fluctuations. On this
basis, an "evaluated" cost estimate can be established, which uses the best
information available from all Parties and expresses the total in ITER Units of
Account .

8.5 Explicit allowances for uncertainty have been made based on analysis of
detailed cost data provided and using informed judgement and past experience.
Since the industrial cost estimates have generally come from single sources in
each party, without the stimulus of competitive tender, the uncertainty
allowances can be both positive and negative, and the "evaluated" cost is a point
estimate within a range.

8.6 As the EDA proceeds further, the uncertainty is expected to reduce.
Whether the estimated value will grow toward the high end or fall toward the
low end of the range depends on the interplay of many factors, notably:

• a "design to cost" approach now applies for forthcoming design work;
• the nature of construction project management and procurement

arrangements may cause cost variations;
• vendor costs can be affected by ITER project management adopting

judicious limitations on vendor responsibilities;
• commercial competition will tend to reduce costs.

8.7 Items which are part of the cost estimate, but for which no separate, explicit
estimate is yet available have been listed and a general provision made for them
in an "Allowance for Indeterminates".

8.8 Given the nature of R&D during the EDA with its concentration on
manufacture of prototypes of major novel components and on proving their
remote maintainability, and the comprehensive coverage of design activities, it
is not necessary to quote a "contingency" for ITER to cover items inadvertently
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overlooked. At the time of a construction decision, it should only be necessary
to provide possible access to a reserve, to be used as insurance against
unforeseen events such as failures, unrecoverable losses, possible regulatory
delays etc, outside the scope of project management.

8.9 The total "evaluated" construction costs (assuming a 10 year schedule to
first plasma), and allowances for cost uncertainty are shown in the Table below:

Estimated Construction Costs
Evaluated Estimate (including
allowance for indeterminates)
Cost uncertainty range

klUA
5850

+770/-800
Note that the estimates exclude items:
- to be provided by the Host Party (eg land, cost of licensing);
- to be provided by the Parties themselves (eg Test Blanket modules);
- not needed for the Basic Performance Phase (eg Breeding Blanket

whose cost is shown in operating cost estimates).

Management, engineering and R&D costs during Construction Phase
8.10 In addition to the construction costs estimates, it is assumed that there will
be a construction management team and engineering support and R&D during
construction and commissioning. Total costs over an assumed 10 year period are
estimated to be about 1100-1200 klUA.

Operating Costs
8.11 The costs of operating ITER have been reviewed, taking account of
operational scenarios, phases and duration of the project. At this interim stage,
and assuming an operational programme in line with the detailed technical
objectives, operating costs are expected to be, on average, of the order 350-
400kIUA/year.

8.12 The operating costs will include:

• Project personnel and Overheads (assuming a team size of 300
professionals and about 600 support staff);

• Energy costs of operation;
• Tritium fuel costs (~ 2-3 kg/year during operation at a cost oflOklUA/kg

assumed in the absence of a market price for Tritium)
• Capital improvements, spare parts and materials;
• Waste management during operations.

The figures break down broadly as 25% for Personnel and overhead, 25% for
energy and fuel and 50% for materials and other items. These costs could vary
greatly depending on the host site for ITER. Any estimate in the absence of a
specific site must therefore be very tentative. The figures are averaged over
significant variations in profile arising from the operating scenarios and from
the project's progress through different phases of activity, notably the transition
from Basic to Extended Performance Phase.

Decommissioning Costs
8.13 Decommissioning costs have also been estimated in general terms at this
interim stage based on experience with fission power plants. Because the actual
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costs could vary considerably with the choice of site, decommissioning scenarios
and assumed regulatory environment for decommissioning, a range of potential
costs between 5% and 15% of capital (construction) cost has been assessed, giving
an estimate in the range 300-900kIUA.

Other expenses
8.14 There has been no attempt to estimate the costs that will be incurred within
a future Host Party in providing the necessary reports to pursue the regulatory
process to secure permission to construct and operate ITER. However estimates
of the resources needed within the project team (JCT/ Home Team or successor
organisations in a construction activity) in order to support the regulatory
process technically are included in the estimates of engineering effort needed
during and after the end of the EDA.

8.15 Likewise, the costs of adjusting the site, or the design, to allow for
variations from the site design assumptions or to meet extraordinary regulatory
requirements, and of other site-related considerations cannot be estimated in the
absence of site specifics.

9 Conclusions

9.1 At this interim stage, about half way through the six year duration of the
ITER Engineering Design Activities, the key elements of the design for ITER are
firmly established. The design as a whole offers high confidence of meeting the
technical and programmatic objectives, assuming adequate Tritium supply, and
is robust with respect to physics uncertainties and to the technological aspects of
construction and operation.

9.2 The technological needs for ITER are well characterised and rely on
established approaches. Focussed R&D programmes are in place with the Home
Teams to apply the relevant technologies to ITER's specific needs, including, in
particular, manufacturing demonstration and testing, and remote handling of
key components. Physics programmes in the Parties will focus on limiting
factors for confinement and physics performance and will provide experimental
validation of divertor performance. These programmes together are expected to
provide adequate validation and demonstration of the critical systems and
features of the design within the time frame of the EDA.

9.3 The expected costs and their distribution between the different
components, now underpinned by extensive studies by the Parties' industries,
are well understood within a defined range of uncertainty and are consistent
with the previously stated cost estimates for ITER. A "design to cost" policy
during the rest of the EDA is expected to hold costs within the currently defined
range; the uncertainty will reduce as the design and technical database develop
further. Definitive costing will be possible only when the details of a specific
Site are known and appropriate construction and procurement arrangements,
which allow effective project management, have been established.
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9.4 Technical aspects of the construction logic and schedule have been
determined; actual construction time-scales will also depend largely on external
factors such as the regulatory process.

9.5 The emphasis of the EDA work now turns towards design in detail of the
different components and subsystems and to the next major milestone, the
Detail Design Report, scheduled for the end of 1996. The resources needed for
the tasks involved are well defined and are consistent with the terms of the
EDA Agreement. Given an assured and timely provision of the necessary
resources, especially for the detailed design work, the ITER Engineering Design
Activities can be confidently expected to meet the objectives of the Agreement
and to provide by the due date the engineering design of ITER, all technical
data necessary for future decisions on the construction of ITER, and
specifications and drawings to enable procurement of long lead-time items
needed for the immediate start-up of construction. The information provided
in this interim report and supporting documents offers an appropriate basis for
the Parties to- consider their approach to such possible decisions.
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1'1'JtsR Site Requirements
and Site Design Assumptions

Introduction

The objective of this document is to define a set of requirements that are
compulsory for the ITER site supplemented by assumptions about the ITER
site which are used for design and cost estimates until the actual ITER site is
known. Part I of this document contains the principles for the development
of the site requirements and site design assumptions. Part II of this document
contains the compulsory requirements which are derived from the ITER
design and the demands it makes on any site. Part DI of this document
contains site design assumptions which are characteristics of the site assumed
to exist so that designers can design buildings, structures and equipment that
are site sensitive.

Both the Site Requirements and the Site Design Assumptions are organized
in the following categories:

Land
Heat Sink
Energy and Electrical Power
Transportation and Shipping
External Hazards and Accident Initiators
Infrastructure
Decommissioning

Each of the categories is subdivided into related elements. Some of the
categories are broadly defined. For instance, Infrastructure includes human
resources, scientific and engineering resources, manufacturing capacity and
materials for construction and operation. Requirements and assumptions for
the various elements are justified in the Bases statements. These statements
explain the rationale for their inclusion and provide a perspective in which
they may be used.

The ITER Site Requirements and the Site Design Assumptions have been
incorporated into the ITER project management documentation to ensure
that all documents are consistent. In particular, the General Design
Requirements Document (GDRD) captures these compulsory requirements
and design assumptions, such that all EDA lower level documents such as
Design Description Documents (DDD) for system, structure and component
designs are governed by these considerations. The ITER construction cost
estimate and schedule are based on the design descriptions in the DDD's,
which ensures that they are also consistent with the Site Requirements and
Site Design Assumptions.
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I. PRINCIPLES FOR SITE REQUIREMENTS AND SITE DESIGN ASSUMPTIONS

1. The compulsory site requirements are based on the ITER site layout and
plant design. These requirements are firm in the sense that reasonable
reconfiguration of the plant design will not result in a less demanding set
of requirements. Some of the requirements are based in part on how the
plant and some of its major components, such as magnet coils, will be
fabricated and installed.

2. This document also addresses the assumptions that have been made to
carry out the ITER design until a decision on siting is reached. These site
design assumptions form some of the bases for the ITER construction cost
estimate and schedule. The assumptions are not compulsory site
requirements, but are guidelines for designers to follow until the actual site
is known.

3. The requirements for public safety and environmental considerations are,
by their nature, site sensitive. Also, the regulatory requirements for siting,
constructing, operating and decommissioning ITER are likely to be
somewhat different for each potential host country. Therefore, it is
assumed that regulatory agencies for the actual ITER site will communicate
these requirements when the site is selected. Until that time, the ITER
Plant will be designed to a set of safety and environmental assumptions
contained in Chapter 2, General Design Requirements, (and its future
revisions) of the Interim Design Report which are expected to approximate
the actual requirements. Site sensitive considerations during operation
such as shipment of radioactive materials including tritium to the site,
temporary storage of wastes on the site, shipment of wastes from the site
and effluents from ITER during normal and off-normal operation must be
addressed for host country acceptability. However, the present assessment
of the design does not provide definitive data for these considerations.
Therefore, preliminary information on expected effluents during normal
operation and the forms and quantities of waste materials are presented in
the Interim Design Report, Chapter 6, Preliminary Safety Assessment.

4. The final phase of the ITER Plant deserves special attention. In the absence
of firm guidance and without prejudice to future negotiations of the
parties, it is assumed that the organization in charge of operating ITER will
have a final responsibility to "deactivate" the plant. In this context,
"deactivation" is the first phase of decommissioning and includes all
actions to shut down the ITER plant and place it in a safe, stable condition.
The dismantling phase of decommissioning, which might take place
decades after the "deactivation" phase, is assumed to become the
responsibility of a new organization within the host country;
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5. In conclusion, the site design assumptions are very important, because
without them progress is very limited for site sensitive designs of
buildings, power supplies, site layout and safety/environmental studies.
These assumptions were selected so that the EDA design would not be
invalidated by actual site deviations from the assumptions. If the
assumptions require quantitative values, they have been selected such that
they require designers to address criteria for intermediate conditions (i.e.
neither harsh nor mild extremes). Deviations from the site design
assumptions by the actual ITER site may require design and/or
construction modifications, but these modifications are expected to be
feasible. The modifications may revise the cost estimate and the
construction schedule developed during the EDA. The sensitivity of cost
and schedule results for modifications of several assumptions will be
analyzed during the EDA.

II. SITE REQUIREMENTS

A. Land

1. Land Area

Requirement The ITER Site shall be 70 hectares in area enclosed
within a perimeter. All structures and improvements within
the perimeter are the responsibility of the ITER project. Land
within the perimeter must be committed to ITER use for a
period of at least 30 years.

Bases The minimum area for the ITER Site is predicated on sufficient
area for the buildings, structures and equipment with
allowances for expansion of certain buildings if required for
extension of the ITER program.

The time period is specified to cover the construction (-10
years) and operations (-20 years) phases. "Deactivation" is
expected to be complete in the order of one year.

2. Geotechnical Characteristics

Requirement The ITER Site shall have foundation soil bearing
capacity adequate for building loads of at least 25 t /m 2 at
locations where buildings are to be built. At the specific location
of the Tokamak Building the soil bearing capacity shall be
adequate for building loads of 80 t/m2 at a depth of about 50 m.
The soil at this location shall not have unstable surrounding
ground features. The building sites shall not be susceptible to
significant subsidence and differential settlement.
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Bases The ITER tokamak is composed of large, massive components
that must ultimately be supported by the basemat of the
structures that house them. Therefore soil bearing capacity and
stability under loads are critical requirements for an acceptable
site. Excavation to approximately 50 m is to the bottom of the
Tokamak Building basemat. The Tokamak Building is composed
of three independent halls on>*separate basemats, but served by
the same set of large, overhead bridge cranes. Crane operation
would be adversely affected by significant subsidence and
differential settlement.

3. Water Supply

Requirement The ITER Site host shall provide a continuous fresh
water supply of 5 m3/minute peak consumption rate. The
average daily consumption is estimated to be about 400 m3. This
water supply shall require no treatment or processing for uses
such as potable water and water makeup to the plant de-
mineralized water system and other systems with low losses.

Bases The ITER plant and its support facilities will require a reliable
source of high quality water. Average consumption rates are
estimated to be about 0.3 m3/minute. The peak rate of 5
m3/minute is specified to deal with conditions such as leakage
or fires. This water supply is not used for the cooling towers or
other uses which may be satisfied by lower quality, "raw" water.

4. Sanitary and Industrial Sewage

Requirements The ITER Site host shall provide sanitary waste capacity
for a peak ITER site population of 1500. The host shall also
provide industrial sewage capacity for an average of 300 m3/day.
The peak industrial sewage rate is 3000 m3/day.

Bases The ITER project will provide interconnecting sewer lines to the
site perimeter for connection to sewer service provided by the
host. The peak industrial sewage rate is expected to be adequate
to deal with conditions such as leaks and drainage of industrial
sewage stored in tanks until it can be analyzed for release.
Rainwater runoff is not included in industrial sewage.

B. Heat gink

Requirements The ITER Site shall have the capability to dissipate, on
average, 1300 MW (thermal) energy to the environment.

Bases ITER and its associated equipment may develop heat loads as
high as 2600 MW (thermal) for pulse periods of the order of 1000
sec. Duty Cycle requirements for the heat sink at peak loads will
not exceed 50%. Therefore, during the Basic Performance Phase
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the average heat load would be no more than 1300 MW for
periods of 3 to 6 days. The capability to dissipate 2600 MW
should be possible for steady state operation.

C Energy andElectrical Power

ITER Plant Steady State Electrical Loads

Requirements The ITER Site host shall provide up to 230 MW of
continuous electrical power. Power should not be interrupted
because of connection maintenance. At least two connections
should be provided from the supply grid to the site.

Bases The ITER Plant has a number of systems which require a steady
state supply of electrical power to operate the plant. It is not
acceptable to interrupt this power supply for maintenance of
transmission lines, therefore the offsite transmission lines must
be arranged such that scheduled line maintenance will not cause
interruption of service. This requirement is based on the
operational needs of the ITER Plant.

A preliminary load list indicates the total connected steady state
electrical loads for ITER are about 260 MW. Peak loads are
somewhat lower (230 MW) because some equipment operates at
less than 100% duty cycle. Maintenance loads are considerably
lower because heavy loads such as the tokamak heat transfer and
heat rejection systems will operate only during preparations for
and actual pulsed operation of the tokamak.

D. Transportation and Shipping

1. Maximum Size of Components to be Shipped

Requirement The ITER Site shall be capable of receiving shipments for
components having maximum dimensions (not simultaneously)
of:

• Width - 14 m
• Height - 6 m
• Length - 19 m

Bases In order to fabricate the maximum number of components, such
as magnet coils and large transformers, off site, the ITER site
must have the capability of Receiving large shipments. The
width is the most critical maximum dimension and it is set by
the PF-7 magnet coil which is about 14 m in diameter. The
height is the next most critical dimension which is set by the CS
coil. The length is not a critical dimension, but 19 m is required
for the TF coils. The following table shows the largest (>100 T)
ITER components to be shipped:
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Largest ITER Components* to be Shipped

Component
CS Coil
TF Coils

PF-2
PF-7

Vac. Vessel
Sector

750 T Crane
Trolley

Structure**
Large HV

Transformer

Pkgs
1

21
1
1

40

2

6

Width (m)
6
13
13

i i

14

4

Length (m)
14

13
14

16

18

12

Height (m)

4.7
1.3
1.8

2.3

6

5

Weight (T)

600
240
500

400

600

320
Dimensions rounded to integer meters, except height which is next highest 0.1 m.
Crane dimensions and weight are preliminary estimates.

2. Maximum Weight of Shipments

Requirement The ITER Site shall be capable of receiving one component
(package) having a maximum weight of 1300 tonnes and
approximately 80 packages with weight between 100 and 600 tonnes
each.

Bases In order to fabricate the maximum number of components,
including magnet coils, off site, the ITER site must have the
capability of receiving very heavy shipments. The single
heaviest component (CS Coil) is not expected to exceed 1300
tonnes. All other components are expected to weigh 600 tonnes
or less.

E. External Hazards and Accident Initiators

No Compulsory Requirements.

F. Infrastructure

No Compulsory Requirements.

G. Decommissioning

No Compulsory Requirements.

III. SITE DESIGN ASSUMPTIONS

The following assumptions have been made concerning the ITER site. These site
design assumptions are uniformly applied to all EDA design work until the actual
ITER Site is selected.
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A. Land

1. Land Area

Assumption During the construction and operating phases it will be
necessary to have temporary use of an additional 60 hectares of
land adjacent to or reasonably close to the compulsory land area.
It is assumed this land is available for cooling towers, interim
waste storage, construction laydown, field engineering, pre-
assembly, concrete batch plant, heavy equipment storage,
excavation spoils and other construction activities.

Bases The assumptions made for the EDA cost and schedule estimates
are based on construction experience which uses an additional
area of 50 hectares. The cooling towers require about 4 hectares
of land. Only a very limited amount of vehicle parking space is
allocated to the compulsory area. During construction it is
estimated that parking for up to 3000 workers may be required, if
not adjacent to the construction site, at least within a reasonable
bus commute. 5 hectares is assumed for parking. The sum of all
these additional land needs is about 60 hectares as stated in the
assumption.

2. Topography

Assumption The ITER site is assumed to be a topographically
"balanced" site. This means that the volumes of soil cuts and
fills are approximately equal over the compulsory land area in
Requirement A.I. The maximum elevation change for the
"balanced" site is less than ±10 m about the mean elevation over
the land area in the compulsory requirement.

Bases The assumption of a reasonably flat, "balanced" site is used to
estimate data for earth moving and excavation.

3. Geotechnical Characteristics

Assumption The ITER Site is characterized by a soil surface layer of
sufficient thickness that it is not necessary to remove underlying
hard rock, if present, for building excavations.

Bases Excavation is based on removal of consolidated soil by heavy
equipment. Hard rock removal requires different, potentially
more expensive methods which are not considered in the EDA.

4. Hydrological Characteristics

Assumption Ground water is assumed to be present at levels above
the tokamak building embedment of 50 m below nominal grade.
This assumption will require special engineered ground water
control during the construction of the tokamak building pit.
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Bases The design of the tokamak building pit requires a relatively deep
embedment. Based on the pit dimensions and a ground water
level at 10 m below nominal grade, a method for ground water
control has been developed and included in the EDA project
planning.

5. Seismic Characteristics

Assumption The ITER seismic design specifications for the applicable
Safety Importance Class (SIC) are based on an assumed seismic
hazard curve. Using the IAEA seismic classification levels of SL-
2, SL-1, and SL-0 and the assumed seismic hazard curves, the
following seismic specifications are derived:

SJC

1*
2,3
3
4

IAEA Level

SL-2S 85th %tile
SL-2 50th%tile
SL-1 50th%tile
SL-0

Return Period
(years)
104

104

102
##

Peak *•
Ground Ace.

.4

.2

.05
##

* No ITER components in this-class

** Peak Ground Acceleration is for both horizontal and vertical
components in units of the gravitational acceleration, g.

## SIC 4 is not derived probabilistically - local (uniform) building
codes are applied to this class.

Bases Safety assessments of external accident initiators for facilities,
particularly when framed in a probabilistic risk approach, may be
dominated by seismic events. Assumed seismic hazard curves
are used in a probabilistic approach which is consistent with
IAEA recommendations for classification as a function of return
period. Specification of the peak horizontal and vertical ground
acceleration provides the ITER designers guidelines prior to site
selection. After site selection the actual seismic specifications will
be used to adjust the design, if necessary. The selection of the
assumed seismic hazard curve is relevant to regions of low to
moderate seismic activity.

6. Meteorological Characteristics

Assumption A general set of meteorological conditions are assumed
for designers of buildings, civil structures and outdoor
equipment. The data are as follows:

• Maximum Steady, Horizontal Wind < 140 km/hr
(at 10 m elevation)

• Maximum Air Temperature < 38 Degrees C
(24 hr average < 33 Degrees C)
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• Minimum Air Temperature > -25 Degrees C
(24 hr average > -15 Degrees C)

• Maximum Rel. Humidity (24 hr average) < 95%
(corresponding vapor press < 22 mbar)

• Maximum Rel. Humidity (30 day average) < 90%
(corresponding vapor press < 18 mbar)

• Barometric Pressure - Sea Level to 1500 m
• Maximum Snow Load - 300 kg/m2

• Maximum Icing - 3 mm
• Maximum 24 hr Rainfall - 20 cm
• Maximum 1 hr Rainfall - 5 cm
• Heavy Air Pollution (Level 3 according to DEC 71-2)

Bases The assumed meteorological data are used as design inputs.
These data do not comprise a complete set, but rather the
extremes which are likely to define structural or equipment
limits. If intermediate meteorplogical data are required, the
designer estimates these data based on the extremes listed above.
Steady winds apply a static load on all buildings and outdoor
equipment.

B. Water Supply for Heat Sink

Assumption The JCT has selected forced draft (mechanical) cooling
towers as a design solution until the ITER site is selected. At
50% pulse duty cycle (1300 MW average heat rejection) the total
fresh ("raw") water requirement is about 50 m3/minute. This
water makes up evaporative losses and provides a blowdown
source to reduce the accumulation of dissolved and particulate
contaminants in the circulating water system. During periods of
no pulsing the water requirement would drop to about 10
m3/minute. If steady state operation is accomplished, 100
m 3 / minute of fresh water is needed for rejection of 2600 MW by
forced draft cooling towers.

Bases The actual ITER Site could use a number of different methods to
provide the heat sink for ITER, but for the purposes of the EDA
site non-specific design, the induced draft (mechanical) cooling
towers have been assumed. These cooling towers require
significant quantities of fresh water ("raw") for their operation.
For 1300 MW average dissipation, approximately 38 m3/minute
of the water is lost by evaporation and drift of water droplets
entrained in the air plume. Another 12 m3/minute is used to
dilute the cooling water inventory so that there is no need for
treatment before the blowdown water is released to the
environment. This water also supplies make up to the storage
tanks for the fire protection system after the initial water
inventory is depleted. Cooling towers are not suitable for an
ITER site on a seacoast or near a large, cool body of fresh water.
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The heat sink type is expected to be a significant cost driver only
if water (either fresh or seawater) is unavailable, such as in an
arid region.

C Energy and Electrical Power

1. Electrical Power During Construction

Assumption The grid supply assumed during the early construction
period is 35 MW for peaE loads. Peaks loads will occur only
during magnet coil testing and average loads when no testing is
underway will be 5 to 20 MW.

Bases The cryoplant capacity required for magnet testing is expected to
require about 20 MW and the coil power supply about 10 MW.
Additional loads at the construction site are expected to add
another 5 MW for a peak load of about 35 MW.

2. Electrical Power Reliability During Operation

Assumption The grid supply to the Steady State switchyard is assumed
to have the following characteristics with respect to reliability:

Single Phase Faults - a few tens / year 80%: t < 1 sec.
20%: 1 sec. < t < 5 min.

where t = duration of fault

Three Phase Faults - a few / year (any duration)

Bases ITER Steady State power supplies have a direct bearing on
equipment availability which is required for tokamak operation.
If operation of support systems such as the cryoplant, TF coil
supplies and other key equipment are interrupted by frequent or
extended power outages, the time required to recover to normal
operating conditions is so lengthy that availability goals for the
tokamak may not be achieved. Emergency power supplies are
based on these power reliability and operational assumptions.

3. ITER Plant Pulsed Electrical Supply

Assumption A high voltage line supplies the ITER "pulsed loads".
The following table shows the "pulsed load" parameters for the
ITER Site:

Characteristic Value

Peak Active Power* 500-650 MW
Peak Reactive Power 400-500 MVAr
Power Derivative* 200 MW/s
Power Steps* 60 MW
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Fault Level, GVA 10-25
Pulsed Power Period** 2200 s

* These power parameters are to be considered both positive and
negative. Positive refers to power from the grid, while negative
refers to power to the grid. Power variations will remain within
the limits given above for the maximum power and for the
power derivatives.
** The capability to increase the pulse power period to 10,000 s is
also assumed.

Bases The peak active power, the peak reactive power and the power
steps quoted above are evaluated from scenarios under study.
Occasional power steps are present in the power waveform. The
supply line for pulsed operation will demand a very "stiff node
on the grid to meet the assumption.

D. Transportation and Shipping

General Bases The assumptions for transportation and shipping are
based on some general considerations which are common for all
modes. Several modes of transportation and shipping are
assumed for ITER because the diversity of these modes provides
protection against disruptions for timely delivery of materials
and equipment needed by the project.

When the assumptions describe the site as having "access" to a
mode of transportation or shipping, it means that the site is not
so far away from the transportation that the assumed mode
would be impractical. Air transportation is a good example,
because if the airport is not within reasonable commuting time,
the time advantage of this mode would be lost (i.e. it would
become impractical).

1. Highway Transportation

Assumption The ITER Site is accessible by a major highway which
interconnects to major ports of entry and other centers of
commerce.

2. Air Transportation

Assumption The ITER Site is located within reasonable commuting
time from an airport with connections to international air
service.

3. Rail and Waterway Transportation

Assumption It is assumed the ITER site will have railroad and
waterway access. The railroad is assumed to interconnect to
major manufacturing centers and ports of entry.
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E. External Hazards and Accident Initiators

1. External Hazards

Assumption It is assumed the ITER Site is not subject to significant
industrial and other man-made hazards.

Bases External hazards, if present at the ITER site, must be recognized
in safety, operational and environmental analyses. If these
hazards present a significant risk, mitigative actions must be
taken to ensure acceptable levels of public safety and financial
risk.

2. External (Natural) Accident Initiators

Assumption It is assumed the ITER Site is not subject to horizontal
winds greater than 140 km/hr (at an elevation of 10 m) or
tornadic winds greater than 200 km/hr. The ITER Site is not
subject to flooding from streams, rivers, sea water inundation, or
sudden runoff from heavy rainfall or snow/ice melting (flash
flood). All other external accident initiators except seismic
events are assumed below regulatory consideration.

Bases The wind speeds specified in this requirement are typical of a
low to moderate risk site. Tornadic winds apply dynamic loads
of short duration to buildings and outdoor equipment by
propelling objects at high speeds creating an impact instead of a
steady load. The design engineer uses the tornadic wind speed in
modeling a design basis projectile which is assumed to be
propelled by the tornado. This design basis is important for
buildings and structures that must contain hazardous or
radioactive materials or must protect equipment with a critical
safety function.

ITER is an electrically intensive plant that would complicate
recovery from flooded conditions. This assumption does not
address heavy rainfall or water accumulation that can be
diverted by typical storm water mitigation systems. For the
purposes of this assumption, accidents involving fire, flooding
and other initiators originating within the ITER plant or its
support facilities are not considered external accident initiators.

F. Infrastructure

General Bases The ITER Project is sufficiently large and extended in
duration that infrastructure will have a significant impact on the
outcome. Industrial, workforce and socioeconomic
infrastructure assumptions are not quantitatively stated because
there are a variety of ways these needs can be met. The
assumptions are fulfilled if the actual ITER site and its
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surrounding region already meets the infrastructure needs for a
plant with similar technical, material and schedule needs as
ITER requires.

1. Industrial

Assumption It is assumed the ITER Site has access to the industrial
infrastructure that would typically be required to build and
operate a large, complex industrial plant. Industrial
infrastructure includes scientific and engineering resources,
manufacturing capacity and materials for construction. It is
assumed the ITER Site location does not adversely impact the
construction cost and time period nor does it slow down
operation. The following are examples of the specific
infrastructure items assumed to be available in the region of the
site:

Unskilled and skilled construction labor
Facilities or space for temporary construction labor
Fire Protection Station to supplement on-site fire brigade
Medical facilities for emergency and health care
Contractors for site engineering and scientific services
Bulk concrete materials (cement, sand, aggregate)
Bulk steel (rebar, beams, trusses)
Materials for concrete forms
Construction heavy equipment
Off-site hazardous waste storage and disposal facilities
Industrial solid waste disposal facilities
Off-site laboratories for non-radioactive sample analysis

Bases Efficiency during construction and operation of a large, complex
industrial facility varies significantly depending on the relative
accessibility of industrial infrastructure. Accessibility to
infrastructure can be demonstrated by plants operating in the
general region of the site.

2. Workforce

Assumption It is assumed that a competent operating and scientific
workforce for the ITER Plant can be recruited from neighboring
communities or the workforce can be recruited elsewhere and
relocated to the neighboring communities.

It is also assumed that ITER has the capability for conducting
experiments from remote locations elsewhere in the world.
These remote locations would enable "real-time" interaction in
the conduct of the experiments, while retaining machine control
and safety responsibilities at the ITER Site Control Facility.
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Bases The workforce to operate, maintain and support ITER will
require several hundred workers. The scientific workforce to
conduct the ITER experimental program will also require several
hundred scientists and engineers. The assumption that these
workers and scientist/engineers come from neighboring
communities is consistent with the site layout plans which have
no provisions for on-site dormitories or other housing for plant
personnel.

A significant scientific workforce must be located at the ITER Site
as indicated in the Assumption. However, this staff can be
greatly augmented and the experimental value of ITER can be
significantly enhanced if remote experimental capability is
provided. The result of the remote experiment is that scientific
staffs around the world could participate in the scientific
exploitation of ITER without the necessity of relocation to the
ITER Site.
Remote experimental capability is judged to be feasible by the
time of ITER operation because of advances in the speed and
volume of electronic data transfers that are foreseen in the near
future.

3. Socioeconomic Infrastructure

Assumption The ITER Site is assumed to have neighboring
communities which provide socioeconomic infrastructure.
Neighboring communities are Assumed to be not greater than 50
km from the site. Examples of socioeconomic infrastructure are
described in the following list:

• Dwellings (Homes, Apartments, Dormitories)
• International Schools Kindergarten through High

School
• Hospitals and Clinics
• Job Opportunities for Spouses and other Relatives of

ITER workers

Bases Over the life of the ITER plant, thousands of workers, scientists,
engineers and their families will relocate temporarily or
permanently to the communities surrounding the ITER site.
These people could comprise all the nationalities represented by
the Parties. This "world" community will present special
challenges and opportunities to the host site communities.

To attract a competent international workforce international
schools should be provided. Teaching should be partially in the
mother tongue following programs which are compatible with
schools in each student's country of origin. All parties should
assist with the international schools serving these students.

70



The list of examples is not intended to be complete but it does
illustrate the features considered most important. The assumed
50 km distance maintains reasonable commuting times for
workers and their relatives.

G. Decommissioning

1. General Decommissioning

Assumption During the first phase of decommissioning, the ITER
operations organization places the plant in a safe, stable
condition. Dismantling may take place decades after the
"deactivation" phase. Dismantling of ITER is assumed to be the
responsibility of a new organization within the host country.
The ITER operations organization will provide the new
organization all records, "as-built prints", information and
equipment pertinent to decommissioning. Plant
characterization will also be, provided for dismantling purposes
after "deactivation".

Bases Experience and international guidelines (IAEA Safety Series No.
74,1986) stress the importance of good record keeping by the
operations organizations as a key to decommissioning success.

2. ITER Plant "Deactivation" Scope of Work

Assumption The ITER operations organization will develop a plan to
put the plant in a safe, stable condition while it awaits
dismantling.

Residual tritium present at the end of ITER operations will be
stabilized or recovered to secure storage and/or shipping
containers.

Residual mobile activation products and hazardous materials
present at the end of ITER operations will be stabilized or
recovered to secure storage and/or shipping containers such that
they can be shipped to a repository as soon as practical.

Liquids used in ITER systems may contain activation products,
which must be removed before they can be released to the
environment or solidified as waste. It is assumed that all liquids
will be rendered to a safe, stable form during the "deactivation"
phase.

ITER "deactivation" will provide corrosion protection for
components which are vulnerable to corrosion during the
storage and dismantling period, if such corrosion would lead to
spread of contamination or present unacceptable hazards to the
public or workers.

Bases It is recommended (IAEA Safety Series No. 74,1986) that plant
characterization be done soon after the completion of
"deactivation".
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JTER TECHNICAL ADVISORY COMMITTEE
Eighth Meeting -TAC-8

29 June-7 July 1995
San Diego Joint Work Site, United States

REPORT OF TAC-8 MEETING

1. INTRODUCTION AND BACKGROUND

The ITER Council requested the TAC to conduct the ITER Interim Design and
Cost Review (IDCR).

The TAC has followed a plan approved by the Council in which the IDCR itself
has been preceded by two informal technical reviews of the major tokamak systems,
including related physics. The purpose of these informal technical reviews was to
provide an opportunity for the participants to jointly review the status of the ITER design
and provide technical input to the project for use in preparing for the IDCR and for the
continuing work of the project after the IDCR. In addition, in preparing the cost estimates
to be presented at the IDCR, the Joint Central Team (JCT) distributed in advance a
costing document for assessment and feedback by experts nominated by the Parties.
Participants in these domestic assessments of costing issues also attended the IDCR.

An informal technical review of in-vessel systems and related physics was held
on 1-5 May 1995, at the Garching Joint Work Site, and was attended by 14 TAC
members and 22 experts nominated by the Parties. An informal technical review of
ex-vessel systems and related physics was held on 10-13 May 1995, at the Naka Joint
Work Site, and was attended by 9 TAC members and 20 experts nominated by the
Parties

The Interim Design Report (draft, 12 June 1995) was distributed in advance to all
participants in the IDCR. In addition, a complete set of Design Description Documents
(DDDs) covering all of the elements in the Work Breakdown Structure (totaling about
4,350 pages and 1,400 drawings) was made available at the IDCR. An Executive
Summary of the Interim Design Report was also distributed at the IDCR. The Interim
Design Report includes the JCT's cost estimate.

2. TAC OVERALL RESPONSE TO THE ITER COUNCIL CHARGE

The TAC has conducted a thorough Interim Design and Cost Review following
the plan recommended by the ITER Council.

The TAC recognizes excellent progress in all aspects of the design of ITER,
which has been due to the strong leadership of the Director, together with a coordinated
effort by the JCT and the Home Teams, which include growing contributions from
industries.

The TAC concludes from its review that the present design can fully meet the
ITER programmatic mission and technical objectives. Moreover, the TAC reaffirms that
these objectives are correct and are crucial to the further development of fusion at this
time. These ITER technical objectives include demonstrating controlled ignition and
extended burn, with steady-state as an ultimate goal, demonstrating technologies
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essential to a reactor in an integrated system, and performing integrated testing of high-
heat-flux and nuclear components. The TAC has concluded from its review that the
present ITER parameters and engineering design approaches are well suited to meet
the mission and technical objectives.

The Interim Design is sufficient to define the R&D to be carried out during the
balance of the EDA; this R&D is expected to confirm the technical validity of the design
and will, in many cases, also identify optimum and cost-effective manufacturing
techniques. In the TAC's view, it is essential that this R&D program be fully
implemented.

In regard to plasma performance, the TAC concludes that the design has
sufficient margin to meet the requirements for ignition and 1,000-second burn. The
provision of 100 MW of auxiliary power greatly increases confidence in plasma
performance so that, even with conservative assumptions, sustained driven-burn at
1.5 GW fusion power is essentially assured.

In regard to tokamak engineering systems, considering both in-vessel and ex-
vessel components and related physics, the TAC concludes that the engineering
designs have now progressed to the point at which it can be definitely confirmed that the
ITER requirements can be met using the present design approaches. Moreover, the
engineering designs of these tokamak systems are sufficiently well specified in detail
that reliable cost estimates can be provided.

In regard to the tokamak support systems, including the site plan and buildings,
the TAC concludes that the designs of these systems are now progressing beyond the
conceptual stage and, in many cases, have already reached the point at which
engineering requirements can be specified and adequate cost estimates can be made.

Safety requirements have been prepared and documented which, with the
planned design approaches, will ensure safe operation of the ITER facility. The
information in the Interim Design Preliminary Safety Assessment provides assurance
that ITER will be designed to limit hazards and their consequences to acceptable levels.

With the assistance of experts provided by the Home Teams, the TAC has
conducted a thorough review of the cost estimates provided by the JCT, considering
post-EDA engineering R&D costs, construction costs including construction
management and commissioning, and (to a limited extent) operating costs including
decommissioning. The construction costs for each system have been given by the JCT
in the form of an estimated cost together with a stated range of uncertainties (both
positive and negative). The TAC concludes that the cost estimating process conducted
by the JCT is sound and the cost estimate provided is valid. The estimate represents
the result of an exceptional effort by the JCT and the Home Teams and is sufficiently
complete and detailed, at the present stage, to provide a reliable total cost.

Recommendation:

The TAC strongly recommends to the ITER Council that the Interim Design and
Cost Report be accepted as a good basis for proceeding to the Detailed Design.
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3. PHYSICS BASIS, PLASMA SCENARIOS, DIAGNOSTICS

3.1. Findings:

3.1.1. Performance Margins

In terms of plasma performance characteristics and margins, the present design
can meet the ITER programmatic mission and technical objectives.

Plasma performance predictions, using standard assumptions, namely ELMy
H-mode confinement scaling laws and H-mode profiles (as recommended by the Expert
Group), impurity/helium accumulation data, and data on performance in proximity to
beta limits derived from present experiments, indicate that the plasma performance for
the present design is sufficient to allow ignition and sustained burn at 1.5 GW for 1,000-
seconds with some margin.

Confidence in plasma performance is increased by the provision of 100 MW of
auxiliary power in the present design, which should ensure that the H-mode threshold
will be exceeded and will also enhance capabilities for extended-bum and steady-state
operation. Moreover, with 100 MW of auxiliary heating power, a satisfactory driven-burn
scenario at 1.5 GW (i.e., Q = 15) will be available even if plasma performance falls at
the lower end of the range of possible extrapolations.

The plasma performance margins are robust to varying the ratio of the effective
helium confinement time to the energy confinement time over a fairly broad range.

Successful functioning of the divertor system will be essential for realizing the
required level of plasma performance.

3.1.2. Operation Limits

The beta-value of the ITER plasma lies well below theoretical ideal MHD limits,
but is in close proximity to empirical limits found in present-day ITER-like plasmas. The
combination of first-wall/shield/back-plate conductivity and toroidal plasma rotation
should be adequate to provide stability against the dominant resistive modes in ITER.

Sawtooth effects do not have a significant impact on central plasma burn, since
enhanced transport in the sawtooth region can be accommodated; however, by coupling
to a global kink mode at high beta, large sawteeth can be one of the mechanisms
leading to plasma disruptions.

The density of the ITER plasma lies above the limit derived for ohmic plasmas,
but below the limit predicted by other empirical formulations in which the heating power
appears explicitly. Further experiments with pellet fueling and strong auxiliary heating,
preferably with detached plasmas, will be needed to confirm the validity of the ITER
operating density. Even if the density is limited to the lower value, a driven-burn
scenario is available at almost the full fusion power.

3.1.3. Plasma Control

The design of the PF system provides for reliable breakdown with electron-
cyclotron assist, and for current-rise and plasma shape control together with divertor
and antennae matching. The operational flexibility of the PF system is such that not only
should sustained burn be possible for 1,000 seconds at the 1.5 GW level with a plasma
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current of 21 MA, but longer-pulse driven-burn scenarios (e.g. 16 MA, 2,000-
4,000 seconds) and a high-bootstrap-fraction steady-state scenario can be
accommodated.

Although the present PF system meets all requirements, further optimization of
its operational flexibility would be advantageous, both to improve divertor strike-point
control and to increase upper plasma triangularity (so as to allow maintaining the
q-value above 3.0 throughout the reference plasma scenario at 21 MA). Further
optimization should be balanced against the possible engineering and cost impacts.

Pulsed power of approximately 650 MW provides operational flexibility such that
most of the auxiliary heating power can be applied during the current rise, after the
divertor configuration has been established (at about 15 MA).

The PF system provides for plasma control sufficient to prevent first-wall contact
for a range of abrupt changes in plasma parameters. It has been demonstrated that the
control system can deal with small vertical plasma displacements, with repetitive small
pressure drops, such as are associated with ELMs, and with a significant number of
less-frequent large (20%) pressure drops, such as arise from minor disruptions, without
plasma-wall contact or the ac losses in the coils becoming excessive, provided sufficient
power is available in the PF system. Further analysis is needed to determine more
precisely the PF power requirement. For PF control of transients to be effective, it will be
necessary that the effective toroidal resistances and geometry of the
first-wall/shield/back-plate and of the vacuum-vessel remain in their present ranges.

It is noted that the control system at its present stage of definition lacks a
description of the integrated requirements, including real sensors that will be employed;
to avoid excessive ac losses, a control strategy will be needed which responds only to
potentially harmful transients and ignores very-high-frequency small-amplitude
disturbances.

3.1.4. Plasma Disruptions

The ITER design can accommodate plasma disruptions of various types.

Disruptions in which the thermal quench occurs without loss of vertical stability,
so that the divertor configuration remains intact, can produce melting and vaporization in
the divertor, which the present design accommodates. Vapor-shielding may have the
capability to distribute the energy fairly uniformly over the divertor walls, protecting the
target-plate from excessive erosion.

Disruptions resulting from loss of vertical stability, i.e., the so-called Vertical
Displacement Events (VDEs), pose potentially more demanding requirements in ITER,
because the divertor configuration is rapidly lost and the plasma thermal energy is
deposited on local regions of the first-wall. In addition, a large poloidal "halo* current is
formed, which can pass through the shield/back-plate and the vacuum-vessel,
producing large mechanical loads on these components. If the halo current exhibits
large toroidal asymmetry, as is observed in present-day tokamaks, it is planned to
introduce further reinforcing in vulnerable regions of the present ITER shield/back-plate
and vacuum-vessel designs so as to withstand these loads.

It is proposed to employ a pre-emptive intervention technique, using pellet
injection, to mitigate the most severe consequences of VDEs (expected time-scale of
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order a second) by provoking thermal and current quenches before vertical stability is
lost. This technique will require identification of appropriate precursor signals and needs
experimental demonstration.

3.1.5. Fueling

It is noted that fueling and particle exhaust requirements have been defined in
fairly broad ranges, taking into account in-vessel tritium inventory constraints and the
gas flow needed for impurity entrainment in the divertor. It would be useful to define
more precisely a set of reference values for the standard plasma/divertor scenario. It
seems likely that the optimum approach will involve tritium pellet injection and
deuterium-tritium gas recirculation.

3.1.6. Diagnostics

Excellent progress has been made in developing diagnostic plans for ITER,
which the TAC has reviewed for the first time at the present meeting. On the basis of
this preliminary review, the categorization of measurements, i.e., into (i) control and
protection, (ii) performance evaluation and optimization, and (iii) physics understanding,
seems reasonable to the TAC, as also does the initial selection of diagnostics to make
these measurements. The diagnostics to provide the measurements in the first two
categories are costed; within these categories, those forming the "start-up set," together
with the interface costs of the other systems, are in the construction cost estimate, and
will be available for "first plasma," while the balance are included in operating costs, and
will be available at the start of D-T operation. The TAC would be willing in the future to
review more thoroughly the proposed list of measurements and set of diagnostic
systems in the context of the operations plan, especially in the area of plasma control,
and the physics program.

3.2. Recommendations:

3.2.1. Physics Performance and Plasma Scenarios

It is recommended that the further development of the engineering design
throughout the balance of the EDA should proceed on the basis of the predicted physics
performance and the plasma scenarios embodied in the present design.

3.2.2. PF Flexibility

A design study should be undertaken to quantify the possible improvements in
operational flexibility which could be achieved by using a segmented central solenoid
(CS), either by changing to a pancake-wound design or by adding CS inserts. This
approach could ease the constraints on PF-coil currents, provide improved divertor
strike-point controls, and allow better use of the high-field region to increase the upper
triangularity, thereby raising the q-value above 3.0 throughout the reference plasma
scenario at 21 MA. These potential advantages should be balanced against engineering
issues of reliability (forces on leads/connections), assembly and remote maintenance.
The overall cost impact should be assessed.

3.2.3. Physics R&D

Most of the needed physics R&D tasks are already part of the ITER physics R&D
program, which has been developed by the Expert Groups and reviewed by the ITER
Physics Committee. This process has been highly productive, and its continuation

77



throughout the EDA is essential. Within this program, the following items seem
particularly critical:

• There is a continuing need for experimental data from existing tokamaks on H-
mode confinement in ITER-like configurations, especially near the beta-limit,
and on the power thresholds for L-to-H and H-to-L transitions. The isotope
scaling of the power threshold in deuterium-tritium plasmas needs to be
determined.

• There is a need for a more extensive data-base on tokamak operation above
the ohmic density limit in ITER-relevant operational conditions, including high
auxiliary heating power and pellet fueling.

• In view of the importance of plasma control in ITER, there is a need for
improved documentation from existing ITER-geometry tokamaks of the
characteristics of the various types of plasma disturbances which occur, and for
testing of the specific elements of the sensing and control techniques to be
employed in ITER.

• There is a need for R&D to test vapor shielding and melt layer behavior due to
transients in a tokamak.

3.2.4. Diagnostics

As part of the improved overall definition of the operating plan, the schedule for
diagnostic development and installation should be reexamined; issues of hardware and
personnel costs and the roles of the Parties in the operating phase need better
definition.

4. IN-VESSEL SYSTEMS, INCLUDING RELATED PHYSICS

4.1. Findings:

4.1.1. Vacuum Vessel

The TAC supports the direction of the development of the vacuum vessel design
and the choice of SS 316LN as the first option for the material. The stresses associated
with vertical displacement events, using possibly pessimistic assumptions of magnitude
and asymmetry of halo and induced currents from present experiments, will be resolved
in the detailed design. Preliminary indications from more detailed modelling are that
these stresses can be accommodated by local strengthening of the vacuum vessel.

The TAC finds that the proposed array of steel plates, together with water,
provide adequate shielding, but insulating balls may still be required in some parts of the
vacuum vessel. The port-split-on-centre approach, which reduces the number of field
welds and permits a larger port size, is accepted as the primary option. A number of
issues remain, but will be resolved with input from the ongoing R&D program: in
particular, changes to the vessel support structure, the interface between the back-plate
and vacuum vessel, and assembly and welding.

The vacuum vessel and magnet groups should interact closely to produce the
final integrated design, since the vacuum vessel and magnet designs are both closely
coupled to the vacuum vessel support structure.
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4.1.2. First-Wall/Blanket/Shield

A credible first-wall/shield design concept, based upon modules, is emerging as a
result of very positive cooperation between the JCT and the Home Teams, and this
appears capable of meeting the requirements of the ITER Basic Performance Phase.
The design integrates the shield and first-wall with a common coolant. The shield
occupies sufficient space to accommodate the future incorporation of a breeding blanket
which should be installed before the Enhanced Performance Phase. Breeding blanket
test-modules will be installed in the ports and tested during the Basic Performance
Phase.

An important issue to be solved is the attachment of the first-wall/shield modules
to the back-plate by welding or bolting with the assistance of shear ribs. Further issues
to be resolved are: rewelding in the presence of helium generated in the material;
assembly procedure to meet first-wall tolerances; and verification of the timescale for
change-over and repair with remote handling tools. A continuing strong R&D program is
needed to resolve these issues. The uncertainty over stresses on the modules and
back-plate, generated by disruptions and vertical displacement events, will be reduced
by a focussed physics R&D effort on the magnitude and asymmetry of halo and induced
currents for ITER relevant discharges. There are several present tokamaks in the world
which can and should contribute to the better understanding of these phenomena during
the EDA. A range of approaches to terminating disruptive discharges, before the vertical
displacement leads to excessive forces, should be developed and investigated as part
of the physics R&D program.

A preliminary study of possible breeding blanket modules suggests that, with the
present design, an adequate breeding ratio can be achieved for the Enhanced
Performance Phase without a reduction in the present size of the plasma. The
replacement of the Be/Cu first-wall by Be/steel required for adequate breeding may be
possible after the heat loading on the first-wall has been characterized and disruption
loads reduced during the Basic Performance Phase.

4.1.3. Divertor

Good progress has been made in refining the design of the divertor and
associated equipment. The concept appears sound in regard to key aspects of the
divertor, and associated fueling and pumping systems, taken individually. The physics
R&D program to provide systematic experimental testing of ITER-like divertors and their
compatibility with the requisite confinement modes is required. In addition, validation of
divertor codes and verifying various concepts, including the influence of different
radiating impurity species and H/D/T isotopic mixes, is required to confirm the present
design choices or future modifications of them.

The TAC supports the choice of the vertical target configuration as the reference
design. Nevertheless, it is important to retain the flexibility to accommodate different
configurations - vertical target divertor, gas box divertor, and various fueling and
pumping scenarios. To maintain both physics performance and engineering flexibility,
the present amount of space for the divertor should be retained.

The maintenance concept has progressed well, and further efforts are
encouraged to simplify the systems in ways that will minimize downtime and waste
production during operations. Further development of techniques for in-situ repair is
encouraged, particularly for vulnerable components.
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The TAC supports the JCT position of keeping open the options for material
choices for the divertor and baffle plasma-facing components, namely beryllium, carbon,
and tungsten, and continuing their parallel development, until more data is available
from tokamaks and test facilities. A selection is not needed before the end of the EDA.

Further studies are planned on stresses, neutron shielding, tritium retention, wall
conditioning, after-heat, safety implications of the plasma-facing components and
low-density start-up scenarios, but where the studies have been made, they are
supportive of the present design.

The TAC supports the initial assessment of the pumping and fueling systems
which has been made, including the interface with the tritium system and the impact of a
limit on the tritium available per discharge. The divertor duct conductance is compatible
with the flow, but optimization for the capacity of the pumps and ducts has yet to be
carried out. A more detailed study is now required to provide an integrated design for
the fueling and pumping system for a wide range of operational scenarios; the design
should be compatible with the tritium plant.

4.2. Recommendations:

4.2.1. Vacuum Vessel

The TAC endorses the present design concept for the vacuum vessel as being a
good basis for proceeding to the Detailed Design.

The TAC recommends that, as the vacuum vessel is a primary safety boundary,
the JCT should specifically consider all code requirements, especially in-service
inspection, and consider how to resolve areas that are not clearly covered by the codes.

4.2.2. First-Wall/Blanket/Shield

There is a need to continue to develop and finalize the reference design. The
R&D programs should focus on design-specific tasks with the resolution of disruptive
loads and first-wall/shield-module attachment to the back-plate as the highest priority
items.

The TAC recommends that the possibility of crack propagation from the copper
alloy into the stainless steel structure of the first-wall due to radiation embrittlement
should be reexamined in the light of the inlet coolant temperature of 100°C.

4.2.3. Divertor

The TAC stresses the importance of integrated testing of operational scenarios in
present divertor tokamak experiments including the choice of radiating impurity species
and H/D/T isotope effects.

The TAC endorses the continuing R&D program and places emphasis on
materials, joining techniques, maintenance, vapor shielding, tritium retention and
removal, fast-response gas-injection systems, and module fabrication and testing .

The reference design should be further developed for the Detailed Design review,
but the selection of the divertor plasma-facing materials can be deferred until the end of
the EDA.

80



In the event that carbon-based divertor components are used, the TAC supports
the continuing assessment of methods for baking these components in the divertor to
350 °C.

The TAC recommends that emphasis be given to the detailed design of the
refueling and pumping systems, taking into account the speed of response of these
systems and the compatibility with tritium processing.

5. EX-VESSEL SYSTEMS, INCLUDING RELATED PHYSICS

5.1. Findings:

The TAC finds that the design of the ex-vessel systems is progressing very well.
Many of the questions raised at the informal review have been answered, and it is
expected that the remaining questions will be resolved during the remainder of the EDA.
Experimental verification of the key design assumptions is important in all cases.

5.1.1. Magnet Systems and Structures

The advice from expert groups has been very helpful in realizing this new design.
In summary, the magnet, structural design, cryostat and assembly procedure presented
by the JCT and Home Teams appear sound and capable of meeting the ITER
requirements.

The design approach for the Poloidal Field (PF) system provides for reliable
breakdown with electron-cyclotron heating assistance, for optimum shape and current
control together with divertor and antennae matching, and for preventing first-wall
contact for a range of abrupt changes in plasma parameters. The operational flexibility
of the PF system is such that not only should sustained burn be possible for
1,000-seconds at the 1.5 GW level, but other scenarios with longer pulse length
(> 2,000-seconds), including a driven-burn scenario and high bootstrap-fraction
scenarios, can be readily accommodated. The TAC supports studies of a segmented
central solenoid (CS), and the possibility for increased flexibility in operation while
maintaining divertor strike-point control.

The effective resistance of the first wall and blanket has been determined. Using
this information, it has been shown that the control system can handle moderate
frequency, repetitive pressure drops without plasma-wall contact, and with acceptable
ac losses in the superconducting coils, provided there is about 250 MW of control power
available. The TAC notes that the maximum pulsed-power from the grid for ITER is
presently proposed to be about 650 MW, and at this level about 70% of the auxiliary
heating power (dependent on which systems are used) would be available during the
current rise phase.

Excellent progress has been made in the design of the Toroidal Field (TF) coils
and structure. The reduction from 24 to 20 TF coils gives much better access for
assembly and maintenance. The increased gap for assembly between the Central
Solenoid (CS) and TF coils and the addition of a TF-coil case, which eliminates the keys
from the inner TF-coil legs, greatly simplify assembly. The use of radial shear plates
retains the attractive Outline Design feature of protecting the turn insulation, while
allowing the use of pancake-type windings. Pancake-type windings, through their
modularity, contribute to simplification and have quality-assurance benefits during
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construction. With the use of a TF case, an integral coil/intercoil structure and directly-
mounted PF coils are possible, leading to a more efficient structure. The CS coil lift-
weight has been substantially reduced.

The Nb3Sn strand is a major component of the cost of the coils. The TAC notes
that the strand unit cost for the model coils is up to 50% higher than the current
industrial estimates for the ITER itself. However, the JCT expects that for ITER there will
be a significant reduction in rejection and waste during manufacture, and that there will
also be benefits of a larger volume of production.

Some issues remain about the use of Incoloy for the conductor jacket, e.g.,
oxidization effects during conductor manufacture and possible ferromagnetic effects.

The TAC notes that no nuclear heating values are given for the PF coils.

Further work is required to estimate the manufacturing and installation tolerances
required to ensure ease of assembly and acceptable field errors. The latter assessment
is necessary for definition of the field-error correction coils.

The ability to test each type of coil (all of the PF coils) at full current, prior to
assembly in the machine, is a very valuable improvement. Further evaluation of the
impact of testing more of the TF coils (even all of them) would be of interest.

Finally, the TAC emphasizes again the importance of having timely Model Coil
tests.

5.1.2. Thermal Shield and Cryostat

The design concepts for the thermal shield and cryostat form a sound basis for
proceeding to a more detailed engineering design.

5.1.3. Assembly

In regard to machine assembly, very significant advances have been made. All
major components have been considered, and a feasible approach for the assembly of
the whole machine, including the in-vessel components, has been developed. The
proposed assembly scheme is compatible with the proposed crane capacity. Good
progress has been made in identifying remote-handling approaches for the various
components. Nevertheless, the remote handling of the coil-bus connections and the
replacement of PF coils PF5, PF6 and PF7 need more attention.

5.2. Recommendations:

5.2.1. Magnet Systems and Structures

While many of the issues raised at the informal design review have already been
answered, a number of issues require continuing attention. The main recommendations
from TAC are for:

• Continued emphasis on ensuring the timeliness and adequacy of the TF and
CS Model Coil tests.

• Continued work with the Nb3Sn strand manufacturers to give increasing
confidence about the cost savings anticipated for ITER construction.
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• Further analysis of the segmented CS option.

• Further assessment of the pulsed power requirements, including the needs for
plasma control power and for having full auxiliary heating power available
during the current-rise phase.

• Continued evaluation of the consequences of using Incoloy for the conductor
jacket.

• Assessment of the nuclear heating of the PF coils, taking into account the
effects of the ports and ducts.

• More detailed analysis of the coil and structure design in regard to quality
control of coil manufacture for error-field minimization, interfaces and assurance
of access, and ensuring a good fit during assembly and replacement.

6. TOKAMAK SUPPORT SYSTEMS, DIRECT

6.1. Findings:

6.1.1. Pulsed Power Supply

The pulsed power supply system provides electrical power to the Toroidal Field
(TF) and Poloidal Field (PF) superconducting magnets, and the auxiliary heating and
current drive systems.

The pulsed power supplies concept is sound. It is based on the site assumptions,
and it meets the requirements of the operational scenarios.

The pulsed power has a nominal period of 2,200 seconds. The total peak
demand will be limited to 650 MW active power and 500 MVA reactive power. The rate
of change of the active power will be limited to 200 MW/s, with maximum step changes
of 60 MW.

The TF system consists of 20 superconducting coils connected in a series circuit
with 20 fast discharge circuits interleaved in series with each coil to protect the coils in
case of quench. The ac/dc converters are able to ramp the TF current from zero to full
rated current in three hours. Approximately 100 GJ of energy is stored in the TF system
at full current.

The PF system consists of 8 superconducting coils. Each PF coil is supplied with
power by its own circuit that includes ac/dc converters, switching networks, and
discharge circuits.

With the present site power assumptions, the amount of additional heating power
available during the current rise phase is about 70% of the foreseen 100 MW.

6.1.2. Heat Transfer Systems

The ITER Heat Transfer Systems (HTS) have been designed to remove all heat
deposited in the torus during discharges and any nuclear after-heat, and deliver it to the
heat sinks. The system also maintains the in-vessel component temperatures and
provides the bakeout capability for ITER. The design of the HTS loops is based on
conventional water cooling technologies from the PWR7BWR nuclear industry. The
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definition of the HTS has progressed well, and the interim design is capable of meeting
all of the GDRD requirements.

The HTS of the first-wall/shield/blanket, including the in-vessel ECH and ICRF
systems, consists of four primary coolant loops, connected to the cooling tower heat
sink by four secondary coolant loops used as barriers for tritium and/or activated
corrosion products. This system is designed to exhaust 2,000 MW. The inlet water
temperature during normal operation is 100°C, and the bakeout temperature is 200°C.
The primary loops are 304L stainless steel construction, while the secondary loops are
made of ferritic steel for cost reasons.

The divertor cassette HTS has an inlet water temperature of 150°C to keep the
copper alloy at an elevated temperature in order to avoid neutron-irradiation
embrittlement. The baking temperature for the divertor cassette is presently limited to
240°C by the HTS.

The normal vacuum vessel thermal heat load is only 3 MW, but the vacuum
vessel is also the ultimate heat sink for all decay after-heat in the event of failure of
other in-vessel coolant systems. The design is such that each of the two coolant loops
can remove the maximum 5 MW of decay heat by natural convection. The bakeout
temperature is 200°C.

The secondary confinement barrier for the large coolant components is the HTS
vault. In order to protect against overpressure resulting from an ex-vessel
loss-of-coolant accident, a filtered vent system has been designed to provide pressure
suppression while removing radioactive particulates and tritiated water from the
exhaust. Corrosion in the HTS is controlled by filtering, ion exchange columns, and
water chemistry control.

Costing has been done using non-nuclear specifications for components and
construction. Costs were supplied by the Home Teams based on standard industrial
practices. Cost savings may be realized through design optimization, the
standardization of piping and components, and elimination of the intermediate loop for
the first-wall/shield/blanket if it is not required for safety reasons.

6.1.3. Cryoplant

The cryoplant design has progressed well, and it should be capable of meeting
the needs of the ITER machine with enough margin to accommodate the failure of an
individual component, although with reduced performance.

The main function of the cryogenic system is to produce both liquid and 60-100 K
gaseous helium and to remove heat during normal operation, including cool-down from
the following subsystems: superconducting magnet system, cryopumps and pellet
injectors, gaseous cooled thermal shields, and on-site pre-assembly cold and
full-current testing of the coils .

The largest cryogenic user is the magnet system. The cooling requirements for
the magnet system are, to date, the most well-defined. The total equivalent refrigerator
cooling capacity of this system is 125 kW, of which 100 kW (75 kW, plus 7400 l/h at
4.5K) is for the magnets. The next largest users are the various cryopumps, with the
preliminary estimate of the total load being about 20 kW. The maximum heat load of the
thermal shields is 300 kW at 80 K.
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After cool-down, the magnet system and thermal shields are expected to remain
in a cryogenic state for 1 to 3 years. The cryoplant will have the capability to recover
normal operating conditions in the magnet system within two days in the event of a coil
quench. A warm gaseous storage system will be incorporated in the cryoplant to avoid a
large loss of helium to the ambient atmosphere after a coil quench.

The most demanding pulsed scenario in the experimental program is used to
estimate the peak cooling capacity of the cryoplant. The helium cryoplant will consist of
4 to 5 modules of the same cooling capacity. One or more modules will be used for on-
site pre-assembly coil testing before the complete cryoplant is installed. The final choice
of the required number of modules (individual size) for the LHe plant will be made after
a trade-off study for meeting manufacturing and shipping constraints for large capacity
cryo-equipment and cryogenic system reliability. Should a refrigerator module be
unavailable, cooling at reduced capacity may be provided during alternating standby
and pulsing shifts, with LHe accumulations during the standby shift for use in the
subsequent pulsing shift. A good feature is this ability of the system to handle ITER
operation with the reduced number of modules.

6.1.4. Tritium Plant

Very good progress has been made on the design of the tritium-related systems,
which are largely based on proven technology. The progress of design has made
possible further development of the safety and cost evaluations. The designs of major
sub-systems such as the Tokamak Exhaust Processing System, Isotope Separation
System, Water Detritiation System, Atmosphere Detritiation System, etc., have been
developed in accordance with the requirements specified in the GDRD.

An overall tritium flow map and an overall active ventilation system map, based
on the current conceptual design, have been made; this is very important to confirming
tritium flow consistency among the tritium-related systems.

The Home Teams have supplied component costs. These are based on the costs
of industrial and laboratory systems.

The Tokamak Exhaust Processing and Isotope Separation Systems are designed
to meet the updated fueling and pumping requirements. For fuel clean-up, four
technologies are being studied by the Home Teams. An integrated tritium test program
will commence in the next year, based on the reference design of the fuel clean-up
system.

The Isotope Separation System design meets the requirement for processing of a
variety of feed streams from plasma exhaust, impurity processing, NBI regeneration and
water detritiation. For further optimization, fueling and pumping requirements and
tokamak operational scenarios will be integrated in the detail design.

Development of uranium beds with the capability of in-situ inventory assaying is
ongoing through Home Team R&D. The detailed design of the self-assaying bed will be
available at the end of the EDA. The design of the storage and distribution system, as
required for safety assessment, will be available at the end of 1996.

The design of the Water Detritiation System allows continuous water detritiation
to reduce the tritium level in the effluent water. Quantification of tritiated water sources
will be improved during the detailed design phase.
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The configurations and capacities of major Atmosphere Detritiation Systems
have been studied for the ITER buildings which contain tritium. Further optimization of
the active ventilation systems will be done during the detailed design phase for the
Tritium Processing Systems, the Buildings, and the Fueling and Pumping System.

Areas for further investigations include: the need for a tritium inventory survey to
facilitate safety evaluations, and the need to further examine the ALARA concept for the
tritium-related systems.

Some issues with regard to Impurity Processing, Tritium-Extraction from
Test-Blanket Modules, Analytical Systems and Control Systems, remain and will be
addressed before the end of the EDA.

6.1.5. Remote Handling

The design of remote handling systems has progressed significantly. Substantial
design changes have been made to the magnet systems and in-vessel components in
order to improve remote maintainability. The TAC endorses the remote-handling
classification scheme and basic remote-handling strategy. A good feature of the
remote-handling strategy is that it permits the maintenance of the in-vessel components
(divertor, first-wall and shield/blanket) without the need to break the cryostat vacuum. It
is planned that the transfer of the components, via transfer casks, will occur from the
maintenance cells to the Hot Cell through the underground tunnel. A second good
feature is that in-vessel viewing/inspection is conducted from the top port of the
machine without breaking the vessel vacuum.

The duration of in-vessel component replacement is critical to the machine
availability. It is encouraging that the replacement times of all shield/blankets and all
divertor cassettes are estimated to be within 24 months and 6 months, respectively, as
required in the GDRD. More detailed studies and an R&D effort using mock-ups are
expected to confirm the target maintenance times. It is noted that identification of
anticipated failure modes of the components (at various locations of welding, stress
concentration and joints) is important in establishing systematic reference
remote-maintenance scenarios.

As for remote inspections for repair and replacement, several concepts of in-
vessel viewing and non-destructive testing are proposed.

6.2. Recommendations:

6.2.1. Pulsed Power Supply

The TAC recommends that further design optimization of the pulsed power
system be continued, in regard to operational scenarios, taking into account
maintenance costs during operation.

6.2.2. Heat Transfer Systems

The present design of the cooling system for the divertor calls for an inlet
temperature of 150°C, because of the degradation of copper-alloy properties at lower
temperatures owing to irradiation. The TAC supports the study of alternative
approaches which would permit the use of lower inlet temperatures to increase the
critical heat-flux margin.
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The TAC supports the continuing assessment of methods for baking the carbon-
based divertor components to 350 °C, if they are used, as well as the design of such a
bakeout system, if needed.

Further evaluation is recommended by the TAC of the need for an intermediate
loop for the first-wall/shield/blanket, since tritium and activated corrosion product
concentrations may be acceptable in the primary cooling loop.

6.2.3. Cryoplant

The TAC recommends that studies be made of two alternative approaches for
cooling the thermal shields: by using process-helium from the LHe plant, and by using a
stand-alone plant.

The TAC recommends a continuation of the study of various operation modes
with failure of one or more refrigerator cold boxes and other cryogenic devices such as
expanders, cold valves, LHe pumps and instrumentation, in order to evaluate the
reliability of the cryosystem, and the fault scenario and planned maintenance.

6.2.4. Tritium Plant

Operational modes including fueling and pumping of the tokamak should be
identified, and dynamic modeling of the tritium-related systems should be carried out.
This is expected to result in the evaluation of the complete in-process tritium inventory
distribution and optimization of the tritium-related systems.

6.2.5. Remote Handling

The concept, strategy and scenarios of the remote handling are endorsed. The
TAC recommends:

• To examine further the feasibility of repair or replacement of the lower PF coils.

• For component designers, to identify possible failure modes of important
components to ensure the successful application of remote-handling scenarios.

• To further develop the remote-handling requirements of the plasma heating
and diagnostic systems.

• To verify the feasibility and reliability of the key remote-handling in-vesse!
procedures based on the planned R&D program using mock-ups.

7. SITE PLAN AND TOKAMAK SUPPORT SYSTEMS, REMOTE

7.1. Findings:

The TAC reviewed the ITER general site layout to confirm that the site and
buildings provide the necessary space for the project, provide the environment and
support services to implement the ITER program, protect equipment and personnel from
external hazards in accordance with the GDRD, and provide adequate worker and
public safety. The JCT presented descriptions of the Tokamak Buildings and the Hot
Cell (nuclear buildings) and the Emergency Power Generation Building (operation
buildings). In addition, the overall site layout for the following buildings was shown:

87



Nuclear buildings - Radwaste Building and Personnel Building;
Operation buildings - Tokamak Services Building, Control Building;
Industrial buildings - Cryoplant, Magnet Power Supply and Conversion, RF

Auxiliary Heating, NBI Power Conversion, Site Services, PF Fabrication,
PF Test, RH Mock-up, Assembly/Laydown Storage;

Industrial structures - Switchgear Yards, on-site Water Basins;
Site improvements - Utility tunnels, Fences, Roadways, etc.

The JCT also presented their proposed concept for radwaste management
systems, site steady-state electric power requirements (260 MW steady-state, 8 MW
emergency), heat rejection requirements (2,600 MW peak during experiments, including
250 MW of component cooling water). The JCT also presented the imbedded building
systems (house water, compressed air, air conditioning) and the concept for radiological
monitoring. The JCT has defined a 73.4 hectare requirement for the site, which with
optimization could be reduced to the 70 hectare requirement. In addition, 60 hectares of
land adjacent to or near the site has been identified by the JCT as necessary to meet
contractor-specific needs during construction, radwaste storage/disposition during
maintenance and decommissioning, and final heat rejection systems (cooling towers,
connections to a river or similar).

The TAC concludes that the design and layout of the buildings, structures, and
facility meet the General Design Requirements and are consistent with the operational
requirements of the tokamak components designed to date. The JCT has put
substantial effort and consideration into the site plan, and a credible, functional facility
has been designed. The overall arrangement provides efficient connections between
subsystems, provides flexibility for possible expansion, and minimizes the controlled
space.

The TAC finds that the facility will meet device-specific needs during
construction, commissioning, operation during the Basic Performance Phase (including
class I & II planned remote-maintenance procedures), the transition to the Enhanced
Performance Phase, operation during the Enhanced Performance Phase (including
class I & II planned remote-maintenance procedures), and provides considerations for
decommissioning.

The cost of the buildings and structures is anticipated to be about 18% of the
total construction cost. This estimate is a consequence of using comparable cost factors
from the nuclear industry and a good representation of the major cost drivers for
buildings and structures (concrete and steel). It is desirable to reduce the site costs
further; however, further refinement of the auxiliary building costs is currently not
achievable due to the following uncertainties:

• The site is not yet selected, thus civil and geographically specific requirements
are not known;

• The tokamak and its support hardware are well defined and consequently the
tokamak hall and associated buildings are well conceived; however, the specific
utility support services cannot be finally specified until the detailed designs of
the system are completed.

7.2. Recommendations:

The JCT should ensure that the buildings and the associated foundations are
designed to incorporate the future shielding or structure reinforcement that may be
necessary to eventually do all class III (unplanned) remote-maintenance repair work
during the BPP and EPP.



The JCT, working with the Test Blanket Working Group, should clearly identify
space and associated facility support services that will be necessary to implement the
anticipated test program of test modules during both the BPP and the EPP. In particular,
the TAC is concerned that adequate space should be provided in the pit area for remote
handling of the test modules, the blanket/shield modules and divertor cassettes, and the
TAC is concerned that pit modifications be identified that may be required to replace coil
PF-7.

A specific reference design for an exhaust stack, consistent with the current
building and site design and GDRD requirements (including worst-case tritium release
scenario) is now required.

The JCT is encouraged to provide a more detailed assessment of the amount,
rate of production and radiation level of the activated material that needs to be
processed. This input will better define the building shielding requirements, confinement
requirements, cooling requirements, detritiation requirements and overall size of the
waste management system.

The JCT is encouraged to assess forms of fire suppressant other than water
(nitrogen, carbon dioxide, etc.) for suitable areas where local considerations (involving
tritium release, high voltage, lack of personnel access) may prove to be important
effects.

8. Safety

8.1. Findings:

The TAC finds that the safety-related work of ITER is progressing very well. Major
findings by the TAC are summarized below.

The fusion-specific safety approach adopted by the JCT in "General Safety and
Environmental Design Criteria" and the contents described in "Preliminary Safety
Assessment" represent, at present, a good set of functional safety requirements and
informative predictions of safety aspects of ITER. These approaches and contents are
generally acceptable.

"Safety Importance Classification" and "Seismic Classification" represent graded
approaches to classifying various components relevant to safety, and classifications of
various relevant components are described in the Interim Design Report. The approach
seems reasonable, but should be extended to include the influence of hazards other
than radioactivity.

Continuing effort is needed to implement the adopted safety approaches to the
design of all the relevant systems and components of ITER, so that the entire plant will
be designed consistently in accordance with these safety approaches.

Various safety design strategies adopted by the JCT, e.g., to minimize local tritium
inventories in the plant to less than 100 grams and to mitigate pressure build-up in the
vacuum vessel at postulated accidents, are reasonable. The combined use of
probabilistic and deterministic approaches needed for demonstrating the safety of ITER
seems reasonable, in view of the rather limited reliability database available from
experiences accumulated thus far with fusion devices.
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The strategies in regard to the multiple confinement barriers for radioactive
materials, decay-heat removal by natural circulation of coolant, "no evacuation" goal,
and prevention of common mode failures of safety-related components appear
reasonable. However, detailed implementation is necessary to assure the adequacy of
these strategies. Further effort is needed to analyze in more detail the likelihood of Be-
steam reactions to produce hydrogen, possible accidents during maintenance, and
radioactive effluents and wastes from the plant at normal operation as well as accidents.

The JCT will produce, by the end of 1996, a "Non-Site-Specific Safety Report" of
ITER that will contain the results of the detailed safety analysis of plant, based on the
actual design of the safety-related systems and components of ITER. If the scope as
well as the depth of the analysis will be comparable to those to be used by anticipated
regulatory bodies of the Parties, it is expected that the results can be used by the
Parties to analyze the adequacy of their potential sites for ITER.

8.2. Recommendations:

The TAC recommends that the planned approaches be pursued so that ITER will
be designed to be a safe fusion experiment. For this purpose, within the JCT, frequent
interactions between the Safety Division and the designers of the safety-related systems
and components will be important, and in addition, several iterations of safety analysis
and design of the relevant systems as well as components will be essential.

More detailed safety analysis of the ITER plant under normal operating conditions,
including maintenance, and during the postulated accidents, based on the
characteristics and performance of the relevant systems and components designed for
the plant, should be conducted as a part of the activities associated with the "Non-Site-
Specific Safety Report". The analysis should include careful estimation of the
radioactive effluents from the plant. The TAC recommends that the safety analysis
should define a robust safety envelope for ITER that will help expedite regulatory
approval of ITER construction.

9. COST ESTIMATE AND TIME SCHEDULE

9.1. Interim Design Report

The Interim Design Report provides the estimated costs for the ITER Project: for
Engineering and R&D, Construction, and Construction Management and
Commissioning to first plasma. The estimated costs are provided in less detail for
Operation and Decommissioning. The JCT has used a different approach to estimate
the costs for each of the four items.

9.1.1. Engineering and R&D after the EDA

The costs for Engineering and R&D after the EDA were estimated based upon
detailed planning of all activities, including R&D, needed to develop the design
information necessary to support procurement of each item in the facility, so that the
item is constructed or delivered at the site for its installation just in time. Table 1
presents the engineering manpower and R&D costs estimated by the JCT.
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Table 1. Design Engineering Manpower & R&D Costs

Joint Central Team (PPYs)

Home Team Design (PPYs)

R&D (klUA)

Present Report

to'94

173

353

441

EDA

'95-'98

625

403

212

Total

798

756

653

After EDA

387

370

94

Note: PPY = Professional Person Year;
and 1 IUA = 1,000 U.S. $ (January 1989);

= 127,510 ¥ (January 1989);
= 875.8 ECU (January 1989).

9.1.2. Construction

The approach used by the JCT in the estimate of the construction costs using
information provided by the Home Teams has taken into account:

• That differing conventions and assumptions about the procurement and
construction arrangements can produce differences in approaches to cost
estimating by the ITER Parties;

• That cost estimates from all or most of the Home Teams were received for most
items in ITER, representing 100% of the tokamak cost and 70% of the total
cost.

The cost information provided by the Home Teams (expressed in the respective
domestic currencies deflated by the JCT to a common date), however, provides
evidence that, for each of the Parties, the percentage of the construction cost accounted
for by each major system, i.e., its "value," can be considered the same. Therefore, it is
possible to normalize the information to a common basis, independent of economic
fluctuations and systematic differences in estimating practices, and develop an
"evaluated" estimate. This was done by the JCT.

To determine the evaluated estimate, the estimates from the Home Teams were
de-escalated in their currencies to January 1989, normalized and converted to ITER
Units of Account (IUA, 1,000 US$, January 1989). The JCT then used the best
(technically and economically justifiable) cost information from the Home Teams to
establish its estimate.

Explicit allowances for uncertainty were made by the JCT based on analysis of
detailed cost data provided by the Home Teams for each separate item, and using
informed judgment and past experience. The uncertainties applied to each item can be
positive and negative because:

• The nature of construction project management and procurement arrangements
may cause cost variations,

• Vendor costs can be affected by ITER project management adopting judicious
limitations on vendor warranty/guarantee requirements, and

• Commercial competition will tend to reduce costs.
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Items which are known to be in the facility, but for which no design or explicit cost
estimate is yet available, were included in the cost estimate by the JCT as an
"allowance for indeterminates." The total of these items amounts to less than 5%.

The project has considered it not necessary to provide "contingency" since:

• Cost uncertainties were explicitly stated,
• All cost items were comprehensively identified via a Work Breakdown Structure,
• R&D is being performed for major components during the EDA, to prove their

manufacturability and remote maintainability, and
• The JCT plans to use a "design-to-cost" approach in the forthcoming design

work.

9.1.3. Construction Management including Commissioning

Construction management, and associated engineering support during
construction, and commissioning in the transition between construction and operation
were estimated by the JCT from past experience in projects of similar complexity. In
addition, the estimated costs were compared with the costs recently experienced in
major experimental tokamaks.

9.1.4. Operation including Decommissioning

The JCT based the estimates of operation costs on a projected staffing for
operations, the costs of electricity (dependent on the host country), hypothetical costs of
the fuel (tritium is assumed to have a 10 klUA/kg value), and an allowance of 3% per
year of the cost of the facility (excluding buildings) for maintenance, spares, and capital
improvements, including diagnostics beyond the start-up set. The 3% per year figure is
borne out by current experience on existing large tokamaks and fission power plants. In
addition, the costs of several (five) divertor replacements and of replacing the
shield/blanket with the breeding blanket were added to the 3% cost figure.

Decommissioning costs were derived from experience in fission power plants and
current estimates for the present tokamak experimental facilities.

9.2. Findings:

9.2.1. Costing Methodology

The TAC considers that the costing methodology adopted by the project, in order
to provide the best estimate for the construction cost of ITER, is appropriate,
considering the international character of the ITER project, the consequent difficulty
inherent in assessing widely different methods of costing and the problem related to
comparing estimates expressed in currencies subject to exchange rates which vary
significantly with time. The facts that (i) the "values" of the different items, measured as
the percentage of a relevant fraction of the total cost, is essentially the same for all the
Parties with fair approximation, and (ii) the total costs of those items estimated by all
four Home Teams and de-escalated to 1989 money are within ± 5%, are good
indications of the quality of the estimating process and the validity of the JCT's
methodology. Each Party may refer to the cost in IUA as a starting point to escalate to
the present cost in its own currency, using the relevant national inflation indices
employed by the JCT. This method could be used to assess the present cost of ITER in
any particular currency. However, the resultant cost cannot be simply converted to the
cost in the currency of another Party using the present exchange rate.
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The TAC agrees that by carefully estimating the uncertainty margins in the cost
of each individual item, the project does not need to include contingencies.

The TAC notes that the JCT intends to maintain the cost within the indicated
range of uncertainty, and will attempt to narrow the margin of uncertainty by a more
precise appraisal of cost as the design activities progress to the Detailed Design. It
should be noted, however, that the indicated cost will remain unchanged only if
adequate resources are made available to maintain the schedule, and if major problems
beyond management control do not occur, such as delays in financing the project or in
the schedule and implications of the approval process by the relevant regulatory bodies.

The TAC notes that the design is still somewhere between the outline and the
detailed design stage, with practically no system already in the final design stage. In
addition, some of the R&D activities concerning the most critical items are in early
stages, which might imply some risk that the cost of some items could increase toward
the upper end of the uncertainty range.

The TAC concurs with the JCT that the procurement strategy will play an
important role in determining the real cost. A reduction in cost is likely to occur if open
competition is adopted in the procurement of components. While strong management
will be an absolute need for a project of this complexity, additional factors tending to
reduce the cost include (i) following a strict design-to-cost and procurement-to-cost
approach, (ii) optimizing the manufacturing procedures for the major items through the
development of the appropriate R&D, and (iii) limiting warranty/guarantee requirements
from vendors.

9.2.2. Engineering and R&D after EDA

The JCT time-schedule of ITER foresees site selection by mid-1998, at the same
time as the completion of the final design. The JCT indicates that site-specific design
activities, mainly related to safety aspects, lasting one and a half years, will have to be
conducted after the EDA; additional engineering R&D has been identified concerning
the major components of the machine and aspects of the design, which will also be
performed after the end of the EDA. The manpower and R&D-related costs for these
efforts, estimated by the JCT, are presented in Table 1. The JCT also envisages
launching in parallel the procurement of the longest delivery items (magnets and
vacuum vessel) starting immediately after site selection and the decision to construct.

The TAC considers that the amount of engineering manpower involved and the
cost of R&D proposed by the JCT appear reasonable. The JCT should work with the
Home Teams to develop a complete list and better estimate of this R&D. Some
clarification is needed with regard to the compatibility of the time schedule with the
regulatory aspects. Manufacturing of components may not be permitted to begin until
the construction has been approved by the host Party's regulatory bodies. The schedule
of the project may have to be reassessed in the future in view of these considerations.

9.2.3. Construction Costs

The total construction cost resulting from the estimating process conducted by
the JCT, in collaboration with the Home Teams and the Parties' industries, is:

5,850 +770/-791 klUA,

where 1 IUA = 1,000 U.S. $ (January 1989);
= 127,510 ¥ (January 1989);
= 875.8 ECU (January 1989).

93



This cost estimate was developed based upon a detailed Work Breakdown Structure
covering all ITER systems and facilities located on a generic ITER site and associated
land, which is needed both for construction equipment and for short-term temporary
storage of ITER operational wastes. The design that was costed was based on
assumptions contained in the Site Requirements and Site Design Assumptions
document reviewed by the Special Review Group set up by the ITER Council. The
construction costs are reported in Table 2, which shows for every major subsystem the
cost estimates, the Allowance for Indeterminates (AFI), and the uncertainty range.

Table 2
Construction Costs (klUA)

Provided by the JCT

Superconducting Magnet System
Vacuum Vessel, Shield/Blanket,
Divertor
Cryostat, Cryoplant, Vacuum Pumping,
Fueling, Tritium Plant
Heat Transport
Power Supplies
Heating & Current Drive Systems
(including their Power Supplies)
Diagnostics/Instrumentation & Control
Buildings/Structures
Assembly/Tooling (includes Remote
Handling)

Subtotal
Total

JCT Point Estimate
1,825

761

472
232
369

358
210

1,040

316
5,583

AFI
84
2

34
6
9

21

112
268

5,851

Uncertainty^
+205/-247
+177/-137

+39/-70
+38/-38
+36/-40

+94/-79
+34/-38
+90/-90

+57A57

+770/-796

The JCT indicated that items not included in the construction cost estimate are
the following:

• The cost of land for ITER was not included because the host is assumed to
provide the land. Also, the costs of various services ja the boundary of the ITER
site and associated land, such as roads, water, electricity, sewers, were not
included because the host is assumed to provide such services. Such services
on the site were included in the estimate.

• The direct costs associated with the regulatory process, i.e., preparing the
required reports in the native language, reviewing the reports and obtaining the
necessary approvals, were not included.

• The costs for disposing of ITER operational wastes once they leave ITER were
not included in the operations cost. The same is true for ITER final wastes, for
which a very preliminary decommissioning cost estimate was prepared by the
JCT.

• The costs of items replaced or to be installed during the operation of the
machine: divertor (five full replacements foreseen), breeding blanket, test
blanket modules, additional full diagnostics, additional remote handling
equipment. The costs of all of these items were included in the pperating cost,
except for the test blanket modules and the cost of their installation.
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• Insurance for shipment of components and transportation beyond the nearest
port of embarkation.

Regarding these items, the TAC notes that depending upon where ITER is sited,
modifications might be required and could affect the estimated cost. The TAC further
notes that there is the potential that the overall regulatory process could lead to
additional ITER costs if new requirements are imposed such as nuclear-grade
certification of any ITER components or facilities.

The TAC has made a thorough review of the system and components cost
estimates presented by the project and has reached the conclusion that the total
construction cost estimate, within the indicated uncertainty range, is substantially
correct. Looking at individual items, the TAC notes the following, which deserve further
investigation:

• TF and PF magnets - The present high cost of Nb3Sn strand, related to the
rejection and wastage rate during fabrication, could possibly leave room for a
substantial reduction through additional R&D in the Parties' industries.
Exploratory work in this direction would be effective.

• Vacuum Vessel - These costs appear to be on the low side.
• Heat Transfer System - These costs could be reduced if some parts of the

secondary heat transfer system would not be needed.
• PF Magnet Power Supplies - The uncertainty in the cost of the switching

networks will be reduced through the already-foreseen R&D program. This
would also allow optimizing the sharing of functions between the switching
networks and ac/dc converters.

• Buildings - The project has made an accurate analysis of the building costs
based on the detailed breakdown of each building in all cost factors. The cost,
however, appears on the high side for three of the Parties.

The TAC has not reviewed in depth the cost of the auxiliary heating systems,
since the designs have not yet been developed in sufficient detail.

9.2.4. Construction Management Costs Including Commissioning

The JCT indicated that the cost of commissioning of individual systems and
components was included in the respective construction costs. The costs for start-up
and integrated testing are included in the construction management cost.

The construction management was estimated by the JCT to total approximately
3,000 PPY, equivalent to 800-900 klUA. As indicated by the JCT, this cost will depend
on the type of organization which will be set up for the construction phase, which is
unknown, and no cost breakdown has therefore been provided. This cost estimate will
certainly also depend on the extension or sharing of vendor's responsibility and on the
extent of the necessary interaction with regulatory bodies.

The TAC considers that, although this figure appears low with respect to normal
practice in the case of fission reactors, for the moment the cost estimate appears a
reasonable assumption.

9.2.5. Operating Costs, Including Decommissioning

The JCT estimated the operating cost to be 350-400 klUA per year and the
decommissioning cost to be 300-900 klUA for ITER based on the following preliminary
plans and assumptions:
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• Operating Personnel and Overhead - Over the assumed 20-year operating
period, an average of 300 professional staff will be required per year; support
personnel are included for each professional. The estimate excludes the costs
for professional staff who perform physics and technology experiments, either
on-site or from remote locations. Funding for these personnel is assumed to be
provided by their Party.

• Operating Electric Power - For a complete experimental program over 20 years,
the estimated energy cost varies from 47 to 138 klUA/year, depending on the
annual operating availability achieved. The actual cost will depend significantly
on the cost of electricity at the site.

• Operating Fuel Cost - The cost of tritium is assumed to be 10 kill A/kg, which is
a JCT estimate for a commodity which has no commercial market at the ITER
annual consumption level of about 3 kg/yr.

• Operating Capital Improvements, Spares, Maintenance - An annual estimate of
3% of the total facility capital cost (less buildings) is assumed based on
experience from other facilities. This includes experimental diagnostics and
remote-handling equipment beyond that included in the construction cost
estimate. In addition, capital and installation costs are included for five divertor
replacements and one change-out (lasting two years) from the shield/blanket to
the breeding blanket. Test blanket modules are assumed to be funded by the
Parties.

• Operating Waste Disposal Costs - An allowance of 20 klUA total is included for
packaging routine wastes, as well as for the replaced divertors and
shield/blanket. The costs for transporting these wastes and the costs for
temporary off-site storage and ultimate disposal are assumed to be host
country costs.

• Decommissioning - A range for the decommissioning cost has been established
as 300-900 klUA, based on comparisons with nuclear power-plant
decommissioning costs and extrapolations from estimates for TFTR and JET.
The ultimate transportation and disposal cost is not included and is assumed to
be a host country cost.

The TAC did not attempt to review in detail the JCT preliminary cost estimates for
operating and decommissioning ITER. However, the TAC considers the estimates by
the JCT to be reasonable considering the early stage of planning for these activities.
The operating cost estimate should continue to be refined as the physics and test
program planning matures.

9.3. Conclusions and Recommendations:

The TAC concludes that the cost estimating process conducted by the JCT is
sound and the cost estimate provided is valid. The estimate represents the result of an
exceptional effort by the JCT and is sufficiently complete and detailed, at the present
stage, to provide a reliable total cost.

The TAC recommends that the JCT, working with the Home Teams:

• Adopt the design-to-cost approach throughout the balance of the EDA to keep
the cost estimate within the stated range of uncertainty;
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Attempt, during the remainder of the EDA, to obtain feedback through the
Parties from the regulatory authorities regarding the assumptions made in the
design of the most important safety-related cost-sensitive components and
facilities.

APPENDIX

LIST OF THE TAC MEMBERS PRESENT
AND IN AGREEMENT WITH THIS REPORT

Prof. R. Andreani Prof. N. Inoue
Dr. J. Jacquinot Prof. S. Itoh
Dr. D. Robinson Prof. K. Miya
Prof. F. Troyon Dr. K. Tomabechi

Prof. E.O. Adamov Dr. D.O. Overskei
Acad. V.A. Glukhikh Dr. P.H. Rutherford
Dr. M.I. Solonin Dr. J. Sheffield
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SRG REPORT TO THE ITER COUNCIL

June 23, 1995

Charges to Special Review Group

The Special Review Group (SRG) of ITER was established at the sixth
ITER Council meeting held in July 1994. The charge to the SRG given by the
Council was as follows:

"The Council agreed to establish a Special Review Group, chaired by
Dr. K. Tomabechi to review the technical, social, and the safety and
environmental requirements for siting ITER which will be prepared by
the Director and the JCT for the design. The results of review should be
reported to the Council and the necessity of further review shall be
determined."

Review Activities of SRG

In accordance with the charge given to the SRG and with the work plan
endorsed by the Council at its seventh meeting in December 1994, the SRG
conducted its work, by holding three meetings in this year as follows.

The first SRG meeting was held on February 14 through 16, 1995, at the
ITER Naka Joint Work Site, Japan, with twenty-four participants as seen in the
attachment. At the meeting, Rules of Procedure for the SRG were set forth, as
seen in the attachment. The SRG discussed and agreed upon the guiding
principles in reviewing the site requirements of ITER, as follows:

(1) As stated in the charge, the SRG shall review the "Site Requirements and Site
Design Assumptions" document prepared by the Director and the JCT and
report to the Council. It is desirable for the review to be conducted so that
the conclusions of the review work are acceptable to all the Parties at the
ITER Council meeting.

(2) In principle there should exist potential sites in the territory of each Party
that are compatible with the contents of the "Site Requirements and Site
Design Assumptions" document.

(3) The SRG noted the importance of the ITER program objectives contained in
the Agreement and the SWG-1 report's statement that ITER should be
designed to demonstrate the safety and environmental potential of fusion
power. Accordingly, the SRG will pay particular attention to the safety
approaches and methods that have been used by the JCT in developing the
"Site Requirements and Site Design Assumptions" document.

In the first meeting, the scope of "Preliminary ITER Site Requirements and
Site Design Assumptions" document was reviewed and discussed. The SRG noted
that the categorization of various site-related issues into "Site Requirements" and
"Site Design Assumptions" is reasonable at this stage of the EDA, and provided
comments to the Director for his consideration.

99



The second SRG meeting was held on April 26 to 28, 1995, at the ITER
Garching Joint Work Site, Germany, with twenty-three participants as seen in the
attachment. In this meeting, the SRG reviewed a revised version of the "Site
Requirements and Site Design Assumptions" document, and provided additional
comments to the Director for his consideration. Extensive discussions were held
on "Land", "Energy and Electrical Power Supply", "Seismic Characteristics" and
"External Hazards and Accident Initiators". It was agreed in principle that in the
future, the JCT will conduct cost sensitivity analysis for alternatives to several
design assumptions associated with these items and possibly others.

The third SRG meeting was held on June 21 through 23, 1995, at the ITER
San Diego Joint Work Site, U.S.A., with twenty-two participants as seen in the
attachment. The SRG reviewed a new version of the "Site Requirements and Site
Design Assumptions" document dated June 6, 1995, whose principal features are
also included in the "Interim Design Report". The SRG provided comments on
this document, and the Director incorporated the intent of these comments into a
final version of the document dated June 23, 1995. The SRG reviewed this final
document to which the following Finds and Recommendations pertain. The
major findings and recommendations that resulted from the review conducted by
the SRG are summarized below.

Findings

(1) The Site Requirements and Site Design Assumptions document has
addressed the important siting issues, and the Director and JCT have been
extremely cooperative and helpful in working with the SRG.

(2) The ITER site requirements described in the Director's document are
classified into two categories, i.e., the Site Requirements and Site Design
Assumptions. The Site Requirements are compulsory in the sense that reasonable
reconfigurations of the ITER design will not result in a less demanding set of
requirements. The Site Design Assumptions are not compulsory site
requirements, but are selected as guidelines for designers to follow until the
actual site is known. It is understood that the assumptions were selected so that
the EDA design would not be invalidated by actual site deviations from the
assumptions. Both the Site Requirements and Site Design Assumptions are
organized in the following categories;

Land
Heat Sink
Energy and Electrical Power
Transportation and Shipping
External Hazards and Accident Initiators
Infrastructure
Decommissioning
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(3) In general, the SRG finds that the Site Requirements and Site Design
Assumptions set forth for designing ITER appear to be reasonable at this stage of
the EDA, although individual values may change slightly as the ITER design
advances. Nevertheless, each Party has some difficulty with at least one of a set
of five design assumptions. The Parties taking the lead in proposing cost
sensitivity assumptions were EU - plane crash, Japan - pulsed power and seismic,
R.F. - temperature, U.S. - tornado. Therefore, for these five design assumptions
the SRG endorsed specific parameters for a cost sensitivity analysis to be
conducted in the near future by the Director and the JCT to see what the cost
impact of deviating from the Site Design Assumptions would be. The parameters
to be considered for the cost sensitivity analysis by the Director and the JCT are
described in the Annex of this report. The SRG recognizes that resources for this
activity need to be made available.

(4) The Director assumed that the land for constructing and operating ITER
should be committed to ITER use for a period of 30 years. However, it is the
SRG's opinion that in reality, a significant period of additional time will be
required beyond the assumed time period of 30 years, e.g., for decommissioning
of the plant as well as for possible incorporation of some additional experimental
programmes that might be implemented during operation.

(5) The SRG noted that important information concerning tritium shipments to
ITER, radioactive effluents and wastes from ITER, during both normal operation
(including maintenance) and postulated accidents, is still under development by
the Director and preliminary values are contained in controlled official project
documents. The SRG understands that each Home Team is working with the
Director to make sure that as this information becomes fully developed, it will be
compatible with regulatory requirements for siting ITER in its territory. (See
recommendation below)

(6) The SRG considers decommissioning an important subject. In the Site
Requirements and Site Design Assumptions, only the first phase, called
"deactivation", is addressed. For the following phase, called dismantling, the
document commits to provide information on the status of ITER at the end of
operation, including information on equipment that could be used also for
dismantling. The SRG noted that additional information regarding
decommissioning is needed, including more specific, but not detailed, plans for
dismantling and associated cost estimates. This information will be needed in the
site selection process as well as for regulatory approval. Examples of the
information typically included in such plans have been given to the Director. The
assumption of transferring the responsibility for the dismantling to the Host could
not be properly addressed by the SRG and is referred to the ITER Council for
further consideration.
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Recommendations

(1) The SRG recommends that the above mentioned cost sensitivity analyses be
performed by the Director and the JCT. For this purpose, the SRG identified the
parameters to be considered, as seen in the Annex. All the results of these cost
sensitivity analyses should be available to the Parties for review by the end of
1996 or earlier if appropriate.

(2) The SRG recommends that the Director develop the necessary information
for the decommissioning of ITER, including cost estimates. The SRG believes
that the development of such information is required per the ITER EDA
Agreement.

(3) The SRG recommends that more complete information on radioactive
effluents and radioactive wastes from the ITER plant be produced and given to
the Parties for review and use in the site selection process.

The SRG notes that no future SRG activities or meetings have been
planned.
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Annex

Parameters to be considered in cost sensitivity analysis

(1) Electric power
Concerning the conditions of power supply for ITER, the following design

conditions should be considered;

• Peak pulsed power of 400 MW with power steps (changes in less than a
second) of 60 MW

• Supplying fast controlling power for plasma positioning and shaping
from an energy storage system

• Minimizing net reversal power from ITER to the grid
• Peak pulsed reactive power of 300 MVAR with power compensators,

e.g., static VAR compensator
• Fault power level of 10 GVA
• Higher harmonic currents at acceptable levels specified for 500 kV line

(2) Seismic
With regard to seismic characteristics, the following design conditions

should be considered;

0.4 g for SL-2 for relevant components and facilities, including Tokamak
building and exhaust stack
0.05 g for SL-0 or 0.2 g static horizontal ground acceleration for
facilities of "Hotcell" and "Radwaste"

(3) Tornado
With respect to tornado conditions, 300 km/h should be considered as the

design condition, with standard methods used for deriving differential pressure.

(4) External accident
An external accident initiator to be considered in the analysis is an aircraft

impact, i.e., an impact at 150 m/s at any angle involving the following aircrafts:

1) A "soft" jet such as a 6 t. LEAR JET 25 (twin rear engines: 200kg x 2)
2) A "hard" plane such as a 1.7 t. CESSNA Centurion model 210, with a

central propeller

(5) Temperatures
Concerning meteorological conditions, the following parameters should be

considered;

Minimum air temperature of -40 °C, instead of -25 °C
Minimum temperature averaged over for 24 hours to be -25 °C, instead of
-15 °C
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Attachment-1

List of Participants of SRG Meeting

SRG-l

EU Delegation

JA Delegation

RF Delegation

US Delegation

SRG Secretary

ITER Director

JCT

Feb. 14-16, '95
(NAKA JWS)

J. DARVAS
C.HARFORS
W. KOELZER
J. PERVES
A. NATAUZIO *

K. TOMABECHI
Y. FUJII-E
S. MORI
S. MATSUDA
T. INABE *

V. KORJAVINE
Y. PETROV
S. BOTCHAROV

W. MARTON
R. BLOND
D. PETTI
R. STARK

H. ICHIKAWA

R. AYMAR

Y. SHIMOMURA *
F. PUHN*
R. HAANGE *
H. YOSHIDA *
D. HOLLAND *

SRG-2

Apr. 26-28, "95
(Garching JWS)

J. DARVAS
C. HARFORS
W. KOELZER
J. PERVES
A. NATALIZIO *

K. TOMABECHI
S. TANAKA
K. AIZAWA
S. MATSUDA
K. TAKENAWA *
H. KISHIMOTO *
T. INABE *

V. KORJAVINE
Y. PETROV

W. MARTON
R. BLOND
D. PETTI
R. STARK

H. ICHIKAWA

R. AYMAR

Y. SHIMOMURA *
C.AHLFELD *
P. L. MONDINO *

SRG-3

Jun. 21-23, '95
(San Diego JWS)

J. DARVAS
G. LEMAN
W. KOELZER
J. PERVES
A. NATALIZIO *

K. TOMABECHI
S. TANAKA
K. AIZAWA
S. MATSUDA
H. KISHIMOTO *
T. INABE *

V. KORJAVINE
Y. PETROV
S. BOTCHAROV

W. MARTON
R. BLOND
D. PETTI
R. STARK

H. ICHIKAWA

R. AYMAR

Y. SHIMOMURA *
C. AHLFELD *
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Attach ment-2
RULES OF PROCEDURE FOR THE SPECIAL REVIEW GROUP

DURING
THE ENGINEERING DESIGN ACTIVITY

In accordance with Annex A (m) of the Agreement, the Council established a Special
Review Group as described at point 6.8 in IC-6 ROD repeated below.

"the Council agreed to establish a Special Review Group, chaired by
Dr. K. Tomabechi to review the technical, social, and the safety and
environmental requirements for siting ITER which will be prepared by the Director
and the JCT for the design. The results of review should be reported to the
Council and the necessity of further review shall be determined."

The Rules of Procedure for the Special Review Group (SRG) are as follows.

ARTICLE 1 MEMBERSHIP

1.1 Each Party shall designate up to four members of the SRG.

1.2 If a member cannot attend a meeting of the SRG, another member may be
designated by that member's Party for that meeting. The Chair as well as the
SRG Secretary, provided in Article 2.2, should be notified before the meeting
of the participation of any newly designated members.

ARTICLE 2 ORGANIZATION

2.1 If the Chair is unable to be present at a given meeting, the meeting shall be
rescheduled.

2.2 Upon proposal by the Chair, the SRG shall appoint its Secretary.

ARTICLE 3 MEETING ARRANGEMENTS

3.1 The SRG shall meet whenever it is necessary in the judgment of the Chair.

3.2 The meetings shall normally take place at the Joint Work Sites or at locations
deemed appropriate by the Chair in consultation with the other members.

3.3 The meetings shall be convened by the Chair acting through the Secretary.
Prior to the date of the meeting, a draft agenda should be prepared by taking
into account the comments of the members, and should be disseminated to the
members. After consulting with the Director, the Chair may request relevant
working papers from the JCT. The Secretary shall also include those working
papers in the transmittal of the draft agenda.

3.4 Meetings of the SRG require that at least one member from each Party be
present.

3.5 Each SRG delegation may invite experts at an SRG meeting based on meeting
agenda topics after consultation with the SRG Chair.

105



3.6 The Director or a designee shall attend SRG meetings. The Director may also
designate experts of the JCT to attend the meetings with consultation with the
SRG Chair.

ARTICLE 4 MEETING PROCEDURES

4.1 At each meeting, the agenda will be reviewed and amended as necessary.

4.2 Participation in the discussions by non-members is at the discretion of the
SRG. The meeting is not open to the public.

4.3 The Secretary shall draft the minutes of each meeting. The minutes and
related documents shall be properly numbered.

4.4 Minutes of the SRG meeting shall be approved, at least provisionally, during
the meeting.

ARTICLE 5 MINUTES and REPORTfS)

5.1 The approved minutes shall be prepared by the Secretary and signed by the
Chair. The Secretary shall send a copy of the approved minutes to the
members of the SRG and to the Director within 14 days after their approval.
The approved minutes shall be maintained on file at the San Diego Joint Work
Site and at the ITER Council office in Moscow.

5.2 Report(s) by the SRG to the Council shall be drafted and their text shall be
arrived at through development of a consensus of the delegations. The
report(s) shall be approved, at least provisionally, during the relevant meeting.
The SRG shall strive to express a unanimous point of views in advising the
Council.
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ITER EDA Telephone: 1-301-903-3068
Facsimile: I-301 -903-1233

Contact Persons EM°":. . „ _ ., .
mtchael. roberts@maugw.er.aoe.gov

INTERNATIONAL THERMONUCLEAR EXPERIMENTAL REACTOR • ENGINEERING DESIGN ACTIVITIES

July 7,1995 EDA-CPs/95-31a

CPs' Report on Tentative Sequence of Events

To: E. P. Velikhov, IC Chair
M. Yoshikawa, IC Co-Chair

Dear Academician Velikhov and Dr. Yoshikawa:

At IC-6 and IC-7, the Council charged the CPs to work on Article 2(e) related matters
and report at IC-8. We have been doing so and are presenting our report for the
Council's review and, we recommend, transmission to the Parties for their
consideration.

The report consists of this letter and the enclosed chart presenting our proposed
Tentative Sequence of Events. We have developed this sequence in relation to IC
meetings and ITER EDA milestones which are the two predictable sets of events within
the ITER EDA. This chart is composed of two sheets, one which displays major events
and issues (Sheet 1) and the other which displays specific activities (Sheet 2). Both are
shown as a function of IC meetings on the vertical axis. Sheet 1 shows on the horizontal
axis a progression of events and issues from today's Preparations through Explorations,
which are the Parties' non-commitment-based, pre-negotiational discussions, to formal
Negotiations, Construction and Regulatory activities. Sheet 2 shows, for each Council
meeting, the activities anticipated before, during and after the meeting as well as the
performer of the activity. Those activities proposed for the Parties beyond the ITER
EDA framework are shown in [ ].

While this chart is compact, it is a distillation of a year's intense study of many paths.
We believe this chart can be helpful to the Council and the Parties in preparing for
decisions leading to Explorations and Negotiations for construction.

Respectfully submitted for the CPs,

Michael Roberts,
Chair

Attachment

cc: N. Cheverev N. A. Davies
J. F. Decker P. Fasella
Ch. Maisonnier N. Oki

R. Aymar

International Thermonuclear Experimental Reactor Engineering Design Activities
conducted by the European Atomic Energy Community, Japan, the Russian Federation and the United States,

under the auspices of the International Atomic Energy Agency
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1994

1995

1996

1997

TENTATIVE SEQUENCE OF EVENTS' IN RELATION TO 1C MEETINGS AND ITER EDA MILESTONES Sheet 1
Major Events and Issues December 13, 199S
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PREPARATIONS
(P)

2,3
EXPLORATIONS
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2,<
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IC-8 ROD
Attachment 5

COUNCIL POSITION ON ITER AT THE HALF WAY POINT IN THE EDA

Following three decades of steady progress in design and experiments, the four leading
participants in world fusion research agreed in 1992 on the objectives and requirements of the
optimum next step in the development of fusion as a source of energy. ITER was conceived as
the project to achieve these objectives through the equal partnership of the four Parties. The
width and depth of fundamental physics, technology, know-how, and research required to
support ITER, as well as its cost, speak for this step to be undertaken as an international
cooperation.

Halfway through the ITER Engineering Design Activities, there is a renewed consensus of the
ITER Council that this is a necessary step; that the objectives of ITER remain attainable and
must not be changed; that the design can meet the objectives; that the quadripartite cooperation
has shown to be an efficient frame; and that the right time for such a step is now.

The success of fusion worldwide depends on this step, and ITER should continue to benefit from
the full international cooperation, so that the fusion physics and technology know-how can be
focused and consolidated in support of ITER, making the optimum use of large but limited
resources.

Accordingly, the Council urges all Parties to fulfill their obligations to this unprecedented
international cooperation and to structure their domestic programs to ensure that they provide
their full contribution to the ITER Engineering Design Activities.

NEXT PAOE(S)
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IC-8 ROD
Attachment 6

/ / tiit\ VJ I Jr\ Telephone: 011 -301-903-3068
j . *. A~**.+. ^ ^ ^ A Facsimile: Oil -301-903-1233

Contact Persons

INTERNATIONAL THERMONUCLEAR EXPERIMENTAL REACTOR • ENGINEERING DESIGN ACTIVITIES

July 7,1995 EDA-CPs/95-31

To: E. P. Velikhov, IC Chair
M. Yoshikawa, IC Co-Chair

Dear Academician Velikhov and Dr. Yoshikawa:

At IC-6 and IC-7, the Council charged the CPs to work on Article 2(e) related
matters and report at IC-8. We have been doing so and are presenting two items
for the Council's review and, we recommend, transmission to the Parties for their
consideration.

The first item is a chart presenting our proposed Tentative Sequence of Events.
We have developed this sequence in relation to IC meetings and ITER EDA
milestones which are the two predictable sets of events within the ITER EDA.
This chart is composed of two sheets, one which displays major events and issues
(Sheet 1) and the other which displays specific activities (Sheet 2). Both are
shown as a function of IC meetings on the vertical axis. Sheet 1 shows on- the
horizontal axis a progression of events and issues from today's Preparations
through Explorations, which are the Parties' non-commitment-based, pre-
negotiational discussions, to formal Negotiations, Construction and Regulatory
activities. Sheet 2 shows for each Council meeting, the activities anticipated
before, during and after the meeting as well as the performer of the activity.
Those activities proposed for the Parties beyond the ITER EDA framework are
shown in [ ].

We believe this chart can be helpful to the Council and the Parties in preparing
for decisions leading to Explorations and Negotiations for construction. While
this chart is compact, it is a distillation of a year's intense study of many paths.
Much of the work invested by this study is retained in working documents.
Among these working documents are important contributions by the Director,
e.g., Technical factors affecting the initiation of construction activities, and others,
and by the Parties, e.g., Discussion topics related to each Party's internal (i) site
selection process, (ii) administrative procedures applicable to the possible
construction and operation of ITER, and (iii) judicial review.

International Thermonuclear Experimental Reactor Engineering Design Activities
conducted by the European Atomic Energy Community, Japan, the Russian Federation and the United States,

under the auspices of the International Atomic Energy Agency
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The second item is one of the working documents, namely a draft paper on
possible mechanisms and legal frameworks which has come out of our study of
relevant precedents in each of the Parties. Drafted by our legal experts, namely,
J. Grunwald (EU), M. Kawaguchi (JA), N. Kornev (RF), L. Howe (US), and M. '
Drew (Dir.), this survey, which illuminates the variety and complexities of the
choices of formal organization, may be helpful to the Parties, inter alia, in
identifying the expertise required for their members of the forthcoming SWG.
This draft paper is a first step in the process of evolution to the proposals called
for in Article 2(e).

In our study, we had the privilege of receiving stimulating presentations on
relevant precedents from Hans von Bulow, Joseph Gavin and Robert Aymar.

Respectfully submitted for the CPs,

Michael Roberts,
Chair

cc N. Cheverev
N. A. Davies
J. F. Decker
P. Fasella
Ch. Maisonnier
N.Oki

R. Aymar, Director

Attachments
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Draft Paper
on possible mechanisms and legal frameworks for a future

construction, operation, exploitation, and decommissioning
of ITER

JULY 20, 1995
[I• Introduction

1. Pursuant to Article 2 {e) of the ITER EDA Agreement the
Parties shall, inter alia. "develop proposals on the
approaches to joint implementation for decisions by the
Parties on future construction, operation, exploitation and
decommissioning of ITER."

2. Such proposals must be considered against the background of
Article 1(1) of the ITER EDA Agreement which recognizes that
the work done under the Agreement could result in construction
of ITER either collectively as "an international collaborative
program" or individually under each Party's "own domestic
program."

3 . However, as will be demonstrated, these two options are not as
rigid and opposed to one another as they initially may seem.
Instead they encompass a whole range of theoretically possible
"approaches to joint implementation" as foreseen under Article
2(e) of the Agreement.

4. It is the purpose of this draft paper to set out in legal
terms for consideration by the ITER Council this range of
possibilities. Given the diverse political, economic and
legal requirements of each Party, it is appropriate tq-examine
not only the variety of legal frameworks which may be
established, but also different types of law, whether
international, domestic public, and domestic civil law, which
may be used to continue the ITER work following completion of
the EDA. In addition, this draft paper discusses possible
variations of structure within each framework. By making
provisions for such a "variable geometry" this approach seeks
to accommodate the individual needs and capabilities of the
Parties, as well as to secure a maximum amount of common
support for and participation in the continuation of ITER.

5. The ITER framework may be established under international law
or under domestic law, with mixed formulas also being
possible. If the Parties decide to establish the framework
under international law, they may choose to use either a
Treaty or a Government (Executive) Agreement. Within these
two choices a variety of options are present. For example,
the Parties can make a commitment to construction, establish
the legal entity, and select a site simultaneously in one
document or in a multi-step process. If the Parties decide to
establish the framework under domestic law, they could choose
to proceed with a multilateral participation agreement, a
bilateral participation agreement, or an implementing
agreement within a pre-existing international framework.
Within those choices, the Parties may consider establishing
ITER as Joint Undertaking within the meaning of the Euratom
Treaty, an entity (such as a research institute) under
domestic public law, or a company, corporation, or not-for-
profit association established under national civil law.
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13;. Legal frameworks under international law

A. Possj,bJLe legal frameworks

6 . If the Parties are firmly and irrevocably committed to
construct ITER on the basis of "an international collaborative
program" (cf. Article 1(1) of the ITER EDA Agreement), they
may enter into an agreement which is binding in international
law. This agreement, as noted above, can be either a Treaty
or a Government (Executive) Agreement. While there is a
difference between a Treaty and Government (Executive)
Agreement in domestic law, there is no distinction between the
two in international law. Indeed, a Government Agreement can
be employed to accomplish the identical purpose as a Treaty
covering the same subject matter. Furthermore, the Parties
can choose to sign an international agreement which contains
a commitment as equals to construction, or one Party or more
Parties may take the initiative to construct and offer
participation to the others through a multilateral or
bilateral participation agreement. A final option under
international law is the implementing agreement under an
existing international agreement.

a- Treaty

7. Traditionally, states have entered into Treaties when they
intended to express the highest degree of commitment in
international law and thus create the strongest possible and
most stable ties among the signatories. In addition, there
has been a sense that the most important international
commitments undertaken by a state should be concluded in the
form of a Treaty. A relevant precedence is the convention on
the International Maritime Satellite Orgainization. Pursuant
to each Party's constitutional law, a Treaty would require
ratification by the competent legislative bodies.

b. Government (Executive) Agreement

8. The Government Agreement has become the more, common form of
international agreement since World War II in order to deal
internationally with a variety of new subjects and
relationships. This is partly because the conclusion
procedures require less time than those for a treaty,
permitting more timely actions by governments. Unlike
treaties. Government Agreements never take precedence over
domestic law unless they are accompanied by implementing
legislation. Precedents are abundant (cf. for instance the
ITER EDA Agreement).

c Multilateral participation agreement

9. In the event that the Parties have not yet reached, or are
unable to reach, an agreement on construction, one Party or
more Parties may take the initiative to construct and offer
participation to the others. Under this formula the Party
hosting the site would have a privileged status in that it
creates the ITER legal entity under its domestic laws but
agrees with the other Parties on the terms of their
participation in the construction, operation, exploitation
and decommissioning of ITER. This formula could also be
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appropriate as a bridging or temporary agreement destined to
cover an interim period until all Parties are ready to
conclude a full-fledged joint implementation agreement, on the
condition, however, that they all accept the site offered by
the initiating Party or Parties. Although the substance is
quite different, the closest precedent for this type of
agreement would be the Agreement among the Government of the
United States of America, Governments of Member States of the
European Space Agency, the Government of Japan, and the
Government of Canada on Cooperation in the Detailed Design,
Development, Operation and Utilization of the Permanently
Manned Civil Space Station, in which the US took the lead (see
in particular Article 7 (D).

d. Bilateral participation agreements

10. If neither a joint implementation nor a multilateral
participation agreement is appropriate, it is still possible
for the Party hosting the site to conclude bilateral
participation agreements with all or some of the ITER EDA
Parties. These agreements could be "made to measure" to
accomodate the individual needs and capabilities of each
participating Party, and could be negotiated and concluded
either at the same time or separately whenever the concluding
Parties are ready. Such bilateral agreements could be
superseded when and if agreements can be reached on a broader
basis.

e. Implementing Agreement within pre-existing international
frameworks

11. ITER could be established through an Implementing Agreement
within the frame of a pre-existing international organization.
This would permit ITER to benefit from a pre-existing
structure. However, the ITER arrangements would then be
subject to the general cerms and conditions of the
organization chosen. A relevant precedent would be the Large
Coil Task Agreement (LCT) which was concluded as an IEA
Implementing Agreement.

B. One Action to Proceed to Construction or a Multi^gj;ep
Approach^

12. Another set of possible options or approaches to the
establishment of the ITER construction entity which the
Parties may consider are whether to conclude one detailed
agreement which commits to construction and directly establish
the ITER legal entity or to conclude a relatively simple
agreement which commits to construction and directs their
selected domestic entities as a second step to develop the
ITER legal entity.

a. One Action to Establish ITER Legal Entity

13. Under the first approach the four Parties themselves, as
signatories to the Treaty or the Government Agreement, would
commit to ITER construction and establish the ITER legal
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entity for such construction. Thus, ITER would be directly
created by the four Parties as a legal entity under
international law, and they would function as "shareholders"
in the entity. Even within this formulation, there are a
wealth of options which could be set out in the document:

contributions equally by the "shareholders" or
according to some agreed formula

site determined beforehand (site-clause included)
or the site could be determined subsequently
according to procedures established in the
agreement (site selection clause)

stand alone agreement or with the possibility of
protocols

14. Under the one step establishment approach the single agreement
would set out the detailed structure of the ITER legal entity.
This would result in a very static organization, since the
entity may only be changed or evolved by amending the
Government Agreement.

15. Relevant precedents for the direct; or one step establishment
of an legal entity are the Agreement establishing an
International Science and Technology Center in the Russian
Federation, the Agreement establishing the European Bank for
Reconstruction and Development and the Convention for the
establishment of a European Organization for Nuclear Research
(CERN), it being understood that the latter two were concluded
as treaties.

b. Multi-step Establishment of ITER Legal i y

16. Alternatively, the four Parties could conclude an agreement
which commits to construct ITER and which directs their chosen
domestic legal entities to establish ITER as a legal entity
under the domestic law of one of the Parties. In this case,
ITER would not be created as a legal entity under
international law, but instead, would be created subsequent to
the conclusion of the Treaty or Government Agreement. This
way of proceeding would result in a two step creation of ITER
and would imply the involvement of competent national
organizations or agencies as cooperating agencies.

17. An example of this approach is the Conventi,qn concerning the
construction and operation of a European Synchrotron Radiation
Facility which was concluded as a Government Agreement and
attached thereto as Annex 1 the Statutes of the European
Synchrotron Radiation Facility - Societe civile (ESRF) which
is a private law company set up under Articles 1832 to 1873 of
the French Civil Code; the establishment of the Institut Max
von Laue-Paul Langevin was accomplished earlier under the same
law. In concluding the ITER Treaty or Govermental Agreement,
the Parties could specify the level of contribution by each
Party, as was done in the ESRF Convention, or could defer the
details of the Parties' contributions to the subsequent
agreement or statute which establishes the legal entity.
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18. Each of the ITER Parties would designate the appropriate
domestic participant(s), which might be an agency of the
Party, a national research organization, or a Joint
Undertaking, possibly including third countries, which would
be the signatory on behalf of the Party to the statute
establishing the legal entity. It would therefore be
essential for the Parties to secure the agreement of these
cooperating agencies to this approach in good time. These
cooperating organizations would contribute to the
capitalization of the ITER entity according to the
requirements of domestic law, either equally or according to
some agreed formula. The organizations also would sit on the
management council or board of the ITER entity, on behalf of
their Parties. At this management level of the ITER entity,
the four Parties might participate either equally or according
to some agreed formula, which could change over time, in
response to different scenarios.

19. If the ITER legal entity is established through a subordinate
document, such as a statute, it can be changed or evolved by
amending the statute, rather than the treaty or governmental
agreement. Industry participation as shareholders also might
be facilitated by this structure, which would not necessarily
be limited to the Governmental level. Subject to a more
detailed analysis it also is possible that public procurement
rules will not apply under this formula, thus facilitating a
"juste retour."

III. Leoal frameworks under domestic law

20. If ITER is not directly established as a legal entity under
international law, there remains the possibility of
establishing it under a specific domestic law, i.e. the law of
the Party hosting the site.

A- Legal frameworksunder domestic public Law

21. The Parties may create domestic legal entities under their own
public law, such as agencies or institutes, for specific
technological areas. Depending on each Party's legal system,
the participation or association of other countries or
international organizations in such legal entities may be
possible. Again, the legal entity might be created in one step
or multi-steps. The following formulas can be listed:

a. Joint Undertaking under Euratom Law

22. Like JET (Joint European Torus) ITER could be established as
a Joint Undertaking within the meaning of Articles 45 to 51 of
the Euratom Treaty. Pursuant to Article 4 9 Joint Undertakings
have legal personality and under Article 46 (2) (e) the
"participation by a third State, an international organization
or a national of a third State in the financing or management
of the Joint Undertakings" is possible. Pursuant to Article 48
Joint Undertakings may enjoy the special advantages listed in
Annex III of the Treaty (e.g. public interest status,
expropriations in their favour, exemption from duties, charges
and taxes, exemption from restrictions on entry and residence
for nationals of Member States) .
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b- Under Japanese Law

23. The ITER legal entity can be established by domestic
legislation, just as JAERI was established by the Japan Atomic
Energy Research Institute Law, or the PNC was established by
the Power Reactor and Nuclear Fuel Development Corporation
Law. Such individual legislation enables smooth operation of
an organization in Japan by incorporating necessary articles
into the law.

c. Under Russian Law

24. In case the site for the construction of ITER is decided to be
on the RF territory, and RF companies are to build it,
participation of foreign organisations and companies in
construction and operation is possible.

This is regulated in Russia by the law "On the Investments in
RSFSR" of 26 June 1991, as well as by the RSFSR law "On
Foreign Investments in the RSFSR" of 4 July 1991, as well as
by the RSFSR law "On the Protection of the Environment" of 19
December 1991.

The state guarantees by the above-mentioned acts the stability
of the rights of subjects of the investment activity and the
protection of investments irrespective of the forms of
property. The property imported as an investment by foreign
investors into the capital stock of entities with foreign
investments within the period of time determined by the
establishing documents for its formation, as well as the
property intended for its own material production, are
exempted from import duties and taxes.

The entities with foreign investments, if the foreign
investments exceed 3 0* of the capital stock, have the right to
export its own production and to import materials for its own
needs without licenses.

The entities with foreign investments and foreign investors
pay the taxes according to the RF law.

For the entities with foreign investments, operating in the
priority areas of the national economy and in certain regions,
favourable terms of taxation may be established.

d. Under United States Law

25. The ITER legal entity can be established by domestic
legislation either as a wholly owned government corporation,
or as a government cooperation with mixed ownership. Examples
of government corporations include the Tennessee Valley
Authority, the Uranium Enrichment Corporation, and the
Overseas Private Investment Corporation. Government
corporations are subject to 31 U.S.C. Sections 9100-9110,
which establish audit procedures and certain budgetary
provisions.
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B. Legal frameworks under domestic civil law

26. If ITER is not established as a legal entity under
international law or under domestic public law, it can be
established as a company or an association under the civil law
of the country hosting the site. A detailed exploration of
this possibility must await identification of the host
country.

a- Civil law company

27. As mentioned above under point II. B. 2, ITER could be set up
as a company under national civil law (see for example
Articles 183 2 to 1873 of the French Civil Code, or the Law on
the Limited Liability Company (Gesellschaft mit beschrankter
Haftung, GmbH) in Germany (the Jvilich Research Center and KfK
are GmbHs) . Under the laws of Japan and the United States the
following types of companies could be considered:

In the United States, the ITER legal entity could be
established as a corporation subject to the laws of the state
in which it is incorporated. For example, COMSAT was
established by federal statute as a for profit communications
satellite corporation subject to the District of Columbia
Business Corporation Act. Upon privatization, the Uranium
Enrichment Corporation also will be subject to the laws of the
District of Columbia. It should be noted that the Department
of Energy does not have the authority, absent specific
enabling legislation, to create a corporation.

The ITER legal entity can be established as a corporation or
an incorporated foundation based on Article 33-84 of Japan's
Civil Act. An example of international cooperation is the
RERF. The Radiation Effects Research Foundation which has
offices in Hiroshima and Nagasaki was thus established in
1975, based on the Official Notes exchanged between the
Government of Japan and the Government of the United States.
(The two Governments, within the scope of the laws and
regulations and within the limit of the budgetary
appropriations of the respective countries, are to accord to
the Foundation such support and facilities as may be necessary
and to make financial contributions to the Foundation in
accordance with the principle of equal share of expenses.
Members of the policy-making organs are composed of the equal
number of citizens from the respective countries.)

b- Civil law association

28. Depending on the applicable national law, ITER could also be
set up as a non-profit-making association. In Belgium, for
instance, the Law of 25 October 1919 on Non-Prof it-Making
Associations makes provisions for the participation of foreign
legal entities in scientific associations (see Article l) .
Moreover, Article 9 of this law reads as follows:
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"Le Gouvernement belge est autorisé à conclure avec
les Etats étrangers des traités pour
l'établissement d'un statut international des
associations scientifiques internationales sur les
bases de la présente loi1."

A relevant precedent exists in this field (INTAS). Non-profit-
making associations may enjoy tax privileges and other
benefits under national law. Under the laws of Japan, the
Russian Federation and the United States the following types
of non-profit-making associations can be considered...

ITER could be set up in the United States as a non-profit
association or organization for scientific research under a
Congressional charter which then would enjoy tax exempt
status. An example of such a non-profit association organized
for scientific research is the National Academy of Sciences,
and its National Research Council.

The ITER construction, operation, exploitation, and
decommissioning may be conducted in Japan by an association
which can be established based on the law for the associations
for technology research in the field of mining and industry,
like the Laser Enrichment Association.

The Belgian Government is authorized to conclude with third countries agreements for the establishment
of an international statute for scientific international associations on the basis of the present law.



Work Program: IC-8 ROD
Attachment 7

MAC8 R&A Rec. -3:

a) MAC recommends acceptance of the content of the ITER EDA Work Program
(MAC8 Attachments 8) as presented by the Director. The deliverables identified
for the EDA period meet the requirements of the EDA Agreement.

b) MAC concluded that the requested resources for the EDA are appropriate. The
Work Program can be carried out so long as these resources are provided on a
timely basis by the Parties. The MAC recommends that the Council address the
issue of providing the resources required for the remainder of the EDA.

c) MAC strongly endorsed the Director's proposal (MAC8 Attachment 9) for focusing
the R&D activities on seven large R&D projects for the ITER EDA. The MAC
suggested to the Director to consider applying this concept to appropriate groupings
of other R&D tasks.

d) MAC also wished to commend the Director and JCT for preparing a Work Program
that responds to previous suggestions and recommendations by MAC.

NEXT PAOE(S)
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ITER EDA IC-8 ROD
_.. _ _ Attachment 8
Work Programme

Proposal by the Director

1.0 INTRODUCTION

This paper sets out the ITER Director's proposals for the ITER EDA Work Programme as
required under Article 11 of the EDA Agreement, i.e. to "specify the plan for the execution
of all work required for the performance of all activities set forth in Article 2(a) to (d),
including the assignment of tasks to the Home Teams in approximately equal snares and
to the Joint Central Team." The required content of the Work Programme is described in
Annex B of the Agreement.

For the purposes of this document the characteristics of the ITER device will be those
described in the Interim Design Report presented to TAC 8 for review before submission
to IC 8. This design satisfies the detailed technical objectives for ITER set by the ITER
Council.

This paper presents the current best estimates of the resources and schedule required in
order to satisfy the objectives set out in the Agreement, taking account of current
circumstances relating to application of Articles 12 and 17 of the ITER EDA Agreement. It
should be noted that achievement of the objectives as here described depends on the
timely provision of the necessary resources including increases from the current levels
where necessary.

Section 2 below summarizes how the Work Program addresses the Purpose and Scope of
the ITER EDA in accordance to a needed assumption, the overall schedule for ITER.
Section 3 describes the tasks foreseen. Section 4 presents the present status of the
allocation of tasks within the JCT and among the Parties for Design and R&D respectively.
Section 5 summarizes an integrated, resource-loaded schedule for the whole of the EDA.
Section 6 presents conclusions and recommendations for action by the ITER Council.

2.0 OBJECTIVES AND DELIVERABLES

2.1 Purpose and Scope of the ITER EDA

The Purpose and Scope of the ITER Engineering Design Activities are defined in
Articles 1 and 2 the ITER EDA Agreement (see Figure 2.1). Under the terms of
Protocol 2 (Section 1), the Parties agree to "complete jointly the activities identified
in Article 2 of the Agreement". These formal requirements set the objectives for the
programme of work to be performed during the ITER EDA. As noted above, the
EDA Work Programme must set out the plans, in particular, for performing the
tasks defined in Article 2 (a) - (d) of the Agreement.

2.2 Methodology to Develop the EDA Work Programme

2.2.1 Need for an Overall Construction Schedule:

The EDA Work Programme here presented has been developed on the
presumption that the ITER EDA is taking place with a view to construction
starting as soon as practicably possible after the end of EDA. The integrated
schedule for the EDA required under Annex B of the Agreement has
therefore been derived as a subset of a more extensive technical schedule for
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the Project which sets out a timetable, resources and related logic for all the
design, engineering and R&D activities necessary to carry ITER through
procurement and construction and to reach first plasma. Such a schedule is
part of the EDA deliverables referred to under Article 2(a) of the EDA
Agreement.

It is necessary to have such an overall schedule to be able to provide the
frame of reference for the EDA plans, to identify the critical actions and
choices to make within the EDA, and, as required in Section 5 of Protocol 2,
to consider what actions might be necessary or otherwise appropriate as the
end of the EDA period approaches.

Tlie Purpose and Scope of the ITER EDA Agreement

The Purpose of the ITER Engineering Design Activities (EDA) is to produce a detailed,
complete, and fully integrated engineering design of TIER and all technical data necessary
for future decisions on the construction ofTTER.

The Scope is defined in the ITER EDA Agreement, Article 2 as follows;

"(a) to establish the engineering design ofFTER including:

(i) a complete description of the device and its auxiliary system and facilities,

(ii) detailed design with specifications, calculations and drawings of the components
of ITER with specific regard to their interfaces,

(Hi) a planning schedule for various stages of supply, construction, assembly, tests
and commissioning oflTER together with a corresponding plan for human and
financial resources requirements, and

(iv) specifications allowing immediate calls for tender for the supply of items needed
for the start-up of the construction of ITER if and when so decided;

(b) to establish the site requirements for ITER, and perform the necessary safety,
environmental and economic analysis;

(c) to establish both the proposed program and the operation, exploitation and
decommissioning of ITER;

(d) to carry out validating research and development work required for performing the
activities described above, including development, manufacturing and testing of
scalable models to ensure engineering feasibility; and

(e) to develop proposals on approaches to joint implementation for decisions by the
Parties on future construction, operation exploitation and decommissioning of
ITER."

FIGURE 2.1

128



K)

NTERM DESIGN

OCTAL DESIGN « Compreharulvi O*s)gn R»por1

: i
SfTE SPECFC DESIGN

ESECS • EARLY SAFETY I ENVIRONMENTAL CHARACTERI2ATON STUDY
NSSR NON-SPECriC SAFETY REPORT ,
SSSR -SITE SPECFC SAFETY REPORT

; BP-Bac*pUI*(BUj*tti-WBSi8)
W - V i o u n V M * M (WBS IS)

TF-Toretttl Cote (WBS 11)
PF • PotokM Coto IWBS 12)

(TEfl SAFETY ANALYSIS
REPORTS

HOST PARTY ANALYSIS &
REGULATORY APPROVAL

PROCUREMEKT

SAFETY ANALYSIS t, REGULATORY
CP (REQUIRED IN SOME COUNTRIES)

1ST LOWER
TF PF

CS • C«nm SotenoM) WBS 13)
CP • CoraMidlon Pwml

PROClinEMENT OF MAGNETS

PROCUREMENT OF W SECTORS 1BLANKE T MOOULES 1 OlVERTOR

I S T W 1STBLXT
6ECTORS MOO

CLEAR SfTE 1 EXCAVATE
COLOTEST-PF^TF

BUILD CRITICAL NLCL EAR 6UIUDB IQ

CRITICAL NON-NUCLEAR BULOM iS

PUMPOOWN&
COOLDOWNTOKAMAK ASSEMBLY

SlvtBPJiTT/VVAuMnbly

• i
STARTUP I COMMBSK3NING STAHTUP4

COMMISSIONMQ

MTEGflATED TESTING*
COMPLETE COMMISSION

FIGURE 2.2 - Summary Schedule for ITER Construction



Project Schedule

The summary schedule shown in Figure 2.2 represents two possible
scenarios of the procurement, construction, assembly and commissioning of
ITER. Both are based on the assumptions that procurement, i.e., placing of
purchase orders, cannot be started before the end of EDA. The summary
schedules have been derived from detailed schedules of each major activity
related to systems and components, including procurement, delivery, testing
before assembly if necessary, on-site fabrication, construction, assembly, and
pre-operational testing.

In one case, the working assumption is that the necessary regulatory
processes are pursued on a timetable which places some relatively mild
constraint on the on-site construction schedule. In this scenario, by
following a technically realistic compressed schedule, construction would be
essentially finished early in 2007, and first plasma could be achieved by end
of 2008. Critical elements of the schedule include the delivery of the magnets
and vacuum vessel segments and the expected site-specific regulatory
process, subsequent civil work on the construction of nuclear buildings, and
Tokamak assembly.

Different working assumptions give rise to alternative scenarios. For
instance, the second example in Figure 2.2 reflects the assumption that the
regulatory review process places no constrain on the start of site work and
on-site construction and that more human resources are available for
detailed design work in the period of the EDA than in the above scenario. In
these circumstances, the critical path runs through the procurement and
delivery of magnets and other major tokamak components. The construction
could possibly be completed by late 2005, with first plasma occurring by mid
2007. Achievement of this schedule would require considerably more
resources during the EDA than are presently expected to be made available
and an accelerated magnet manufacturing schedule. (The difference in
overall timescale for the two scenarios shown illustrates the sensitivity of
project planning to the timing and pace of the regulatory process to resource
availability.)

The detailed data underlying these summary schedules can be used to
generate other scenarios. However, for the purposes of the EDA Work
Programme, it is assumed that the requirement is to complete by July 1998
the work necessary to support an ITER Construction decision with a possible
construction schedule ending in first plasma by the end of 2008, as shown in
Figure 2.2, thus enabling the Parties to initiate efficient construction without
delay should they so decide.

2.2.2 Implications from the Overall Construction Schedule

From the assumed schedule some important features have impact on the
EDA work Programme definition:

1. the lead-times for procurement of the different components of ITER
vary widely. Therefore the approach adopted in the EDA plans is
consistent with supporting a procurement policy which will have
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systems/components delivered just in time for assembly, and
installation /construction.

2. Accordingly, a significant proportion of the detailed engineering for
ITER may be done after July 1998; insufficient resources during the
EDA will require to adopt this policy. Definitions of the continuing
tasks and estimates of the necessary resources are included in the
detailed activity planning schedules noted above, and are explained
in Sections 2.4 and 3.0. The continuation of project engineering in the
period after the end of the EDA in order to bring all components to
the point of readiness for procurement is referred to as "pre-
construction engineering".

3. The provision of adequate resources and the requirements and pace of
the regulatory process especially with regard to satisfying the Host's
safety and environmental requirements, will have far-reaching effects
on the technical schedule (and possibly on the costs) of the project
which can feed back onto the technical priorities for the EDA.

2.3 Objectives of the EDA Work Programme

To provide a framework for reviewing the resources and deliverables of the EDA
Work Programme, it is assumed that the following key information will be required
in order to satisfy Article 1 (1) of the Agreement, i.e. to enable the Parties to take
future decisions on the construction of ITER:

1. Technical Completeness of the Design

The design of ITER should be detailed and complete in the sense that all the
components of ITER are incorporated in the design and the components
together comprise a coherent whole which will meet the overall
programmatic objectives set in Article 1(2) and the detailed technical
objectives for ITER agreed by the FTER Council.

2. Validation of Key Features

The critical components and technologies incorporated in the design should
be adequately validated to provide full assurance of their expected
operational performance, manufacture and assembly, and reliability and
maintenance. Specific examples of the key features include the Magnet
systems and the Remote Handling and maintenance procedures for blanket
and divertor modules. Several of these key components are also those with
the longest lead-times for procurement and construction.

3. Cost Estimate

The cost estimate should be complete in coverage, at an appropriate level of
detail, and fully supported by industrial cost studies. The main cost drivers
should be identified and the designs for those systems should have reached
a high enough level of maturity to have permitted thorough cost estimates
undertaken by industry and validated through independent critical
scrutiny.
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However, these costs will be estimated under assumed conditions of Project
management and procurement arrangements during construction, and
assumed limitations of vendor responsibilities in accordance to different
types of procurement (Build-to-print, Detailed Specification, Functional
Specification) retained for the Work Programme implementation.

4. Regulatory

Safety and environmental features of the design and the related assessments
should have reached a stage at which the authorities can be satisfied that
there are no significant factors that might prevent or delay regulatory
approval for construction and operation along the assumed timescale.

This set of general requirements forms the basis for the detailed planning of
the Work Programme in each area of activity.

2.4 Deliverables for the EDA

2.4.1 The MAC1! has recommended that the Work Programme take into
account the following points:

• A detailed definition of overall deliverables at the end of the EDA - this
definition is presented in Sections 3.0 hereinafter.

• A development of a complete Work Breakdown Structure (WBS) which
accounts for all the work of the EDA. - The Work Breakdown Structure
is shown in Table 2.4-1 down to its third level. The full WBS being
utilized by the project presently comprises elements at the fourth and
fifth level and will continue to grow as the project progresses.

• A development of an integrated project flow chart showing the milestones,
decision points and critical path tasks. - The project integrated schedule
which forms the basis (working assumption) of the EDA Work
Programme, has been developed and is reported in Chapter VIII of
the Interim Design Report (IDR). The schedule shows in detail the
critical path tasks, and decision points. This integrated schedule
comprises, for every system/component/building in the ITER facility,
detailed linked schedules which have been developed in Activity
Planning Packages (APPs) established for every WBS element.

• Identification of large components to be tested and major test facilities - In
addition to the testing required for the R&D, the planning work has
identified only on-site testing of the PF and CS coils as being required.
Thus no major test facilities are needed other than as required for the
R&D program.

• Detailed specifications of design and R&D tasks including estimates of
required resources and time, milestones, and deliverables - this is
addressed in the following Sections of this report.

]) IC-3 ROD Attachment 6
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• Specification ofJCT staffing levels and Home Team design support - The
JCT and JCT support (CAD, technical) staffing levels and Home Team
design support, have been specified for each activity to be
accomplished during EDA. The total required resources are provided
in Section 6.0. The specific resources required to support the
deliverables of the EDA for each item of the WBS are provided in the
individual Activity Planning Packages (APPs) referred to above.

• Specification of activities to support the test programme during ITER
operation - The Work programme has only focused on the test
blanket modules as an activity which supports the test program
during ITER operation. The design of the tokamak, as reported in the
Interim Design Report makes provisions for insertion in ports of the
test blanket modules to be provided by the Parties. Systems needed
to service the test blanket modules will be designed with the Test
Blanket Working Group set up by the ITER Council.

2.4.2 The recently completed Interim Design Report provides an example
of the "deliverables" to be produced by the end of EDA, which are
fundamentally a "design", expressed as a combination of design
describing documents [the Design Description Document (DDDs) and
their accompanying Interface Control Documents (ICDs)];
specifications for the procurement with accompanying drawings and
procedures; and reports which are suitable to present the design to
regulatory authorities (safety and environmental reports) or to
support the budgeting process (cost estimates). The degree to which
each deliverable is developed during the EDA depends on the
criticality of the component/system/building in the overall ITER
schedule.

Detailed descriptions of the work to be done (including both design
and supporting R&D), its schedule and cross-links to related work,
and necessary resources are developed in Activity Planning Packages
established for every WBS element.

For design work on ITER Components the expected output can be
expressed in terms of target sets of design documents, i.e., Design
Description Documents, specifications, procedures, and the
supporting sets of CAD models and/or design drawings associated
with each WBS element and area, and supported by a corpus of
relevant R&D results, analyses, calculations, etc., which help validate
the design and specifications. The identification of the rninirnurn sets
of design documents needed to either directly support procurement
action at the end of EDA, or to provide the basis for further detailing
in order to support later procurement defines the resources needed to
provide them.

The degree of completion of the design for each element (and thus of
the documents describing it) depends on the urgency of procurement
to support construction of that element on a just-in -time basis. The
most urgent the procurement, the most complete will be the design,
and the more resources will be expended during EDA for that WBS
element.
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FIGURE 2.4-1 WORK BREAKDOWN STRUCTURE
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TABLE 2.4-2

Status of Design and Specifications for Systems/Components/Buildings requiring
Early/or Later procurement.

Procurement
Years

July 1998-
December
1998

1999

January
2000 -
July 2000

July 2000 &
Later (6)

Systems/Components/Buildings

Toroidal Field Coils
Poloidal Field Coils

Central Solenoid
Mechanical Structure

Assembly Tooling
Cryoplant (1)

Pulsed Power Supply (1)
Buildings (2)

Vacuum Vessel
Divertor (3)

Remote Handling
Cryostat (1)

Heat Transport System
Blanket/Shield

Circulating Water System
Steady State Power System

Hot Ceil Systems
Liquid Distribution

Gas Distribution
Coil Test Facilities
Breeding Blanket

Pellet Fueling System
Gas Fueling System

Vacuum/Pumping Systems
Tritium Plant

CODAC
ICRFVECRH*
NBI* System

Diagnostic Systems

Type of
Procurement

A
A
A
A
B
C
C
C

A/B
A

B/C
B
C
A
C
C

B/C
C
C
C
A
B
B
B

B/C
B/C
A/B
A/B

B

Status of
Design at End

of EDA (4)

100% F
100% F
100% F
100% F
100% F
100% F
50% D
100% D

100% D/60% F
100% D/20% F

60% D
100% D/40% F
100% D/35% F
100% 1/40% D

100% I (5)
100% I
100% I
100% I
100% I
100% D
30%D
90% I
50% I

85% E (7)
100% 1/25% D

100% E
100% 1/55% D
75%/I/50%D

75% I

Detailed
Industrial

Cost
Estimate?

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Types of Procurement:
A Build-to-print
B Detailed Design Specification
C Functional Specification

*If the technology is selected

If the resources allocated to the elements scheduled for procurement
in 1998 cannot be provided, slippages in the assumed overall ITER
schedule are almost sure to occur. While some recovery to failure to
provide the needed resources to those elements to be procured later
may be possible, by providing excess resources after EDA, there will
be limits to the extent to which this can be done.

Table 2.4-2 shows those WBS elements which will have their design
complete to support procurement in mid-1998, in 1999, and in the first
half of 2000. These elements require most of the resources during the
EDA. Also shown in Table 2.4-2 is the status of the design
(deliverables) for these elements at the end of EDA. Section 3.0
provides a summary description of all elements.
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Notes:

(1) Partial - to support PF Testing, Remainder can be ordered later

(2) Certain Buildings only - Magnet Fabrication Building, Cryoplant Building, Tokamak
Building, and Tritium/Electrical Termination Building Structure

(3) Status shown for Mark 1/Prototype Divertor, for which development will continue
based on experience with initially-procured cassette(s) through 2001.

(4) For an explanation of the status of design of each item at the end of EDA, refer to the
description of Section 3.0. In general, when F is used, this means that the design is
fully complete and all documents (specifications, drawings, models) are available for
the call of tender. When D is used, the design is detailed and its completion
percentage is indicated, however some details are missing to make it final, and
documents that are needed to support tender action will be prepared later. I
indicates a design which is at an intermediate stage, but which has sufficient details
to satisfy regulatory review. E refers to conceptual design of a system built mainly
with commercially available components.

(5) Status shown for site circulating water system.

(6) For years 1999 onward, components'/systems' design completion at the end of EDA
will be sufficient to support the preparation of required Safety Reports, and to enable
completion of the procurement documents in time for scheduled procurement.

(7) Status shown for overall system portions which are relevant to safety review will be
100% I.

3.0 EDA TASKS

The Activity Planning Packages (APPs) establish in detail the individual specific tasks
to be done at each WBS element in order to meet the target deliverables. APPs are
large documents and are unsuitable for attachment to this plan. In summary the
principal objectives, tasks, schedules and milestones or the main areas of activity are as
set out in the following paragraphs.

3.1 Tasks with Early Procurement (1998-2000)

The preparation to allow immediate calls for tender soon after the end of EDA
assumes that all legal and administrative mechanisms are in place to allow
approval cycles for the process to occur in a timely..fashion.

3.1.1 Magnets (WBS 1.1,1.2,1.3,1.4)

The design and development of the super-conducting magnet systems and
related mechanical structure for ITER is the largest single area of activity and
involves the largest volume of resources in the EDA. As noted above,
manufacture of the Magnets is one of the most time-critical items for ITER
construction. Successful completion of the major part of the magnet
development programme with high levels of industrial involvement is
therefore a key item of the Engineering Design Activities.
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The R&D programme comprises two main components:

1. the Model Coil Programme aimed at producing and testing large scale
models of the Toroidal Field Coil and Central Solenoid; and

2. the Full Scale Component Programme aimed at validating the design
criteria and component performance of the ITER magnets and
proving their manufacturing feasibility.

The major deliverable from the programme in the EDA will be the industrial
fabrication experience and the initial set of results from model testing. The
task schedule aims for completion of the CS Model Coil main solenoid and
CS Model Coil insert ready for installation by October 1997 and the TF
model coil fabrication complete by December 1997. The main Milestone for
this part of the programme is therefore to have the model coils complete by
the end of 1997. Key test results will thus be available within the EDA time
frame, although it is expected that the test programmes will continue beyond
the end of the EDA.

The full-scale component programme is directed towards having all
superconducting magnets ready for placement of contract by the end of the
EDA. In order to provide the Parties with an option to secure a rapid
construction startup, specifications and design documents for initial long
lead items such as the strand, conductor and the coils will be in a form ready
for tender before the end of the EDA; they will include:

• Technical reports on R&D results will be generated by the Home
Teams performing the R&D. Summaries of the R&D work and
relation to design work will be included in the DDD's or suitable
Appendices. In addition to the DDDs, Interface Control Documents
will be deliverables.

• Specifications are considered to be descriptions for the items indicated
to be used for a call for tender and the required QA and acceptance
tests at the point of fabrication. Procedures are considered to be test
or assembly sequences required after the component is accepted from
the fabricator.

• The numbers of drawings (CAD models) to be provided with the
specifications have been estimated. Assembly drawings at the level of
WBS X.X are considered to be 3D models. Assembly drawings at
lower levels of WBS as well as all subassembly drawings and detail
drawings are either 3D views or 2D drawings.

3.1.2 Vacuum Vessel (WBS 1.5)

The vacuum vessel programme must provide designs and supporting
R&D to assure the fabrication of a high quality vacuum vessel which acts
as a first safety barrier for the reactor. On the design side, the
deliverables must provide a well-defined design and detailed
specifications so that calls for tender can be placed in 1999 to support
delivery of the first vacuum vessel segment in a time frame consistent
with the delivery of the tenth TF coil. This timing will support pre-
assembly of the vacuum vessel segments and TF coils.
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To this end, the key deliverables of the R&D programme are: 1) to have
the design sufficiently fully developed to support the preparation and
defense of regulatory documents (Safety Reports); 2) to enable initial
preparation of the tender documents in mid-98, and completion of design
and tender documents by mid-99; 3) to have demonstrated full-scale
sector fabrication technology and to have performed integrated initial
testing of the mechanical and hydraulic performance of a Vessel sector.

3.1.3 First Wall/Shield (WBS 1.6)

The blanket/shield programme must provide designs and supporting R&D:
1) to assure the fabrication of these types of first wall/shield modules
(primary, baffle and limiter) and backplate/manifold systems; 2) to assure
their delivery in time to support their pre-assembly and insertion in the
partially completed vacuum vessel.

The design at the end of EDA must be complete only to the extent of
supporting regulatory review, and the preparation of detailed specifications
one year after the end of EDA. This is because the call for tender need not be
issued until mid 2000. This timetable also permits the R&D program to
support the design by defining in prototype partial models three types of
first wall/shield modules:

1. the fabrication technology,
2. inspection techniques,
3. achievable tolerances,

that are then demonstrated by fabricating three full-scale modules. The R&D
program also supports the design by confirming the structural and thermal
response to loads and the hydraulic characteristics. The R&D program that
demonstrates the design and fabrication technology is to be completed by
March 1998.

3.1.4 Divertor (WBS 1.7)

Similarly to the first wall/shield, the divertor design is supported by
significant R&D which includes fabrication and testing of a full-size cassette
and High-Heat Flux Components (HHFC) before the end of EDA.
Manufacturing of the cassette and HHFC is planned to be completed at the
end of the third quarter of 1997, and testing of the separate HHFC should be
completed by the end of 1997. Before the end of EDA, the design is
sufficiently complete to support specification for the main R&D programs
(full size cassette and HHFC). The drawings are virtually 100 percent
complete but some of the details are left to later periods to benefit from the
R&D program. The specifications are partially complete (30 to 50 percent),
and await the results of the R&D program continued testing. This timing is
permissible since the divertor cassettes are not needed for installation until
2006. Thus a 5-year fabrication period would not require placement of calls
for tender until sometime in mid-1999.
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3.1.5 Assembly Plan Tooling (WBS 2.2)

The major activity in this WBS element is the detailed planning of the
assembly of the tokamak and the completion of the construction interfaces to
the tokamak system; to this end, a number of tools will be necessary. The
end-of-EDA deliverables, therefore, are a detailed assembly plan and
specifications with accompanying drawings for the procurement of the TF
coils, vacuum vessel, and CS coil handling tools; and the central fixture,
transporter equipment and multi-purpose tools for assembly. These will be
complete and detailed before the end of EDA.

3.1.6 Remote Handling (WBS 2.3)

Direct physical access to the ITER machine will not be possible after the
introduction of tritium and over the course of the machine's lifetime its
various components will become more and more activated. A fundamental
requirement for the machine design and for the definition of its maintenance
procedures is therefore that all maintenance tasks be carried out remotely.

The remote handling program is aimed at establishing a demonstrable
capability to undertake the necessary remote handling tasks reliably, quickly
and efficiently. There are two main parts to this work:

1. to establish remote handling standards and requirements as firm
input to the design of ITER components;

2. to design and validate specific procedures and standardized remote
handling tools, transporters and handling.

The R&D tasks in this area are directed towards providing, by the end of the
EDA, proof of principle demonstrations of replacement of blanket modules
and divertor module replacement and remote refurbishment.

The design of tools and other remote handling equipment to be used in the
initial assembly of ITER needs to be at the level ready for calls for tender at
the end of the EDA with the remainder being detailed later. More
specifically, detailed design is performed for in-vessel maintenance such as
shield blanket and divertor maintenance, in-vessel viewing equipment, and
remote handling tools. The specifications are mainly drafts for calls for
tender to be finalized when the fabrication design will start immediately
after the start of the Construction Phase. However, for ex-vessel
maintenance such as magnet system maintenance, only conceptual design is
performed. For ex-vessel maintenance, the interfaces are defined in detail
during EDA.

3.1.7 Cryostat and Thermal Shield (WBS 2.4,2.7)

Design of the cryostat and thermal shield is a critical activity in the EDA
because:

• the lower section of the cryostat will be one of the first components to
be installed during ITER assembly;
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• the thermal shield panels between the vacuum vessel and the TF coils
must be ready at the time of pre assembly of the vacuum vessel
segments and the TF coils;

• the cryostat's function as a secondary confinement barrier means that
the overall design must be well defined in order to support the
regulatory process.

By the end of the EDA the overall design must be completed only to a level
capable of satisfying regulatory review. Specifications for procurement need
not be completed until mid-1999

3.1.8 Heat Transport Systems (WBS 2.6,3.3,3.5, and 3.6)

None of these systems requires completion of detailed design by the end of
EDA. Specifically for the Primary Heat Transport Systems (WBS 2.6),
Secondary Heat Transport System (WBS 3.3), and Chemical & Volume
Control System (WBS 3.6), all assembly and subassembly drawings will be
completed during EDA, in order to support regulatory review.
Approximately 33-50% of the detail drawings need also to be completed
during EDA; the remainder to be finished later, prior to the calls for tender
which are not planned to begin until the middle of 1999. Specifications will
include three procedures - for assembly, testing, and commissioning. Drafts
of the specification and the procedures will be available at the end of EDA.

The Circulating Water System (WBS 3.5.A) is needed in the ITER Plant in
multiple stages; the earliest operational date (November, 2001) is for
cryoplant and magnet coil testing needs. Component cooling water needs
will increase steadily as cooling loads such as building air conditioning and
equipment testing begins. The deliverables at the end of EDA support only
those portions of WBS 3.5 that are needed early.

The Cooling Tower System (WBS 3.5.B) is almost the opposite extreme. It
does not need to be fully operational until March, 2007, and early heat loads
are expected to be low enough to use evaporative cooling from the hot basin
and makeup water to control the cold basin temperatures.

3.1.9 Cryoplant and Cryodistribution (WBS 3.4)

Coil testing requires some of the cryoplant capacity to be available early in
the construction phase. The installation of the first phase of the cryoplant
compressor and cold boxes will also require that the cryoplant buildings
(WBS 6.2J) be available at that time. Consequently the specifications and
drawings for the cryoplant will be completely detailed by the end of EDA so
that tender documents can be issued soon thereafter.

3.1.10 Pulsed Power Supply (WBS 4.1)

Within the EDA period, the main deliverable for the coil power supply
program is to ensure that the functional specification and overall design for
the system is complete since the construction plan does not require the issue
of calls for tender immediately after the EDA. However, the design of those
elements of the system (a portion of the final system) that will be needed for
on-site testing of the magnets must be ready for tender so that procurement
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is consistent with the coil testing program. Complete conceptual
specifications for the Coil Testing Program will be available at the end of the
EDA. The specifications written for the procurement for the other systems
will be performance specifications, and will be accompanied by a "reference
Design" which will serve as an example of how the performance
specifications can be achieved.

3.1.11 Steady State Power Supply (WBS 4.3)

WBS 4.3A the Steady State Switchyard and WBS 4.3.B, Steady State Electrical
Distribution, are needed in the ITER Plant in multiple stages; the earliest
operational date (November, 2001) is for cryoplant and magnet coil testing
needs. Electrical power needs will increase steadily as loads such as
building HVAC and equipment testing begins. Peak loads in November,
2001, are estimated to be 35 MW and the peak loads will increase each year
thereafter.

A working assumption has been made, subject to confirmation by trade
study, that parts of WBS 4.3.A and 4.3.B would be installed early in
construction to support these needs. Most of these systems will be at the
Intermediate design level by the end of the EDA, but those portions that
support the cryoplant and magnet testing will be at the Detailed Design
level.

3.1.12 Site (WBS 6.1)

Site is distinct in that it does not represent any physical components,
systems, or structures. However, work activities within this account such as
those regarding site arrangement, selection and characterization, which will
generate deliverables required in order to make the site selection and begin
site-related work.

3.1.13 Buildings (WBS 6.2)

Buildings must be constructed in a timely manner to support tokamak
assembly and commissioning. The Tokamak Complex must be completed
with all building services operational in order to support the start of
tokamak assembly in September, 2003. Several other buildings must be
completed quickly in order to support the on-site fabrication and testing of
large poloidal field coils. The PF Coil Fabrication Building must be
completed by October 2000, and the Magnet Coil Test Building by March,
2001, to support the installation and commissioning of systems for magnet
fabrication and testing. The criu'cality of these buildings is increased because
PF-5, PF-6, and PF-7 are below the TF magnets, and must be installed first
during magnet assembly. Because coil testing requires some of the cryoplant
capacity, the Cryoplant Buildings must be available for the installation of the
first phase of the cryoplant compressors and cold boxes. Magnet power
supplies are also needed for coil testing, however the power supply
equipment for testing will be installed in a temporary location adjacent to the
coil testing building, allowing the magnet power supply buildings to be built
later. Buildings and structures which are needed to support tokamak
building services and testing and assembly operations are also planned for
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early completion. These buildings include the Assembly Laydown and
Storage Building, Site Services Building, the first phase of the Laboratory
Office Building, switchyards, utility tunnels, and miscellaneous site
improvements such as roads and fences. The Hot Cell Building will be used
during tokamak assembly to support the final assembly, testing, and
vacuum preparation of divertor cassettes. Cassettes are installed near the
end of the tokamak assembly, and completion of the hot cell building is
therefore required around September, 2004. The balance of ITER buildings
must be completed in time to support installation and commissioning of
support systems, which must generally be completed in time to support
ITER integrated testing. Buildings in this category must be completed
during 2004 and 2005 include the Tokamak Services Building, Auxiliary
Buildings, the second phase of the Laboratory Office Building, the
Emergency Power Supply Building, the Remote Handling Mockup Building,
and the Personnel Building. The only building which could be deferred to
an even later completion date is the Radwaste Building.

Final design of all buildings and site facilities will require the information
regarding the site. Conceptual design and resolution of all identified
interface design requirements must be completed for the waste and
sampling systems by the end of the EDA. The deliverables support only
those portions that are needed early, therefore it is assumed time and
resources will be available to complete the design of the later phases during
construction.

3.1.14 Waste Treatment and Storage (WBS 6.3)

Waste Management Systems are needed in three stages: Non-Radioactive
Waste Processing System is part of the general infrastructure, and is
important in preventing toxic materials from entering the environment. This
system should be operational by the middle of 2002. Hot Cell Waste Storage
and Maintenance areas are used to handle and repair divertor cassettes.
They will be used to perform final assembly and testing of these
components, and to support divertor preparation for tokamak assembly,
they must be operational by November 2005. The remaining waste
management systems, do not need to be functional until ITER has begun to
generate radioactive waste, following D-T operation. For planning purposes,
it is assumed that these systems must be operational by December 2009.
Non-Radioactive Waste Systems should be in the intermediate design stage
at the end of the EDA. Hot Cell Waste Storage and Maintenance areas
should have completed intermediate (preliminary) design, while the balance
of waste system need only have completed conceptual design.

3.1.15 Liquid Distribution, Including Water (WBS 6.5)

Circulating Water System, Chilled Water System, Potable & Fire Water
System, and Sanitary and Industrial Sewage are needed in multiple stages.
The earliest operational date Qanuary, 2001) is for cryoplant and magnet coil
testing needs. System needs will increase steadily as cooling loads such as
building air conditioning and equipment testing begins.
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3.1.16 Gas Distribution and Compressors (WBS 6.6)

Gas Distribution and Compressors systems are needed near the end of the
construction period except for compressed air. Early cryoplant and magnet
coil testing needs (October 2001) make it worthwhile to procure and install a
permanent compressed air system in the Cryoplant Compressor Building.
The remaining compressed air subsystems will be installed as buildings are
completed and service is needed later in the construction period. The
Cryoplant provides its own supply of helium and nitrogen, therefore any
other early needs for these or other gases can be met by simple high-pressure
gas bottles and regulators.

3.1.17 General Testing Equipment (WBS 6.7)

The Magnet Test Facility is needed to support the testing of PFs 5, 6, and 7.
These coils are set in the tokamak building at the earliest stage of tokamak
assembly, in September 2003. To support this date, the testing system
should be operational by February 2002, and thus should be in the detailed
design stage at the end of the EDA.

3.2 Non Hardware Tasks

3.2.1 Systems Engineering & Integration (WBS 7)

The integration activities' most visible outputs are the Interface Control
Documents which accompany every DDD. The primary deliverable of these
activities is the ITER Plant Description Document. Integration drawings that
accompany the IPDD will be available in detail at the end of EDA. Other
deliverables are primarily analytical reports (seismic, electromagnetic) and
plans (construction, operations, and decommissioning). Activities
supporting EDA engineering are the development of Structural and Seismic
Design Criteria, the Materials Property Handbook and the Design Standards
Manual.

3.2.2 Safety fWBS 8.1. 8.2. 8.4)

The Safety Program in the ITER EDA has the related objectives of:

establishing and implementing safety policies and philosophy to
underlay all design work of ITER components;

providing the safety and environmental information necessary as
input to expected regulatory review and procedures.

The safety information will be incorporated into a statement of General
Safety and Environmental Design Criteria (GSEDC), first presented with the
Interim Design Report. The document thereafter will evolve in line with the
major EDA milestones and be expanded to address more of functional-level
and plant-level safety requirements, as well as more of system/component-
level safety requirements and guidelines. With the milestone of the Final
Design Report, the program is expected to provide a complete set of safety
and environmental criteria.
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In addition to the general input to overall design work, the safety program
will generate Non-site Specific Safety Reports pending determination of the
site or possible sites. The individual tasks foreseen within this area are
primarily the performance of analyses and assessments, largely by Home
Teams under JCT coordination and the evaluation and incorporation of the
results into overall safety assessment reports.

3.3 Tasks for Late Procurement (After mid-2000)

3.3.1 Fueling fWBS 1.81

It consists of three systems, Pellet Fueling, Gas Fueling, and Wall
Conditioning. The related R&D will continue through the EDA without
affecting the schedule because the procurement cycle need not begin until
mid-2000, with installation of components in mid-2006. The greatest design
effort in the EDA will be expended on the pellet and gas systems. Because
the procurement cycle can be delayed as mentioned above, only assembly
drawings, without sub-assembly or details, will be necessary by end of EDA.
Specifications will be under preparation, but not complete.

3.3.2 Physics (WBS 1.9)

Physics R&D is needed to minimize uncertainties and to validate ITER
design assumptions. The Parties contribute in this area on a voluntary basis
and have designated Physics Coordinators, who interact with the Director
and the JCT to offer a link with the overall ITER-related Physics programmes
taking place in their own laboratories.

The ITER Work Programme, therefore, does not define a programme of
Physics tasks for the Parties to undertake. Rather, in consultation with the
Physics Coordinators, assisted by Expert Groups, the main Physics topics
and issues which affect the Physics basis and assessment of ITER are clearly
defined so that the Parties can, on a voluntary basis, cooperate in orienting
their Physics actions.

3.3.3 Vacuum Systems (WBS 3.1)

The primary design effort on the vacuum systems during the EDA will be at
the conceptual level. Some R&D relating to cryopumps has begun in the first
part of 1995, and additional R&D relating to other pumping mechanical
systems is planned later in 1995, but the studies and experiments are longer-
term. Results sufficient for detail design will not be available until very near
the end of the EDA. However, these results will be available in time to
support preparation of Safety Reports and for Regulatory Review. Detail
engineering is scheduled to begin at the beginning of 1999 at the earliest, for
completion of the last portions (torus pumping) in the second half of 2004.
The bulk of the deliverable drawings, specifications and procedures,
therefore will be at a Preliminary level for the major components and at a
Conceptual level of development and detail for specific areas such as the
torus and cryostat.
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3.3.4 Tritium Plant (WBS 3.2)

None of the tritium plant systems are needed early in the construction
period. Consequently, all deliverables at the end of EDA reflect the fact that
support of regulatory review is needed, but that engineering need not be
completed until 2001. This would still support procurement in time for
delivery of the system at the appropriate time near the end of construction.

3.3.5 COD AC (Command, Control, Data Acquisition and Communication)
(WBS 4.5), and Interlocks and General Alarms (WBS 4.6)

These systems are needed near the end of the construction phase. The
earliest operational date (April 2007) is for the ITER system integrated
testing needs. Only conceptual design serving interfacing needs will be
done during the EDA. Detailed design will and should not be done during
the EDA. The rapid advances in computer technology dictates that the
detailed design be delayed as long as possible so as to employ the most
advanced, yet proven technology.

3.3.6 Poloidal Field Control (WBS 4.7)

The following results will be reported:

• Results of optimization of the PF system, including

number and position of the PF coils and their maximum
currents required for specified plasma scenarios;
geometry of the first wall and diver tor channels.

• Nominal and alternative PF scenario (PF coil current and voltage
waveforms). Requirements to PF coil power supplies. "Scenario
capability" of the PF system for fixed parameters of power supply.

• Requirements to PF coil power supplies (voltage, power) for plasma
current and shape control in presence of specified types of plasma
disturbances. Computer programmes for designing reliable control
algorithms for different phases of plasma scenario. "Control
capability" of the PF system for fixed parameters of power supply.

• Strategy of the PF system operation at specified abnormal regimes.
Plasma termination with the aim of machine protection.

In addition, this work element, at the end of EDA, will produce a
preliminary estimate of a real-time software and digital hardware required
to implement the controller and man-machine interface for the ITER
subsystem, and a preliminary procedure to put the overall PF system into
operation.

3.3.7 Ion Cyclotron Heating & Current Drive (WBS 5.1), Electron Cyclotron
Heating & Current Drive (WBS 5.2), Neutral Beam Injection (WBS 5.3),and
their Power Supplies (WBS 4.2)

The design and development of the heating and current drive systems is
presently considering the alternatives of RF heating (ion cyclotron, electron
cyclotron, and possibly lower hybrid) and neutral beam injection.
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Considerable R&D on heating systems began in 1993 and has been
continuing. For neutral beams, some R&D results will be available by the
end of 1996; remaining development will continue through to about mid-
1999. Both ICH and ECH, because of the relatively shorter lead times on
their procurement, will have development continuing as late as mid-2001.
Key to the success of ICH is R&D on the antenna array; additional future
effort will go toward development of load-tolerant systems, fast tuners, arc
detection/suppression, dielectrics, supports, windows, etc. ECH R&D will
centre on gyrotron and window development.

R&D regarding the heating and current drive power supplies will
concentrate on system protection. In order to meet a start date for
equipment installation of early 2006, the procurement activities should
commence in 2001 because of long-lead times (3+ years) on major power
supply components.

A decision on which technology will be used for HER will be made in
December 1996. None of the components/systems is required for
installation early in the construction. Thus, completion of the detailed
design is deferred to the latest date to enable incorporation of results from
the R&D program. The deliverables at the end of EDA therefore reflect this
situation. For neutral beams, the lead time for the fabrication of the modules
is long. This necessitates that the preparation of the tender documents
supports beginning the fabrication in the year 2000 at the latest. Therefore,
the specification and the accompanying drawings for the neutral beams will
be in the nature of "build-to-print" and will be approximately 50% complete
at the end of EDA, if this technology is selected.

3.3.8 Diagnostics (WBS 5.5)

ITER will require a wide range of types of measurement systems, including
magnetics, neutronics, laser and optical systems, X-ray to visible
spectroscopy, microwaves, probes, pressure gauges and thermocouples: in
total there will be about 40 individual measurement systems.

R&D effort has concentrated primarily on radiation effects on diagnostics
components, and penetration component layout. In order to satisfy fairly
long lead times for some components, commencement of procurement
activities must begin by late 2000.

Many of the diagnostics can be constructed and installed after the start of
plasma operations since they will not be required until the more advanced
phases of plasma operation. Therefore, the approach adopted is to select the
diagnostic techniques that meet the ITER measurement requirements and
then to establish the feasibility of the techniques for implementation on
ITER. The design tasks then comprise completion of the conceptual designs
of all the systems and determination of overall space and service
requirements. The interfaces with the major machine components (blanket,
vacuum vessel, cryostat and shield) need to be designed to a high level
because these components will be amongst the first to be procured early in
the construction phase.
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TABLE 4.1 Allocation of Design Tasks by Party
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3.3.9 Radiation Shielding (WBS 6.4)

Radiation Shielding System, Radiation Monitoring System, and
Environmental Monitoring System are needed near the end of the
construction phase. The earliest operational date (April 2007) is for
baselining pre-operational conditions and training personnel. Radiation
Shielding needs are somewhat different because shielding has to be
integrated with the equipment to be shielded. Therefore, enough design will
be done on this element to support interface needs, but detailed design will
not be done during the EDA.

3.3.10 Sampling Systems (WBS 6.8)

The Sample System is needed to support the start of integrated testing, in
March 2007. To support this date, the system should be operational by
January 2007. The durations to procure and install instrumentation and
facilities for this system are used to determine the date at which engineering
must be complete enough to initiate procurement, and the engineering stage
at the end of the EDA. To support these operational dates, it should be in the
conceptual design stage at the end of the EDA.

4.0 ALLOCATION OF TASKS TO JCT AND PARTIES

4.1 Design Tagks.

In all of the main component areas, the Work Program foresees a high level of
Home Team involvement in design activities, with industry taking on an increasing
proportion of the work both on cost studies and on large-scale design packages. It
is assumed that all Home Team design work is undertaken with appropriate CAD
support and complies with the needs of ITER design integration.

The continuing JCT role in design work focuses on ensuring that the designs are
developed and specified to a satisfactory state, maintaining the coherence and
configuration control of the different elements of design work, and on integrating
the Home Teams' contributions. To fulfill its role - in particular to be able to
provide the necessary quality input to the Home Team design Tasks and to accept
their output efficiently - the JCT must have adequate CAD support including
qualified personnel equipped with appropriate hardware, software and
communications capacity.

The allocation of design Tasks to Parties is summarized in Table 4.1. This shows,
by WBS and by Party, tasks already completed and ongoing. Tasks foreseen for the
remainder of the EDA are shown broken down by level 3 WBS and by Party (or
Parties for task areas where the Parties are expecting to share tasks).

4.2 R&D Tasks

The R&D Tasks required to validate the design work and to provide the technical
information necessary to support a construction decision are developed in the
Activity Planning Packages, and can also be summarized by WBS number. The
allocation of R&D tasks to Parties is summarized at level 3 WBS in Table 4.2,
compiled on the same basis as above, except that tasks identified during the
planning, but which have not yet been discussed with the Home Teams for possible
sharing, are not included:
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The JCT has an active role in relation to all these tasks from their inception and
specification, through monitoring of progress with the Home Team Responsible
Officers, to the acceptance of completion of the Task by the Director. Most
importantly, the JCT has the responsibility, working with the Home Teams
concerned, to evaluate the results of the R&D and to assess their implications for
the ITER design.

Large R&D Projects

In addition to support and validation of design work, it is recognized that one of
the principal outputs of the R&D program is the actual demonstration of the
technology to be employed in ITER.

This is needed by the end of the EDA to clearly illustrate that there are no technical
impediments to the satisfactory construction and operation of ITER. To best
achieve this demonstration, several individual R&D and HT design activities,
subject of separate Task Agreements, have been grouped under seven development
areas, namely:

l.CS Model Coil
2. TF Model Coil
3. Vacuum Vessel
4. Blanket
5. Divertor
6. Blanket Remote Handling
7. Divertor Remote Handling

Each of the seven areas will be managed as a "mini-project" with its own schedule.

Note: The lists of Tasks described above do not cover additional resources that
Parties with candidate sites will need to allocate in order to perform site-
specific safety related work for the regulatory review process and to design
the balance of plant for the specific characteristics of the site. As noted
above, the timely completion of the work on regulatory aspects has a critical
influence on the overall schedule for construction. The exact duration and
cost of this work will depend on the particular process to be followed for
each candidate party. However, to meet the overall schedule shown in
Figure 2.2, it will be necessary for Parties offering candidate sites to be ready
to start the formal process immediately after a site decision. This may
involve starting such work before the end of the EDA.

5.0 OVERALL SCHEDULE FOR THE EDA

5.1 Integrated Resource-Loaded Schedules (IRLS)

A set of schedules has been developed for each element at Level 3 of the WBS. Each
element shows basic engineering, procurement, R&D (where appropriate) and
installation/construction information (time, resources, and constraints), through
start-up and commissioning. The total set constitutes the Integrated Resource
Loaded Schedule (IRLS). The IRLS is presently comprised of over 11,000 activities.
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5.2 Project Milestones

The major project milestones remain those determined at IC-7, i.e. the preparation
and clearance through the ITER Council of the Interim Design Report (being
submitted to IC-8), the Detail Design Report (Dec 1996), Final Design Report (Jan
1998), and Comprehensive Design Report. These major reports will encapsulate
the continued progress on all aspects of the EDA design work including safety and
cost analyses and provide for the ITER Council a means of assessing, with the help
of TAC, the technical status of evolving design work.

Within the design activities, one significant step, the choice of heating methods, is
scheduled to be made at the end of 1996; the basis for this choice will be provided
in the context of the Detail Design Report.

Other design related milestones are the following:

- Evaluation of the work on Tritium Breeding Blanket (June 1996)

- Initial Construction Schedule and Plan (Jan 1997)

- Non-site specific Safety Report (First Draft) (Jan 1997)

- Specification for Site Layout and Buildings (Dec 1997)

- Operation Program and Schedule (Jan 1998)

- Non-site specific Safety Report (Final) (June 1998)

- Specifications for long lead procurements as shown in the IRLS.

Within the R&D programmes established, it is also possible to set specific goals and
intermediate steps. In particular, detailed schedules are being developed for the
seven large R&D projects with the Home Teams concerned which will include
intermediate project milestones given tentatively in Section 3.1, and listed below.
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Intermediate Milestones for the Large R&D Projects

CS Model Coil development:

• Complete preparation and commissioning test of facility
• Main solenoid and CS insert ready for installation

TF Model Coil Development
• Complete preparation and commission of test facility
• Complete model coil fabrication

Vacuum Vessel Sector Fabrication
• Start fabrication of full scale sector mock-up
• Complete fabrication of full-scale sector mock-up

Blanket Development Programme
• Complete fabrication of prototype partial models FW/Shield

modules
• Complete fabrication of full scale models of FW/Shield modules

Divertor Development
• Report of design studies for full-scale mock-ups
• Complete tests to establish HHF fail limits of candidate components
• Complete fabrication of full scale model of divertor cassette

Blanket Remote Handling
• Complete design review of RH for blanket development
• Install and commission Blanket RH test

Divertor Remote Handling
• Complete construction of Divertor RH test facility

The above list, including target dates to be agreed and confirmed with the Home
Teams concerned, offers a basis for meeting the ITER Council's request that MAC
should review progress on the schedules and intermediate technical milestones.

6.0 ANALYSIS OF OVERALL RESOURCE REQUIREMENTS

The "Estimate of Parties' EDA Resources" (IC-5 ROD Attachment 13) provides a starting
point for the analysis of resources required to meet the EDA objectives.

An analysis of deliverables and resources for the ITER EDA was presented to MAC 6 and
submitted to IC 6 (IC-6 Agenda Tech. Attachment l(c)). MAC 6 made certain
recommendations, in particular for increases in Home Team design resources, which were
noted by the Council. The Council agreed that the Parties should initiate steps to increase
substantially the Home Team design resources as recommended and that the Director may
optimize the balance of JCT professionals and support staff resources within the overall
envelope of resources noted by IC-5.
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The schedule here presented is based on extensive development of Project plans and on
detailed resource loadings from the Activity Planning Packages as noted above. In
particular the plans now reflect:

a) Specific and detailed articulation of the EDA deliverables;

b) A detailed definition of project plans based on .a complete, bottom-up
analysis of activities using established tools for managing large projects;

c) A planned distribution of responsibilities between the JCT and Home Teams
which seeks to make optimal use of Home Team design capabilities, with
JCT focusing its activities on coordination and integration, and on ensuring
coherence in the design process;

d) A recognition of the need to adjust the precise distribution of planned
resources to specific circumstances and budgetary constraints.

The aggregate resource estimates and the balance of different resources now proposed for
the EDA Work Programme are compared to the planning figures from IC-5 as follows:

JCT
CAD Support to JCT
Home Team Design Effort
(Professionals inc. support)
Technology R&D

IC-5 Planning
840 PPY

22/y

500 PPY
750kIUA

IC-8 Proposals
798 PPY

34/y (from mid 95)*

752 PPY
656kIUA

* plus 40 CAD designer years of additional off-site CAD support to the JCT.

Consistent with the desire that the resources be divided approximately equally among the
three JWSs, Table 6-1 provides the resource split among the sites.

In the period to the end of 1994 - the base date for current planning - the total JCT
resources provided amounted to 173 Professional Person Years.

To meet the proposed figure for JCT PPYs it must be assumed that all staff currently
selected should have arrived on site and that the JCT staffing level would have grown
through to mid 1995, giving a settled JCT staffing level of about 165 who would continue
in post through the end of the EDA period. Already the figures in 1995 are falling
behind this modest profile. The ultimate team strength needs therefore to be higher in
order to provide the same PPY effort. Moreover, recognizing the time taken for a new
Team member to adjust to the task of working in a multi-national joint team, any delay in
build up is likely to reduce the potential overall cost-effectiveness of JCT resources.

The necessary increase in JCT CAD support effort is achievable at a cost below the value of
the reduction in cumulative JCT effort foreseen. As with the JCT numbers, the planning
assumes that the increase from current levels occurs promptly. The cost of the increase in
Home Team Design resources is more than covered by the reduction in Technology R&D
expenditure foreseen.
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TABLE 6-1 EDA Resources
1995 - End of EDA Resource Requirements by JWS

JCT

Naka JCT 232.6
CAD
HT Design
R&D

GarchingJCT 179.2
CAD
HT Design
R&D

San Diego JCT 213.5
CAD
HT Design
R&D

Unassigned R&D after 96
Unallocated R&D

Total JCT 625.3
Total CAD
Total HT Design
Total R&D

CAD

65.0

44.1

46.5

155.6

JCT, CAD, & HT Design is in PPY; R&D is in klUA.
Required resources from Jan 1995 in addition to committed ones
JCT resources through Dec 31,1994 = 173 PPYs
Committed HT Design through Dec 32,1994 = 348 PPYs
Committed R&D through Dec 31,1994 = 443 klUA

HT
Design

151.8

96.2

155.8

403.8

R&D

107.4

60.0

14.9

11.0
20.0

213.3

Thus the ITER EDA Work Programme as here presented can be completed within the
overall envelope of resources noted at IC-5, so long as the Parties jointly and in timely
fashion provide the balance of resources now proposed. There is now a direct and firm
link in the planning between the deliverables and the resources provided. If the planned
increases in the various design resources types do not happen, the Parties will not have
the information sufficient to take a positive construction decision by the end of the EDA
period.

At this stage, the Joint Fund is expected to continue at about its current level (~$2.4M per
year). The scope of activities covered by the Joint Fund is expected to change as the EDA
progresses towards 1998, in that the Joint Fund could be used less for systems
development and hardware upgrades and more to supplement effort in areas where
flexible response to specific urgent problems might be needed and to meet ongoing
common Project requirements.
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IC-8 ROD
Attachment 9

ITER Joint Fund - Accounts for 1994
Report by the Director

1. Introduction

In accordance with Section 8 of the ITER Joint Fund Financial Rules, this paper
provides the consolidated accounts for 1994 of the ITER Joint Fund in 1994 and
the Director's report on the operation of the Joint Fund. The report was
presented to MAC with additional supporting information for review before
submission to ITER Council.

2. Establishment of the Joint Fund

1994 was the first year of operation of the ITER Joint Fund which was established
under Rules agreed at IC-5 in January 1994 (IC-5 ROD 3.2). Under the Rules, the
Joint Fund is established as a Trust Fund of the IAEA who collect the Parties'
contributions and distribute monies, at the instruction of the Director or his
designees to four Agents who each have legal personality in the territory of one
of the Parties and who administer the expenditure of the fund at the request of
the Director and his designees.

The Agents that operated the Joint Fund in 1994 were:

Territory

EC Party

JA Party

RF Party

US Party

Agent

IPP Garching

Nippon Advanced Technologies

Minatom

UCSD (to 27 September)

SAIC (from 27 September)

Note: the change in US Agent was made in order to make the link
between the request for expenditure and its discharge more effective.

In accordance with Article 5.11 of the Financial Rules, the Director delegated his
authority and functions to the Administrative Officer (for interactions with IAEA
and for setting detailed budgets for each agent) and to Deputy Directors (for
authorising items of expenditure and for approving payments for local
transactions). By April, the Director had also received, as requested, formal
advice from the four Parties giving him explicit authorisation to approve the
missions of seconded staff within the provisions of the travel rules.

3. Application and Amendment of the Financial Rules

In general, the financial rules proved to offer a workable framework for
managing of the Joint Fund, within its particular circumstances, notably the
absence of a legal ITER entity.
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In accordance with Article 10 of the Rules, IC-7 approved a proposal by the
Director to amend to the Financial Rules to provide a more appropriate
framework for reimbursing the Agents' costs of administering the fund (IC-7
ROD 3.i).

4. Approval and transfers in the 1994 Budget

IC-5 approved an allocation of the 1994 Budget by main budget articles to the
Agents. In accordance with Rule 5.7.3, IC-7 approved proposals from the
Director to modify the allocation to Agent of the 1994ITER Joint Fund provisions
in order to match better the geographical distribution of needs that was occurring
during 1994.

5. Submission of Accounts

The IAEA and the Agents submitted timely accounts after the end of the year
and cooperated in analysis and consolidation. They also confirmed that their
Joint Fund activities fell within the scope of their normal external audit
arrangements and undertook to advise the Director of any audit observations
relating to their actions in respect of the Joint Fund. No such observations have
been reported at the time of writing.

6. Implementation of the 1994 Budget

Contributions to IAEA and Distribution to Agents
All Parties contributed their one quarter share of the 1994 Budget of $2.4M. The
Director was regularly informed by IAEA of the receipt of contributions.

At the request of the project the IAEA transferred to Agents a total of $1,338,800
during 1994.

Table 1 shows the statement of contributions to and transfers by the IAEA in
1994.

Agents' Expenditure Against Budget
The budget allocations for each Agent (including budget transfers) as approved
by the ITER Council and expenditure against Budget are shown in Table 2. By
the end of the year, $1,820,000 of the 1994 Budget had been allocated to the
Agents. $580,000 remained as yet unallocated.

Total expenditure by the Agents (including commitments) was $1,146,600,63% of
the total amounts allocated to them.

Travel and Subsistence
Expenditure on Travel and Subsistence by JCT members supported by the Joint
Fund, including commitments, amounted to $489,426,79% of the final budget
for that article. The shortfall can be accounted for by the time taken to receive the
formal clearances from the seconding institutions concerned.

Almost 90% of the total Travel and Subsistence expenditure was accounted for by
the top levels of JCT management to whom the ITER Council agreed that Joint
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Fund travel arrangments should apply - the Director, Deputy-Directors and
Administrative Officer, and Division and Unit Heads.

The ITER Council also accepted that the Joint Fund could support the travel of
other members of the JCT. IC-5 allocated a total of $40,000 for this purpose. In
the event, that total was not sufficient against the urgent needs of the Project. A
further $13,069 was spent for this purpose, under the Director's authority in
accordance with Article 5.7.4 of the Financial Rules, using unspent funds from
the provisions made for payments to the RF Agent for costs of administration.

As agreed by IC-6, the Joint Fund was also used to support the Travel and
Subsistence costs of the secretary in the ITER Office of the IAEA to enable her to
assist in support of IC-7.

Analysis of the travel pattens for the three Joint Work Sites shows a reasonable
degree of uniformity between the Sites. The data can be used to support future
budget estimates with relative confidence.

Other Expenses
Total expenditure on Other Items amounted to $657,173 or 55% of the final
budget for this article allocated to agents. The relatively low level of expenditure
against budget resulted from two main factors:

1. the Joint Fund was in the first year of operation of an entirely new
type of activity. In particular, it was not possible during 1994 to set up modes of
operation for the substantial use of the Joint Fund by the RF Agent;

2. the management review and changes during the year had a marked
impact on the start up of Joint Fund operations, especially with regard to the
plans for expenditure on Management Systems development.

Unspent appropriations from the 1994 budget have been carried forward to 1995
in accordance with Article 5.8 of the Joint Fund Rules,

Agents' Flows of Funds
Table 3 shows for each of the Agents the flow of funds, i.e. receipts of funds from
the IAEA, disbursement of funds in accordance with Budgets and expenditure
instructions and opening and closing budgets.

Since the fund and its accounts are denominated in US Dollars, but largely spent
in the domestic currency of each Agent, some exchange variations are inevitable.
These are shown in the Flow of Funds statements.

7. Initial Observations on the operation of the Joint Fund in 1994

It is premature to attempt a definitive assessment of the operation of the ITER
Joint Fund premature based on experience of just one year. However the
following interim observations can be offered:
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1. The Joint Fund represents a new type of instrument for all those
concerned. Its arrangements are complex compared with the scale of
expenditure involved. This results directly from the fact that ITER is not a legal
entity and in consequence does not have the power to conclude even the simplest
form of legal contract. The complexity and indirectness has meant that the
startup of the the fund has been slower than might have been expected.

2. The use of Agents has, nonetheless, proved to be feasible, in large
part thanks to the willingness of each of the Agents, in its own way, to respond
constructively to the needs and requests of the Project. Indeed given the limits
on JCT numbers and the more pressing priorities of the Project, it could well
have taken even longer to set the Joint Fund into operation without the use of
Agents or diverting more JCT effort away from the technical work.

3. The pattern of Joint Fund expenditure has shown an imbalance
towards the US Agent(s) in the first year of operation. This is largely a
consequence of the agreed structure of the Project which places a higher
proportion of senior management in San Diego and so directly affects the travel
and subsistence demands. Moreover, since the Joint Fund is established by the
Agreement to serve "common expenses" and since San Diego is by agreement
the Site for Project Integration, there is natural tendency for San Diego to be a
focus for articulating and addressing common project requirements.

An apparent imbalance in the pattern of spending is offset somewhat by
the a more balanced distribution of benefits. For instance, to ensure
compatibility and cost-effectiveness, it has proved best in some cases to
undertake hardware and software procurements on a uniform basis through one
agent and to distribute the items purchased to the different sites. In this way the
project benefits from any volume purchasing economies and retains complete
assurance of compatibility. In addition to such direct examples, in general, Joint
Fund procurements specifically focus on items that benefit the project as a whole
rather than serve the needs of a specific site.

4. Without a site in Russia, it is taking longer to establish effective
patterns of Joint Fund expenditure through the RF Agent. Options are now
being developed to use the Joint Fund through the RF Agent effectively in
providing direct support to JCT design activities. It should also be noted that
there is considerable benefit to project management from the ability to support
travel and subsistence of JCT members other than the upper management levels.
Such expenditure, which is made through the Agents at the three Joint work
Sites, is very tightly controlled but it offers a means to respond to pressing
project requiremnents and should be maintained at appropriate levels.

RECOMMENDATION:

The ITER Council is invited:

1. to approve the consolidated Annual Accounts of the ITER Joint
Fund for 1994;

2. to note the Director's report on the operation of the Joint Fund in
1994.
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ITER JOINT FUND

ACCOUNTS FOR 1994

TABLE 1: Statement of Contributions to and Transfers by IAEA in respect
of 1994 Joint Fund Budget

US Dollars

1) Contributions to 1994 Budget
received from ITER Parties in 2,400,000
1994

2) Transfers made to ITER Joint
Fund Agents 1,338,800

3) Closing Balance of Funds for 1,061,200
1994 Budget

Note:

The Joint Fund Agents in the territories of the four Parties were: IPP, Garching (EC);
Nippon Advanced Technology (JA); Minatom (RF). For the US, the Agent was UCSD
to 27 September and SAIC thereafter. Funds were transferred to the Agents in the four
territories as follows:

EC
190,800

JA
378,000

RF
50,000

US
720,000

Total
1,338,800
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to

Statements of Budget and Expe

Travel and Subsistence
Initial Allocation
Budget Amendment
Revised Budget Allocation
Expenditures:
Payments
Commitments

Other Expenses
Initial Allocation
Budget Amendment
Revised Budget Allocation
Expenditures:
Payments
Commitments

Initial Allocation
Budget Amendment
Revised Budget Allocation
Expenditures:
Payments
Commitments

nditure (U.S. Dollars)

BE

125,000
15,000

(i) 140,000
(3)

110,886

(2)

225,000
0

225,000

92,997

350,000
15,000

365,000

203,883
0

1TER JOINT FUND
1994 ACCOUNTS

MAX

125,000
95,000

220,000

150,029
32

225,000
(65,000)
160,000

54,773
6,497

350,000
30,000

380,000

204,802
6,529

Minatom

40,000
(20,000)
20,000

5,162

205,000
0

205,000

8,000
0

245,000
(20,000)
225,000

13,162
0

UCSD/SAIC

180,000
60,000

240,000

200,811
22,506

675,000
(65,000)
610,000

456,460
38,446

855,000
(5,000)

850,000

657,271
60,952

Unallocated

150,000
(150,000)

0

450,000
130,000
580,000

600,000
(20,000)
580,000

Xtatal

620,000
0

620,000

466,888
22,538

1,780,000
0

1,780,000

612,230
44,943

2,400,000
0

2,400,000

1,079,119
67,481

Notes:
(1) Budget allocations are as approved at IC-7 (IC-7 ROD Attachment 4), including a provision of $40,000 to support the travel and subsistence of ITER-JCT members other than

senior staff (IC-5 ROD 4(c).6).

(2) Other expenditures include charges for Agents' costs of Administration as follows:

US Dollars IEE NAI
Budget Provisions 58,500 58,500

Actual Charges (paid and committed) 7,019 57,781

Minatom
58,500
2,500

UCSD/SAIC
94^75
81,765

laial
269,875
149,066

(3) Tn amwrianrp with Article 5.7 (4). the Director allocated $13,069 from the unspent balance administrative charges from the Minatom Agent to support additional Travel and



Table 3: Flow of Funds Statements

ITER JOINT FUND
1994 ACCOUNTS

1)

2)

2a)

3)

4)

5)

6)

Opening Balance (Ol-Jan-1994)

Transfers received from IAEA

Other credits

1994 Payments

Committed Funds

Currency Variation

Ending Balance (31-Dec-1994)

(i)

0

190,800

0

(203,883)

0

(2,024)

(15,107)

(2)

NA1

0

378,000

64

(204,802)

(6,529)

(7)

166,726

Minatom

0

50,000

0

(13,162)

0

0

36,838

UCSD/SAIC

0

720,000

0

(657,271)

(60,952)

0

1,777

Total

0

1,338,800

64

(1,079,119)

(67,481)

(2,031)

190,233

Notes:
(!) Expenditure of currencies other than U.S. dollars is based on a transactional-based exchange rate for 1994 as provided by the Agent. Any final balances of other currencies are

evaluated at an exchange rate for December 1994.

P) Expenditure of currencies other than U.S. dollars is evaluated at an average exchange rate for 1994 provided by the agent. Any final balances of other currencies are
evaluated at an exchange rate at December 31,1994.
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IC-8 ROD
Attachment 10

ITER Joint Fund - Budget Transfers
Proposal by the Director

l . Introduction

1994 was the first year of operation of the ITER Joint Fund. Actual expenditure
during ,1994 fell below budget. This resulted principally from delays in spending
arising from the time taken to implement the Joint Fund in full and from the
changes in top level management and the consequent need to review a number
of areas. At the end of 1994, S1.82M of the total 1994 budget of $2.4M had been
allocated to Agent and Budget Article with ITER Council approval; a provision
of $0.58M for "Other Expenses" was still unallocated. In accordance with Article
5.8 of the Joint Fund Financial Rules, the balances of unspent budget have been
carried forward for each Agent and Article for expenditure in 1995. This note
proposes an allocation to Agents of the $0.58M unallocated last year.

No transfers are proposed at this time in respect of the 1995 Budget allocations to
Agents and Articles.

2. Implementation of the Joint Fund in 1995

At the time of writing, the IAEA has received $1.9M in Parties' contributions to
the 1995 Joint Fund budget of $2.4M.

Detailed spending plans for 1995 have been drawn up, taking account of the
estimated carry-forward from 1994 and transmitted to the Agents, with an initial
release of 1995 budget and confirmation to use the funds that each had carried
forward.

The allowance for Travel and Subsistence includes a total of $90K distributed
between the Agents at the three Joint Work Sites to support the travel and
subsistence of JCT members other than the Director and senior staff.

3. Proposed Transfer of 1994 carry-forward provisions

To meet the pattern of spending now foreseen in 1995, it is necessary to make an
explicit allocation as follows to Agents of the $0.58M provision for Other
Expenses which was left unallocated at the end of 1994:

Agent

Allocation to "Other
Expenses" ($K)

D?P

100

NAT

190

Minatom

0

SAIC

290

Total

580

165



This allocation of funds will provide mainly for modifications and upgrades
foreseen in the area of design support including, in particular the purchase (with
associated Agent's costs) of some equipment to support the use of Autocad as a
cost-effective supplement to the CATIAIV systems adopted as standard for
detail design and configuration control.

The allocation of the carry-forward at this stage will also offer robustness in
spending plans to uncertainties over the date of receipt of all contributions to the
Joint Fund in 1995.

RECOMMENDATION:
The rrER Council is invited:

to approve Joint Fund budget transfers as set out in this note.
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IC-8 ROD
Attachment 11

THE ITER JOINT FUND
1996 BUDGET

Proposal by the Director

In accordance with article 3 of the ITER Joint Fund Financial Rules, this paper
provides, for ITER Council consideration, the Director's proposals for the 1996
Budget of the ITER Joint Fund. The proposals were presented with additional
supporting information to MAC-8 for review. The proposals are set out in Table
1 which shows the budget allocations to Agents and Main Article of Expenditure
as required by Article 3. Explicit provision is also shown in Table 2 for the
Agents' costs of administration.

The total budget for the year is set at $2.4M - the same level as in previous years.
Recent currency variations have reduced the purchasing power of this dollar
amount; spending plans have been constrained accordingly.

A key assumption underlying the budget proposal is that, under Article 14 of
the EDA Agreement, the Host Parties will support increases in CATIA design
support at the Joint Work Sites - both staff and equipment - required to
implement the EDA (these requirements are set out in the Work Programme.)
The Joint Fund is then used as a complement to these basic resources as
appropriate, eg providing for upgrades, process management software and other
supplementary software, communications enhancements etc.

Some expenditure by the RF Agent is planned for design support work to be
undertaken in the RF under the direction of the JCT and for the associated liaison
expenses. This work is separate from the design tasks allocated to the RF Home
Teams.

Table 1: ITER Joint Fund
Budget
Article

Travel and
Subsistence

Other
Expenses

Total

EC

210

490

700

Budget -1996
JA

230

470

700

RF

30

170

200

US

315

485

800

Total

785

1615

2400

EXPENDITURE BUDGET BY ARTICLE

1. Travel and Subsistence

The total provision for travel in 1996 is $785,000, a little under one third of the
total. This sum covers the estimated travel of the Director and the established
group of senior JCT staff whose travel needs are supported by the Joint Fund .
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In addition a provision of $100K is made for to support priority travel needs of
other JCT members for whom there is no Joint Work Site on their home territory.
The total is based on experience to date and takes account of the varying
numbers of qualifying staff at the three JWSs and of recent exchange variations.
The RF travel provision includes the costs of sending the secretary of the IAEA
ITER Office to assist at ITER Council meetings, as agreed by IC-6.

2. Other Expenses

The budget proposal for "Other Expenses" includes indicative provisions, inter
alia, for the following areas of expenditure:

Management Systems/Design capacity
Given the central assumption that the principal CATIA capacity at the JWS's is
provided by the Host Parties, the Joint Fund spend on Other Expenses focusses
on complementary items such as:

• the procurement and maintenance of complementary AUTOCAD capacity at
the JWS's;

• supplementary scientific/analysis work upgrades;
• special upgrades to existing capacity to cover the growing throughput of

detailed drawings;
• data security and storage;
• communications (eg video-conferencing costs) and network improvements;
• maintenance and enhancement of process management systems, including

implementation within Home Teams).

Provision is also made for the maintenance requirements for all equipment and
software purchased through the Joint Fund.

Consultancy/Design Support - RF
The indicative provision for design support in RF under JCT direction, is $145K
which includes the cost of necessary liaison by supervisory staff from the RF. In
addition, a provision is made for consultancy services to support urgent design-
related needs at the Joint Work Sites, as well as a number of complementary
services as necessary to meet urgent needs in areas not covered by host support.

Costs of Administration
The various agents have taken different approaches, as appropriate, to the
operation of their Joint Fund responsibilities. These differences are reflected in
the provisons made for costs of administration as shown below:

Table 2: ITER Joint Fund - Budgets for Agents' costs of administration
Agent

Agent's
Admin

costs ($K)

EC

25i

JA

862

RF

25

US

893

Total

225

Notes: 1 Assumes continuation of current administration approach
2 Based on full costs of staff dedicated to Joint Fund Adminstration
3 Charged at 12.5% of direct costs
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INCOME BUDGET BY PARTY

On the basis of equal contributions, the necessary contibution from each Party
amounts to $600,000. At present, it is assumed that these contributions will be
made in dollars.

RECOMMENDATION:
The ITER Council is invited:

to approve the Budget for the ITER Joint Fund for 1996 as set out in Table
1 of this paper.
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IC-8 ROD
Attachment 12

MAC Report and Advice

MAC-8 Meeting
9- 10 July 1995

ITER Joint Work Site in San Diego

MAC Membership and Meeting Participation:

MAC took note of the replacement of JA and US MAC Members from
Mr. Hideo Yoshikawa to Mr. Takaaki Nagamatsuya, and from Mr. T.R. James
to Mr. W.A. Marton, respectively.

Participation was accepted as attached (MAC8 R&A Attachment 1).

Agenda:

The Agenda was adopted as attached (MAC8 R&A Attachment 2).*)

Council's interpretation of MAC7 Recommendations:

MAC recognized the Council's interpretation (IC-7 ROD, 3.2) of MAC-7 R&A
Recommendation 1(b).

MAC8R&A Rec.-1:

MAC recommends that the Council agree on the additional matter of dissemination of
information and IPR to which unanimous support of MAC, expressed in its Report and
Advice to the Council, constitutes Council approval.

Status of the JCT activities:

MAC8 R&A Rec. -2:

a) MAC noted the Status Report (MAC8 R&A Attachment 3) presented by the
Director.

b) MAC noted the useful activities by Physics Expert Groups to address physics issues
and supported the Director's intention to continue to use these Physics Expert
Groups.

*) Attachments 2 -17 are not attached to this document. However, some of them
are included in this publication as IC documents.
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ITER Workshops and Technical meetings:

a) MAC reviewed the schedule of Technical Meetings and Workshops set out in the
MAC8 R&A Attachment 4. In accordance with the IC-3 ROD 5.2, this review
constitutes IC endorsement of the proposals for meetings.

b) In view of the large number of meetings, the necessity of each meeting should be
established.

c) On the invitation of the RF delegation, MAC suggested the Director consider to hold
more ITER meetings in Russia.

d) MAC suggested to coordinate the 3rd Tritium Plant Technical Meeting with the
meeting scheduled within the agreed tasks on Vacuum Pumping Systems.

e) MAC noted the Director's intention that minutes be prepared during each meeting.

Assigned design and R&D tasks which are grouped under categories for under
500 IUA, over 500 lUA, and by year:

MAC noted the ITER Task status summary and the complete list set out in MAC8 R&A
Attachment 5.

Proposals for task agreements for tasks over 500 lUA:

a) MAC reviewed and supported the modifications of the 1993 Emergency Task
Agreements as presented in MAC8 R&A Attachment 6.

b) MAC also noted the completion of the Tasks as so modified.

c) MAC reviewed the Director's proposals for Task Agreements of Technology R&D and
Design tasks for the remainder of the ITER EDA. MAC unanimously supported the
task proposals set out in Tables 3 and 4 of MAC8 R&A Attachment 7 and took note
of additional documents attached to the Tables. MAC also noted that, for the design
tasks, the distribution within the totals between WBS items and their phasing over time
might vary by agreement with the Home Team Leaders concerned.

d) Concerning the CS Model Coil Test Facility, MAC agreed to delete the constraint set
out in the Annex 2 Task Assignment for the ITER Work Programme in the MAC2 R&A,
under point c , page 4. The additional credit should be related to the capital cost of
"the other equipment".

e) This review constitutes Council approval according to the IC-5 ROD 4(c).9.



Work Program:

MAC8 R&A Rec. -3:

a) MAC recommends acceptance of the content of the ITER EDA Work Program
(MAC8 Attachments 8) as presented by the Director. The deliverables identified
for the EDA period meet the requirements of the EDA Agreement.

b) MAC concluded that the requested resources for the EDA are appropriate. The
Work Program can be carried out so long as these resources are provided on a
timely basis by the Parties. The MAC recommends that the Council address the
issue of providing the resources required for the remainder of the EDA.

c) MAC strongly endorsed the Director's proposal (MAC8 Attachments 9) for focusing
the R&D activities on seven large R&D projects for the ITER EDA. The MAC
suggested to the Director to consider applying this concept to appropriate groupings
of other R&D tasks.

d) MAC also wished to commend the Director and JCT for preparing a Work Program
that responds to previous suggestions and recommendations by MAC.

Future plan and cost estimation of IPMS and the procedure for distribution of
EDA technical information to the Parties:

a) MAC reviewed the Director's proposal for IPMS (MAC8 R&A Attachment 10) and
noted that

i) development of the IPMS as a whole has been ended;

ii) there was no new expenditure on IPMS as such after the above
decision was made;

iii) specific parts of the former IPMS are now being
successfully implemented as stand-alone systems.

b) MAC also noted the Director's intention, after consultation with Home Teams, to
present to the next MAC meeting a further plan for an electronic data management
system to meet the Project's needs.

Status of the Quality Assurance Program:

MAC8 R&A Rec. -4:

The MAC recommends that the Director and Home Team Leaders work toward
developing and implementing a Quality Assurance Program for ITER. Specifically, the
Director and Home Team Leaders should prepare and issue a policy statement, and
establish points-of-contact at working level to review presently applied procedures and
to move towards a coherent, concise and practical QA program for ITER (MAC8 R&A
Attachment 11).
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Consolidated Accounts of the '94 Joint Fund:

MACS R&A Rec. -5:

a) MAC reviewed consolidated accounts for the ITER Joint Fund Budget of 1994 as
presented by the Director (MAC8 R&A Attachment 12) with supporting detailed
information (MAC8 R&A Attachment 17).

b) On the basis of the information provided, MAC recommends ITER Council to
approve the consolidated annual accounts of the ITER Joint Fund for 1994.

c) MAC agreed that additional information in similar format should be provided in
future years to MAC to support consideration of Joint Fund accounts.

d) MAC noted that each Party has exercised appropriate oversight of the funds
provided to the Joint Fund Agent in its territory.

MAC8 R&A Rec. -6:

The Director stated that $0.67M of unspent funds from 1994 have been carried forward
to 1995 as allocated by the Council to agents into the two entries: Travel and
Subsistence and Other Expenses. The Director proposed the allocation to agents of the
remaining carryover of $0.58M for Other Expenses (MAC8 R&A Attachment 13). MAC
recommends * ITER Council to approve the allocation proposed by the Director.

Proposals for the Jan.-Dec. 1996 Joint Fund Budget:

MAC8 R&A Rec. -7:

a) MAC reviewed the Director's proposals for the 1996 Joint Fund Budget and its
allocation to Agents and main Budget Articles, together with additional supporting
information.

b) MAC recommends *the ITER Council to approve the Joint Fund Budget and
allocations for 1996 as proposed by the Director (MAC8 R&A Attachment 14).

c) MAC noted that the RF party would like to use a larger portion of the RF contribution
to the Joint Fund for execution of tasks in Russia such as support for the RF-based
ITER design team with appropriate hardware and software working under the
direction of the Director, and the holding of more ITER technical meetings in Russia
to decrease the burden of travel for RF participants to such meetings outside
Russia. MAC supported these suggestions.

* with temporary reservation from the RF delegation
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Report by Interface Sub-Group (ISG) regarding Certain Interface Issues:

MAC8 R&A Rec. -8:

Having received the ISG report, MAC recommends that the ISG continue its efforts to
facilitate interface issues including completion of Vade Mecum.

MAC agreed that each Party shall continue its best effort to facilitate tax exemption and
that the boundary line of responsibility between the sending and receiving Parties be at
the port of entry after clearance of preliminary acceptance tests.
(MAC8 R&A Attachment 15).

Proposals by the Director for policy on industrial participation in the ITER EDA
following consultation with the Parties:

MAC8 R&A Rec. -9

MAC agreed to submit to the Council the proposal of the Director on a Policy for
Involving Industries in ITER EDA, taking into account the MAC comments.

MAC also noted the intention of representatives from industries within the Parties to
hold a meeting in the fall of 1995 to be informed on the status of ITER. The MAC
supports this activity. (MACS R&A Attachment 16)

Other Business:

Future Meetings.
MAC tentatively decided that the MAC-9 meeting will be held in St. Petersburg on 2-3
November 1995.

MAC8 Report and Advice:

MAC approved the present MAC8 Report and Advice to the Council.
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MAC8 R&A
Attachment 1

MAC8 Meeting

List of Attenders

MAC Members

EC

JA

RF

US

HER

JCT

Experts

Secretary

E. Canobbio
R. Toschi
J. E. Vetter
S. Matsuda
T. Nagamatsuya
M. Yoshikawa
Oleg. G. Filatov

(CP)
(HTL)

(HTL)
(CP)
(Chair)
(HTL)

Lev G. Golubchikov
N.P. Komev
C. Baker
W.A. Marton

R. Aymar

Y. Shimomura
V. Chuyanov
M. Huguet
R. Parker
R. Iotti

M. Drew
T. Mizoguchi
K. Iizuka
J.P. Rager
T. R. James

T. Hirayama

(CP)
(HTL)
(CP)

(the Director)

(Deputy to the Director)
(Deputy Director)
(Deputy Director)
(Deputy Director)
(Administrative Officer)

(JCT)
(JCT)
(JAERI, JA)
(EU)
(US)

(MAC Secretary)
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MAC8 R&A
Attachment 2

Management Advisory Committee
MAC-8 Meeting

9- 10 July 1995
San Diego Joint Work Site

Draft Agenda

Meeting Arrangements.

Adoption of Agenda.

1. Recognize interpretation of the MAC7 R&A by the Council.

2. Consider a report by the Director on the status of the JCT activities.

3. Review proposals by the Director for ITER meetings.

4. Consider list of assigned design and R&D tasks which are grouped under
categories for under 500 IUA, over 500 III A, and by year.

5. Review proposals by the Director for task agreement for tasks costing more
than 500 IUA, if any.

6. Review Work Program
Review Work Program including progress on updated schedules and
performance on intermediate technical milestones based on progress
reports from the Director.

Review the Director's assessment of EDA resources needs and
deliverables based on the JCT's resources loaded ITER schedules.

Review proposals by the Director for optimizations of the mixture of the
professional/ support staff in the JCT and combination of R&D and
design effort in the Home Teams including the numerical equivalence
between technical staff and technical support staff.

7. Review the future plan and cost estimation of IPMS and the procedure for
distribution of EDA technical information to the Parties.

Review Director's proposal for dissemination of information and intellectual
property right.

8. Review Status of the Quality Assurance Program.

9. Review the consolidated Annual Accounts of the '94 Joint Fund.

10. Review proposals for the Jan.-Dec. 1996 Joint Fund Budget Allocation and
Expenditure Plan.

11. Review a report by Interface Sub-Group (ISG) regarding Certain Interface
Issues.

12. Review revised proposals by the Director for policy on industrial
participation in the ITER EDA following consultation with the Parties.

13. Other Business

13.1 Future Meetings

14. MAC8 Report and Advice

Adjourn
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MAC8 Meeting

List of Attachments to MAC8 R&A

Attachment No.

1 List of Attenders

2 Agenda

3 Report by the Director on status of the JCT activities

4 Proposed Schedule of ITER meetings

5 Task Status Summary with the Complete Task List

6 Closure of the 1993 Emergency Task Agreements

7 Task Sharing Proposals for the Remainder of the EDA

8 ITER EDA Work Programme

9 Large R&D Projects for the ITER EDA

10 Review of ITER Integrated Process Management System

11 Status QA Activities

12 ITER Joint Fund - Accounts for 1994

13 ITER Joplnt Fund - Budget Transfers

14 TER Joint Fund - Budget for 1996

15 Report by Interface Sub-Group regarding Certain
Interface Issues

16 Policy for Involving Industry In ITER EDA

17 Indicative Breakdown of Joint Fund Expenditure
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IC-8 ROD
Attachment 13

POLICY FOR INVOLVING INDUSTRY IN ITER EDA

Proposal by the Director

1. The Importance of Industrial Involvement in ITER EDA

The effective involvement of the Parties' industries will be a key determinant of
the success in meeting the objectives of the ITER EDA.

The large Fusion machines currently operating and Fusion technology Facilities
were all built with the benefit of the industrial know-how and creativity in the
high-technology industries of the four Parties. ITER will combine a wide variety
of technologies in unprecedented scale of application. The same industrial skills
must be tapped and further exploited during ITER's engineering design phase in
order to ensure that the engineering design is practicable and reliable, and best
meets the technical and cost objectives.

A future construction of ITER will inevitably involve the industries of the
participating parties. The engagement of industrial interest and competence in
both technology and management at an early stage through involvement in the
EDA will help to increase the efficiency of the possible construction by ensuring
that the technological needs of ITER are well understood and that appropriate
industrial management principles, such as organisation and procurement
schemes, can be incorporated into the construction management arrangements.

The principal objective of industrial involvement in the ITER EDA is to assist
validation of the results of the EDA in the crucial areas of the practical feasibility
of the design and its manufacture and cost estimate, as a basis for the Parties'
decisions on construction and operation of ITER.

2. JCT, Home Team and Industrial Interaction during the EDA

The Parties have initiated an effort by representatives of their industries to
explore how Industry can best support ITER. This effort has just begun, but is
expected to contribute constructive ideas on how interaction with the JGT and
Home Teams can be enhanced to the mutual benefit of the ITER project and
industry.

Industrial personnel
At the level of individuals, industrial involvement can involve the assignment of
personnel from industry to the Joint Work Sites. This approach is particularly
effective during conceptual stages of design work when the individual skills and
experience of industrial specialists working immediately with JCT members can
be applied. The project has benefited greatly from the secondment through the
Parties of some JCT members from industry. In addition, through the VHTP
scheme, industrial specialists can work at the Joint Work Sites as visitors for
reasonable periods of time (>two months). Such action offers an efficient way of
tapping into industrial expertise during early phases of design and of ensuring
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effective technology transfer and communication with industry by liaison with
the industrial teams. Frequent and short joint work and/or meetings will be
arranged based on R&D or Design Task Agreements

The JCT would also welcome the Parties inviting involved experts from their
industry as appropriate in the various ITER-related meetings, committees and
reviews.

Industrial Firms
Involvement also occurs at the level of the industrial firm or organisation as the
Home Teams allocate ITER tasks during detailed design stages to specific
competent firms. Such work can encompass detailed component design and
industrially based cost and schedule estimation and design studies for
environmental and safety assessments. For this industrial contribution to ITER
EDA to be effective, the relation between the involved personnel of the JCT, the
Home Team and the industrial firms concerned must be one of partnership.
There must be close and continuing interaction and collaboration between the
respective Officers of the JCT, the Home Team and the Industrial firms
concerned. In this way, information arising from the work of industry and its
implications are efficiently fed back into the related design and R&D
programmes. At the same time, the impact of related work throughout the EDA
is passed to and reviewed with the Home Team Responsible Officer and the
Industrial personnel. These interactions during the industrially based tasks* will
provide an effective means of sharing and disseminating ITER information
through the Parties.

Formal arrangements for the interactions are written into the Task Agreements. It
will however be equally important to establish a general environment of mutual
confidence and joint commitment to the tasks concerned, by encouraging open
and cooperative modes of work. Since all ITER tasks outside of the JCT are
assigned through the Home Teams, Home Team Leaders have responsibility for
helping to realise the full potential for industrial involvement in ITER . The
approach taken, within each Party's programme and budgetary arrangements,
to allocating proposed Tasks within Parties will directly influence the level and
quality of industrial involvement achieved.

Industry as a whole
As the Engineering Design Activities approach construction, it will be important
for the Project to interact more directly with the Parties' high-technology
industries as a whole in order to take advice on how best to organise and
manage a construction activity of ITER's size and complexity and to assist in
making appropriate preparations to initiate construction, when and if so decided.

The JCT and Home Teams could also hold periodic meetings with industrial
representatives in order:

• to provide global information on ITER progress to industry;
• to provide the means for industry to express opinions particularly on issues

concerning designs for which a high industrial contribution is expected.
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3. Areas for Industrial Involvement during the EDA

ITER Detailed Design
Industrial contributions to the Design are most effective when the features of the
Design have developed to the point at which they provide clear functional
specifications and focus for industry. Industrial firms can then be asked to
undertake detailed design tasks for those components that are expected to
require build to print specifications from within the ITER frame.

Manufacturing Process Development
Industry should also be involved in developing and proving the manufacturing
process for ITER components and systems, in particular through the manufacture
of Scaleable models, Mockups and Prototypes, including contributions to the
related design and production engineering. The involvement should be at an
early enough stage to feed back information to the design activities; thus it can be
seen to form part of the detailed design supporting activities.

Major input from industry is also expected during the course of the detailed
design phases for all the key components, in the form of system and subsystem
design studies from the point of view especially of:

• Fabrication
• Constructability/Maintainability/Reliability
• Cost Estimation

The objective is to establish a firm and reliable database of industrial studies to
underpin the ITER Cost Estimate and Construction Schedule and to confirm the
practical feasiblity of the engineering. To this end all major systems and
subsystems for ITER should be subjected to detailed design studies by the
Parties' industries. Progress has been made; about 70% of the
systems/subsystems have received attention from the Parties' industries. This
attention has focussed primarily on cost estimation; industrial studies have also
covered fabricability, constructability and maintainability, albeit at lesser detail.

Contributions to process design
Industry will also be expected to undertake process design for subsystem plant
that is expected to be offered for procurement to functional specification on the
basis of existing industrial experience (eg the cryoplant or power supply
systems).

Component Development
The project foresees a large industrial involvement under the Technology R&D
Programme in developing specific components through to readiness for possible
manufacture . This will often involve extending existing established technology
beyond current parameters to meet specific requirements of ITER (eg 170 GHz
gyratron @ 1 MW DC, high current density Nb3Sn), and the demonstration of
manufacturing feasibility and reliability.
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Recommendation
The ITER Council is invited:

to approve the proposed policy on Industrial Involvement in ITER EDA
as set out in this paper.
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IC-8ROD
Attachement 14

MAC FURTHER TASKS

1. Review proposals by the Director for ITER meetings.

2. Dissemination of information and intellectual property rights.

3. Review Work Program:
- Proposals by the Director for task agreement for tasks costing more

than 500 IUA, if any;

- List of assigned design and R&D tasks which are grouped under
categories for under 500 IUA, over 500 IUA, and by year;

4. Review the future plan for an electronic data management system and the
procedure for distribution of EDA technical information to the Parties.

5. Review a report by Interface Sub-Group (ISG) regarding Certain Interface
Issues.

NEXT PAQE(S)1
left BLANK |



IC-8 ROD
Attachment 15

FURTHER TASK FOR TAC

The ITER Council requests the TAC to assess from a technical viewpoint the
status and progress of the R&D within the ITER Work Program, including
priorities, so as to confirm that the planned R&D supports the Engineering Design.
The TAC is requested to report on this task at the ninth meeting of the ITER
Council (IC-9).

NEXT S»AGE(S)
left SLANK



IC-8 ROD
Attachment 16

PRESS GUIDELINE
for the Eighth Meeting of the Council of the

International Thermonuclear Experimental Reactor
Engineering Design Activities

FOR USE BY THE ITER PARTIES, THE ITER DIRECTOR AND THE IAEA

1. The Eighth Meeting of the Council of the International Thermonuclear Experimental
Reactor (ITER) Engineering Design Activities (EDA) was held on July 26 and 27 in San
Diego, USA. Work for ITER is an integral part of the fusion programs of the four
Parties, who pursue fusion as a virtually limitless, environmentally attractive and
economically competitive source of energy.

2. The four delegations that attended the meeting were headed, for the EU, by Professor
Paolo Fasella, Director General for Science, Research and Development of the European
Commission, for Japan, by Mr. Naotaka Oki, Deputy Director-General of the Atomic
Energy Bureau of the Science and Technology Agency, for the Russian Federation, by
Academician Evgenij Velikhov, President of the RRC "Kurchatov Institute", and, for the
United States, by Dr. James Decker, Deputy Director of Energy Research of the
Department of Energy .

3. ITER EDA is an unprecedented international venture in the field of science and
technology whose technical complexities and project management are particularly
challenging. ITER's goal is to demonstrate the scientific and technological feasibility of
fusion energy by demonstrating controlled ignition and extended burn of deuterium-tritium
plasmas and by demonstrating technologies essential to a power plant. In meeting the
challenge of ITER, the Director, with the integrated support of the Joint Central Team and
the Parties' Home Teams, has produced an Interim Design Report, which describes the
present status of the design, including technical design, cost estimates, safety assessment
and site requirements. The R&D to validate the design is making good progress. On the
basis of the high quality and thoroughness of the Interim Design Report and its
endorsement by the Technical Advisory Committee, the Council commended the Report
and related documents to the Parties for their consideration before the next Council
Meeting and agreed to proceed with detailed design work.

4. At this point, half way through the ITER Engineering Design Activities, there is a
reaffirmed consensus of the Council that ITER is a necessary step in the progress towards
fusion energy, that its objectives are valid and timely, and that the cooperation among
four equal Parties has shown to be an efficient frame to achieve the ITER objectives.
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IC-9 Record of Decisions
12-13 December 1995, Garching

The Council accepted participation as attached (IC-9 ROD Attachment 1).

The Council adopted the IC-9 Agenda (IC-9 ROD Attachment 2).

1.1 The Council took note of the Director's Status Report and addendum (IC-9 ROD
Attachment 3); in particular, the Council noted with satisfaction:

continued progress of the technical work;
the recent increase in the RF representation in the JCT;
the steps taken to establish agreements for design support to the JCT in
the Russian Federation;
the progress made in integrating the four Parties' voluntary Physics
programmes in support of ITER.

1.2 The Council accepted the Director's view that the Work Programme as a whole
would be considered in the context of the Detailed Design Report to be presented
to IC-11. The up-to-date schedule of the major R&D tasks should be presented
through MAC-10 to IC-10;

2.1 The Council accepted and took note of the MAC-9 Report and Advice (IC-9
ROD Attachment 4).

2.2 The Council approved MAC recommendations concerning:
a) management of contracts between RF Agent and concerned institutions

(para 19 of IC-9 ROD Attachment 3);
b) transfers in the 1995 Joint Fund Budget (IC-9 ROD Attachment 5).

2.3 The Council endorsed the MAC proposals concerning further action to be
undertaken by the Interface Sub Group and encouraged the Parties to make best
efforts to expedite the transfer of materials between Parties in the course of the
R&D programme.

3.1 The Council accepted the report from TAC on the status and progress of the
R&D within the ITER Work Programme (IC-9 ROD Attachment 13).

The Council noted the TACs overall assessment that the "large-seven" R&D
projects developed for ITER are appropriate, both in the large-scale tests and in
the individual sub-tasks which support them. When completed, they will provide
the necessary information to start the construction of the major ITER tokamak
components after the EDA, assuming completion of the remaining R&D which
accompanies the construction phase.

The Council noted that the TAC found a high degree of interdependence among
the four Parties in the implementation of these seven major R&D projects. The
Council endorsed the TAC's statement that it will be essential that all four Parties
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fulfil their commitments to provide the resources needed to execute their assigned
tasks, and that the four Home Teams adopt effective management techniques to
ensure on-schedule completion of these tasks.

3.2 In accepting the TAC report, the Council asked the Director and the responsible
Home Team Leaders to make every effort to ensure the completion of these
major R&D projects on schedule, noting in particular the critical importance of
maintaining schedule for the CS model coil to ensure timely start of testing.

4.1 Having heard the positive views of the Parties based on in-depth assessments of
the IDR Package (IC-9 ROD Attachment 6), the Council:

a) approved the ITER Interim Design Report, Cost Review and Safety
Analysis, produced by the Director with the integrated support of the Joint
Central Team and the Parties' Home Teams, as the basis on which to
continue the technical work of the EDA until their completion in 1998;

b) concluded that the Report of ITER Site Requirements and ITER Design
Assumptions is a reasonable basis for continuing with the EDA and for
undertaking activities in preparation for possible future decisions on the
construction of ITER; and

c) concluded that the Tentative Sequence of Events for such a decision
making process appears to be an appropriate basis for moving toward joint
implementation.

4.2 Finally, after considering the Parties' technical comments, which are contained
both in the Parties' views (IC-9 ROD Attachment 6) and in the individual reports
of the domestic reviews (IC-9 ROD Attachment 7), the Council asked the
Director to take those comments into account for future technical work to be
included in the Detailed Design Report. The Director is further requested to
provide the Council with a report at IC-10 on his actions in this regard.

4.3 Council agreed that there should be a Detailed Design Report Package analogous
in form and content to the IDR Package, taking account of relevant IC-8
decisions and the comments of the Parties in accordance with IC-9 ROD.
Detailed technical information underlying the Package should be so titled as to
avoid confusion with the elements of the DDR Package.

5.1 The Council accepted the CPs' report on SWG matters as modified (IC-9 ROD
Attachment 8)

5.2 The ITER Council established the SWG and adopted the SWG charter (IC-9
ROD Attachment 9).

5.3 The ITER Council defined Task #1 for the SWG (IC-9 ROD Attachment 10) for
which the report is to be submitted to IC-10, with an interim report by the middle
of March 1996, for consideration by the ITER Council.

5.4 For the duration of Task #1, after consultation within the ITER Council,
the Parties designated their members of the SWG as follows:
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EU:
E. Canobbio
J. Grunwald
R. Toschi
pending

JA:
T. Kimura
A. Kitsunezaki
S. Tanaka
K, Tomabechi

RF:
L. Golubchikov
A. Khokhlov
N. Kornev
pending

US:
L. Howe
W. Marton
M. Roberts
B.Weakley

and the Council appointed as Co-Chairs of the SWG E. Canobbio and K.
Tomabechi.

5.5 The Council asked the Co-Chairs to take full advantage of the input provided by
the Director in his assistance to the SWG. The Council asked M. Roberts to
ensure coordination between the work of the SWG and the CPs, and also asked
V. Vlasenkov to be liaison between the SWG and Council.

6. The Council accepted the CPs' intentions to continue their supporting role
including facilitation of possible Explorations among the Parties, as well as
providing assistance to the SWG as appropriate.

7. The Council noted the CPFPs' intention to continue their facilitation efforts.

8.1 The Council assigned MAC the following further tasks:

a) Review Work Program:
Work Program and Schedule of the seven large R&D tasks;
Proposals by the Director for task agreement for tasks costing more
than 500 IUA, if any;
List of assigned design and R&D tasks which are grouped under
categories for under 500 IUA, over 500 IUA, and by year.

b) Review the consolidated Annual Accounts of the Joint Fund for 1995

c) Review the Director's proposal for the 1997 Joint Fund Budget

d) Review proposals by the Director for ITER meetings.

8.2 The Council assigned TAC the following further charge:

The Council requests the TAC to carry out an informal assessment of those
aspects of the ITER design where there have been important improvements
introduced by the Director following the Interim Design Review. The TAC is
requested to report on this charge at the tenth meeting of the ITER Council.
This assessment should be preparatory to the review of the Detailed Design to be
held toward the end of 1996.

9.1 The Council welcomed the Parties' delegations' willingness to find together ways
and means to organize at a proper time an informal meeting, possibly in Japan,
among a limited number of parliamentarians of the four Parties. The Council
agreed to discuss this matter again at IC-10.
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9.2 The Council welcomed the US initiative to have US industry organize the
industries' meeting, planned for January 24-26, and noted that further clarification
would be provided before the meeting.

9.3 The Council asked the Director, working with Home Teams and using Joint Fund
and Home Team resources as appropriate, to prepare materials for public
information based on the IDR Package.

9.4 The Council approved the SWG's proposed Rules of Procedure (IC-9 ROD
Attachment 11)

9.5 The Council developed a press guideline (IC-9 ROD Attachment 12).

10. The Council agreed to meet July 24-25 in St. Petersburg.

11. The Council approved this IC-9 ROD.

12. The Council approved the IC-9 Minutes.*)

*) Not included in this publication
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IC-9 ROD
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NINTH ITER COUNCIL MEETING
12 - 13 DECEMBER 1995

GARCHING

LIST OF ATTENDEES

EU

Prof. P. Fasella
Dr. Ch. Maisonnier

Prof. K. Pinkau
Prof. R. Toschi
Dr. E. Canobbio

JA

Mr. N. Oki
Dr. M. Yoshikawa

Mr. S. Tanaka
Dr. S. Mori
Dr. S. Matsuda
Mr. Y. Hishiyama
Dr. A. Kitsunezaki

RF

IC Member
IC Member

Permanent Expert
Expert, HTL EU
Expert, CP EU

IC Member
IC Co-Chair

Expert, STA
Expert, JAERI
Expert, HTL JA
Expert, JA Embassy in Bonn
Expert, CP JA

Acad. E.P. Velikhov
Dr. N.S. Cheverev

Dr. O.G. Filatov
Dr. N.P. Kornev
Dr. B.A. Kouvchinnikov
Mr. A.E. Lebedev
Dr. L.G. Golubchikov

US

Dr. J.F. Decker
Dr. N.A. Davies

Mr. B. Weakley
Mr. W. Marton
Dr. M. Roberts

IC Chair
IC Member

Expert, HTL RF
Expert, MINATOM
Expert, MINATOM
Expert, MINATOM
Expert, CP RF

IC Member
IC Member

Expert, US DOE
Expert, US DOE
Expert, CP US
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Dr. R. Ay mar ITER Director
Dr. R. Iotti ITER Administrative Officer
Dr. R. Parker Deputy Director, Head of Garching JWS
Mr. M. Drew PC w/D

Dr. P. Rutherford TAC Chair

Dr. V. Vlasenkov IC Secretary
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IC-9 ROD
Attachment 2

AGENDA FOR IC-9 MEETING
12-13 December 1995

Garching

12 December

09:00 Consultations
12:30 Taking of photograph (outside of the meeting room)
12:45 Lunch
14:00 Meeting Opening (Chair)

Meeting Arrangements, Papers and Attendance (IC Secretary)
Remarks by Heads of Parties' Delegations
Adoption of Agenda

1. Director's Report
2. MAC Report
3. TAC Report
4. Interim Design Report Package

4.1 Statements from Delegations of Parties'
considerations of IDR Package

4.2 Council Position on IDR Package
4.3 Guidance to the Director

5. Special Working Group
5.1 CPs1 Report on SWG Matters
5.2 Establishment (Charter, Members, Chair)
5.3 Guidance (Task no. 1)

6. CPs' Report
7. CPFPs' Report
8. Further Tasks, as appropriate

8.1 MAC
8.2 TAC
8.3 CPs
8.4 CPFPs

17:30 Adjournment

13 December

9:00 9. Other Business
9.1 Parliamentarians' Meeting
9.2 Industries' Meeting
9.3 External Relations Policy
9.4 SWG Rules of Procedure
9.5 Press Guideline

10. IC-10 Meeting - date, place
11. Approval of IC-9 ROD
12. Approval of IC-9 Minutes

14:00 Lunch, Adjournment



ITER EDA STATUS REPORT IC-9 ROD
Attachment 3

Report by the Director

1 This note summarises progress made in the ITER Engineering Design
Activities in the period between IC-8 and October 1995. As requested at IC-7, the
section on ITER Physics has been prepared in consultation with the Parties'
Physics designated persons.

Overview
2 Following IC-8 decisions (IC-8, ROD 2.4a) the Project is embarking on the
phase of detailed design work on all aspects of the ITER design on the basis
presented in the Interim Design Report. Particular attention is being paid to the
technical issues raised by TAC, to the sensitivity studies and other points raised
by SRG and to issues related to integration of the design. The results of these
studies will be incorporated, with the progress in other areas, in the Detailed
Design Report which is scheduled for the end of 1996.

3 In parallel, the JCT has been working closely with the Home Teams to
establish the detailed work content, distribution, planning and time scales for the
seven major R&D Projects as presented to MAC-8 and IC-8 so as to ensure that
these essential and high-profile elements of the ITER EDA collaboration are
coherently managed and brought to fruition.

4 Detailed discussions have been held with all the Parties, with a view to
implementing IC-8 decisions related to the level and mix of resources for the
remainder of the EDA. Progress has been made in undertaking joint planning
with Parties in order to review possibilities, in anticipation of a range of
outcomes of the current budget uncertainties, which can best serve the interests
of the project and the Parties.

5 The work on ITER Physics carried out in the Parties' voluntary Physics
programmes has developed well. The structure established with the Parties for
this purpose has proved a successful way of offering focus to the Parties' efforts.
Relevant results are flowing from the Parties' Physics programmes. Through the
Physics Expert Group Workshops, the output is being fed to the Project
effectively at the same time as the projects needs and physics issues are being
further refined and re-presented to the Parties.

Design Work
6 The mains thrusts of design work are presently:

• to review each of the Design Description Documents in order to
eliminate any inconsistencies with the General Design Requirements and
to select options and enhance systems to optimise overall
cost/performance;

• to undertake formal interface reviews for each DDD;
• to pursue important integration studies notably seismic features, site

layout and the Balance of Plant. Task forces have been established to
draw together work at the three Joint Work Sites on these matters which
have potential cost implications.
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7 These issues will be reviewed in a series of joint meetings at the Joint
Work Sites over the closing months of 1995. The objective is to establish by
January 1996 a point design which takes account of the above work and of any
output from IC-9 to provide the base line for all Detailed Design Work.

Joint Central Team and Support
8 The status of the JCT is summarised by Joint Work Site and by Party in
Tables I and II below; the build up over time is shown in Figure 1. In the period
since IC-8, three members have left the team. By mid November seventeen new
Team members have arrived on site (3 EC, 4 JA, 6 RF and 4 US). One more RF
team member is imminently expected. Selection activity has been continuing
with the objective of filling the priority posts in the JCT structure.

I. JCT - Status by Joint Work Site at mid Nov, 1995

Selected

On Site

Seconded

Garching
51

45»

43

II. JCT - Status by Party at mid Nov, 1995

Selected

On Site

Seconded

EC
48

45»

40

JA
43

39

38

Naka
57

531

51

RF
29

27

25

San Diego
55

52

45

US
43

39

36

Total
1632

150'

139

Total
1632

150

139
1 includes three Canadians provided through the Canadian association with the EC Party.
2 totals exclude team members who have left, or selected staff who have declined posts or otherwise
withdrawn

9 Following the signature of the Canada/EU memorandum of
understanding, the secondment agreements for the Canadian JCT members are
in final stages of process.

10 The estimated cumulative PPY effort on site to 21 Oct 1995 is shown in
Table HI below by JWS and by Party.

III. JCT - Cumulative PPY's on-site to 21 Oct 1995

Garching

Naka

San Diego

Total

EC

28.3

28.2

22.3

78.8

JA

23.5

25.0

28.4

76.9

RF

9.3

9.4

19.4

38.0

US

21.4

25.5

34.8

81.7

Total

82.4

88.1

104.9

275.5
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11 The Work Programme assumed a significant buildup of JCT members
throughout 1995 as part of a rising trend to meet the approved target of 800 PPY
for the EDA. The Parties were advised of the priority vacancies most urgently
requiring to be filled. Figures presented to IC-8 indicated that, to meet die target
effort, JCT numbers on site would need to rise to a plateau of about 188 —30
more than currently selected - by the end of the year. In order to pursue the
Work Programme as approved by ITER Council, it is essential to continue the
build up of suitable professional staff on the JCT as far and as fast as is
practicable. Where budgetary or other problems such as language make it
difficult to assign JCT new members to the JWS's as foreseen, alternative
constructive approaches need to be vigorously pursued.

12 One such approach is evolving through action taken to follow up IC-8
decisions regarding the possible use of the Joint Fund to provide a means for RF
design support directly to the JCT. Working closely with the RF Institutes
concerned, the JCT has specified hardware and software configurations which
will provide most rapid startup of effective design support. A number of urgent
tasks have been identified and developed with a design centre being assembled
in Efremov, Kurchatov and Entek, and the RF Joint Fund Agent has been
instructed to prepare and execute contracts for the work. The successful
implementation of these arrangements, which are entirely separate from the
ITER Design Tasks undertaken by the RF Home Team, could offer an effective
way to supplement JCT on-site design capacity.

13 The Work Programme also indicated the need for increases in the CAD
support - both staff and equipment at Garching and Naka. Following IC-8,
action has been taken at both sites to increase the resources. The necessary
equipment is being procured under Host Support and possible candidates for the
CAD staff are under consideration.

14 The US Party's budget limitations mean that it is not possible at present to
enhance host support at San Diego as foreseen.

Task Assignments
15 The status of existing Task Assignments was presented in detail to MAC-
9. There are no proposals for further major tasks at this time.

16 The total value of technology R&D credits granted, or proposed, as
previously reported, exceeds 621K and the total of ITER design credit assigned or
proposed for assignment now exceeds 701 PPY (including 16.03 PPY of VHTP
effort). Total values of task allocations to date, excluding the VHTP tasks, are as
shown below:

Type IUA PPY
TA Work Completed 93,427 121.44
TA Committed /ongoing 528,106 564.13

Totals 621,553 685.57
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The pattern of assignment to Parties is as summarised below:

EC
JA
RF
US

Party IUA
179,773
167,034
109,577
165,149

PPY
181.68
165.70
159.35
178.84

Totals 621,553 685.57

Note: the design task data in both tables exclude VHTP's. VHTP completed and committed to
date total 16.03 PPY.

17 The JCT and Home Teams have been closely interacting in the detailed
development of plans and schedules for the seven major R&D Projects as
presented to MAC-8. A meeting to finalise the programmes and to establish clear
targets and responsibilities is scheduled immediately before MAC-9. As noted at
MAC-8 and IC-8, the successful and timely execution of these major
programmes are vital to the EDA both for the information that they are due to
yield, and to provide concrete demonstration of ability to manage a complex
interactive schedule of industrial scale technical work within the ITER
framework. Strong action is needed to ensure that these production and testing
programmes yield test results during the EDA, especially in the case of the two
Model Coil programmes.

The HER Joint Fund
18 All Parties have now paid their full contributions to the 1995 Joint Fund
budget. The Director has to date requested IAEA to transfer to the Agents
$2,120,800 of the total $2.4M collected. The IAEA has confirmed its notification
of the approved Joint Fund budget for 1996. In accordance with Joint Fund Rules
the 1996 budget is now adopted at the level of $2.4M and the Director will call for
contributions from the Parties, on the current expectation that all funds carrried
forward from 1994 will have been spent by the end of 1995.

19 The implementation of IC-S ROD 4.3, mentioned in para 12 above,
involves the RF Agent placing design contracts with RF Institutions which have
relevant design capabilities. In terms of the formalities of the procurement under
the Joint Fund Financial Rules, the nature of the activities brings the contracts
clearly under the terms of para 8 of Annex 1 of the Rules which allow for limited
tendering by the Agent. In addition, the contracts are being firmly controlled by
breaking them down into successive stages of about three months duration, each
of which shall be released only in the light of successful completion of previous
stages. MAC will be advised, in accordance with the Joint Fund Rules, of
contracts whose aggregate value over successive stages exceeds $100,000.

20 In parallel to the establishment of RF design support for the JCT, options
are being reviewed for assisting the RF Party to develop its CAD capability in
order to gain progressive access to ITER's Catia system, so that the RF may
realise full benefits of the information being generated in FTER collaboration.
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ITER Physics
21 In connection with the Interim Design And Cost Review of July 1995, a
physics description of ITER was presented and documented in the GDRD,
Chapter V of the Interim Design Report, and the Physics Design Description
Document. The informal and formal reviews conducted by TAC 8 generally
endorsed the physics basis of the ITER Design as providing sufficient capability
to enable ITER to meet its goals. Nonetheless, TAC 8 raised a number of
important issues for further investigation within the four Parties' Voluntary
Physics Programs. Examples include: operation above the Greenwald density
limit, physics of pellet fueling in a highly baffled divertor, quantification of
physics benefits resulting from segmenting the central solenoid, the H-to-L
power threshold, and fi-limits in long pulse discharges.

22 During the fall of 1995, the ITER Physics Expert Groups are meeting to
assess the progress made in addressing issues identified in the 1995 ITER Physics
Research Needs table and to produce a revised 1996 Research Needs table which
reflects the concerns raised by TAC 8 as well as progress during 1995 in both
physics and the Design. The 1995ITER Physics Committee meeting, which is
scheduled for 30 Nov -1 Dec, will be asked to discuss, modify, and endorse the
1996 Research Needs table. In accordance with MAC 8 R&A Rec 2 b), the
existing ITER Physics Committee and Expert Groups system will continue to
function as currently constituted, with pressure to limit the number of meetings
and to hold some in Russia. The report below highlights recent progress made
within this framework.

23 The Physics Expert Group Workshops have continued to provide relevant
and valuable interchange between the JCT and the Parties' Physics programmes
on matters which have direct impact on the design related work. Notable
examples include:

• the Confinement and Transport Expert Group identifies experimental work
needed to verify the physics rules and to determine key operational
conditions for ITER like discharges. A current important investigation is the
determination of the scaling of the H-mode power threshold and its
implications for the requirements on the additional heating systems.

• the Confinement Modeling and Database Expert Group is helping to establish
a broad-based consensus on scaling and transport issues . By analysing and
combining data from a wide range of tokamaks including DIII-D, Alcator C-
Mod, JET, ASDEX Upgrade, Compass D, JT-60/U, they have developed the
physics rules which underlie the assessed Physics Basis of ITER.

• the Disruptions, MHD, Plasma Control Expert Group is working to establish
the operating environment and control requirements for long pulses.
Recently, by drawing on data from 14 different tokamaks they have
established the physics requirements which are the basis for the disruption
design requirements.

• The ITER Divertor Expert Group is charged with identifying the
Experimental and Theoretical R and D program in divertor physics needed to
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provide the experimental data and theoretical basis for the development of a
concept for the ITER divertor. The activities of this group have resulted in the
formation and implementation of plans for divertor experiments on the major
divertor experiments(Alcator C-Mod, ASDEX Upgrade,DIII-D, JET and JT-
60/U). These experiments have already produced data which have better
characterized divertor operating conditions and identified new and
promising regimes for divertor operation in which operation with impurity
seeding (Ar, Ne, N) had resulted in reduced peak heat loads on the divertor
plates.

The ITER Divertor Modeling and Database Expert Group is charged with
identifying the development and application of models needed to assess the
performance of the ITER divertor as well as with the collection and analysis of
databases of plasma and machine parameters for divertor operation. Since it
is not possible to achieve ITER-level heat loads in present experiments, it is
necessary to use computational models which have been validated by
comparison with the results from present experiments to extrapolate to ITER.
Databases of divertor operating parameters are necessary both to validate the
models in detail and to develop scalings and check theories for divertor
parameters. The Group has already begun bench marking the various
modeling codes and has produced an initial characterization of the impurity
levels needed to radiate the power away in the ITER divertor to reduce the
peak heat loads. The structure of the needed databases has been defined,
much of the required software has been written and is being tested, and the
collection and analysis of data has begun.

the Expert Group on Energetic Particles, Heating and Current Drive is
helping to ensure focus on critical issues bearing on decisions about Heating
and Current Drive that must be addressed in 1996. Results in 1995 have been
reviewed and a plan for 1996 activities has been agreed. There has been
progress with experiments on the large tokamaks, in particular, to study
toroidal Alfven eigenmodes and TF ripple effects on confinement of fast
particles. In addition the Expert Group has identified code developments
required to evaluate the importance of Alfven eigenmode instabilities in
ITER.

The Expert Group on Diagnostics addresses the voluntary Physics activities
on-going in the Parties relevant to ITER diagnostics, helps and advises the
JCT on diagnostic issues, and requests and evaluates comments on
diagnostics from the other physics expert groups. TAC has endorsed the
approach taken by the combined JCT/Party effort on this topic especially the
categorisation of the measurements and the selection of the diagnostic
techniques. TAC's recommendations on these matters are being addressed in
current work.

Last year, the International School of Plasma Physics "Piero Caldirola",
Milan, generously offered to devote its 1995 summer school in Varenna to the
topic of ITER Diagnostics. The workshop which took place in August 1995
was a great success. Eighty five delegates attended, drawn from all the ITER
Parties, and there were 78 papers presented, many of which presented work

205



done under the voluntary arrangements. The full proceedings of the meeting
will be published early next year. It is evident and most encouraging, both
from the initiative taken by the International School and from the response of
the participants, that the diagnostics community is very interested in the
problems and challenges of ITER diagnostics.

RECOMMENDATION

The ITER Council is invited:

to take note of the current status of the Project as set out in this report.
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IC-9 ROD
Attachment 4

MAC Report and Advice

MAC-9 Meeting
3 November 1995

Efremov Institute in St. Petersburg

MAC Membership and Meeting Participation:

Participation was accepted as attached (MAC9 R&A Attachment 1).

Agenda:

The Agenda was adopted as attached (MAC9 R&A Attachment 2). *)

Status of the JCT activities:

MAC9 R&A-1:

a) MAC notes the Status Report presented by the Director set out in the MAC9
R&A Attachment 3 as amended.

b) MAC notes the steps being taken by the Director to implement IC-8 ROD 4.3,
concerning design support in the RF, and accepts that the circumstances of the
work justify procurement by limited tender by the RF Joint Fund Agent.
MAC recommends the ITER Council to approve the Director's proposed
approach to the management of the contracts between RF agent and
concerned institutions through staged authorizations, with subsequent reporting
to MAC and Council in each Status Report.

c) MAC requested the Director to make certain clarification and to compress its
information on Physics before circulating the Report to IC-9.

ITER Workshops and Technical meetings:

a) MAC reviewed and supported the schedule of Technical Meetings and
Workshops as set out in the MAC9 R&A Attachment 4.

b) In accordance with the IC-3 ROD 5.2, this review constitutes IC endorsement of
ITER meetings.

c) In relation to task-related meetings, the Director agreed that invitation to such
meetings should be issued by the responsible Deputy-Directors.

") Attachments 2 - 9 are not attached to this document. However, some of them are
included in this publication as IC documents.
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Work Program:

MAC9 R&A-2:

a) MAC reviewed the ITER Task status summary and the complete list set out in
MAC9 R&A Attachment 5.

Review proposed transfers regarding 1995 ITER Joint Fund budget:

MAC9 R&A-3:

a) MAC recommends the Council approve the transfer in 1995 Joint Fund Budget
as set out in MAC9 R&A Attachment 6.

Future plan for an Electronic Data Management System and the
procedure for distribution of EDA technical information to the Parties:

a) MAC reviewed and supported the Director's proposal for the ITER Electronic
Data Management System, noting that an electronic system for document and
data management is substantially complete. (MAC 9 R&D Attachment 7)

b) This review and support constitutes Council approval of an Electronic Data
Management System and dissemination of information according to the IC-8
ROD 4.4.

c) MAC notes the Director's intention to report the status of electronic
communication between the RF Home Team and JCT.

Dissemination of information and intellectual property rights

MAC9 R&A-4:

a) MAC noted four Parties' nomination of a person able to act as a point contact
with the JCT and prospective publishers on copyright matters:

EU; Dr. E. Canobbio
JA; Dr. M. Seki
RF; Dr. L. Golubchikov
US; Ms. L. Howe

b) MAC recognized that the Director has told JCT authors to sign the assignment
documents under his responsibility in view of the urgency and with full
reservation of the Intellectual Property Rights of the ITER Parties under the ITER
Agreement.
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c) MAC agreed to the Director's supplementary proposals regarding copyright
matters as set out in MAC9 R&A Attachment 8, and requested the Director
to inform the points of contact after he makes authorizations.

d) In accordance with the IC-8 ROD 4.4, this review constitutes ITER Council
endorsement.

Report by Interface Sub-Group (ISG) regarding Certain Interface
Issues:

MAC9 R&A-5:

MAC has expressed high appreciation of the work, MAC9 R&A Attachment 9,
performed by ISG and agreed that the following actions be undertaken :

a) the HTLs will provide ISG with a description of the commingle tasks related to the
seven large R&D projects, in terms of anticipated transfer, timing, disposal, use
after EDA, etc.

b) ISG will examine these specific issues and propose the options to solve them
giving the consequences for each Party in terms of cost, liability, etc.

c) ISG is asked to continue to work on the Cross Waver Principle in order to
determine the Parties and related entities responsibilities.

Timing :
The HTLs will provide the information under a) by mid-December 1995. MAC will
appreciate an initial feedback from ISG to the HTLs by the end of March 1996.

MAC endorses the suggestion made in Paragraph 11 of MAC9 R&A Attachment 9.

Other Business:

Future Meetings:

MAC tentatively decided that the MAC-10 meeting will be held in Garching on
20-21 June 1995.

MAC9 Report and Advice:

MAC approved the present MAC9 Report and Advice to the Council.
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IC-9 ROD
Attachment 5

1995 ITER JOINT FUND BUDGET
PROPOSED TRANSFERS

Proposal by the Director

In accordance with Rule 5.7.3, the Director proposes to modify the allocation to Agent
of the 1995 ITER Joint Fund provisions in order to match better the pattern of needs
that is occurring during 1995.

The travel and subsistence needs for the Director and senior JCT members at the San
Diego Joint Work Site are proving higher than was provided for in the initial allocation
to Agents established in December 1994. At the same time, the requirement at the Naka
Joint Work Site is less than was foreseen. This results, in part, from the pattern of
demands arising from the technical work of the Project and in part from management
actions taken to control the unit costs of missions within the terms of the ITER Joint
Fund Financial Rules.

It is therefore proposed to transfer $40,000 of the provision in the total Travel and
Subsistence Budget from the JA Joint Fund Agent to the US Joint Fund Agent, so as to
be confident that the travel requirements of the ITER Director and senior JCT staff can
be met for the remainder of 1995.

The proposed Transfers are shown in the attached Table.

RECOMMENDATION

The HER Council is invited:

to approve the transfer in the 1995 Joint Fund Budget as set out in this paper and its
Attachment.
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PROPOSED TRANSFERS IN THE 1995 ITER JOINT FUND BUDGET (k$)

Agent European Japan United States Russian Total
Union Federation

Budget Article

Travel and subsistence
Initial Allocation
Proposed Transfer
Revised Allocation

Other Expenses
Initial Allocation
Proposed Transfer
Revised Allocation

Total Expenses
Initial Allocation
Proposed Transfer
Revised Allocation

170

170

340

340

510

510

300
-40
260

340

340

640
-40
600

300
40

340

549.375

549.375

849.375
40

889.375

30

30

370.625

370.625

400.625

400.625

800

800

1600

1600

2400

2400
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Attachment 6

PARTIES' VIEWS
ON THE IDR PACKAGE
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EURATOM PARTY POSITION ON THE
ITER INTERIM DESIGN REPORT (IDR) PACKAGE

The Euratom Party position on the IDR Package has been established by the Council
of the European Union in a conclusion unanimously adopted on 30 October 1995
(attached).

The Euratom Party also considers that specific technical and organizational
recommendations on the issues, which are referred to in the convergent Opinions of the
Consultative Committee for the Fusion Programme (CCFP) and the Scientific and
Technical Committee (STC), should receive particular attention from the Director and
should be answered in the Detailed Design Report.*)

The Euratom Party will carefully follow the evolution within its partners' programmes
of both the fusion planning and the decision-making process concerning ITER (including
the siting question). It will continue to keep the Council of the European Union
regularly informed on these developments as well as on all aspects of the progress of
ITER.

*) see Parties' Technical Comments on the IDR Package (IC-9 ROD Attachment 7)
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Annex

COUNCIL CONCLUSIONS ON ITER
30 October 1995

The COUNCIL:

HAVING EXAMINED the ITER Interim Design Report Package submitted by the
Commission,

GENERALLY ENDORSES the convergent Opinions of the Consultative Committee for the
Fusion Programme (CCFP) and the Scientific and Technical Committee (STC), and in
particular their conclusion that the management, the design and the supporting R&D of ITER
are on the right track for proceeding to the end of the EDA, given that:

the ITER Interim Design Report, Cost Review and Safety Analysis is consistent with
reaching the ITER objectives and providing adequate scientific and engineering
margins;

the Report on ITER Site Requirements and ITER Site Design Assumptions constitutes
at this stage a reasonable basis for proceeding with the design of ITER;

the Tentative Sequence of Events appears to be appropriate and technically feasible
in view of the progress achieved, although substantial efforts are required in
licensing-related subjects;

CONCLUDES that the positions to be adopted by the Commission in the ITER Council and
its various bodies should be guided by the specific technical and organizational
recommendations on the issues, including safety and environmental studies, which are
referred to in the Opinions of the CCFP and the STC, that deserve particular attention in the
forthcoming phases of both design and R&D;
FURTHER RECALLS that more detailed information is necessary on tritium supply and
operational waste issues and on decommissioning;

CONSIDERS that it is appropriate for the Community to participate in the exploration of the
interrelated issues of siting, licensing and host support;

INVITES the Commission to develop by the end of March 1996 framework assumptions (of
both a technical and a financial nature) for consideration by Member States, in order to
facilitate the presentation of possible candidatures with a view to identifying a European
candidate site;

NOTES that, in accordance with the commitments taken pursuant to Article 4 of the Fusion
Programme Decision of 8 December 1994, and in consultation with the CCFP, the
Commission will have an external assessment undertaken as soon as practicable and, in any
event, before firm decisions are taken on the construction of a Next Step device and the
funds to be committed for its construction; and that the external assessment to be undertaken
by independent experts will cover all aspects, including scientific, technical, environmental,
socio-economic and financial aspects. It notes that the mandate for this assessment will be
elaborated by the Commission as soon as possible, taking fully into account the views of the
Member States.
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On the Interim Design Report of ITER (Japan)

The Technical Subcommittee on ITER/EDA under the Fusion Council of the

Atomic Energy Commission has been conducted the Party's review of the ITER

Interim Design Report (Package) which was submitted from the Director to the

eighth meeting of the ITER Council. The result is as follows:

1. The efforts of the Director, the JCT and the Home Teams of the four Parties

should be highly commended for the great progress of the ITER engineering

design from the Outline Design phase. It is strongly expected that the design will

be progressed in future based on most recent knowledge of the plasma physics and

the fusion technology, and the planned technical objectives will be completed

within the period of EDA. Under this recognition, the Interim Design Report

Package which is the result at the middle time point of EDA is assessed as the

basis for proceeding into the detailed design phase, and it is appropriate that the

works should be strongly progressed towards the next milestone of EDA, the

Detailed Design Report.

2. The points we request to be considered in the future detailed design are as

follows:

1) More detailed investigation and assessment on safety and environmental

acceptability shall be conducted and the results need to be fully described in the

Detailed Design Report.

2) An enough cost control is expected to be maintained in future and

implementation of driving the cost towards the lower end of the cost width is

expected.

3) As for the plasma performance, the design work is expected to be proceeded

systematically because there are issues to be investigated and assessed in parallel

with the progress of the physics R&D.
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4) As for the engineering design of the main devices and facilities, it is necessary

to keep flexibilities for the future selection of design options.

3. As for the Site Requirements and the Site Design Assumptions, enough response

to the recommendations of the Special Review Group (SRG) is necessary from a

viewpoint to further increase the social acceptability. And the construction

schedule should be reviewed appropriately in parallel with the results of tests and

the progress of realistic investigation of safety regulation, etc. Further

investigation is expected with regard to the necessary quantity of Tritium in

accordance with the operation programs.

4. And the "Tentative Sequence of Events" in the Package (CP Report) can be a

guideline in making a future plan of each Party and is judged as appropriate at the

present time point with the recognition that all the Parties must realize the

importance of conducting future actions systematically.

5. The summary report of the review results of the technical subcommittee on

ITER/EDA under the fusion Council of the Atomic Energy Commission is

submitted as attached. We hope that the Director and the JCT will proceed the

design work taking into account the points to be considered in the report.
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CONCLUSION OF THE RUSSIAN FEDERATION PARTY
ON THE ITER INTERIM DESIGN REPORT PACKAGE

Submitted for assessment and conclusion by the Parties, the ITER
Interim Design Report (IDR) Package has been assessed by head
institutes of the RF Home Team, by the Scientific and Technical
Council of the Russian Research Center "Kurchatov Institute" and
by the Department of Physical and Technical Problems of Power of
the RF Academy of Sciences. Final concideration took place at the
meeting of the Scientific and Technical Council of the Ministry of
the Russian Federation for Atomic Energy (Minatom) chaired by
Minister V. Mikhailov. Representatives of the Ministry of
Sciences, Government Administration, RF Academy of Sciences
and industrial organisations took part in this assessment and
conclusion.

The basic conclusions are the following:

1. The Interim Design Report constitutes the necessary and
sufficient basis for further detailed elaboration of the ITER
Project on the EDA stage.

2. The scientific and technical data base which is available now
and is continuously improved confirms the reality for
achievement of goals and objectives of the ITER Project set out
in the Agreement.

3. Basic technical decisions, adopted at present in the Project, are
technically well validated, and therefore it is desirable now to
take decision on "freezing" the main structural and
technological parameters of ITER.

4. The RF Party considers the ITER reactor as a necessary and
last step before the development of a DEMO reactor.

Taken into account the importance of stable and reliable operation
of the ITER reactor during the second phase of its operation, the
RF Party recommends to pay attention during detail design till
July 1998 on the following:

• reliability and stability of divertor operation;
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development, testing and determination of module for tritium
breeding during technological phase of the ITER operation;

acceleration of activity on site selection for ITER and beginning
of site specific design, which is necessary for correct cost
estimations of the whole Project;

safety and complexity of works with beryllium.
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U.S. Party Position at the December ITER Council meeting

1. The U.S. is in full agreement with the conclusions of the
Technical Advisory Committee (TAC) that:

the present objectives are correct,
the present design can fully meet these objectives,
the safety requirements will ensure safe operation of
ITER, and
generally, the design is a good basis for proceeding to
detailed design,
while recognizing that further experiments will be
needed to confirm the validity of some elements of the
design, including the ITER operating density.

2. The U.S. also agrees with the conclusions of the TAC review
that:

the cost estimating process was sound and the estimate
is valid and sufficiently complete to provide a
reliable total project cost.

3. The U.S. supports the Special Review Group's conclusions
that:

the Site Requirements and the guiding design
assumptions are satisfactory,
ITER could be sited in the territory of any Party, and
some sensitivity analyses should be prepared.

4. The U.S. also agrees that the "Tentative Sequence of Events"
is a useful guide toward construction decisions and supports
the establishment of the Special Working Group authorized in
Protocol 2 to pursue this issue further.

5. The U.S. is also encouraged by the recent physics data that
could lead to improvements in the design and/or construction
at some future time. The U.S. is pleased that the Director
and Joint Central Team are engaged in the consideration of
these data. The U.S. expects that the Director will
continue to monitor these new developments so that if such
improvements bear out, they can be considered for
incorporation in ITER.

6. The U.S. will consider whether to join Explorations toward
construction decisions and intends to decide before the next
planned ITER Council Meeting in July 1996.

I ffEXT MGE(S)j
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OPINION
OF

THE CONSULTATIVE COMMITTEE FOR THE FUSION PROGRAMME
(CCFP)

ON
THE INTERNATIONAL THERMONUCLEAR EXPERIMENTAL REACTOR

QTER)
INTERIM DESIGN REPORT PACKAGE

Brussels, 29 September 1995

INTRODUCTION

- The Interim Design Report Package (IDR Package) accepted by the ITER Council at its 26-
27 July 1995 meeting for consideration by the ITER Parties comprised five documents:
1) ITER Interim Design Report, Cost Review & Safety Analysis
2) Report on ITER Site Requirements and ITER Site Design Assumptions
3) Technical Advisory Committee (TAC) - 8 Report (contains its recommendations to the ITER Council

on document 1)
4) Special Review Group Report (contains the SRG findings and recommendations to the ITER Council on

document 2)
5) Contact Persons Report on Tentative Sequence of Events

- The IDR Package was submitted on 1 August 1995 by the services of the Commission to the
Council of the European Union for its views at the 30 October 1995 Research Council meeting so
as to establish the position that the Commission should take in monitoring the project (the technical
approaches and the accuracy of the assessment of the cost of construction of ITER having to be
verified on the basis of domestic data including data from European Industry).

- In order to provide the CCFP with a technical basis for the Opinion which it was requested to
issue for consideration by the Council of the Union, the services of the Commission entrusted:

the Fusion Technology Steering Committee - Planning of the CCFP (FTSC-P) with the
supervision of the assessment by the European laboratories and industries of document 1 in
the light of document 3 and with the preparation of recommendations
the Euratom ITER Home Team Leader with the preparation of an assessment and
recommendations concerning documents 2 & 4
the Euratom ITER Contact Person with the preparation of recommendations concerning
document 5

OPINION

The CCFP

having had an in-depth exchange of views on the basis of the reports from:

- the FTSC-P on document 1 of the IDR Package
- the Euratom ITER Home Team Leader on documents 2 and 4 of the IDR Package
- the Euratom ITER Contact Person on document 5 of the IDR Package

• endorses the Recommendations of the FTSC-P (ATTACHMENT 1) on the European Domestic
Assessment of the ITER Interim Design Report, Cost Review, and Safety Analysis, and
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expresses the opinion that
the ITER Interim Design Report, Cost Review and Safety Analysis is consistent
with reaching the ITER objectives and providing adequate scientific and
engineering margins to ensure the generation of 1.5 GW of controlled
thermonuclear fusion power during periods of at least 1000 seconds in each plasma
pulse and is therefore a satisfactory basis for proceeding towards the final design ;
the organization of the project is efficient and an effective collaboration with the
Home Teams has been developed ;
the supporting R&D is matched to the design requirements ;
specific technical recommendations made by the FTSC-P on the issues that deserve
particular attention in the forthcoming phases of both design and R&D, such as
divertor and remote maintenance, should guide the position of the Euratom
representatives in the various ITER bodies ;
the safety approach, design and analysis are an acceptable basis for continuing
with the EDA, but much work remains to be done ;
while in line with the original milestones, the schedule is tight in particular
concerning R&D in support of long-lead items, such as the magnets and the
vacuum vessel, and the preparation for licensing procedures ;
the construction cost estimate is based on a detailed analysis and on industrial
costing ; it is 5% higher than the one arrived at two years ago and contained in
the Outline Design Report.

• endorses the Assessment and recommendation of the Euratom ITER Home Team Leader
(ATTACHMENT 2) concerning the Report on ITER Site Requirements and ITER Site Design
Assumptions which was assessed by the Special Review Group - in which all the European
countries having expressed an interest in siting ITER, plus an expert from Canada, were
represented - and

expresses the opinion that
the Report on ITER Site Requirements and ITER Site Design Assumptions
constitutes at this stage a reasonable basis for proceeding with the design of ITER ;
further site design assumptions, as suggested by the Parties, should be a part of a
cost sensitivity analysis ;
further information should be provided on tritium supply and operational waste
issues and on decommissioning.

• endorses the Recommendations on the ITER Contact Persons' Report on the Tentative Sequence
of Events by the Euratom ITER Contact Person (ATTACHMENT 3), and

expresses the opinion that
the Tentative Sequence of Events appears to be appropriate and technically feasible
in view of the progress achieved in the design and supporting R&D, although
substantial efforts are required in licensing related subjects ;
discussions in view of identifying a possible European candidate site should be
started without unnecessary delay notably in view of the fact that Japan and
Canada might soon be in a position to make official offers to host ITER.

• S u m m i n g up , now that the management, the design and the supporting R&D are
on good tracks for proceeding to the end of the EDA, the CCFP considers that a major
task for Europe in 1996 is to tackle the intermingled issues of siting and licensing.

Explorations concerning the identification of a European candidate site and/or the
consideration of other possible solutions are now timely.
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ATTACHMENT 1

Recommendations of the FTSC-P on the

European Domestic Assessment
of the

ITER Interim Design Report, Cost Review, and Safety Analysis

Introduction
The Interim Design Report Package (IDR Package) accepted by the ITER Council at its July
1995 meeting for consideration by the ITER Parties comprises five documents, one of which is
the ITER Interim Design Report, Cost Review and Safety Analysis. Within Europe the
responsibility for organising the domestic assessment was given to the Fusion Technology
Steering Committee - Planning (FTSC-P) under the chairmanship of Dr. R. Andreani. The
FTSC-P appointed an ITER Assessment Group (see Annex), which began its work
immediately after the ITER Council meeting (26/27 July 1995), and prepared its findings for
consideration by the FTSC-P at its meeting on 19/20 September 1995. On the basis of the
ITER Assessment Group findings, the FTSC-P makes the following recommendations to the
CCFP.

1. ITER Objectives

According to the ITER EDA Agreement, the overall programmatic objective of ITER is to
demonstrate the scientific and technological feasibility of fusion energy for peaceful purposes.
The detailed objectives as set by the Special Working Group in October 1992, are that ITER
should:

"- be designed to operate safely and to demonstrate the safety and environmental potential of
fusion power.

- demonstrate controlled ignition and extended burn for a duration sufficient to achieve
stationary conditions on all time scales characteristic of plasma processes and plasma wall
interactions, and sufficient for achieving stationary conditions for nuclear testing of blanket
components. This can be fulfilled by pulses with flat top duration in the range of about 1000 s.
For testing particular blanket designs, pulses of approximately 2000 s are desirable;

- aim at demonstrating steady state operation using non-inductive current drive in reactor
relevant plasmas;

- demonstrate the availability of technologies essential for a fusion reactor (such as
superconducting magnets and remote maintenance);

- test components for a reactor (such as systems to exhaust power and particles from the
plasma);

- test design concepts of tritium breeding blankets relevant to a reactor. The tests foreseen on
the blanket modules include the demonstration of a breeding capability that would lead to
tritium self-sufficiency in a reactor, the extraction of high-grade heat, and electricity
generation".
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Fig. 1. Isometric view of YTliR
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The ITER Council, in its July 1995 meeting, expressed renewed consensus that "the objectives
of ITER remain attainable and must not be changed".

The main milestones of the ITER Engineering Design Activities (EDA), as agreed by the ITER
Council, are defined in terms of the delivery of a series of reports: Outline Design Report
(January 94), Interim Design Report (June 95), Detailed Design Report (end 96), Final Design
Report (January 98) and Comprehensive Report at the end of the EDA (July 98).

2. Principal ITER Parameters

The ITER design requirements are dictated primarily by the objective of achieving ignition in
stationary plasma operation, utilising reactor-relevant technologies (i.e. superconducting coils)
to produce the magnetic configurations. Extensive optimisation studies, based upon
experimental results from the world-wide plasma physics programme, have confirmed that:

- the proposed plasma current of 21 MA at a toroidal field of 5.7 T on axis, with 100 MW of
auxiliary heating, are appropriate to meet the requirements for ignition with a reasonable
margin;

- a pulse duration of about 1000s is required in order to reach stationary conditions (i.e. steady
state current distribution in a plasma of ITER size);

-the use of superconducting magnets for ITER is appropriate because, due to their
comparatively low energy consumption, they are the only choice for a fusion reactor, and the
technology is accessible.

As a result of these choices, the principal ITER parameters are readily derived and are as
follows:

Total fusion power 1.5 GW

Neutron wall loading 1 MW/m2

Bum time (inductive) 1000 s

Plasma major radius 8.1 m «

Plasma minor radius 2.8 m

Elongation 1.6

Plasma current 21 MA

Toroidal magnetic field (at 8.1 m) 5.7 T «

Maximum toroidal field ripple at the separatrix 2%

Additional heating power <100 MW

An isometric view of the machine is shown in fig. 1.

(i) The value given for the major radius corresponds to the conventional definition, raiher than the radius of the
baryccnire of the plasma which was used in ihc Outline Design Report. The major radius, and the toroidal field
at this radius, are unchanged compared lo the Outline Design.
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3. Physics

The fusion community's knowledge of tokamak physics has increased considerably since the
time of the ITER conceptual design (ITER CDA 1988 - 90), with a strong European
contribution from JET and other tokamaks. As a consequence of the parameter choice of the
present ITER design and the availability of an enhanced data base, the performance
extrapolation can now be made with improved accuracy.

The ignition capability of the present design is equivalent to that of the outline design. The
small decreases in plasma current and minor radius have been compensated by slight increases
in aspect ratio and in plasma density.

The machine parameters (plasma size, toroidal magnetic field, plasma current, transformer flux
swing and external heating power) are commensurate with the achievement of the stated
objectives. The provision of 100 MW of external heating power is welcome as it should
ensure access to the regime of high energy confinement (H-mode) and broaden the operating
space, thus increasing confidence in achieving the objectives of ITER.

The present divertor concept should be capable of accommodating the power and particle
exhaust foreseen for ITER, and has sufficient flexibility to incorporate the specific solutions
currently being developed, particularly in Europe (JET, ASDEX Upgrade).

The capabilities of the poloidal magnetic field system are adequate for realising and controlling
the divertor configuration required for extended fusion burn and, possibly, for ultimate steady-
state operation. Nevertheless, the possibility of segmenting the central solenoid should be
examined since this would provide additional operational flexibility.

It is essential that the physics R&D for ITER continues to be well-coupled to the ITER
Engineering Design activities and provides the information needed on a wide range of
operational issues (shape and position control, disruption avoidance and mitigation, heating
and current drive) as well as on confinement physics and divertor solutions.

4. Engineering

4.1. Magnet

The magnetic structure of the machine is composed of a system of superconducting coils, most
of them featuring the advanced high critical field superconducting material Nb3Sn. With
respect to the Outline Design, the solution now chosen for the toroidal field coils offers
improved performance and easier manufacture and assembly. The number of toroidal field
coils has been reduced from 24 to 20, improving access to the interior of the primary vacuum
vessel for maintenance operations. The new support structure for the toroidal field coils
eliminates the need for a very complex system of shear keys along their inner legs. The
conductors used for the toroidal and poloidal field coils are of the cable-in-conduit type, the
fabrication of which is being developed as an industrial process, based on the relevant ITER
R&D tasks.

The toroidal field magnet, design is sound and in line with the state of development of
superconductor technology. European experts favour the use of stainless steel as the conductor
conduit material. The design performance of the central solenoid must be carefully reviewed,
taking into account physics and engineering considerations.
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The construction and test of models of a toroidal field coil and of the central solenoid will allow
proof of the manufacturing methods and the evaluation of the performance of the techniques
adopted.

4.2. Power supply

The "compulsory" site requirements include the availability of 230 MW of steady state electrical
power, with 500-650 MW of peak active electric power supplied from a network capable of
absorbing power variations of 200 MW per second. These requirements are compatible with
the electric power grids at all of the sites presently under consideration. The power supplies
for the magnets, for the additional heating systems and for the plant auxiliaries have been
designed to cope with these limitations. No significant outstanding technical issues remain in
the present design, which meets in full the requirements. Should the design constraints on the
power supply be relaxed, which would be allowed by the European super-grid, a further
optimisation would be possible leading to enhanced flexibility of the power system and to some
cost savings.

4.3. Vessel and in-vessel components

4.3.1. Vessel and first wall/shield

The internal structure of the machine is made of two independent "shells": an outer one formed
by the double walled vacuum vessel which assures the vacuum in the plasma chamber and acts
as a first confinement barrier for radioactive materials, and an inner one forming a strong back
plate which supports the 720 modules comprising the integrated first wall/shielding blanket
and provides mechanical resistance against stresses induced by possible plasma instabilities, in
particular by disruptions. This concept of separating the functions performed by the two
structures into those of vacuum vessel (vacuum and containment) and back plate (mechanical
support for the blanket) is considered sound, although the detailed design is still in an early
phase.

The solution of a modular first wall/shielding blanket simplifies the maintenance procedures.
The electromagnetic forces arising from disruptions and the achievement of the necessary
tolerances for assembly and replacement have to be investigated extensively during the detailed
design and validated by R&D activities.

4.3.2. Divertor and plasma-facing components

The detailed design of the divertor will depend on the outcome of the physics R&D
programme. The single null divertor configuration chosen is the best option to cope with the
combined requirements of maintenance and of energy and particle exhaust. The divertor
comprises a modular structure consisting of 60 cassettes installed on two toroidal rails located
at the bottom of the vacuum chamber. The present concept of the divertor and high heat flux
components is thought to be capable of accommodating the power and particle exhaust, and
enough flexibility is provided by the machine configuration to allow the incorporation of
possible different choices of geometry and plasma facing materials.

However the divertor remains the most challenging single element of ITER, therefore the R&D
work in divertor physics, and tests with mock-ups, remain essential and are being carried out
in existing tokamaks and laboratory test facilities, most notably in Europe. These studies
should include further investigations of the tritium inventory in plasma facing components.
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4.4. Remote maintenance

The remote maintenance of components inside the vacuum vessel of ITER is crucial in order to
ensure an adequate availability of the machine. The overall maintenance procedure is based on
two major systems: a vehicle on rails deployed inside the plasma chamber to maintain/replace
the first wall/shielding blanket modules, and a system of dedicated "movers" for the divertor.
The design of these two systems is well advanced. Maintenance procedures covering
unforeseen events must now be developed: in particular additional flexibility in accessing the
in-vessel components is desirable.

The time schedule mentioned as necessary to perform a complete replacement of the first
wall/shielding blanket (2 years) appears rather tight. More detailed analysis is required and it
will be essential to perform the planned R&D programme, which is based on full scale facilities
to test the divertor and blanket remote maintenance procedures. The testing programme should
be focussed on the positioning of components within the required tolerances, the feasibility of
cutting/welding/inspection operations, the validation of rescue and back-up maintenance
procedures, and the detection and repair of vacuum leaks. It has also to be noted that a
complete divertor replacement operation will be performed remotely in JET.

4.5. Fuel cycle

The fuel cycle is another field in which ITER will have to demonstrate reliability and safety of
operation. The design solutions appear suited to this objective, and an appropriate R&D
programme is under way. This focusses on the critical systems and components, i.e. the
development of a tritium-compatible vacuum pumping concept, and the demonstration and
endurance testing of an integrated fuel clean-up system with relevant tritium concentration and
throughputs.

4.6. R&D

The R&D programme in the essential technologies has been firmly established during the first
three years of the EDA within the Home Teams. In order to improve the efficiency of the R&D
programme and to demonstrate the resolution of the key engineering issues for the construction
of ITER, seven large projects have been identified jointly by the JCT and Home Teams which
will incorporate the major deliverables of the EDA R&D. The European Home Team has been
given primary responsibility for three of these projects, which relate to key issues within the
toroidal field coil, in-vessel components, and remote maintenance fields. The major
deliverables of the R&D programme, if successfully achieved, will be appropriate to establish
the performance, fabricability and maintainability of the components.

The R&D schedule is tight in some areas, but the distribution of resources is consistent with
the importance of the various areas.

4.7. Conclusions on engineering

Substantial progress has been made with regard to the essential engineering aspects of the
design throughout the last year. The efficient collaboration which has been developed between
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the Joint Central Team and the four Home Teams, including industry, has been a key element
in this achievement.

The design at the mid-point stage of the ITER EDA is consistent with the technical objectives of
the project and represents a sound basis for the remainder of the EDA, although some parts of
the design are still in an early stage. The overall design concept of the machine incorporates
features and technologies which will be essential in a fusion reactor, such as superconducting
coils, power and particle exhaust in quasi-stationary conditions, and inspection and
maintenance by comprehensive remote handling. The critical issues mentioned throughout
section 4 must be addressed with priority. The R&D programme which has been firmly
established during the first three years of the EDA is well matched to the design requirements,
although the overall schedule is quite demanding.

5. Safety

One of the main arguments for fusion reactors concerns their safety and environmental
potential. There is no possibility of uncontrolled power runaway since reactivity excursions of
the plasma are limited by inherent processes. There should be no rupture of the confinement
due to internal events or any but the most unlikely external events, so that no necessity for
evacuation of the public would arise.

The favourable fundamental safety and environmental characteristics of fusion are prime
reasons for promoting fusion development, and this is reflected in the Interim Design Report,
which should satisfy the general ITER objective:". . . to operate safely and to demonstrate the
safety and environmental potential of fusion power".

With respect to ITER, substantial progress has been made in advancing aspects of design,
analysis and management pertinent to safety and the environment. Considerable thought has
gone into the formulation of "top-level" safety requirements and criteria, in order to identify
common elements within the varying licensing requirements of the ITER parties for the
purpose of design guidance. It is judged that in respect of the safety approach, the
incorporation of safety requirements into the design, and the safety assessments performed, the
ITER Interim Design Report, Cost Review and Safety Analysis is, at this stage in the design
process, acceptable as a basis for the continuation of the ITER EDA.

Further work is needed in two specific areas where changes between the earlier design and the
Interim Design Report have opened up possible problems. Firstly, the cooling circuits for the
structures immediately surrounding the plasma need reconsideration in order to demonstrate
low limits to hydrogen production in certain postulated accidents. Secondly, the confinement
arrangements in the design and the confinement strategy need to be brought into conformity
with one another, and the formulation of the latter needs to be clarified.

Much more detailed consideration will be required by the end of the EDA on certain topics,
including human factors in accident initiation and mitigation, external causes of accidents, fires
and other internal hazards, the removal of tritium from waste, routine releases, personnel
safety, and the assessment of highly improbable accidents (where the safety advantages of
fusion are most clearly apparent).

A strategy must be developed, and sufficient progress made, during the EDA to provide very
high confidence in eventual licensing success. Because of the novelty of fusion systems, a
large and well-planned effort will be needed to bring the data and calculational methods used in
fusion safety analysis up to standards which may be required in regulatory proceedings.
Therefore, although there are no apparent technical obstacles in achieving this, the process may
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not be completed within the timespan foreseen. Therefore the planning of the licensing
procedure needs careful consideration.

In conclusion: the safety approach, design and analysis are an acceptable basis for continuing
with the EDA, but much work remains to be done.

6. Organisation of the ITER EDA.

The organisation of the ITER EDA is particularly demanding, since the work is being
conducted by several different organisations in many different countries. The Joint Central
Team (JCT) located on three sites, and the Home Teams of the four parties, are undertaking the
design. The entire R & D programme is implemented by the Home Teams.

A comprehensive reporting scheme has been established to allow the Project Management to
organise, plan, manage and control the progress of the design, costs and R&D activities.

The organisation which has been set up during the last year within the project has proved
capable of performing effectively. Sharing of tasks and responsibilities among the Joint
Central Team and Home Teams is progressing efficiently.

In general, the organisational structure is considered appropriate for the remainder of the ITER
EDA.

7. Cost and schedule

The Interim Design Report, Cost Review and Safety Analysis provides the estimated
construction costs for the ITER project on the basis of a detailed work breakdown. In much
less detail it provides the costs for management, engineering and R&D during construction,
commissioning up to the achievement of first plasma, operation and decommissioning.

In order to ensure a high level of realism and confidence in the construction cost estimates, the
ITER JCT received, where possible, industrial estimates through the four Home Teams (EU
industry provided estimates for around 50% of the total estimated construction costs and for
almost all of the costs of the Tokamak system).

Based on these construction cost estimates, the JCT found that, for each Party, the percentage
of the total cost is, for each major system, essentially the same, i.e. each Party has estimated a
similar "value" for each of the major systems. This approach allowed the JCT to normalise the
cost estimates to a common basis making the JCT cost estimates independent of economic
fluctuations and different estimating practices among the Parties.

Due to the design uncertainties still existing at the current early stage of the project, the JCT
construction cost estimate ranges from 5050 to 6620 klUA (1 IUA = 1000 US$ January 1989)
with a "point estimate" (reference value) of 5850 klUA (i). This can be compared with 5600
klUA in the Outline Design Report (1993) for which very limited industrial estimates were
available. The JCT approach to ITER construction costing is acceptable and the estimated
range of costs is realistic considering the present stage of the project.

The management, engineering and R&D costs (including experimental verification) during the
construction phase, which are additional to the construction cost, are estimated by JCT to fall
within the range 1100 to 1200 klUA. These figures appear adequate under the chosen
assumptions of an 8.5 years construction phase, of the detailed design being developed as

(i) 1 klUA is estimated to be equivalent to about 1.08 MECU (1995)
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planned, and of excluding additional costs which may result from site-specific conditions and
regulatory approval.

With regard to the time schedule, the site selection is assumed to be made at the end of the EDA
and to be followed by approximately 18 months of site-specific engineering activity. The time
schedule presented envisages completion of the construction of ITER in 2007 and first plasma
by the end of 2008, under the assumption that the procurement of magnets starts immediately
after the end of the EDA. The schedule proposed appears compatible with the present status of
the design, but it does not allow for any slippage; critical will be the rate of progress on the
intermingled problems of licensing procedures and site selection.

As far as the R&D is concerned, the plan is tight. In particular testing of the model coils will
not be fully completed by the end of the EDA, although this might not delay the launch of the
magnets procurement action.

In order to maintain the project within the envisaged budget and schedule, a "strong" project

management organisation during the construction phase is a factor of overriding importance.
Essential to "strong" management is the combination of in-depth knowledge of fusion
technology with expertise in the management of large and complex (preferably nuclear)
projects, know-how in- the field of safety assessment and knowledge of the regulatory
procedures of the Host Country. The project management will have to rely on adequate support
covering the range from basic physics to industrial realisation.

8. General conclusions

The ITER project, having explored a number of different design concepts, is now focussed on
a version which has been transmitted to the parties by the ITER Council. The European
Domestic Assessment concludes that the machine parameters are commensurate with the
achievement of the stated objectives including demonstration of controlled ignition and
extended burn for approximately 1000 seconds in deuterium-tritium plasmas, with steady-state
operation as an ultimate goal. As a consequence of the parameter choice of the present ITER
design and the availability of an enhanced data base, the performance extrapolation can be made
with improved accuracy. The increase in the provision for auxiliary plasma heating (100 MW)
is a welcome step to ensure access to the regime of high energy confinement (the H-mode) and
to broaden the operating space. This increases confidence in the margins for achieving the
overall objectives of ITER.

Substantial progress has been made with regard to the essential engineering aspects of the
design throughout the last year. The efficient collaboration which has been developed between
the Joint Central Team and the four Home Teams, including industry, has been a key element
in this achievement.

The engineering design at the mid-point stage of the ITER EDA, as presented in the Interim
Design Report, Cost Review and Safety Analysis, is consistent with the agreed technical
objectives of the project and represents a sound basis for the remainder of the EDA, although
some pans of the design are in an early stage. The overall design concept of the machine
incorporates features and technologies which will be essential in a fusion reactor, such as
superconducting coils, power and particle exhaust in quasi-stationary conditions, and
inspection and maintenance by remote handling.

The divertor remains the most challenging design area of ITER. The present concept is thought
to be capable of accommodating the power and particle exhaust foreseen for ITER, and the
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design provides sufficient flexibility to incorporate specific solutions currently being developed
on existing large tokamaks, particularly JET and ASDEX Upgrade.

R&D in the critical issues in Physics and Engineering mentioned in sections 3,4 and 5 must be
pursued with priority. The R&D programme, which has been firmly established during the
first three years of the EDA, is well matched to the design requirements, although the overall
schedule is quite demanding, in particular for the development of long-lead items.

Substantial progress has been made in advancing the aspects of the design, analysis and
management pertinent to safety and the environment. In respect of the general safety approach,
the incorporation of specific safety requirements into the design, and the safety assessments
performed, the Interim Design Report, Cost Review and Safety Analysis is acceptable as a
basis for the continuation of the EDA. Areas where the design and evaluation need to evolve,
before licensing can proceed, have been identified and have to be addressed during the
remainder of the EDA. It should be pointed out however that if the project is subjected to all of
the licensing procedures established for Fission reactors, this will have consequences for the
overall project time-scale.

The JCT approach to ITER construction costing and the "point estimate" of 5850 kIUA(i> within
a range from 5050 to 6620 klUA, are acceptable considering the present early stage of the
project. This can be compared with the Outline Design estimate (1993) of 5600 klUA, for
which very limited industrial estimates were available. The JCT estimate of an additional 1100-
1200 klUA for the costs of project management, engineering and R&D during construction
appears adequate under the assumed boundary conditions. Adherence to cost estimates during
the construction phase will depend on an appropriate "strong" management structure, which
should combine an in-depth knowledge of fusion technology with expertise in the management
of large nuclear projects.

The site selection is assumed to be made at the end of the EDA and to be followed by
approximately 18 months of site-specific engineering activity. The time schedule presented by
the project, which envisages completion of construction of ITER in 2007 and first plasma by
the end of 2008, assumes that the procurement of magnets starts immediately after the end of
the EDA. The schedule proposed appears compatible with the present status of the design, but
it does not allow for any slippage. Critical elements of the schedule include the production of
the magnets and vacuum vessel, and licensing procedures.

The schedule presented by the JCT would make possible the immediate launching of calls for
tender for the supply of long-lead items at the end of the EDA in mid-1998, as required in the
Agreement.

In summary, the ITER Interim Design Report, Cost Review and Safety
Analysis is a satisfactory basis for proceeding towards a final design which
should provide adequate scientific and engineering margins to ensure the
generation of 1.5 GW~of controlled thermonuclear fusion power during
periods of at least 1000 seconds in each plasma pulse. The supporting R&D is
matched to the design requirements. The organisation of the project is now
efficient. The schedule is tight in particular concerning R&D in support of
long-lead items and the preparation for licensing procedures. The construction
cost estimate is 5% higher than the one produced two years ago in the Outline
Design Report.

(i) 1 klUA is estimated to be equivalent to about 1.08 MECU (1995)
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Annex - Membership of the European ITER Assessment Group

The Group was divided into four working groups, assessing the Physics, Engineering, Safety
and Costing aspects of the Interim Design Report. The membership of the groups was:

Physics:

F. Troyon, CRPP (Chairman)
D. C. Robinson, UKAEA (Co-Chairman)
C. Alejaldre, CEMAT
H. Bruhns, EC
M. Chatelier, CEA
F. De Marco, ENEA
F. Engelmann, NET
T. Hellsten, NFR
J. Johner, CEA

Engineering:

R. Andreani, ENEA (Chairman)
J. Jacquinot, JET (Co-chairman)
E. Bertolini, JET
D. Besson, EFET
A. Curzon, EFET
W. Danner, NET
P. Deschamps, CEA
E. Di Pietro, ENEA
D. Escande, CEA
M. Gasparotto, ENEA
G. Ghia, EFET
L. Giancarli, CEA

Safety:

M. Keilhacker, JET
K. Lackner, IPP
U. Samm, KFA
F. C. Schueller, FOM
P.E.M.Vandenplas, ERM/KMS
C. A. Varandas, 1ST
M. L. Watkins, JET
R. Weynants, ERM/KMS

M. Heller, EFET
M. Kaufmann, IPP
P. Komarek, FZK
D. Maisonnier, NET
D. Murdoch, NET
P. Pale, TEKES
R-D. Penzhorn, FZK
M. Pick, JET
E. Salpietro, NET
R. Stasko, CFFTP
T. Todd, UKAEA
F. Vivaldi, EFET

D. R. Sweetman , UKAEA (Chairman)
S. Ciattaglia, ENEA
J .Collen, NFR
I. Cook, UKAEA

Costing:

W. Gulden, NET
G. Marbach, CEA
J. Mustoe, NNC
A. Natalizio, CFFTP

C. Berke, EFET (Chairman)
E. Bogusch, EFET
M. Cheyne, EFET
G. Gobel, EFET

General editor: L.J. Baker , NET

J. Hayward, NET
G. Sable, EFET
F. Vivaldi, EFET
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ATTACHMENT 2

Assessment and recommendation of the Euratom ITER Home Team Leader
concerning:

• Report on ITER Site Requirements and ITER Site Design Assumptions

• Special Review Group Report

1. Introduction
The report on ITER Site Requirements and ITER Site Design Assumptions
prepared by the ITER Director was reviewed by the Special Review Group
(SRG), established by the ITER Council. The SRG was composed of four
members from each Party, assisted by a few experts. The EU delegation
included representatives from the Commission and from each of the EU
countries which have expressed an interest in ITER siting, accompanied by
an expert from Canada.
The services of the Commission have entrusted the Euratom ITER Home
Team Leader (EU HTL) with the preparation of an assessment and
recommendations concerning the above two reports.

2. Summary of Site Requirements and Site Design Assumptions
The Site Requirements are derived from the ITER design as well as from
fabrication procedures of some of its major components. They are
compulsory in the sense that less demanding requirements would result in
unreasonable changes of the ITER design. Site Design Assumptions are not
compulsory but are selected as guidelines for designers to follow until the
actual site is known. In particular they form some of the basis for the ITER
construction cost estimate and schedule. The main Requirements (R) and
Design Assumptions (DA) are:

a) Land
JR.: Availability for 30 years of 70 hectares and foundation capacity up to
80 tons/m2 at a depth -50 m.
DA: Temporary availability of 60 hectares.

b) Heat sink
R.: Capability to dissipate 1300 MW thermal energy to the environment
requiring about an average of 50 m3/minute of fresh water for the cooling
tower.
DA: It should be possible to increase the capability to 2600 MW for steady
state operation (in the Extended Performance Phase).

c) Energy and Electrical Power
R: 230 MW of continuous power.
DA: About 600 MW/MWAr for pulse duration of 2000-1 OOOOsec.
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d) Transportation and Shipping access
R: Large and heavy components to be shipped: e.g., one central solenoid
coil, 1300 tons, 14x6x6 m; 21 toroidal field coils, 600 tons, 19x13x5 m. Large
poloidal field coils (4) up to 30 m in diameter will be fabricated on site.
DA: Practical access to major air, highway, railroad, waterway
transportation.

e) External Hazards and Accident Initiators
R: None
DA: Seismic: peak ground acceleration 0.2 g, according to IAEA seismic
level SL-2 classification.
Max wind speed: horizontal 140 km/hr, tornado 200 km/hr.
Max/Min Temperatures: +28°C/-25°C.

f) Infrastructure
R: None.
DA: Access to adequate industrial infrastructure so that site location does
not adversely impact on construction, cost and schedule.
Neighbouring communities for work force recruiting and/or relocation
(e.g. dwelling, school, hospital, jobs) within -50 km from site.

g) Decommissioning
R: None
DA: Responsibility of a new organisation within the Host Country.

3. Assessment
The Euratom ITER Home Team Leader (EU HTL) agrees with the SRG
opinion that the Site Requirements and Site Design Assumptions set forth
for the designing of ITER appear to be reasonable at this stage of the EDA,
although individual values may change slightly as the ITER design
advances.
The EU HTL also agrees with the SRG recommendations to develop further
information on:
• ITER cost sensitivity to, mainly, more severe external events (e.g.

stronger earthquakes, airplane crash, high speed tornado).
• Decommissioning of ITER including cost estimate
• Tritium shipments and radioactive affluence and radioactive waste

during operation.
The EU HTL believes that the present requirements and assumptions offer a
good balance between J'siteability" in any Party territory and cost of the
device. Further site design assumptions covering a wider spectrum of site
conditions should be examined very carefully to avoid that they would
inflate the cost of ITER.

4. Recommendations
The Euratom ITER Home Team Leader recommends to the CCFP to accept
the Report on Site Requirements and Site Design Assumptions as a
reasonable basis for the present designing of ITER, noting that further
analysis will be performed on ITER cost sensitivity to site conditions, on
tritium supply and operational waste issues and on decommissioning.
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ATTACHMENT 3

RECOMMENDATIONS
ON TOE ITER CONTACT PERSONS REPORT ON TENTATIVE SEQUENCE OF EVENTS

by the EURATOM iTER Contact Person
1. INTRODUCTION

Pending the establishment of the Special Working Group (provided for in Section 2 of Protocol 2/
to handle matters related to Article 2(e) of the ITER EDA Agreement, the ITER Council
has asked the ITER Contact Persons to work out a Tentative Sequence of Events leading
to possible post-EDA activities. Such a Tentative Sequence of Events forms Part 5 of the
Interim Design Report Package.
With a view to the CCFP discussion on this topic, the services of the Commission have
entrusted the Euratom ITER Contact Person (EU-CP) with the preparation of
recommendations on the ITER Contact Persons Report on Tentative Sequence of Events
(CPs Report).

2. SUMMARY

The CPs approach has consisted in:
a) identifying the events under the responsibility of the Parties (i.e. domestic assessments, pre-

negotiation explorations, formal negotiations, decision on site & construction, and regulatory process)
b) ordering and tentatively timing these events
c) linking these events to those under the responsibility of the ITER Council such as the

ITER EDA milestones (i.e. transmission to the Parties of the three Design Report Packages - Interim.
Detailed and Final - and the Comprehensive Report), the establishment of Special Working
Groups, etc.

d) articulating b) and C) around the IC meetings (from the first one after the signature of Protocol 2
to the end of the EDA)

The CPs Report consists of two tables: Sheet I2 (ATTACHMENT) which presents a
schematic view of the above "linkage" and Sheet 2 which details the entire process as
articulated around the IC meetings.

3. RECOMMENDATIONS

The EU-CP recommendations to the CCFP are:
- to support the CPs approach, namely, that the schedule of events under the responsibility

of the Parties be linked to that under the responsibility of the ITER Council and that it
be articulated around the IC meetings until the end of the EDA ;

- to state that, from the progress achieved in the design and supporting R&D, the Tentative
Sequence appears to be technically feasible, but that substantial efforts are required in
the field of licensing ;

- to recognize that the selection of a European candidate site is becoming an urgent issue ;
- to recommend that Sheet 1 and Sheet 2 be expanded in order to take due account of the

domestic site selection- and licensing procedures of the Parties ;
- in the expectation that IC-9 approve the Interim Design Report Package, to support the

setting-up at IC-9 of the Special Working Group provided for in Protocol 2.

DG XII - Fusion Programme
26 September 1995

'A Special Working Group shall be established which, assisted by the Director, shall submit proposals to the Council on approaches
to joint Implementation for decisions by the Parties on future construction, operation, exploitation and decommissioning of ITEK, as
specified in Ariel* 2ft) of the Agreement. "

It Is to be noted that Sheet 1 attached to the present document Is an internal (services of the Commission) revision On the spirit of
clarification) of the one attached to the Package.
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199S

1996

1997
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TENTATIVE SEQUENCE OF EVENTS1 IN RELATION TO IC MEETINGS AND ITER EDA MILESTONES
Major Evtnts and Issues
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July 7,1995

PREPARATIONS
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2,3
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0 • Director
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SCIENTIFIC AND TECHNICAL COMMITTEE

Opinion of the Scientific and Technical
Committee on the HER Interim Design Report Package

The STC considered the ITER Interim Design by using a focussed subgroup which met
on 6 October 1995 -with an agenda previously accepted by the full STC. The following
opinion has now been endorsed by the other members of the committee.

The STC has examined the ITER Interim Design Report Package, the European
Domestic Assessment of the ITER Interim Design Report, Cost Review and Safety
Analysis, the recommendations of the FTSC-P and the opinion of the CCFP.

The STC notes the extensive and valuable progress made during the last year on the
ITER design, which it believes is sound. It therefore recommends that the EDA
continues as planned into the detailed design phase. At the same time activities leading
to a site selection are of paramount importance and appropriate effort must be devoted
to this task within Europe.

Emphasizing the great progress achieved and the good promise of the present design, this
STC opinion now concentrates on a number of key issues facing the design team which
must be satisfactorily dealt with if a detailed design with few remaining uncertainties is
to be reached. The STC has not identified any completely new issues, but it has
reconsidered many which had been highlighted by the European Domestic Assessment
of the ITER Interim Design Report, Cost Review and Safety Analysis and added its own
gloss and emphasis to some of the issues. These key issues are :

In physics :

1. The accessibility of the enhanced plasma confinement mode and the adequacy of
auxiliary heating to achieve that.

2. The design and performance of the divertor, particularly when large amounts of
auxiliary heating are used.

For both these physics uncertainties the major experimental devices currently in use, JET
and AsdeX'Upgrade in Europe, JT-60 in Japan and D-III-D in USA are important.

In Engineering :

3. The very large Nb,Sn superconducting magnets on which ITER relies.
4. The achievement of the necessary dimensional tolerances in the key components

of ITER, especially the magnets and the first wall/blanket modules.
5. The availability of sufficiently powerful and reliable remote inspection and

maintenance technology.
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In R&D :

6. The current schedule for the EDA is extremely demanding for several reasons but
in particular because the results of R&D, some of which is not yet progressing
quickly enough, are essential to remove uncertainties from the design. In Europe,
there would be great benefit if the contract awarding procedures could be speeded
up.

In safety :

7. The need to take the safety studies forwards so that licensing success can be
assured.

The STC also welcomes the increased involvement of industry within the home team but
considers that this process must be taken further so that the practical engineering
required for such a large and challenging project is achieved. For example, efforts will
be needed on securing the supply of specific materials, welding specifications, assembly
studies, etc.

The STC notes that the current estimate of the cost of the whole ITER project is
virtually the same as the earlier one, although it is now based on much more detailed
estimates, most of which come from industry However, the STC believes that holding to
these costs and to the EDA schedule will pose a great challenge for the project team.
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Technical Subcommittee of ITER/EDA
Fusion Council

Atomic Energy Commission
Japan

Report of domestic review of the "Interim Design Report Package"

November 21, 1995
1. Introduction

(1) Review Procedures

The Engineering Design Activity of the International Thermonuclear

Experimental Reactor (ITER/EDA) which has been proceeded under the

cooperation of four Parties, Japan, US, EU and RF, since July 1992 has just passed

its middle point of the planned period of activities. At the middle of the period, at

the IC-8 held in July this year, 5 documents which are called as "Interim Design

Report Package" were accepted :

1) Interim design Report, Cost Review and Safety Analysis

2) Site Requirements and Site Design Assumptions

3) TAC-8 Report

4) Special Review Group Report

5) Contact Person's Report on Tentative Sequence of Events

These documents were commended to the Parties for their domestic

consideration to facilitate the achievement of a common position at IC-9 in

December this year. For this end, the technical subcommittee of ITER/EDA has

been conducting the analysis and assessment of four documents of the "IDR

Package", 1) to 4) above, which need the analysis from technical point of view, by

having total of four meetings from September to November, 1995. The result is

reported in the following.

(2) Meaning of IDR

The purpose of EDA is determined in the Agreement "to produce a detailed,

complete, and fully integrated engineering design of ITER and all technical data
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necessary for future decisions on the construction of ITER." ITER Council has

established some major milestones in order to ensure the deliverables to meet such a

purpose at the end of EDA. The EDR is the second major milestone following the

Outline Design Report (January 1994). The IDR should be the basis for the design

work related to future major milestones, the Detailed Design Report (December

1996) and the Final Design Report (January 1998), and it is required that the design

work is progressing to meet the work schedule of the whole EDA.

2. Technical Objectives of ITER

The overall programmatic objective of ITER is determined in the Agreement

"to demonstrate the scientific and technological feasibility of fusion energy for

peaceful purposes." The detailed technical objectives were determined by the SWG

1 in October 1992 and approved by the ITER Council. This detailed technical

objectives were attached to the Protocol 2 as one of-attached documents and the

1TER Council re-confirmed at IC-8 that the detailed technical objectives should be

maintained. The outline of the detailed technical objectives is as the following.

(1) General Constraints

The ITER detailed technical objectives and technical approaches, including

appropriate margins, should be compatible with the aim of maintaining the cost of

the device within the limits comparable to those indicated in the final report of the

ITER CDA as well as keeping its impact in the long-range fusion program.

(2) Performance and Testing

i) Plasma Performance

o ITER should have a confinement capability to reach controlled ignition.The

estimates of confinement capability of ITER should be based, as in CDA

procedure, on established favorable modes of operation.



o ITER should

- demonstrate controlled ignition and extended burn for a duration sufficient

to achieve stationary conditions on all time scales characteristic of plasma

processes and plasma wall interactions, and sufficient for achieving

stationary conditions for nuclear testing of blanket components. This can be

fulfilled by pulses with flat top duration in the range of 1000s. For testing

particular blanket designs, pulses of approximately 2000s are desirable.

- aim at demonstrating steady state operation using non-inductive current drive

in reactor-relevant plasmas.

ii) Engineering Performance and Testing

o ITER should

- demonstrate the availability of technologies essential for a fusion reactor

(such as superconducting magnets and remote maintenance);

- test components for a reactor (such as systems to exhaust power and particles

from the plasma);

- test design concepts of tritium breeding blankets relevant to a reactor. The

tests foreseen on modules include the demonstration of a breeding capability

that would lead to tritium self-sufficiency in a reactor, the extraction of

high-grade heat, and electricity generation.

In addition, requirements to design and operation are summarized.

3. General Assessment (Conclusion)

As the result of efforts by the Director and the JCT, and the strong support by

the Home Teams of the four Parties as well, the engineering design of ITER is

judged as a big progress compared to the Outline Design phase. The plasma

performance of ITER has been investigated with the latest finding of the plasma
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physics, and the results of the engineering R&D being conducted in the Home

Teams of the four Parties have well been incorporated in the engineering design of

the main components and facilities. There has been a progress in the area of the

general safety and environmental design criteria and preliminary safety assessment,

although much more effort is needed in this area. Further, a rough cost estimation

necessary for the future decision on ITER construction has been indicated with an

appropriate costing approach at the present stage of design. The site requirement

and the site design assumptions has been reviewed with representatives of each

Party at the Special Review Group.

Judging from above results, the "Interim Design Report, Cost Review and

Safety Analysis" and the "Site Requirements and Site Design Assumptions" are, as

shown in the "TAC - 8 Report", assessed as a good basis for conducting the detailed

design. The design work should be proceeded strongly to the next milestone of the

ITER/EDA, the Detailed Design Report.

Additional comments for the detailed design.

o As for the plasma performance of ITER, the design work is expected to be

proceeded systematically in order to assess and improve the design based on the

future progress of physics R&D on several issues such as consistency of plasma

confinement with heating power, compatibility with high density divertor plasma

and Hmode, conditions for steady state operation, etc.

o Among the engineering R&D, a special attentions is expected to be paid so that

the blanket test which is the main technical objective of ITER be properly

conducted. From this point of view, a design work on the plant system such as

the cooling system and the tritium retrieving system, and the operation mode of

ITER are expected to be proceeded so that they are consistent with the study

result of the Test Blanket Working Group (TBWG).

o The selection of designs in the engineering design of the main devices and

facilities, such as the selection of options of plasma auxiliary heating and current
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drive, are expected to be made with flexibility in order that new results (of

R&D) could be incorporated as much as possible, within a limit that the effects to

the main schedule of ITER construction and operation are acceptable. It is also

expected that more data on materials properties be accumulated and a proper

design standard for structure design considering the operation conditions of each

component should be documented as soon as possible.

o More detailed analysis is needed on the safety and environmental acceptability of

ITER following the progress of the design. Results should be reported in the

Detailed Design Report because those are used as the basis for studies of the

safety regulation in the Host Party of ITER.

o As for the site requirements and the site design assumptions, a full response is

necessary to the recommendations of the SRG such as the cost sensitivity analysis

on the pulse electric power and the seismic design, in order to increase the social

acceptability of ITER.

o A careful cost control / management is expected to be conducted in the design

work so that every effort be made to decrease the cost toward the lower limit of

the cost presently estimated. And a more accurate cost estimation is desirable

according to the progress of the design.

o The construction schedule is expected to be reviewed at each stage of the detailed

design and the final design based on the results of the future test of devices, as

well as to follow realization of necessary procedures such as safety regulations.

o More information is expected to be provided on the amount of tritium consistent

with the ITER operation schedule.

4. Consistency with the ITER Technical Objectives

(1) Plasma Performance

Plasma physics database has shown remarkable development, reflecting the

latest achievements of physics R&D at the Three Large Tokamaks and other devices

249



in the world. The understandings of the plasma physics has also shown progress.

Plasma performance of ITER has been investigated based on such latest knowledge

and has a proper margin to achieve the technical objectives of ITER as follows.

o As for the confinement performance, the development of the database of energy

confinement time of high confinement mode (H-mode) enabled the evaluation of

plasma confinement capability by confinement scaling of gyro-Bohm type H

mode. The particle confinement time of the Helium ash which is produced by

fusion reaction can now be assessed with small uncertainties. The plasma

confinement performance of ITER assessed with those results is evaluated to

have a proper margin for achieving the objective of achieving the ignition

condition.

o The machine parameters are evaluated to be adequate for achieving the planned

plasma performance. The choice of 100MW auxiliary heating power is highly

evaluated as a mean to achieve H-mode and to ensure the capability of a steady-

state operation with a Q value of higher than five. Further development of the

database is expected with regard to the consistency-of plasma major radius and

heating power and the density limit, as the necessary heating power to transfer

plasma confinement from L-mode to H-mode is largely dependent on the plasma

size and the density.

o Under the presently selected divertor concept, formation of high density divertor

plasma which is essential to exhaust impurities effectively can be accurately

predicted based on the present database. The structural design has the flexibility

to incorporate easily the modification that may be necessary according to the

ongoing study. Further progress of the physics R&D of divertor plasma is

expected in order to ensure the compatibility of high density divertor plasma and

H-mode.

o The present design suggests a high probability of achieving the three planned

operation modes, namely, ignition and long pulse operation (1000 sec), longer

pulse operation (2000 sec), and steady state operation. The design of the
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poloidal field coil and plasma control system has a good margin to enable a wide

range of operation modes including a high beta plasma. With regard to the

steady state operation mode, further progress of physics R&D of the current

drive method, control of plasma current density distribution, and plasmas with

high beta value. A segmented central solenoid coil which will possibly improve

control capability of plasma shape like triangularity is expected to be studied in a

timely manner in line with the overall schedule of EDA.

o Further progress of physics R&D is expected toward the Detailed Design in order

to direct the design, such as the evaluation of the beta limit near q=3, the

dependence among low heat load divertor, plasma confinement capability and

density limit, the isotope effect by the D and T species on improvement of

plasma confinement, the disruption control, etc., in addition to those mentioned

above.

(2) Engineering Performance and Testing

The presented three operation modes are adequate for achieving the major

technical objectives of ITER such as functional testing of the blanket modules. The

change-out to an appropriate breeding blanket makes the testing for a neutron

fluence of lMWa/m2. At the Detailed Design, more detailed analysis of the Long

Pulse Operation Mode and Steady State Operation Mode is necessary.

In order for planning in detail the blanket test that is one of the major

technical objectives of ITER, it is necessary to study in detail the coordination of

the testing program of the breeding blanket and ITER operation program, the

former aims to breed tritium for EPP and to develop DEMO. At the Detailed

Design, compatibility with the TBWG's study is required. In addition, each Party

is requested to establish the blanket development plan that is consistent with the

testing program of ITER.
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5. The appropriateness of the major components and facilities

(1) Vacuum vessel and In-vessel components

i) Vacuum vessel

The change of the sector split from the TF magnet center-line to the port center-

line is acceptable from the viewpoint of reducing field welds. The port center-

line split, however, may have a concern in increasing complicatedness of the

vessel assembly. Therefore, it is expected to further investigate welding, finish

and inspection, taking account of the machine assembly and installation.

ii) First Wall/ Blanket

It is quite reasonable to employ the module structure divided both toroidally and

poloidally from the viewpoint of easiness of remote maintenance and

replacement. The detailed design is expected to proceed, taking account of

procedure for the inspection of the welds, uniformity of coolant flow distribution

of each cooling tube and so on.

iii) Divertor

It is supported to keep sufficient space for the divertor in order to retain the

flexibility to accommodate different designs according to the progress of the

R&D. It is also supported that the number of modules (cassettes) was decreased to

60 in accordance with enlarged port space due to the decrease in number of TF

coils.

iv) General Points

a) It is appreciated that examination of the structural design criteria and

compilation of materials data are systematically promoted. It is expected that the

work will further proceed.

b) Basis and rationale for setting up such major design parameters as maximum

power variation, time for power variation, number of discharges, and number of

disruptions should be clarified. Also such values as maximum stresses and

strains generated in the components and maximum temperatures reached in the

divertor plates at disruptions should be evaluated in the detailed design.
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c) Accuracy of sizes needed to each device should be clarified and verifications of

technologies in the engineering R&D are expected to be conducted when

necessary.

d) The choice of SS316 as the structural material for the vacuum vessel and in-

vessel components is reasonable from the viewpoint of assuring reweldability

based on the existing database. Data on correlation of neutron irradiation and

material life time, IASCC (Irradiation Accelerated Stress Corrosion Cracking)

susceptibility and reweldability after neutron irradiation should be accumulated

for more accurate life-time evaluation of the components and so on.

e) It is reasonable to employ HIP-bonded materials in the blanket that is subjected to

high heat load. However, because neutron irradiation induces stress at the joint

interface of the different materials, data on effect of the irradiation on the bond

integrity should be further accumulated. The same investigation should be

required for brazed materials.

f) Technology R&D has made good progress in the area of remote maintenance.

Classification of components to be maintained remotely into 4 grades is

reasonable. Access to the in-vessel components through horizontal ports assures

the compactness and is advantageous for local maintenance. The choice of this

concept well reflects the technology R&D results and is quite reasonable.

(2) Ex-vessel components

i) Superconducting coils

a) The significant design changes made on TF coils can be regarded as a great

progress.

- The reduction of TF coils from 24 to 20 enlarges port spaces, giving much better

access for assembly and maintenance.

- The use of a strong TF case simplifies the coil support structures.

- Switch to pancake winding from layer winding contributes simplification during

construction and reduction in error field.
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Based on experience of existing large tokamaks, further progress in stress

analysis for large coils is expected.

b) The CS coil is well designed to provide sufficient ampere-turns in every

operation modes of ITER.

c) Future issues of the magnet design include the design of poloidal magnets which

have sufficient margin in the magnetic induction and segmentation of the CS,

keeping in mind the improvement of plasma performance. These issues should be

prudently examined in terms of ITER operation modes, overall structure of the

facility, manufacrurability, etc. Especially, the segmentation of CS coil needs

timely examination in connection with the schedule of EDA. Only PF coils

using the NbTi conductors are currently supposed to be constructed on site.

Further comparison between on-site manufacturing and factory manufacturing is

expected on the TF coils, the CS coil and the PF coils using Nb3Sn, from the

overall aspects including transportation, manufacturing, costs, quality control and

assurance and so on. The design of constituent elements such as joints of the

conductor is expected to adopt the technology R&D results.

ii) Auxiliary Heating and Current Drive

In the present design, NBI, ECRF and ICRF are three candidate systems for

heating and current drive. Examination and evaluation are in progress towards

the final selection of the main option in the end of 1996. The final selection

should be made, totally taking into account the capability of plasma stability

control and auxiliary heating, and flexibility for incorporating the latest R&D

results on the current drive and so on.

(3) Auxiliary components and facilities

i) Power Supply

Capacity of the emergency power supply may be insufficient from experiences in

existing large tokamaks. The power supply system should be carefully examined.
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ii) Tritium Facility

As to the tritium facility, capability for storage, accountancy at ITER operation

and means for control should be evaluated in detail, keeping consistency with

ITER operation modes and engineering test plan.

iii) Cryogenic system

Cryogenic systems are important to sustain the function of SCMs. It is expected to

elaborate the design such that the cryogenic system operates with sufficient

reliability.

6. Safety and Environmental Issues

(1) Safety and Environmental Design Criteria

The General Safety and Environmental Design Criteria shown in the Interim

Design Report is judged to be appropriate as the guide for proceeding the detailed

design of ITER since it is based on the principles that radiation doses to the public

and to site personnel should be maintained "as low as reasonably achievable

(ALARA)" under normal operating conditions and that the "defense in depth"

concept should be implemented for deviations from normal operation.

The approach for "Safety Importance Classification" is recognized to be useful

for ensuring adequate reliability of structures, systems and components

commensurate with the importance of safety functions to be fulfilled by them. It is

expected that specific classes are assigned to structures, systems and components

taking into consideration their roles in the future safety assessment scenarios and

appropriate criteria which reflect the features of fusion.

The boundaries of multiple confinement barriers against radioactive materials

should be clarified in detail in the future design activities.

(2) Preliminary Safety Assessment

The Preliminary Safety Assessment as part of the Interim Design Report has

provided comprehensive information at the middle of the design activities
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concerning tritium releases during ITER operation, consequences from anticipated

abnormal and accident conditions, and wastes produced after the end of operation,

suggesting what needs attention in the detailed design activities.

In the future safety assessment, the fallowings should be taken into

consideration:

o Confirmation of consistency between the design criteria for components and the

results from safety analysis for each event category

o The scenarios and doses of external and internal radiation exposure of workers

during maintenance and repair works

o Systematic selection of design basis events

o Clarification of bases for evaluating tritium inventories in major components, and

reduction of tritium inventories

o Clarification of bases for evaluating the quantities of tritium and activation

products released to the environment under normal operating conditions, detailed

evaluation of those quantities, and further study of the quantities of tritium

permeated to the cooling systems

o Detailed evaluation of the quantities of radioactive wastes produced aftei

decommissioning

o Design of systems to reduce the release of radioactive materials under acciden

conditions, and relevant sensitivity studies

It is expected that the best efforts will be made to incorporate all of the abovi

points in the Detailed Design Report.

7. Site Requirements and Site Design Assumptions

The site requirements for ITER are divided into two categories; "Sit

Requirements" which are compulsory for the ITER site and "Site Desie

Assumptions" which are used for design and cost estimates until the actual ITE

site is known. The content of those have been reviewed at the Special Review Groi:



(Chair: Dr. K.Tomabechi ) established at IC-6 attended by the members and experts

of the four Parties, at total of three meetings held from February to June this year.

As the result, the following recommendations have been made by the SRG.

o Cost sensitivity analysis be conducted before the end of 1996 on

- pulse electric power ( Peak pulsed power of 400 MW, etc.)

- seismic ( 0.4 g for SL-2 )

- tornado, aircraft and meteorological conditions

o Development of necessary information for the decommissioning, including cost

estimates

o Production of more complete information on radioactive effluents and radioactive

wastes

The Site Requirements and the Site Design Assumptions are assessed as made

with enough considerations for proceeding the engineering design of ITER. Full

incorporation of the recommendations made by the SRG is required. Particularly,

from a view point of enhancing further the social -acceptability of ITER, it is

required to further reduce the requirement of pulsed power, through cost

sensitivity analysis. Efforts on the seismic design, on which the cost sensitivity

analysis is going to be made, are also required.

8. Cost Estimation and Schedule

(1) Cost Estimation

The cost estimation of ITER has been made as below by categorizing in

construction cost, management and R&D cost, and operation and decommissioning

cost, with unit of klUA (1 M$ of 1989 US $) which is decided as the common unit

in ITER.

o As for the construction cost, the estimated costs by four Home Teams were

converted into 1989 January US dollars, and a revision was made to the relative
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value of the estimation of the four Home Teams, and then the medium value was

adopted as the JCT value. A calculation process was not taken to add a common

contingency. The result, shown by the middle value and the width of uncertainty,

is 5850 (+ 770 / - 800 ) klUA.

o JCT estimation of operation and R&D cost for ten years from the start of

construction to the start of operation is 1100 - 1200 klUA.

o Followings are not included in the cost estimation.

- Things assumed to be offered by the Host. (Land, etc.)

- Things offered by the Parties. (Ex. Test blanket)

- Things not necessary for the basic performance of the machine. ( Ex.

Diagnostic devices which are not necessary for the basic control and tests )

- Things not necessary in the Basic Performance Phase. (Ex. Breeding blanket)

- Cost of transportation from the nearest port to the site

The cost estimation method described above is judged as appropriate at this

time point as the common index in the international cooperation. It is required that

a special implementing effort be made to reduce the cost towards the lower limit of

the cost ambiguity shown now and that a more accurate cost estimation be made

following the progress of the design.

(2) Schedule

The schedule shows that the fist plasma will be obtained by the end of 2008 if

the construction is started just after the end of EDA, and this schedule is judged as

appropriate as the construction schedule up to the first plasma. However, it is

requested that the results of the device test and investigations on assembling be

properly incorporated into the schedule, and also that a appropriate assessment be

made after determination of procedures of safety regulations, etc. And as for the

schedule of the engineering R&D, a great effort is required so that the results be

incorporated into the detailed design and the final design.
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Response on ITER Interim Design Report and
Related Design Description Documents

This is the Russian Federation Home Team response on the ITER
IDR and related DDD

Machine Parameters and Physics Performance of ITER

The new design leads to simplification of magnets and structure in a
way which should decrease the manufacture cost and easy
fabrication, assembly and maintenance. At the same time the overall
dimensions of the machine are not essentially changed and plasma
performance characteristics and margins have been conserved. The
increased power of auxiliary heating will enhance physics
performance of ITER providing margin in exceeding of H-mode
threshold and in a satisfactory driven-burn scenarios including
extended-burn and steady-state operation.

Further Refinements

• ITER Operational Plan and Scenarios

1. The local transport coefficients used to calculate "reference
profiles" are RLW model with increased transport in the core to
simulate sawteeth.In ITER the skin time will be larger than the
energy confinement time. It means that the temperature profiles
may be peaked.In this case the H-mode typical regime is one with
the peaked profile of electron temperature and the flat
distribution of electron and ion density.This case should be
considered.

2. It is recommended to consider, as more realistic case, the burn
control by fuel injection (pellet or gas-puffing) with the local
transport coefficients (including the helium transport) decreasing
to the plasma centre(such behaviour corresponds to the present
experimental data) and sawteeth modelling in the core.

3. 100 MW is foreseen for L-H transition at low density (ne=2.5
10l9m"3).The experiments on JET and DIII-D does not show the
linear dependence of the threshold power on the electron
density.The detailed study of the P vs.n dependence at the law
density range is required.
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4. The L-H transition modelling in the frame of the 1.5 D model must
beperformed for the cases when the radial dependence of the local
transport coefficients( but not the numerical factor in the
expression for the transport coefficients) is changed. Such
approach corresponds to the present experiments.

• Heat loads on the first wall (limiters).

1. The DDD affirms that "the total (ripple) loss fraction doesn't
depend on the toroidal drift direction in spite of the up-down
asymmetry of SN plasma configuration in ITER." In fact this
statement can not be applied for any equilibrium and ripple
profiles. The analysis of the alpha-particles transport (based on
the P.N.Yushmanov et al.,Nuclear Fusion 1994) shows that for the
present 20 TFC the fraction of the alpha particle loss will be
smaller for the downward drift direction .In calculations of
K.Tani(1994) for some specific equilibrium the alpha particle loss
fraction for the downward drift was twice as large in comparison
with the opposite case.So,the problem of the choice of the TF
direction must be specially investigated.

2. The study of the sawtooth effect on the alpha particle confinement
should be emphasised.Recent experiments on TFTR showed
flattening of the deeply trapped alpha particles after the sawteeth
crash.This phenomenon can be dangerous for the design because
of increase of the alpha-particle fraction involved in to the ripple
induced transport.

• Disruptions and Plasma Control Characterisations

1. Additional explanation of the difference of Ip quench time values
for radial and vertical disruptions is requited (Figs.2.3.5-1,2.3.5-
2).It is recommended that for DE case it is necessary to analyse the
onset of the thermal quench at both q95=1.5 and q95=2.0 (several
types of disruptions are observed on ASD-U due to q95=2.1
operation).

2. The requirements for plasma position and the shape control have
to include requirements on the position of magnetic probes and
loopes. The effects of the noises and the screening by conducting
walls on the measured signals should be included in the
assessments of the quality of the plasma control.
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• Auxiliary Power Systems.

1. This could be added to subsection 4 of the section 2.3.7.1: Recently
first experimental evidences of the off-axis electron temperature
and off-axis current profile control have been demonstrated in
two ion hybrid resonance regimes on TFTR and Tore Supra
Tokamaks.

2. In the list of functions for Auxiliary Power (6 functions are listed)
the function "start up assist" should be added.

3. The "advanced" ICRF wave-guide type antenna with its greater
electrical strengths and larger Q factors (helping to antenna-
generator matching during ELM's activity) is recommended to be
considered.

4. Design requirements for water cooling of the Calorimeter have to
be added (item 1.2.5.1. DDD).

5. 50 kV for RID plates is too high, it is recommended to decrease it
up to 30 kV.

6. In addition to the requirement to shut down the injector in case of
disruption it is recommended to study the possibility of using
programmable injected power for disruption softening (item
1.2.16).

7. NBI system requires the place for beam line assembling and testing
(item 1.2.21).

Diagnostics.

1. It would be useful to have a table with distribution of diagnostics in
ports.

2. It is desirable to consider the applications of the diasgnostic neutral
beam.

3. Periscopic (dog-leg) channels must be used to the maximum
possible

extend (item 1.2.4).
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4. Penetrations in ports require local shields. Materials of the local
shield

have to be absorbing then reflecting for neutrons (1.2.10).

5. Peak dose must be <3xlO8 rad for organic but not for mineral
(ceramics) insulations (1.2.10.1).

6. For radial and vertical neutron cameras the system for calibration
has to

be forseen.

7. The copper is a reference material for the first mirrow but it has a
very

high sputtering yield. Be and Mo are recommended for
consideration.

8. Item 1.2.2 reffers to the ECE but not to the reflectometry.

Key Technical Features of the ITER Design

Good progress has been made in refining the design of all major
components of machine: magnets and structure, vacuum vessel,
shielding blanket and first wall, divertor and associated equipment.
The design of overall ITER plant configuration, cryostat, auxiliary
heating, remote handling, tokamak assembly, power supplies and
tritium plant is in a good progress and their concepts appear to be
sound in regard to provide the technical objectives of ITER. It have to
be noted that Cost Estimate Approach as well as cost estimates has
progressed well.

Magnet and Structure

New design of magnet and structure assumed cased TF coils and
pancake winding with use of radial shear plates retains the attractive
Outline Design features and at the same time simplifies the
fabrication, assembly and maintenance procedures and save the
manufacture cost. Changing in the number of TF coils leads to
improving access for assembly and maintenance. Important feature
of a new design is redesign of Central Solenoid and associated
structure which allow to reduce significantly the weight of replaced
unit and to use for assembly conventional crane.
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Further Refinements

• The system of the TF insulation proposed by JCT assumes the
application of a dry ground insulation of 8 mm in thickness, the
installation of the coil into the case and its impregnation after its
tight welding. The possibility of this impregnation has to be
examined and the alternative option has to be considered, for
instance, the application of a scotch-type insulation ribbon
followed by its pressing and baking for polymerisation.

• The TF case with the closing container (the zone of terminals and
pipes with coolant) forms the second vacuum boundary, this being
highly problematic in view of the thickness of the case (up to 450
mm) and the total length of welds (280 m). The second vacuum
boundary on the PF coils is lacking completely. The second vacuum
boundary is proposed to create on the brazed joints of the TF and
PF coils (CS including) as the least reliable components.

• The terminals, current busbars, coolant supply pipes are arranged
between PF2 and PF8. Should the need arise to replace PF8 all the
pipelines on the TF coils are to be disturbed. The RF Team
proposes to consider the option of arranging the TF cryogenic and
current pipelines between PF4 and PF5.

• The current lead cooled by evaporating helium is welded
immediately into the helium flask, from which helium is taken
(Fig.2.6.1.2-2), and is under 10 kV during removal, necessitating
the use of additional insulation breaks for the supplying pipes, etc.
To eliminate the generation of 10 kV it is proposed to insulate the
current lead from the helium flask.

• The current and cryogenic pipelines of the central solenoid are
recommended to transfer from upper part to bottom part, in this
case there is no need to disturb them, when removing and
repairing the TF and PF coils.

• Analysis of the length- and time-dependent processes associated
with non uniform current distribution between strands and their
impact on conductor stability, ramp-up limitation and AC losses
should be better clarified and incorporated with the analytical
work in the frame of the model coil program.

• The strategy implying the cold acceptance testing of only a
selected sample of coils at the ITER site seems to be very risky. To
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provide such testing of all ITER coils prior to the final assembly of
the machine without a significant delay in the construction
schedule a separate trench-type cryostat for tests of remaining TF
coils during reassemble of the PF and TF coils in the 34-m-
diameter cryostat can be proposed assuming that the cryoplant
would operate with the 34-m cryostat in turn with the additional
cryostat.

Cryostat

The proposed concept of the cryostat and the requirements imposed
upon it are consistent with RFHT view on this problem: the cryostat
is made as a full-welded, double-wall construction with controllable
atmosphere between the walls, the emergency pressure in the
cryostat is reduced from 5 to 2 atm, the cryostat is made as large
modules (cylinder and bottom/cover) providing a possibility to
manufacture and test the modules at manufacturer's and to perform
the on-site final assembly.

Vacuum Vessel

New design of the vacuum vessel based on the "sector split on the
port center line" concept allow to increase reliability of vacuum
vessel as a first containment structure because the decreased number
of welds, and to simplify the assembly and maintenance procedures.
The choice as a first candidate material stainless steel SS 316 LN is
supported.

Further Refinements

• As it is repeatedly pointed in DDD the VV components shall be
designed in accordance with well established design codes , as e.g.
ASME Sec.Ill Subsection NC or "Regulations of arrangement
and safety operation of equipment and manifolds of nuclear
energy facilities" PN AE G-7-008-89 (RF nuclear code).However,
it should be noted that because of the unique character of ITER,
perhaps not all requirements specified in the codes can be
accepted. Thus the following deviations from the codes are at
present (with the reference to RF nuclear code):

1. Distance between the axes of the neighbour holes. Vacuum vessel
is to be supplied with the ports with the dimensions enough to
carry out the numerous functions. Correspondingly the
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requirement on "Distance between the next holes shall be not less
than 1.4 of the half total of the holes diameters" cannot be
accepted.

2. Distance between the welds to be UT tested. The most restricted
item from the standpoint of NDT is the region of field joints
between the VV sectors. VV sectors are welded with each other
through the splice plates. The distance between the welds (width
of the splice plate) shall be not less than 175 mm. Structure of the
field joint do not allow to use the splice plates with such width
because of the strength limitations;

3. It should be noted that designing and manufacturing of double-
wall structures are not certificated by the codes.

4. Corresponding paragraphs in above mentioned Documents
should be supplemented with the following phrases (or similar to
the following): "In the case if the fulfilling of the requirements
specified in the codes is impossible the R&D activities must be
carried out to confirm comprehensively the workability of the
accepted design decisions".

• In the section on Nuclear Shielding Requirements indicated value
of atomic displacement should be replaced for 0.1...0.2 dpa.

• In the section on Testing Requirements the value of testing
pressure for in-factory test of sector have to be changed to 3.44
MPa.

• According to JCT proposals the splice plate between VV sectors
has a thickness of 40 mm and the width of 80 mm. But agree to RF
code the distance between the welds (width of splice plate) must
be: not less than 3-fold thickness (120 mm in our case) or - not less
than 100 mm for the welds with local heat treatment (for the
thicknesses more than 36 mm), not less than 175 mm for the welds
to be controlled by UT. These requirements cannot be accepted in
the whole scope Nevertheless, the width of splice plates equals to
120 mm can be adopted in our circumstances. It is supposed that
successful UT is possible for the proposed distance between the
welds.

• Unlike the horizontal ports, the vertical ports are the single units
welded directly to the main vessel inner and outer shells during
VV/TFC assembly. Because of complicated configuration of field
welds and of restricted access to the joints (worse than to the
welds between the VV sectors), development of special equipment
for the welds maintenance may be required. Arrangement of the
vertical ports in the same way as the horizontal ones should be
considered to exclude the development of this additional
equipment.

265



The next difference of vertical ports is that the vertical port is a
single-wall structure while the horizontal ports are the double-
wall structures. Double-wall structures are more suitable for the
leak (defects) detection during the assembly and operation. If the
single-wall structures are used the special measures must be
developed to guarantee the defects detection during the
operation. In the case of the insufficient reliability of these
measures the double-wall structure of the vertical port should be
used.
RFHT is not convinced that the shielding performance of the
blanket/VV structure is sufficient in the region of vertical ports.
Large enough opening for the port, relatively small thickness of
the walls (80 mm) and absence of the shielding plugs presume the
enhancing of radiation loads in this region. The design should be
supplied with the results of neutronic analysis allowing to
evaluate the radiation loads and to undertake the measures to
decrease the loads up to allowable values (if need).
RFHT considers that reduction of the local stresses can be
achieved without changing of the selected structural material.
RFHT shares the concerns about the workability of the kinematics
supports. Other options, e.g. sliding and rolling, should be
considered.

Thermal Shields

RFHT believe that specified functions and design requirements are
sufficient for the following design of thermal shields. But status of
the Thermal Shields Design and structural analysis is not completed
enough to judge about the workability of the proposed design ideas.

Blanket

New concept for the breeding blanket for EPP retained the present
size and performance of the plasma looks attractive. The separate
first wall and module based concept of blanket for BPP and EPP allow
to simplify maintenance and replace partial first wall and blanket by
in-vessel transporter through main horizontal port. These
approaches meet in a good way the safety requirements (waste
arising) and allow to use for blanket replacement standard remote
handling tools.
RFHT support the principal IDR statements concerning the design of
the blanket and its components (shield/limiter/baffle modules,

266



header units, back plate), production and assembly techniques,
cooling systems, thermohydraulic, strength and neutron analysis, as
well as the issues of safety and cost estimates.

Further Refinements

• It has to develop the limiter and baffle modules in more details, to
define more exactly the temporal and spatial distribution of power
of the heat and particle fluxes.

• It has to evaluate the distortion of the back plate during on-site
welding.

• RFHT recommends to consider an alternative option of
attachment of the blanket module coolant communications to the
back plate, for example, by using shape-memory materials.

• RFHT recommends to consider an alternative module design
based largely on the conventional manufacture techniques.

• Undertake additionally the analysis of the thermohydraulics of the
Limiter/Baffle cooling system under normal and abnormal
conditions.

• Start the design on instrumentation for thermophysical
measurements and the procedures for their installation into the
blanket module;

• Identify in more details the requirements for plasma magnetic
diagnostics location and service lines.

Divertor

A good feature of new design for divertor is flexibility to operate in
different modes - vertical target divertor and gas box divertor and
different fuelling scenarios.

Further Refinements

• There is no correspondence between two numbers related to
permissible outgassing rate: 10*9 Pam3/s/m27C 10"14 mbarl/s/sm2.
The following relation would be more correct: 10'9 Pam3/s/m2 ~ 10'
12 mbarl/s/sm2. The same holds true for numbers relating to
hydrogen species.

Different data on heat loading duration at plasma current major
disruption are given in various part of document: disruption
duration 110 ms (p.4, item 1.2.1.3) and 0.13 ms (p.10, point 1.2.5.1.)
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These numbers have to be matched or/and the explanation
comments are required.

There is a contradiction between the numbers relating to total
power transferred to the divertor channels which are indicated in
various parts of document: 160 MW - inner channel and 210 MW -
outer channel (p.3, item 1.2.1.2) and 150 MW - inner channel and
200 MW - outer channel (p.10, item 1.2.5.5).

As suggested, backing at 350C will be performed by water media
at a pressure of 4-5 MPa, but water at such temperature can be
used only at pressures more than 18 MPa.

It is assumed that incident power loads during transients of 20-30
MW/m2 can be reduced by a factor of 2 due to some shielding
effects on evaporated armour material. It would not be proper to
rely on this unjustified phenomenon.

It is recommended to use Cu-Cr-Zr at temperatures below 230-
250C because of a possible radiation-induced softening at higher
temperatures. However, as is clear from the experimental data
presented in Appendix D, p. 28, Fig. D2.1.2-3, there is no softening
up to temperatures of 280-300C. Thus, it would be appropriate to
increase the permissible operation temperature for Cu-Cr-Zr up
to 280-300C.

Reactor Assembly

Further Refinements

All assembly schemes, schedules, cost estimates deal mainly with
the magnet system coils and vacuum vessel. The complete
assembly plan should be worked out including all systems and
devices, current and cryogenic pipelines, current connections,
cooling system pipelines, etc. Time and cost required for the
assembly of these supporting systems may turn out to be
considerable.

It is suggested to perform preliminary testing of the super
conducting coils in a temporal cryostat, including 1 or 2 PF coils. It
is proposed to consider the possibility to test the whole TF coil in
its own cryostat assembled with the vacuum vessel components,
which are not welded between each other prior to testing. The
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schedule and cost of the assembly will depend on a particular
solution of this problem. It should be borne in mind that the
cryogenic, vacuum and electrotechnical equipment must be
assembled and adjusted well in advance.

In developing the complete plan of the reactor assembly the
necessity may arise in some other additional devices and tooling
besides those that have been determined in this design phase, as
well as in some other additional R&D.

The required technological testing must be performed during the
reactor assembly.

Power Supply

Further Refinements

As pointed in Document an additional voltage required for P2-P7
coils for the control over the plasma current shape and position
amounts to 15 V/turn. This value is higher than the voltage values
for the P2, P5, P7 coils presented in Table 1.2.7-8. Moreover, 15
V/turn can not be provided by the power supply schemes of the P2
and P7 coils presented in the Document.

Vacuum pumping

In accordance with the DDD requirements the overall conductance
through slots in the base of the cassette to the cryopump shall be
more than 300 m3/s at 0.1 Pa, the net pumping speed, measured at the
divertor volume, shall not be less than 300 m3/s at a divertor
operating pressure of 0.1-1.0 Pa, and the maximum required DT
exhaust flow rate is 200 Pa m'Vs.

Calculations have been performed on the symmetric Y divertor slots
configuration (the nominal slot size is 175 mm 375 mm and the
divertor to vacuum vessel clearance is 167 mm). The calculated
overall divertor conductance is about 280 m3/s, net pumping speed is
about 190 m3/s at a pressure of 0.1 Pa. A pressure of 0.1 Pa can be
obtained under a DT exhaust flow rate of not more than 19 Pa m3/s.
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Further Refinements

Taking into account the calculation results it is necessary to modify
the divertor cassettes configuration to increase conductance
or/and to change the requirements to conductance and net
pumping speed.

An increase in the slot sizes up to 250 mm 450 mm and the divertor
to vacuum vessel clearance up to 250 mm (it is likely to be the
reasonable upper limits) leads to an increase in the overall
divertor conductance up to 560 nvVs and the net pumping speed up
to 300 m3/s. In this case maximum DT exhaust flow rate is 30 Pa
m3/s at a pressure of 0.1 Pa.

To pump DT mixture with an exhaust flow rate of 200 Pa nvVs at
a pressure of 0.1 Pa it is necessary to increase the net pumping
speed up to 2000 nvVs necessitating an increase in the overall
divertor conductance up to about 4000 m^/s, with the divertor
cassettes configuration essentially modified, and in the overall
cryopumps pumping speed up to about 4000 m^/s (the overall
cryopumps pumping speed achievable currently is 850 m^/s).

Safety related aspects

Further Refinements

The documents should be completed by a list of special codes, rules
and regulations approved by the ITER management to be
considered in designing the ITER complex, including the codes,
rules and regulations both set forth in regulatory documents and
specially developed for the ITER and a list of the conditions of
neutralizing the initial events (combinations of initial events to be
considered, time intervals without personnel intervention, etc.).

The emergency situations should be considered in view of
hydrogen accumulation in local zones, when dealing with the
events related to equipment and system depressurizations into the
second safety barrier.

The initial events related to the presence of the explosive hazard
sources (such as gas cylinders, combustibles, etc.) on the ITER site
should be considered.
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Cost Estimates

At the current stage of the ITER Project it is very difficult to make a
self-consistent cost estimate, especially taking into account the
international character of the project. The JCT has done an excellent
job in defining a methodology and has suggested the best approach to
cost estimate, which can be used to the end of the EDA.

Further Refinements

After the CDA many changes in the design exist and this process is
not stopped. This creates obvious problems in providing the cost
estimates. In particular, it is not clear now what version of design
(or its parts) is used in cost estimates in HTs. So it is important to
freeze the design, at least for the key systems, as soon as possible.
There is a need for more effort on identification for systems and
materials where there will be real competition and the cost
reduction be estimated taking into account the fact that in some
areas, such as superconductor strands, beryllium and tritium
suppliers the strong competition is not possible.
During the construction phase, it will be necessary to transport
thousands of tonnes of material, elements, systems, and probably
tools over the earth for thousands of kilometres. Sometimes, it
will be needs in repeated transportation. It seems that this factor
can influence on final cost estimation and more effort on
identification transportation cost have to be made.
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ITER EDA
Contact Persons

IC-9 ROD
Attachment 8

Ttiephme: 001-301-903-3068
Facsimile: 001-301-9(0-1233
E-Mail: michad.mbcrts@mrilgxacrMoc.gm>

November 17, 1995
EDA-CPs/95-53

To: E. P. Velikhov, Council Chair
M. Yoshikawa, Council Co-Chair

Dear Academician Velikhov and Dr. Yoshikawa:

In IC-8 ROD 7.3, the ITER Council directed the CPs to undertake further
preparatory work, in particular, to assist in identifying the items for any
Parties' Explorations and in the consideration of the possible basis for
establishing the SWG, and to report to IC-9.

We are pleased to present to the ITER Council for its consideration a proposed
approach to proceeding with the SWG. This approach includes a proposal for a
Charter (Attachment 1) which anticipates Tasks preparing for activities by the
Parties as outlined in the Tentative Sequence of Events (Part 5 of the IDR
Package, included here with slight modifications for clarity (Attachment 2)).
We have included both a multi-part proposal (Attachment 3) for Task #1, which
is intended to provide the basis for the start of the Explorations and the
related ROD entries (Attachment 4). It is to be noted that, while the Charter
reflects the overall objective contained in Article 2(e) of the Agreement and
in Section 2 of Protocol 2, Task #1 is intended to be completed by the time of
IC-10. We further suggest that the SWG Members be designated and the SWG
Chair be appointed specifically for the term of Task #1.

In order to achieve the challenge of Task #1 by the time of IC-10, it would be
necessary for the Parties to designate their SWG Members and the ITER Council
to appoint the SWG Chair at IC-9. In that case, the SWG Chair and those SWG
Members available, assisted by the Director, would then hold an initial
meeting immediately after IC-9. The SWG would expect to prepare and transmit
by the end of March 1996 an Interim Report to the ITER Council Members for
their consideration. The Report on Task #1 would be sent to the ITER Council
in early July 1996 for IC-10.

Attachment 1 has been included as Attachment 9 to IC-9 ROD.
Attachment 2 is included as the Attachment to this Report.
Attachment 3 is included as Attachment 10 to IC-9 ROD.
Attachment 4 is included as ROD 5.2, 5.3 and 5.4

I look forward to discussing these matters with the ITER Council at IC-9.

Respectively submitted,

P.'Fasella, EU
C. Maisonnier, EU
N. Oki, JA
N. Cheverev, RF
N. A. Davies, US
J. F. Decker, US
R. Aymar, ITER Director
V. Vlasenkov, IC Secretary

Michael Roberts
Chair

International Thermonuclear Experimental Reactor Engineering Design Activities conducted by
the European Atomic Energy Community, Japan, the Rustlan Federation and the United Stales

under the autpicet of the International Atomic Energy Agency
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IC-9 ROD
Attachment 9

CHARTER for the SPECIAL WORKING GROUP (SWG)

1. Objective and Reporting (from Section 2 of Protocol 2)

The SWG, assisted by the Director, shall submit proposals to the ITER Council on
approaches to joint implementation for decisions by the Parties on future
construction, operation, exploitation and decommissioning of ITER, as specified in
Article 2(e) of the Agreement.

The SWG shall report to the ITER Council.

Tasks

In fulfillment of its objective, the SWG shall undertake tasks as directed by the ITER
Council during the EDA in accordance with the Tentative Sequence of Events
adopted by the ITER Council at IC-9.

3. Membersh ip and Co-Chairs

The SWG is composed of delegations from the four Parties, each speaking with one
voice. For the performance of each task
1) each delegation shall be composed of members and possibly ad hoc experts

chosen so as to ensure that all areas of relevant expertise required for
performance of the task are properly represented on the SWG,

2) the number of members on each delegation should be up to about four, and
3) the ITER Council shall appoint Co-Chairs from among the members.

4. Assistance bv the Director

The Director shall assist the SWG as needed and shall contribute, either in person or
through his designees, to the progress of the work.
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IC-9 ROD
Attachment 10

SWG - TASK #1
BASIS FOR THE START OF EXPLORATIONS

Elaboration of a set of possible global framework "scenarios" toward siting,
licensing and host support specifying the following:

a) benefits and costs
b) siting and hosting including licensing and decommissioning
c) organizational structure and legal arrangements
d) participation and accession

Pgrt 2 Analysis of these "scenarios", considering Parties' constraints and project's
needs, to prepare possible approaches to joint implementation.

Part 3 From the analysis, identification of those specific issues that should be resolved
by the Explorers as a priority to ensure their timely success as they seek
convergence to an acceptable approach for possible decisions on the future
activities.

I NEXT MG£(S) I
I lAftRIAMBf I
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IC-9 ROD
Attachment 11

Rules of Procedure for the Special Working Group Task # 1
under the Protocol 2 of the ITER Engineering Design Activity

The purpose for the Special Working Group (SWG) is contained in Article 2(e) of
the Agreement and Section 2 of the Protocol 2 as repeated below.

Article 2(e) of the Agreement:
"The Parties shall conduct jointly"..."to develop proposals on approaches to joint
implementation for decisions by the Parties on future construction, operation,
exploitation and decommissioning of ITER."

Section 2 of Protocol 2:
"A Special Working Group shall be established which, assisted by the Director, shall
submit proposals to the Council on approaches to joint implementation for decisions
by the Parties on future construction, operation, exploitation and decommissioning of
ITER, as specified in Article 2(e) of the Agreement."

The Council established the SWG in IC-9 ROD 5.2 on December 13, 1995, which
defined the Charter, Task #1 , and the Membership arid Co-Chairs. The following
rules of procedure, approved by the Council and supplementing the relevant Council
policies, are applied to the operation of the SWG.

ARTICLE 1. OPERATION

1.1 The SWG shall operate by a variety of means, including electronic
communications, conference calls and direct-contact meetings, all integrated to
maximize effectiveness.

ARTICLE 2. MEETING ARRANGEMENTS

2.1 The SWG shall meet at mutually agreed locations whenever it is deemed
necessary in the judgment of the Co-Chairs in consultation with the delegations
and, as appropriate, with the Director.

2.2 The meetings shall be convened by the Co-Chairs. The Co-Chairs shall send a
draft agenda to the delegations, to the ITER Council Office, and, as
appropriate, to the Director for comment before the meeting and for approval
at the meeting.

2.3 Meetings of the SWG require that each Party be represented.
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ARTICLE 3. EXPERTS

3.1 The SWG, as a whole, may invite a minimum number of experts to attend a
meeting to provide it with specific information. These persons shall receive
invitations from the Co-Chairs after consultations with each of the delegations
and, as appropriate, with the Director.

3.2 Each delegation may bring to the meetings one expert as it deems necessary.
Any delegation bringing such an expert shall inform the Co-Chairs, the other
delegations and the Director in writing before the meeting.

3.3 Each delegation and the Director may request permission to bring additional
experts. If agreed after consultations with each of the delegations and, as
appropriate, the Director, these persons shall receive invitations from the Co-
Chairs.

ARTICLE 4. MEETING PROCEDURES

4.1 The meetings are not open to the public.

4.2 Participation in the discussions by experts is at the discretion of the Co-Chairs
in consultation with the four delegations.

4.3 Results from the SWG shall be arrived at through development of a consensus
of the four delegations, each speaking with one voice.

ARTICLE 5. BETWEEN MEETINGS PROCEDURES

5.1 The Co-Chairs shall circulate all information relevant to the progress of the
SWG to all delegations and to the Director as well in an expeditious manner.

5.2 All delegations are encouraged to share their thoughts and drafts, and
homework products with the other delegations, the Co-Chairs, and, as
appropriate, the Director as quickly as possible.

5.3 All preparers of inputs to meetings are asked to distribute such papers as far
in advance of the meetings as possible.

ARTICLE 6. REPORTING

6.1 Reports shall be agreed upon by the SWG at its meetings.
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IC-9 ROD
Attachment 12

PRESS GUIDELINE
for the Ninth Meeting of the Council of the

lal Thermonuclear Experimental ReacInternational Thermonuclear Experimental Reactor
Engineering Design Activities

FOR USE BY THE ITER PARTIES, THE ITER DIRECTOR AtiD THE IAEA

1. The Ninth Meeting of the Council of the International Thermonuclear
Experimental Reactor (ITER) Engineering Design Activities (EDA) was held on
December 12 and 13 in the European Union (parching bei Miinchen, Germany).
Work for ITER is an integral part of the fusion programmes of the four ITER
Parties (EU, Japan, Russia and the USA), who aim at fusion as a virtually
limitless, environmentally attractive and economically competitive source of
energy.

2. The four delegations that attended the meeting were headed, for the EU, by
Professor Paolo Fasella, Director-General for Science, Research and
Development of the European Commission, for Japan, by Mr. Naotaka Oki,
Deputy Director-General of the Atomic Energy Bureau of the Science ana
Technology Agency, for the Russian Federation, by Academician Evgenij
Velikhov.Tresident of the RRC "Kurchatov Institute'*, and, for the United States,
by Dr. James Decker, Deputy Director of Energy Research of the Department of
Energy.

3. ITER EDA is an unprecedented international venture in the field of science and
technology whose technical complexities and project management are particularly
challenging. ITER's goal is to establish the scientific and technological feasibility
of fusion energy by demonstrating controlled ignition and extended burn of
deuterium-tritium plasmas as well as technologies essential to a power plant.
Having heard the positive views of the Parties based on in-depth assessments, the
Council: ^ ^
(1) approved the ITER Interim Design Report, Cost Review and Safety

Analysis, produced by the Director with the integrated support of the Joint
Central Team and the Parties' Home Teams, as the basis on which to
continue the technical work of the EDA until their completion in 1998;

(2) concluded that the Report of ITER Site Requirements and ITER Design
Assumptions is a reasonable basis for continuing with the EDA and for
undertaking activities in preparation for possible future decisions on the
construction of ITER; and

(3) concluded that the Tentative Sequence of Events for such a decision
making process appears to be an appropriate basis for moving toward joint
implementation.

Furthermore, the Council appointed a Special Working Group with the task of
developing proposals on approaches to joint implementation. Finally, after
considering the Parties' technical comments, the Council provided guidance to the
Director for future technical work to be included in the Detailed Design Report

4. The Council reaffirmed that a next step such as H E R is a necessary step in the
progress towards fusion energy, that its objectives are valid and timely, that the
cooperation among four equal Parties has shown to be an efficient frame to
achieve the ITER objectives and that the right time for such a step is now. The
success of fusion worldwide depends on this step and ITER should continue to
benefit from the full international cooperation. The Council heard the Parties'
statements regardingtheir willingness to continue to fulfil their obligations in fully
contributing to the ITER Engineering Design Activities.

In Garching, expressions of interest in hosting ITER were reported by representatives
from the European Union and Japanese Parties. Also, representatives of a Canadian
consortium made a presentation on the Canadian Government's preparation to consider
an offer to host ITER.

I NEXT PAGE(S)I
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ITER TECHNICAL ADVISORY COMMITTEE IC-9 ROD
Ninth Meeting -TAC-9 Attachment 13
27-29 November 1995

Garchlng Joint Work Site

REPORT OF TAC-9 MEETING

1. INTRODUCTION AND BACKGROUND

At the eighth meeting of the ITER Council (IC-8), the following new charge was
given to the TAC:

"The ITER Council requests the TAC to assess from a technical viewpoint the
status and progress of the R&D within the ITER Work Program, including
priorities, so as to confirm that the planned R&D supports the Engineering
Design. The TAC is requested to report on this charge at the ninth meeting of the
ITER Council."

The ninth meeting of the Technical Advisory Committee (TAC-9) was called to
address this charge.

The scope of the TAC-9 review of the ITER R&D program was developed in
consultation between the Director and the TAC Chair. It was agreed that the most useful
function for the TAC at this time would be to focus on the so-called "large-seven" R&D
projects, which in the aggregate represent approximately 57% of the overall ITER R&D
program. Associated with these seven major projects are a number of supporting R&D
investigations, which were also included in the scope of the TAC-9 review.

In preparation for the meeting, the JCT distributed descriptions and status reports
on each of these seven major projects. Presentations at the TAC-9 meeting were given
both by JCT staff and by Home Team (HT) staff. In several cases, the HT presenters
described R&D activity in all four Parties.

The "large-seven" R&D projects are as follows:

1. Central Solenoid (CS) Model Coil Project (L-1);
2. Toroidal Field (TF) Model Coil Project (L-2);
3. Vacuum Vessel Sector Project (1-3);
4. Blanket Module Project (1-4);
5. Divertor Cassette Project (L-5);
6. Blanket Module Remote Handling Project (L-6);
7. Divertor Module Remote Handling Project (L-7).

After some general comments on the R&D program (Section 2), the TAC's
assessment of these seven projects are given in Sections 3 through 9. The TAC's
summary is given in Section 10.

2. ITER R&D PROGRAM: GENERAL ASSESSMENT

The R&D program presented by the JCT and the four Home Teams (HTs) is
based on the following fundamental assumptions:

• There will be a continuous transition from the EDA to the Construction Phase;
an integrated project schedule extending to the beginning of operation has
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been developed. The scope of the R&D program and the timing of its various
elements is planned so as to optimize the R&D support for a construction
decision essentially coincident with the end of the EDA. The schedules and
milestones within the R&D program are, to the extent possible, chosen so as to
mesh appropriately with an aggressive but technically realistic construction
schedule.

• The procurement of the most time-critical materials and components for ITER
construction will start immediately after the EDA. On this basis, critical R&D
tasks are identified, and the. schedule in these areas is such that essential
information will be available at the end of the EDA. In particular, an overriding
objective is to demonstrate by the end of the EDA the manufacturing
techniques needed to fabricate in industry the ITER components. The ITER
systems in this category are the toroidal-field (TF) and central-solenoid (CS)
magnets, the vacuum vessel, the first-wall/shield/blanket, and the divertor. In
the case of the remote-handling R&D program, the objective by the end of the
EDA is to demonstrate the feasibility of the planned techniques.

• The main test facilities built or modified as part of the ITER R&D program will
continue to be exploited during the early construction phase, so as to provide
further essential information for later stages of construction, to provide for
additional testing of interfaces between different components, to test the
margins available for some systems above the specified requirements, to
provide experience with tools and training of operators, and to define remote
maintenance procedures.

The technical scope of the R&D program is well-matched to the Interim Design.

The TAC previously reviewed the ITER Work Program at the TAC-5 meeting,
which resulted in a number of recommendations in regard to priorities within the
program. The TAC notes that the R&D program presently being implemented has been
highly responsive to the previous TAC recommendations.

The TAC notes that, despite some shifting of resources to improve the schedule,
all seven major projects are now approximately equally constrained in funding and
schedule, with key results coming in most cases only in 1998. The TAC cautions that
there is essentially no schedule slack anywhere in the R&D program and that
exceptionally effective management in the Home Teams will be needed to maintain the
present schedule.

The TAC notes that a strong project management structure has been
implemented for each of the seven major R&D projects. In each case, there is a
responsible Deputy Director and a responsible Home Team Leader (in at least one
case, two responsible HT Leaders). Once the technical scope and milestones have
been specified (a joint responsibility of the JCT Directorate and the HT Leaders), the
responsibility for implementing each R&D project lies with a designated person under
the responsible HT Leader's authority. It will be essential that the HTs notify the JCT
immediately of any impending threat to the R&D schedule. Consistent enforcement of
QA procedures among the four HTs will also be beneficial.

The TAC notes that approximately 95% of the total R&D program Is now in
committed credits. Of the committed program, approximately 57% is represented by the
"large-seven" R&O projects; all of the work within these seven major projects is already
committed. Of the overall R&D program, approximately 40% is either completed or in
already-active tasks. Within the "large-seven" projects, little of the R&D has yet been



fully completed and documented, but approximately 30% is in active tasks and the
remainder is in the later stages of preparation of task agreements. Because of the
presently well-advanced stage of work assignments and the general tightness of the
schedule and resources, the TAC would strongly caution against the reallocation among
Parties of technical work already assigned.

The TAC notes certain instances where greater commonality in specifications
could be imposed on the mock-ups being developed within different R&O programs,
which would allow advantageous transfer of hardware components and remote-handling
techniques among the programs.

The TAC also notes that there is a significant level of involvement of all four HTs
in each of the seven major R&D projects. (The only exception is that one Party is not yet
involved in the two remote handling projects.) In many cases, this involves the transfer
of materials and hardware components from one Party to a facility located in another
Party, producing a high degree of interdependence in regard to the successful and
timely completion of the R&D project.

3. CENTRAL SOLENOID (CS) MODEL COIL PROJECT (L-1)

The overall objective of the R&D program on magnets is to develop magnet
technology to a level that will allow the ITER magnets to be built with confidence.

The requirements and features are different for the ITER Central Solenoid (CS)
and Toroidal Field (TF) coils. Therefore, one CS and one TF model coil will be
manufactured and tested. Two inserts for the CS Model Coil will test CS and TF
conductors under full-field and cyclic load conditions.

The model coils are also intended to drive the development of the ITER full-scale
conductor including strand, cable, conduit and terminations. The TF and CS conductors
have similar cables and conduit materials, but differ in the geometrical form of the
jacket. The conductor development program and the supporting R&D on insulators,
joints, etc., are assessed in the section on the TF Model Coil (see Section 4.).

The objectives of the CS Model Coil Project are as follows:

• Demonstration of fabrication methods, including manufacturing processes
applicable to the full-scale Central Solenoid and QA procedures for the wind-
react-and-transfer process, two-conductor-in-hand winding, tolerance control,
inspection methods and factory acceptance testing;

• Structural simulation, for a winding pack consisting of layers of heavy-walled
square-jacket conductor with terminals and joints located at the top and bottom
of the winding;

• Performance testing under ITER operational conditions, including DC operation
up to 13 T and pulsed operation that simulates the pulse scenario for the (TER
CS.

Within the EDA, the CS Model Coil will be constructed and installed in the new
facility at JAERI, and preliminary characterization of the performance of conductors,
joints and terminals is planned, as well as preliminary testing of one of the insert coils.
After the EDA, full characterization of the CS Model Coii and complete testing of all
inserts is planned. In addition, a limited lifetime simulation with more than 10,000 cycles
for the inserts is planned.
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3.1. Status and Progress of R&D to Date

The proposed CS Model Coil Project and the supporting tasks are well conceived
and, when completed successfully, will allow the project to proceed to construction of
the ITER Central Solenoid. Good progress is being made in this R&D project, and it is
very encouraging that the majority of the superconducting strand suppliers have met the
ITER specifications (see Section 4.1).

3.2 . Adequacy of R&D to Support Manufacturing of ITER Components

The TAC notes that the overall schedule is success-oriented and very tight in
regard to providing CS Model Coil test data prior to the end of the EDA. Nevertheless,
the R&D data which will be obtained before the end of the EDA will include conductor
testing in support of the two model coils and the very important validation of
manufacturing approaches. The schedule is planned so that data will continue to be
produced after the EDA.

The TAC notes that R&D on stainless steel jacketing is required for two poloidal
field coils (PF2 and PF7). and suggests that this work be included in the R&D program,
as has been requested by the JCT, and commenced immediately.

Some comments follow on a few areas of concern, identified by the ITER team,
which will need close attention and, possibly, some adjustment of this R&D program.

The schedule for installation of the CS Model Coil in the JAERI test facility has
slipped. On the present schedule, cooldown would not occur until mid-June, 1998,
rather than March, 1998. Consequently, most of the testing of the CS Model Coil would
come after the end of the EDA (July 1998). The delays are driven by problems in
qualifying some of the superconducting strand suppliers in a timely fashion so that the
strand for the CS Model Coil can be delivered on time. Proposals have been made to
recover the original schedule. Some of these proposals would change the project scope
(e.g., by reducing the number of layers in the coil, with compensating increases in
current).

In this context, the TAC encourages those efforts that retain project schedule
without changing the project scope. The TAC is not sympathetic to changes (reductions)
in project scope which can improve the schedule by only a month or two. Fortunately,
no decision on the number of turns is required at this time, and hopefully there can be
further discussion before any final decision is made to reduce the scope of the CS
model coil as a test facility for ITER.

There were some unexpected results which have aggravated the already tight
schedule and have meant that the first trial windings of the react-and-transfer
technology are only just beginning. One concern was the dimensional tolerances for the
incoloy jacket, which must meet the requirements for pulling the conductor through the
bore and for retaining an adequately square shape following bending. A second concern
was the problem of Stress Accelerated Grain Boundary Oxidation (SAGBO); the project
has R&D in the program to address this issue (see Section 4.1). Based on the most
recent manufacturing results and assessments, the project expressed confidence that
these two issues are now well-understood and can be successfully handled in a manner
which will result in jacket production within specifications and with avoidance of SAGBO.

While numerous joint tests will be undertaken before the end of the EDA and are
appropriate, they will not be completed prior to the choice of the joint concept for the CS
Model Coil design. However, there should be adequate time to make modest
adjustments in the CS model coil joints, if necessary.
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3.3 Adequacy of Planned Testing Program.

Success in the pulsed field tests of the CS Model Coil is critical to ensuring the
performance of the ITER Central Solenoid. The test facility has the capability to test the
CS Model Coil to well beyond the requirements for ITER, especially in regard to field
ramp rate. The project is success-oriented and assumes that earlier component tests
will have been successful.

The TAC strongly emphasizes the critical importance of making every effort to
assure adequate management control to ensure on-time tests and the highest levels of
quality assurance.

It is planned that a more complete test period (-1 year) will follow the EDA, in
which cyclic tests and detailed performance quantification would be completed. This
post-EDA test period is compatible with the opportunity to make minor changes in the
specifications for procurement of long-lead-time components.

4. TOROIDAL FIELD (TF) MODEL COIL PROJECT (L-2)

The TF Model Coil is a "racetrack-shaped* coil, scaled with respect to the full-
size ITER TF coils, but including most of the technical features and manufacturing
approaches foreseen for the full-size coils. The TF Model Coil will be tested in the
TOSKA facility, coupled by means of a supporting structure to the existing large
superconducting coil (LCT) that provides the background field to generate mechanical
loads on the TF Model Coil comparable to those predicted for the ITER TF coil.

The main objectives of the TF Model Coil are to demonstrate ITER TF-coil
manufacturing procedures and to assess the performance of components and operating
margins. Some specific objectives include:

• To develop and verify the full-scale TF-coil manufacturing techniques;

• To establish realistic manufacturing tolerances;

• To demonstrate full-size conductor procedures and QA;

• To develop procedures for the ITER TF-coil fabrication QA and factory
acceptance tests;

• To operate the coil at ITER-relevant load and stress levels, including limited
fatigue cycling;

• To investigate conductor/coil quench detection and propagation behavior.

Within the EDA, installation of the TF Model Coil and the LCT coil in the TOSKA facility
is planned, as well as cooldown and preliminary current tests. After the EDA,
continuation of the testing is planned, to provide assessments of operational margins,
reliability, quench detection and behavior, and stability and loss characteristics.

The development of the full-scale ITER conductor, to be used in both CS and TF
Model Coils, is assessed in this section, including strand, cable, conduit and
terminations. Supporting R&D on magnet topics such as insulators and joints is also
assessed.
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4.1. Status and Progress of R&D to Date

The TF magnet and the CS/PF magnet systems are the most important and
expensive components of ITER. The development of the strand, conductor, joints and
insulation has been the subject of a large development program conducted jointly by the
JCT and the four HTs, starling immediately after the beginning of the EDA.

To date, the outcome of this program appears satisfactory. Progress has been
made in the following areas:

• Strands meeting project specifications are being manufactured in industrial
quantities (altogether about 10 tons have been produced by 6 out of 8
manufacturers in the four Parties).

• Cross-checking of strand performance has demonstrated good quality of the
product.

• The designs of the conductor and the related manufacturing process have
been completed. Cabling and jacketing lines are operational, both for TF and
CS, and are ready to produce the TF Model Coil and the CS Model Coil
conductors.

• Tests on short lengths of the final conductors are underway.

• The design of conductor joints has been developed by the Parties and will be
tested next year.

• Insulation is the subject of an irradiation program to test performance in
operating conditions.

• Studies and experiments are being conducted on quench detection and
propagation.

The R&D program being conducted jointly by the JCT and the HTs appears
comprehensive and covers all the major technical problem areas related to the
manufacturing of the superconductors for ITER.

The problem of Stress Accelerated Grain Boundary Oxidation (SAGBO),
connected with the use of incoloy as jacket material, appears to be well understood. On
the basis of the body of experimental results and theoretical knowledge on the subject,
the R&D test program specifically planned, from which results will be available during
1996, is intended to confirm the choice of incoloy, by providing the needed information
to set up an appropriate manufacturing process that avoids SAGBO. Nonetheless,
performance of the jacketing material remains a critical problem and should be
monitored very closely.

4.2. Adequacy of R&D to Support Manufacturing of ITER Components

The R&D program in support of manufacturing, now in full progress, appears to
be adequate to validate the manufacturing process and procedures.

The design and construction of the TF Model Coil are in response to the need to
demonstrate and test the manufacturing process of the ITER TF coils. Each step of the
manufacturing QA program, which will be essential to obtain the expected performance
of the ITER coils, can be checked during the production of the TF Model Coil. Moreover,
TF Model Coil manufacturing will incorporate all the relevant design standards.

290



The combination of tests in the TF Model Coil facility (TOSKA) and the test of the
TF insert in the CS Model Coil facility (at JAERI) will allow the project to completely
verify the performance of the TF conductor before beginning full scale production.

4.3. Adequacy of Planned Testing Program

The testing program, inclusive of activities to be conducted before and after the
end of the EDA, appears to provide the needed information in time to confidently begin
the ITER conductor and TF-coil manufacturing.

In particular, the testing of the TF conductor in TOSKA and in the TF insert in the
JAERI facility is foreseen to occur in the period immediately following the end of the
EDA, but before starting conductor manufacturing for ITER.

5. VACUUM VESSEL SECTOR PROJECT (L-3)

The Vacuum Vessel Sector R&D project will confirm design choices and will
verify manufacturing procedures that will be used in preparing for future procurement of
a vacuum vessel structure that will meet the ITER performance and operating
objectives. The Vacuum Vessel Sector will be constructed of 316 L+N stainless steel
and is consistent with the ITER vacuum vessel design presently proposed and endorsed
by the TAC; the current design will accomplish the requisite shielding through the use of
steel plates rather than steel balls between the vacuum vessel walls, which was one of
the options presented at TAC-8.

The Vacuum Vessel Sector project includes the following R&D tasks:

• Develop, demonstrate and verify the vacuum vessel fabrication technology
through the fabrication of a full-scale sector model, including the mid-plane port
extension, using the vacuum vessel material specified for use in ITER.

• Perform mechanical tests {specified by the JCT) on the completed full-scale
sector and the straight inboard sector model which will confirm that the vessel
design meets that ITER vessel performance requirements and that the
fabrication technique does not adversely impact the vessel's mechanical
properties.

• Perform flow measurements in the completed sector model and the mid-plane
port extension to confirm the hydraulic design calculations and vacuum vessel
performance under anticipated ITER operating conditions.

• Perform welding/cutting/inspection tests on full-scale partial mock-ups to
demonstrate system performance and to specify welding and cutting
operational parameters.

5.1. Status and Progress of R&D to Date

The current R&D program addresses the primary vacuum vessel design issues
and should be pursued as proposed. The TAC notes that the technical specifications
and schedule for the project have been agreed to by the JCT and the HTs. The plan,
although aggressive, appears feasible and achievable within the EDA.

The fabrication technology for the full-scale sector has been developed through
the fabrication and testing of full-scale partial mock-ups. The fabrication of these mock-
ups has been completed, and testing of the straight-section model is on-schedule for
completion in 1996.
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The full-scale design activity is progressing on schedule. The design and testing
specifications have been developed and accepted by the JCT and the HTs. Material
procurement is proceeding on schedule to begin fabrication in December, 1995.

The R&D has identified multiple methods for cutting and welding of the vacuum
vessel field joints, and continued effort will allow a selection among the competing
techniques.

5.2. Adequacy of R&D to Support Manufacturing of ITER Components

The key issues that must be resolved to allow the vacuum vessel detailed design
and specifications to be completed are the determination of achievable tolerances,
dimensional accuracy, and weld distortions for the vacuum vessel. The defined R&D
program is expected to provide this information.

The remotization of equipment for the welding/cutting/inspection of the vacuum
vessel field joint is an important related activity. This equipment, and the corresponding
operational techniques, will be demonstrated on full-scale partial mock-ups during the
EDA and should adequately verify system performance and identify any design impacts
on the vacuum vessel.

Integration of this remolized equipment with the full-scale sector model in the
post-EDA period will verify the cutting, welding, and inspection performance of the
system on a large scale, but significant impacts on the detailed design are not expected.
Any design impact will likely be limited to the field joint area.

The TAC notes lhat it would be valuable if the structural design code working
group could specify design requirements for a double-wall vacuum vessel containment
structure, including the vacuum vessel weld design, technique, and inspection. This
code specification should be developed by the JCT, in cooperation with those Parties
interested in proposing an ITER construction site. It would be useful to have this code
specificalion available prior to the beginning of the vacuum vessel detailed design in
January 1997.

5.3. Adequacy ol Planned Testing Program.

The lest program as defined and planned for the EDA is expected to provide the
information required to complete the vacuum vessel delailed design and specifications.

Post-EDA activities include the full integration of the port extensions and the
integration oi the remotized equipment for welding/cutting/inspection of the field joints.
Both activities are very important and will verify aspects of this equipment; however,
direct impact on the vacuum vessel design is not expected .

The TAC offers the following suggestions for additional testing with the vacuum
vessel sector, which could be considered for possible inclusion in the post-EDA testing
program:

• The vacuum vessel sector could be used for additional testing and design
verification, if the blanket and divertor mounting structures and a divertor port
are also installed on the vacuum vessel sector.

• There may be some benefit in remote handling tests realizable by integrating
the vacuum vessel, blanket, and divertor remote handling plan.

• it would be beneficial to develop a technique to evaluate or measure residual
stresses resulting from vacuum vessel and field joint welding.



6. BLANKET MODULE PROJECT (L-4)

The ITER design envisages that the shield/blanket will be constructed from
modules which are mounted on a continuous backplate as the supporting structure, with
poloidal manifolds for coolant supply. Each module consists of a shield block and a first-
wall section which is an Integral part of it. The shield block is a water-cooled stainless-
steel structure. The first-wall, which is also water-cooled, is made of a copper alloy as a
heat sink and a protection material to withstand the plasma-wall interaction. Each
module is structurally attached to the backplate, either by a mechanical arrangement
with bolts (the reference option) or by a welded attachment (an alternate option). There
are three different types of modules: the primary wall modules, the baffle modules at the
divertor entrance, and the limiter modules with which the plasma makes contact during
start-up.

The objectives of the Blanket Module Project are:

• To demonstrate the fabricability of the blanket components, including full-size
modules of all three types and representative parts of the backplate and
manifolds;

• To demonstrate key features of the performance of the blanket components,
including tests ol copper-alloy to stainless-steel joining methods and the
module-to-backplale attachment options;

• To demonstrate the integration/assembly of the blanket components, including
the mounting of prototype modules on representative manifold and backplate
structures.

6.1. Status and Progress of R&D to Date

Good progress has been achieved in the initial phase of the Blanket Module
Project and in the preparation for the fabrication of components. Most notably, joining
stainless steel to copper alloy has been successfully tested.

The prototype modules will be fabricated before the end of the EDA. but some
tests will continue beyond the end of the EDA.

6.2. Adequacy of R&D to Support Manufacturing of ITER Components

The proposed plan of the Blanket Module Project is well conceived and, when
completed, will allow the essential blanket elements to be fabricated with success. The
objectives are well defined and the work areas are well categorized.

Non-Destructive Testing (NDT) will be essential to inspect the quality of the
bonding in the structures. The TAC urges that the program ensure the development of
the appropriate NDT techniques.

As in other areas of the R&D program, the TAC stresses the importance of QA to
insure the accurate fitting together of a large number of components. The TAC also
urges that, to the extent possible, common requirements be imposed on all mock-ups in
order to allow the transfer of knowledge from one facility to another.

The TAC encourages that the requirements for the Enhanced Performance
Phase (EPP) be fully taken into account in all R&D planning and implementation.
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6.3. Adequacy of Planned Testing Program.

The testing program addresses the most important issues and, when completed,
should confirm the validity of the blanket design.

The TAC recognizes the need for further testing after the end of the EDA in the
field of long-term fatigue, blanket component assembly and the demonstration of cutting
and rewelding of the backplate. The TAC suggests that these elements be incorporated
into the program.

7. D1VERT0R CASSETTE PROJECT (L-5)

This project comprises the development and manufacture of many high-heat-flux
components, the joining of plasma-facing components {Be, CFC, W) to a copper-alloy
substrate, the manufacture of a divertor cassette body, the assembly of the components
on the cassette body, and the design of the hot-cell remote handling end-effectors.
Particular issues are the development of remote handling tools to connect/disconnect
the water supply to the body and the assembly/disassembly of the components with the
mountings adequate to withstand the electromagnetic loads. The heat flux on the target
can, during transients, be as high as 20 MW/m2, should the radiative divertor action fail.

7.1. Status and Progress to Date

Progress on plasma-facing components has been good; in particular, some of the
divertor medium-scale mock-ups have already achieved the required power loading for
up to 20 seconds for 104 cycles, but with a silver braze which may not be acceptable for
ITER. The program on silver-free joints is just beginning, but mechanical tests show
promising results. The properties of the beryllium plasma-spraying device have
improved dramatically in bonding onto beryllium surfaces, and the thermal bond concept
has been successfully demonstrated. The neutron irradiation program is on schedule.
The initial design for the full-scale mock-ups for the divertor cassette will be completed
by the end of 1995. A considerable amount of thermohydraulic data has been collected
so that the appropriate design choice for the high-heat-flux components can be made
early in 1996.

7.2. Adequacy of R&D to Support Manufacturing of ITER Components

The major milestones for the project are as follows:

• Selection of PFC's for full-size mock-ups in 1996;

• Completion of tests to establish high-heat-flux failure limits of candidate
components in 1997;

• Delivery of full-sized PFC's to the US for integration on the cassette body at
the end of 1997;

• Complete testing of cassette assembly by June, 1998.

All Parties are involved in the development of the joining technologies for the
ITER divertor (involving Be/Cu, W/Cu. CFC/Cu alloys, and Cu alloys/SS), the
thermohydraulics as well as irradiation testing of the joints, and welding and rewelding
of irradiated materials, which is important for cassette maintenance and fabrication.
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Remote handling plays an important part in establishing the feasibility of
replacement and maintenance, either in the device or in the hot cell for the divertor,
requiring the development of a removable attachment method for high-heat-flux
components and the construction and demonstrated operation of movers and interfaces
with the full-scale cassette mock-up (see Section 9.0).

All three armor materials under investigation have their advantages and
disadvantages, but the important problems of erosion and tritium retention are being
addressed. All three materials, as well as different joining methods, will be used in the
full-scale mock-ups of the inboard and outboard vertical target options, two dome
high-heat-flux components, an inboard gas box option and a set of gas box liners, which
will be assembled on the prototype cassette. Achieving the necessary tolerances,
particularly for the dome mounting, is very demanding, and it is important that these
tolerances can be maintained throughout the machine life, which may require further
R&D. Selection of coolant parameters, armor, heat sink and component design is well
covered by the R&D activities and, provided all Parties fulfill their commitments, there is
little doubt that the manufacturing of the divertor cassettes can start on time, even if the
R&D demonstrates that a somewhat different detailed design, compared with the full-
scale mock-up/prototype cassette, is necessary.

7.3. Adequacy of Planned Testing Program

The R&D schedule is very tight, with little room for any unanticipated results
requiring a modification in the R&D program. On present planning, the full-sized
cassette can just be completed during the EDA. The testing of full-size, high-heat-flux
components is difficult in existing test systems so that fatigue tests will be limited to
components of up to one meter in length.

The TAC believes that the design issues of the divertor cassette
(e.g., tolerances) are so important to the success of ITER that a full divertor cassette
should be constructed, as planned for the project, and that this task should be
completed as assigned.

The detailed design of the high-heat-flux components and the divertor cassette,
with supporting R&D, could continue for an additional year beyond the EDA, without
affecting the fabrication schedule for the ITER divertor cassette. The remote handling
tests with the prototype could continue for three-to-four years before the calls-for-tender
for divertor maintenance equipment; however any changes which have an impact on the
cassette body are required earlier.

Following the EDA, the completed divertor cassette could be deployed together
with other completed components to undertake, for example, a more complete remote
handling exercise. The divertor cassette could also be used for the detailed testing of
the scheduled target elements, but could also be used for the mechanical testing of any
new divertor configuration compatible with the cassette body.

8. BLANKET MODULE REMOTE HANDLING PROJECT (L-6)

A module-type blanket structure is adopted in the current EDA design so as to
ease remote maintainability and enhance operational flexibility. Since all blanket
modules are scheduled to be replaced with breeding blanket modules after the Basic
Performance Phase (BPP), feasibility of maintenance of the current blanket design and
it's replaceabilily using remote handling technology/procedures have to be quantitatively
verified prior to ITER construction. This will ensure the reliability of blanket module
replacement within the required time period.
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The main objective of the Blanket Module Remote Handling Project is to
demonstrate that the ITER blanket modules can be replaced remotely. The
maintainability of the blanket module will be tested in the "Blanket Test Platform," which
will simulate a 180-degree in-vessel region, including vessel ports, maintenance cell,
transfer cask and a sector of the blanket mock-up with cooling pipes. Full-scale
prototype remote handling equipment will be used to handle dummy blanket modules
and to weld/cut cooling pipes.

The main scope of the project is to demonstrate the following:

• Proof-of-principle of the adopted remote handling scenario, including
deployment of a large transporter system, involving the opening and closing of
the vacuum vessel, use of double-seal doors as well as welding and cutting
equipment;

• Proof-of-principle of the use of a transport vehicle on a monorail, having a large
unsupported span, for the installation and removal of blanket modules.

8.1. Status and Progress to Date

Important clarification of the design requirements for various components for
remote handling of shield/blanket modules has been accomplished. Issues associated
with the needed technology for the remote handling have been properly addressed and
are currently on schedule.

8.2. Adequacy of R&D to Support Demonstrating ITER Feasibility

A scaled-down model facility has already demonstrated that several concepts of
remote handling are workable with reasonable confidence. Based on the experiences
gained with the experiments conducted with the scaled-down model facility, design of a
full-scale model facility should be completed on schedule. Decisions on the blanket
module attachment method must be made early and be consistent with remote handling
decisions.

The TAC strongly encourages continued coordination between the two remote
handling programs, L-6 and L-7 (see Section 9.0), which helps execution of both
programs, in particular by some savings in the resources needed. As an example where
resources might be saved, the JCT should consider using common components, such
as the double-sealed door, for both programs.

8.3. Adequacy of Planned Testing Program

The results of the planned tests with the full-scale model facility during the EDA
should provide sufficient information to justify the readiness of remote handling
technology for the decision to construct ITER.

9. DIVERTOR MODULE REMOTE HANDLING PROJECT (L-7)

The ITER divertor assembly consists of 60 cassettes, weighing approximately
20 tons each, located in the bottom region of the vacuum vessel. There are three
cassettes in each of 20 machine sectors, which are cooled by water supplied by pipes
routed through the divertor ducts (one inlet and one outlet pipe per cassette). Four of
these ducts, arranged at 90-degrees to one another, are dedicated to cassette insertion
(withdrawal) into (from) the vacuum vessel.
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The divertor maintenance requirements Include: replacement and refurbishing of
all components, positioning with accuracy the high-heat-flux components, locking and
securing the supports, water pipe connections, assembly of electrical connections, and
handling of plugs. The replacement of alt cassettes should not take more than six
months, whereas the replacement of one faulty cassette should not exceed eight weeks.

The Divertor Module Remote Handling Project is to demonstrate that:

• The ITER divertor can be maintained and replaced remotely;

• The divertor cassettes can be remotely refurbished in a Hot-Cell.

The maintainability of the divertor cassettes will be tested in the "Divertor Test
Platform," which will simulate a portion of the lower region of the vacuum vessel.
Refurbishment and post-repair testing of divertor cassette structures and plasma-facing
components will be demonstrated in the "Divertor Refurbishment Platform," using
remote handling equipment and tools, and partial mock-ups of divertor cassettes.

9.1. Status and Progress to Date

Design of the remote handling equipment for the divertor test facility is well
advanced, and the R&D to support its construction and eventual operation when
completed appears adequate.

9.2. Adequacy of R&D to Support Demonstrating ITER Feasibility

The results of the planned tests with the divertor-modute remote handling facility
will provide sufficient information for making the decision to construct ITER. The TAC
learned that the program planned for the divertor refurbishing tests in a hot-cell
environment may suffer from the recent budgetary conditions in one Party. The TAC
believes that this work should be implemented because of its crucial importance to ITER
operation.

9.3. Adequacy of Planned Testing Program

The planned tests with the divertor-module remote handling facility appear
sound.

10. SUMMARY

The TAC's overall assessment is that the "large-seven" R&D projects developed
for ITER are appropriate, both in the large-scale tests and in the individual sub-tasks
which support them. When completed, they will provide the necessary information to
start the construction of the major ITER tokamak components after the EDA. assuming
completion of the remaining R&D which accompanies the construction phase.

There is a high degree of interdependence among the four Parties in the
mplementation of these seven major R&D projects. Although there is in all cases a
'lead Home Team," the completion of these projects is critically dependent on hardware
and other contributions from the other Home Teams. It will be essential that all four
3arties fulfill their commitments to provide the resources needed to execute their
assigned tasks, and that the four Home Teams adopt effective management techniques
o ensure on-schedule completion of these tasks.
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