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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'sfour 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, one further ITER Council Meeting was held since the
publication of ITER Documentation Series no. 8, namely, the twelfth ITER
Council Meeting, IC-12, on 23-24 July 1997, in Tampere.
This volume presents records of this Council Meeting. Together with the eleven
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)
ITER Council Proceedings: 1995 (DS/8)
ITER Interim Design Report Package and Relevant Documents (DS/9)
ITER Interim Design Report Package Documents (DS/10)
ITER Council Proceedings: 1996 (DS/11)
it represents essential information on the evolution of the ITER EDA.

12th ITER Council Meeting, July 23-24, Tampere

DOCUMENTS
OF THE 12TH ITER COUNCIL MEETING (IC-12)
23-24 JULY 1997, TAMPERE
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IC-12 Record of Decisions
23-24 July 1997, Tampere
The Council accepted participation as attached (IC-12 ROD Attachment 1) noting the new
Council Member, Mr. T. Imamura, who was, however, unable to attend this meeting.
The Council adopted the IC-12 Agenda (IC-12 ROD Attachment 2).
1.1.1

The Council accepted the Director's Status Report (IC-12 ROD Attachment 3),
noting in particular:
a) resolution of the three design issues that remained open at conceptual level in
the DDR,
b) completion of the sensitivity analyses of variations from the ITER Site Design
Assumptions as recommended in the Report of the Special Review Group;

1.1.2

The Council supported the plan for a Final Design Report (FDR) and
comprehensive project documentation for the FDR and thereafter.

1.1.3

The Council encouraged the Parties to maintain their efforts in voluntary physics so
as to increase assurance of ITER performance projections and to enrich the physics
basisoflTER.

1.1.4

The Council noted that a WWW Home Page for the ITER EDA Council Office will
be established at the Kurchatov Institute.

1.1.5

The Council invited the Director, together with the HTLs, to develop guidance for
information available on.WWW through JCT and Home Team channels.

1.2

Following the Director's Joint Fund proposals and on the advice of MAC, the
Council:
a) approved the consolidated Joint Fund accounts for 1996 and took note of
the Director's report on operation of the Joint fund during 1996 (IC-12 ROD
Attachment 4).; and
b) approved the Joint Fund Budget for the period 1 January - 20 July 1998
(IC-12 ROD Attachment 5).

2.2.

Having heard the positive views of the Parties, based on their in-depth domestic
assessments of the DDR and related technical documentation, the Council:
a) approved the Detailed Design Report, Cost Review and Safety Analysis (IC-11
ROD Attachment 4) as the basis on which to continue the technical work for the
remainder of the EDA.;
b) commended the Director, the JCT and the Home Teams for excellent work done
on accomplishing the DDR;
c) invited the Director to take account of the comments arising from the Parties'
domestic reviews (IC-12 ROD Attachment 6) in the further technical work of
the Project including preparation of the FDR and related documentation.
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2.3.

The Council noted the Director's statement that he would transfer the DDR
Technical Basis document to IAEA for publication.

3.

The Council took note of MAC-12 Report and accepted its recommendations.
(IC-12 ROD Attachment 7).

4.1

The Council took note of the report of the TAC-12 meeting (IC-12 ROD
Attachment 8) and endorsed the view of TAC concerning the importance of
completing the ITER EDA R&D Programme and of ensuring that the results be
properly documented and made available to all Parties, and disseminated widely by
the Home Teams among appropriate industrial companies.

4.2

The Council noted that the description in the TAC-12 report of expected R&D
actions and deliverables and the listing of planned project documentation in the
Status report together provide the elaboration of the content and schedule of R&D
activities requested under IC-11 ROD 3.1.

5.

The Council took note of the CPs' ongoing and future activities.

6.1.1

The Council took note of the Director's Report (IC-12 ROD Attachment 9) on
activities and resources beyond 20 July 1998 until possible start of physical
construction and supported conclusions and summary proposals presented in the
paper and commended them to the Parties for their consideration.

6.1.2

The Council reaffirmed the importance of maintaining continuity of ITER activities
and of enabling a smooth transition to efficient start of possible, future
construction activities.

6.3

Recognizing that theParties, through the Explorers, are considering an extension of
the EDA Agreement, the Council asked the Chair to send a letter to the IAEA
Director-General informing him of the Parties' consideration and inquiring whether
the IAEA would be willing to continue to provide the same level of auspices should
the Agreement be extended.

7.1

The Council approved further tasks for MAC (IC-12 ROD Attachment 10).

7.2.1

The Council approved further tasks for TAC (IC-12 ROD Attachment 11).

7.2.2

In order to ensure timely consideration of the Final Design Report, the Council
requests that TAC send its draft recommendations to the Council before January
28,1998.

8.1

The Council took note of information on the 2nd Industries' Meeting held in Tokyo
on 2-4 April 1997. The next Industries' Meeting will take place in Europe in spring
1998. The Council considers it important that the proposals made at those
Meetings are available for Council and Explorers.

8.2

The Council developed a Press Guideline (IC-12 ROD Attachment 12).
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9.

On the invitation of the US delegation, the IC-13 Meeting will be held in San Diego
on 5-6 February 1998. On invitation by the IAEA, the IC-14 Meeting is tentatively
scheduled for July 21 -22, 1998 in Vienna.

10.1

The Council approved this IC-12 ROD.

10.2

The Council approved the IC-12 Minutes (not included in this publication).

Decision numbers refer to the respective items as numbered on the Agenda.
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IC-12 ROD
Attachment 1

TWELFTH ITER COUNCIL MEETING
23-24 July 1997, Tampere
LIST OF ATTENDEES
EU:

JA:

RF:

US:

Prof. J. Routti
Dr. Ch. Maisonnier

IC Member
IC Member

Prof. K. Pinkau
Prof. R. Toschi
Dr. E. Canobbio
Dr. S. Karttunen

Permanent Expert
Expert, HTL EU
Expert, CP EU
Expert (IC-12), Local Organizer

Mr. N. Oki
Dr. M. Yoshikawa

IC Member (IC-12)
IC Co-Chair, MAC Chair

Mr. H. Tsuboi
Mr. H. Satake
Mr. K. Sugiyama
Dr. S. Matsuda
Dr. A. Kitsunezaki
Mr. T. Yamamoto

Expert
Expert
Expert
Expert, HTL JA
Expert, CP JA
Interoreter

Acad. E.P. Velikhov IC Chair
Dr. Yu.A. Sokolov
IC Member
Dr. N.S. Cheverev
Dr. O.G. Filatov
Dr. L.G. Golubchikov
Dr. V. F. Sadchikov

Expert
Expert, HTL RF
Expert, CP RF
Expert

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

IC Member
IC Member

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

Expert, CP Chair
Expert
Expert

ITER: Dr. R. Aymar
Dr. R. Parker
Mr. M. Drew
Dr. P. Rutherford
Dr. V. Vlasenkov
IAEA: Dr. T. Dolan

ITER Director
Deputy Director
PCw/D
TAC Chair
IC Secretary
IAEA Representative
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IC-12 ROD
Attachment 2

AGENDA OF THE
IC-12 MEETING
Tampere, 23-24 July 1997
23 July, Wednesday
Meeting Opening
Meeting Arrangements and Attendance
Remarks by Heads of Parties' Delegations
Chair's Remarks about Explorations
Adoption of Agenda
1. Director's Report and Proposals
1.1 Status Report
1.2 ITER Joint Fund - Account for 1996
1.3 ITER Joint Fund - Budget for 1998
2. Detailed Design Report
2.1 Parties'Domestic Assessments
2.2 Council's Approval
2.3 Guidance to the Director
3. MAC Report and Advice
4. TAC Report
5. CPs'Report
6. Continuity of ITER Activities
6.1 Director's Report on Technical Activities and
Resources Deemed Necessary for ITER Beyond July
1998 Until the Possible Start of Physical Construction
6.2 Council's Position (see Protocol 2, Section 5)
6.3 Other Post July 1998 Issues
24 July, Thursday
7.

Further Tasks
7.1
MAC
7.2
TAC
7.3
CPs

8.

Other Business
8.1
Industries' Meeting
8.2
Press Guideline

9.

IC-13, IC-14 Meetings - Dates, Places

10.

Approval of IC-12 ROD, Approval of IC-12 Minutes
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IC-12 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 11 and May 1997 As requested at IC-7, the
section on HER Physics has been prepared in consultation with the Parties'
Physics designated persons.

Overview
2.
The overall focus of the Project is towards the next major milestone - the
presentation of the Final Design Report to IC-13 in early 1998. The seven Large
R&D projects are also progressing under their joint HT/JCT management
arrangements; TAC-12 will review their status and plans and will report to IC12.
Where the Heads of the Parties' fusion laboratories have given a constructive
response to request for input on the main issues for the ITER Physics assessment,
the physics programmes are generating results oriented towards ITER's priority
needs.
3.
As requested at IC-11, the Director has assisted the Parties' Explorations
and has been consulting with Home Team Leaders concerning the content and
schedule of R&D programmes to July 1998 and on the activities and resources
that would provide project continuity beyond the current EDA Work
Programme.
Design Work
4.
The three items noted in the DDR report (IC-11 ROD Attachment 4) as
remaining open at conceptual level have now been settled and incorporated in
the design reference, namely:
• the Central solenoid has not been split into modules; instead the desired
increase in triangularity will be achieved by splitting the two smallest PF
coils each into two. (All PF coils can now be made from NbTi).
• the blanket modules will be attached by mechanical means;
• ferritic inserts will be placed in the Vacuum vessel to reduce field ripple.
The resolution of these design features is being presented to TAC for
information.
5.
As requested, Parties have been providing information on the results from
their domestic reviews of the DDR. The general reports circulated to date have
been supportive. None has proposed material changes to the design although
there have been suggestions to broaden its scope, eg to increase the capacity for
21

additional heating. As more detailed technical suggestions and remarks become
available, they are being taken into account in the design activities and in the
proposals for supporting physics study under the voluntary arrangements.
6.
A major emphasis of the preparations for the FDR is the set of
cost/schedule/manufacturing studies by the Parties' industries based around
"procurement packages" for cost estimation. About 70 such packages have been
defined and transmitted to the Home Teams for distribution to suitable
industries.
7.
The procurement packages are designed to elicit realistic and
authoritative data on costs, industrial capacity and feasible time-scales for
incorporation in the FDR. Each package comprises comprehensive information
about an ITER component or subsystem which could be the subject of a major
procuremenbcontract or series of related contracts. The packages include, as
appropriate, functional requirements, detailed designs, specifications, interfaces
and other related data that would be needed by potential suppliers in order to
prepare for contracts. In some areas the packages provide for the possibility of
technically splitting contracts between several suppliers in case more than one
Party might wish to participate in a specific area.
Project Documentation
8.
Plans for the form and content of the FDR have been presented to Home
Team leaders. The general approach will follow that used for the IDR and DDR;
there will be:
a) a synoptic paper suitable for ITER Council to review explicitly;
b) a larger "technical basis" document which synthesises and assesses
supporting technical information and will provide the main source for
TAC review;
c) an "ITER Physics Basis Document" to be reviewed through the physics
community;
d) a number of stand-alone technical documents on specific topics, eg
NSSR, reports on the seven large R&D projects, handbooks, manuals &
standards documents, indexes of Task Reports etc;
e) a set of Design Description Documents (DDD's) covering all the ITER
subsystems and components and which contain the detailed
information on the design, interfaces, related R&D results (with
references to related task reports), analysis results etc.
9.
While a, b & c above will reflect the position at a specific reference date
(end-1997) the DDD's and the main stand-alone documents will be "living"
documents to be continually updated and revised in the light of ongoing design
and analysis and of new R&D results flowing from the continuing programmes.
Indeed, the DDD's are envisaged as continuing to be living documents through
to the procurement and installation of the systems concerned. The manuals,
handbooks and standards documents such as Materials Properties Handbook,
Structural Design Criteria, and Remote Handling & Standard Components
Manual will be maintained as living documents which will support regulatory
review and compliance.
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10.
In view of the volumes of information envisaged and of the tight timescales for production and review, the documents from the JCT will be made
available by electronic means.
11.
Attachment 1 shows an indicative summary of the planned document set
related to the FDR.

Joint Central Team and Support
\2.
The status of the JCT is summarised by Joint Work Site and by Party in
Tables I a n d II below. For the first time in the EDA the number selected matches
the number on site. Since the last status report, 9 (1 EU, 3 JA, 1 RF, and 4 US)
members left the team, and 13 new members joined (5 EU, 4 JA, and 4 RF ). One
of the Canadian members assigned through the EU has transferred from San
Diego to Naka site and one EC team member is d u e to leave the JCT at the start
of June.

I. JCT - Status by Joint Work Site at 21 May 1997
Garching

Naka

San Diego

Total

Selected2

52'

59'

55'

166'-1

On Site

52'

59'

55'

Seconded

50

57

50

157

II. JCT - Status by Party at 21 May 1997

Selected

2

On Site
Seconded

EC
541

JA
47

28 3

US
37

Total
166

541

47

283

37

166

47

3

34

157

48

RF

28

1 includes five Canadians provided through the Canadian association with the EC Party.
2 figures exclude team members who have left, or selected staff who have declined posts or otherwise
withdrawn
3 in addition, 13 RF professionals have spent time at the Joint Work Sites under special VHTP
arrangements.
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13.
The estimated cumulative PPY effort on site to 21 May 1997 is shown in
Table El below by JWS and by Party.

IE. JCT - Cumulative PPYs on-site to 21 May 1997
EC

JA

RF

US

Garching

55.7

46.8

20.9

37.2

160.6

Naka

56.1

48.1

25.9

46.4

176.5

San Diego

44.9

52.6

37.4

55.8

190.7

Total

156.7

147.5

84.2*

139.4

527.8

Total

•Including 2 PPY of special RF VHTP effort.

14.
The JCT staffing is now almost at the peak level of 167 assumed in the
Work Programme approved by IC-11 and expected to remain in place through
July 1998. If staff numbers remain unchanged, total PPY for the six year period
to July 1998 will reach between 715 and 720.
15.
Positive indications concerning the future for ITER beyond July 1998 will
provide an important incentive to keep staff motivated and to avoid the real risk
of their seeking to develop their careers outside of ITER at a time when
interruption of effort could be particularly damaging.
16.
As noted in the Work Programme approved by IC-11, the performance of
Work Programme also depends on maintaining the Home Team design
resources and the CAD, technical and secretarial support at the levels now
reached for the period to July 1998 at least.
Visiting Home Team Personnel (VHTP) Scheme
17.
Operation of the Visiting Home Team Personnel scheme was outlined in
the status report to IC10. The scheme continues to function well as a means to
enhance JCT/Home Team interaction and to offer some flexibility. Following
the offer made by the RF Party, thirteen new RF VHTPs have been or are on
assignments at the Joint Work Sites of about two to four months each; further
assignments are planned for the reminder of 1997. As noted at IC-10, these
VHTPs are being assigned by the RF in lieu of further JCT secondments. They
are therefore accorded zero PPY credit and are noted in the RF contribution to
JCT resources and omitted from the figures for VHTP effort below.
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V. JCT - Cumulative VHTP effort (PPY) to 21 May 1997

EC

JA

RF

US

Total

Garching

5.00

0.21

0.00

0.83

6.04

Naka

3.33

0.69

0.25

1.71

5.98

San Diego

8.00

1.721

0.25

0.582

10.55

Total

16.33

2.62

O.5O3

3.12

22.574

Notes:
I
2
3
4

includes two visiting scientists
excludes US Home Team task to assist on planning and costing from Jan 94
excludes RF VHTP's recently assigned in lieu of further JCT secondments
includes Home Team Staff assigned to provide urgent assistance at end 1993

18.
As noted above, not all the visitors have attracted ITER credit. The total
PPY credits accruing to 21 May 1997 are as follows:
EC
11.55
Note:

JA
1.77

RF
0.5

US
2.11

Total
15.93

Credit has been pro-rated for those VHTPs whose
assignments extend through 21 May 1997

RF Design Support Contracts
19.
Following approval at IC-11 of the extended budget for RF Design
Support Contracts, the RF Design Centre and JCT and have drawn up a series of
proposals for Design support work during 1997 valuing, in total, about,
$500,000. Following the established management procedures, the initial stages of
these contracts have been released and work is progressing satisfactorily. The
electronic transfer of drawings between the JCT and Design Centre institutes and
exchange between AutoCAD and CATIA formats is well established and
working routinely. Further stage releases in 1997 will be authorised subject to
the acceptance of the earlier stage reports and the availability of funds. A
complete list of the 1997 tasks was presented to MAC-12.
20.

Task Assignments
The status of Task Assignments was presented in detail to MAC 12.

21.
The updated task status is summarised in the tables below. The total R&D
resources and design task PPY's now expected in the period to July 1998 now
stand at 583kIUA and 715PPY respectively (cf 596kIUA and 708PPY reported to
MAC and IC-11). These figures include some tasks which have been assigned
and committed but which may not, in the event be completed because of
budgetary constraints.
25

22.
From a total of about 750, some 400 tasks, including both design and
technology R&D have been completed and the final reports have been submitted
by the Home Teams. Total values of task allocations to date, including the
VHTP tasks, are as shown below:

Type
TA Work Completed1
U Tasks
Other tasks
Committed/ongoing
Tasks newly reported
Totals
1

IUA
144,080
315,700

PPY
291.65

122,688
400
582,868

415.32
8.50
715.47

Tasks for which the HTL concerned has submitted an acceptable final report

The pattern of assignment to Parties is summarised below; totals of approved
tasks as reported to IC-11 are shown in italics:
Party

IUA

EC

JA
RF
US

Totals

192,706
293,166
171,577
174,827
93,042
95,417
125,543
133,023
582,868
596,433

PPY

201.45
196.05
170.93
169.93
157.95
757.20
185.14
184.39
715.47
707.57

ITER Physics
23.
During the first half of 1997, considerable attention was focussed on ITER
physics issues by the extensive reviews of the Detailed Design Report by the four
UER Parties. In fact, the 1997 Priorities for ITER Physics Research had anticipated
many of the physics issues raised in the reviews and plans were proceeding to
address them in the four Parties' physics research programs. As noted above, the
proposed insertion of ferromagnetic inserts into the vacuum vessel for the
purpose of reducing field ripple has been incorporated into the reference ITER
design. One review proposed that ITER should have the capacity to upgrade
auxiliary heating power up to 200 MW, should this prove to be required to
operate ITER in H-mode. Continued physics studies to increase the
definitiveness of physics design requirements and to reduce uncertainties in
ITER performance projections are being planned and carried out through the
ITER Physics Expert Groups.
26

24.
FTER Physics Expert Group Meetings continue to serve as a key channel toconvey ITER physics issues to the Parties' physics research programmes, to
provide the JCT with recent research results, and to coordinate research among
various tokamak facilities. The volume and relevance to ITER of the
experimental results presented at Expert Group workshops demonstrates the
extent to which the leading fusion experiments are taking account of ITER
Physics Issues, In particular data from ITER Demonstration Discharges now
spans a wide domain of operation in many tokamaks and further ITER-oriented
operation figures in the experimental plans of leading tokamaks.
25.
At the meeting of Disruption, Plasma Control, and MHD Expert Group, a
multi-machine database of disruption current quench rates was presented and
found to be consistent with resistive current decay rates appropriate to a 5-10 eV
plasma conductivity, leading to an increase in the minimum period to 50 msec
from the previous assumption of 10 msec. Other new results included: 1)
detailed data on Type I ELM plasma profile evolution characteristics and plasma
shape control response in JT-60U and ASDEX-U, 2) detailed accounts of 'multimode' non-axisymmetric error field sensitivities for mode-locking in DIII-D and
COMPASS-D low-density ohmic plasmas, and 3) axisymmetric VDE simulation
data for a detailed representation of the ITER in-vessel conducting structures.
The Group suggested that the ITER 'reference' Type I ELM disturbance for PF
control and AC loss evaluations be revised to consist of a rapid bp drop (-0.03) at
a 1-Hz frequency followed by a 0.2 s linear recovery (= 0.04*tE). It was also
recommended that the control response and AC losses for a compound ELM
with the same parameters plus a 0.05 Zj drop (1-s linear recovery) be evaluated.
These results will provide a disturbance model for magnetic control studies,
design criteria for error field correction coils.
26.
Performance projections and their attendent uncertainties constituted a
central theme of the combined Confinement and Transport and-Confinement
Modeling and Database Expert Groups. The H-mode threshold database has
been extended and improved. Despite continued attempts to reduce the
uncertainties in the prediction of the H-mode threshold power in FTER, large
uncertainties remain with prediction in the range of 50-200 MW. A new version
of the global H-mode confinement database (DB3), which now contains JT-60U
and Alcator C-Mod contributions has been developed.
27.
Much discussion centered on possible effects of flow shear as a hidden
variable in confinement results, data was presented the effect of rotation on
energy confinement in TFTR, JFT-2M and JET. More data and further analysis
are required. A comparison of ICRF versus NBI -heated ITER Demonstration
Discharges in JET is planned. In the area of advanced tokamak discharges, some
of the techniques used to attain enhanced confinement in present tokamaks are
not available to reactor-scale devices. Internal transport barriers in devices with
dominantly electron heating and no NBI fueling, such as JT60U and Tore-Supra,
are particularly relevant to ITER.
28.
Benchmarking of local transport codes is well under way and should
allow the standardized procedure to test the transport models and study their
27

projections for ITER to be completed as planned by the next meeting in
September. In first-principles numerical simulations of tokamak transport,
preliminary results from gyro-kinetic codes suggest an appreciably lower
turbulence level compared to the IFS/PPPL gyrofluid model. The high
turbulence level found in IFS/PPPL simulations, with strong dependence of the
result on edge temperature, is responsible for their pessimistic projections for
ITER with assumption of relatively low edge temperature. Work is planned to
resolve this discrepancy.
29.
The main emphasis of the ITER Divertor Physics and Divertor Modeling
and Database Expert Groups workshop was a discussion of the preliminary
results of the analysis of the Edge Database. The number of timeslices in the
database has quadrupled since the Montreal Workshop, allowing rigorous crossmachine comparison and scaling studies. Analysis was reported in the areas of
ELM's, SOL decay lengths, divertor heat flux profiles, n s e p, Prad and the density
limit. Low X-point neutral particle density is a key objective of the ITER divertor
configuration. Discussions identified an urgent need for separatrix density and
temperature data to provide boundary conditions for modeling codes which can
be extrapolated to ITER as well as the divertor plate heat flux during ELMy-H
operation. The concept of an edge operational space characterized by various
physics phenomema, eg. ELM type, has proven productive for ASDEX-U and
DIII-D. The models have then been checked by comparison with less complete
data from Alcator C-Mod, JET and JT-60/U. While the initial agreement between
these models and the data is encouraging, further development and validation of
these models strongly depends on collection of a comprehensive and detailed
database for the pressure and density and temperature profiles in the edge
pedestal. Projections for the FTER edge depend on development of this database.
30.
Overall, ITER Expert Groups play a key role in formulating experimental
plans to address outstanding physics issues and a framework in which to
establish commonality of physics across several devices -- an essential step for
reducing uncertainties in projections. The principal goal of the remainder of
1997 is to provide agreed inputs to the ITER Physics Basis and the associated
sections in the FDR and Plasma DDD's.
The ITER Joint Fund
31.
All the funds from the 1996 Joint Fund budget have been distributed to
the Agents in line with the Budget allocations as finally approved at IC-10. For
the 1997 Budget three Parties have paid their full contributions, including the
supplement approved at IC-11; one Party has paid partial contributions to date.
At the Director's request the IAEA has distributed to the Joint Fund Agents
$1,660,000. Further releases will be made according to the receipt of further
contributions. Spending authorisations have been limited pending further
receipts.
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ITER Public Information
32.
There has been steady demand for the HER Brochure in both English
and
Japanese language versions. Release of an enhanced WWW Home Page for ITER
is imminent.
Sensitivity Studies
33.
The sensitivity studies of variations from ITER Site Design Assumptions
recommended by the Special Review Group have all been completed and the
results made available to the Parties for review.

RECOMMENDATION
The FTER Council is invited:
to take note of the current status of the Project as set out in this report.

Attachment 1
Plan of Final Design Report and Comprehensive Report
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Final Design Report
Technical Basis for the ITER
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• ITER Project Cost Estimate and schedule
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Decommissioning Plan
1. Overview and Introduction
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5. Heating and Current Drive
6. Diagnostics
7. Summary of Design Requirements and Guidelines
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Contents

I. Safety approach and functions
II. Safety design
III. Radiological and energy source terms
IV. Effluents and emissions
V. Waste management and decommissioning
VI. Occupational safety
VII Accident analysis of reference events
VHI Ultimate safety margins
IX External hazards assessment
X. Sequence Analysis
I. Construction and Commissioning Schedule
1. Introduction
2. Assumptions and Constraints
3. Procurement and Fabrication
4. Construction Activities
5. Testing and Commissioning by the Hydrogen Plasma
6. Testing and commissioning for the DT Plasma
App. A Detail Construction Schedule
App.B Definition and Structure of the ITER Conslniclion
Plan
11. Operation Plan
1. Introduction
2. Performance and Operational Requirements
3. ITER Plant Operation and Constraints
4. BPP Phase
5. Transient Phase from BPP to EPP
6. EPP Phase
App. A Example of Initial Operation
App. B Remote Experiments
App. C Canadian Tritium Supplies
App. D Status of Facilities at the First Hydrogen Plasma
Operation
III. Decommissioning Plan
1. Phase 1
2. Phase 2
3. Phase 3
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1. Introduction
2. Program Objectives
3. ITER Management Structure and Responsibilities
4. Project Work Breakdown Structure (WBS) and
Organisational Breakdown Structure (OBS)
5. Engineering Management
6. Planning and Authorising Work
7. Human Resources & Support Facilities management
8. Management Information & Reporting
I. Seven Large R&D Projects for the ITER EDA - Objectives
Seven Large R&D Reports
and Planning
• Introduction
•L-l -L-7 Project
II. Seven Large R&D Projects for the ITER EDA Achievement
• Introduction
•L-I -L-7 Project
• Conclusion
Final Reports of the Technology I. Technology R&D and Design Task Agreements Summary
1. Introduction
R&D and Design Task
2. Task Agreements Summary
Agreements
3. Complete List of the Task Agreement
4. Compilation of Task Assessments and Executive
Summaries
II. Task Agreement Final Reports

ITER Management Plan and
Procedure
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Detailed Design Descriptions
ITER Plant System Integration 1ITER Plant Basic Configuration
2 Plant General Layout
Report

3 Plant Operation Sequence
4 Functional description of the Plant Systems
4.1 Plasma Confinement and Control
4.2 Water Cooling System
4.3 Fuel cycle
(Tritium flows )
4.4 Cryogenic Heat Removal System
4.5 Vacuum
4.6 Electrical Pulse Power System
4.7 Confinement Systems
4.8 Tokarnak Integrated Structural System

ITER Parameter Set
Design Description Documents
(DDD)
ITER Nuclear Analysis Report

Material Assessment Document
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I. Introduction
II. Radiation Design Limits
III. Analytic Methods of Radiation Shield Design
IV. Radiation Transport Codes and Nuclear Data
V. ITER Nuclear Parameters
VI. One-dimensional Analyses
VII. Two-dimensional Reactor Analyses
VIII. Three-dimensional Reactor Analyses
IX. Radiation Maps
X. Water Activation Analyses
XI. Miscellaneous Analyses
XII. Uncertainties
XIII. Observations and Conclusions
1. Structural Materials
1.1 Stainless Steel
1.2 High Strength, High Conductivity Copper Alloys
1.3 Corrosion
2. Plasma Facing Materials
2.1 Beryllium
2.2 Tungsten
2.3 Carbon Fibre Composites
3. Manufacturing Process Coating
Technologies
3.1 Coating Technologies
3.2 Joining Technologies and Properties of Joints
4. Repair Technologies
4.1 Plasma Spray
4.2 Rheocast Technologies
4.3 Conclusions and Recommendations
5. Plasma-Wall Interactions
5.1 Sputtering and Self-Sputtering of Be, W and CFC
5.2 Erosion due to disruptions and Thermal Transients
5.3 Tritium
5.4 Conclusions and Recommendations

Handbooks, Manuals, Standards
1 - ITER Quality Program
2 - Quality Classification
3 - Procurement Quality Specification
3.1 -Quality Plan
3.2 - Documents and records
3.3 - Suppliers and Subcontractors
3.4 - Work Checklist
3.5 - Deviations and Nonconformities
3.6 - Release Procedure
Remote Handling and Standard 1. Standard ITER Components
2. Standard Remote Handling Devices
Components Manual
3. Standard Remote handling Methods
1. Radiation Hardeness Application
Radiation Hardness Design
2. Radiation Hardeness Devices, Materials, and Components
Manual
QA

Material Properties Handbook

Overview of ITER Structural
Design Criteria

Engineering properties of materials used in ITER and
materials studied in ITER EDA. including:
Austenilic steels
Ferritic sleel
Copper and copper alloys
Inconel 625
Incolloy 908
Vanadium alloy
Titanium alloy
Beryllium
Tungsten
CFC
Note: cryogenic properties of magnet materials are not
included yel.
1. Introduction
2. Basis and Summary of criteria
2.1 Superconducting coils and structure (SCCS)
2.2 Vacuum Vessel ( W )
2.3 In-vessel components: blanket and divertor
2.4 Cryostat
2.5'Tokamak heat transport systems
2.6 (etc. for other component groups)
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Structural Design Criteria for
In-vessel components

Details of structural design criteria, presently written only for
in-vessel components, including effects of irradiation on
material, high temperature rules (TBD), and multi-layer
materials (TBD).
A.
General
B.
In-vessel components (definitions and design rules).
C.
TBD
Appendix A.
Material design limit data

Vacuum Design Handbook

Appendix B.
Guidelines for analysis, in-vessel
components
Appendix C.
Justification of design rules, in-vessel
components
Appendix D.
Guidelines for design by experiments, invessel components (TBD)..
1. Scope
2. Applicable documents
3. Vacuum requirements
4. Materials
5. Processes
6. Final preparation
7. Testing and inspection
8. Documentation & QA requirements
9. Design guidelines
10. List of approved vacuum components
11. Installation
12. Maintenance
13. Decommissioning
Appendix 1: Joining methods
Appcndix2: Cleaning
Appendix3: Leaks
Appendix4: Experience gained at existing Tokamaks
Appendix5: Vacuum overview

CAD related deliverables
1. Introduction
ITER Computer Aided Design
2. CAD User information for CATIA
Reference Manual
3. Written Information
4. Drawing Practice
5 Types of Drawings
Drawing Trees
CAD Models
Assembly, Subassembly and
Detailed Drawings,
Videos
Technical Specifications for procurement
Strand & cabling
Jacket Material
jacketing
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IC-12 ROD
Attachment 4

ITER Joint Fund - Accounts for 1996
Report by the Director
l.

Introduction

In accordance with Section 8 of the ITER Joint Fund Financial Rules, this paper
provides the consolidated accounts for 1996 of the ITER Joint Fund and the
Director's report on the operation of the Joint Fund in 1996. The report was
presented to MAC with additional supporting data for review before submission
to ITER Council.

2.

Operation of the Joint Fund

1996 was the third year of operation of the ITER Joint Fund which was
established under Rules first agreed at IC-5 in January 1994 (IC-5 ROD 3.2). 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 each of whom has legal personality in the territory of
one of the Parties and has undertaken to administer the expenditure of the fund
at the request of the Director and his designees.
The Agents that operated the Joint Fund in 1996 were unchanged from 1995,
namely:

Territory

Agent

EC Party

IPP Garching

JA Party

Nippon Advanced Technologies

RF Party

Minatom

US Party

SAIC

In accordance with Article 5.11 of the Financial Rules, delegated powers were
exercised by the Administrative Officer (for interactions with IAEA and for
setting detailed budgets for each agent) and by the Deputy Directors (for
authorising items of expenditure at their Sites and for approving consequent
payments). The Administrative Officer also exercised delegated authority for
authorising expenditures and payments by the RF Agent.
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3.

Approval of the 1996 Budget and Budget transfers in 1996

On advice of MAC, IC-8 approved the Director's proposals for a 1996 Joint Fund
Budget and allocation by main budget articles to the Agents for a total of $2.4
million (IC-8 ROD 4.1). In accordance with Rule 5.7.3, on proposals from the
Director and on MAC advice, IC-10 approved transfers in the 1996 budget
between Main Budget Items and between Agents (IC-10 ROD 1.7 ii).
4.

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.extemal 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 concerning Joint Fund Activities for 1996 or
for previous years of Joint Fund operation.
5.

Implementation of the Budget in 1996
Contributions to IAEA and Distribution to Agents

All Parties contributed their one quarter share of the 1996 Budget of $2.4M. One
Party made its contribution before the end of 1995; the others made their
contributions during 1996. In addition, two Parties made their contributions in
respect of the 1997 budget during 1996. The project was regularly informed by
IAEA of the receipt of contributions.
At the request of the Project, the IAEA transferred to Agents a total of $2,322,825
during 1996. Of this total, $224,825 was transferred in respect of funds carried
forward from 1995 and $2,098,000 was funds from the 1996 Budget.
Table 1 shows the statement of contributions to and transfers by the IAEA.
Avents' Expenditure against Budget

The Council-approved budget allocations for each Agent (including
appropriations carried forward from 1995 and budget transfers) and expenditure
against Budget are shown in Table 2.
All of the unspent 1995 balances were spent during 1996 for a total of $568,444.
Total expenditure of 1996 Budget provisions by the Agents (including
commitments) was $2,025,695 against a total budget for the year of $2,400K.
Travel and Subsistence

Total Joint Fund expenditure on Travel and Subsistence, including use of the
carry-forward and commitments charged in 1996, amounted to $717K. This total
equals about 91.3% of the initial budget 1996 Budget provision for that Article. A
part of the expenditure ($189K) was funded from the provisions carried forward
from 1995; the availablility of these funds made it possible to transfer some travel
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and subsistence provisions to meet new demands for "Other Expenditure."
Most of the Joint Fund Travel and Subsistence expenditure (76%; $547K) was
accounted for by the top levels of JCT management to whom the UER Council
agreed that Joint Fund travel arrangements should apply—the Director, Deputy
Directors and Administrative Officer, and Division and Unit Heads—fifteen
people in total.
The ITER Council has accepted that, under the Director's authority, the Joint
Fund could support the priority travel needs of other members of the JCT having
no Joint Work Site on their territory. Total expenditure in this area amounted to
$146K distributed between 28 JCT members. In addition, Travel and Subsistence
costs incurred by RF staff travelling to the Joint Work Sites in connection with
the RF Design Support work are also charged to this Budget Article. $17K was
incurred for this purpose in 1996.
The Joint Fund has also been used to support the travel and susbistence costs of
bringing the Secretary of the ITER Office at IAEA to assist at ITER Council
meetings IAEA (IC-6 ROD Attachment 11). In 1996 $8K was incurred for this
purpose.
Analysis of the travel patterns for the three Joint Work Sites shows a reasonable
degree of uniformity and stability between the Sites and over time. The data can
be used to support future budget estimates with some confidence.
Other Expenses

Total expenditure on Other Items amounted to $1,877K of which, $379K
represented expenditure of the 1995 provisions carried forward and $1,498K was
expenditure against the final 1996 Budget for this article of $l,780K:
Following IC-8 support of proposals from the RF Party (IC-8 ROD 4.3), the use of
the Joint Fund for design support contracts undertaken in Russia developed
rapidly. One effect of this development has been that expenditure on Other
Items is now distributed quite uniformly between the Agents.
The note to Table 2 shows the charges for Agents' costs of administration. As in
1995 these costs vary according to the different modes of operation of the Agents
in the context of their normal operations.
Unspent appropriations from the 1996 budget will be carried forward to 1997 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, ie receipts of funds from
the IAEA, disbursement of funds in accordance with Budgets and expenditure
instructions, and opening and closing balances.
The Flow of Funds Statements show any exchange variations resulting from the
fact that the fund and its accounts, are denominated in US Dollars but are
normally spent in the domestic currency of each Agent.
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Director's Observations on the operation of the Joint Fund in 1996
1

General Observations and Acknowledgement
During 1996 the Joint Fund operations reached a level of maturity and
stability in scale and content, showing a reasonable uniformity between Agents
relative to the differing conditions and circumstances of each.
The Joint Fund Agents at the three Joint Work Sites have continued to
respond constructively to the needs and requests of the Project under the Joint
Fund Rules and within the general framework of their normal financial
procedures. The RF Agent has also co-operated well in implementing the new
arrangements for design support contracts. The continuing efficient efforts of all
the Agents are acknowledged and warmly appreciated.
2

Receipt of Contributions
The overall rate of expenditure was affected by delays in the receipt of
some contributions. For almost all of the year, the Agents' spending
authorisations had to be constrained within the limit of available funds below the
budget appropriations. Although all funds were received before the end of the
year, the delay caused some disruption to spending plans.
3

RF Design Support
An important feature of expenditure under the heading "Other Items" was
the successful and rapid development of the system under which RF institutes
undertake design contracts in support of and directed by the JCT. At the request
of the JCT, the RF Agent has invested in CAD hardware and software which is
presently distributed among four design organisations. During 1996, work was
undertaken on 17 design support contracts to a total value of $417,000.
A robust system, which takes account of the distances involved, has been
introduced to manage the contracts, both technically and financially. The main
steps in technical management such as contract definition and approval, review
and acceptance of progress reports, release of new stages and acceptance of final
reports are reflected in simple financial management procedures involving
documents exchanged between the JCT and the RF Agent which provide formal
financial authorisation and audit trail for conclusion of contracts, release of
stages, and payments according to progress.
4

Joint Fund Property
At the Director's request, each Agent has provided with its accounts an
inventory of durable items of property bought at the expense of the Joint Fund.
Over the three years of Joint Fund operation to date, the total of such purchases
amounts to about S2.236M distributed among agents as follows:

rpp
$459K

NAT
$864K

Minatom
$362K

SAIC
$551K

Total
$2,236K

The inventories are composed almost entirely of items of information
technology—hardware and software bought in response to pressing project
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needs that could not be satisfied within the limits of Host Support budgets.
They comprise largely tools to support and enhance the efficiency of JCT work,
notably workstations for engineering and scientific analysis, enhancements to
desk-top capacity in light of changing standards and demands and
improvements to data storage and communications capability.
The RF Agent's inventory of computer hardware and CAD and
communications software to be used in the RF design contracts has recently been
checked and confirmed by JCT staff.
Under Section 7 of the Joint Fund Financial Rules, the Agents hold title to
items of Joint Fund Property on behalf of the Four Parties and for the duration of
the EDA. At the end of the EDA, the ITER Council shall make proposals about
the disposition of such items. The Agents are also responsible for the care and
custody of Joint Fund items.

RECOMMENDATION:
The ITER Council is invited:
1. to approve the consolidated Annual Accounts of the ITER Joint Fund
for 1996;
2. to note the Director's report on the operation of the Joint Fund in 1996.
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ITER JOINT FUND
1996 ACCOUNTS
TABLE 1:

Statement of Joint Fund Contributions to and Transfers by IAEA
US Dollars

1)

2)

Opening Balance of Funds
carried forward from 1995
Budget

224,825

Transfers made to Joint Fund
Agents in respect of 1995
Budget

3)

Closing Balance of Funds from
1995 Budget

4)

Contributions to 1996 Budget
received from ITER Parties

5)

6)

Transfers made to Joint Fund
Agents in respect of 1996
Budget

(224,825)

2,400,000

(2,098,000)

Closing Balance of Funds for
1996 Budget

302,000

Note:
The Joint Fund Agents in the territories of the four Parties were: IPP, Garching (EC); Nippon
Advanced Technology (JA); Minatom (RF); and SAIC (US). During 1996, funds were
transferred to the Agents in the four territories as follows:
US Dollars
1995 Budget
1996 Budget
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EC

14,200
548,000

JA

110,000
575,000

RF

100,625
360,000

US
615,000

Total
224,825
2,098,000

1TEK JOINT FUND
1996 ACCOUNTS
Table 2: Statements of Budgel and Expenditure (US. Dollars)
IV p

NAT

Minium

Tnlal

SA1C

TfflV^l P

1995 Budget cany forward
Expenditure of 1995 Budget c/f
Unspent 1995 Budget appropriations
Initial Allocation of 1996 Budget
Amendment of 1996 Budget
Final 1996 Budget Allocation
Expenditures of 1996 Budget:
Payments
Commitments charged to 1996 accounts

1995 Budget cany forward
Expenditure of 1994 Budget c/f
Unspent 1995 Budget appropriations

(1)

a

m

Initial Allocation of 1996 Budget
Amendment of 1996 Budget
m
Final 1996 Budget Allocation
pi
Expenditures of 1996 Budget:
Payments
Commitments charged to 1996 accounts

42,724
42,724
0

112,160
112,160
0

18,470
18,470
0

16.105
16,105
0

189,459
189,459

210.000
(50,0011)
160,1X10

230,000
(100,000)
13(1,000

3II.CKK]
(15.XXK1)
15.000

315,000
0
315,000

785,000
(165,000)
620,0(10

159,458
0

68,913

6,723

253,414
38,935

483,508
38.935

66,271
66,271
0

59,198
59,198
0

149,381
149,381
0

104,135
104,135
0

378,985
378,985
0

490,000
(45,000)
4-15,01 K)

470,000
(5,000)
465,000

170.000

260,000
•130,000

485.000
(45,000)
440.000

1,615,000
165,000
1,780,000

235,863
139,000

456,010
(1

363,349
4(1,50"

204,885
58,645

1,260,107
238,145

108,995
108,995
<J

171,358
171,358
a

167.851-.
167,851
(1

120,240
120,240
I)

700,000
(95,01X1)
6115,000

700,000
(105,000)
595,0011

2(«),(KK)
2.15,000
445,000

800,000
(45,000)
755.000

568.444
568,444
0
0
2,400,000
0

524,923
0

370,072
40,5(10

458,299
97,580

Total Expenditure
1995 Budget carry forward
Expenditure of 1995 Budget c/f
Unspunt 199S Dudgul appropriations
Initial Allocation of 1996 Budget
Amendment of 1996 Budget
Revised Budget Allocation
Expenditures of 1996 Budget:
Payments
Commitments charged to 1996 accounts

ID

a

395,321
139,000

2,400,(100

1,748.615
277.080

Notes:
W Th* 1995 cany forward Is derived from the approvedl995 accounts (1C-1D ROD AUACIMKIII 5)
I2) 1996 Budget allocations, including amendments, are as approved ai 1C-11) (IC-10 ROD AUdCtimenl 6).
Pf Other expenditure! Indudit charges for Agents' cosis of Administration as follows:
US Dollan
I££
HAL
MiiWluw
Budget Provisions
25,000
86.000
25,000
Actual Charges (paid m d committed)
21,000
75,000
15.00U

89,000

225.000

74,000

las.uoo

ITER JOINT FUND
1996 ACCOUNTS

Table 3: Flow of Funds Statements
(!)
IPP
1)

Opening Balance (Ol-Jan-1996)

2a)

Transfers received from IAEA
1995 IJudget

(2)

Minatom

NAT

SAIC

Total

94,795

59,643

67,226

120,240

341,904

14,200
548,000

110,000
575,000

100,625
360,000

0
615,000

224,825
2,098,000

0

472

656,995

745,115

527,851

735,240

2,665,201

504,316

696,281

537,923

578,539

2,317,059

1996 Budget
472

2b)

Other credits (interest)

2)

Total credits (l+2a+2b)

3a)

1996 Payments

3b)

Commitments charged to 1996 accounts

139,000

0

40,500

97,580

277,080

3)

Total Expenditure (3a+3b)

643,316

696,281

578,423

676,119

2,594,139

4)

Currency Variation (5-2+3)

5)

Ending Balance (31-Dec-1996)

(958)
12,721

(5,389)

(4,231)
44,603

(50,572)

59,121

65,873

Notes:
(1) Expenditure of currencies olher than U.S. dollars is based on transactional-based exchange rates for 1995 as provided by the Agent. Any final balances of other currencies are
evaluated at year-end exchange rates
ffl Expenditure of currencies olher than VS. dollars is evaluated at an average exchange rale (or 1995 provided by the Agent. Any final balances of other currencies are
evaluated at year end exchange rates.

IC-12 ROD
Attachment 5
THE HER JOINT FUND
1998 BUDGET
Proposal by the Director
In accordance with article 3 of the UER Joint Fund Financial Rules, this paper
sets out the Director's proposals for the Budget of the Joint Fund 1998 for
consideration by MAC before submission to ITER Council for approval. The
proposals are set out in Table 1 which shows the budget allocation to Agent and
broken down by Main Article of Expenditure as required by Article 3. Additional
supporting documentation was presented to MAC-12 for review before
submission of these proposals to Council.
The current termination date of the EDA is 20 July 1998. However, the ITER
Council has emphasised the importance of maintaining continuity for ITER and
has invited the Director in consultation with the Home Team Leaders tp_._
elaborate the activities and resources needed to provide such continuity.
Against this background, the Joint Fund Budget proposals for 1998 have been
developed on the basis of a flat budget for the year, following established
patterns of common expenditures, but limiting the formal request at this time to
55% of the estimated total for the year to reflect the 6% month period from
1 January to 20 July.
The provisions for Travel and Subsistence are based on what are now quite wellestablished patterns of experience, and assume essentially no changes in the
numbers and types of people whose travel costs are covered by the Joint Fund.
The budget estimate for the full year is $800,000; the request for the current
period of the EDA Agreement is 55% of this total — $440,000.
The budget proposals for "Other Expenses" are formulated on the usual basis
that the Joint Fund expenditure is used to support common expenses which
complement the support provided by the Host Parties under Article 14 of the
EDA Agreement, eg providing for special upgrades, process management
software and other supplementary software, communications enhancements etc,
and to meet urgent or unexpected demands outside of the planned scope of Host
support.
The expenditure plans for the RF Agent reflect the success of the arrangements
that have evolved over the last two years as recognised when IC-11 approved a1
supplement to the 1997 Budget to extend the scope of the support (IC-11 ROD
Attachment 8). This work is separate from the design tasks allocated to the RF
Home Team.
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Table 1: Proposed Il'tK Joint Fund Budget - 1998 (to 20 July)
RF
Budget
US
EC
JA
Article
116
121
22
Travel and
181
Subsistence
180
237
206
313
Other
Expenses
296
327
335
418
Total

Total
440
936

1376

EXPENDITURE BUDGET BY ARTICLE
1.

Travel and Subsistence

The provision for travel and subsistence to 20 July 1998 reflects 55% of an
estimated whole year requirement of $800,000. This estimate would cover the
expected travel of the Director and the established group of senior JCT staff
whose travel needs are supported by the Joint Fund and would include, in
accordance with IC-8 ROD, $165K 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.
The Travel and Subsistence estimate for the RF Agent includes the costs of
sending the secretary of the IAEA ITER Office to assist at ITER Council meetings,
as agreed by IC-6, and a small allowance for the costs of travel between the RF
and Joint Work Sites for RF liaison staff involved in design support work. 2.

Other Expenses

Special Common Services
The budget for design support in RF under JCT direction is charged to this line.
The design support services are expected to be used extensively in the ongoing
development of Design Description Documents as key EDA deliverables. The
provision is based on an estimate for the full year of $500K for this purpose.
Other services covered include videoconferencing, licences and leases and
provisions for urgent design-related needs at the Joint Work Sites or for specific
additional support needs which fall outside the recognised Host responsibilities.
The full-year estimate for these other common services totals $195K, leading to a
total of $695K. The budget provision to 20 July is $382K
Management Systems

The principal CATIA capacity at the JWSs is provided and maintained by the
Host Parties; the Joint Fund expenditure on Managment Systems has therefore
focussed on complementary items such as:
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•
•
•
•
•
•
•

the procurement and maintenance of complementary AUTOCAD capacity at
the JWSs, including the facility to integrate input from the RF Design Support
activities;
supplementary scientific/analysis work stations and upgrades;
special upgrades to existing capacity to cover the growing throughput of
detailed drawings;
data safety and storage;
communications and network improvements;
maintenance and enhancement of process management systems, including
possible implementation within Home Teams;
specific enhancements to desk-top equipment and software.

As noted in the Director's report on Joint Fund operation, the value of stock of
equipment bought with the Joint Fund from 1994-1996 exceeds S2.3M. A
significant provision must therefore be made for associated maintenance and
service costs and for consumables required for this equipment (and for the
limited number of additional items being bought in 1997).
In the first half of 1998, there will be strong emphasis in the Project in ensuring
that the full results of the EDA to date are fully collated and registered and
rendered accessible efficiently to all the ITER Parties. Provisions are therefore
made for expenditure on data management, manipulation, storage and
communications capacity for this period.
Projected expenditure in this area for a full year is $733K; the budget provision
for the period to July is $403K.
Publications and Public Information

The provision made for this item is set at 55% of a full year estimate of $48K to
provide for publication of technical documents and other material for public
information. In line with the view expressed at IC-9, it is expected that Home
Team resources will also be used as appropriate in this area.
Representation

The provision for this item represents 55% of a whole year estimate of $26,000 to
cover the JCT's overall representational needs. The allocation to Agents takes
account of the needs at the three Joint Work Sites (reflecting the balance of senior
staff).
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:
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Table 2: HER Joint Fund - Budgets for Agents' costs of administration
Agent
EC
RF
Total
JA
US
Agent's
14
41
8
46
109
Admin
costs ($K)
INCOME BUDGET BY PARTY
On the basis of equal contributions, the necessary contibution from each Party for
the period to 20 July 1998 amounts to $344,000.
RECOMMENDATION:
The ITER Council is invited:
to approve the Joint Fund Budget for the period 1 Jan - 20 July 1998
as set out in this paper.
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IC-12 ROD
Attachment 6

PARTIES' DOMESTIC ASSESSMENTS OF
THE DETAILED DESIGN REPORT
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EU DOMESTIC ASSESSMENT COMMENTS
OPINION
OF
THE CONSULTATIVE COMMITTEE FOR THE FUSION PROGRAMME
(CCFP)
ON
THE INTERNATIONAL THERMONUCLEAR EXPERIMENTAL REACTOR
(ITER)
DETAILED DESIGN REPORT, COST REVIEW AND SAFETY ANALYSIS
(DDR)
Brussels, 16 April 1997
INTRODUCTION
The ITER Council at its December 1996 meeting accepted for consideration by the ITER Parties
the ITER Detailed Design Report, Cost Review and Safety Analysis (DDR), with a view to
approve it at its July 1997 meeting. The DDR is supported by the "Technical Basis for'the
ITER Detailed Design Report, Cost Review and Safety Analysis" together with other technical
documents produced by the Joint Central Team, and the "Non-Site Specific Safety Report"
(NSSR-1).
The Services of the Commission have asked the CCFP to conduct the European assessment of
the DDR with the involvement of industries and laboratories.
The CCFP has set up a complete bottom-up review of the physics and technology basis of the
ITER DDR, of the DDR itself, and of the Safety Report, with a wide participation of
laboratories and industry, resulting finally in the recommendations of the Fusion Technology
Steering Committee - Planning (FTSC-P) (Attachment).
In January 1997, the Services of the Commission provided the DDR to the Council of the Union
for information.
OPINION
The CCFP
having had an in-depth exchange of views on the basis of the report from the FTSC-P:
endorses the Recommendations of the FTSC-P on die European Domestic Assessment of the ITER
Detailed Design Report, Cost Review and Safety Analysis, and
expresses the opinion that
•

there has been clear progress in the physics R&D since the IDR. Indeed, on the basis of
scaling laws derived from on-going Tokamaks experiments, the uncertainties in predicting
the performance of ITER have been reduced in most areas. However, specific technical
recommendations made by the FTSC-P on the issues that deserve particular attention in
the remaining design and R&D activities should guide the position of the Euratom
representatives in the various ITER bodies:

49

experimental work on the Tokamaks with ITER-like geometry, especially on JET,
has to continue on the regimes and operating scenarios envisaged for 1TER,
in engineering, while the machine structure presented in the DDR is fully responding
to the operational requirements, work has to continue on a number of items, in
particular remote maintenance and repair procedures, to finalize the design and to
complete the supporting R&D and prototype testing;
the R&D activities included in the EDA to enlarge the technological databases are fully
under way, involving the European Associations and Industry. It is to be noted that, by
the end of the EDA, EU Industry will have, overall, manufactured prototypical models of
all the key fusion specific components of HER;
the DDR confirms and corroborates the design as presented in the Interim Design Report,
Cost Review, and Safety Analysis (IDR). The ITER parameters are commensurate with
the ITER objectives, and the design provides the requisite flexibility to deal with the
remaining uncertainties by allowing for a range of operating conditions and scenarios for
the optimization of the plasma performance.
The detailed design, as presented in the DDR and annexed documents, represents a
satisfactory basis to address the remaining open issues in view of the Final Design Report
to be delivered at the end of 1997;
the efficient management by the ITER Director together with the continuing integration
process of the activities of the Home Teams and the Joint Central Team, which should be
further pursued, have been instrumental in achieving substantial progress in the design
and definition of technical details;
major improvements have been made to the safety analysis of ITER since the EDR; work
should continue on occupational exposure and the consequences of the worst accidents not
only to prepare for the licensing of ITER but also for its impact on demonstrating the
potential benefits of fusion. It would be appropriate to start soon a dialogue between the
JCT and experts from the regulatory bodies of all interested Parties. The work reported
in NSSR-1 forms a good basis for proceeding; improvements for incorporation in NSSR-2
have been identified by the FTSC-P;
due to the stability of the design, no substantial change to the cost of ITER has been
introduced between the IDR and the DDR; a fully revised cost estimate with Industry
input is expected to be included in the Final Design Report;
as for the construction time schedule, this will be highly dependent on the duration of the
licensing process and/or on the possibility of launching construction activities while the
licensing procedure is carried out. The proposed time schedule, which appears to be very
tight, will have to be reassessed once detailed inputs become available from possible host
countries and also from potential manufacturers;
it is appropriate that the on-going informal quadripartite "explorations" aim at preparing
the technical basis for a start, early in 1998, of negotiations concerning ITER activities
after July 1998, so as to avoid any hiatus.
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INTRODUCTION
The ITER Detailed Design Report (DDR) was accepted by the ITER Council at its December
1996 meeting for consideration by the ITER Parties. The ITER Detailed Design Report, Cost
and Safety Analysis document is supported by the "Technical Basis for the ITER Detailed
Design Report, Cost Review and Safety Analysis" together with the other design documents
produced by the Joint Central Team (JCT) and by the "Non Site Specific Safety Report".
The organisation of the European domestic assessment was assigned by the CCFP to the
Fusion Technology Steering Committee - Planning (FTSC-P), under the chairmanship of
Dr R. Andreani.
The FTSC-P appointed a European ITER Assessment Group (see Annex) consisting of 74
experts from Research Institutions and Industry addressing three main areas of the project:
Physics, Engineering and Safety - the Engineering sub-group had 50% of its members,
including the co-chairman, from EU industry. The Group started working in January 1997 and
prepared its findings for consideration by the FTSC-P at its meeting on 24 and 25 March 1997.
On the basis of the ITER Assessment Group findings, the FTSC-P makes the following
recommendations to the CCFP.
1. STATUS OF THE PROJECT
The integration in the conduction of design and R&D activities between the JCT and the Home
Teams of the Parties has worked very satisfactorily also in the period after the Interim Design
Report (IDR).
Considerable progress has been made in the definition of the general machine concept as
presented in the IDR and in the design of the core components and auxiliary plant. As a result,
no changes in the main machine parameters and cost from the IDR are needed.
Although the design has still to be definitely frozen in several significant details, the basic
structure of ITER is now well defined.
A large amount of work has also been made in the field of Safety. A preliminary version of the
Non Site Specific Safety Report (NSSR-1), which already collects an impressive amount of
information related to all aspects of the Safety and environmental impact of ITER, has been
produced. This document is being continuously updated following progress in design and
discussions with the experts of the parties and it will be a good basis for preliminary interaction
with the licensing authorities.
2.
2.1

PHYSICS
Progress since the Interim Design Report

There has been clear progress in the physics R&D since the ITER IDR which has reduced the
uncertainties in predicting the performance of ITER in most areas. New data from a range of
medium and large devices has further substantiated confidence in the global energy confinement
scaling. The results from a number of experiments on helium transport and pumping have
demonstrated that helium removal can be ensured by proper divertor design and is no longer a
major issue. This permits operation at lower densities than those in the Interim Design Report,
to around the empirical scaling value (Greenwald density), which can be exceeded on present
devices with pellet fuelling. The confinement picture has been further reinforced by a range of
dimensionless scaling studies on individual devices and between devices, which confirm the
favourable confinement scaling as the normalised Larmor radius decreases. Another approach
is the use of local transport models supplemented by specified edge plasma parameters. These
are currently not favoured because even with specified edge parameters they give a larger
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spread in predictions when compared with existing experiments, and should therefore be
developed further before they can be used reliably for predicting FTER's performance. The
compatibility of the global confinement picture with a highly radiating edge/cold divertor
remains an issue. The database on vertical displacement events has been improved and the
vacuum vessel strengthened to withstand them. Disruption mitigation techniques have been
demonstrated, but runaway electron production remains to be clarified. Although the recently
observed neo-classical tearing modes can reduce the B limit at the ITER collisionality in some
experiments, the 6 values are nevertheless within acceptable values for ITER.
2.2

Findings

The operational flexibility of the present ITER design can accommodate a variety of different
scenarios, ranging from the conventional ELMy H-mode to the high B p optimised shear mode.
The baseline scenario presently envisaged for ITER is the ELMy H-mode with limited power
flow to the divertor target plates.
2.2.1 Confinement and Divertor
The confinement time predicted for ITER by the ELMy H-mode scaling expression is
compatible with ITER reaching ignition and offers an approximately 30% reserve on
confinement time for obtaining 1.5 GW of fusion power by driven operation. Confidence in
these predictions has been strengthened by the dimensionless similarity experiments, which
support in particular the scaling of confinement time with size (as the inverse of the normalised
gyro-radius). Access for ITER to the H-mode is predicted by a best fit to the database for Hmode threshold conditions, but the uncertainties in this prediction remain substantial. The
planned work on ITER-relevant devices during the remaining part of the EDA should reduce
these uncertainties, moreover the expected benefits of D-T and pure T operation for the H-mode
threshold and confinement extrapolation should be clarified on JET.
Considerable progress in demonstrating particle and power exhaust which satisfy the divertor
requirements has been made and a range of options with respect to ELM type, radiated power
fraction and degree of detachment has emerged. These investigations have so far, however,
shown a tendency for the confinement to deteriorate at high densities.
Emphasis should therefore be put during the remainder of the EDA on developing integrated
scenarios satisfying divertor, impurity, and energy confinement constraints, and on further
increasing the confidence level of confinement time extrapolations, by dedicated parameter
scans (including isotope variations) in all devices with ITER-like geometry.
2.2.2 Instabilities and Control
MHD-related events and limits can be adequately accommodated within the present ITER
design provided that it retains its present operational flexibility and that means for disruption
mitigation are further developed. The successful implementation of adequate plasma, control
measures in the design is welcome, although a comprehensive analysis of the relation between
diagnostics and control requirements is still needed.
2.2.3 Heating and Current Drive
The provision of I00MW of heating power for reaching ignition and for extended burn has to
be achieved by a combination of two or more of the proposed heating and current drive
systems, since no single method can satisfy all of the physics needs for ITER. Given the rapid
developments in the R&D for the heating and current drive systems to meet the ITER
specifications, a final selection should be made at a later stage.
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2.2.4
Diagnostics
Substantial progress has been made in the conceptual design of many diagnostics systems.
Nevertheless, In view of the central role which the diagnostics will play in the control and
optimisation of ITER plasmas, it is recommended that additional emphasis must now be placed
on the further detailing of the design solutions chosen and' on the assessment of diagnostic
capabilities.
2.2.5

Conclusions on Physics

The design of ITER, in particular its divertor, provides the required flexibility to allow a range
of operating conditions in order to optimise the plasma performance. Therefore, in the opinion
of the FTSC-P, ITER has the capability to deal with the remaining uncertainties concerning the
different aspects of plasma performance.
3.

ENGINEERING

3.1 Magnet Systems
The design of the magnet systems described in the IDR has been developed during 1996.
The TF mechanical structure now supports the vacuum vessel and the in-vessel components
and takes the horizontal and vertical forces originating from plasma vertical displacement events
or seismic loads. Stress analysis of the TF magnets in the different plasma operating scenarios
should be completed.
As far as the central solenoid is concerned, the study of alternative "split" solutions, which
offer more flexibility in plasma control, has continued. No final choice has been taken yet.
Issues concerning the use of Incoloy as jacket material for the magnet conductors appear to
have been clarified, but so far only at laboratory scale.
Through the steady progress in the production of strands, cables and conductors, the
satisfactory testing of their dynamic response, and the manufacturing of the model coils of the
toroidal field magnets and the central solenoid, the design of the ITER magnet system appears
to be appropriate to provide the specified machine performance.
The design of the power supply system feeding the TF and PF coils has been defined and a
prototype module of the thyristo.r amplifier is under construction. R&D is being performed on
the large vacuum switches and on the making switches to prove their correct operation at the
current levels required by ITER.
3.2
3.2.1

Cryostat, Vessel and In-Vessel Components
Cryostat, Vessel and First Wall/Shielding Blanket

The layout of the cryostat, vacuum vessel and in-vessel components of the machine has been
developed following the lines proposed in the Interim Design Report. The design of the back
plate and of the shielding blanket / first wall has evolved in the right direction in order to
provide easier and reliable maintainability of the modules. A bolted flexible attachment system
has been designed to cope with the attainable position tolerances of the back plate. The forces
and the torques generated by plasma disruptions will be taken by the robust back plate. Within
the ongoing R&D programme one of the seven large projects is devoted to verify the proposed
solutions.
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3.2.2 Divertor and High Heat Flux Plasma Facing Components
The design of the divertor has been satisfactorily completed and will be validated through the
execution of two of the seven large projects on which the EDA R&D activities have been
focused. In particular the concept of a modular divertor comprising 60 dismountabie cassettes
will be extensively tested in a full scale facility which is under construction.
Also the design and the choice of materials for the high heat flux components of the baffle and
the Iimiter has been progressing. The final decision involving the distribution of tungsten,
beryllium and carbon fibre composites as armour material in the different areas should take into
due account the lifetime in normal and off-normal conditions, tritium retention, and other safety
aspects. Additional R&D is still required.
3.3

Assembly and Remote Maintenance

A well integrated solution for the remote handling maintenance of in-vessel components has
been designed and is being supported by two large R&D projects. In general, assembly
procedures should be examined in more detail. Improvements in design have been made in
order to achieve a high degree of compliance with expected tolerances. An overall study is
being carried out in order to optimise required manufacturing and assembly tolerances of the
;
;;
ITERcore.
In the final design report, more detailed consideration should be given to remote and hands-on
maintenance in the space outside of the vacuum vessel and within the cryostat. The feasibility
of leak detection and repair in the space between the back plate and the vacuum vessel should
also be considered.
3.4 Fuel Cycle
The design of fuel cycle systems has advanced substantially since the IDR. In particular a
cryopump system which copes with plasma exhaust gases in all operating conditions has been
designed. Fast cycling of the pumps remains a key issue which will be addressed in a recently
defined programme.
In addition, in view of the possible need for deep fuelling, it is recommended that_aiternative
deep fuelling methods be investigated and qualified for ITER.
Tritium accountancy principles and methodology require further definition and development.
3.5 Balance of Plant
The ITER Balance of Plant (BOP) does not present any critical issues for the feasibility of the
project and, although the design of some parts is still at an early stage, it is a sound basis for
the subsequent project phases. In general it will be less technologically demanding than other
areas of the ITER project but cost and scheduling will have to be carefully monitored.
The impact of dismantling on the general infrastructure and the buildings should be verified
during the EDA phase in order to optimise the design from this point of view.
It would be wise to place only a moderate emphasis on site-dependant areas that may yet be
subject to major changes, and to concentrate design effort on areas of the BOP that will not be
affected by the site selection or the authorisation process.
Effective integration of engineering activities will be especially beneficial to the BOP. The
ITER team should establish and promote common design requirements and standardisation,
monitor design changes that arise during the project that could affect cost and scheduling,
resolve pending items and maintain centralised and continuous control over the project
configuration.
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3.6 R&D
The R&D activities included in the EDA to enlarge the technological data base needed from the
project and to validate a number of engineering issues are fully launched. In particular the three
large projects (i.e. Toroidal Field Model Coil, Blanket/First Wall, Divertor Remote Handling)
where responsibility lies with the EU have reached a well advanced stage. The TF coil is at an
advanced stage of manufacture. The erection of the facilities to demonstrate divertor
replacement and refurbishment is on schedule. The manufacturing of the first wall/ shielding
blanket prototype is being launched. A wide panoply of minor but essential research tasks is
under way in industry and in the European Associations.
While the fabrication of the main prototypes will be finished or close to completion by the end
of the EDA, testing will have to extend beyond July 1998.
The EU is also a major contributor to two other large projects (i.e. Divertor Target
manufacturing and superconducting cable for the Central Solenoid Model). Overall EU
industry, within the frame of the EDA, will have manufactured prototypical models of all the
key fusion specific components of ITER, i.e. magnets, blanket, divertor and remote handling
tools.
3.7
Conclusions on Engineering
The continuing integration process of the activities of the Home Teams and Joint Central Team
has been instrumental in achieving substantial progress in the design and definition of technical
details, and should be further improved.
The structure of the machine and its engineering performance are well established. In some
areas design optimisation is still dependant on the results of R&D activities or on more
elaborate numerical investigations. A satisfactory remote maintenance system is being
developed for the in-vessel part of the machine. However, assembly, maintenance and repair
are crucial and deserve further effort. The detailed design, as presented in the DDR and
annexed documents, represents a satisfactory basis to address the remaining open issues in
view of the Final Design to be delivered at the end of 1997.
4.
4.1

SAFETY
Background Information and Safety Objectives

Since the time of the IDR, safety-relevant design changes have been made and major
extensions to the safety analyses have been performed. The NSSR-1 has been assessed
against two prime objectives for ITER design and safety analysis. Firstly, ITER must be
licensable in any of the Parties. It is acknowledged that NSSR-1 and its planned successor,
NSSR-2, are not intended to be licensing documents: however, NSSR-2 must provide all the
technical information necessary for the initiation of licensing procedures by an interested host
country. Secondly, the safety analysis must support the safety and environmental advantages
of fusion. In brief, these are that the consequences to the public from even the worst possible
accident would be very limited, and that activated waste from developed fusion plants should
not pose long-term burden on future generations.
4.2

Findings

It is clear from NSSR-1 that major improvements have been made to the design and the safety
analysis since the Interim Design Report. In particular, a large amount of high quality work
has been performed on the analysis of accident sequences and on the quantification of
inventories of energy and hazardous materials. Progress in the design has followed the
recommendations made in the previous European review of ITER safety documentation: in
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particular, the provision of a closed confinement of the Heat Transport System rooms, and the
definition of a plasma shutdown system.
The presentation of the logic of the safety methodology and its implementation should be
improved, with greater reference made to the various levels of Defence in Depth. In particular,
it should be better shown how prevention objectives are explicitly implemented in the design.
A programme of Accident Analysis Code Validation should be set up, especially for fusionspecific conditions of use. The effort could be entrusted to a specially created international
team.
NSSR-1 already demonstrates that the "no evacuation" criterion is satisfied under average
weather conditions for all the accident sequences considered. This constitutes a major
advantage for the public acceptability of fusion. The analysis should be continued to cover all
worst case accident sequences originating in the plant, in all weather conditions. For this
purpose, an assessment could be performed of the release fractions, release heights and
dispersion characteristics of the identified sequences. If the "no evacuation" criterion could not
be met for the most adverse weather conditions after such a more refined analysis,
modifications to the design might be introduced. Such an assessment might be better
conducted once potential sites are identified.
Two very low probability severe accident scenarios involve hydrogen generation inside the
vacuum vessel and magnet energy releases through arcing. These accidents should be further
investigated and passive means to minimise the consequences should be considered.
The following issues should be addressed in greater depth in NSSR-2:
-

Fire hazard, which could be responsible for common cause failure.

-

Human factors (especially design and administrative provisions to minimise the
consequences of human error)
Occupational safety is a critical area for an experimental facility like ITER, and it is important to
ensure that the analysis is comprehensive. The total individual and collective doses should
remain below current best practice in the nuclear industry. The effort in this field should be
continued with great attention in order to provide a complete assessment, including provisions
for exceptional maintenance. In addition, where the ALARA principle is claimed in the
documents, the detailed implementation of this principle should be made explicit.
NSSR-1 shows that considerable progress has been made in giving a fuller picture of the waste
resulting from ITER operations and dismantling. It is suggested to extend the description of
the data over a longer time span, and to give more information on tritiated waste. An analysis
and description of the dismantling procedures is required, and design provision to facilitate the
dismantling should be considered, if appropriate.
The analysis in NSSR-J is focused on the Basic Performance Phase of ITER, and it is
premature to comment on the issues for the Extended Performance Phase while several design
concepts for the blanket of that Phase are still under consideration.
It would be appropriate to start soon a dialogue between the JCT and experts from the
regulatory bodies of the Parties. The Parties should make efforts to facilitate this dialogue.
In conclusion: substantial progress has been made in design and analysis, in providing the
information needed for licensing, and in demonstrating potential safety and environmental
advantages of fusion, and the work reported in NSSR-1 generally forms a good basis for
.proceeding to NSSR-2. Changes and improvements, for incorporation in NSSR-2, have been
identified.
5. COST AND SCHEDULE
Some modifications in the cost of a number of items with respect to the IDR have been
presented as a consequence of design modifications and increased level of available detail, but
no reassessment of the total cost has been performed either by the Joint Central Team or by the
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European Domestic Assessment Group. The project will produce a fully revised cost estimate
with industry input in the Final Design Report. The Joint Central Team feels confident of
maintaining the costs within the present boundaries through judicious vendor responsibility
limitations, design to cost, and stimulus of commercial competition.
As far as the time schedule is concerned the importance of a strong, competent management
during the construction phase is reiterated. Some components with new advanced
technologies, such as the TF coils, present an optimistic construction time. The entire time
schedule will be highly dependant on the duration of the licensing process and/or on the
possibility of launching the actual construction while the licensing procedure is carried out.
This may vary considerably among possible host countries. As a consequence, the time
schedule appears optimistic and will have to be reassessed once more detailed inputs are
available from potential manufacturers and possible host countries.
6. GENERAL CONCLUSIONS
The Detailed Design Report of ITER confirms and strengthens the design as presented in the
IDR. ITER's main parameters have remained unchanged and have been confirmed by the
results of experiments conducted on the present generation of tokamak devices in Europe and
abroad.
Major progress has been achieved in demonstrating Helium exhaust and in clarifying the
scaling of H-mode confinement through continued experimentation. Experimental work on the
tokamaks with ITER-like geometry, especially on JET, has to continue to focus on the regimes
and operating scenarios envisaged for ITER.
The ITER parameters are commensurate with the stated objectives, and the design provides the
requisite flexibility to deal with the remaining uncertainties by allowing for a range of operating
conditions and scenarios for the optimisation of the plasma performance.
In Engineering, while the machine structure presented in the DDR has been entirely defined and
is fully responding to the operational requirements, work has to continue on a number of items,
in particular remote maintenance and repair, to finalise the design and to complete the
supporting R&D and prototype testing.
Major improvements have been made to the safety analysis of ITER since the IDR. Further
work should continue on occupational exposure and on consequences of the worst accidents,
not only to prepare for the licensing of ITER but also for its impact on demonstrating the
potential benefits of fusion.
No substantial change to the cost of ITER has been introduced between the IDR and the DDR.
The construction time schedule seems optimistic.
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Annex - Membership of the European ITER Assessment Group
The European ITER Assessment Group was chaired by Dr. R. Andreani, and was divided into
three working groups assessing the Physics, Engineering and Safety aspects of the Detailed
Design Report. The membership of the groups was:
Physics:
D. C. Robinson, UKAEA, Chairman
P.E.M.Vandenplas, ERM/KMS, Co-Chairman
H. Bruhns, DG XII
R. Saison, DG XII
K. Lackner, IPP
D. Campbell, NET
J. Cordey, JET
F. Engelmann, NET
A. Morris, UKAEA
F. Romanelli, ENEA
R. Weynants, ERM/KMS
C. Schuller, FOM
F. De Marco, ENEA
O. Gruber, IPP

J. Lister, CRPP
G. Vlases, JET
M. Chatelier, CEA
M. Kaufmann, IPP
U. Samm, KFA
D. Moreau, CEA
C. Alejaldre, CIEMAT
T. Hellsten, NFR
S. Karttunen, VTT
C. Varandas, 1ST
G. FuBman, IPP
P. Stott, JET
P. Thomas, JET

Engineering, including Cost & Schedule:
R. Andreani, ENEA, Chairman
A. Vallee, EFET, Co-Chairman
B. Turck, CEA
P. Komarek, FZK
P. Spadoni, ENEA
G. Vecsey, CRPP
F. Vivaldi, EFET
E. Salpietro, NET
E. Barratt, EFET
D. Besson, EFET
W. Dinner, NET
M. Febvre, EFET
L. Giancarli, CEA
M. Heller, EFET
A. Pizzuto, ENEA
J. Pugh, EFET
T. Todd, UKAEA
G. Vieider, NET

M. Pick. JET
M. Blaumoser, CIEMAT
G. Celentano, ENEA
J. Cordier, CEA
R. Howard, GEC Alsthom
J. Icaran, EFET
F. Olezza, EFET
E. Villedieu, CEA
D. Maisonnier, NET
F. Alonso, EFET
R.-D. Penzhorn, FZK
A. Curson, EFET
G. Smissaert, EFET
A. Ulescas, EFET
D. Murdoch, NET, Canada
A. Cheyne, EFET
G. Gob'el, EFET
J. Hayward, NET
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Safety.
J. Jacquinot, JET, Chairman
A. Bell, JET
I. Cook.UKAEA
W. Gulden, NET
L. Devell, Studsvik
H. Loffler, GRS
General editor: L.J. Baker, NET
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G. Marbach, CEA
R. Matsugu, CFFTP
A. Natalizio, CFFTP
J. Mustoe, EFET
M. Porfiri, ENEA

Opinion of the STC on the Proposal for a Council Decision
concerning the 5th Framework Programme of the European Atomic
Energy Community (Euratom) for Research and Training Activities
The Scientific and Technical Committee (STC) met on 11 and 12 June 1997,
considered the Commission's proposal (COM(97) 142 final) and held extensive
discussions with the Commission's Directors of nuclear fission and nuclear fusion
research. The Committee welcomes the continued emphasis on research into nuclear
fission and fusion in the Commission's overall proposals for the Fifth Framework
Programme. This properly reflects the current importance of nuclear energy for
electricity generation in the European Union (EU) and its likely importance in the
future.

FUSION
Fusion development in Europe, with its goal of developing prototype fusion reactors
and embracing all work on magnetic confinement fusion in the member states, has all
the characteristics of a key action.
In considering fusion research and development in .the European Union (and
worldwide) during FP5, the STC maintains the positive but cautious attitude which it
has consistently adopted in the past. It is positive not least because the fusion
community maintains consistent progress towards the demonstration of magnetic
confinement fusion. It remains cautious because there are still significant technical
hurdles on the route to reaching the goal of useful fusion energy.
The STC agrees that an experimental fusion reactor (at present assumed to be ITER)
must remain the central goal because without it the Fusion Programme would become
unfocused'and ineffective. Therefore, a major part of fusion activities within FP5
must endeavour to enhance the preparedness of the EU for, and its confidence in,
participation in ITER construction at an appropriate time after FP5. This requires the
extension of the ITER EDA, which must include:
• sites specific designs and licensing preparations;
• extending prototypes testing;
• finalizing arrangements for industrial procurement;
• organizational and management aspects, with increased industry involvement;
• cost-sharing negotiations;
• site selection and licensing.
As the time for ITER'construction becomes closer increased industry involvement in
what will be a very large project will be essential.
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The STC stresses the importance of:
• setting clear milestones for the preparatory tasks;
• Europe proposing at least one site for the licensing preparation work;
• adapting the European fusion Programme, in financial and organizational ways, to
enable ITER construction to begin in FP6;
• continuing to focus the work of JET and other existing tokamaks'on support for the
ITER EDA. Further use of the JET facility after the end of the current programme
in 1999 would be valuable to consolidate the ITER operations physics base.
In this way, all the elements important for the decision to construct ITER would be
brought together and thereby the European preparedness to participate in a global
project would be enhanced.
Because the route from an experimental fusion reactor of the ITER type to a
demonstration reactor is not yet clear, work on concept improvements both on
Tokamak and Stellerators must be continued. Any practical fusion reactor will also
need much technological development which should also be done via international
collaboration.
The STC recognizes-that the fusion tasks to be carried out in the 5th Framework
Programme are similar in dimensions and importance to those covered in the 4th
Framework Programme.
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J A D O M E S T I C ASSESSMENT C O M M E N T S
On the Review of ITER Detailed Design Report
June 25, 1998
Fusion Council
An international joint design work of ITER has been implemented as an
experimental reactor "to demonstrate controlled ignition and extended bum of
deuterium-tritium plasmas, with steady state as an ultimate goal, by
demonstrating technologies essential to a reactor in an integrated system"
(EDA Agreement). In December 1996, the Detailed Design Report has been
presented by the Director to the Parties as the third milestone of the project
following the Outline Design Report (January 1994) and the Interim Design
Report (July 1995).

In August 1996, the Council made a report "on the Relationship between the
International

Thermonuclear

Experimental

Reactor

(ITER)

and

the

1

'Experimental Reactor in the Third Phase Basic Program of Fusion Research
and Development" and has been monitoring the progress of the engineering
design activities and research and development of the ITER project. Because
the Detailed Design Report is a comprehensive summary of the activities in the
1'1'HR project up to the present stage, and the Report is an important basic
material which gives a prospect of future success of the ITER project, a
review from a wide range of view points has been made at the ITER EDA
technical subcommittee of the Council involving external experts, and
presenting materials to the public as much as possible. The report of the
subcommittee has recently been provided as attached. After examination, the
Council acknowledged the report of the subcommittee as an appropriate one,
and summarized the Council's views as follows:
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1.

As for the engineering and physics sides, the Detailed Design Report shows an
improvement in the coherence of the whole design compared to the Interim
Design phase, and the physical and other basis supporting the design are also
strengthened substantially.

More detailed or quantitative descriptions are

needed for several points, and it is necessary for those issues to narrow the
design options which are left open. Future progress is also expected in the
investigation from systematic point of view to integrate each subsystem into an
overall system. For these points, appropriate actions are needed in future,
aiming at the objectives of the Engineering Design Activities; "a detailed,
complete, and fully integrated engineering design" (EDA Agreement).

2.

As for the safety analysis, there is a progress in the Detailed Design Report of
the comprehensive analysis of safety and environmental adaptability, and the
report is recognized to be appropriate as a design at the present stage.
Although the design of ITER needs to be adapted in the final phase to the
philosophy of the safety regulation of the host country, the present design is to
satisfy the international standards, etc. applied to existing nuclear facilities,
and therefore, a satisfactory safety assurance is expected to be made. Further
analysis of safety assessment throughout the project needs to be conducted in
future including safety analysis of the Extended Performance Phase (operation
of the latter 10 years mainly aiming at the steady state operation) which is not
described in the Detailed Design Report.

3.

Cost increase has been suppressed during the progress of design and detailed
analysis of each device, etc., and a description in the Detailed Design Report
that the cost remains to be the same level as that of Interim Design phase is
appreciable. As one of the problems at this time of the ITER Project is its high
cost, it is necessary to make further efforts in future to reduce the cost of the
project as a whole.
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4.

As for the rationalization of design margin of construction (fabrication) and
operation based on the results of future research and development, safety
analysis as a whole, cost analysis, etc., more detailed and realistic description
is required, along with the progress of activities towards construction.

As a whole, the Council acknowledges that the Detailed Design Report is
appropriate in a stage of design progress because a full consideration has been
made to the review results of the Interim Design report of the Parties and a
significant improvement has been made in consistency of the whole design.
The Council has enough confidence that the technical objectives of ITER will
be accomplished based on the facts that a prospect of accomplishing ignition
and long burn is being attained through strengthening various data bases, that
no large obstacle is foreseen to a smooth progress of the engineering design
activities reflecting the review results of this stage, that more substantial data
are expected to be attained before the Final Design Report (planned in
February 1998) of the present Engineering Design Activities, and that enough
design flexibility has been incorporated considering the characteristics of an
experimental reactor.

Furthermore, the Detailed Design Report shows that ITER can be constructed
in any one of the Parties through design modifications considering the actual
site conditions.

The Council takes it appropriate that the design activities

would be proceeded to a summary phase in line with the direction shown by
the Detailed Design Report, and that it is important to confirm a healthy
progress of ITER project by having another review of the results of that phase
planned in February 1998.
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Report of Domestic Review
on the ITER Detailed Design Report

June 2, 1997

Technical Subcommittee of ITER/EDA
Fusion Council
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1. Introduction
1. 1 Review Procedures
There are several milestones in the Engineering Design Activities (EDA) of
the International Thermonuclear Experimental Reactor (ITER) which has been
conducted under the cooperation among the four Parties, Japan, US, EU and
RF, since July 1992, and the Interim Design which is the basis for the design
work had been elaborated at the 9th ITER Council held in December 1995. As
a result of the following progress of the design, the present milestone, the
"Detailed Design Report" which consists of the main text of the Detailed
Design (about 30 pages reported by the Director) and its supporting technical
documents (about 700 pages) had been presented to the ITER Council at its
11th meeting held in December 1996. Both documents are to be reviewed
domestically by each Party, and the review results will be reported at the 12th
meeting of the ITER Council to be held in July, this year. The technical
subcommittee of ITER EDA under the Fusion Council of the Atomic Energy
Commission, which had conducted a technical review at the Interim Design
phase, has carried out assessment and investigation work, establishing three
working groups on physics, engineering and safety, because of the significance
of the Detailed Design which has been documented on the basis of progress of
ITER design during one and a half year after the Interim Design. Based on
the results from three working groups, the technical subcommittee has
conducted the overall assessment, and produced the report as follows.
1.2 Viewpoints
Review from general viewpoints as shown below has been conducted on the
Detailed Design Report and its technical documents.
1) Are the tasks stipulated in the Articles 1 (Purpose) and 2 (Scope) (a) - (d) of
the ITER EDA Agreement properly implemented, or are they expected to
be conducted within the term?
2) Is the design consistent / coherent on the whole?
3) Is the feasibility of realizing the ITER technical objectives concretely
described?
4) Is sufficient design consideration on assurance of safety made?
5) Is sufficient design consideration on cost made?
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6) Is recent science and technical data fully reflected to the design?
7) Is the flexibility in the construction and operation phase considered?
8) Is the design reasonable as the basis towards the Final Design? Are the tasks
made clear for it?
9) Wouldn't the design preclude the siting in Japan?
10) Are comments from Japan to the Interim Design sufficiently considered?

2.

The status of the Detailed Design Report (DDR)
After the Interim Design Report (IDR), the DDR is the third milestone in the
ITER EDA. The DDR provides the technical basis for the design progress
towards the Final Design Report (FDR).
According to the Agreement of the ITER EDA, the objective of EDA is "to
produce a detailed, complete, and fully integrated engineering design of ITER
and all technical data necessary for future decisions on the construction of
ITER (Article 1)," and the DDR is an important basis to assure that the above
objective is expected to be sufficiently achieved by the planned progress of the
rest of the design activities.
Since the present ITER EDA provides the general design basis that does not
presume any actual site of the construction, modification or change of the
design to adapt for the potential host country and/or possible construction site
is to be conducted towards the actual construction. Also in the flexibility of
the operational range and safety, there are some issues that need to be made
clear before the manufacturing (or construction) is begun or by the time
required for regulatory procedure.

3.

General Assessment
In the DDR, significant progress has been made from the Interim Design in the
aspect of the overall design consistency, and the database has been substantially
improved by the physics R&D. Accordingly, the ITER design activities is in
the way of assuring that the technical objectives of the self-ignition and
sustaining 1.5GW of fusion power output for longer than 1000 seconds would
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be achieved by the operation scenario to operate the plasma under ELMy-H
mode confinement while continuously removing He ash and controlling heat
and particles with divertor. Confinement performance, divertor function, or
density and beta values which ITER needs have been mostly achieved
individually in the existing tokamak experiments. For stable progress of the
ITER Project, it is important to make further improvement of the database for
validating that these requirements are met simultaneously.
The physics basis of ITER has been significantly improved by the physics
R&D by the Parties. In order to further confirm and improve the validity of
the design towards the actual construction of ITER, data on the scaling of the
energy confinement, input for L-H transition, intensity and the profile of the
halo current, divertor plasma, etc. are expected to be more extensively
accumulated. Regarding the diagnostic devices, consideration is needed on the
interface with the plasma control systems. In order to make progress of
technologies for fusion reactors in the future, it is desirable that the database is
to be well improved for the operational scenario with maximum use of the
advantages of the negative shear to ITER.
In the engineering aspect of ITER, l)adequacy of the structure, 2)performance
of required function, and 3)integrity of the system of components and of the
entire plant were reviewed. In that process, not only the DDR but also the
engineering R&D activities were reviewed to appraise the feasibility of the
design.
Regarding structure, each component has been designed with the consideration
of its individual conditions (stress, temperature, radiation levels, etc.) so that
the existing standards would be met as far as they can be applied, and thus
DDR would be recognized as an adequate basis of the structural design. In the
rest of the design activities, it is desirable that the validity of the structure is to
be confirmed in the region where the existing standards and regulations might
not be applied.
Regarding the function of components, description of the DDR was reviewed
to be adequate and function would be realized as a whole, while in some cases,
future R&D and functional tests would be planned to establish the database to
confirm the technical margin in manufacturing and operation.
Regarding the system, description of the DDR stays still in the stage of the
conceptual design on the assembly of the entire system and maintenance and
optimization of the subsystem interfaces, and thus the design is expected to be
more concrete and mature towards FDR.
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As for the safety assessment of the ITER, great progress has been made in
comprehensive safety and environmental analysis from the view point of the
"defense in depth" and "ALARA (As Low As Reasonably Achievable)"
principles and thus the Subcommittee has recognized that the DDR is an
adequate basis for the final design in the EDA.
Detailed information of the safety analysis is described in the Non-Site Specific
Safety Report 1 (NSSR-1). Qualitative and quantitative analysis has made
significant progress since the stage of the Interim Design, in the systematic
assessment of impacts from normal and off-normal conditions, of radioactive
waste generation, and of occupational safety, and is considered to be generally
appropriate, including its approach. Further improvement in the database and
analysis model for safety assessment is expected to be made with the aim for
the entire ITER project, and incorporating the latest information, as well as
responding to the regulatory procedures of the Parties.
Concerning the cost, estimation in the DDR is described only for the devices
and systems that have experienced considerable changes since the stage of
Interim Design. The Subcommittee understands that, at present, DDR is
adequate level because we found the description which say the cost stays on the
same level of that in the Interim Design. However, more effort for cost
reduction is recommended as the project goes further. Marked progress must
be acknowledged on the construction plan that identified 15,000 items in the
process. However, it is also understood that this plan should be regarded as the
shortest possible example and depends on the regulatory procedure in the host
country of the actual construction site. Therefore more concrete and precise
planning presuming the actual construction should be developed towards the
FDR.

4.

Physics

4.1 Ignition and long-Burn (more than 1000s) with fusion power of
1.5GW
In order to assure the plasma performance of ITER, it is expected that good
confinement H-mode with ELM (Edge Localized Mode) even near the
Greenwald density limit and with keeping a radiative divertor should be
realized in the large tokamaks such as JET and JT-60, those behavior are
closer to ITER's one, not only middle size tokamaks.
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4.2 Compatibility between core plasma and divertor plasma
It is important to clarify the scenario of fueling to core plasma and particle
control in divertor region for the compatibility between core plasma and
divertor plasma during long pulse operation. Vertical target is proposed to
prevent the back flow of neutral gas from divertor region to main plasma, it is
desirable to validate its usefulness for sufficient control of natural gas flow
with good core confinement by experiments or by computer simulations.
4.3 Margin for operational region/beta limit/sawtooth oscillation
It could be appreciated that the DDR shows the definite plasma parameter to
achieve the objective. However, as it is limited for several examples only, and
it is difficult to indicate the operational margin. In the FDR, the plasma
parameter should be shown as operational region.
Concerning the beta limit, it should be necessary to examine whether ITER
will be operated according to the neoclassical tearing mode. In the case that
the control of this mode should be necessary, the controllability of the mode by
ECCD (Electron Cyclotron Current Drive) must be confirmed by
experiments. Further, the quantitative analysis for the permissible region of
sawtooth oscillation is important.
4.4 Energy confinement scaling
It is desirable to investigate the reason of the deviation of the energy
confinement within the experiments with one machine.
The enough database of energy confinement for high density plasma, assumed
for ITER, has not been sufficiently established yet and further effort is to be
recommended. The correlation between plasma-wall interaction and energy
confinement must be examined sufficiently.
4.5 L-H transition/H-L transition
Estimation of L-H transition power is well described. However, the range for
the estimated input power is too big and more effort is required to narrow it.
The experimental database of H-L transition is anticipated for the long pulse
operation of ELMy H mode.
4.6 Control of ELM and triangularity
It is important to define the exact figure of triangularity of ITER plasma
which enables the good control of the ELM according to the database. And its
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appropriateness must be examined quantitatively not only theoretically but also
experimentally.
4.7 Control of locked mode
Experimental investigation of instability and locked mode control by
introduction of compensation coil is insufficient. So, a plasma rotation method
by NBI (Neutral Beam Injection) that has had much data should be considered
to be adopted.
4.8 Disruption / Halo Current / Runaway Current
The method of neutral equilibrium point for the plasma vertical movement
phenomena has been developed at JT-60 and its adoption might be worth to be
examined.
4.9 Ripple loss/Alpha particle physics
Allowance ripple value must be well defined by evaluating quantitatively the
ripple loss of high energy particles including alpha particles.
Alpha particle physics is one of the research areas for ITER. Especially,
according to the recognition that TAE mode has potentiality which may affect
lower heating efficiency, further theoretical studies are expected.
4.10 Helium ash exhaust
It would be necessary to be validated by experiments or by computer
simulation, that helium ash exhaust would be able to be conducted effectively
under the condition where the divertor plasma is in detached or partially
detached state.
4.11 Scenarios for plasma startup and shutdown
The scenario for the shutdown of ITER plasma must be examined in detail.
It is desirable that theoretical modeling of the startup processes from plasma
initiation to stable state and the shutdown process would be verified
experimentally by existing tokamaks.
4.12 Operational scenarios
It is desirable to proceed the physics R&D on the control of plasma shape and
profile to keep good confinement with high density and high beta, and it is
hoped to investigate the scenario for long duration operation according to
those results.
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4.13 Steady state operation
To sustain steady state burning operation, bootstrap current and current drive
are essential and a reversed shear mode with improved confinement would be
fitted for the steady operation. So it is desirable to improve the database for
necessary items such as energy confinement scaling of that mode and of high
beta disruption.
4.14 Diagnostic systems
Diagnostic systems for ITER operation and exploitation, have not been well
examined yet. Especially, it is required to conduct further design integration
between diagnostic systems and machine/plasma control systems.
5. Evaluation of Engineering Area
5.1 Vacuum Vessel
The design of the vacuum vessel has progressed since the Interim Design.
Further progress is expected in the design of the joint section of the external
structure like the ports, taking into account the temperature, the stress, and the
neutron environment
In addition,
it is required to evaluate the
appropriateness of the components connected to the vacuum vessel such as the
bellows. The vacuum vessel sector model R&D to demonstrate readiness and
accuracy of manufacture is being carried out on schedule, and it is foreseen
that the manufacturing accuracy can be satisfied.
It is required to confirm deliberately by analysis and R&D results Me design
that the cooling water flow rate under natural convection can be 15% of the
normal flow rate during a vessel LOFA.
5.2 Blanket
It is required to conduct the design analysis of the blanket taking into
consideration the neutron irradiation effects and water quality management
effects, as well as to develop the structure analysis technique which
incorporates those effects. In addition, the design philosophy should be
described clearly about the applicability to the design of ITER, of the results
from neutron irradiation test using the fission reactor which has a different
neutron spectrum from the fusion reactor, and the applicability to the design of
a large structure, of the results from the test using small test pieces.
Tritium inventory in Be which is assumed to be used for the plasma facing
material in the DDR is not estimated accurately. According to the recognition
that this inventory is a large portion of the in-vessel tritium inventory, more
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accurate estimation of the inventory should be made from the safety point of
view.
The blanket module R&D regarding manufacturability of the module body
with cooling channels has progressed and applicability of HIP (Hot Isostatic
Pressing) manufacturing method has been confirmed. It is expected that the
bonding method including Be should be developed without delay.
A concept of the breeding blanket for the EPP phase should be evolved and
described in the design.

5.3 Divertor
The shielding capability of the divertor should be evaluated quantitatively.
The analysis of the electromagnetic force in the divertor cassette has
progressed. However, the electromagnetic force analysis in the case of VDE
or the disruption on the connecting section of the coolant pipes between the
high heat flux components and the cassette body, as well as the coolant pipes is
required.
A quantitative evaluation of the impurity influx from the X point to the core
plasma is required because of the tungsten to be used in the domes and baffles
of the divertor.
The results of R&D on high heat flux components of the divertor have shown
that the design will meet the ITER requirements. It is expected to confirm the
assemblibility with enough accuracy by the result of integration tests of the
cassette body.

5.4 Magnetic Coil
Since the magnetic coils and the vacuum vessel are tied together, the adequacy
of integrated structure should be examined more. In this regard, the design of
the total supporting structure is expected to be optimized and described in
detail with regard to the supporting structure and performance of these
components, the integration accuracy, the fabricability, thermal shield,
attachment structure of the blanket module to the back plate.
The necessity of the coils to compensate the error magnetic field should be
investigated, considering the advantages and disadvantages to install more
superconducting magnetic coils inside the cryostat.
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It is desirable to evaluate in detail the AC loss in the superconducting magnetic
coils induced by the fast control magnetic field against the fast plasma
displacement like the ELM and the disruption.
Regarding the two R&D on the superconducting magnetic coils, development
and manufacturing of the superconducting strands have been almost completed,
and the manufacturing of the conductor is in progress. On the other hand, the
some R&D on the AC loss of the conductor and the joint section has been
carried out in parallel, and it is desirable to confirm that those results would
be compatible with the design of the basic performances. While the system
test to demonstrate these performances with a model coil is scheduled to be
conducted after July 1998, required performances are expected to be
confirmed at earliest time, if possible.
5.5 Fuel Cycle
The time dependent variation of the tritium inventory in each component of
fuel process should be estimated. Methods to reduce the tritium inventory
should be studied further. It is desirable that performance, operability, etc. of
the combined system of the fuel injection system, the exhaust system, and the
processing and separation system should be investigated from the viewpoint of
system integration based on the operation data of each component.
5.6 Plasma Diagnostic System
On the basis of results from R&D of the diagnostic systems, estimation of the
life cycle due to the degradation of the optics systems and the neutron
irradiation effects, the method of replacement and the supporting structure of
the diagnostic should be investigated in detail.
A detailed examination is expected about the installation of the diagnostic
systems and the spatial compatibility with the port, poloidal magnetic coils, and
so on.
5.7 Tokamak Maintenance
Maintenance is well investigated for various cases. However, a detailed
scenario of remote maintenance for small parts should be investigated, to
prepare for the case which might influence ITER operation adversely.
In order to improve the reliability of remote maintenance components,
confirmation by the R&D on the actual environment and establishment of the
data base are expected.
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In order to define the working area for the 'Hands-on' maintenance, the
radiation environment should be investigated further including the estimation
of the activation level of the components concerned.
5.8 Plant / Layout
In comparison to the Interim Design, there is a large progress in the system
design of the plants including the cooling water circulation system, the
refrigeration system, the power supply system, and the vacuum system and the
configuration design of the components and pipes surrounding the tokamak.
Towards the final design report, more description of each system including the
layout drawings is expected to be prepared by conducting adjustment and
optimisation of overall configuration.
5.9 Options like the segmentation of CS to be judged by the Director
towards FDR
To segment the CS (Center Solenoid) coil was thought to have an advantage
from the viewpoint of controllability by increasing the triangularity of the
plasma. However, as a result of the technical study made so far, the
segmentation does not present any differences from the present monolithic
type in the actual design and no advantages can be foreseen. In addition, this
option has many technical problems considering the compatibility with the
R&D plan of the coil joint section. Therefore, it is no more realistic to
continue the work for applying the segmentation option towards the Final
Design Report. The present design of the layer winding CS coil should be
completed towards the Final Design Report.
With regard to the connecting method of the blanket module, a welding
connecting method and a mechanical connecting method are proposed. The
welding connecting method is thought to be applicable in principle by the wellestablished technology though some technical issues related to the welding
thickness are left. On the other hand, the mechanical connecting method which
was thought to have advantages like the easy assembling, has still some
technical problems about the electrical insulation and the assembling process as
mentioned in the report. In making decision towards the Final Design Report,
above points should be thoroughly investigated.
The structural concept of the ferritic steel insert into the vacuum vessel in
order to reduce the ripple of the toroidal magnetic field is not clearly
described in the Detailed Design Report, and the further study is needed. This
option is still in the concept study phase, so quantitative assessment of the
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effect and the influence (for example, the influence to the plasma control)
should be carried out.

6.

Safety

6.1 Assessment on the Extended Performance Phase (EPP)
In order to confirm that the objectives of overall ITER project will be
accomplished, the outline of the plant design for the EPP and its safety
assessment including accident analysis should be presented.
Evaluation of radioactive effluents (airborne and liquid) under normal
operating conditions during the transition period from the Basic Perfonnance
Phase (BPP) to the EPP, and during the EPP, should be presented in the
technical documents of the Final Design Report.
Evaluation of the amount of radioactive waste during the EPP should also be
included in the technical documents of the FDR.
6.2 Approach for the Safety Assessment
Various assumptions and technical data used in the safety assessments should be
accompanied with thier rationale and justification. The plan for R&D to
acquire those data should be shown, if necessary.
Regarding codes and models for safety analysis, validation for their
applicability to the ITER will be required, and the status of such validation,
and the plan if required should be presented.
Selection of the Reference Accidents in the DDR is reasonable at this stage. It
is necessary to continue investigating whether all the critical events to be
assessed are covered, in view of the progress of the design.
It is important to examine further the potentiality of hydrogen combustion.
6.3 Others
It should be mentioned that the construction schedule described in the technical
document chapter VI is subject to the regulatory process in the host country.

7.
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Other Evaluations (cost and fabrication procedure)
Description in the DDR that the total cost stays in almost same level of the
Interim Design phase is appreciated with respect to the progress of the design.

However, further more approach according to "design-to-cost" concept is
recommended. Especially, major cause of the cost increase in this design is the
increase of the amounts of structural material for 'support of toroidal field
coils. Clear description on the optimization of the design in this aspect is
desirable. And optimization of the cost for the test facility should also be
considered. In the DDR, test site of the toroidal coils has been changed to the
factory, however, the careful consideration on the entire capability of
manufacturing facility and cost is required when the actual option would be
selected. The tests should be clearly categorized into ones to be conducted in
the factory site and those in the construction site, by the optimization of the
required test / inspection, their procedure and appropriate site, in the aspect of
reliability and quality control. Since the cost of the plant systems cannot be
obtained by the sum up of the individual part's cost, and strongly depends on
the duration for manufacturing methods and inspection procedure, overall
optimization and shortening of this duration should be carried out with
reference of to the existing plant construction methods.
Also, because the manufacturing process and the total cost have a strong
relationship, detailed process should be estimated in the future. In order for
that, it is desirable that requirements for the test/inspection in the fabrication
process of major components, and those at the installation and commissioning
would be summarized and described in the FDR.
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Appendix
(For individual issues of each area of physics, reactor technology and safety,
investigations were made specifically from the following points of view.)
1. Physics
1) Evaluation of confinement
(Adopted scaling law, helium confinement time, alpha particle confinement
time, turbulence transportation, etc. and applicability of those to ITER)
2) Evaluation of operation limit
(Beta limit, density limit)
3) Operation mode and operation region, capability margin
(Consistency with operation scenario, realization feasibility, etc.)
4) Heat and particle load evaluation
(Heat load to divertor, divertor characteristics such as pumping of fuel and
helium, impurity ratio(Z effective) etc. and applicability of those to ITER)
5) Evaluation of disruption effect and reduction measures
(Scenario of magnetic flux consumption at plasma start up, frequency,
strength, disruption avoiding measure, evaluation of runaway electron effect,
and applicability of those to ITER)
6) Evaluation of heating and current drive capability
(Comparison of methods, and their applicability to ITER)
7) Compatibility with fueling and pumping system, and tritium handling system
(Compatibility of density, temperature and divertor heat load, Compatibility
of neutral particle pressure and needed pumping capacity)
8) Compatibility with control system and power supply system
(Compatibility with operation scenario and assumed load)
2. Reactor technologies
1) building and site layout
(Validity of area and structure, Compatibility with assembling and remote
handling, Compatibility with device layout, Validity of selection of radioactive
control area)
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2) Vacuum vessel system
(Compatibility and feasibility of main vacuum vessel and its surrounding
devices, vacuum pumping system, cooling system, etc., Validity of
dismounting / assembling method and support method, Compatibility with
disruption scenario)
3) Blanket system
(Support of electromagnetic force, Remote handling, Compatibility with
cooling system (including de-tritiation system), etc., Validity of transition
scenario to EPP phase)
4) Divertor system
(Support of electromagnetic force, Remote maintenance, Feasibility of
detached divertor, Cooling system)
5) Superconducting magnet system
(Compatibility and feasibility of main body, support structure system, power
supply system, protection system and refrigerating system, Single / multi
module of central solenoid, Soundness of joints)
6) Cryostat
(Validity of concept and structure)
7) Vacuum pumping system
(Compatibility with needed vacuum, Validity of pumping method)
8) Fueling and pumping system and tritium handling system
(Plasma operation scenario, Burn ratio of fuel, Compatibility with divertor
pumping scenario, Validity of pump type, Validity of inventory distribution
and safety system, Validity of transition scenario to EPP)
9) Heat shield
(Validity of cooling method)
10) Cooling system
(Validity of cooling material temperature and pressure, Validity of choice of
number of loop, Validity of tritium permeation)
11) Control / diagnostics system
(Alarm. Interlock, Validity of separation of diversified and centralized
system)
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12) Heating and current drive system
(Validity of each system, Compatibility with vacuum vessel, etc.)
13) Assembling
(Order of assembling, Layout, Compatibility of composing devices)
14) Maintenance
(Validity of remote maintenance scenario, Validity of classifying)
3. Safety
1) Adequacy of safety assurance logic
(Conformance with ALARA principle, Adequacy of design reflecting the
concepts of defense in depth and multiple confinements)
2) Assumptions in safety analysis, Adequacy of selection of events, Consistency
with the design
(Conservatism in safety analysis, Adequacy of inventory design of radioactive
materials, Adequacy of scenario of radioactive materials release, Adequacy of
selection of design base accidents)
3) Validity of safety analysis results
(Adequacy of analysis method, Approriateness of criteria)
4) Technical adequacy of waste management
(Amount of wastes, Adequacy of selection of waste level, Adequacy of
analysis method)
4. Others
1) Difference from DDR on cost estimate
(Validity of evaluation of cost reduction compared to IDR, Validity of reason
of cost increase)
2) Validity of time length of manufacturing of facilities and devices, and
assembling
3) Validity of inter-relationship among facilities and devices
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RF DOMESTIC ASSESSMENT COMMENTS
on the Detail Design Report
submitted for the ITER Joint Central Team Consideration
(Summary)
In accordance with the ITER Council decision the ITER Detail Design Report was
discussed in the leading Russian scientific and technical centres. The.following project
sections were considered: plasma, physics, magnet system, blanket, vacuum vessel,
thermal shield, divertor, power supply system, cryostat, pumping, gas puffing, fueling,
vacuum tritium complex, vacuum vessel and blanket cooling system, safety, control.
It is noted that the project of the main reactor systems has advanced and for most
reactor components it is practically ready for the transition to the final design, with the
cost estimates made at the previous design stage not being exceeded. DDR is a great
. advance on the previous one, i.e.:
• the tokamak building design has been considerably advanced allowing for the
appropriate design of the construction site;
• proposals have been made on changes in the poloidal magnet system;
• proposals have been made on the new system for attachment of the shielding
blanket modules on the bearing structure ("Back plate");
• ferromagnetic inserts were introduced into the vacuum vessel design;
• essential progress has been made in the design of the system for compensation of
helical perturbations of the poloidal magnetic field.
REMARKS ON THE PROJECT. SECTIONS
Plasma physics
The discussion of DDR revealed that the chosen ITER physics parameters, operation
regimes (H-mode with ELM) and operational limits seem to be optimal and sufficiently
substantiated. The selected concept of the divertor appears to be experimentally
substantiated, the developed numerical codes describe adequately the available
experimental data. The accepted number of discharges with disruptions seems to be
too large, that is why, the methods for prediction of the magnetic islands emergence
and the control over their evolution should be provided. Provision should be made for
the possibility of the plasma rotation.
Magnet system
On the whole, the project of the polbidal system • is approved, however, ft is
recommended to pursue the works on its optimization using a hybrid version of the
central solenoid; to introduce changes in the design of some critical components (like
the electrical joints); to perform more detailed mechanical, electromagnetic and
thermophysical calculations.
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By and large, the design of TF coils does not provoke any objections, though the
problems exist with treatment and quality control of welds in the cases, possible are
dangerous mutual displacements under fault conditions. Besides, the need is pointed
out for careful "cold" testing of the magnet system before its assembly with a high
degree of detail of the acceptance tests.
Blanket
The presented materials can be considered as the basis for further design works,
provided some disadvantages of the shielding blanket design are avoided, and for a
more detailed strength analysis of the modules, including bronze components. More
detailed thermohydraulic calculations of the mostly heat loaded structural components
are required. For the breading blanket design it is necessary to optimize the
arrangement of the coolant channels and to perform as well the detailed .thermal
calculations and the calculations of energy release distribution.
Vacuum Vessel
At the next design stages it is essential to develop the technology of vessel sector
assembly and replacement with weld testing, to solve conclusively the problems of
vessel integration with other reactor components, to implement detailed neutron
calculations and cooling system calculations. The recommendations should be worked
out so as to increase the vessel bearing capacity. The vacuum vessel thermal shield
needs to be studied in more detail.
Divertor
It may be concluded that at this stage of activities the divertor system satisfies, for the
most part, the requirements for the TIER project, but the loads on the liner need to be
additionally assessed, as those obtained in DDR, seem to be overestimated. The
situation with damages that might appear in the divertor cassette during realization of
the LOCA scenario should be analyzed in more detail.
Power Supply System
The power supply system has been studied in a sufficient detail in view of power in the •
supply line on the assumed ITER site. The main power supply components are chosen
and unified. At the same time, it should be noted that the integration of the facility
grounding system is practically lacking within the framework of the project.
Cryostat
By and large, the proposed design does not raise any objections, but it should be noted
that the problems of cleaning and dewatering of the magnetic system have not been
worked at, and the methods for the radioactive medium evacuation from the cryostat
volume in case of the vacuum break have not been defined.
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Pumping, GAS Puffing, Fuelling
On the whole, the level of studies of these systems satisfies the design requirements at
this stage. At the same time, h should be noted, that the technique of testing for
tightness of welds of the vacuum vessel and other components of the vacuum duct and
the problem of cryostat evacuating are not sufficiently studied.
Vacuum Tritium Complex
It is noted, that it Is essential to estimate comparatively the waste detritiation
processes, to supplement DDR with the RF developments on the palladium filter, to
study in more detail technology of isotope separation, water purification and tritium
storage. Besides, the scenario with the explosion of a low-temperature rectification
tower should be analyzed.
Vacuum Vessel and Blanket Cooling System
DDR complies with all requirements imposed at this design stage and is the proper
basis for further development of the H E R project, though a more detailed analysis of.
the reliability of separate cooling systemsis required. Besides, it is desirable to provide
decay heat removal by natural convection of the coolant in the channels.
Safety
The safety problems are studied in the document sufficiently completely and in detail.
At the same time, the terms and classification of Safety Classes of the equipment and
initial events are to be corrected, the volume of initial emergency events should be
analyzed in more detail, the values of ultimate effluents and allowable values of
harmful effects should be numerically assessed. More attention should be paid to the
assessment of possible consequences of emergency releases~of energy stored in the
magnet system coils.
Control
At this project stage the technical requirements have teen stated with regard to the
performed assessments of arrays of captured, processed, transferred and accumulated
data. Later on the more detailed algorithms of e system functioning are to be
developed (synchronization and timing, real-time processing of data arrays,
transferring of data arrays over limited time intervals, etc.) so as to making more
precise the technical requirements and needed life time,
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RESOLUTION
OF THE SCIENTIFIC-TECHNICAL COMMITTEE
OF THE RF MINISTRY OF ATOMIC ENERGY ON THE
H E R DETAILED DESIGN REPORT,
COST REVIEW AND SAFETY ANALYSIS

MOSCOW, July 1997

ITER Council members
H E R Director
The H E R Detailed Design Report, Cost Review and Safety Analysis has been
thoroughly sfudied by the main participating H E R EDA laboratories and industries
in the Russian Federation: Efremov Institute, Institute of Non-organic Materials,
R&D Institute of Power Engineering, and the Russian Research Center
"Kurchatov Institute." It was also reviewed by experts from several other
organizations not involved in the HER EDA.
Discussion of the technical details of the DDR took place in February at the 24*
All-Russian Conference on Plasma Physics in Zvenigorod.
The summary of the DDR review was made by the Scientific & Technical
Committee (STC) of the RF Ministry of Atomic Energy chaired by Minister V.M.
Mikhailov on March 31, 1997. The STC noted the latest successful fusion
experiments at the TFTR (US), JET (Europe), and H-60 (Japan). The STC also
noted that the existing database as well as theoretical and experimental results are
promising enough to guarantee the success of the self-sustaining fiision reaction
with an energy release exceeding the invested energy by many times. The STC
emphasised ^he willingness of the Russian Federation to move toward the next step
- ITER construction. The STC stressed the importance of the H E R site selection
for the overall success of the Project.
Following is the outline of the major STC decisions:
1. Review of the Detailed Design Report by the Russian Federation concludes
that the H E R Project results meet the requirements of the Intergovernmental
Agreement of July 21,1992.
2.
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ITER Council members Drs. Velikhov and Sokolov are to inform the ITER
Council and the Director of the RF Party position on the positive evaluation of
the ITER Detailed Design Report in general and suggest the beginning of the
preparation of the Final Design Report.

?

The RF Home Team Leader Dr. Filatov is to make a summary of technical
comments provided by the RF organizations on the Detailed Design Report and
provide the ITER Directorate and Joint Central Team members with this

4

Appropriate Minatom departments are to be consulted to facilitate
o / L RF delegation members for the formal n e g o t , • * » « * ^• ™ .
selection and organization of activities for the next phase of the ITER Project.

The resolution was signed by the Minister of the RF Ministry of Atomic Energy,
Acad. V. Mikhailov. ,
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US DOMESTIC ASSESSMENT COMMENTS
Department of Energy
Germantown, MD 20874-1290

Dr. Robert Aymar
ITER San Diego Joint Work Site
11025 North Torrey Pine Road
La Jolla, California 92037
Dear Dr. Aymar:
At the last-ITER Council meeting, the Council encouraged the Parties to inform you at the earliest
opportunity of technical results from domestic reviews of the Detailed Design Report (DDR).
Accordingly, I am enclosing herewith a copy of the recent FESAC Report for your consideration and
use in preparing the ITER Final Design.
As you know, within the U.S: we have initiated what we call "urgent physics tasks" which are in
addition to the ITER physics design tasks received from the JCT and which provide greater focus of
our experimental, theoretical, and modeling programs on important ITER physics issues. We are
currently reviewing the FESAC Report to determine what changes may be needed in these "urgent"
tasks. We, of course, will be discussing any changes in these tasks with you.
I look forward to the next ITER Council meeting and hearing your evaluation of the results of all of
the domestic reviews of the DDR and your plans to address the reviews' results.
Sincerely,
N. AnrieTDavies
Associate Director
for Fusion Energy Sciences
Office of Energy Research
Enclosure
cc:
Y. Sokolov, RF
C. Maisonnier, EU
M. Yoshikawa, JA
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OAK RIDGE NATIONAL LABORATORY
MANAGED BY LOCKHEED MARTIN ENERGY RESEARCH CORPORATION
F0RTMEU.S.D6PARTMEHTOFENERGr

PHONE: KZ» J74-551O
FAX(423)57W11«
IMTERNET: cHQonlgov

April 21,1997

Dr. Martha A. Krebs
Director
Office of Energy Research
U.S. Department of Energy
1000 Independence Avenue, S. W.
Washington, D.C. 20585
Dear Dr. Krebs:
The Fusion Energy Sciences Advisory Committee (FESAC) has addressed the charge in your
letters of September 23 and November 6, 1996, requesting that FESAC review the International
Thermonuclear Experimental Reactor (ITER) Detailed Design Report (DDR), and provide its
view of the adequacy of the DDR as a part of the basis for a United States decision to enter
negotiations with the other interested Parties regarding the terms and conditions for the
construction, operation, exploitation and decommissioning of ITER. You also requested that our
response be in the form of answers to five questions. Dean Robert Conn of the University of
California at San Diego, a member of FESAC, was appointed to chair the panel. He and I
coordinated the formation of a number of subpanels, each charged to review a particular element
of the ITER design reports^- both the DDR and the Intermediate Design Report (EDR) issued in
1995. The 80 members of the nine subpanels included numerous outside experts, and a broad
representation from the U.S. fusion community, as recommended by the Fusion Energy Advisory
Committee in their report of January 27, 1996. In response to your charge letter, we are pleased
to transmit the enclosed report, which the FESAC endorses fully.
The ITER Team has made impressive progress in developing the ITER design. This is a tribute to
Dr. Robert Aymar, Director of the ITER-JCT, to the JCT, and to the Home Teams. It is
encouraging for the international science community that a joint, scientific and technological,
effort of this magnitude can proceed so successfully.
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Dr. Martha A. Krebs
Page 2
April 21,1997

In our review, various areas are identified in which more work is required to confirm design
decisions and to narrow the uncertainties in performance projections. We would be remiss if we
failed to point put that one of the reasons that some of the work is lacking or delayed is because
the United States has not met its original commitments in supporting this project
The reports of the Panel and the subpanels represent an heroic effort in completing the work in a
relatively short time. The FESAC takes this opportunity to thank the Panel and subpanel
members for their dedicated efforts, and their frankness in assessing this unique and exciting
international venture.
Sincerely,

John Sheffield, Chair
on behalf of the Fusion Energy
Sciences Advisory Committee
JS:djb
Enclosure
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Panel Report To Fusion Energy Sciences Advisory Committee
(FESAC)
"Review of the
International Thermonuclear Experimental Reactor (ITER)
Detailed Design Report"

April 18,1997

U.S. Department of Energy
Office of Energy Research
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I. Executive Summary
ITER, the International Thermonuclear Experimental Reactor project, is now in the
Engineering Design Phase (EDA) of a worldwide effort to conceive, design and ultimately
construct an experimental device to advance the development of fusion power. The major partners
in the ITER effort are the European Union, Japan, the Russian Federation and the United States,
and the EDA phase of the program is scheduled to be completed in 1998.
The objectives of ITER are "...to demonstrate controlled ignition and extended burn ...,"
"...to demonstrate steady-state operation..." and "...to demonstrate the technologies essential for a
fusion reactor...." ITER brings together three threads important for the advancement of fusion:
burning plasma physics, steady-state operation, and the testing of key technologies. It has long
been agreed in the US fusion program that the threshold to burning plasma physics occurs at Q = 5,
where the alpha heating power equals the externally supplied input power. Technology testing of
divertor systems and plasma facing components, as well as qualification of nuclear blanket
modules, requires at least 1 GW of fusion power in ITER, with a neutron fluence of about 1 MWyr/m^ accumulated over a period of about 10 years. Thus if ITER can achieve Q > 5 for long pulses
at Pfus > 1 GW, with an availability of 10 - 15%, this will constitute a dramatic step toward
demonstrating the scientific and technological feasibility of fusion energy. Together with further
improvements in plasma performance and plant availability in the ongoing fusion science and
technology programs, results from ITER will provide critical information required for the design of
an attractive fusion DEMO power plant.
The general objectives and the plasma performance and engineering performance objectives
for ITER are specifically set out in the 1992 report of the Special Working Group-I (SWG-I) as:
General
"The ITER detailed technical objectives and the 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. ITER should be designed to operate safely and to demonstrate the
safety and environmental potential of fusion power."
Plasma Performance
"ITER should have a confinement capability to reach controlled ignition. The estimates of
confinement capability of ITER should be based, as in the CDA procedure, on established
favorable modes of operation. 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 1000 s. For testing particular blanket designs, pulses of approximately 2000 s are
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desirable, with the ultimate aim of demonstrating steady state operation using non-inductive current
drive in reactor relevant plasmas."
Engineering Performance and Testing
"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
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."
The remainder of the SWG-1 report outlining the design and operation requirements is
given in Appendix B. Commitments by the parties to proceed to construction and a decision on
selection of the construction site are scheduled for the 1998 time frame. All parties recognize the
importance of ITER, both to their national fusion efforts and as an opportunity to do cooperative
international science on an unprecedented scale. As recently as Fall 1996, a meeting of some sixty
U.S. fusion program leaders reaffirmed support for U.S. participation in ITER and ITER's
importance as an investment in fusion research, even if the U.S. participation were on the basis of a
less-than-full member. There was a strong consensus that, at present U.S. fusion funding levels,
continuation of the present funding level into the ITER construction phase is very well justified.
Dr. Martha Krebs, Director, Office of Energy Research at the U.S. Department of Energy
(DOE), wrote to the Fusion Energy Sciences Advisory Committee (FESAC), in letters dated
September 23 and November 6, 1996, requesting that FESAC review the International
Thermonuclear Experimental Reactor (ITER) Detailed Design Report (DDR) and "provide its
view of the adequacy of the DDR as part of the basis for the United States decision to enter
negotiations"

with the other interested Parties regarding "the terms and conditions for an

agreement for the construction, operations, exploitation and decommissioning of ITER." The letter
from Dr. Krebs provided context for the review and specifically asked that the following five
questions be addressed:
1. Are the ITER physics basis, technology base, and engineering design sound? Focus on
the critical physics, technology, and engineering issues that affect the design while allowing for the
R&D planned in each of the areas through the end of the EDA.
2. Is ITER likely to meet its performance objectives as agreed upon by the four Parties and
documented in the 1992 SWG-1 report? Evaluate predicted performance margins, comment on the
range of operating scenarios, and identify opportunities to improve the performance.
3. Do the design and operating plans adequately address environment, safety, and health
concerns? Focus on the methodology used by the Joint Central Team to address these concerns.
4.

Are the proposed cost estimates and schedules for the construction project and

subsequent operations, exploitation and decommissioning credible, and are they consistent with the
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procurement methods and staffing arrangements recommended by the ITER Director? Focus on the
methodology used to prepare the estimates.
5. Are there any cost effective opportunities for pursuing modest extensions of the current
design features in order to enhance operational flexibility and increase scientific and technological
productivity of ITER? Focus on areas where cost effectiveness of any design extensions would be
high.
In this Executive Summary, the Panel provides our primary findings, conclusions and
recommendations. These will be given in the form of direct responses to the specific questions
asked of FESAC by Dr. Krebs. We will also provide specific references to the chapters in the
body of the report where a much expanded discussion is given relating both to these questions and
other issues important to the ultimate success of the ITER project. The Panel did develop a
significant number of other findings and recommendations relating to more specific issues, often
about particular ITER subsystems. These are included in the body of the report, and often in the
subpanel reports as well. The Panel and its subpanels offer these findings and recommendations to
the ITER Joint Central Team (ICT) as it begins preparation of the ITER Final Design Report. For
ease of reference, we repeat each question and then provide our response.
Question 1. Are the l l b R physics basis, technology base, and engineering design sound?
Focus on the critical physics, technology, and engineering issues that affect the design while
allowing for the R&D planned in each of the areas through the end of the EDA.
Important issues in evaluating the design basis deal with the physics operation, with the
new elements of the operation (burning-plasma and steady-state physics), with the technologies
necessary to address these physics issues, and with the engineering design itself. Key issues
include the readiness of fusion to embark on a program step having ITER's goals and the basis of
confidence that ITER can reach the conditions necessary for achieving its objectives. The Panel's
assessment of the physics basis for the design, and of the basis for physics-related subsystems is
discussed in Chapter IV. The Panel's assessment of the engineering features of the design,
specifically the likelihood that the experimental apparatus will meet its design specifications, and
that it can be operated and maintained in a fashion that will meet the overall ITER program
objectives, is given in Chapter V. The response we give here is repeated and expanded upon in
these two Chapters.
Findings and Conclusions Regarding Question 1: The ITER Design Team has drawn
widely from the world tokamak experience-base and has involved experts worldwide to produce a
credible machine design.

The Panel has not identified from this experience-base any

insurmountable obstacles in its plasma engineering and electro-mechanical engineering that would
prevent ITER from achieving its objectives. However, there are specific areas that require further
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attention, priority R&D, and resolution.

Our overall assessment is that the ITER engineering

design represented in the DDR is a sound basis for the project and for the DOE to enter
negotiations with the Parties regarding construction. The subpanels noted that some aspects, such
as the design of the magnet systems, are more fully developed and more mature than would
normally be the case at this stage of a project. In certain other areas, such as the first wall and the
bolted blanket/shield approach, it is not yet clear whether the present design can meet its
performance requirements, and focused efforts are underway to develop final designs. A theme
throughout the subpanel recommendations is a need for formal, quantified reliability, availability,
and maintainability (RAM) requirements and analyses. The subpanels noted a number of other
areas that will need focused R&D and detailed design efforts in the post-EDA period.
Question 2. Is ITER likely to meet its performance objectives as agreed upon by the four
Parties and documented in the 1992 SWG-1 report? Evaluate predicted performance margins,
comment on the range of operating scenarios, and identify opportunities to improve the
performance.
ITER is clearly of the scope and scale required to explore extended-pulse, self-heated fusion
plasma physics. However, in assessing ITER's anticipated performance, it is important to do so in
the context of ITER as a scientific experiment — the first attempt at magnetic fusion ignition and
controlled burn. In particular, to reach its peak performance, ITER will extend issues such as
confinement, pulse-length and alpha-heating effects far beyond those attained in present-day
tokamaks. As such, predictions for its performance cannot be made precise, given the experimental
nature and goals of the ITER program. The best that can be given are predictions of most probable
performance, together with the associated uncertainty, for each of the individual aspects and hence
for ITER as a whole. In the end, the judgment that must be made, as with any scientific
experiment, relates to the balance between design risk and design conservatism, given the present
state of knowledge and the objectives and goals of the experiment. The findings and conclusions
presented next are expanded upon in Chapter VI.
Findings and Conclusions Regarding Question 2. In the Panel's estimation, based on
extrapolated tokamak confinement data, the expected performance of ITER's base operating mode
(ELMy H-mode confinement) ranges from that of fusion ignition (Q -»• oo) to a moderately selfheating burning plasma (Q - 4). (Here Q is the ratio of fusion power produced to energy input to
sustain the plasma.) There is high confidence that ITER will be able to study long pulse burning
plasma physics under reduced conditions (Q ~ 4), as well as provide fundamental new knowledge
on plasma confinement at near-fusion-reactor plasma conditions. Achieving long pulse ignition
cannot be assured, but remains a reasonable possibility.

The Panel concludes that the DDR

incorporates significant flexibility within the design and costs constraints, through multiple options
to explore combinations of heating, fueling, shaping, and current drive control. Additional analysis
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is called for to insure adequate flexibility to access advanced confinement regimes. The Panel also
recommends that flexibility for additional heating power be made available in case it is needed to
provide adequate neutron wall loading, as well as adequate plasma stored energy (beta) and power
flow across the separatrix. This will give confidence of access to the H-mode, as well as permit
ITER to achieve the necessary physics and technology tests, even if the plasma performs near the
low end of its predicted confinement range. To assure the upgradability of the heating and current
drive systems to approximately 200 MW (if needed), the design team should carefully assess the
implications for port space, auxiliary areas, and site power.
The Design Team has focused its attention and resources so far primarily on successful
operation in the Basic Performance Phase, with the view that the knowledge and experience gained
in this phase will guide the Enhanced Performance Phase. Consequently, achieving the Basic
Performance Phase objectives looms large in the DDR design, and the Enhanced Performance
Phase objectives have not been addressed beyond assuring capability of the facility to address those
objectives. The Panel concurs with this approach.
Question 3. Do the design and operating plans adequately address environment, safety, and
health concerns? Focus on the methodology used by the Joint Central Team to address these
concerns.
ITER is a large and complex device which will use tritium as a fuel and produce energetic
neutrons as an output. Careful tracking and control of the tritium inventory will be required and in
this connection, removal of tritium from the first wall of the vessel remains an outstanding issue.
As a result of neutron bombardment, the machine structure and surrounding materials will become
activated. The ITER device will require a nuclear license to operate wherever it is sited, yet is
unlike any other device that has been licensed previously. Detailed safety requirements have been
established based on recognized international safety criteria.

These limits are not always as

restrictive as U.S. limits, but upgrading the design to meet U.S. regulations is not a fundamental
concern.

Safety requirements have been an integral part of the overall design requirements.

Careful analysis has been done to show that the facility will operate within these requirements in
both normal and accident scenarios. These analyses have been carried out using the best available
understanding and computer codes. The project has, as a design requirement, the avoidance of the
need to evacuate the general public following the most serious accident.

A general project

objective is that the dose to workers and the public be maintained as low as reasonably achievable
(ALARA). The findings and conclusions presented next are expanded upon in Chapter VII.
Findings and Conclusions Regarding Question 3. The ITER team has an appropriate
organization in place to address nuclear issues and has, in general, addressed these issues in an
appropriate manner. The nuclear design effort has been the subject of a recent review by the four
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parties within the HER framework and the work done has been documented in the Non-site
Specific Safety Report (NSSR-1). The safety aspects of the design and analysis are adequate for
this stage of the project.
Question 4. Are the proposed cost estimates and schedules for the construction project and
subsequent operations, exploitation and decommissioning credible, and are they consistent with the
procurement methods and staffing arrangements recommended by the HER Director? Focus on
the methodology used to prepare the estimates.
The cost and schedule development process used by the JCT is based on a detailed set of
procedures and formats that facilitated a standardized and consistent cost and schedule estimate.
For many components, and for virtually all of the tokamak components, industrial estimates have
been obtained from multiple Parties (herein to be understood as industries of those Parties) in
preparation for the Interim Design Report (IDR). For some components, estimates were obtained
from a single Party, and for buildings, diagnostics, and machine tooling they were internally
generated by the JCT. The IDR Cost Estimate represented a bottoms-up estimate of almost every
element of ITER. The cost and schedule issues are discussed in greater detail in Chapter VIII.
Findings and Conclusions Regarding Question 4. In the Panel's judgment, the JCT has
done a disciplined and thorough job in gathering the complex data from diverse parties and
developing a self-consistent cost and schedule data-base predicated on sound cost and schedule
estimating methodologies. Estimates for components and systems are primarily based on industrial
estimates from multiple parties, and have been extensively analyzed and processed to insure
credibility, completeness and accuracy. Overall, the Panel judges the cost estimate to be reasonable
and sound for this stage of the project. The Panel does note that the plan is a success-oriented one,
in that there is little or no budget or time allotted to accommodate unforeseen problems that may
arise. An efficient management structure and procurement system, taking maximum advantage of
industrial competition in bidding, is required during construction to meet the aggressive cost and
schedule goals of the project.
Question 5. Are there any cost effective opportunities for pursuing modest extensions of
the current design features in order to enhance operational flexibility and increase scientific and
technological productivity of ITER? Focus on areas where cost effectiveness of any design
extensions would be high.
The JTER design is a complex one and the Panel is well aware of the time and effort needed
to determine if any design suggestion, either for modification or extension, is one that can meet the
design requirements and system specifications established to ensure the credibility of the
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engineering design itself. Given this, and given the short time available to the Panel to conduct this
review, the Panel has chosen not to focus on this question. However specific suggestions are
included in the bulk of the panel report, and in the appendices - especially in the area of flexibility which we think are worthy of careful review by the ITER team. Indeed many of these are already
under study by the ITER Joint Central Team and the various Home Teams.
In closing, the Panel would like to re-affirm the importance of the key elements of ITER's
mission - burning plasma physics, steady-state operation, and technology testing. The Panel has
great confidence that ITER will be able to make crucial contributions in each of these areas. While
we have identified some important technical issues, we have confidence that the ITER team will be
able to resolve these issues before the Final Design Report (FDR). Furthermore, even in the
unlikely circumstance that the ITER plasma performs at the lower end of its predicted range,
heating and current drive upgradability to -200 MW would provide greater confidence that ITER
will be able to fulfill its programmatic role. The achievement of ITER's mission will be a major
milestone in the development of a safe, economic, and sustainable energy source for the future.
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IC-12 ROD
Attachment 7

MAC Report and Advice
MAC-12 Meeting
26 and 27 June 1997
ITER Joint Work Site in Garching
MAC Membership and Meeting Participation:
Participation is accepted as attached (MAC12 R&A Attachment 2).
Agenda:
The Agenda was adopted as attached (MAC12 R&A Attachment 1).
HER EDA Status
MAC12R&A-1:
a) MAC notes the Status Report presented by the Director set out in the MAC12 R&A
Attachment 3 as amended.
b) MAC understands that the Director will make available, when practicable, to the HTL's
and CP's an updated plan of the Final Design Report document set as a stand alone
document.
c) MAC recommends to the ITER Council that the Director should be responsible for
IAEA ITER News Letter articles concerning technical activities carried out by the JCT
and the Home Teams.
Work Program
Task Status Summary
MAC12 R&A-2:
a) MAC takes note of the ITER Task status summary and new Task Agreements of which
credits are less than 500IUA or equivalent as set out in MAC 12 R&A Attachment 4 as
amended.
b) MAC has reviewed and supported the modifications of Task Agreements as presented in
Table 8 in MAC 12 R&A Attachment 4.
c) This review and support constitutes Council approval according to the IC-5 ROD 4(c).9.
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The consolidated Annual Accounts of the '96ITER Joint Fund
MAC12 R&A-3:
a) MAC reviewed the consolidated accounts for the ITER Joint Fund Budget of 1996 as
presented by the Director (MAC12 R&A Attachment 5) with supporting detailed
information.
b) On the basis of the information provided, MAC recommends to the ITER Council to
approve the consolidated annual accounts of the ITER Joint Fund for 1996.
c) MAC understands that each Party has exercised appropriate oversight of the funds
provided to the Joint Fund Agent in its territory.

The ITER Joint Fund Budget for 1998
MAC12 R&A-4;
a)

MAC reviewed the Director's proposals for the 1998 Joint Fund Budget and
Allocations to Agents and main budget articles.

b)

MAC recommends to the ITER Council to approve the Joint Fund Budget and
Allocations for 1998 proposed by the Director as amended (MAC12 R&A
Attachment 6).

ITER Workshops and Technical meetings
MAC12 R&A-5;
a)

MAC reviewed and supported the schedule of Technical Meetings and Workshops as
amended as set out in the MAC12 R&A Attachment 7.

b)

In accordance with the IC-3 ROD 5.2, this review constitutes IC endorsement of ITER
meetings.

Other Business
Final reports on EDA Task Agreements
MAC12 R&A-6:
a) The Director indicated that about 750 Task Agreements have been issued during the EDA
and final reports have been received on about 400 of these tasks. The Director, in
consultation with the Home Team Leaders, intends to call for submission of all final
reports by January 1998. Additional results, which become available between January
1998 and the end of the EDA, should be provided in addenda to the reports to be
completed by July 1998. MAC agrees with the Director's intention.
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b)

The comprehensive report (cr), consisting of the documents provided during EDA, will
be submitted by the Director at the end of EDA and the Final Report summarising the cr
shall be prepared by the HER Council thereafter.

c)

MAC asked the Director to summarize resource allocation by JCT division in terms of
PPY as a part of the cr.

d) MAC understands that by July 1998 the Director, with the Home Team Leaders1
assistance, will reassess the ownership situation for major R&D items which have been
transferred between Parties.
Future Meetings:
MAC decided that the MAC-13 meeting will be held in San Diego on
16 and 17 January 1998.

MAC12 Report and Advice:
MAC approved the present MAC12 Report and Advice to the Council.

NEXT PAGE(S) I
left BLANK I

103

IC-12 ROD
Attachment 8

ITER TECHNICAL ADVISORY COMMITTEE
Twelfth Meeting -TAC-12
30 June and 1-2 July, 199T
Garching Joint Work Site, Germany

REPORT OF TAC-12 MEETING
1.

INTRODUCTION AND BACKGROUND

.At the eleventh meeting of the ITER Council (IC-11), the following new charges
were given to the TAC:
"The ITER Council requests the TAC to review, from a technical viewpoint, the
status and plans of the ITER R&D program. The TAC is also requested to
review progress on ITER diagnostics and the associated control system."
The twelfth meeting of the Technical Advisory Committee (TAC-12) was called to
address these charges.
A previous TAC review of the ITER R&D program (TAC-9, November 1995) had
focused on the so-called "large-seven" R&D projects (L-1 to L-7), together with
supporting R&D relating closely to these seven major projects. The scope of the present
TAC-12 review included updated assessments of the status and plans for the L-1 to L-7
projects and related R&D, but it included also other R&D programs, not addressed at
TAC-9.
It is to be noted that, except for an overview presentation, all of the presentations
to TAC-12 on the R&D program were given by Home Team members.
This was the first TAC review of ITER diagnostics and associated controls,
although it is recognised that this effort has benefited from extensive interactions with
the four Parties' programs through the ITER Physics Expert Group on Diagnostics.
This report is divided into two parts: Part A covers the ITER R&D program, and
Part B covers the diagnostics program.
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PART A:
2.

STATUS AND PLANS OF THE ITER R&D PROGRAM

ITER R&D PROGRAM: GENERAL ASSESSMENT

An essential part of the ITER EDA has been "to carry out validating research and
development work
including development, manufacturing and testing of scalable
models to ensure engineering feasibility" [EDA Agreement, Article 2(d)].
The technical scope of this R&D program was largely defined at the time of a
previous TAC review (TAC-9) in November, 1995, and was documented in "Seven
Large R&D Projects for the ITER EDA" (January, 1996). The R&D program was based
on two fundamental assumptions: (i) that there will be a continuous transition from the
EDA to a construction phase, and (ii) that procurement of the most time-critical materials
and components for ITER will start immediately after the EDA. On this basis, the scope
of the R&D program and the timing of its various elements has been planned so as to
optimize the R&D support for a construction decision, and the schedule and milestones
within the R&D program have been defined so as to mesh with an aggressive, but
technically feasible, construction schedule. In particular, an overriding objective is to
demonstrate on a timely basis the technologies and the manufacturing techniques
needed to fabricate in industry the major ITER components. The iTER components in
this category are the central solenoid (CS) and toroidal field (TF) magnets, the vacuum
vessel, the first-wall/blanket, and the divertor. In the case of remote handling for the
blanket and for the divertor, the overriding objective is to demonstrate the feasibility of
the planned techniques. The R&D in each of these areas has been aggregated into the
"large-seven" R&D projects (L-1 to L-7).
It is the TAC's general assessment that there have been major and important
achievements in the R&D program and that the overall progress is impressive. In
particular, the large-seven projects have retained almost their full initial scope, and
many of them are on-schedule for the completion of this scope within the time-period of
the EDA. This has been accomplished, despite substantially reduced overall resources,
by reallocation of resources so as to retain the highest priority tasks and, in some cases,
by transferring tasks or critical materials from one Party to another. In those cases
where there have been unavoidable minor reductions in scope, there has been no
compromise in the required performance on key tasks. The accomplishments to date in
the R&D program are evidence of the effective management of assigned tasks by the
Home Teams, together with a commendable level of cooperation among the Home
Teams and effective coordination of multi-Party tasks by the Director and the JGT.
Despite heroic efforts to maintain schedule, a few of the major milestones of the
R&D program will be delayed somewhat relative to the schedules indicated at the time
of the TAC-9 review. In particular, on the present schedule, the industrial manufacture of
the two CS-coil modules will still be completed during the EDA, but the cooldown of the
CS Model Coil will now occur in the period just beyond the EDA, and the cooldown of
the TF Model Coil will not occur until somewhat later. (In regard to the CS Model Coil,
this possible delay was already recognized at the TAC-9 review; indeed, part of it arises
from the JCT following the TAC recommendation to retain the full number of turns in the
inner module of the CS Model Coil, even at the cost of a schedule slippage. In regard to
the TF Model Coil, the delay has been mainly due to the change in the TF coil design
approach.)
It is the TAC's view that successful initial cold tests with these two model coils
would fully justify, from a technical viewpoint, the initiation of procurement of the
materials needed for the ITER magnets. However, consideration should be given to
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earlier procurement of the superconducting strand, because of the limited world capacity
to produce this critical material.
The TAC emphasizes that the R&D program, as presently scoped and
scheduled, bears the same relation to construction readiness as it did at the time of the
TAC-9 review: completion of this program will provide the necessary technical
information to support a construction decision and to begin procurement of time-critical
materials and components.
The TAC further emphasizes that, because of the nature of ITER as a nuclear
facility, the level of design validation by R&D to be achieved by the time of a
construction decision exceeds by far that which existed at the time of construction
authorization for present-day large fusion facilities.
In the TAC's view, it is essential that the ITER R&D program, as presently
defined, be completed, and that the results of the program be properly documented and
made available to the Parties, including the work carried out in the period following the
end of the EDA. This requires that appropriate resources be provided. The TAC also
urges that continued effort be made by the Home Teams to disseminate the results of
the R&D program among appropriate industrial companies.
As was recognized at the time of the TAC-9 review, the main test facilities built or
modified as part of the ITER R&D program will continue to be exploited after the EDA
program has been completed, so as to provide further essential and validating
information, for example on the performance of components over many cycles, to test
the margins available for some systems above the specified requirements, to provide for
additional tests of interfaces between different components, and to define remote
maintenance procedures.
3.

CENTRAL SOLENOID (CS) MODEL COIL, INCLUDING CONDUCTOR R&D
(PROJECT L-1)

3.1.

Status and Progress of R&D to Date

The L-1 project is one of the best examples of a successfully integrated effort
involving all the ITER Parties in the entire process, from the development of strands,
entire cables and jackets to the fabrication of cable-in-conduit conductors.
The R&D program for the manufacturing of conductors for the CS Model Coil and
for the TF Model Coil has progressed since the TAC-9 review, meeting substantially all
of its objectives.
Strands with the expected performance are being produced by seven companies
in the four Parties. Incoloy tubes with the correct tolerances are available, and CS
cables and conductors are being manufactured by a number of companies within
tolerances and with the proper mechanical characteristics.
Insulation has been satisfactorily tested at the radiation level of interest.
The wind-and-react operation is being applied to the conductor layers of the CS
Model Coil.
Prototype joints have already been tested in stationary and pulsed conditions.
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As far as the CS Model Coil is concerned, the winding operation of the inner
module by the US Home Team and of the outer module by the Japanese Home Team is
underway. The modules will be finished by the end of July, 1998, and assembly of the
CS Model Coil in Naka will be performed during the remainder of 1998.
Cooldown and testing of the CS Model Coil with the CS insert, and successively
with the TF and the NbsAI inserts, will follow during 1999 and 2000. While ordering the
strand for the entire magnetic system of ITER appears possible at any time, in view of
the mature development status, testing the CS Model Coil appears to be a prerequisite
before starting the fabrication process for the ITER magnets.
3.2.

Adequacy of R&D to Support Manufacturing of ITER Components

The development of the advanced NbaSn conductors has been the subject of an
unprecedented effort involving the laboratories and experienced industries from the four
Parties.
The results of the extensive R&D program performed to develop the
manufacturing methods of the conductors have been positive.
The problem of correctly using Incoloy as a jacket material has been clarified,
although careful compliance with the established procedure by industry in the
manufacture of the ITER coils will be mandatory.
The test program already foreseen to test the conductors chosen to build the
ITER coils is adequate to guarantee their performance when operating in the final
conditions.
The CS conductor will be fully tested in the CS Model Coil.
In addition, testing of the ITER TF conductor with Incoloy jacket will be carried
out by means of the TF insert in the CS Model Coil, where the field and the current
density will be the ITER-nominal ones.
Extensive tests of the joints will be conducted in SULTAN and at MIT.
3.3.

Adequacy of Planned Test Program

The test program which is foreseen for the CS Model Coil appears entirely
sufficient to validate the performance of the ITER Central Solenoid design. In particular,
in addition to the testing of the conductor and the manufacturing process by energizing
the CS Model Coil, the CS insert will allow dynamic testing in relevant operating
conditions.
4.

TOROIDAL FIELD (TF) MODEL COIL (PROJECT L-2)

4.1.

Status and Progress of the R&D to Date

The main objectives of the TF Model Coil project are to demonstrate ITER TF coil
manufacturing processes and to assess the performance of components and operating
margins.

108

The status of completed and in-progress tasks is as follows:
•
•
•
•
•
•
•
•
•
4.2.

Manufacturing drawings of TF Model Coil completed;
Quality Control (QC) and manufacturing program well advanced;
Winding line commissioned;
First superconducting cable fabricated (1 out of 5 total);
Prototype of full-size joint manufactured;
First two molds for the heat treatment completed;
Fabrication of dummy copper-lncoloy conductor well advanced;
Sensor specifications finalized;
Preparation of testing facilities TOSKA and SULTAN well advanced.

Adequacy of R&D to Support Manufacturing of ITER Components.
The R&D programs which are being implemented have the following purposes:
• Validate and prove the manufacturing process for all components of the
ITER coils;
• Demonstrate procedures for fabrication of coils;
• Achieve required technical parameters during testing.
The main objectives to be achieved by the end of the EDA are as follows:
• Development and verification of the manufacturing techniques for the fullscale TF coil;
• Establishment of realistic manufacturing tolerances;
• Upgrading the production capacity for conductor;
• Selection of methods for the ITER TF-coil acceptance test.

The R&D program covers all the major technical challenges relating to the
manufacturing of the ITER TF coils.
The TF coil conductor will undergo a combination of tests. In the TF Model Coil
facility in TOSKA, while the field is lower than the ITER-nominal one, steel-jacketed TF
conductor will be tested at mechanical stresses which will be well beyond the nominal.
Testing of an ITER TF conductor with Incoloy jacket at the ITER-nominal values of field
and curent density will be performed as part of the L-1 project, by testing of the TF-coil
insert in the CS Model Coil (see Sec. 3.2).
4.3.

Adequacy of Planned Testing Program

Testing of the TF Model Coil after the EDA will provide information on the coil's
mechanical behavior and operating margin.
The testing program after the EDA has to be developed in more detail.
It is very important to retain (and if possible even to increase) the industrial
production capacity for superconducting materials, especially NbaSn strand, and their
raw materials before starting the ITER construction phase. A possible solution to this
problem would be to start the manufacturing process for 5-10% of the full amount of
superconducting material for ITER before obtaining all test results on the model coils.
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5.

VACUUM VESSEL SECTOR (PROJECT L-3)

5.1.

Status and Progress of R&D to Date

The vacuum vessel R&D has progressed largely on schedule. Industry-relevant
vacuum vessel fabrication techniques and procedures have been developed. Two fullscale vacuum vessel segments (half sectors) and a mid-plane port extension are
currently being fabricated in industry, using different welding techniques, within the
required tolerances.
Remote welding and cutting techniques and associated testing methods have
been developed and are being tested on mock-ups.
5.2.

Adequacy of R&D to Support Manufacturing of ITER Components

The R&D performed to date has successfully developed and tested in industry
the manufacturing, quality control, and inspection techniques which could be used in
ITER construction. Based on the progress to date and the tasks which are scheduled for
completion in the post-EDA period, the TAC believes that the R&D is adequate to
support the vacuum vessel manufacture.
5.3.

Adequacy of Planned Test Program

The post-EDA testing will complete the assembly and integrated testing of the
full-scale vacuum vessel sector, by joining together the two segments (half sectors) and
the mid-plane port extension. This will be followed by remote cutting and welding tests
on the completed sector.
A lower (divertor) port extension is not being fabricated, since it will use the same
basic structure and manufacturing techniques as the mid-plane port extension.
Full-scale hydraulic tests will not be performed. However, a hydraulic test with a
sub-scale model will be performed to validate the analysis.
Neither of the above omissions is perceived to have any adverse impact on the
vacuum vessel project or future construction.
A vacuum vessel design code will be developed within the EDA, and will be
validated through ongoing and continued testing of vacuum vessel components and
mock-ups. This task is expected to be completed in the post-EDA period for future
procurement specifications.
In summary, the TAC's assessment is that, when the identified post-EDA tasks
are completed, the L-3 Project will be successfully concluded.
6.

FIRST-WALL/BLANKET MODULE (PROJECT L-4)

6.1.

Status and Progress of R&D to Date

The JCT, working with the Home Teams, has selected a shield-module concept
that meets the shield/blanket performance requirements for the ITER Basic
Performance Phase. Materials have been selected on the basis of the results of an
R&D program. Suitable fabrication methods have been developed and demonstrated in
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the laboratory and in industry, including two successful approaches for bonding
beryllium to copper, which is a critical element in the selected design.
A new approach for mechanically attaching the shield-modules to the backplate
has been developed and adopted. This approach is based on flexible connections to the
backplate and interlocking, insulated keys between adjacent modules.
A new backplate structure has been selected. This approach increases the
backplate strength to accommodate disruption loads and simplifies the water cooling
connections.
Calculations and neutronic testing validates the current design for providing the
neutron shielding required of the combined shield/backplate assembly.
6.2.

Adequacy of R&D to Support Manufacturing of ITER Components

The R&D has identified several commercially-viable fabrication techniques for the
shield-modules and backplate structure. Multiple mock-ups pertaining to the firstwall/shield will be manufactured by commercial vendors and tested prior to the end of
the EDA. Three prototype shield-modules will be in manufacture (of which one will be
delivered), together with'orie backplate prototype, prior to the end of the EDA.
6.3.

Adequacy of Planned Test Program

The new
that it will meet
(iii) the remote
completed prior

shield-module attachment concept will require further testing to confirm
(i) the anticipated loads, (ii) the electrical insulating requirements, and
handling requirements. This testing, at the component level, will be
to the end of the EDA.

Testing of the primary first-wall, baffle and backplate prototypes, both as
individual components and as an integrated system, will require continued effort, likely
through the year 2000. During this period, demonstration of remote handling, cutting,
welding, and inspection techniques with full-scale prototypes will need to be continued.
It is recommended that some iterative refinements of manufacturing and remote
handling techniques be pursued, to reduce manufacturing and installation costs and to
improve component reliability.
A breeding blanket design has not been presented for use during the Enhanced
Performance Phase, The TAC recommends that a blanket-module design be developed
which has dimensions similar to the current first-wall/shield-module, and which uses the
same mounting techniques and the same remote handling tools and procedures, with
no (or minimal) reductionin the active plasma volume. An associated R&D program,
with appropriate testing, needs to be developed. In particular, a blanket design and
testing program is necessary to confirm the feasibility of a breeding ratio of at least 0.8,
while meeting first-wall and disruption load requirements.
7.

DIVERTOR CASSETTE (PROJECT L-5)

7.1.

Status and Progress to Date

There has been significant progress on plasma-facing components, including the
selection of materials, the demonstration of joining options, and high-heat-flux testing of
divertor mock-ups meeting ITER requirements.
Ill

Silicon-doped carbon-fiber-composite (CFC) has been shown to have desirable
properties when compared to graphite.
Thermal hydraulic tests show that either a swirl-tube or hypervapotron can meet
the ITER requirements.
The program to develop silver-free joints has been satisfactorily completed.
Plasma spraying of beryllium and tungsten has been successfully demonstrated.
On the important issue of erosion and disruptions, for normal operation, CFC and
tungsten have the longest lifetimes. Plasma shielding is observed, but this produces
large heat fluxes on nearby structures.
Clean beryllium exhibits low tritium retention. Using data from the low end of the
range of predictions for co-deposition and tritium trapping, irradiated CFC is marginally
acceptable. Work on tritium retention for mixed materials and tritium permeation has just
started.
The divertor cassette body and full-size plasma-facing components are being
fabricated, but the outer vertical target will only have a temporary support structure (due
to resource limitations).
7.2.

Adequacy of R&D to Support Manufacturing of ITER Components

All Parties are involved in the major divertor design features and in the different
targets and liners, as well as in the materials development work, which includes testing
of irradiated materials. Remote handling and accurate alignment of the plasma-facing
components are important tasks for the R&D program in proving the feasibility of
maintenance and replacement of the divertor cassette. The key issues on materials
development, including mixed-materials studies, are well covered by the existing R&D
program.
7.3.

Adequacy of Planned Testing Program

As reported at TAC-9, assembly of the full-size cassette (but with a temporary
outer support structure) may just be completed during the EDA and, although the
schedule is tight, high-heat-flux tests of mock-ups of all three irradiated materials will be
completed as well as testing of nearly-full-scale mock-ups. Erosion studies of mixedmaterials, tritium retention in tungsten and initial studies of clean-up of co-deposited
layers will be completed.
Tests of tritium retention and removal in a large tokamak would be invaluable.
Following the EDA, the full divertor cassette should be completed to check the
achievable accuracy, and for an alignment, flow-testing and draining/drying test
demonstration of the plasma-facing components. Materials development should
continue, focusing on reliability and lifetime verification, and irradiation and postirradiation high-heat-flux testing of the plasma-facing components, as well as tritium
inventory control.
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8.

BLANKET MODULE REMOTE MAINTENANCE (PROJECT L-6)

8.1.

Status and Progress of R&D to Date

The current R&D work is well in line with the objective of demonstrating remote
handling of the blanket modules.
Given the requirements for moving and positioning modules with maximum
weight of 4.3 t, with an accuracy of 2 mm, the prototype vehicle/manipulator was
demonstrated to be capable of moving a 1.2-t load with an arm 6-m long under 8-axis
control accurate to 1 mm at a speed of 3 m/min, with positioning of manipulator grips
accurate to 0.5 mm.
Automation of operations is provided by an instructing system. The manipulator
serviceability was demonstrated for remote handling of bolted joints.
In spite of the initial delays in the design work, the manufacture and preparations
for testing the full-scale module are almost meeting the deadlines for the required
completion of the verification tests in mid-1998.
Results are available from tests of pipe-welding/cutting and inspection tools for
3-mm branch pipes (2 kW YAG laser) and for 4 mm manifolds (4 kW YAG laser), as well
as the results of TIG welding (up to 70 mm) and plasma cutting. Welding quality
inspection is at an experimental stage.
8.2.

Adequacy of R&D to Support Manufacturing of ITER Components

Mock-ups of all the transport system components have been produced, including
rail transporter, vehicle/manipulator, end effector, maintenance cell (rail deployment)
and module receiver.
The scale of the models is sufficient for demonstrating the serviceability of the
full-scale system. However, with a move to the latter, the positioning accuracy both of
the manipulator proper, and especially of the modules, should be proved to meet the
requirements.
The TAC-9 recommendations have been fulfilled concerning coordination of
Projects L-6 (Blanket Module Remote Maintenance) and L-7 (Divertor Module Remote
Handling) in terms of common technology for transport, docking, and the double-seal
door. The TAC recommends considering the feasibility of a higher level of unification of
components of the two remote handling systems, to reduce manufacturing costs and to
alleviate operational problems (spare parts, tools, training time).
It is necessary to examine the serviceability of the tools and equipment for
welding/cutting and flaw detection during off-normal situations.
It is necessary to continue work on demonstration of the radiation resistance of
components, optics, devices and materials employed, in keeping with the requirements
for the operation time under normal, and particularly abnormal, conditions.
The TAC recommends that the proposed remote handling systems should be
analyzed for versatility to respond to currently unanticipated demands, and with a view
to expanding their applicability beyond the single procedure of blanket module
replacement (e.g., to dust removal, or cutting/welding of the backplate in case of
segment replacement, etc.)
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8.3.

Adequacy of Planned Test Program

The design and experimental work planned to be carried out before July, 1998,
and the post-EDA plans are sufficient for comprehensive remote handling validation,
including rescue, fail-safe behavior, feedback control, operational limits, and
optimization of man-machine interfaces.
9.

DIVERTOR REMOTE HANDLING DEVELOPMENT (PROJECT L-7)

9.1.

Status and Progress of R&D to Date
Divertor remote handling development (Project L-7) has two objectives, namely:
(1) to demonstrate the feasibility of divertor cassette replacement (in-vessel
handling operation);
(2) to demonstrate the feasibility of divertor cassette refurbishment (hot-cell
operation).

Two experimental facilities have been foreseen: the Divertor Test Platform (DTP)
to achieve Objective (1), and the Divertor Refurbishment Platform (DRP) to achieve
Objective (2).
The DTP consists of a model of a 72Q toroidal sector of the lower region of the
vacuum vessel, including four radial ducts, where full-scale remote handling prototypes
and proof-of-principle models will handle dummy cassettes. Design work has been
completed, and the manufacture of the prototypes and mock-ups is scheduled for
completion in October, 1997.
The DRP consists of a full-scale model of a cassette, replicating with accuracy
the components to be refurbished and their interfaces, and is used to simulate a
complete refurbishment operation. Design work is completed, with the exception of the
cut-weld-inspection tools required for the hydraulic connections of the plasma-facing
components to the cassette body. The manufacture of most prototypes and mock-ups is
scheduled for completion in December, 1997, and the manufacture of the cut-weldinspection tool prototypes will be completed in March, 1998.
The assembly of both facilities is complemented by basic tests to qualify specific
sub-systems (e.g., operation of the cassette locking system, friction tests, etc.), which
are in progress and which will continue until the end of the EDA.
9.2.

Adequacy of R&D to Support Manufacturing of the ITER Divertor

The planned tests will demonstrate the feasibility of divertor cassette remote
handling. They will provide all information required to optimise the divertor cassettes and
their interfaces (e.g., vacuum vessel rails) to ensure their remote insertion/removal
inside the vacuum vessel and their refurbishment in the hot cell.
9.3.

Adequacy of Planned Testing Program

The proposed program has not been changed relative to that proposed at TAC-9
and will allow achievement of the objectives of the project as identified at TAC-9.
Post-EDA activities in the DTP will be required (i) to validate the operation of the
remote handling equipment in fail-safe conditions, (ii) to demonstrate the ability to
recover the remote handling equipment in case of equipment failure or component
jamming, and (iii) to optimize the handling procedures in full remote conditions.
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Post-EDA activities in the DRP will be required (i) to demonstrate the ability to
refurbish all plasma-facing components (during the EDA, this demonstration will be
limited to the outer vertical target) and (ii) to optimize the refurbishment procedure
(design, manufacture and testing of special purpose tools aiming at a high degree of
automation).
After completion of the proposed post-EDA activities, the design of the handling
equipment will be validated.
10.

SAFETY R&D

10.1. Status and Progress of R&D to Date
A program of safety-related R&D has been defined and implemented. The topics
of the R&D program include various safety-related subjects that fall into the following
two broad categories.
The first category covers activities to obtain refined technical data with regard to
such safety-related topics as (i) characterization, chemical reactivity, mobilization,
transport, removal and monitoring of the dust produced in the vacuum vessel during
operation, (ii) chemical reactivity of the plasma-facing-component materials, i.e.,
beryllium, CFC and tungsten, with air and water, (iii) tritium implantation and permeation
in plasma-facing materials, (iv) volatility of the activation products, (v) generation and
transport of corrosion products in the heat transport system, (vi) measurement of decay
heat in the plasma-facing materials, and (vii) transient thermal hydraulic phenomena
due to air or water ingress into the vacuum vessel.
The second category includes several experiments for validating more than ten
different computer codes being used by the Parties for various fusion-specific safety
analyses. The experiments are to simulate such phenomena as thermal hydraulic
effects associated with coolant blow-down and air ingress into the vacuum vessel,
including dust mobilization and behavior of corrosion products in the heat transport
system. For some computer codes, blind code comparisons are being conducted.
In summary, the TAC noted that this R&D is progressing satisfactorily.
10.2. Adequacy of R&D to Support Safety and Environmental Analysis for Regulatory
Requirements.
The R&D program appears to be adequate to provide important safety-related
technical data and also for validating computer codes to be used in various fusionspecific safety analyses. Most of the results from the R&D program are expected to be
obtained by the end of the EDA, and these results will help support the safety analysis
to be incorporated into the NSSR-2 document. Nevertheless, further improvement
seems to be needed beyond the end of the EDA in such areas as characterization,
transport behavior, and chemical reactivity of the dust, behavior of the corrosion
products, and predictive capabilities of the computer codes for fusion-specific safety
analyses.
10.3. Adequacy of Planned Testing Program
The testing program, including those activities to be conducted after the end of
EDA, appears to provide the needed information to start a dialogue with a regulatory
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body regarding construction of ITER. In particular, blind computer code comparisons will
be useful to improve the predictive capability of the present computer codes used for the
fusion-specific safety analyses.
11.

PLASMA FUELLING

11.1. Status and Progress of R&D to Date
The scope of this program has included gas and pellet fuelling development,
including prototypes, but it now also includes fuelling concepts such as isotopic fuelling
and high-field-side pellet launch, which has recently shown significant promise in
fuelling efficiency and penetration. Fuelling by compact toroids is not yet included in the
program, as this fuelling approach has yet to be demonstrated on a large tokamak.
In the program to date, 10-mm-diameter pellets of D/DT/T have been produced,
as required for ITER. Extrusion of solid deuterium at the required ITER rate has been
achieved. Resource availability has caused the deferral of the centrifuge prototype, but
the preliminary design should be completed by the end of the EDA. Initial gas injection
experiments have been conducted with a full-scale prototype.
11.2. Adequacy of R&D to Support Manufacturing of ITER Components
The revised R&D program, including high-field-side pellet launch, is appropriate
for plasma fuelling. The potential for inside launch of 10-mm pellets on ITER is now
being explored both in experiments and in modelling studies of the guide-tube radius of
curvature as a function of pellet size and speed. On the basis of the modelling results to
date, but allowing that the initial experimental results are more pessimistic than the
predictions from the modelling, it seems that further work on the guide-tube is necessary
to achieve the required pellet size and speed. The recent modelling results should be
incorporated in assessing the potential for inside launch and in assessing the extent to
which the pellet speed requirement could be reduced.
11.3. Adequacy of Planned Testing Program
The main results of the revised program should be available by the end of the
EDA.
Development of "killer" and impurity pellets is important as one option for rapid
plasma shutdown and for enhanced radiation from high-heat-flux regions of a burning
plasma, and this option should be pursued, although at present it is not included in the
R&D program. A "killer" and impurity pellet R&D program should be included in the
post-EDA program.
Following the EDA, a full-scale ITER prototype centrifuge should be constructed
to determine the feasibility of accelerating 10-mm pellets to 1.5 km/s, as well as long
pulse fuelling.
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12.

PLASMA HEATING AND CURRENT DRIVE SYSTEMS:
ICRH, ECRH, NBI, LH

12.1. Status and Progress of R&D to Date
The objectives of this R&D program are focused on the development of the key
technology for each heating and current-drive system. The key elements are as follows:
the power sources for NBI and ECRH, feedthroughs and windows (for ECRH in
particular), and launcher structures (for LH and ICRH, and for ECRH to a lesser extent).
Good overall progress has been made on each priority item. The program is
expected to demonstrate at the end of the EDA the engineering feasibility of the critical
elements. For the various systems, the TAC noted significant progress on:
• the engineering analysis of ICRH antenna stresses, and tests on prototypes
of all-metal supports and other in-vessel components;
• the validation of 170 GHz gyrotrons delivering in excess of 1 MW for short
pulse and 0.5 MW for 0.7 s, and initial tests of CVD diamond and golddoped silicon windows;
• the demonstration of acceleration at 900 keV of negative-ion beams and, in
separate tests, the required current density, pulse length and neutralization
efficiency;
• the development (by the EU on a voluntary basis) of a LH active/passive
front-end, which should improve the robustness of the launcher in a reactor
environment, and tests of low-loss transmission line.
In addition, operational experience is being obtained on plasmas (i) with
negative-ion NBI (3.2 MW, 0.35 MeV), (ii) with ITER ICRH scenarios on D/T plasmas
(10 MW), (iii) with ECRH capable of off-axis current drive, and (iv) with LH supporting
steady-state conditions. In D-T experiments, the fusion yield has been optimized by
combining several heating systems.
12.2. Adequacy of R&D to Support Manufacturing of ITER Components
The TAC believes that the availability of several heating and current drive
systems is so important for the full exploitation of ITER and for performance optimization
that the R&D program on each of the presently selected methods should be maintained.
The R&D program is presently limited to a number of high-priority items. The
TAC accepts this choice, recognizing that the heating and current drive systems are not,
at present, on the critical path for ITER construction. Nonetheless, the TAC believes
that the R&D program should be strengthened on the high-priority items. During the
early part of the construction phase, the R&D program will have to include validation of
prototype modules for selected systems.
12.3. Adequacy of Planned Testing Program
The R&D schedule to the end of the EDA is tight, but allows manufacturing
demonstration of key components. The TAC recognizes the need for a testing program
extending beyond the end of the EDA for the evaluation of system reliability and life
expectancy. The program should also include developments leading to
cost/performance effectiveness.
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13.

VACUUM PUMPING AND TRITIUM PLANT

13.1. Status and Progress to Date
Development and testing of the various components of the vacuum pumping and
tritium plant systems have progressed well, but additional work remains to be done to
meet the EDA objectives.
The flow rates for some of the tritium processing systems have increased
significantly during the EDA. Nevertheless, the systems' inventory has been reduced,
largely due to improvements in the isotope separation technology. The total tritium
inventory is still planned to remain below the ITER design target.
Activities in the vacuum pumping area, including the model cryopump,
component testing, mechanical vacuum pump characterization and the leak detection
system definition, have all made good progress, and some are already complete.
The multiple subsystems that make up the tritium plant have also enjoyed good
progress, and no show-stoppers have been identified. On the other hand, much remains
to be done before the end of the EDA and beyond, as prototype tests need to be
completed.
13.2. Adequacy of R&D to Support Manufacturing of ITER Components
Generally, this work is in good shape. Where required, the prototypes are being
fabricated. Supporting data for small-scale component tests will be obtained by the end
of the EDA, but performance testing of the prototypes will be accomplished after the
EDA. Scale-up to ITER throughputs will be dependent upon some measurements and
upon the evolution of final parameters from the detailed ITER design. Part of the issue
here has to do with alternate choices for the final ITER construction, and an optimal
choice between options awaits certain parametric testing.
13.3. Adequacy of Planned Testing Program
Although the testing of presently defined systems is well advanced, additional
development will be needed as other systems requirements are finalized, such as the
requirements for the blanket test sector tritium extraction, and the requirements for the
waste streams from the plasma heating systems (e.g., neutral beams). The testing
planned is adequate to cover these details.
14.

SWITCHES FOR PULSED-POWER SUPPLY

14.1. Status and Progress to Date
The high-power opening and closing switches required for ITER magnet
operation and protection have made excellent progress based on improvement of
existing devices and the development of new devices. Scaled prototypes have been
constructed and tested for three kinds of devices, namely (i) current commutation units,
(ii) explosive-activated circuit breakers, and (iii) make switches. For some of these
devices, there is more than one option, and at least one option scales to the design
goals. Full-scale prototypes will be completed during the EDA, but not all options for all
three kinds of devices will be completed. The progress appears impressive.
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14.2. Adequacy of R&D to Support Manufacturing of ITER Components
For all three kinds of devices and their complementary units, it appears that once
the test program is completed, all but one of these will have sufficient validating R&D to
support ITER manufacturing. One remaining development, namely switches for the CS
power supply, will not be completed for up to two years beyond the EDA. The issue here
stems from the need for four of these switches to open and close in parallel, sharing
current with one common counter pulse capacitor bank. While there are two options for
this application, proof of performance will take some time.
14.3. Adequacy of Planned Testing Program
The testing program of all units appears well defined for the EDA. Some
additional planning for switch parallel operation would be appropriate beyond that for the
EDA.

PART B:
15.

ITER DIAGNOSTICS AND ASSOCIATED CONTROLS

ITER DIAGNOSTICS: GENERAL ASSESSMENT

Excellent progress has been made in defining and designing the diagnostics
equipment to meet the ITER requirements both for plasma control and for those
measurements needed to satisfy the goals of the scientific program. A comprehensive
analysis has been made to determine the requirements for each measurement, based
on the needs of proposed ITER operational scenarios. A selection of diagnostic
methods has been made for the majority of the measurements. The descriptions of
individual diagnostic systems are particularly helpful in identifying the status of each
system. The proposed set of diagnostics takes into consideration the stringent
requirements set by ITER's very-long-pulse burning plasmas.
The principal aim of the studies to date has been to define the diagnostics and to
perform sufficient engineering design to ensure that there is adequate access and that
the diagnostics are compatible with the other ITER components. While much of the
preliminary engineering work has been done, some areas still need attention in the near
term. However, the detailed design of many of the diagnostics can be done later.
Most of the needed diagnostics for ITER are in use today. Nevertheless these
diagnostics can require R&D to adapt them to ITER. In addition, there are newer or
proposed diagnostics (some speculative) which will need substantial R&D.
The TAC notes that the ITER JCT, the four Home Teams, the ITER Physics
Expert Group on Diagnostics and other expert groups have done a first-rate job in
developing the ITER diagnostics and control systems to the present state and in
defining the associated R&D needs.
The TAC recommends that emphasis in the continuing program should be given
to the following areas:
• Showing that the time-scale for deployment of the diagnostics and controls,
including commissioning times, is consistent with the proposed
experimental schedule. In this regard, it would be useful, for comparison, to
have information on the rate of build-up of diagnostics on existing tokamaks
as a function of the state of operation of the device;

119

Doing more analysis of the extent of back-up capability, redundancy and
replaceability needed in regard to failures of control diagnostics, especially
in areas where the absence of a diagnostic would have a serious impact on
the continuous operation of ITER;
Analysing priorities, with regard to engineering layouts and R&D, to meet
the needs of the experimental program. This should include the allocation of
resources, in the EDA and post-EDA period, to ensure that the engineering
design and R&D is completed in a timely fashion for the most critical areas.

16.

DIAGNOSTIC REQUIREMENTS AND SPECIFICATIONS

16.1. Adequacy of the Identified Plasma Control Requirements
Many of the plasma control requirements, such as those for the poloidal field
control system, are similar to those on presently operating tokamaks. The requirements
for kinetic control, runaway electron detection and burn control will generally be new on
ITER and need to be refined.
However, the ITER machine will present new challenges in plasma control,
because of the following features:
• large plasma stored energy;
• reactor environment, creating a hostile environment for diagnostics, while
also requiring high diagnostic reliability for safety and machine protection;
• very long plasma pulses, creating difficulties for magnetic measurements,
while also requiring extensive plasma measurements for feedback control.
Challenging requirements on the ITER control diagnostics will include the following:
• performing optimisation of the plasma operation at the highest level of
control, and automating those adjustments to the basic plasma operating
scenario that in present devices are normally carried out by physicists on a
shot-by-shot basis;
• neutron calibration at the start of operations and, more generally, the initial
calibration and the measures required to maintain the calibration of all
diagnostic systems during the ITER lifetime;
• detection and handling of locked modes arising from very small error fields.
16.2. Adequacy of Measurement Specifications
The diagnostics requirements are well specified, and an exhaustive analysis has
been made to determine which diagnostics could meet these requirements. The
proposed accuracy and time resolution of the diagnostics required for control appear to
be adequate, but this has not yet been demonstrated in full simulations of the control
loops. The diagnostics and their specifications need to be reviewed periodically to
ensure that they remain current with existing standards and requirements. There has
been a good tie-in to progress on operating tokamaks, and this relationship, through the
ITER Physics Expert Group on Diagnostics, should be maintained.
16.3. Assessment of Plans for Modelling of Plasma Control
Work has begun on a comprehensive computer model of plasma control, and this
work appears to be well-conceived and going in the right direction. It would be useful to
120

create a data base of information on the extensive control systems being used in
present experiments. Such information could help in optimising the ITER control
systems. The plasma control models could also be used to identify the effects of various
diagnostic failures on the ability to control the plasma, as an aid in establishing
redundancy and replaceability requirements.
17.

DIAGNOSTICS DESIGN AND R&D PROGRAM

17.1. Status of Diagnostics Design and Integration
Excellent progress has been made on diagnostic design and integration. The
general areas requiring emphasis have already been identified. The analyses which
have defined the diagnostics and poloidal field control requirements are thorough. A
convincing start has been made on the identification and design of the most important
control diagnostics. More work is needed to complete the list of required diagnostics.
Some specific problem areas were noted and, while not an exhaustive list, the
TAC considers that further work is required on the following:
• the adequacy of modelling of eddy current effects on magnetic
measurements;
• the adequacy of corrections for the limited-extent Rogowski coil for plasma
current measurement;
• the adequacy of the performance of plasma-facing front-end mirrors, key to
the optical diagnostics, to survive the environment;
• the adequacy of measurements of divertor plate temperatures in regard to
movement of the strike points during ELMs;
• the adequacy and consistency of measurements through slots in the shield
elements, and the effects of hot areas, reflections and neutrals;
• analysis of the control requirements for maintaining an ignited plasma close
to operational limits (e.g., beta limit or density limit);
• the effect of ferromagnetic material on magnetic measurements at the
required level of accuracy;
• the adequacy of the equilibrium reconstruction in the control loop, from the
viewpoint of both accuracy and noise;
• the adequacy of the measurement of confined alpha-particles and their
losses to the wall under different plasma scenarios.
Most of the required measurements can be made, and there is good progress in
defining and designing the specific diagnostics.
However, the TAC has some concerns both about the capability of certain
diagnostics and about the timeliness of the development of the required diagnostics.
In regard to diagnostic capability, a particular concern is the ability to achieve full
profile coverage of the core and divertor plasmas because of access limitations. The
measurements of q(r) and the radial profiles of ion temperature and poloidal rotation
velocity, important for the development of negative-shear operational scenarios, are
cases where measurement solutions must still be found. Direct measurement of the
alpha-particle population is proving to be very challenging.
The TAC's concern about the timeliness of the diagnostics relates to meeting the
ITER schedule. The table presented by the JCT of the relationship between
measurement capability and the planned physics studies for ITER is valuable, but a
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clearer explanation of how the diagnostic sets satisfy the requirements of the various
plasma scenarios would more clearly identify their need. In particular, concerns about
the timeliness of diagnostic availability could be better quantified if they were more
clearly associated with an operational schedule.
Also, more work is required to demonstrate the extent of back-up capability,
redundancy and replaceability for the control diagnostics to allow reliable operation of
ITER. In this regard, modelling could be used to identify the implications of the most
serious diagnostic failures. Reassessment of the target requirements for some
measurements should be done to determine if the requirements are too stringent.
17.2 . Status and Adequacy of Supporting R&D
The R&D performed in the diagnostics area falls into two categories. One R&D
program is conducted under the voluntary physics contributions from the Parties. The
other R&D program is performed with credited ITER effort.
Under the voluntary physics program, a prioritized list has been proposed by the
Physics Expert Group on Diagnostics for study by the four Parties, including, for
example, measurements of q(r), poloidal rotation, divertor plasma measurements, Tj(r),
and the isotopic ratio
Within the priority set of credited R&D tasks for the post-EDA phase, the
following important isssues are to be addressed:
• fabrication and test of diagnostic mock-up systems (e.g., of the divertor
cassette);
• neutron and gamma radiation effects on specific diagnostic components
(e.g., bolometers);
• the contamination of mirror surfaces, notably in the divertor region;
• developments in active spectroscopy, including possibly developing a veryshort -pulse high-power diagnostic neutral beam.
18.

SUGGESTIONS FOR THE FINAL DESIGN REPORT

For the diagnostics section of the Final Design Report (FDR), or the diagnostics
chapter of the Physics Design Basis document, as appropriate, the following information
is desirable:
• The extent to which the needed diagnostics can be implemented with the
present machine layout. The objective should be that 100% of the control
diagnostics necessary to guarantee the plasma operation scenarios can be
implemented with the machine layout presented in the FDR. A list of
exceptions should be given.
• The requirements specifications of all diagnostics needed for control should
be summarized.
• The extent to which the engineering layouts have been completed should be
clarified.
• The diagnostics requirements for the Fast Plasma Shutdown System should
be assessed, in order to ensure that they are consistent with the analysis of
their required safety functions.
• A prioritized list of R&D needs should be given.
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• The schedule for diagnostic deployment and capability should be given,
from start-up through the experimental phases for the different modes of
operation.
In addition, for the FDR, it is essential that the integration of the diagnostics and
the plasma control function should be presented at the level of an engineering design.
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IC-12 ROD
Attachment 9

Technical Activities and Resources deemed necessary for ITER
beyond Tuly 1998 until the possible start of Physical Construction
Report by the Director
Introduction
TTER Council 11 supported the Director's view of the need for continuity from
the EDA to construction activities and invited the Director, in consultation with
Home Team Leaders, to elaborate further the technical activities and estimated
resources that would provide the required continuity (IC-11 ROD 3.4).
This paper responds to the IC request and reflects as well a number of other IC11 decisions which bear on the possible future for ITER as July 1998 approaches,
namely:IC 11 ROD 1.4
which noted the Director's concern over possible
effects on the JCT should there be no positive indications regarding
TTER's post-EDA phase;
IC 11 ROD 3.2
under which full results of R&D initiated under the
EDA which might not be completed at the end of EDA should be
available to the Parties; and
IC-11 ROD 3.5
which invited the Parties to consider actions
needed to permit smooth transition into construction activities.
In accordance with the IC request, the paper was developed in consultation with
the Home Team Leaders who have discussed and reviewed the issues at two
Director/HTL meetings. The Director's proposals as set out below have the
support of the Home Team Leaders.

Background
Project planning as presented in IDR and in DDR has been developed with a
fundamental presumption of continuity, ie that "the EDA is taking place with a
view to construction starting as soon as practicably possible after the end of
EDA". The planning schedules ( and related resource estimates ) therefore have
always followed a continuous path from performance of the EDA through to
construction and ultimately to first plasma. The IDR (and DDR) planning
activities have assumed that a single construction site would be designated
directly after the end of the EDA and that 2-21/2 years of continued engineering
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and R&D work would take place before the start of physical construction.
Technical tasks foreseen to be undertaken during that period included:
• adaptation of the design around the specific characteristics and circumstances
of the construction site;
• continued preparation for procurement of major UER components, to serve a
"just in time" procurement schedule;
• initiation of procurement action for the longest lead-time items;
• technical support to obtaining licences to construct and operate ITER;
• ongoing R&D to broaden understanding of the operational performance and
flexibility of ITER and to explore further the major physics issues.
The EDA Work Programme approved in 1995 reflected the IDR and was derived
as a subset of the overall HER schedule and resource estimates. In the updated
Programme approved by IC-11, the EDA resources figures were revised to be
constrained within the actual levels of resources that then seemed likely to be
available in the period to July 1998. But the overall assessment of activities and
resources required through the EDA and up to the start of physical construction
did not change. Thus activities omitted from the original EDA period because of
resource limits will have to be done and the necessary resources expended after
July 1998.
Table 1 recalls the Resource Estimates shown in previous Work Plans, the
current status of commitments and estimated actual expenditures by July 1998.
Table 1: Resource Estimates and Expectations of the Work Plan
IC-8 Work
Plan

EDA to July 1998:
Technology R&D (KIUA)
Home Team Design (PPY)

656*
752.2
798

IC-11 Work
Plan

615**
720
720

Currrent
Status

583***
713
720 (-)

Est'd
actuals to
July 1998
-580
-720
-720 (-)

JCT (PPY)
Post July 1998:
94
Technology R&D (KIUA)
94
370
Home Team Design (PPY)
370
JCT (PPY)
396
396
Includes 30 KIUA in reserve
** Includes 19 KIUA in reserve
*** no reserve included; about 9 KIUA is not committed some of which may be canceled or
postponed

The resource estimates in the IDR and DDR explicitly excluded the Parties'
voluntary contributions on ITER Physics including development of specific
diagnostics, and their programmes on test blanket R&D, and the additional
resources that potential construction host Parties 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 (to the
extent that these differ from the site design assumptions endorsed by the ITER
Council after the SRG report).
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Basic Assumptions for the period beyond July 1998
For the purposes of the analysis below it is assumed that the Parties will support
3 year activities after July 1998 in an extended EDA framework on the basis of:
1 expressions of shared interest to progress towards possible joint
construction, with a joint assessment by the Parties after about two years
of readiness for construction decisions;
2 ongoing explorations by Parties towards complete realisation of ITER,
and other enabling activities to achieve readiness for decision (with high
confidence of subsequent efficient start of construction)
3 provision of certain site characterisations as a basis for site-specific design
adaptations and preparations for licensing applications (ie with a view to
resolving all technical issues related to the licence procedure);
4 maintenance by all Parties of a common interest in and shared
responsibility for the technical success and general applicability of ITER
as it will be realised.

Technical Activities
Then, to maintain continuous progress of the project towards its overall
objective, the following technical activities need to be pursued jointly by the JCT
and the Home Teams:
1 Site(s) specific design adaptations and their cost estimates;
2 Technical support,including safety analysis, to Parties within whose
territories sites for posible construction are situated, in their preparation of
applications for licence to build and operate ITER;
3 Extending prototype testing to provide further data on operational margins
and conducting design and R&D, including physics studies, required to
take into account results of domestic reviews of the FDR and to finalise
procurement specifications;
4 Finalising procurement specifications and related documentation for ITER
systems requiring early procurement, taking into account industry
capabilities;
All of the activities described above - except for some additional Site-specific
joint work from adapting for more than one site - would have to have been done
to meet the FTER construction schedule presented to IC-11 which foresaw a site
decision directly after July 1998. In particular, the work to continue preparation
of full procurement documentation and the continued related R&D effort is
required after July 1998 under any scenario for FTER construction and thus is a
part of the overall costs of the project which will not change materially with a
changed timing for site and construction decision.
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However a critical early element of the IDR/DDR construction schedule, beside
starting procurement of superconducting strand, is the physical preparation of
the site and its excavation in order to start construction of the critical nuclear
buildings about 2T/2 years after the end of EDA, having by then secured the
necessary authorisations. Such a schedule would have required a start of
consultations with industrial suppliers about one year earlier. These critical
activities cannot be started in anticipation of a site decision. Thus, whilst the
deferral of a siting and construction decision for up to three years is expected to
have minimal impact on the overall costs of the project, the consequential delay
in placing orders for critical civil work is expected to lead to a shift of the overall
schedule of about two years.
Nevertheless, undertaking the technical work outlined above during a 3 year
period after July 1998 in anticipation of a construction decision, as well as
ensuring project continuity, would exploit the opportunity to bring the
procurement packages to a higher level of completion by the time of a
construction decision, thus increasing confidence in the design performance,
costs and schedules and injecting greater robustness into the construction
schedule. The project would thus be better placed to enter promptly into an
efficient construction activity as soon as the Parties so decide.
The activity headings and the related resource requirements are discussed
further below.

General considerations
1
Overall levels
The JCT, Home Teams Designers, Site support, and RF Design Support
personnel jointly comprise the human resources to design ITER systems,
components and facilities and to supervise and follow the supporting R&D.
The Work Programme approved by IC-11 included resources to July 1998 of
about 720 PPY each for JCT and Home Team design effort, with full site support
maintained at present levels (including 34 CAD designers) and 95 designeryears through the RF design support centre (equivalent to ~32 PPY).
The IDR/DDR assessment of JCT/HT resources required about 396 JCT/PPY
and 370 HT/PPY for the 2-2x/2 period after July 1998 to be ready for early
procurement at the start of physical construction. At present, the JCT strength is
around 165, and the Home Team design effort is committed at the level of about
140 PPY/year. The current levels of JCT and Home Team design resources are
thus broadly consistent, in aggregate, with the estimated requirement for such
resources to be allocated over a 3 year period of continued design work in
preparation for start of physical construction.
2
Modalities of design work
The efficiency of The design work is no less important than the volume of
resources allocated. Whilst continuation of the present JCT/HT numbers appears
to provide about the right number of PPY's, efficient performance of the work to
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be done depends critically on making certain necessary adaptations in the
modalities of the design work to reflect the greater focus and cohesion needed at
the coming stages of design. In particular, the conceptual design and
preliminary analysis on generic grounds, which has been a feature of many EDA
design tasks and which benefits from a certain degree of freedom, must give
way to detailed design and specific analysis according to exact parameters and
to full configuration control, including standard specifications for industrial
manufacturing and accompanying models and QA procedures.
This requires a closer integration between HT design and JCT staff especially in
relation to CAD work. In addition, preparing appropriate procurement
documentation requires injection of more personnel with industrial expertise or
direct field experience in oversight of major manufacturing contracts.
Measures to achieve the goal of greater HT/JCT integration include:
1 assignment of Home Team designers full-time to ITER work;
2 concentration of Home Team design effort into identified efficient teams
for specific areas of work, each having appropriate and dedicated CAD
support and regular visits to the JWS by the team leaders (cf successful
arrangements for RF design support under the Joint Fund);
3 related enhancements to the main tools - ie CAD and information
management capacity,
and complementarity
and discipline in
JCT/Home Team CAD activities;
4 when individual HT designers are appointed , use of the VHTP scheme,
for extended design sessions (ie approximately half-time) in immediate
contact with the JCT at the Joint Work Sites.
The above developments are consistent with the kinds of adaptations needed to
orient the JCT/Home Team structures and modes of work towards those
appropriate to a possible ITER construction team.
The developments may have impact on the Joint Work Sites, the scale of which
will depend on the balance of the approaches to Home Team contributions.
Having for example 1 /3 - V 2 of HT design effort by individuals using the VHTP
scheme would result in about 7-10 VHTPs on each site at any time. Moreover,
the additional VHTP effort, if it is to be effective, will require additional CAD
resources in about the same ratio as currently exists between JCT design effort
and CAD (ie a minimum of 1 CAD operator to 4 JCT designers). This will lead
to an increased minimal demand for CAD support at the Joint Work Sites, of
between 25% and 45% in the preceding examples of the balance of Home Team
approaches.
The RF Design support activity provides an additional source of design expertise
which has proved to be efficient and cost-effective. It is expected to continue at
about its current level of a little under 40 designer years/year with support from
the Joint Fund.

129

3 Emphases and Scope of Design work
As well as the adaptation of the overall modes of JCT/HT interactions, some
changes in emphasis and scope of the design work are to be expected.
The JCT role will increasingly focus on ensuring the overall cohesion and
integrity of the design by promoting with the Home Teams common design
requirements and standardisation, monitoring design changes that arise during
the project that could affect cost and scheduling, resolving pending items and
maintaining centralised and continuous control over the project configuration.
These developments will lead to some change in the profile of JCT qualifications
needed with less requirement to follow R&D and more to oversee and integrate
design and pre-procurement work.
As part of the readiness to proceed to construction, there should also be in place
proven and functioning project management tools and systems appropriate to a
venture of the scale and complexity of l'i'ER construction. The systems
developed for management of the EDA information flow should be extended to
provide a reliable system which combines a unified design database with project
management systems. The system should incorporate the Home Team Design
effort, and will help prepare for future remote operational control of ITER.
Necessary expenditures in this area should be distributed as appropriate
between the Joint Fund, JWS support and Home Teams.

Areas of technical work
1
Site Specific Adaptations
Project planning to date has been based on the assumption there would be one
site designated for construction to which the design should be adapted.
Nonetheless, it is feasible to consider adaptations for more than one site because
a significant amount of generic work has already been done within the Parties on
the site specific issues that the project might expect to face (ie specific exceptions
to the generic site design' assumptions, endorsed by the FTER Council after the
SRG report). The main work now to be done is for the JCT and Home Teams
jointly to incorporate this work in a coherent way into the integrated design and
the cost estimates.
The actiHvies foreseen require each Party, which requests a potential site to be
considered, to provide, as the basis for design adaptation, a full physical site
characterisation covering:
Land area and topography;
Geotechnical, Hydrological, Seismic and Meteorological characteristics;
Heat sink;
Transportation and Shipping;
Electrical Power Supply;
Water supply and sewage capacity;
Safetv, environment and health characterics;
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The level of effort and timescale needed for such characterisations will vary by
site within periods from a few months to about one year.
Each Party should also identify the applicable non-nuclear Civil, Mechanical and
Electrical codes and standards to be applied to the various installations.
The JCT with assistance from the Home Teams should then interpret the design
implications of the input information and, with the particular involvement of the
local Home Team, undertake the design adaptations and assessment of their cost
consequences. The level of effort needed for these tasks will depend mainly on
how far the actual site characteristics deviate from the site design assumptions
approved as part of the IDR package. A working assessment, in the absence of
specific site data at this time, is that about 15% of the JCT/Home Team designer
effort will be committed to this activity.
2

Technical support to preparations for licence applications

The objective of the work in this area is to resolve all the technical issues which
will have bearing on the licensing process.
The Non Site Specific Safety Report (NSSR) will have been prepared for the
FDR package. Preparations for Site Licensing under the overall coordination of
the JCT are then expected to include for each candidate site/Host Party :
1
informal interaction with the regulatory authorities to establish
any necessary adaptations to NSSR base-line assumptions to specific
Site characteristics and the consequent revised analyses. This should
be done as Joint JCT /HT work done under the extended general
framework for preparing NSSR's, with the local Home Team
providing the links to the regulatory authorities;
2
a) Identification of the necessary documentation to comply with
regulations;
b) Derivation of technical input for licensing documentation
from the adapted Site Specific Safety analyses;
c) Further elaboration of analyses if required
d) Modifications to the design, as required, and qualification of
the design solutions.
These tasks would be undertaken by the JCT and Home Teams, with
the local Home Team being involved as appropriate.
3
preparation by the local Home Team and local Experts of
necessary documentation in proper format/language with a
view
to initiating formal interactions with the regulatory
authorities as early
as possible,
In anticipation of designation of possible sites and the informal interactions, it is
not possible to specify precisely the technical support resources that might be
needed. Again, under the hypothesis that the issues to face have already been
considered inside the generic work already completed, it is assumed that the
current volume of JCT/Home Teams resources in this area would be broadly
sufficient for the tasks, except for 3 above which should be supported
separately. For the JCT/HT this amounts to about 12% of designer effort in the
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technical divisions, in addition to safety specialists, to undertake necessary
safety work related to the various components and systems. There may also be
some requirement for additional R&D effort should one or more of the
regulatory bodies request unforeseen qualification tests or experiments to
validate codes used for safety analyses. Some reserve for additional R&D
expenditure and design effort may be required.
3

Preparation of Procurement documentation

Successive UER EDA Work programmes have based design planning on a "justin time" approach, with the consequence that by July 1998 the different ITER
systems would be at varying levels of readiness, depending on their time-scale
and criticality in the overall construction schedule. The IC 11 Work Programme
Table 2.4-1 indicates, for the level of EDA resources foreseen at that time:
a) expected status of system components by July 1998,
b) percentage completed of documentation needed before start of
industrial consultations for procurement;
It follows that there will be some changes in emphasis within the envelope of
design resources needed to bring key systems to full readiness for start of
procurement. Areas where some increase is expected include:
• Blanket (including backplate, shielding modules and breeding modules);
• Cryoplant and its feeder links with magnets;
• Remote Handling;
• Additional Heating systems
• Diagnostics (some increase in JCT resources for integration of design work
for each individual diagnostic to be done by a Party's laboratory or institute
under voluntary arrangements.)
The JCT/HT effort to be committed in this area is estimated at about 58% of the
designer effort. As noted above performance of this work in the 3 year period
after July 1998 will provide the project schedule with greater robustness against
unforeseen difficulties in the critical and near-critical construction activities.
4

Technology R&D

Specific R&D activities required for the post-July 1998 period have been
identified and the needed resources are listed in appendix 1. For planning
purposes they fall into two categories:
Category
continuation and completion of activities committed
before July 1998 and expected to have been completed but
for resource shortfalls; this includes full realisation of the
seven Large R&D projects and R&D to support joint
construction readiness, eg to optimise generic
process/design/manufacture/QA.

132

R&D which may start during this phase in order to
facilitate the procurement schedule, eg further Industryspecific manufacturing optimisation and/or procurement
preparation, in particular, in pursuit of Parties' industrial
policy interests such as to familarise and qualify particular
companies as potential suppliers.
Category 1 tasks are those that would need to have been done before start of
physical construction under any scenario for ITER construction. They could be
undertaken within an extended EDA framework of joint Home Team/JCT task
management arrangements, including accrual of UER credits, extending from
those established before July 1998. Category 2 items would be undertaken
primarily at the initiative of the interested Parties, on the basis of possible Partyspecific considerations beyond the scope of the ITER collaboration. They could,
nonetheless, be the subject of Task Agreements and attract IUA credits to the
extent that the activities would have general applicability and generate common
benefits.
The efficient conduct of the R&D tasks will require continuity of effort from the
JCT Task officers and HT responsible officers, in order to derive maximum
output from the R&D efforts and to interpret and apply the results to the
system design and manufacture. They are estimated to require about 15% of the
JCT/HT effort over the period in question.
The project list includes limited provisions for possible qualification tests or
experiments to validate codes in support of safety analyses. Some reserve may
be required against unforeseen requests from regulatory authorities in this area.
The estimate of total resources required in the 3 year period after July 1998 for
the Category 1 tasks (with a provision for some credit to Category 2 tasks, 13/17
klUA, which might offer common benefits) amounts to 175kIUA, on the
presumption that the estimated 580KIUA R&D (Table 1) is completed also.
5) Voluntary Physics Activites
ITER-oriented work in the Parties' base programmes consolidates the scientific
basis for ITER. The existing arrangements for voluntary ITER Physics actions by
the Parties should be continued and extended throughout the period, with
priorities as set by the Physics Committee adjusted in light of the Parties'
reviews of DDR and FDR.

Conclusion and summary of resource requirements
The critical path for the overall HER construction schedule centres on the rate of
progress of licensing procedures and the related start of civil work on nuclear
buildings, the timely procurement of longest lead-time items, and the
establishment of a construction project organisation and build u p of a viable
team. Whilst the proposed technical activities will support and facilitate
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progress in these areas, how much will be done depends mainly on actions or
decisions to be taken within the Parties separately from the technical activities;
and these are the factors that will essentially determine the overall time-scale for
construction and achievable date of first plasma.
If it is assumed that
• possible Host Parries establish effective
informal relationships with
regulatory authorities, with a view to solving all technical problems relevant
to securing the licence to start construction ;
• the structural adaptations in the Project organisation proceed strongly
towards a structure and team appropriate for construction;
• the Parties make preparations, in anticipation of a possible formal
construction decision, to be able to let procurement contracts for the longest
lead time items as soon as construction is agreed;
then a deferral of a site and construction decision by about three years is
estimated to lead to a delay in the start of physical work at the site, and hence
the overall IDR/DDR construction schedule by about two years.
A summary of the estimated resources needed in making progress towards
ITER's objectives is set out in the table below.
Summary of resources deemed necessary in a 3 year transition period
after July 1998
Technology R&D (KIUA)
-175 (excl. voluntary contributions)
JCT personnel (PPY)
-396
Home Team Design Effort (PPY)*
-370
CAD support to HT designers and to —at least 1 CAD to 4 designers
JCTandVHTP (CAD)
RF design support (Designers)
—40/year
Joint Fund ($/year)
-S2.5M
Voluntary Physics Activities
to be extended and prioritized
operating under proposed new modalities, and not including resources to prepare
documentation for regulatory authorities in proper format/language in each candidate Host Party.

All of the joint effort described above - except for some additional Site-specific
joint work from adapting for more than one site - would have to have been done
to meet the ITER overall construction schedule according to the ITER EDA Work
Programme estimates (in particular Section 6) approved by the Council at IC-11.
Undertaking the work during a 3 year period in anticipation of a possible
construction decision will provide continuity for the project without having a
material impact on the overall project costs, and will exploit the opportunity to
increase the degree of confidence in the design, cost estimates and timescales
before the construciton decision is taken.
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RECOMMENDATION:
The ITER Council is invited:
1

2

to take note of the statement of technical activities and resources deemed
necessary for ITER in a transition period beyond July 1998 until the
possible start of physical construction (for example, in an EDA framework
extended for 3 years);
to support the proposals and the resource estimates as set out in the
conclusion and summary to this report.

Appendix

ITER Technical R&D activities
for 3 year period beyond July 1998
Resources needed in IUA

R&D Area

Catl*

Cat 2*

Magnet
Vacuum Vessel
Blanket System
Breeding Blanket R&D
Divertor
Fueling System
Remote Handling
Vacuum Pumping and Leak Detection
Tritium System
Coil Power Supplies
Ion Cyclotron Heating and CD Svstem
Electron Cyclotron Heating and CD System
Lower Hybrid Heating and CD System
NB Heating and CD System
Diagnostics
Safety
TOTAL

30 000
6100
21000
15 000
28 000
3100
20 000
3100
7 000
3 000
2 500
11700
1700
5 300
10 500
7 000
175 000

4/8 000

L

3 000

2 500

|
1500
2 000
13/17 000

* the definition of categories 1 and 2 is given in page t©r-
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IC-12 ROD
Attachment 10

MAC FURTHER TASKS
1. 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.
2. Discussion on the use of any balance of payments appropriation remaining at the end of
the period of the ITER EDA, and the disposition of any items of property purchased
through the Joint Fund.

3. Review proposals by the Director for ITER meetings.
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IC-12 ROD
Attachment 11

TAC FURTHER TASKS

The TAC is requested to conduct a thorough review of the technical
basis for the Final Design Report, including safety and costing
methodologies. The TAC is requested to report on this charge at the
next ITER Council meeting.
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IC-12 ROD
Attachment 12

PRESS GUIDELINE
for the Twelfth Meeting of the Council of the
International Thermonuclear Experimental Reactor (ITER)
Engineering Design Activities (EDA)
For Use by the ITER Parties, the ITER Director and the IAEA

1.

The twelfth Meeting of the Council of the International Thermonuclear Experimental
Reactor (ITER) Engineering Design Activities (EDA) was held on July 23 and 24,
1997 in Tampere, Finland. Work for ITER is an integral part of the fusion programs of
the four ITER Parties (EU, Japan, Russia and the US), who aim at fusion as a virtually
limitless, environmentally attractive and economically competitive source of energy.
ITER EDA is an unprecedented international venture in the field of science and
technology. ITER's goal is to establish the scientific and technological feasibility of
fusion energy by demonstrating controlled ignition and extended burn of deuteriumtritium plasmas as well as technologies essential to a power plant.

2.

The four delegations that attended the meeting were headed, for the EU, by Prof.
Jorma Routti, Director-General for Science, Research and Development of the
European Commission, for Japan, by Mr. Naotaka Oki, Deputy Director-General 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.

The Council received from the Parties positive responses on the Detailed Design
Report (DDR) presented by the Director at IC-11. The DDR will be the basis for the
continued technical work leading to the Final Design Report in 1998. The Council
heard the Parties' statements of their willingness to continue to fulfil their obligations in
contributing to the ITER EDA.

4.

The Council also heard a summary of discussions among the Parties ("Explorations")
concerning the ITER cooperation after July 1998, which led to the consensus that in
July 1998 the ITER activities should proceed for an additional three years with a
general intent to enable an efficient start of possible, future ITER construction.
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