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OutlineOutline

ITER Organization and Status

Scope and Goals of the Design Review

How was the design review performed

Some examples of the most important issues
and their solutions

Outlook
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Management StructureManagement Structure

of the ITER Organizationof the ITER Organization
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ITER Agreement, ITER Agreement,  Recruitment Recruitment and and

ConsultantsConsultants

ITER Agreements entered into force on 24 October, 2007.

Headquarters Agreement has been signed between the IO
and the state of France on 7 November, 2007.

ITER-Organisation Staffing:

As of October 31, the IO has a total of 194 staff

153 professionals

  41 support staff

Around 65 persons on site under service contracts

Total of about 260 persons at the site in Cadarache
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Temporary ITER OfficesTemporary ITER Offices

Building 519: occupied

by ~ 150 (designed for

140 – 150)

Extension Bureau: completed

in March, occupied by 75

Building 507: made available by

 CEA Fusion, occupied by 38

Presently available

maximum capacity

  150 + 38 + 75 =

263

ITER Dungeon
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Roles and Responsibilities for ConstructionRoles and Responsibilities for Construction

Detailing / Designing

Procuring / QA –exec.

Delivering

Supporting installation

Conformance

Planning / Design

Integration  / QA  /

Safety / Licensing /

Schedule

Installation

Testing +

Commissioning

Operation

Seven PartiesITER Organization

 Strong collaboration and know-how transfer between IO and DAs required

All domestic agencies will be established latest end of 2007
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Integrated Project Schedule (IPS) Basis - official
10 years

2 years 8 years

Preliminary bottom up schedule suggests up to 3 years delay – work

ongoing to bring it as much as possible in line with official schedule
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The ITER Design

Review
Goals Methodology and Statistics
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The Design Review: 2001-2006 HistoryThe Design Review: 2001-2006 History

1998 to 2006 (EDA, CDA and ITA) History

1999 to 2000 three options studied (LAM, IAM, HAM)

2000 to 2001 only one year for detailed design of IAM

2001 to 2005 ~ 35 larger design changes recorded but not
approved because there was no body to this

200 issues with the design were registered by the ITER
team during the above time and not solved until 2006

Negotiations were undertaken on the basis of the 2001
design/baseline/cost.

An intermediate baseline (2004) was submitted but never
formally accepted, but this intermediate baseline was the
basis of the design review which took place this year
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Goals of the Design Review (1)Goals of the Design Review (1)

The first goal for 2007 was to create a new Baseline

Design 2007 which

confirms or redefines the physics basis and

requirements for the project

is the basis for the procurement of the long lead

items (Vacuum Vessel, Magnets, Buildings),

provides input for the Preliminary Safety Report

For components and systems which are procured at a

later date or for issues with lower priority work will

continue into the year 2008
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Goals of the Design Review (2)Goals of the Design Review (2)

The second goal was to base the ITER design
decisions also in detail on a broad basis by involving
the worldwide fusion community (physics and
engineering)

Thus the Fusion community and the parties can
take ownership of the project

The third goal was to broaden the knowledge basis
into the parties which is essential for a successful
procurement of the ITER components in kind

A significant part of the technical coaching of
industry and of the QA will rest with the Domestic
Agencies (DAs)
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Design Review was performed by 8 Working GroupsDesign Review was performed by 8 Working Groups

~150 members~150 members

WG-1 Design Reqs. & Physics Objectives.
Chair: P.Thomas; IO  D.Campbell

WG-2 Safety and Licensing
Chair: J-P Perves; IO J-P.Girard

WG-3 Site and Buildings
Chair: C.Strawbridge; IO  J.Sovka

WG-4 Magnets
Chair: M.Huguet; IO N.Mitchell

WG-5 Vacuum Vessel
Chair: Songtao Wu; IO K.Ioki

WG-6 Heating and Current Drive
Chair: J.Jacquinot; IO A.Tanga

WG-7 Tritium Plant
Chair: D.Murdoch; IO M.Glugla

WG-8 In-Vessel Components
Chair: Igor Mazul; IO M.Pick/C.Lowry

The membership consists of the

leading experts of the fusion

community in each party

The groups have written manifestos

explaining the scope of their work (see

ITER technical web)

In order to solve issues work

packages have been agreed with the

parties based on the work plans

established by the design review

working groups

=> adding ~ 160 more persons
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Inital On Going Issues
19

225

186

out of DR

one WG

shared

ITER IssuesITER Issues                  (Link: (Link: ITER Issues Data BaseITER Issues Data Base ) )

~ 200 issues existed for

several years but were for

different reasons not solved or

rejected

Another ~ 250 were added by

the parties last autumn when

the design review process

started

Thus ~ 450 issue cards existed

when the design review working

groups were formed in

December of 2006 and started

their work

186 issues require consideration by more than one group
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Distribution of Issue Priorities
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Distribution of Issue PrioritiesDistribution of Issue Priorities

The dark blue issues

are the high priority

ones

They and the medium

priority issues had to be

solved until autumn

2007 as a minimum

in order to allow the

procurement of the long

lead items to go ahead

as scheduled

and in order to be able

to launch the

preliminary safety

report in time

We achieved more

than that !!
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Reduced sets of issues (24 April 2007)
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The high priority

issues, the medium

and some low priority

issues have been

condensed into fewer

issue families

covering the same

range of problems

Thus ~ 80 issue

families remained to

be tackled

e.g. in Physics ~ 80

issues were

condensed into 14

Further Condensation of (High) Priority IssuesFurther Condensation of (High) Priority Issues
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Resources and Interfaces between Resources and Interfaces between WGsWGs

Resources:

The working groups have established work plans with the aim to solve all
80 high priority issue families by September 2007 and to document
together with the IO the resulting design in the Baseline 2007 (November)

The extra PT resources required for 2007 were 82.4 PMY distributed
over the 7 parties

Interface meetings:

Approximately every 4 to 5 weeks interface meetings between the DRC,
the chairmen, the ITER co-chairmen of the WGs and a few specialists took
place either in person or by phone / video conference

These meetings have proven to be extremely useful and productive
and were essential for a successful progress of the design review
process
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Timeline for Implementation of the BaselineTimeline for Implementation of the Baseline

Two meetings at technical level with Members to discuss DR
recommendations followed by TCM (25 and 26)

July 16-19 DONE

Sept 17-20 DONE

STAC, TAG, MAC+STAC to discuss officially with the Members

STAC: Sept 5-6 DONE

TAG: Oct 3-5 DONE

MAC+STAC: Nov 5-8 DONE

a few DCRs rejected by IO to be reexamined

CPWG: Nov 8-9  DONE

Council meeting: Nov 27-28
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DCRs have been mostly adopted for study (“ongoing”) at the decision
making meetings and thus enter the normal ITER design change process.

As soon as a design is mature enough (feasibility demonstrated,
requirements fulfilled, it is a significant improvement on the existing
design) it will be adopted into the baseline while detailed work will
continue

All high priority items will thus be part of the new
baseline 2007

All DCRs “ongoing” are  cited in the 2007 baseline

After STAC a few rejected DCRs re-opened for study

From Decision making to ITER- BaselineFrom Decision making to ITER- Baseline
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Issues Data Base after the Design ReviewIssues Data Base after the Design Review

More than 400 Issues have now been closed, dropped or are covered in a DCR

About 67 Issues will still be “ongoing” at the end of 2007, and will be handled during the next years

All important issues are on the way to be solved (including the ones which were
contained in a rejected DCR and now have been re-opened by STAC)
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Status of Status of DCRsDCRs

The ITER DCR system tracks all baseline design changes from the FDR-2001

Currently (after TCM-26) it holds 139 DCRs.

(4 in “Draft”, 61 “Ongoing” (for study), 28 accepted, 27 Completed, 19

Dropped)
DCR Status after TCM26 21th Sept 2007
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Design Review impact
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The ITER Design Review
Results

The most important Issues and their Solutions

The corresponding DCRs were accepted by IO for study
or re-introduced by STAC last week

All high risk items for ITER are now under study
and proper solutions will most likely be
implemented
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Sensitivity of performance on ITERSensitivity of performance on ITER

machine parameters: Bmachine parameters: BTT, elongation, etc, elongation, etc

Operation diagram for ITER
calculated with integrated
model ICPS

Core model is MMM – more
optimistic than GLF23

Blue dashed line represents
impact of low rotation, purple
line full parameters, red 95%
BT or elongation 1.6 instead
of 1.7 at 100% BT, green 90%
BT

To achieve the goals
of ITER routine
operation at the
design parameters (5.3
T; 15 MA) is essential
– not standard on
todays machines!
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Main Problems in Plasma Control areaMain Problems in Plasma Control area

PF system is marginal, in particular for low li
saturation of some coils in parts of the discharge

e.g. early X-point formation difficult, etc

Vertical Stability is marginal above li = 1

CS flux swing is marginal / too low if li > 1

ELM control is essential – RMP coil set needed

Proposals to improve the situation are on the table and
were either already accepted for study by the IO or re-
introduced by STAC
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Shape ControlShape Control

The ITER PF systemThe ITER PF system

Differential currents in CS

Elongation and

triangularity

Elongation,

Trianglarity 

and X-point

u

Vertical

Field

Shaping
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In the case of PF6 made of NbTi, in 15 MA scenario:

operation with li < 0.8 hits the limit on magnetic field on PF6 (5.9 T) and
operation with li < 0.75 hits the limit on current in PF2 (44 kA).

operation with li < 0.75 - 0.8 requires more difficult plasma shape feedback
control (control of 7 plasma-wall gaps, instead of 6 gaps, without using of
PF6 and PF2).

Scenario requirements (minimum Scenario requirements (minimum llii))

H.Fujieda

In the case of PF6 made of Nb3Sn, in 15 MA scenario:

operation with li < 0.75 hits the limit on current in PF6 (49 kA) and
operation with li < 0.65 hits the limit on current in PF2 (44 kA).

operation with li < 0.65 - 0.75 requires more difficult plasma shape
feedback control (control of 7 plasma-wall gaps, instead of 6 gaps, without
using of PF6 and PF2).
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Shape Control - required improvementsShape Control - required improvements

Change conductor in PF6 toChange conductor in PF6 to  Nb3Sn, => up to 20% increase of

current possible

Increase capability of PF2 and PF5 by 10% by adding windingIncrease capability of PF2 and PF5 by 10% by adding winding

packspacks

The total cost of these changes would amount to ~ 8.4 MThe total cost of these changes would amount to ~ 8.4 M  - -

estimate of EU team estimate of EU team –– supported by ITER magnet division supported by ITER magnet division

IO did not agree to these changes, wants to sub cool to 3.8 KIO did not agree to these changes, wants to sub cool to 3.8 K

However, sub-cooling was foreseen as mitigation of a coil failureHowever, sub-cooling was foreseen as mitigation of a coil failure

STAC asks for change => study by risk assessment groupSTAC asks for change => study by risk assessment group
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Vertical StabilityVertical Stability

High elongation ~ 1.85 (1.7 in “Big ITER”)

Thick double-walled vacuum vessel

Saturation of P2 and P5 in certain conditions

The range of li(3) between 0.7 and
1.0 has been specified for the
design of the ITER PF system

There is a problem with vertical

stability in most discharge

phases but they are gravest in Ip

ramp-up and ramp-down (high li)
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Connection of toroidal rings of blanket

modules provides improved passive

stability characteristics:

 Studies of possible mechanisms for

toroidal coupling of blanket modules

 Analysis of disruption forces

 Analysis of equilibrium/ control

implications

Option of increasing voltage in PF

coils from 6 to 9kV rejected by IO

Solution:Solution: Improve Passive Stabilization Improve Passive Stabilization

A Portone et al,

September 2007
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At high li during current

ramp potentially no

flux left for flat top

Difficult approach to

ITER reference

scenario

Possibly mitigation by

increasing flux by

ferromagnetic insert in

the solenoid and by

increasing resistivity in

VV

Not yet studied by IO

Most likely solution is early X-point formation and possibly

to heat the plasma during current rise => PF upgrade
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Plasma Control related Plasma Control related DCRsDCRs

DCR requiring li-q space experienced in experiments was accepted

DCRs to add 2nd VS circuit using CS and to increase the VS1 voltage

to 9kV were dropped – STAC wants study !

DCR for extra double-pancake to P2/P5 awaits the “Coil Risk Group”

– STAC asks for studying upgrade !

DCR for Increasing the PF6 capability (NbSn) awaits the “Coil Risk

Group” – STAC asks for studying upgrade !

No DCR for CS flux swing issue No DCR for CS flux swing issue –– not studied in IO not studied in IO

EU party asks for increased flux swing or provideEU party asks for increased flux swing or provide

current drivecurrent drive–– improve PF6, PF2 & PF5 and keep improve PF6, PF2 & PF5 and keep

subcoolingsubcooling as a  as a  back-up, in case of failure back-up, in case of failure
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Expected Expected ELMsELMs and the Mitigation Problem and the Mitigation Problem

Permissible ITER ELMs
        ~1%

    of the pedestal energy.

Expected not mitigated
ELMs for ITER low
collisionality plasma are

            ~20%

      of the pedestal  energy .

ELM Energy Reduction
necessary by

                ~10 to 20 times
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ELM suppression by ELM suppression by ergodizationergodization

Ergodization works for

D3D (and JET).

WG-1 has proposed to

use a set of 36 Resonant

Magnetic Perturbation

coils similar to DIII-D
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Interface
coils

Picture frame coils

Port-plug coils

ELM Control Coils options studiedELM Control Coils options studied

Three concepts studied by WG1and

costed by IO

Only 36 coil option will most likely work

change location to between VV shells

Blanket-Vessel Interface coils
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Vacuum Vessel Vacuum Vessel –– ELM coils between shells ELM coils between shells
New idea by DRC

A working group (IO, EU, US,

KO) will study this option

Conceptual design to be

available until end of February

Then check schedule – cost-

and safety impact

STAC ask for this study

until their next meeting
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Main Problems in Blanket areaMain Problems in Blanket area

Update of FW loading conditions require improvements of the FW
geometry

Hiding leading edges

prepare for toroidal peaking factors – increased power loads

Possible plasma start up on FW – remove port limiters

Provide electrical connectors in toroidal direction to improve
vertical stability

In situ separable FW needed

Improve RH water connector and review and improve RH approach

Cooling water manifold is not RH compatible

Improve design or integrate the manifold into the blanket
modules

STAC emphasized strongly the RH issue
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Detailed shaping of the First Wall to shadow all

exposed edges

Inner Wall

Inner Strike Outer Strike

1.7m – 2m

NOT TO SCALE

4°

~1.4m

NOT TO SCALE

Near 2nd X-point

36 of 440 modules

On Outer Wall

260 of 440

Flat surfaces may suffice

Toroidal direction

• Bi-directional design

• X-point can move

In situ separable FW
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Electrical Straps implementation

CAD view of 3 adjacent strapped shield modules
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Present reference ITER Blanket

Manifold design

Outboard ManifoldOutboard Manifold

Alternative conceptAlternative conceptWG 5 – blanket manifold
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Integrated Blanket Integrated Blanket MasnifoldMasnifold

Semi permanent shield

block with RH separable

First Wall

4 Single convolution

branching pipe (PH. Rebut)

connecting neighbouring

shield blocks

Adjust. tube

to be welded

Welds

Not yet accepted by the IO
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Summary of Major ChangesSummary of Major Changes

Physics: ELM coils - cost driver, vertical stability, shape control

Safety: No Carbon in the Tritium Phase + Tritium Management

Buildings: Hot cell remains a challenge – potential cost driver; re-optimization of
layout and inclusion of Magnetic fields in the building layout.

Magnets: No major changes. PF’s may change because of Plasma control. Cold
testing is the biggest change and a cost and schedule driver.

Vacuum Vessel: no major changes – blanket manifold integrated with blanket ???

H&C drive: Development of NB asap and decouple RF installation from Assembly
hall, consider upgrade of ECRH by 20 MW to allow for possible delay in beams

Tritium plant: Complete redesign and layout but no major cost changes

In Vessel Components: Several adaptations and changes:

Blanket attachment and water cooling manifold, electrical connections

Use of Tungsten in Tritium phase for divertor

Tiling adjustment of first wall in several areas to deal with misalignments and
heat loads

Use of 18 inward moved columns (~1cm) and eventual no movable limiters

LOTS OF DETAILED DESIGN TO BE DONE

Diagnostics and CODAC are dealt with separately



The Status of ITER; the ITER Design Review - G. Janeschitz - November 2007
42

Cost and schedule impact ofCost and schedule impact of

the design review the design review (very preliminary)(very preliminary)

Approximately 80 DCRs are related to the design review
process

The total cost of the design review related changes will be
in the order of 150 M  +- 50 M  including the items asked
for by STAC

Most changes have a small cost impact or non, only a few
have a large cost impact

(e.g. ELM coils (40 to 55 M ) and magnet cold test (30 to 50 M )

Only a few changes will have a schedule impact
magnet cold test (~ 3 month on TF procurement)

ELM coils between VV shells (~ 6 month on VV)
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OutlookOutlook

The ITER Project moves rapidly towards reality
The team is being built up and starts to be able to fulfil its role (a lot
remains to be done)

A realistic schedule and cost will emerge towards the middle of 2008

A new baseline design for the long lead items is available end of 2007

A decision on scope versus cost and schedule will have to be
taken in 2008 by the ITER Council

The design review has been very successful and was well
supported by the world wide fusion community

Decisions on the proposals have been taken in July and September

A few complex problems continue to be under investigations

We, the fusion community should continue to support the
ITER project as much as possible

Only ITER’s success will ensure our all success and that fusion
will eventually become a major energy system



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
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  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
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