ITER Integration
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Osamu Motojima
Director-General
ITER Organization
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ITER Organization Structure (as of 1 March 2013)
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What is ITER?

The ITER tokamak is an experimental
fusion reactor to contain and control
high temperature plasma safely

Create a new culture contributing to the
world peace, energy and
environmental problems.

The self-sustained D-T burning
plasma in ITER generates 10 times
more power than it receives

Input 50 MW Output 500 MW
ITER is an power amplifier

ITER is a necessary step on the way to
commercial fusion reactor

ITER will demonstrate the availability

and integration of science and R=6.2 2.0 m. L.=15 M
technologies, and safety features for a 3:.53':-: ;;,ooomt'ou';: =5
fusion reactor
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Fusion’s constant progress

Since 1958 when 2" TAEA Fusion energy conference was held in

Geneva, worldwide scientific community has explored the physics
of plasmas and confronted the challenges of fusion technology.

Accelerators :
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ITER
The energy challenge

World energy consumption has grown
TR 50% since 1973. It is predicted to

ready tor g T grow another 60% by 2030. (nternationar
Energy Agency - IEA) A
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s | Options for the future
e Fossil fuels:; develop and deploy CO, :“
' capture and storage v

Renewables: seek breakthroughs in
productlon and storage

Nuclear fission: acceptablllty issue

Fusion: must demonstrate scientific
.and technological feasibility and its
-safety features
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TF Coil Production in Europe

. T B e v oA

Radial plate welding mock-up at SIMIC

(Powder hipped segments joined by narrow gap
TIG welding)

Prototype radial plate at CNIM
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R=6.2 m, a=2.0 m, 1,=15 MA,
B,=5.3 T, 23,000 tons

J—

Research
Community
Institutes
Universities
Industries

High-Level
of Activity

Science
Technology
Education

ITER Tokamak Challenge

Experimental reactor to demonstrate the
scientific and technological feasibility and
a7 safety features of fusion energy
» ITER aims at:
* First Plasmain 2020 DEMO
* D-T Operation (500 MW) in 2027

I0 and 7 DAs: Unique ITER Team 2040-50

10: Nuclear Operator 7 DAs

Design Responsibility In-kind Fabrication
Machine Integration Cash Contribution

Regulation / QA Quality Control

» Experiment
» Intellectual Property
» Human resources

Center of
Excellence

Super Computer
With drawing
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ITER Construction
- Plant System Integration -

Provided by Eisuke Tada

JAEA Naka Institute
and
ITER: Japanese Domestic Agency



@ ITER Tokamak Structure

PF coils TF coils _
Nb-Ti Nb,Sn Center solenoid Cryostat

Nb,Sn, 6 modules 24 m high x 28 m dia.

Vacuum vessel
@ sectors

Shielding blankets
440 modules

30

Divertor
54 cassettes

Major radius: 6.2 m
Plasma volume: 840 m?3

Plasma current: 15 MA
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Fusion power: 500 MW

Total weight: ~ 23400 t
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Key Technology Development
in the EDA Phase

TOROIDAL FIELD

MODEL COIL
CENTRAL
SOLENOID Height 4 m
Width 3 m
MODEL COIL B 78T

max

Radius 3.5 m
Height 2.8m
Bnax=13T
0.6 T/sec

BLANKET MIODULE
HIP Joining Tech

VACUUM
VESSEL
SECTOR

Double-Wall,
+5mm

REMOTE MAINTENANCE OF BLANKET

EZI:ISgI-IIE-EMAINTENANCE OF DIVERTORDIVERTOR CASSETTE AND PFCs 4 t blanket sector £0.25 mm

2
Attachment Tolerance == 2 mm 20 MW/m




ITER - International Cooperation

Construction & operation by the ITER Organization (10) with support of the

Domestic Agencies (DAs) of the seven parties

10: Management & mtegratron (Nuclear operator)
DAS: In klnd contrlbutron & precurement

1 A
Chinese European Indian Japanese Korean Russian USA 1y
Participant Team Pamcspml Team Participant Team Participant Team \ j

Participant Team Participant Team Participant Team

ITER Partners - - ® .

_——

Summer Scnool, Japan, 23 July, ZUU8




Responsibility of ITER Members
(the current Member)

 Cash and In-kind Contribution (construction, operation,
decommissioning)
* No possibility of withdrawal during 10 years from Oct.

2007: withdrawal shall not affect the withdrawing
Party’s contribution to the construction cost of the ITER

facilities.
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Construction Sharing

Complex plant system with advanced technology
Sharing: EU 5/11, other six parties 1/11 each

90 % in kind procurement

Buildings Blanket &
Magnet 13.4 % Divertor 8.4 %

System 26.6 %

\

N

Power supplies &
Distribution 7.2 %

ITER Plant Syst
Fuel Cycle ant system

4.1 %

Cryoplant &
Distribution 3.2 %

Cryostat & Thermal
Shield 3.5 % Assembly & Remote

Vacuum
Vessel 7.9 %

Heating System 7.7 %

Diagnostic &
CODAC®6.2 %

Cooling Water
System 4.9 %

Handling 6.8 %

17 Summer School, Japan, 23 July, 2008




Procurement In Kind

Involvement of the parties in key fusion technology areas
A fair sharing of the cost of the device by ‘value’ and not by currency
Interfaces management and integration by 10

Magnets and Vessel
Cryostat, Cooling, Assembly, Maintenance

a
B P s

Vacuum, Tritium, Cryoplant 100

Power Supplies

JF
Heating, Diagnostics, Control

_ RF
Buildings CN KO
JA

EU

18 Summer School, Japan, 23 July, 2008



Financial contribution of current Members

The total financial contribution of EU is estimated to be
6.6 B Euro which correspond to 45.46 % of the total
cost of ITER construction.

Total construction cost estimate is 14.5 B Euro.

Each Non-EU Member shares about 9.1% of the total
construction cost: about 1.32 B Euro each during the
construction phase (up to Nov. 2020).

Operation cost is in total 188kIUA (1kIUA=1.62MEuro)
per year

Visit of Mr. Yamamoto and Mr.Miyahara 7 March 2013 Saint Paul lez Durance Slide 4/12



C22a  Contribution financiére des collectivités locales 467 M€

courants

L’engagement trés fort des collectivités locales a joué un réle essentiel dans
le choix de Cadarache pour accueillir le projet ITER

* 152 M€ conseil régional PACA

+ 152 M€ conseil général Bouches-du-Rhéne

* 75 M€ communauté du Pays d'Aix

« 30 M€ conseil général Var

Alpes-de-Haute-Provence

» 28 M€ conseil général Vaucluse
+ 15 M€ conseil général Alpes Maritimes
* 10 M€ conseil général Alpes-de-Haute-Provence

» 5 M€ conseil général Hautes-Alpes

Sur les 467M€, 280 M€ constituent une contribution a la construction du projet ITER
(CR PACA 70 M€, CG04 10 M€, CG06 15 M€, CG13 80 M€, CG83 30 M€ et CPA 75 M€)



ITER Members and financial
contribution among the current
Members

1. Members

China, EU, India, Japan, Korea, Russian Federation, and United
States

2. Cost sharing for all phases of the ITER Project:
Construction Phase:

Host party (EU) 45.46%, Each Non Host Party 9.09%
Operation Phase:

CN 10%, EU 34%, IN 10%, JA 13%, KO 10%, RF 10% US 13%
Deactivation Phase:

CN 10%, EU 34%, IN 10%, JA 13%, KO 10%, RF 10%, US 13%
Decommissioning Phase:
CN 10%, EU34%, IN 10%, JA 13%, KO 10%, RF 10%, US 13%

Visit of Mr. Yamamoto and Mr.Miyahara 7 March 2013 Saint Paul lez Durance
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General Roles & Responsibilities for
Construction

ITER Organization (10)

— Planning/Design

— Integration / QA / Safety / Licensing / Schedule
— Global transportation & Installation

— Testing + Commissioning

— Operation

Parties - Domestic Agencies (DAS)

— Detalling / Designing

— Procuring

— Delivering

— Support installation

IO and DAs plus Fusion Community work together on exploitation of

ITER. ITER 10 coordinates and participates in the program (e.g. Test
Blanket Module program for power generation).

Summer School, Japan, 23 July, 2008



The management of ITER

. =Y >

% fManagememAdwsory
S Committee (MAC)

/ i Korea

ITER Council

/s

— """_" ——

~_“Scientific &Technical

Advisory Committee
- @TAC)

Procurement

7 Members:
China

- Europe

- India

- Japan
- Russian Fed.
- United States

1

- Domestic

ITER Organization™ 7 rcements

.

A 4

« In Kind

- Agencies

Contribution

» Indpstw

Industry
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Council

ITER
DG

Division

Group

ITER Baseline Structure

Legemd I:D Traceahility of requirements shall be ensured

—p Consistency befween reguirements and acival configuration must be demonsiraled

Documents in review
Norr-fr'nked documents

Technical scope Schedule Cost Management
Technical Scope Schedule Cost Managemen!
PS ~ - | ops OPC PPSRE
Soesmon : - e CrmE i Fescuce
‘J\J!’ J\fl’ L MIP
PD PR SF aD WBS IPS IPC Maragement &
Dﬂ;::ﬂl& Mm ":%“g:ﬂ"":h 'héﬂjﬂls BM‘:?:UH : Project Integratad el
[ — F— i~ MMs Structura Schedula i et I
| MQP ‘ESH-P
Preject > |
Management & Safaty &
ity Pragram Health Plan
Yy —%
PBS Rp | [SEMP CMP | [ QAP
- |a il . . ITER: Enginaaring Eg"“"m b
: s“mm : : Ressarch Plan| | Mersssewn ‘“‘P‘Hm“‘" ""E“Pm“' o
v "\;\7\7" .....................
SRD L?E System I0-DWS BOE
T R PN Lo s
k4 ! !
Analysis !
Calculations Detailed
¥ h 4 Draw:ngs \/
DDD PTS Detailed
s"i‘m | Guidslings j-s—m] Procuramant wlementation
Dasign Tachnical . Procedures
: : v k.
t : PA
Design Verification Repart | . . 4
M“"mw . DD-?'DWS : Note: This map gives access to
DASUpplar Documeants Drawings Datotes all baseline documents including
i {DA'Supp) $mu |x‘(z IDO‘*“"""‘*"“ being approved those in-work and under-review

i.e. not final yet

La=zt Updats:
1512009
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Integral Management

Project Plan and Resource Estimate (Council level doc.)

Overall project schedule & construction schedule
Management systems for the project execution

« Work plan and resources for construction

MQP (Management level doc.)

Cost & Schedule Management (Earned Value Management)
Configuration Management — change control

Procurement management — in-kind procurement by DAs
Risk Management — avoidance, reduction and mitigation
Quality Assurance — graded approach based on importance

Detailed Procedures & PA (Department level doc.)

25
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@ Sharing of Work between 10 and DA

Work sharing defined by frame chart

Construction : 10/DAs depending on the type of specifications
Transportation : 10 to coordinate a global transportation
On-site installation/testing : 10 in support of DAs

Project management & integration: 10

Site Assemble/Test

Type or specifications
- Functional: DA for preliminary design based on conceptual design by 10
- Detailed: DA for final design based on preliminary design by 10
- Build-to-print: DA for manufacturing design based on final design by 10

27



Configuration Management

@

Configuration Management is the process for establishing and maintaining
consistency of a product’s performance, functional and physical attributes
with its requirements, design and operational information throughout its

life.

Main process:

* |dentification

* Implementation
» Monitoring

* Review & audits

Procedures:

- Requirements
- Changes

- Documents

- Assessments
- Interfaces

- Database
- PA

-
- Design |
equire@s
S
Must Conform /1,4 is requi
to be there

Must Conform

Physical (Including

. . Facility Configurati
Operational) Configuratiol acility Gonfiguration

Information

Design
Information

Operational

Configuration
Information

Other Operating,
Maintenance,
raining &

Must Conform

What is there

What we say
is there

28



Management of Design Requirements

The PS defines the operational
features and performance

required to fulfil the ITER mission. PS DOORS
T
v
The PR !’t h | | ‘ Project RQs
e PR transtes the top leve
(P-RQ)
mission requirements into PR I ——
engineering terms. ‘ System RQs
SRD e

The SRDs dJ'ne the
requirements for the systems. I

Design Documents

PS : Project Specification
PR : Project Requirement
SRD: System Requirement Document

29 Summer School, Japan, 23 July, 2008



Changes categorize and
approved depending on
the level of impact:

Design Change

Management

Initiation:
*  Initial evaluation of impacts
& chatge level azsigtunent
*  Registration in the system
o distribution to affected ROs/DAs

.

Review phase
Affected DAs and [0 ROs review PCR
Al DA s indicating concutrence

Level
0,1&2

v

y / Appropriate
CCBE

AN

Level O: ITER Council

k

Level 3

Level 3 PCR:
Change managed by DA

D& processes the change, assesses impact,

Approve the change,
[0 informed through POR coordinators

¥

Baseline Change

Docummentation is updated
Affected DAz and IO ROs are

Level 1: ITER DG
Level 2: ITER DDGs
Level 3: TROs

_{ rewiews change .
i M, arud agsesses
. impact / _
Disapprove/ Cancel V4 notified
PCR ‘f
Approve PCR l Approve for Study

Baseline Change
Documentation is updated
Affected DAs and IO ROs are
notified

- Change request (PCR) to be generated and
reviewed in terms of impact on scope,

schedule and cost

Study and assesses impacts
Prepare work plan

Prepare report at completion of work
Intetface Review

Update cost, schedule, technical impacts
Get agreement form affected DAs

.

Review phase
Affected DA s and I0 ROs review PCR

AN NA s indinatines aonmuwrenne

v

/ Approptiate “\\

- Changes to be managed by Configuration l—

Control Board (CCB)

30

St

Disapprove Cancel
PCR

CCB N,

reviews change
and assesses
impact

/ Approve PCR

| S——

Baseline Change
Documentation is updated
Affected DAs and IO ROs are
notified




Interface Management

Management
per each PBS

3~ &N~ 3~

n

PBS Matrix 11(15|16|17(18(||22|23|24|20|27||31(32|34|(41|42|43|45|46|48||51|52|53|54|55|56||61(62|63(64|65(06|67 |09
Magnets 11 LRV ® > | e elfe|>x|e]|le e x| e . X v
VYacuum Vessel 15| » o Je|l e | oo |le || e |e | @ oo oo ||| ]| X x| X
Blanket systems 16]|+/| ® VX[ >< ] = > > > ® || e |2 2 2] 2 v 2| XX
Divertor 17|12 [ |+ VvV v V|V s | /e v v AEI A
Fuelling & wall conditioning 18 LAYy > [ > > > LSRR N S e P v X
Machine Assembly & Tooling 22| & | |25 |2 el S e e | e B e | e e IR s S e e el I | Y Y VKX
Remote Handling equipment 23 2| @ (2|2 > N e | e e LB N e e e e | e XWX X
Cryostat 24| e | K| 2= |2 e | e e e LA > v
Cooling Water System 26 LS RV b (g e K> || |X]| e o | 222 2 22|V V| || X
Thermal Shield 27| e | @ K| x| > > X > v > X
Vacuum =3 1 IR R PV o | e B e e e > X e || e R e e e v VX
Tritium plant e (| LA P v W 2| X
Cryoplant & cryodistribution — > e (X |e > > VI V|V 4
Coil power suppl istribution * e X0 @ V|V v
H&CD PDWE lMMFECmmDn(mm . . . « . « ) ) ) . « « «
Steady State Electrical Power Netwoq) i sy e [|® @ L (e & |8 s 0| & s & & & & o
x| P [NV V[V XV 22
— s Linked with a cell of o [ e TV ]
Cenural sanewy sysiem - LA ‘ R : | VIV Ve ||
Ion Cyclotron H&CD system v - e ‘ vV VX
Electron Cyclotron H&CD system === V2V X X
Rlnsbeal Boane WOCT cockbam Ich R == = " A T Y S "

SRD: System Requirement Documents k
ICT : Interface Control Table
ICD: Interface Control Document
IS : Interface Sheet

GENES

E
[TTLITT]

i

Date

Comments

r of ICD
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@ Interface Management: CMM

e Simplified 3D Model based on baseline,
representing space, geometry and interfaces

e Layout and interface management

e Tolerance analysis for different operating | ®
l/////// 7
temperatures

Building 67 Building 38
Building 69 Hot Basin Cooling Towers Building 21 Reactive Power Control Bldg
Chilled Water Pumlnq Hot Cell Facility
Statons Building 68 i " Building 15 -
Cooling Water RF Heating Bldg —

“,___ Pumping Station

Building 34
leutral Beam
Suop'y Bldg

= ] el ik e .., Building 36
3 ¥ a S22 | Main Alternating

Building 55
PF Coil Fabrication Bidg

S ¥ Building 24
Building 71 — 4 y p,,,f,,,,g Access.
Control Bidg_ ¥ £} | ;Control Bldg

Buildings 42/
Diesel Oil Storage Tanks | Building 37

-~ - 4 Neutral Beam High Voltage
e Pp!
Oty <

E,:'.'f:":.g; a4/ 45 Buildings 46 / 47
Supply Bldg ( (m‘ﬂ AlB) dlu’:ﬂ‘c:t";?:gs

Bulldmns 32 &33
Magnet wersion Bldgs
Building 17

leaning Facility Bldg

Pty

32



Risk Management

Primary Objective of the ITER Risk Management is to provide a
sustainable and consistent process for the management of cost,
schedule, technical, and operational uncertainty on the project.

Execution

Components F 3F J9F JF 3 F 3 F 3F mF aFE =
Project Integration \ \ \ \

Magnets Managing Risk

Vessel

Internal Components / 9 3 4 5. Monitor
Diagnostics & HC Identify Assess & Determine Develop Report &
Plant & Fuel Cycle Risks Measure Handling /Response & / Dispose
Electrical Power Supp Risks Strategy Mitigation

CODAC and IT Plans

Civil Construction

I OF 3F 3F 9F dF JF dF 3 F W

Procurement Technology Schedule Operational Hazard
\\ People Process Compliance Financial/

Possible Risk Areas
33 Summer School, Japan, 23 July, 2008



Basic Safety Approach
- Confinement of Radioactive Material -

Based on the unique safety features,
the safety goal will be achieved by a

combination of enclosure containing
radioactive material and vent/clean-up

system for mitigating the consequence

In case of failure of enclosure.
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Codes and Standards Application

Internationally recognized codes & standards can be applied for
construction but the compliance with nuclear regulation should be
justified for the safety important components.

1. Governmental Acts:
e Pressure equipment
e Nuclear pressure equipment
e Nuclear quality

2. Codes:

RCC-MR (vacuum vessel)
ASME (Sec VIII, B31.1, etc.)
EN13445

EUROCODE (building)

3. Standards:
ASTM

EN

ISO

ANSI, EJIMA

4. Technical specifications:
M defined in Procurement
Arrangement

ummer School, Japan, 23 July, 2008






Who manufactures what?
In-Kind Contribution

Cryostat
Feeders (31)

. O

Thermal Shield

Vacuum Vessel

Correction Coils (18) TR

Al Central Solenoid (6) Divertor

Visit of Mr. Yamamoto and Mr.Miyahara 7 March 2013 Saint Paul lez Durance Slide 9/12
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