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ITER — the way to fusion power

 ITER (“the way” in Latin) is the essential next step in the
development of fusion.

e Its objective: to demonstrate
the scientific and technological
feasibility of fusion power.

 The world’s biggest fusion energy
research project, and one of the
most challenging and innovative
scientific projects in the world today.
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ITER — Key facts

* Designed to produce 500 MW
of fusion power (tenfold the energy input)
for an extended period of time

* Will bring together most key
technologies needed for future
fusion power plants

e 10 years construction, Cadarache Site
20 years operation
5 years deactivation

o Cost: 5 billion Euros for
construction, and 5 billion
for operation and
decommissioning

The current ITER building
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ITER Collaboration

e For its size and cost and the involvement of virtually all the most developed countries,
representing over half of today world’s population ITER will become a new reference

term for big science projects.

e The ITER project is one of the world’s biggest scientific collaboration.
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Outline

e Fusion fundamentals

e ITER technical overview
eDescription Project Situation
e Staff, organization.
ePlanning

e Conclusions
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Fusion in Tokamak Plasma

Donut Shape Plasma

V: 830ms3

R/a: 6.2m/2m

Vertical elongation: 1.8 5
Triangularity: 0.45

-Density: 102°m-3
-PeakTemperature:17keV
-Fusion Power: 500MW

-Plasma Current: 15MA
-Toroidal field: 5.3T
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Fusion inherent feautures

e Fuel inventory small

e Low routine emissions and
limited consequences of postulated accidental
releases

e No long-lived radioactivity
e No materials with proliferation concerns
e No climate-changing emissions
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Confinement quality and Q

"Scientific breakeven” Q=1 (JET)
"Self-heated plasma” Q~10 (ITER)
"Power Plant” Q=230 (DEMO)
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Power Reactor
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Summary Results
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Density « Temperature ¢ Confinement time
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Globally
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Confinement Quality Scaling
Tokamak: a success story

Progress in fusion can be
compared with the
computing power
performance
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Fusion power production

f, = Q/I(Q+5)
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Late Edition

Weather: Rain likely today, strong east
erly winds; rain ending late tonight.
Partly clowdy and warmer tomorrow.
Temperatures: today 41 47, tonight 40
45; yesterday 3862, Details, page C30.

B cants bayond 76 miles from Mew Yark City,

wacapt on Loog Telend

>xt of the Joint U.S.-Soviet Statement: ‘Greater Understanding Achieved’

ipecial 1o The Mew York Times

EVA, Nov, 21 — Following is
t of the joint Soviet-American
ent at the end of the summit
{ today, as made public by the
fouse:

mitual agreement, the Presi.
' the United States, Ronald
i and the General Secretary of
itral, Committee of the Com-
Party of the Soviet Union, Mi-
. Gorbachev, mel in Geneva
-21. Attending the meeting on
. side were Secretary of State
P. Shultz; chief of stafl, Don-
tegan; Assistant to the Presi-
obert C. McFarlane; Ambas-
ithe U.S.5.R., Arthur A. Hart-
recial adviser to the President
Secretary of State for Arms
Paul H. Nitze; Assistant Sec-
if State of European Alfairs,
* L. Ridgway; Special Assist-
1 President for National Se-
\ffairs, Jack F. Matlock.
ling on the Soviet side were
rof the Politburo of the Cen-
immittee of the C.P.S.U.,
- of Foreign Affairs Eduard
ardnadze; First Deputy For-
rister Georgl M. Komiyenko;
ador to the United States,
F. Dobrynin; head of the De-
it of Propaganda of the Cen-
imittee of the C.P.S.U., Alek-
- Yakovlev; head ol the De-
it of International Informa-
he Central Committee of the
.+ Leonid M. Zamyatin;
t to the General Secretary of
ntral  Committee  of the
» Andrei M. Aleksandrov,
comprehensive discussions
the basic questions of 1).§.-
‘lations and the current inter-
situation. The meetings were
d useful. Serious differences
n a number of critical issues.
acknowledging the differ-
1 their systems aml ap-
i o international  issues,
eater understanding of each
ew was achieved by the two
They agreed about the need
ve LS. Soviet relations and
ational situation as a whole

In this connection the two sides
have confirmed the importance of an
ongoing dialogue, reflecting their
strong desire 1o seek commeon ground
on existing problems.

They agreed to meet again in the
nearest future. The General Secre-
tary accepted an invitation by the
President of the United States to visit
the United States of America, and the
President of the United States ac-
cepted an invitation by the General
Secretary of the Central Committes
of the C.P.SU. to \rlﬂtr t:: SMell =
Union. Arrangements the timing
of the visits will be agreed upon
through diplomatic channels.

ple of 50 percent reductions in the nu-
clear arms of the U5 and the
U.S.5.R. a riately applied, we
well as the idea of an interim L.N.F,
agreement.

During the negotiation of these
agreements, effective measures for
verification of compliance with obli-
gations assumed will be agreed upon.

Risk Reduction Centers

The sides agreed to study the ques-
tion at the expert level of centers to
reduce nuclear risk taking into ac-
count the issues and developrhents in
the Geneva negotiations. They took

In their meetings, agr was
reached on a number of specific
issues. Areas of agreement are regis-
tered on the following pages.

Security

The sides, having discussed key se-
curity issues, and conscious of the
special responsibility of the USSR
and the U.5. for maintaining peace,
have agreed that a nuclear war can-
not be won and must never be fought.
Recognizing that any conflict be-
tween the U.5.5.R. the U.S. could
have hi 1 they
emphasized the importance of pre-
venting any war between them,
whether nuclear or conventional.
They will not seek to achieve military
superiority.

Nuclear and Space Talks

The President and the General Sec.
retary discussed the negotintions on
nuclear and space arms.

They agreed (o accelerate the work
at these negotiations, with a view to
accomplishing the tasks set down in
the Joint 1.5 -Soviet Agreement of
Jan. 8, 1985, namely to prevenl an
arms race in space and (o terminate
it on earth, to limit and reduce nu-
clear arms and enhance strategic
stability.

Noting the sals recently tah
led by the 1.5, and the Soviet Union,
they called for canly progress, in
particular in ar where there is
conmmen geovd, incloding the penci

tistaction in such recent steps in
this direction as the modernization of
the Soviet-U.S. hot line,

Nuclear Nonproliferation

General Secretary Gorbachey and
President - Reagan reaffirmed the
« i of the U.55.R. and the
U.S. to the Treaty on the Nonprolifer-
ation of Nuclear Weapons and their
interest in  strengthening her
with other countries the nonprolifera-
tion regime, and in further enha;
the effectiveness of the treaty, inter
alia by enlarging its membership.

The U.S.5.R. and the U.S. reaffirm
their commitment, assumed by them
under the Treaty on the Nonprolifera.
tion of Nuclear Wea, . 10 pursue
negutiations in good !‘nilh on matters
of nuclear arms limitation and disar-
mament in accordance with Article
V1 of the treaty.

The two sides plan to continue to
promote the strengthening of the In-
lernational Atomic Energy Agency
and to suppoit the activities of the
agency in implementing safeguards
as well as in promoting the peaceful
uses of nuclear energy.

They view positively the practice of
regular Soviet-U.S. consultations on
nmmproliferation of nuclear weapons,
which have been businesslike and
constructive, and express their intent
tocontinue this practice in the future.

Chemical Weapons

In the comtext of discussing  se.
curity problems, the two sides real-

firmed that they are in favor of a pen-
eral and complete prohibition of
chemical weapons and the destruc-
tion of existing stockpiles of such
weapons. They agreed to accelerate
efforts to conclude an effective and
verifliable international convention on
this matter,

The two sides agreed to intensify
bilateral discussions on the level of
experts on all aspects of such a chem-
ical weapons ban, including the ques-
tion of verification. They agreed to
initiate a dialogue on preventing the
proliferation of chemical weapons.

Mutual Basic
Force Reduction

The two sides emphasized the im-
portance they attach to the Vienna
(M.B.F.R.) negotiations and ex-
pressed their willingness 10 work for
positive results.

C.D.E.

Attaching great importance to the
Stockholm Conference on Confidence
and Security Building Measures and
Disarmament in Europe and noting
the p made there, the two
sides stated their intention to facili-
tate, together with the other partici-
pating states, an early and successful
completion of the work of the confer-
ence. To this end, they reaffirmed the
need for a document which would in-
clude lly acceptabl fidence
and securily building measures and
pave concrete expression and effort
to the principle of nonuse of force

Process of Dialogue

President Reagan and General Sec.
retary Gorbachev agreed on the need
to place on a regular basis and inten-
sify dialogue at various levels, Along
with meetings between the leaders of
the two countries, this envisages
regillar - meetings  between the
U.5.S.R. Minister of Foreign Affairs

and the 115 Secretary of State, as
well as bet the heads of other
minisir ies. They apree
that the tecent visits of the heads of

ministries and departments in such
fields as agricnlture, housing and pro-
tection of the environment have been
useful.

Recognizing that exchanges of
views on regional issues on the expert
level have proven useful, they agreed
to continue such exchanges on a regu-
lar basis,

The sides intend to expand the pro-
grams of bilateral cultural, educa-
tional and scientific-technical ex-
changes, and also to develop trade
and economic ties. The President of
the United States and the General
Secretary of the Central Committee
of the C.P.S.U. attended the signing
of the Agreement on Contacts and Ex-
changes in Scientific, Fducational
and Cultural Fields.

They agreed on the importance of
resolving humanitarian cases in the
spirit of cooperation.

They believe that there should be
greater understanding among  our
peoples and that to this end they will
encourage greater travel and people-
to-people contact.

Northern Pacific
Air Safety

The two leaders also noted with
satisfaction that, in cooperation with
the Government of Japan, the United
States and the Soviet Union have
agreed to a set of measures to pro
maote safety on air routes in the North
Pacific and have worked out steps to
implement them

Civil Aviation Consulates

They acknowledged that dele;
tions from the Uniled States and
Soviet Union have begun negotia
aimed al resumption of air se
The two leaders expressed the
sire to reach a mutually be
agreement at an éarly date. Int
gAnl, an agreement was reac
the simultancous opening of g
ales general in New York and K

Environmental Protec

Both sides agreed to contrit
the preservation of the environ!

— a global task — through joint re
search and practical measures. Inac
cordance with the existing US
Soviet agreement in this area, consul
tations will be held next year in Mo=
cow and Washington on specific pro-
grams of cooperation.

Exchange Initiatives

The two leaders agreed on the util
ity of broadening exchanges and con-
tacts including some of their new
forms in a number of scientific,
educational, medical and sports
fields (inter alia, cooperation in the
development of educational  ex-
changes and software lor elementary
and secondary school instruction’
measures to promote Russian lan-
guage studies in the United Siates and
English language studies in the
U.5.5 R.; the annual exchange of pro-
fessors to conduct special courses in
history, culture and economics at the
relevant departments of Soviet and
American  institutions  of  higher
education; mutual allocation of schol.
arships for the best students in the
natural sciences, technology, social
sciences and humanities for the
period of an academic year; holding
regular meets in various sports and
increased  television coverage of
sports events). The two sides apreed
to resume cooperation in combdting
cancer diseases.

The relevant agencies in each of the
countries are being instructed to de-
velop specific programs for these ex
changes. The result 15 will
be regs their

Fusion Research

The two leaders emphasized the
potential importance of the work
aimed at utilizing controlled thermio
nuclear fusion for peaceful purpeses
and, in this connection, advocated the

widest practicabie development of in-
ternational cooperation in obtaining
this sowrce of encrpy, which 15 essen

tialy inexhawstibile, For the benefil for

all mankind
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ITER, one of a kind, but not the first fusion facilitiy

Plasma edge
effect

ITER specific
issues:

Dust tritium
invento

—
L]

. = -
TRIAM, J
O

EAST, China
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Central Solenoid  The core of ITER

Toroidal Field Coil

Poloidal Field Coil

T

Major plasma radius 6.2 m
Plasma Volume: 840 m?3
Plasma Current: 15 MA
Typical Density: 102° m-3
Typical Temperature: 20 keV
Fusion Power: 500 MW

Carlos Alejaldre 2 Julio 2007

Cryostat

Blanket

Port Plug

\\\\

<« Torus
Cryopumps

/)

Divertor

Machine mass: 23350t (cryostat + VV + magnets)
- shielding, divertor and manifolds: 7945 t + 1060 port plugs
- magnet systems: 10150 t; cryostat: 820t

Vacuum Vessel
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Superconducting. Nb,Sn toroidal field (TF) coils
produce confining/stabilizing toroidal field,;

NbTi poloidal field (PF) coils position and shape
plasma;

Modular Nb,Sn central solenoid (CS) coill
induces current in the plasma.

Correction coils correct error fields due to
manufacturing/assembly imperfections, and
stabilize plasma against resistive wall modes.

TF coil case provides main structure of the
magnet system and the machine core. PF coils
and vacuum vessel are linked to it. All
interaction forces resisted internally.

TF coil inboard legs wedged together along their
side walls and linked at top and bottom by two
strong coaxial rings which provide toroidal
compression

On the outboard leg, out-of-plane support
provided by intercoil structures integrated with
TF coil cases.
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Poloidal Field system
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e Primary function
 high quality vacuum for the plasma
e first confinement barrier to radioactive materials

* 9 X 40° vessel sectors.

e Many ports for access:
-Diagnostics
-Maintenance
-Heating systems
-Fuelling/Pumping
-Inspection
-Test Blankets

e Double wall

e Water cooled

Carlos Alejaldre 2 Julio 2007

20



e 440 blanket modules with
detachable faceted first wall (FW)
with Be armour on a water-cooled

\1 copper substrate, attached to a SS

shielding block.

\j\ e Blanket cooling channels are

mounted on the vessel.

\ e Design strongly affected by need to
resist electromagnetic forces.

e Initial blanket acts solely as a
neutron shield, and tritium breeding
experiments are carried out on test
blanket modules inserted and

/ withdrawn at radial equatorial ports.

21

Carlos Alejaldre 2 Julio 2007



Carlos Alejaldre

Blanket
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Vacuum
Vessel

Divertor
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ITER Physics R&D

Energy
Confinement The World Tokamak Research Current Drive
Scaling Efforts Have Been Concentrated
on Establishing ITER Physics
Basis.

Review paper "ITER Physics Basis” (500 pages,NF1999)
http://www.iop.org/EJ/abstract/0029-5515/39/12/301)

“Progress in ITER Physics Basis” (500 pages, NF2007)

v i i i
104 105 108
. . ) . Neutral Beam Energy (eV)
Confinement Time (Scaling)
e scaling (s) CII-‘IIan Current
H-mode Transition aracteristics

Threshold Scaling

SuUalny Inresnviu ruwer (wivr)
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Plasma energy confinement
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Long pulses — Current Drive

Tore Supra results
e.g. Tore Supra (CEA-Cadarache)

4 : . . Actively cooled Plasma Facing Components
LH Power (MW
v( w) - tested up to 10 MW/m?
ol ] World records (over 6 minute pulses)

Long pulse non inductive discharges (V~0, Ip = 0.5 MA,

” Transformer flux (Wb) -

0 ' . .
0 100 500 300 400 feed l?ack control of plasma current on LH power, 360 s,
T,(0) = 4.8 keV ' 1 GJI):
5 I - b °
inE density (X10m 2) Constant wal temperature
e * New Physics with ITER relevance ...
(U =IO REV
0 : . . 1
0 100 200 300 400
Neutron (x10%/s) ' Carbon-Fiber
composite
AMC® tiles
(CFC/Cu)
0 100 200 300 400
Time(s)

Copper
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Technology Challenges

e Unprecedented size of the super-
conducting magnet and structures.

e Remote Handling systems.

o Extremely high heat fluxes in first
wall components

e Materials under neutron irradiation

e Plasma Heating Systems

Carlos Alejaldre 2 Julio 2007
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ITER Design and Technology have been developed

VACUUM VESSEL SECTOR

Radius 3.5 m
Height 2.8m
Bprax=13T

0.6 T/sec

Double-Wall, Tolerance + 5 mm

BLANKET MODULE

REMOTE MAINTENANCE
9F DIVERTOR CASSETTE

C — R

HIP Joining Tech
Size :1.6 mx0.93mx0.35m

. OROIDAL FIELD MODEL COIL
DIVERTOR CASSETTE

Height 4 m

Width 3 m
Brax=7-8T
4 t Blanket Sector
Heat Flux 20 MW/m?2

Attachment Tolerance +0.25 mm
Carlos Alejaldre 2 Julio 2007

CENTRAL SOLENOID MODEL COIL Completed R&D Activities by July 2001.

J |

ttachment Tolerance + 2 mm REMOTE MAINTENANCE OF BLANKET




ITER Vacuum Vessel

Electron Beam welding on the inner shell
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ITER Central Solenoid

CS conductor (Incoloy
jacket)
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ITER Divertor Remote Handling
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Preparing ITER operation on present tokamaks

The ITER like Wall experiment JET
(>2009)

e Materials of ITER plasma facing
components will be installed in JET
2008-2009
( ) ITER

e ITER relevant safety issues (T JET
iInventory with Be and W; dust from
W and Be etc.)

e Progressing the plasma scenarios
In the most relevant conditions: a
key step in support to ITER



ITER: a major step

The ITER design is based largely on the success of JET
and other tokamaks: high confidence in extrapolation

ITER prepares for the demonstration reactor DEMO

Tore Supra JET ITER DEMO
25 m3 80 m3 800 m?3 ~ 1000 - 3500 m3
~0OMW,,  ~16 MW, ~ 500 MW,j, ~ 2000 - 4000 MW,

- Dominant self heating ------------------
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Fusion in Tokamak Plasma

Deuterium + Tritium = Helium (3.5 MeV) + neutron (14MeV)
( Deuterium from water, Tritium produced from Lithium with neutron collision)
Energy: 1 g of fusion fuel = 8 tonnes of oil

JET(EU), ITER Electricity - generating
JT-60(Japan) Long burn, Integration of fusion tech., pC_)\_NeI" plant mc_IUdmg
Plasma research Test of tritium production tritium prOdUCtlon
: Science
_ Science ik
Science + Technolo
Technology 10109y
Economy
»
similar size
Plas-ma Volume ~ 100m3 ggg rI\II::N 3000 MW
Fusion Power ~ 16 Mega Watt (JET) . 200 - 300 M°C

Temperature  ~ 520 Million C (JT60) 44 . steady state

Pulse length ~ a few seconds SC magnets
Cu magnets

steady state
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Mutual trust is our greatest asset

Ceremony ITER Agreement Signature, Elysee Palace, 21 November 2006

Carlos Alejaldre 2 Julio 2007
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ITER Organization
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Project Schedule

ITER 10 LICENSE TO START TOKAMAK FIRST
ESTABLISHED CONSTRUCT ASSEMBLY PLASMA
A 4 \ 4 v

2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
OTHER BUILDINGS

EARTHWORKS

—

Contract

TOKAMAK BUILDING

1St VV/TF/TS Complete Complete

. . Sector \'A" BLK/DIV
Construction License Process A4

1st PFC Install CS
_ Install  TOKAMAK ASSEMBLY

Cryostat
COMMISSIONING
Procurement & Fabrication 1;*cs Last PFC
COILS #
1tPFC| 1! TFC Last TFC Last CS
VACUUM Procurement & Fabrication
VESSEL h
First sector Last sector

36
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Procurements in kind

A unique feature of ITER is that almost all of the machine will be
constructed through in kind procurement from the Parties

Carlos Alejaldre 2 Julio 2007
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The site - artist’s view
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Aerial view

N

Carlos Alejaldre
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TOKAMAK location

Tore Supra
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ITER and accompanying devices

JT-60U JET JT-60SA

EAST

2000 2
ASDEX-U DIlI-D

o
&)}

2010

N

O

-
&)

2020

Current Devices
KSTAR » Confinements

* Plasma wall interactions
* MHD stability control

EAST, KSTAR, SST-1, TS

e Long pulse operation

SST-1

JT-60 SA

» Advanced stability scenarios

U <

Tore Supra
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Roadmap for Early Realization of Fusion Power

FY [ 2005 [ 2010 [2015 I 202(1/ [2025 [2030 [2035
Performance ....................... .......
. Basic performance phase extension phase Decomi
ITER Construction RIS sioning
program Test of power producing blanket i :
T A ...............................................................
. v I ___
Satellite Optimization of shape and
Tokamaks 17 aspect ratio High p steady-state
-60 an i a i
and other operation Day-long operation |
devices |
Achieve Q=20, 400s
Achieve Q~5 steady-state operation
= . Demonstration of power producing blanket
Fusion Development of power producing blanket
teChnOIOQy Fusion material development (inc. IFMIF)
(o [N VZ=1 (o] o] o 1 = o | f e s O
Establish sustainable § % % Confirm 80dpa data by IFMIF |
Define required Bmax
v % Confirm day-long operation |
|DEMO plant prog ram. Concept definition yCDA-Iike EDA/R&D construction  : power production
% ........... Grid connection
Decision of construction EZ4A........... :
licensing

Carlos Alejaldre 2 Julio 2007
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Conclusions

 ITER is one of the most challenging and innovative scientific projects in
the world today

« Almost all of the machine will be constructed through in kind
procurements, demanding a very high level of international cooperation

 The ITER Organization is building up quickly at Cadarache, with strong
support of the ITER Parties

* |ITER will demonstrate the scientific and technological feasibility of
fusion as an energy source .

Carlos Alejaldre 2 Julio 2007
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