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Description of ITER Project
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ITER — Objectives

» ITER’s overall programmatic objective:
 to demonstrate the scientific and technological feasibility of fusion energy
for peaceful purposes

 to design, construct and operate a tokamak experiment at a scale which
satisfies this objective

» ITER is a tokamak designed to confine a DT plasma in which
o-particle heating dominates all other forms of plasma heating

= an experimental nuclear fusion reactor
v' Designed to achieve Py, = 500 MW with gain Q = 10 for 300-500 s

v Aims to achieve Py, = 350 MW with Q = 5 for 1000-3000 s
v Aims at exploring “controlled ignition” (Q = 30)
D+T=>a+n Q = Piyeion’Pagd 2 Po/Pagg = Q5
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ITER — Tokamak Core Components

d~30m Cryostat

Central Solenoid (SS)

(6) (Nb3Sn)

Thermal Shield

(SS)
Poloidal Field Coils internal Coils
(6) (NbTi) (Cu)

Toroidal Field Coils
(18) (Nb3Sn)

Shielding Blanket Modules
0 h~29m

(SS/ Be) Vacuum Vessel Divertor
(SS) (SS/'W) (18) (NbTi)
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Plasma heating and current drive systems

Electron i“ .Nfeutr.al beam
Cyclotron (EC) = injection (NBI)

870 keV HO
170 GHz

1 MeV DO
20 MW (+20) 33 MW (+16.5)

lon Cyclotron (IC)

40-55 MHz
. 20 MW (+20)

||||||
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Plasma Measurements (Diagnhostics)

About 40 major diagnostic systems (= very well diagnosed)
For machine protection, control and physics studies
Can reach peta-bytes of raw data - intelligent filtering will be required

UPPER

PORT VESSEL WALL
(12 used) (distributed
> & Systems)
EQUATORIAL . 7: N .- # Ny B
PORT " - s - g,
(6 used) DIVERTOR
CASSETTES
DIVERTOR PORT (16 used)

(6 used)
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ITER mto ___tokamak building
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ITER — A Major International Collaboration

* 90% of ITER components are supplied “in-kind” by the Members
through their Domestic Agencies

"4 ITER Partners

This approach necessitates the integration of ITER management, design and

manufacturing activities across the globe
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Who manufactures what?

Cryostat

Feeders (31)
*

Poloidal Field
Coils(6)

— . Blanket
Correction Coils(18 e —| *:
*I:: Is(18) Central Solenoid (6)

”'Divertor
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Component transport

Mallemort

/
Salon-de-Provence \ “‘

Aix-en-Provence

For heaviest components: vacuum vessel sectors,

toroidal field coils, PF coils 1,6

Road upgrades from south coast to Cadarache

Ko g complete and paid for by .regional funding (115 M€)
ITER itinerary ~104 km by road + 32 km by barge
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Components arriving regularly
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ITER Scientific Exploitation
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ITER Scientific Exploitation
ITER scientific exploitation will demonstrate fusion energy
project’s objectives
Plans for scientific exploitation are described in ITER
Research Plan

Pre-Fusion Operation Phase with H and He plasmas
Commissioning of tokamak systems
First ITER plasmas with high confinement
Fusion Operation Phase with DT plasmas
Demonstration of project’s objectives
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ITER Research Plan (IRP)

IRP = strategy for R&D to achieve Project goals : Q = 10 (300-500 s),
Q =5 (1000 s) & Q =5 steady-state starting from First Plasma

First Hydrogen/ Helium Initial DT Experiments
» Plasma Phase Complete -w

ITER Operations Phase
| 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039 | 2040 | 2041

ITER TECHNICAL REPORT

ITR-18.003 hEnLineeri g Operation
il b zzemblv Phasd
ITER Research Plan within e ey 1ML
She SLagsd Aproach Bion s r::fonng?S oning : I t, Control, B ti BCH
= e ¥ e Plagma Deyvelopmrient, Control, Piagnogtics, -
(Level lll — Provisional Version) sruptioh Characterization, OMS Cdmm. (Hf He H-mode

Assembly Phase ||

ITER Organisation

AUTHOR EMA Integrated Commissioning I
TR support @ter.ong

H&CD Comm., Control, OMS, H{He H-modes |
ELM|Mitigafieny 18 MA arnd Disrgption Avoidance
A7th September 2018
[ Tritium-

‘Mise en Service' Prtanédure Tokamak

Tritium

‘Mise en Service’

Introduction

Assembly Phase IV

Integrated Commissioning 1V

D Flasmas| D H-modes

Trace-T and low duty cyc

B st o o s ) S 8 T Ot OB B
Erpepum—"

TEM Program EM-TEM TN-TEM NT-TM-TEM INT-TEM
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An ITER high Q discharge

(a) L-mode
Ng Start of flattop at 80s

() ne H-mode Burn at 300s

o
w

1, (x 15 kA)

Density - 1029/m3

e

s o &
o e ° o

D
. n
(v T

Temperature - keV

L-H transition

H-L transition /
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ITER Power Exhaust Issues
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ITER — Power exhaust

Piusion = 900 MW with gain Q = 10 for 300-500 s
D+T-> a+n Q = I:)fusion/F)add 2 Poc/Padd — Q/S

P..q ~ 50 MW - direct heating of e + i © charged particles in B

P, ~ 100 MW - a slowing down - heating ofe + 1 -2
charged particles in B

P, ~ 400 MW - 14 MeV neutral particles (not affected by F?) -
well spread over tokamak inner components in space & depth
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ITER Power Exhaust — The problem

We expect the “thickness” (1) for
SOL power flow will be only a few

mmMm on ITER
12m2

effectlve

Agiv ~ 50 MWm= - similar to heat flux
on sun’s surface (60 MWm)
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Energy Confinement : L-mode and H-mode
Energy confinement > 1. =W IP;

plasma’" input

Energy Confinement in Tokamaks and Stellarators : L (low) and H (high)
Confinement Modes
H-mode < - Edge Transport Barrier (= Pedestal)
» H-mode confinement is “naturally” achieved when P, , > P threshold

» PiisiontMode > 5 Py o FMode 5 |TER requires H-mode for high Q

Sawteeth

gradients
region

Edge localized modes
(ELMs)

Edge transpol

__ barrier
“in H-mode |4

Power (MW)
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H-mode and ELMs

» Reduced transport at edge leads to large Vp and j = local MHD instability
develops (Edge Localized Modes)

» ELMs expel few % of W, ,sm, IN SUb ms timescales = large power fluxes
(g, neentrolled-ELM — 100 GWm-2) to plasma facing components

» ELMs need to be controlled to ensure acceptable power fluxes to PFCs

-
| )

Plasma stream direction
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Progress on ITER Construction
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Major milestones

Level 0 Construction Schedule to First Plasma in 2025

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Major ITER Milestones O start Machine Assembly Phase | Crygstat Closed ()
1% Plasma O
TF Coils TF Coils 06,08 11, 05,03 | 01,04 17 14 18
(1.1.P1AEU.01) 00000
TF Colls TF [Coils 12,13, 08, 10,0216, 0OF, 15
g (1.1.P1B.JAOT) OO—0 OG—0=0
g Central Solenoid Firsl C5 M{r_)\duln CSL3 Last (45 Module CSU3
= (1.1.P4A-4B.US.01) -
P PF Cojls 05,06,02, 04, 01 03
2|  Poloidal Field Magnet {0 D=0
g Vacuum Vessel WV Secpor 06 01(07)
5 (1.5.P1A.KQ) ‘
w Vacuum Vessel MV Sector os.g% 08 08
S (1.5.P1A.EU)
a Vacuum Vessel Vv Sector (08 07(01)
Z (1.5.P1A.10) O
S Assembly Bidg 13 Bidg 11 RFE 1B Bldg 11 RFE1
lg Building Construction RFBA Stage b Stage 2 o WV Sactor Cryostat Closed
2 (6.2.P2.EU.05) Sub-Assembly (Install Bioshield Lid)
= Start Lower Starl VW Sector 08 | Completed Entt Machine Assembly Phase |
] Cryastal SubiAssembly - | | |
g Assambly /
o O
! Construction Start Machine” t
w Assambly " o e -
22P1.10 Slart Vv Lowar Cryostal VV Belor Assembly
E ( ) Phase | Sactors Sub- Aszambly Completed
Assembly Completed 1* Plasma|
Starl Cryostal '
Operations Base Installabon
P Start Integrated
Commssiomng |
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Details of Construction Strategy_

B |d WCryosial‘ Base Installation Start (qur 2020)
uldaing | ; i ;
i 1 !
RFE 1B Stage 1 ‘ 1B Stage 2- i ] Feeders/Instrumentation
: : : | UpperPorts: :

: [ | Eq. Ports
: % : ! |___—___| Divertor Level Ports |
VV Sector i Temporary Wall Removal : ' : [ PF&cC&CsCoil
Delivery : v v ' e m— L

May
12 13

TECIPE . A W:

Delivery j YV !

Sep Dnc .
: S6
st \/

Nov:

Sector
Sub- 5 : i
Assembly | SSAT#2

First P!?:isma

i VV Lowering i :
'ssss 5453 sz:s1 sson SUpp?ﬂ i Cryostat Closure
Torus Complehon

pOct: Mar JulAug Decian Apr Jul22 Dec22 Dec 24 Dec 26
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i AR

L

A T T . .
¥ = b ) L ; . 0 -
: : A \ARE = % Cryostat Worksho PF Coil Winding Facilit
Radiofrequency Heating ssein.1‘ | e s > , e . 8 4

Cryoplant

400 kV Switchyard

et EE

§ — Machine axis |«

R 3 ¥ / \

Bioshield i | & 2] o/ L-'-*i' ' .% \‘\\'
/ R - : ‘ Magnet Power Conversions Bdgs.
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Tokamak Cmplex

= ."4ﬂm=m'.'w ST — e S || W

The bioshield is now finalized. Openings in the wall are for the cryostat bellows that will connect the machine to the port cells
designed to give access to systems such as remote handling, heating and diagnostics. The crown (right) that will support the
machine (23,000 tonnes) was finalized in August 2018
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Tokamak Complex

Seven water storage tanks for the
machine's cooling water and vacuum
vessel pressure suppression systems
were installed in less than one week in
mid-August 2018,

© 2019 ITER Organization Page

10" ITER International School — KAIST- Daejeon — Korea - 215t January 2019 27/41




Before being integrated in the machine, the components will be prepared and pre-assembled in this 6,000 m2, 60-metre high
building. The Assembly Hall is equipped with a double overhead travelling crane with a total lifting capacity of 1,500 tons.
All mechanical elements of sub-assembly tool # 1 (SSAT-1) are assembled, and work is progressing on the installation of SSAT-2.

© 2019 ITER Organization Page

10" ITER International School — KAIST- Daejeon — Korea - 215t January 2019 28/41



© 2019 ITER Organlzatlon Page
10" ITER International School — KAIST- Daejeon — Korea - 215t January 2019 29/41




" The connection of the 400 kV switchyard
to the French grid was successfully
ns - 2 : U e AR -~ established on 17-18 Sept. 2018
e~ I | LI T ] O T RS R S e e | il
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Electrical conversion

E = !

o
:_b"'

Two large Magnet Power Conversion buildings will host the The twin buildings are now ready for equipment. Electrical
transformers and converters (AC » DC) feeding power to the components from China, Korea and Russia will be
ITER magnets. progressively installed inside of the building as well as in
the exterior bays.
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[TV TR UL T

Cryostat
workshe

e T

Manufactured in India, the 30 m x 30 m
cryostat (the insulating vacuum vessel that
encloses the machine) is being assembled
and welded on site.
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Too large to be transported by road, four of ITER’s six ring-shaped magnets (the
poloidal field coils, 17 to 24 m, in diametre) will be assembled on site by Europe in
this 12,000 m? facility. Resin impregnation ongoing for PF Coil # 5 (17 m. diametre,
~ 350 tonnes). Superconducting cables are procured by China.
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Heat rejection systel

ITER power will be partly
evacuated by cooling towers
(procured by India).
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Worksite Progress Feb. 2015 — Dec. 2018

60% of completlon to First Plasma by end 2018

According to the stringent metrics that measure ITER project performance, as of
the end of October 2018 the project reached 58.7%o0f the "total construction work
scope through First Plasma.” [approximately 0.8% per month since Nov. 2017]



Total average component manufacturing

Man UfaCtU ri n g PrOg ress through First Plasma is >65% complete.

. BOARR. ae o . .
Sy % e fy — l' ;

e




Manufacturing pProgress...




Ty

Manufacturing of ITE components is taking place all around the world at the cutting edge of technology g

« Geometrical tolerances measured in millimetres for steel pieces up to 20 m tall weighing several |
~ hundred tons T

. Superconductlng power lines cooled to minus 270 degrees Celsius

e Plasma facing components to withstand heat flux as large as 20 MW per m?2

e Cryoplant cooling capacity of 110 kW at 4.5 K; maximum cumulated He liquefaction rate of 12,300 I/hr

(A

e
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...to assembly preparation

In Spain, welding procedures and techniques are being tested on a On the night of 26 November 2018, the first machine component
real-size vacuum vessel mockup. (cryostat feedthrough) was lowered into the Tokamak Pit.
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Conclusions

The ITER device integrates many advanced technologies and is
driving major R&D programmes within the ITER Members

» The ITER project is now fully into the manufacturing and construction phase
— on-site construction is advancing rapidly

— ITER Member’s Domestic Agencies are carrying out large scale manufacturing for the major
tokamak and plant components

* First Plasma will be demonstrated in late-2025 and first fusion power
experiments will take place in 2036

Successful exploitation of ITER will not only realize the limitless
possibilities of fusion energy, but open new areas of fusion plasma
research and fusion technology
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