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Plan

* The “Broader Approach” agreement
e Missions of JT60-SA

e Engineering design of JT60-SA
 Assembly and schedule

e SUMMary
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e Signed in Tokyo on 5 Feb. 2007
— JT-60SA (Naka)

(&) — IFERC (Rokkasho)
— IFMIF (Rokkasho)

 In kind procurements
— Balanced contribution on voluntary

basis of Japan and 4 Member G one
States (France, Italy, Germany MRS IR 1

and Spain), plus Switzerland
— Pre-allocated sharing of contributions between partners

* Project governance
— Supervision of the Agreement by a “Steering Committee”
— Each project has a “Project Committee”

— Domestic Agencies created for ITER ensure the legal
Implementation

3rd Karlsruhe Int. School on Fusion Tech., 11t Sept. 2009 J. Bucalossi, CEA-IRFM 5



Association J T.60$A
Euratom-CEA A Super ing T
\| @ Il on-soane Tokama resram,

BA-Satellite Tokama rogram

Site location of the “Broader Approach” activities

ROKKASHO Site
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JT-605A

o B =-
Contributions to the “Broader Approach”
Projet EU (%) JA (%) Total (%)
IFMIF-EVEDA 14.4 7.6 22.0
IFERC 12.0 18.7 30.7
Satellite Tokamak
(JT-60 SA) 23.6 23.6 47.3
Total (%) 50.0 50.0 100.0
Contribution (value May 2005) of Europe : 339 M€
of Japan 416 G¥
Mostly in kind

S. Matsuda, 21th IAEA, Oct. 2006, Chengdu, China
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e JT-60SA EU-JA Sharing <= JT-6054

o [ srsa teII te Tokamak Program

« Japan and EU implement in-kind contributions  for components
» Existing JT-60U facilities will also be utilized e

Y-

Power Supplies

Compressor Building | @

TF coils&Testing CS,EFcoils | @

.' Water Cooling

N System | @

T

NBI

Cryostat

Diagnostics | @

Vacuum Vessel | @

In-vessel Components | ® ]

Remote Handling | ®
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* FAE formally responsible to JAEA for all components

» Except TF conductor all systems to be procured by “Voluntary Conffﬁaﬁ;éﬂ;-._...m
/TF coils RS '

R

N\

Cryogenic System GO

-:."IE__"‘ =

-
L]
-

-l

-

\ J
Cryostat SE=2f [ECRF ﬂ@;' )

yTecnaidg:

P. Barabaschi, Seminar, 2009, Cadarache, France
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JT-6084 Project - Supearvisary Bodies

EU CPs=s

(FAE+EC+¥olumtary Comribuiors)

Broader Approach
Steering Commitilee

JT-6054A P roject

(EU+.JA) Committee
JT-60854 Integreded Project Tecrr
':!T_ 6054 — Project Team
- Project Leader
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S JT-605A
Missions of JT-60SA

E- BA-Satellite Tokamak P
D /\ba FAr T

DEMO reactor

Mission of JT-60SA is
to support and

supplement
- ITER towards DEMO
ITER Duration
~10s ~100s ~1000s ~1y

S. Ide, 5th TM on SSO, May 2007, Daejeon, Korea
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| @ [ eA-satellite Tokamak Program
Missions of JT60-SA

Support to ITER
= Optimize ITER-relevant plasma scenarios and test new operating scenarios
» Test and optimize auxiliary systems which may find an application on ITER
= Advance the understanding of the ITER-relevant physics issues

» Test possible improvements and maodifications of components and systems
before their implementation on ITER

» Train, in an international environment, scientists, engineers and technicians

Complement ITER towards DEMO
= Demonstrate steady state operation at high 3 (24.5) for 100s and more
= Explore role of shaping and active stabilization on stability (RWM, NTM)
= Optimize non-inductive current drive for DEMO scenario
= Control of power fluxes to the walls in steady state operation regimes

Assessment of JT60-SA CDR, March 2007

3rd Karlsruhe Int. School on Fusion Tech., 11t Sept. 2009 J. Bucalossi, CEA-IRFM 12
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Fully superconducting tokamaks |

JT-pOSA(A =2.5,Ip=5.5MA)
3m
O

6.2m 3.1,Ip=15MA)

ITER(A

Main parameters

JT-605A

iy Super g
[ ] ‘- BA-Satellite Tokamak Program

JET

Parameter
Plasma Current Ip (MA) 5.5 N
Toroidal Field Bt (T) 2.26
Major Radius (m) 2.95
Minor Radius (m) 1.18
Elongation, k95 1.94
Triangularity, d95 0.45
Aspect Ratio, A 2.50
Safety Factor q95 3
Plasma Volume (m3) ~140
Flattop Duration 100 s (8 hours)
Heating & CD power 41 MW x 100 s
NBI 34 MW
ECRH 7 MW
PFC wall load 15 MW/m?
Neutron (year) 4 x 1021

New IDR 2008

3rd Karlsruhe Int. School on Fusion Tech., 11% Sept. 2009 J. Bucalossi, CEA-IRFM 13
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ITER similar configuration ACCOME-code analysis
C:e:] A=3.1, Kgs=1.7, 695:0'33’ gs=3.0 fow=0.85, HH,=1.3, gg5=3.1, P;,;=41MW
4.0
<
= i
ITER | JT-60SA S 3.0
1, (MA) 15 35 =
B, (T) 5.3 2.59 2 I L
R (m) 6.2 3.16 @ 20] 72
a (m) 2.0 1.02 o° %%
c 7
A = & o A\ C N
Kos 1.7 1.7 = 1.0 A - s
= A ) |
Ogs 0.33 0.33 @) iy |
Vs ) |
9es 3.0 3.0 N, N7
N (M3) | 1.2x1020 | 1.1x1020 0.0 e AN |

30 32 34 36 38 40 4.2
Plasma current (MA)

2007 design
Hybrid operation up to 3.7MA for 100s available

3rd Karlsruhe Int. School on Fusion Tech., 11t Sept. 2009 J. Bucalossi, CEA-IRFM 14
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A=2.6, DN, (45~3.5, HHgq,=1.5

A\ e

Accessibility for high Q 5t and high By
with increased heating power

Euratom-CEA Breakeven and high-3 plasma

JT-6054

Super
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Non-dimensional parameters with ITER
and DEMO relevant region are expected

A~2.6, K~1.8, 0oc~5.5, By~4 (2.4MA, f,,=0.86)

" 10 i 1 T T l T 1771 | T T 1 i 1 T T i T 1771 T T ]
T | 25MW, HHgg,=1.5 | i
8l O o .
- o Y
I VA 2.4MA,
i ’ fo=0.86
(5] ’ ..... TGW:0-§56 . GW

I [ AIMW. I;|H98y2:l.3 |

I

. A ITER (Steady state)

N
|
[

Normalized Larmor radius 103x p

- DEMO (JO5)

1 |

L1 |

| —

Olllilll]lll

0.00 0.02 0.04 0.06 0.08 0.10 0.12
Normalized collision frequency v *

3rd Karlsruhe Int. School on Fusion Tech., 11" Sept. 2009 J. Bucalossi, CEA-IRFM
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Preparation to DEMO

Sustain high beta ( ,=3.5-5.5) non-inductive CD plasma
- Explore high beta regime above no-wall limit
- Develop optimized integrated scenario for DEMO for shape, aspect ratio,
SN/DN, current profile, MHD control, fuelling, pumping, divertor shape, ...

6 {"[:':I {}ié {}li:,,
= iz 2 A 2
* 7 DEMO |
8 'y =
_-.r ‘ ' .
=t &y, -9e2novalin Ly,
C A ITER ./ -
= L= . (Steady) ? -
2F o : (Q=5) 3
= ® 7 N L »
= Exp. in JT-60U Z g 3
1 | @ JT-60U v [Inductive) ﬁ g
= | B JFT-2M (G=10) % =
= ; | S A S
0 0 10 20 30 ' 100 ) 400 > 3000
Time (S)
Test of Plasma Facing Component
- Compatibility test of reduced activation ferritic steel
_ - Test candidate divertor modules
I N [ 2007 design - Sample station for plasma-material research

high-«, 0 shape for high-beta operation

3rd Karlsruhe Int. School on Fusion Tech., 11t Sept. 2009 J. Bucalossi, CEA-IRFM 16



e High- full non-inductive CD scenario =2 T-009A

‘o BAStIIt Tokamak Program

* NNB shifted down by 0.6 m for off-axis CD to form a weak reversed shear g profile
* Normalized parameters are close to those required in DEMO

* For sustainment of high 3, control of Resistive Wall Mode (RWM) is necessary
Ce:) as well as conducting shell (stabilizing plate)

- 10 — stabilizing
& S gf . Pplate
£ 2 6l T
S o 4] N, | sector
= ‘21 2N ] coils
== oL N
1 i \ \ T I
— 08" ]
NE 0.6 , ;N—NE|
< 041
= 0.2}
O I
i — 2007 desi
020702 04 06 08 1 esian

P
« 2.4 MA full current drive is possible  with A = 2.65, B = 4.4, fs,, = 0.86,
fgs = 0.70 and Hy,qq,, = 1.3 with the total heating power of 41 MW

3rd Karlsruhe Int. School on Fusion Tech., 11t Sept. 2009 J. Bucalossi, CEA-IRFM 17
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Eortom CEA Controllability for RWM JT'60$

VALEN code analysis*

RWM stabilisation by feedback control 10% ———————— e
of sector coils 4 E
@ 103} | Outside v 6,=0
— - { | e g o= 107
» Achievable B\ depends very much on the location of E Y| zpiz
sector coil S 10°%F ol .
— - V Gp:10
- outside stabilizing plates: B\~3.8 s . ' Y | - ideal wall
@) | '
- inside stabilizing plates: B\~5.6 5 10 i Lo
: i Ideal limit
» Sector coils are located on the port entrance in the 10° IR b x'z‘/‘ N
present design (analysis ongoing) 2 3 4 B 5 6 7
N
104 T
~— 2007 design —— i
~Stabiliser plate g' 103§ E
= :
S 10%}
= i
% 01 ; _
“_ Analysed Fog 5 107} ’
model Sector coil | i
0L.. L
10 2 7

*G. Kurita, et al., Nucl. Fusion 46 (2006) 383.
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High performance, long pulse

PkeTiesl S maatat Central Solenoid  gperation machine (& flexibility)

Field Coil ./} . W TR Toroidal :
N7 gy vy | (11 I ..., ° Superconducting tokamak

Diagnostics

Port » Cooling of Plasma Facing

3 Components
Shear
Panel

Plasma control: stabilizing plates

Stabilizing : .
and in-vessel coils

Plates

Vacuum vessel

NBI » Shaping capability (DN)

Port

Gravity Suppo ®* H&CD Capablllty

In-vessel Coil

2007 design  High n yield: neutrqn shielding
and Remote Handling
Fig. 1. Cut-set view of JT-605A.

Magnet:~1300ton, VV:~600ton, Cryostat:~600ton, total:~2500ton

3rd Karlsruhe Int. School on Fusion Tech., 11t Sept. 2009 J. Bucalossi, CEA-IRFM 20
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A major upgrade of the existing JT-60U

Buildings

Plasma H&CD systems
Power supplies
Diagnostics

Cooling system

e Etc

JT60-SA

With maximum utilization of the
existing facilities

3rd Karlsruhe Int. School on Fusion Tech., 11t Sept. 2009 J. Bucalossi, CEA-IRFM 21
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Layout of the Torus Hall

esent JT60-U at the Torus Hallg

3rd Karlsruhe Int. School on Fusion Tech., 11t Sept. 2009 J. Bucalossi, CEA-IRFM 22
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Flexible plate

TF coil

EF

CS

Buffer £
(Ti alloy) [
Tie plate TW|

CS1

CS2

WG'6

Shear panel | wg
Gravity supp';t o5
Flexible plate Linking plate
| TF CS EF
w00 desian strand | NbTi | Nb,Sn | NDTi
conductor cable-in-conduit
B._.(T) | 64 10 5.0
T, (K) | 4.6 5.0 4.8
o, KA) | 25.7 | 20 20

alossi, CEA-IRFM 23
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Toroidal Field magnet

\

28

2008 design

JT-605A

Ll
| @ [ BA-sateliite Tokamak Program

18 Toroidal Field
superconducting coils

72 turns, 25.7kA each

6 double pancakes, 6
turns/pancake

Helium inlets in high field
side — joints in external
low field side

Electrically coupled
Mechanically coupled
Supports for EF system

Intercoil structure to
support out of plane
loads

Weight: ~280 t
(SC 33.4 1)

3rd Karlsruhe Int. School on Fusion Tech., 11t Sept. 2009 J. Bucalossi, CEA-IRFM 24
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Poloidal field magnet

» 6 Poloidal Field
Superconducting coils

* 4 independent CS modules,
same number of power supplies

» Colil current < 20 KA.
 dlp/dt~0.35 MA/s during Ip ramp

'/}’B e I

~7.43m

JT-6054

Super
[ ] - BA-Satellite Tokamak Program

2008 design

3rd Karlsruhe Int. School on Fusion Tech., 11t Sept. 2009 J. Bucalossi, CEA-IRFM 25
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Cryostat

C@Z] » Originally (2007)
— spherical
— double walled
— with concrete shielding
» 2008 design
— Faceted
— Single wall
— No concrete
* Two parts
— Main machine support
— Cylindrical and lid

Weight: ~650 t

3rd Karlsruhe Int. School on Fusion Tech., 11t Sept. 2009 J. Bucalossi, CEA-IRFM 26
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Cryogenic Plant

..................................

Users
* Magnet system
— Winding loops (4.3K + pump)
— Structure loop (4.3K + pump)
— HTS current leads (supply: 50K, return: 300K)
— Thermal Shield for Coil Terminal Box (80K)

* Thermal Shield in Cryostat (80K-100K)
e Cryo-pump in VV (4.2K + pump)
» Pellet Injection System (Liquid Helium)

Tokamak operating mode

* Yearly exploitation: 6 months per year (6/12 m)

» 1 week/month for baking and conditioning: 3 weeks/month of ops (3/4 w)
« Operation 5 days each week, with a shut-down during week-end (5/7 d)
» Day operation about 12 hours (12/24 h; stand by duration: 12h)

TOTAL: ~ 10 kW at 45K +80 K TS + margins |

3rd Karlsruhe Int. School on Fusion Tech., 11t Sept. 2009 J. Bucalossi, CEA-IRFM 27
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Vacuum Vessel

e Double wall 18
° P 160mm 18
» Baking temp. ~200 C > < >
« One turn resistance ~15uQ Shielding water L]
* Weight ~300 t without in-vessel components (BOf\j\’/”'C acia \
ater)
% Helium gas
Low cobalt/
SS316L 1
\\x
D 3mm

VV is covered with a thermal shield.

VV is supported with 9 legs.

Connection plate to
restrain the horizontal
swing of VV

spring plates (AISI660) for baking

3rd Karlsruhe Int. School on Fusion Tech V.V. support leg structure
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Plasma Facing Components

» Design optimized for a high triangularity (dx~0.5) in LSN

Divertor vertical targets, with a V-shaped corner in LF Side
Initially bolted CFC (+partial monoblock) = Full monoblock
Cryopanels beneath the cassette for pumping

All plasma-facing-components will be water-cooled (@ 407C)
Compatible with Remote Handling maintenance

Outer Cover Plate
Inner Baffle for pipe connection
Plate

2 divertor modules
(36 modules in total)
Outer Baffle

Plate \

plate

P

Future upgrade

Full metal plasma facing
components (W) =
towards DEMO \

Inner Target Plate
(36 bolted CFC target
at start of initial phase)

' Outer Target Plate
(4 monoblock CFC
target and 32 bolted
CFC target at start of

Divertor Cassette initial phase)
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© ) sa-sate IIteT ka makPogam

Remote Handling System

Vehicle-type system (adopted in ITER) |

- purpose: maintenance and repair of
in-vessel components
- capable weight < 500 kg

- rail expansion: 225° in toroidal direction ~
- tooling function: inspection, holding,

rail support

cutting, welding, screwing, lifting - /
3 swing arm
Example (removal of rail support 4 straight motion arm
Divertor Cassette) ///@ manipulator

‘ Manlpulator

fon B '
e

Lifting Cassette,
carrying to Palette

Handlng to Palette] [Carrying out of VVJ

3rd Karlsruhe Int. School on Fusion Tech., 11t Sept. 2009 J. Bucalossi, CEA-IRFM 30
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Heating & Current Drive systems —s\ ) |
N\
« P-NB: balanced injection for toroidal rotation control 200} \\\ \ .
» EC: two-frequency system for flexible control of CD, MHD... = iwi :
i ¥ .00 e —
Perpendicular Tangential . ” gzz _
_ P-NB (ctr) /]
.| 7 J,‘PNB |
for 100s : /

N-NB -
(500 kev) | ©© (20 LMW

Remote Handling co (2u) 4 MW

System -

(8'35 EeBV) ctr (2u) 4 MW

N-NB perp (8u) 16 MW

& (co) 110 GHz 3 MW

EC
_ 140 GHz 4 MW
Tangential
P-NB (CO) total 41 MW

3rd Karlsruhe Int. School on Fusion Tech., 11" Sept. 2009 J. Bucalossi, CEA-IRFM
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Heating & Current Drive systems

#1 140GHz Gyrotron
i—| & (1 MW each) _
4 '.. i High Voltage DC

» N, Power Supplies

|_| #5 . (60 - 70 kV,
i 65 A each)

Antenna #1

9 Transmission Lines

JT-603A {evacuated comugated
| waveguides, bends and so on)

accaleration PS
(100 kV, 0.3 A}

Resonance layer of EC with
two-frequency system

B, (R=3.00m) [T]

3rd Karlsruhe Int. School on Fusion Tech., 11 Sept.
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cy| 2007 (BA-1) | 2008 (BA-2) | 2009(BA-3) | 2010(BA-1) | 2011(BA-5) | 2012(BA-6) | 2013(BA-7) | 2014(BA-8)
CM |4 5 & 75 a0 1112 1 23543 678 801111 23543678 801111 254567630111 254356705011 25635675 3mNE12345678a01E12345678anne
SM [ 1 2 5 4 5 57 8 3 11127 14151617 151320 21 72 35 34 35 35 37 25 29 3) 31 52 33 31 35 35 37 35 38 40 41 12 45 44 45 45 47 45 43 50 51 52 53 54 55 56 5T 55 59 60 61 62 53 54 65 66 67 65 69 T0 71 T2 73 T4 75 75 77 75 73 3 51 52 83 54 55 85 57 55 03 @ 91 02 55

JT-60 Operation | [o] i | ‘ ‘

JT-60SA tokamak machine construction

Cold Test

Significart H & CD| exnmm:nti |

Master Plan

.

Detailed Design

Manufacturing

Cold test
| TFC | Shipment

manufacturing at factory

_Transportation

4K Test |
L cs Stack
Support structure CS Ir

T
NbTi strand manufacturinF

_B iﬂg cons ction
Facility preparation

Fabrication on site
— e
EF& Installation EF1, EF7 Installation

EF

Facili!}u}reeaﬁ;ion Manufacturing & Test |
EF4 EF5 EF2 EF3 Integrated test
Transportation

Fabrication at factory T " EF4, EFS Installation | | EF2, EF3 Installation

Procurement & Manufacty

ng
ertor plates

Inspection and T esf
Design of Cyopanel

Fabrication of Cryopanel
Divertor & First Wall | Assembling of Cryopanel

Design of first wall [
Procurement & Manufacturing

InsEeclion&Tes‘l

Design

Procurement of materials
Base Plate

Gravity Support Spherical part
Manufacturing Inspection& test Inspection& test
Shipment Shipment
i | Concrete
Cryostat Machining and L )
l ‘ Assembly at Japan 80K Thermal Shield Spherical

Outside piping

Fla%e

[ Cryogenic System |

T T T
Detailed Design and F: i ion at factory Shipment '

i
Procurement of raw materials (SS) i Installation (2x160%)

Cutting, Processing, Fabrication Connection

Fabrication, Assembling | Thermal Shield Ports
Fabrication of 80K tharmal ghiald

Installation of BOK shield

ssal col
Divertor&FW

Vacuum Vessel ]

H Vacuum pump
CY | 2007 (BA-1) 2008 (BA-2) 2009(BA-3) 2010(BA-4) | 2011(BA-5) 2012(BA-6) | 2013(BA-T) 2014(BA-8)
CM|4 5 678 a0 112123435678 3401144201 235435678 3M12f123545678 3011421425435 678 3012125435675 a401142923435678a401112{1 23435678 ai0i112
SM |1 2354567830 HIZEBERBEIETIEGN2EMSBTHHDDIN LB NS BAL0WHNLGE LS ETEON0 RS HSFTENANEHSETTEWNTIMEUBET BRI DS EH N A 26|
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Sune  JT-60U to JT-60SA  <=JT-605A

2007 design
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Baseline Schedule

JT-6054

- Start of Tokamak Assembly February 2012
- Completion of Tokamak Assembly October 2015
- First Plasma : March 2016
2007 2008 2009 2010 2011 2012 2013 2014 2015 | 2016 | 2017
First Plasma
Operation  ——
iﬁﬁm’n’&é&ﬁ“@ se
SoeTieRioning | Silageéled Coniasioring & eld Yot
| Eummhlmilmlm hntiv?tﬁw |
Start Tokamak Assembly Complete Tokamak Assembly
Assembly : .
| Tokamak Assembly |
Construction
| | Cryostat
Tokamak device J.'_Hnmat. WV, In-vessel, Cryostat) | ﬁ:;::ry :Iar;::y :;ﬁ:g;
* FirstEF ' cs
“r;:w ‘ Wda:waqi damT'
Auxiliary systems (Heating Systems, Diagnostics, Power supplies, Cryogenic System) |

3rd Karlsruhe Int. School on Fusion Tech., 11" Sept. 2009 J. Bucalossi, CEA-IRFM 36

| @ [ BA-sateliite Tokamak Program




0

Association

Euratom-CEA

Phased Exploitation Plan
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« Exploitation within the BA period will aim at the initial research phase
" later phases now agreed with JA:

 Principles of “Joint Exploitation
— without finite duration
— taking into fair account hardware contributions in case of 3" party

later accession

Expected Annual Remote Max
Phase pec Neutron : Divertor | P-NB | N-NB| ECRF Power x Time
Duration Limit Handling Power
1.5MW
nital | Phase 1| 12y - Lsn | 1OMW x100s | 23MW
Research partial +
NB: 20MW x 100s
Phase | phhase l|  2-3y 4E19 | Rep | Mmonoblock 1-52"8\’\’ 33MW| 3 0MW x 605
Perp. _
13MW duty = 1/30
Integrated phase I} 2-3y 4E20 LSN - 10MW ECRF: 100s
Research full- 73\‘/?/‘ 37MW
Phase phase || >2y 1E21 monoblock 7MW
Extended Use
Research >5y 1.5E21 DN 24MW 41IMW|  41MW x 100s
Phase
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 Six Procurement Arrangements (PAs) between EU-IA
and JA-IA already entered into force by February 2009

(1) PF conductor, (2) Vacuum Vessel, (3) Raw material for In-vessel
component, (4) PF coil manufacturing buildings, (5) PF Coils
manufacturing, (6) Divertor components

e Contracts with the manufacturers were awarded
 Buildings for PF coil manufacturing are completed at
the Naka site

Dummy copper conductor

A building for winding EF coils. 630 m long line for jacketing
superconducting cables

A meeting o JT-60SA T

A e

a (TC-5) t Naka
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One of the three projects of the “Broader Approach”
“Fast Track” approach

— provide the international community with an additional
experiment on the path to DEMO

— satellite tokamak to ITER
The second largest tokamak

— about 1/3 of the plasma current capability of ITER and half its
major radius

— significant heating and current drive capability and configuration
flexibility
Joint exploitation of the machine by EU and JAteam s

— will allow experimentation addressing both the European and
Japanese approaches to DEMO

— should allow the European and Japanese fusion programs to
make significant advances in the field of tokamak physics
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» Reference documents for preparing the presentation

Draft report of the assessment of the JT60-SA CDR by AHG
appointed by the EFDA STAC under request of CCE-FU (March
2007)

Conceptual Design Report documents (draft, Feb. 2007)

M. Kikuchi, H. Tamai and M. Matsukawa et al. presentations at
the 24th SOFTconference, Sep. 2006, Warsaw, (Poland) and
the 21st IAEA conference, 2006, Chengdu, (China)

Report of JA-EU Satellite Tokamak Working Group (March
2006)

P. Bayetti, Seminar on JT-60SA, 2007, Cadarache (France)

P. Barabaschi, Seminar “The JT-60SA Project”, 2009,
Cadarache (France)
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