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The technical requirements for the new ITER (ITER-FEAT)

1) Demonstrate inductively-driven plasmas at Q10,
2) Aim at demonstrating steady-state at QS5

3) Do not preclude ignition.

4) Demonstrate availability and integration of essential fusion technologies,
and

5) Test components for a future reactor including blankets
(> 0.5 MW/m?, > 0.3 MW-a /m’.)

ITER is planned to be the first fusion experimental reactor.

— Flexibility is required to

1) cope with uncertainties,
2) studybptimize burning plasma for various objectives, and
3) introduce advanced features

— Involvement of the world-wide fusion community is essential to
1) use ITER efficiently and
2) promote scientific competition among the Parties




I TER Machine Capability

Reference Performance

Flexibility

I, (MA)

15 (flattop 400-500 s)

17 (flattop 100-200 s)

Fusion Power (MW)

500 (~2000s)

700 (100-200s)

K,/0,

1.85/0.49

2.0/0.55(a=1.85m)

Pumping

200 Pam’/s

higher in shorter pulse

Initial

Possible Upgrade

NB (MW)

33

S0 33

RF (MW)

40

80 100

ECCD forNT (MW)

(20)

(40)

Sa ddle coils for RWM

20KA/10G/2Hz

~S50KA

Divertor/Blan ket

Exchangeable concep t




Correction
Coil

| TER Poloidal Field Colls

Correction Coils
6x3, 100-150kA/coil
For Resistive Wall Mode
~10G/20kA




Electron Cyclotron System

Overview of EC-launcher 52.0081.0000.20.9601. W

Upper launcher :  poloidal steeing =-60~-70°
toroidal agle = 24°

Equatoriallauncher: toroidal steang = 20-45

Equatorialport : standardized pa plug for IC/EC/H




Neutral Beam Injection for ITER

(1 MeV, 16.5 MW/Port)
Initial Installation 33 MW, Upgrade 50 MW

Beam Driven Current Profile

0.5

‘FI>|\

iB=17

MW

Oi‘

0 02 o.4p'o.6"o.8' 1

v=0.4x1020 A/Wm?

NB Elevation Layout

—EE\

g On-axis beam

2= [Az=376

= Ve

< Neutron shield
gl §

se

S| =

Hl<

ff-axis beam Tilting angle: 1.1°
31

On- to

TS :
\\ J
Off-axis beam

AZ =950

t

Blanket opening
Equatorial por

NB cell

’ NB cell floor

(Section along H&CD NB axis)

pCam
from Machine Center Line

On-axis beam Tilting angle: 2.3°



Phased Operations

Hydrogen Phase

Confirmation of the machine performance andcinase of reliability of the operitn
Full commissioning of the ITER systemin a non-nwlear enviromnent
Development of operatim scenarios with seni-detached divertor and ~70 MW
Better control/mtigation of disruptins/VDEsYELM¢srunaway electrons
Characteriztion of dusts
Build-up of experinental groups in theworld wide fusion comnmunity

Deuterium Phase

Nuclear commisioning and confirmation of the basic plasma characteristics

No human access intothe vessel

Deuterium Tritium Phase

Research of long burning plasmas

Optimization of operations for various objectives
Engineering tests including blanket tests for the next step




Ist yr

2nd yr

3rd yr

4th yr

5th yr 6th yr 7th yr

8th yr 9th yr 10th yr

Mile Stone A

First Plasma

A

Full Field, Current
& H/CD Power

A

Shor
Burn

A A
Q=10, Q=10,
500 MW 500 MW,

tDT

- Machine
commissioning
- Achieve
good vacuum &
wall condition

Operation

Equivalent
Burn Length
(hr) with 500
MW

Fluence**
(MWalm?2)

- Machine commissioning
with plasma

- Heating & CD Expt.

- Reference scenarios with H

H-Plasma

|
IN:

- Commissioning

D-plasma
|

w/neutron

- Reference w/D
- Short DT burn

Low Duty DT

- Development of full DT high Q

- Developmentt of non-inductive
operation aimed Q=5

- Start blanket test

A

Full Non-inductive
Current Drive

High Duty DT
|

- Improvement of inductive and
non-inducvtive operation

- Demonstration of high duty
operation

- Blanket test

300 400 400

0.096

Blanket Test

System checkout and Charactrerization S

Initial Test

Performance Test

Installation & aeesss——) /
Commissioning

Basic Installation
& Commissioning

For activation phase

A

For high duty operation

A

Upgrade

*Average Fluence at First Wall (Neutron wall load is 0.56 MW/m2 in average and 0.77MW/m2 at outboard midplane.)

Net consumption of tritium

The first ten yars

~

Skg

Average (3/Blanket test area 6. MWa/n?
Average 05/ Blanket test area # MWa/n?

~ 15 kg (Minimum requirement)

~ 25 kg (Design value)

~30kg of tritium could be supplik with external sarces




Remote Experiment
Efficient use of ITER, Involvement of worldwide fusion community
and Promotion of Scientific Competition

ITER

Machine Operation

Remote On-Site Remote

Experimental Groups Experimental Groups Experimental Groups

Example:

* 3 shift/day m site: Most people dunig day(1st/2nd shifs) for experimentation. Ise people
during night shiftdr machine monitoring and suppt of remote experiments.

* 1 or 2 shit(s)/day on remote experimental sites: Experimentation dgriday

In any case,experimentation will be dwe within the envelpe of the machine paameters
agreed to inadvance.




Standard OperationsELMy H- mode
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Fusion Power v.s. Density with 15 MA

nA n.=0.85

nA n,=0.7

nA n,=05

100 200 300 400 500 600 700
time (s)

0 ]
O 100 200 300 400 500 600 700
time ()

L0, 1, /4,=5  Peak divertor heat load < 10 MW ni’
n,=I/ma’ and By= B(%)/[1,/aB,]




Operation Space with Q =10

1.5D simulation (PRETOR)
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Density v.s. Fusion Power with 15 MA
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Ion Heating with 1SMA

—e— B [ (P+Pg) = 0.7
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Operation branches with constant heating power and constant
fusion power withn /n; = 0.85 and 15 MA

=15 MA (0D simulation)
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Very High Q and Q = with 17 MA

Fusion Power (MW)
Fusion Power (MW)

He (%)
He (%)

<n> = 1.1 0?%m3 (<n>/ng = 0.81), 7 = 7(Y,2)




Possible experiment of the thermal instability with 17 MA
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Inductive = Hybrid operation with 11

Longer pulse smaller current driven parisa by non-inductive method

IP517MA, 400MW < Pf < 700MW
-~ ® R/a=6.35m/1.85m, f <25

| —O— R/a=6.20m/2.00m, f <20
. R/a= 6.20m/ 2.00m, ﬁst.O, 1.5D
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Operation for blanket test :00s, 500 MW and 0.77 MW/n? for the test area




Non-inductive steady-state operation with Q=5 and flat density peof

HH-factor

10 11 12
I, (MA)

f), T | |

9 10 11 12
I (MA)

10 11 12
o (MA)

R/a/ k,= 65m/1.7m /2.0, Py =500 MW /100 MW (n,0).
Argon impurity (up to 0.5%) and carbon impuwity (up to 1.2%) are seeded €).
30 MW of P, ... .is corresponding to ~5 MWm? of target heat load.




Non-inductive steady-state operation with Q=5 and 9M

Te Ti (keV)

n,n, n,x10 (10'%m?
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Prus/Pop =500 MW /100 MW (Q=5),
Z.,.=27(Be/C] Ar=2%/[0.4%/0.45%), Ppi i 20 MW, H,; =15, B, = 3.5
On axis (EC, IC or NB : 5 MW ), off-axis (NB and EC : 60 MW ) and peripheral regio(EC and LH : 35MW )




Behavior ofNon-inductive Operation with Internal Transport Barrier

1000 2000
1000 2000 time (s)

time(s)

1000 2000 3000
time(s)

<n>=0.67x10*/m?® (<n,>/n;=0.8), HH = 1— 1.4, Pys / Pcp =280 MW / 80 MW (Q=3.5)
On axis (EC) : 20 MW, v,,(EC) =0.15,
Off axis (NB) : 20 MW, v,,(NB) =0.18— 0.28
Far off axis (LH) :40 MW, v,,(LH) =0.3




Conclusions
The flexibility of ITER will allowresearch in a large operation spa

(Prsior Q, 1N, [, pulselength,
(Confirm predictable operation = Explore frontier)

* Predictable operations and extended operations with Q~10, apdlh MA
150 $700MW, n/n;=0.5%¥1 By =1.2 2.4

 Very high Q or ignition operations at 17 M
A high possibilityto achieve the ignitia
Researchof control very highQ/ignition andhigher g/higherP

fusion
« Hybrid and non-inductive operations
1000 s / 500 MW/Q=5 with reasondle paraneters for blankt test (0.77 MW/m?)

Research of fully noninductive diven operatiols aiming at Q=5
(higher 3/higher confinenent, methods includedin ITER)

The remote experimental concept will increase efficiency,vislve

the worldwide fusion community anggromote scientific competition




