3. EREH DL\ T

BRI TS5BS U4
FRETIKR2 - ELMEBF DA 4/ /\— 3B F ORI O NE T
53 - TBM (Test Blanket Module) 8528



BREMAIR 175X T5EERS FUA

*15MA, Q=10TD 100 RFES T 1A ZIKIZH =24 —Z VI NATUIR RV IEFE
DT F)ADBENZEETIAIBIR. TIXIUL LTI TIF)AEDH LN TLNS,

» Analysis of scenarios with Baseline PF coils, Vacuum Vessel, Power Supplies, in-vessel coils,

.. (VS1-6 kV & VS1-6 kV + VS3-2.3kV)

» Work carried out by 10 & DAs through ITA tasks (EU, JA, RF, JA) on-going

» Reference DT scenarios and non-active scenarios are being analyzed

Table 1.1 Nominal plasma parameters for the three ITER reference scenarios

Parameter 1. Inductive 2. Hybrid 3. Non-inductive
operation operation operation
R/a (m/m) 62/20 62/20 6.35/1.85
Toroidal field, By (T) 53 53 5.18
Plasma current, Ip (MA) 15.0 138 9.0
Elongation, «,/xes 185/1.7 185/1.7 2.0/1.85
Triangularity, 8,/09s 0.48/0.33 0.48/0.33 06/0.4
Fusion power, P, ((MW) 500 400 356
P.aa MW) 50 73 59
Energy multiplication, Q 10 54 6
Burn time (s) 300 - 500 1000 3000
Minimum repetition time (s) 1800 4000 12000
Total heating power, Pror (MW) 151 154 130
L-H transition power, P;_ g (VW) (note 1) 76 66 48
Plasma thermal energy, Wy, (MJ) 353 310 287
Maximum fuelling input (Pa—m3/ s) 200 160 120
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Plasma initiation studies

» Initiation studies carried out taking into account conducting structures and Power Supplies

(Switching Networks, Converters, ..)
> For15MA: W =118Wb> W, ., =111Wb > ¥, , = 104 Wb

pre-mag

» DINA simulations with plasma control up to 1.5 MA with ¥, ,,, = 89 Wb
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15 MA Q; = 10 Scenario

» Simulations of scenario with noise : VS1 (6 kV) or VS1 (6 kV) + VS3 (2.3 kV)
» If noise is low and . remains controlled = VS 1 is sufficient
» Qgr=10 for 400 s starting from W, ,,,=80 Wb (<89 Wb from initiation studies)
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» Recovery of burn flux to CS-2008 levels achievable by larger P_, in ramp-up
and higher ramp-rate (5-7 Wb)

» Similar results with DINA and CORSICA
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Permissible for ITER ELMs
~1% of the pedestal energy.

Expected not mitigated ELMs
for ITER low collisionality
plasma are ~20% of the
pedestal energy.

Mitigation is necessary
by ~20 times



Material Issues are Very Serious
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If ELMs are reduced from 20MJ to 1MJ (.5MJ/m?), need to control >99% to <2MJ out of
10% ELMs per pulse to achieve a divertor lifetime of 100-1000 shots.

IC-STAC-3, Cadarache, 7-9 April 2008



Material Erosion by ELM-like Energy Fluxes
CFC: 100 ELMs @ 1.5 MJm-2 W : 100 ELMs @ 1.5 MJm™




ITER ELM Control Requirements

Determined by material limits = ELM erosion negligible for divertor lifetime ~ 1000s
Q~10 pulses (several 10° ELMs)

Operation of ITER without active ELM control and adequate divertor lifetime only
viable for low |, ~ 5 MA
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Exceeding material erosion limit decreases divertor lifetime drastically
Ec = IMIm™2 (Q~10) = 1um CFC erosion/ELM —> Lifetime ~ 2 10% ELMs = 1-10 pulses



ELM Control by B, perturbations : Experiments DIII-D & JET

» ELM control/suppression by edge magnetic field perturbation
v’ Large effects on ELM behaviour for [b,"®5/B|4,, ~ few 10
v Most experiments > .,  AWg,,,} & DIII-D also sees ELM suppression
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» Processes leading to ELM control & suppression still subject of R&
v' Enhancement of edge transport by ergodic layer (O. Schmitz-DIIID PRL09) for
ELM suppression
v Interaction of external field with peeling mode stability for f,,, enhancement &
ELM control/suppression (Y. Liang - JET- sub PRL10)



ELM suppression by ergodization

—  lower div. 126006 | _
05 D, (a.u.) || ]
Ergodization works for DIII-D A 725% |
and JET. s Do) AN
WG-1 has proposed to use a 4— RMP coil current || 357y =28x10" /
. B (k ) db11Rbg = 34 x 104 |
set of 36 Resonant Magnetic Pedestal collsionality ()
Perturbation coils . ',:
H98y2 Q psen? \ [TER]
1.0_
0.0 A——
0 1.0 2.0 3.0 4.0 5.0

time (s)

upper n=3, 60° phasing

+|uj

' = J :Jp?;\rcp=90°t
\ N ‘f] -coil segmen
At [

n=3

»

lower n=3, 60° phasing

10 [IC-STAC Meeting, Cadarache, 5-7
November 2007

10



In-Vessel Coil Arrangement

Upper VS Coil

ELM Feeders
(27 sets in Upper Ports)

ELM Coils
(3 per sector)

Lower VS Coil

Upper VS Feeders
(1 set in 4 upper ports)

Lower VS Feeders
(2 sets in 2 lower ports)

\\,.
S
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Overall In-Vessel Coil Arrangement

Coils & Manifolds

VS & ELM Coils

Coils, Manifolds &
Blanket

=

VS & ELM Coils -

NB Sector
o . — = e e " (coils same as regular sector)
EEF OB IV OIY L ERIEST . W g
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13 Y » JET experiments varying TF ripple
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. o lowest density and lowest v*
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Energetic Particle Losses due to Ripple are Small

» TF ripple effects on fast ion losses
* Expected TF ripple with ‘optimized’ \gus

ferritic inserts has oz ~ 0.4% _,<>
e Worst expected fast ion heat loads /

(b)

O (a)
O
Porf 2 ! m

<0.5MW/m? at 9 MA
> TBM magnetic perturbation could >K

increase fast ion losses % o
» Calculations by Shinohara at 9 MA

with 6 HCLL TBMs show the

same o particle losses and slightly

more NB fast ion losses at 5.3 T

»> At 15 MA, no significant fast ion losses
5.3T

due to the TBMs are expected

» More detailed calculations with a pover %
realistic first wall are ongoing
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TF+TBM Ripple (%)

Effects of TBM Mass and Distance to Plasma

TF+TBM Ripple vs TBM Recess Distance
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» Assuming an optimized TF ripple

of 0.4%, the 1.3 ton HCLL TBMs
will increase the TF+TBM ripple
to ~1.3% with a 0.05 m recess

Reducing the mass by a factor of
two to 0.65 tons will reduce the TF
+TBM ripple to ~0.8%

Recessing the TBMs further
reduces the ripple at the LCFS

0.65 ton = coil correction + 16 cm
recess = 0.7% TF+TBM ripple

Optimum TBM mass + recess +
correction coils + TF ripple still
needs to be determined

12
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