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ITER Baseline scenario - Background W

ITER baseline scenario, aims:
« Q~10, producing 500MW of fusion power for 300-500s.

Baseline scenario (BL): 15MA/5.3T, qq5=3, f5,=0.85, Hog=1, B,~1.8, high 6

« Working or operation point definded at machines (JET-C, DIII-D,
AUG-C) with Carbon wall

« Scenario demonstration at devices with metallic wall like AUG-W
required:
* Main issues observed in ITER BL demonstration discharges
at AUG is the topic of this status report:
« Central (wave) heating beneficial (or even mandatory) to
avoid accumulation of high-Z impurities (W)
mm) only two combinations of |, / B possible for AUG-W
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ITER baseline scenario at ASDEX Upgrade (AUG)
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Stable discharges as long as enough gas puff and central heating
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Confinement in ITER BL scenario at AUG

(black = AUG-C, coloured = AUG-W)

_ hj [
12 | Q/Z 0 . 12
1 b Tr
o 0.8 I Y . Im 0.8 -
LLi i
I |1 = I
0.6 - : | 06 L
| AUGC,550.16 1 | [ | T AUGC, 55016
04 || & AUG-C,0.25<5<0.35 : o 04| | ¢ AUGC, 0-|55550-35
—l— AUG-W, ICRH, 0.32 < 6 < 0.36
L B AUG-W,ICRH, 0.32<6<0.36 1 - ’ ’
02 -1 v AUG-W, ECRH, 0.33<6<0.35 : ) 02 | v AUGW, | R, 093 5620.55
s i ! |
oL v vt v b b e e L 0 P Y RSN SRS SRS E S B
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.4 1.6 1.8 2 2.2 24
fGW BN
 Rising triangularity improves confinement at higher n/ng,
* Hgg increases with B, however: Hys=1 only at g, > 2
« 1St major issue: no stable low P, ., operation in AUG-W
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2"d major issue: ELM behaviour
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Mitigation of ELMs in the ITER BL scenario W

ELM mitigation attemps done using:

 pellets for ELM pacing
* nitrogen seeding (a few attempts only)
 magnetic perturbation (MP) fields
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ELM triggering via pellets on AUG-W, in general W

ELM trig_gering in W-AUG
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With W-wall: ,dead time’ after previous ELM until triggering can be effective

« for significant part of ELM cycle, pellet triggering not possible

« sets an upper limit for pacing frequency under these conditions
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ELM pacing w. pellets in ITER BL scenario in AUG-W W

ELM frequency not always 0.9 timing of pellets injected _____________
elevated by pellets: v v v v v v v v v v
« ELM not reliably triggered = 0.8} Reference '
 ELM size still very large \éo .
 ELM duration decreased =

(though ‘loss tail’ still 0.6%

present) w. pellets

30 ; ' Reference - 0.5

w. pellets

'Ipol,sol,a (kA)

Future: in combination with
e s N-Seed I ng the trlgger
e (m;)s 20 probablity should go up
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First attempt of nitrogen seeding in ITER BL scenario W

ELM size: 0.9
« ELMs not majorly affected by
nitrogen seeding, but so far only 08 1 | )
low N puff rates tried =) , ¢
o 07 *‘ ) (' T
=
: 2 i
Impact on confinement: 06
« Confinement improves by a Reference
few % 05 . . With N2| -
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Much stronger effect in other AUG scenarios
found -> More studies needed in ITER BL
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ELM mitigation by (R)MPs on AUG in general
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ELM mitigation at high density at AUG using n=1, n=2, n=4 MPs:
* have to exceed certain pedestal top density (or collisionallity ?)

« ELMs turn into small, high frequency, periodic events

« largely independent of MP configuration and edge g (non-resonant)

« stored energy stays constant, W content does not rise
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Initial attempt at (R)MP mitigation in ITER Baseline W

ELM mitigation attempt w. MP-coils (#29964)
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..at ITER BL, MP mitigation not achieved using the standard recipe!
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Demonstration of ITER BL scenario at AUG difficult W

Achieved.:
* Operation at q4;=3 demonstrated at Hgg=1, By ~2, fgy ~0.85

BUT:
 Integration of ELM mitigation not achieved
* No stable operation at low P,

do; = 3 seems to be a difficult corner in the
operational space ->
try to find alternative operational point for Q=10
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Proposal: Operation could move to higher qg (lower | ) W

For scaling (at similar density), keeping P;,, and G constant:
Peeters et al., Nucl. Fusion 47 (2007) 1341-1345

2
Fusion power 3
= 2.77(/3—]\,) ngrr;alize\cllvto G= O =10.8 Hog

P =
{ys ) the ITER value Q+5 By Gos

fus

Alternative operation point for Q = 10, keeping P;,, and G constant
« Implications for required target density:
« pedestal n_ below fg, & as high as possible (for exhaust)

* higher n,/ <n.> (w. pellets) to reach fg,, ~ 1

« Keep high triangularity to reach simultaneously high confinement at
high fgy
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Starting point for development of alternative
Q=10 scenario at AUG: Hybrid plasma at qq5 = 3.7
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Outlook W

ASDEX Upgrade will work in future campaigns on:

» solving the issues of the q,; = 3 scenario (in
particular ELM mitigation)

* and in parallel try to port the Hybrid scenario from the
Jgs ~ 4-5 domain to lower qq; ~ 3.6 with the aim to
qualify it for an alternative Q=10 scenario for ITER
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ITER BL scenario demonstration in JET-C W
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ITER BL scenario demonstration in DIII-D
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ITER BL scenario demonstration in AUG-C (2002) W

#15617
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0 dependence of confinement close to fg,=1

Triangularity (8) has no
influence on density
limit of H-modes

« BUT: phase with

degradation of
confinement starts at
higher densities for high
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—

W, (VU]

Higher performance
at high densities

improved perfor-
mance for high
densities at high
triangularities

O5 [ [rrrrr T [T AR AR [rrrrrrrt [rrrrrrort 4
: : &— HDL independent
i of triangularity
04 F -
03 F ]
f 5 =024 1
i 5 =037
: 8, =037 |
0 I Loviiiiie, Lovuiiiiia, - Loviiiiie, Loviiiiies |
03 04 05 06 07 08 09

edge line aver. n_ [10%° m-?]

APS, Nov. 2013, Denver, USA

J. Schweinzer

20



Strong confinement improvement with N seeding W

* Wmhd increases when seeding N into the divertor
40% increase in this case!
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ELM size reduction with N seeding
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ELM triggering via pellets with N seeding in AUG-W

ELM

triggering in W-AUG with N-seeding
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With higher heating power and N-seeding in W-device, ELM duration
returns to C-like value and ,dead time‘' becomes shorter

Efficiency of pellet pacing depends on nonlinear ELM evolution

=> truly predictive capability only if ELM cylce is understood nonlinearly
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ITER baseline scenario in Helium on ASDEX Upgrade

He puffed with D-NBI (#30011) D, reference #29977)
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Access to central ICRH at AUG at qg; = 3 W
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Access to central ECRH at AUG at q4; = 3 W
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