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Migration and Be erosion



Material migration

BB : : : : -
# o [ intended presentation on modeling of ITER wall erosion/deposition
® _ J |medium scale modelling of ITER main chamber eorison/redeposition
T 15 WallDYN applied to JET
— Vg —
v & L . . . . .
5 13C injection experiments in AUG and their modeling using DIVIMP
and ASCOT, with the focus on the main chamber
Long term tracer experiments for erosion / redeposition pattern on the
first wall
Be erosion

New data on Be erosion obtained with QSPA plasma guns at ITER-
like ELMs simulations

Erosion/deposition balance in Be seeded high flux D discharges




@ ITER Be wall — BM erosion A jOLICH

FORSCHUNGSZENTRUM

FLFS close to 2nd separatrix =>
First PFC life time estimates assuming
limiter-like contact on outboard BM11

FLES
. ceiling

| banana-shaped

far SOL region
. Be
BM 15 + low Z
- high erosion

» Blanket module (BM) shapes optimized for
heat loads (P.C.Stangeby)
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@ 3D MC impurity transport code ERO

A jOLICH

FORSCHUNGSZENTRUM

Background Plasma

B

Input:
r]e' Te,i'

geometry

Local transport:

\/ionisation, dissociation

PFC (substrate Be, C, W, Mo, ...)

Plasma-surface interaction:

v physical sputtering/reflection

v friction (Fokker-Planck), thermal force v/ chemical erosion (CD,)

v Lorentz force
v’ cross-field diffusion

4 (re-)erosion and (re-)deposition
v"HMM and SDTrimSP surface models

12.05.2011 D.Borodin | PFMC-13, Rosenheim | Forschungszentrum Jiilich No 5



@ Be sputtering yields — extreme assumptions O JULICH

FORSCHUNGSZENTRUM

Sputtering yield (atoms/ion)

Be by D* sputtering Be by D* sputtering
0.05 T T T T T T T T T T T T I ' I ! 1 ! 1 v 1 v 1
Eckstein fit: 1 0.08 - e IPP(RT) i .
0.045 |- i = s IPP (600-850 C
b — m?n)?:uur;n zERO-max” 7 = 0.07 - PISGESI(S?:tE:IBC;
0.04 | e Eckstein 2002 . 4 5§~ PISCES I (27-477°C)
5 ® TRM ® 1% R Eckstein 2002
0035 F e D 4 g 006 Eckstein fit:
- B SDTmsSP Dpp.,=50% 4 © Maximum
0.03 - P 4 ® go05} —— Minimum .
0.025 | > i .
) - 1 ©
I { } 2 0.04 | "~
0.02 = i
: ‘l‘ * . §’ 0.03 [ FURRRTSTIEE e
0.015 | 1 2 i T o
0.01 | —. ] 3 002F
el LERO-min“ ] @ § * .
0.005 [~ - 0.01 | —
[ _ . =y AP s
0.0 1 1 1 . 1 . 1 . 1 . 0.0 1 — ot e T S i . 1 L 1 ;
4] 20 40 &0 &0 100 120 0 20 40 60 &0 100 120
lon energy (eV) lon energy (eV)
Only the ‘calculated’ data are included! Experimental data too much scattered!
1) “maximum” — static TRIM + MD 1) Large deviations: no sense to analyse
2) “minimum” — SDTrimSP with 50% of D shape of curves
(reasonable limit) 2) Various effects are difficult to separate

Normal incidence! Angle dependence should be taken into the account!
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- surface morphology of PISCES-B targets: W
e bias dependence

aaaaaaaaaaaaaaaaaa

pure D exposure, < 330K: jp = x-1022 D,*/cm? SEM under 40°

-50V bias (tmsBel9),
Y= 0.23% per ion -100V bhias (tmsBe17)

Y= 0.45% per ion
-170V bias (tmsBe3back)

3 e 1

ITPA_Sputtering of Be.ppt, © Thomas Schwarz-Selinger, 15. May 2011



@ Sputter yields assumptions and net erosion O JULICH

FORSCHUNGSZENTRUM

BM11, ‘HDC’: net erosion (deposition) profile at y=-187mm

0.01
0 ........................................................
= 001 __“_Z_QQ_'I_E_FS _S_h_cltf*_ J
g -0.02 T RN KN S— ————
A 1500 ITER shots | —
S o Yolc] = E—— — At L
5 -0.04
O | b & feed 4N e ——
5 0.05 100 ITER shots !
D 006
@© ~ ERO-max (0.081mm/h)
— 007 =ERO-min (0.021mmyh) _’
==+Eck2002(LIM) (0.062mm/h}—
-0.08
soE == T ___—_—__ ——t ™
r-——— I \ . ] ) “
~600 -400 -200 0 200 400 600

x (toroidal) [mm]

In most pessimistic case life time about 30% less than in earlier LIM predictions
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Be migration & Be erosionDEED
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Tungsten R&D
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Transient heat load tests on monolithic tungsten with high
repetition rates - BEFE—LICKFELMIEHERER

W melt experiments in tokamaks - (TEXTOR)

W melting and melt layer motion experiments in Pilot-PSI -

Melting of tungsten sample and metal first wall in LHD -

tungsten recrystallization after melting/erosion




ELM simulation tests on tungsten #JJULICH

Melting limit ~ 1MJ/m?

Surface condition after testing
pure W at T = 200 °C (0 MW/m? SSHL)
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ELM simulation tests on tungsten #JJ0LIcH

FORSCHUNGEIENTRUM

Surface condition after testing
pure W at T = 200 °C (0 MW/m? SSHL)
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L Helium pre-exposure of tungsten surface

L Exposure to pulsed plasma (combined with steady-state plasma)

W target pre-exposed
1800 C, 200 s

2x 0.3MJ.m? FRORIR I L

e
. a

00084739

Reason for such
significant melting not
totally clear

Consistent observation,
biasing increases the
probability of melting

00094774

G. De Temmerman ITPA SOL/Div meeting, Helsinki, May 2011




Accidental Melting (A-CMod)
A 0LICH

Tie? Topology

.

Forces

)

Alcator C-Mod
JxB- motion Into the diverto

o e T P S

Material moved predominantly
following jxB forces and gravity

Indentations hint at additional
pressure driven motion

Jan W. Coenen | Institut fur Energie und Klimaforschung — Plasmaphysik | Assoziation EURATOM — FZJ 28



Stainless steel first wall panels were

(@ melted Iocall Acudental Meltlng (LHD)

| > Inthese cases,
melted layer
motions were
upward against
gravity.

Directions of their
motion were
roughly
perpendicular to B
_direction.

e May 2011, S. Masuzaki




(@

First observation of W-fuzz erosion by arcing in
fusion device

Exfoliation of the W-fuzz

Residual fuzz

M.Tokitani et al, to be submitted to NF

17

18 May 2011, S. Masuzaki



@ Cross section view of W-fuzz made in NAGDIS

Obs. by N. Yoshida
(Kyusyu univ.)

|< Arc trail

*The arc trail were cut by FIB (Focused
lon Beam) milling process.

*The cross sectional view of the arc
trail, the base W was not eroded by arc.

S. Kajita

18 18 May 2011, S. Masuzaki
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The Wall Combination for the DT Phase in ITER

Be wall and W divertor in JET

= Material combination for the first time used
» Replacement of the wall in one shutdown

= “Carbon-free” environment
» Reduced material migration to rem. areas
= Reduced tritium retention
= L oss of carbon as main radiator

» Change in operational space
» Need for better plasma control
* Need for heat load mitigation schemes
» Need for semi-detached divertor
* Need for impurity-seeded plasmas

NBl upgrade in JET

» Parallel upgrade of neutral beam system
= Maximum power from 20 to 34 MW

= Maximum duration from 10to 20 s

ITPA Div-SOL Meeting = Helsinki



Plasma-Wall Interaction Issues

Important PWI questions for ITER will be addressed in JET with the ILW

_ Disruptions
Steady-state operation °
: 1o ITER
» Be wall erosion and transport
= Be-W material mixing @l 1.25x1023 D,Ts~
= Be:D Iayer forma_tlon and retention 4x1021 Be s—1
» Re-erosion of (mixed) layers Baffles
= Material Transport to remote areas
= \W erosion and prompt deposition
1025 D, Ts~1
Be Wall

Transients *
= ' Disruptions

Be/W Mel_t_layer motion, loss 2 Bl Lons W A

and stability @ .°,,\ |
» Metallic dust formation '

Divertor target " Castellations

S. Brezinsek 22 (47 ITPA Div-SOL Meeting = Helsinki




Program Sequence — ILW 2011/2012

Maximise operating time and optimise with respect to Headlines and
ITER priorities

Jan Feb Mar | Apr May [ Jun Jul Aug | Sep | Oct Nov | Dec
2011 Cc28 C28 Cc28 C28 Cc29
2012 | €29 C29 | C30a | C30a | C30b | C30c Shutdown
Pump-down 1st plasma
15th May Mid
2011 August 2011
l R1 @ C28A R2 C28B R3 C28CR4a  C29
- F F F B 1B}
130d Ohmic L-modeH-mode R4b

(80d) (15d) (10d) (7d)

Restart blocks interleaved with Campaign C28 blocks
Controlled start with scientific supervision
C28-C29 (fixed timeline) and C30 (provisional plan)

C30to be consolidated in Nov 2011 in a general planning meeting

ITPA Div-SOL Meeting = Helsinki



Campaign Overview

Campaigns Duration Target plasma

C28a 8 days - Initial Be and W erosion and migration Ohmic

C28b ~15days | - Fuel retention and migration in L-modes High & low shape L-mode +
- Characterisation of L-mode at high and Pin=5MW/5s
low shape in all metal environment.

C28c ~20 days | - Initial studies of low power H-mode. High & low shape H-mode +
- Fuel retention and migration in low power | Pn=12MW/5s
H-mode.

C29 ~46 days | - Development of capabilities and tools for | High & low shape H-mode
high power operation. (2.5MA/2.7T) + P,=15MW/8s
- Fuel retention and migration in robust H- | First hybrid at 2T, by=3.
modes

C30a ~36 days | - Safely expanding the operating space High & low shape H-mode
towards ITER relevant regimes at high (3.5MA/3.4T) + P\=32MW/4s
power. Hybrid scenario up to 3T &

by=3.

C30b ~ 21 days | - Physics issues in support of a the Be/W Work within established
wall exploitation. safe operating space

C30c ~13 days | - Preparation long term removal sample. Robust H-mode one NIB

S. Brezinsek 24 (47

ITPA Div-SOL-Meeting = Helsin




P. Coad , PFCM Rosenheim 2011

Before After

0 erosion

Be (or W) Be (or W)

Ni(or Mo) o, e

interlayer

Saddle Coil
Protectio

Be (or W/CFC) Be (or W/CFC) . Inner Wall

~ Guard Limiter
QOuter

“ ’ Poloidal

Limiter

* Marker tiles \r W BukB
'| u e

|| "‘ . W or W-coating
— Outer poloidal limiter tiles " = I Be-coated

|| |I \

— 2 full poloidal sets of divertor tiles

— Inner wall guard limiter tiles Inconel

— Dump plate tiles
— Inner Wall Cladding tiles
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