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JET’s unique T capability with [LW )

~10 years of preparations in view of DTE2

JET with ITER-like wall
DTE2 (2021) N

DT integrated
experiment

Demonstrated strongly
reduced D fuel
retention (2011-2014)

Isotope campaigns
H, D, T and H-D, H-T
(2016-2021)

Plasma
scenarios in
ITER
configuration

Plasma scenario ITER-like wall ILW |nSta||ati0n (2009'201 1)
compatibility experiment by Remote Handling &
complemented by several
enhancements

[Paméla et al., (2007)]

Demonstrated in D plasmas (2016-2020)

* Extensive refurbishment and upgrade of JET’s Active Gas Handling Systems
* Significant expansion of diagnostic capability
» Safety case preparation...
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Tritium gas injection and T-NBI in DTE2 Q)

\=
T gas injection: 5 Tritium Injection Modules T-NBI: T fed into both Neutral Beam
(TIMs), in different areas of the vessel Injection Boxes
(only 1 module in DTE1) (only 1 NBI box in DTE1)
top view of JET
Pellets

2

Q

W

Normal beam

\H ‘ Octant 8 NIB
TR
1 3
Tangential beam
Capability for 100% high power Tritium experiments
69g Tritium on site for T and DTE2 (21g in DTE1)
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Upgrade of JET’s Active Gas Handling System ®)

e Daily gas feed to torus & Neutral Beams
AGHS stores, supplies and

— * Daily gas exhaust recovery and overnight storage
recycles T going to and from JET e y & &

 Weekly reprocessing and accountancy every 3 weeks

""""""""" = * Daily limit of 11g T on the
= o inventory allowed on torus
M2 Forevacuum ——- Detritiation
! e L (€5 & NBI cryo panels (JET

{EMS)
l i I? _J Safety Case)

|
|
|
|
(CF) H_‘ (IP) \Wl : |
e ——1 |
'Y Water .

o T2/ l |- I * |sotope separation process
& - { : |
|

(AN} (WDS)

ol

o vog (Gas Chromatography) can

process up to 90 bar.L of all

Isotope

Separation Gas h"‘:\':" % mlﬁ .
G [ isotopes of hydrogen a day
0. : New
Gas D|st(r<i;bou't|on Box or £ o K Product Starage (S} &ﬁm | cicisic . d a i Iy (ove rn ig ht)
o S Or | upgrade .
giodoiozpauidae I3 Active Gas Handling Systems [AGHS) 125 rEge ne ratl on Of a I I

cryopanels

1Kg Tritium used for T + DTE2: 240 g (TIMs) and 763 g (T-NBI)
(DTE1 : ~ 100g T)
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TT and DTE2 Schedule & Budget

Operational Pattern:

— Reprocessing in parallel with operation not possible in TT and DT

o decision was taken not to connect the foreseen second Product Storage manifold,
in order not to delay Tritium ops

» 4 operational days per week

» five-week cycle with three weeks of operation following by one week of
tritium reprocessing and one week of tritium accounting In order to keep up
with tritium reprocessing and accounting

2020 2021 2022

i fmamj j as ondjj fmam jjas ond|lj fmam j j a

e 14 MeV Neutron budget:

- 1.3x10%* neutron budget for DTE2 (campaign C41)
— 5x10%° for each of the TT (C39/40) and Clean-up (C42) campaigns
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JET diagnostics for isotopic content in plasma %)

1. Sub-Divertor neutral gas diagnostics

2. Divertor optical emission spectroscopy (OES)

U. Kruezi, _
JINST 2020 ' 1| Torus PEN/RGA

[ Inner divertor (KSRD) [ Outer divertor (KSRB)
,1.1_

—1.2 1
+@ [BAR] ~134 .

—1.4
£

N
—1.5 +

—1.6 1

1748 ,

KT5 RGA pressure | L

V. Neverov, NF 2019

Expected detection limits for T minority
3. Neutron diagnostics OGA: T/D~1-2% (1)
Q OES: T/D~1-2%

(2)
@ He+35Mev 14MeVn: T/D<0.1%  (3)

n+ 14.1 MeV
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DTE1 results (retention / cleaning) ®)

Isotopic exchange with D or H plasmas 107
(ohmic, RF and NBI heated, GDC, ECRH) : '

plasma tritium fraction reduced below 1% in
a few days of plasma ops in D or H + GDC,

Tritium inventory (g)

12 -- PTE

——JET Inventory
—-TFTR s

prediction 40%

. 20%
/ o

ECRH

inventory decreased to limit of about 6g ,
(17%) of total input at the end of DTE1 144 ey 00 povn

10 20 30 40
Cumulative tritium input to Torus (g)

JET DTEL operation :

35 g of tritium introduced into the
torus, mainly by gas puffing

torus T-inventory accumulated at a
rate of about 40%

Ohmic H-mode
and RF pulses NBI

Phase | Phase Il

— —

:

= Sub divertor T alpha

- Residual gas analyser
Neutron ratio

—PTE-based prediction

1F &

i 4 |

‘ L9 Clean-upli
ot

. Operation
#A. " with Hydrogen

Clean-up |

T/T+D)

[— Repair NBI [~ Endof DTE1

1o
3
8
2
8
g
0

Pulse number

« Ventilation of the torus (Post DTEL, in N,, then air) = further 1/3 reduction

~3 g believed to remain retained in C flakes at the inner divertor
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Fuel retention in JET-ILW (post-mortem analysis) )

« Post-mortem analysis of JET components after 2015-2016 “ILW3" D operations completed

* IBAtechniques, TDS, SIMS o _ _ _
* Fuel retention in the divertor is dominated by co-

deposition with Beryllium (over implantation in Be/W)
* Inner divertor: ~47% of retained D in ILW-3

Main chamber37%

ILW-3 [Widdowson
PFMC 2021 |
* 0.24% of puffed D retained
o . e ILW-1: 3.9 x 102 - ILW-3: 4.2x 1023
e \ | divertor « Post mortem: 4 x 1018 D/s global retention rate

46.5%
Gas balance: 0.2 - 1.5x 1020 D/s
[Brezinsek NF2013]

Divertor 63%

* Thickest deposits (up to 40 pum) on upper inner divertor

.- ®DIBAASMeV  AD IBA2.3 MeV
Be IBA4.5 MeV  [1Be IBA 2.3 MeV
1000 + /. \ CIBA45MeV ®TDS

&

£

<

BT

o ¥

) & V] ‘

2 A

Zz &!\ A

5 Fe 2t
- e |, . e
— P

o L - % L4

o
T
‘ 1

750 1000 1250 1500 1750 2000
S coordinate (mm)
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retention rate [D/s]
normalised to divertor time

Gas balances in D

-

o
N
N

-

o
-
©

1021 -

: limiter

1020__

LW (with cryo pump only)
[ ILW (with turbo pump only)
[ ] ILW (outgassing correction)
mm CFC (with cryo pump only

. L-mode

CFC post-mortem analysis

ohmic
—

H-mode

type Il
ypP

—
H-mode
type |

gas balances under different plasma conditions
S. Brezinsek NF 2013

JET-ILW fuel retention determined by 2/3 co-deposition in Be layers and 1/3
implantation in Be and W

logTO4d

W )
=/
Hours
01 1 10 100

-3 — T ——T—T—TTTr - 1E-3
; 8
=
44 Total Pressure B4 5
1 =
5 1E-5 S
- E
i 1E-6 O
]
1 =
-7 4 _ ‘n 1E-7 =
{.. Deuterium F(h~tn =
N e n=08 168 o
| < £
==

-9 1E-4
&
m
10 - 1E-10 =
1 i
A1 4 — log (total pressure) 1E-11 &
] log {mass 4 - 0) L
48]
17 urE BB : . . . : ] 1g-12 &
2 3 4 5 B =

log time [=]

Large factor between global gas balance and ex-situ fuel retention analysis = >
outgassing important
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Intensity (arb.units)
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Short-term retention / long-term outgassing (@)
\=?
Time evolution of RGA mass signals after
D pulses (#82449, 29.02.2012) DT pulses (#99530, 02.10.2021) Values of a in ~t* for different masses
Time (h) Time (h) RGA 03/2012 10/2021 12/2021 Main
2 5 10 20 50 100 2 5 10 20 50 100 signal (D) (DT) (DT) species
10-4- | IR R | I S - 104_ PRI EFUIFIY EE— — ] -
] ‘Main chamber {IVIS]_)‘ — M2f ] IMaIn chamber (MS1) F
- ——Malf 15 -
Pt X5
T\VR I 11 ; S HD*, T*
1 0.72 0.20 0.29 '
Y | Hs*
Dt HT*,
0.70 0.52 0.51 2H2D+
3 DT,
: - 0.76 0.77 D", H, T
0.92 0.92 T,%, Dy*
10* 10° 5x10° 10° 10° 5x10°
Time (s) Time (s)

—> Faster decay of RGA signal at M/Z=6 amu (T,) than at M/Z=4 amu (D,)
—> Different decay times in D and DT still unclear
- must be considered in global gas balances
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Gas balancein T (@)

* Repeat identical discharges
 L-mode, 1.5MW ICRF

r * Limiter/Divertor time: 55/115s
1—‘T injected

T retained

L

I’

YAy
T pumped
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Gas balancein T

10"

RGA intensity (a.u.)

10”7

~

—__pressure

IS
(1equ) aanssaad |assapn

Repeat identical discharges
 L-mode, 1.5MW ICRF
* Limiter/Divertor time: 55/115s

Global gas balance: Pressure-Volume-
Temperature (PVT) and Residual Gas
Analysis (RGA) of gas released after
Divertor cryopump regeneration

- Includes inter-shot outgassing

- Long-term retention

=> T Pumped: Apx IRx Vol .~ T

Injected
with T/[H+D+T]~95%

» - Close match but high uncertainties!

- To be repeated with better calibration
for effective VV temperature
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(7
Strategy for T removal after DT/TT ops )
14 MeV neutron budget in D campaign following DTE2/TT : 5x10%°
« assumes 1% residual T in DD plasmas -2 T/(H+D+T) < 1% necessary
Strategy tested in Hto remove D priorto TT
« ldentical assumption (<1%D) and budget in TT campaign prior to DTE2
....- Oct /2020 Oct-Nov Nov-Dec Jan-July Aug-Dec Jan-Feb March 2022 July
2020 2020 2021 2021 2022 2022 ....
D plasmas D cleaning H plasmas T plasmas DT plasmas T plasmas T cleaning D plasmas
(T reprocessing+ | (T reprocessing+no | (T reprocessing+
t no ops.) ops.) no ops.)
D/(H+D)<1% T/(H+D+T)<1%
Baking at elevated ILW-1
temperature Be castellation
gain cha;nbeﬁ_ g:;s
Combination of techniques
targeting different areas: B irmiere.
10%
Remote divértor 1%
[I. Borodkina, = artox ‘Outer divertor
EPS2018, 02.106] buktngsten  Vert. Targets
”Corner-Corner”
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D removal priorto TT

N )
=/
>25°C/h T=320°C >5°C/h
T=200°C / baking \ T=200°C
Wednesday Thursday Friday Sat Sun Monday Tuesday Wednesday Thursday Friday Sat Sun Monday Tuesday
28/10/2020 29/10 30/10 31/10| 01/11 02/11 03/11 04/11 05/11 06/11 07/11| 08/11 09/11 10/11
D plasma no plasma gas calibs H,oACWC |  H,-GDC T H,-ICWC Y "° 1 H plasma (RISP)
5 s ICWC preps 2 E 2 2 ops i P
session# 1 2 3 2 5 6 7 8 9 10 11 12 13
Active Gas Handling System (AGHS) gas collections:f 3 Divertor monitoring pulses: [}
1074 ¢ 350
f o
£ 300 g
- S
S B
-1 P
@ o
Q
§ 250 £
o3 2
s ' . 7
L4096~ | |——pHD, mbar : 200 §
2 pD2, mbar
L ——T vessel, °C
| I | | | 150
1 2 3 4 5
days
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D removal prior to TT ®
Lol
removal prior to O
>25°C/h T=320°C >5°C/h
T=200°C / baking \ T=200°C
Wednesday Thursday Friday Sat Sun Monday Tuesday Wednesday Thursday Friday Sat Sun Monday Tuesday
28/10/2020 29/10 30/10 31/10]| 01/11 02/11 03/11 04/11 05/11 06/11 07/11] 08/11 09/11 10/11
: ) R 02
gas calibs ! no 1
D plasma no plasma |CWC preps H,-ICWC E H,-GDC H,-ICWC ops ! H plasma (RISP)
session# 1 2 3 2 5 6 7 8 9 10 11 12 13
Active Gas Handling System (AGHS) gas collections:f 3 Divertor monitoring pulses: [}

107 ¢ | 350

© " #edE UOTOSWE SE3EE =08 5

5 9
= 300 g
- o]
- g
o [
Q
§ 250 £
[} 2
c | | 9
& 10€- | |——pHD, mbar | 200 §
r pD2, mbar
L ——T vessel, °C
‘ ‘ 150

1 2
aays

in total : 5.4 x 1028 D atoms removed (from gas chromatography, RGA and OGA)

« ~55% by 320°C baking

« ~40% by ICWC and GDC

 ~ 5% in following diverted plasmas

GDC & ICWC: ~x2 gain
vs baking alone
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T removal strategy after DT/TT operation @)
\=
0
e T% < 1 >NBI
T=240°C haking
T-200°C/  baking \_/ T=200°C l
110 °C
Friday | Sat |Sun| Monday | Tuesday Wednesday Thursday Friday Saturday Sunday Monday Tuesday Wednesday| Thursday
a/3 |s/3|e/3| 73 8/3 9/3 10/3 11/3 12/3 13/3 14/3 15/3 16/3 17/3
Tol ICWC preps i gas i D, | D, i D, D, i D, D, i D, i D2 i D, D, iD plasma ED plasma|D plasma
plasma MOOP% | gascalibs | 1calibsiicwc|ebe! Icwe |Gbci icwe [ebcl icwe |1 GDC |1 lcwe |@bc! ICRH |1 ICRH | NBI
session® 1 2 3 4 5 6 3 < 1o TR BT 5 1§ 17 18 13 2
LN2
e N o N i N o N e N o N N
PD regen RGA RGA RGA RGA- RGA RGA-
PVT PVT PVT PVT PVT PVT
0.05 < > < >
OGA ¢ —— ~during pulse 45-53s ICWC | 45-65s DIV
low T fraction (~4'5%) after Pt * . "afteriﬁlse 62-655 ICWC | 65-855 DIV
] 0.04 oo o
baking ! S * 1

. . . * ‘.l c

discontinuity of T/(H+D+T) ool 1] s, Gl e
a* o *%e o o %l U>|:: )

around GDCs £ A R AR
i o, . O. e %, o 1= . v * e o
*0.02 6 & .... e, %l ! 11 ) o/l ﬁ.

] . \ 00.~ ..0... ! . ;'. . " ... ..r.*' - ‘:
Higher T content in plasmas . . WP “ .
than after ICWC/GDC (flux) oot .

P ICRH _
Further decrease down to 1%T “ > 4B
(0.1% estimated from neutron 000150265 100285 100305 100325 100345 100365 100385
spectrgscopy) T/(H+D+T) fme subdivertor

optical penning gauge
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Thermo-desorption of ILW samples @

[K. Heinola et al., NF 2017]

* bulk Be limiters and W-coated CFC \ o e
(with Be codeposited layers) J

outer wall (4D14)

B W-coated CFC divertor:
Ilmiter‘ } inner divertor Tile 0 (sample 3),

s F e Tile 1 (sample 1. 6, 12)
[ outer divertor Tile 6 (sample 5)

T - divertor
(LN —
Be=- - ::__‘ B b
g . O “7===----g |erosion zone
g (no deposition)
- | 240°C
; \ J
HE.F M '
g -0- outer midplane ) T T
j -=- :JU-Z er::ﬂ:ff wr &---. == -#- Tile (-3, 40 pn 1
Z L A inper midplane, edge Jlirni: ] 4 & Tilan ;1-: 1 .‘-.E.".I’ . _
B0 O inmet midplane, § = 1 K/min Fal Ilrr!Iter Edge. ‘_;‘ 40 A ok l:];t 1-12, 10 pm ey, ] 40 um
(with deposists) — g} A Tile 1-12, TMAP * ]
50 ] ] 1 ] a | L é ‘ - Tale 1 i, 3 [l L
i ] ] & 10 12 14 16 E TR - &% Tile 1-6, TMAP =
time (h) H O O Tile &5, 1 um
A T O Tilel-1,0 um 1
g - y
° 5 a0k B -
* Co deposited layers: * 1 350°C 4
30 p 5 413 Hm
. o
* release maxima at 328, 418 and 552°C N I e e Y

* up to 90% of trapped fuel remaining after baking of thickest IayeT'Fnsu at 350°C
* 90% of “implanted” fuel (eroded area) remaining after baking at 240°C

* release from codeposits on limiter edge easier

* Fuelis recovered when T, ; raised up to 800°C
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Accessing divertor deposits in JET

1000 + /. \

Areal density (x10*% at./cm?)

l:: 8 . ...
Wy En " }.9 4
" M o

WDIBA4S5SMeV  ADIBA2.3 MeV
Be IBA 4.5 MeV Be IBA 2.3 MeV
CIBA45MeV  oTDS

750 1000 1250

S coordinate (mm)

e Diverted plasma with raised inner strike point (RISP)

SURF Lx201.6
T

#98295 KLDT-ESWC 59.02000 s

A\

IR camera

24 26
Major radius [m]

#9820 /JETPPF /EFT/0 tmf54.988400

I Inner divertor (KSRD)

» Thickest deposits
(up to 40 um) on
upper inner divertor

1 Outer divertor (KSRB)

o [ | [T “ | | Divertor optical
~1.2- ‘H “‘ ‘ | ‘ \‘ emission
s ! | ‘ | \ ‘}gb spectroscopy
‘ Bi;a
:33
Il 10
QEJL 32
47
/ pa 4 428
. [ = 25.%
~18 — G'W.“j_‘.ftmg%
22 23 24 25 26 27 28 29 3.0
R, m
0.06 1
A Sub divertor KT5P (averaged)
® Inner divertor KSRD i1-i3 (averaged)
0.05 Inner divertor KSRD i4-i8 (averaged)
. 4 Outer divertor KSRB 03-010 (averaged)
0.04 | RISE 1.8T/2-4.5 MW
_— L J
E 0.03 | ¢ ‘ .( :)‘ .
Divertor 5 | V5 T e
A @
o A A V5
spectr.oscopy 0.02 L B .
shows consistently ! ’ P $ 4 A
higher isotopic 0.01 RF tripped P
ratio at tile 1 s °
U L L
98290 98294 98298 98302 98306

Pulse number
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Diverted plasma configurations @)

Alternating different configurations for optimal cleaning

Correlation with neutron rate observed:

SURF Lx201.6
—

SURF Lx201.6
—

i ] — higher T son Tile 1
] ] — higher T release

— higher 14 MeV neutron rate

0N RISP e oY VT

2000 1

100395 CC, 15 MW
1500 .......... ........... iy —— 100397 RISP, 13.5 MW

5’3 — 100398 V5, 16 MW
N
2 : s T : : é
% 1000. .......... ..... | I ......... .......... ,,,,,,,,,, ......... J
a-’ : : ! 2 p 5
(=8
SURF Lx201.8 SURF Lx201.6 E
T L B | @

500. ......... . .......... ; L , ......... .......... B

—1.2; _1.2-, V5

_raf T e N " ] 0 i i i i i i i
i R | 3 35 40 45 50 55 60 65 70 75
I 2] = time (sec.)

1.6 1.6

highest T, ; on tile 1 (over 1200°C)
with raised inner strike point

—1.8 =t

L

== 3 . -
O P Y AU W |
2.4 2.6 2.8
Major radius [m]

configuration (RISP)
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n /nD from TIN/R14, RNT

Isotopic content in diverted plasma ©
YT ' ? [ oA
} From neutron rates | . s, inferred from DD and TT neutron ratio
00251 ny/np : CRéSP
- ' vs T/[H+D+T] well below 1%
' “ ASCOT
- target at the end of clean-up
oot | ' sequence
} ;First high power RISP
ot b
| | .k
0005 R p e e
| }I EIR "\ averaged over NBI time
I S S S T ™ P;or>4MW, min. 1 MW NBI blips for neutrons
100350 100360 100370 100380 100390 100400 10'2“
pulse number
[
2
3
=
Further decrease o
. . £ 10 ¢
of the isotopic # g
ratio after initial T ',g
clean-up sequence =
4 m
]i%O 300 100 400 100 500 100 600 100 700 100 800 100 900 101 000

JPN
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Quantification of T release by PVT

/
(/

* alternative technique to gas collections with AGHS

- Pressure-Volume-Temperature (PVT) and Residual Gas Analysis (RGA)
of the gas released after Divertor cryopump regeneration

- Developed and qualified in C40 for gas balance/T-removal experiments

ICWC/GDC PLASMAS
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isotopiccontent, %

T removal, x10%2 atoms
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Systematically more gas collected than injected at 320°C

— Contribution of outgassing at 320 °C

*  40-50% of collected gas during first 2 PVT days
— almost no ICWC due to technical issues

* < 5% of collected gas later
— full D,-ICWC days & decrease of outgassing with time

Total T removal from RGA-PVT: 5.7 X 1022at. (~x2 vs baking alone)
Attributed to outgassing at 320 °C: (1.0 £0.2) X 10%%at.  18%
By ICWC alone at 320 °C: (3.6 £0.2) X 10%%at.  63%
By ICWC alone at 110-200 °C: 0.4 X 10%?at. 7%
By first 4x RISP + 4x limiter plasmas: 0.7 X 10?2 at. 12%

Total by outgassing (baking alone): (2.7 £ 0.6) X 10%2at.
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Summary — Clean-up
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T removal by different methods

ICWC+GDC
Changeover Total ook —

aKing extr. For baking, GDC,
D = H (2020) 5x10% ~1.8 ICWC and plasmas
T —> D (2022) 2 x 1023 ~3.3

Faster reduction of ICWC plasma isotopic content for T than for D removal
T accounting and long term retention is work in progress

Implications for ITER

— Baking seems to be less effective for T than for D :
» either there is less “mobilizable” T (e.g. stronger binding) or it is released faster
— ICWC and GDC promote extra removal for both cases: D and T removal

— Available experimental and modelling data suggest efficient fuel removal from co-
deposited layers in the inner divertor by RISP plasma - the role of re-deposition still to
be assessed
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Modelling of erosion
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Erosion of co-deposited layers in raised strike point plasma configuration

Be erosion rate (by D*) at inner strike point for n, = 1.5 x 102 m3 and T, = 5-10 eV = ~10-100 nm/s |
— 20 um layer can be completely removed in 20-200 10s-long pulses (if no re-deposition takes place)
— complete fuel release by erosion possible

OSM-EIRENE for plasma background ’

E Tomographic reconstruction

a of Da emission
3 for validation of the model
2 using synthetic diagnostics

Z[m]

Courtesy M. Groth

= OSM-EIREINE PBG used in ERO2.0 to predict Be net erosion/re-deposition
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1. JET operation ILW/DTE2:
e  Tritium gas injection and T-NBI in DTE2
e JET’s Active Gas Handling System
e Operational Budgets and Pattern for the DTE2 and Clean-Up Campaigns
e  Tritium, H isotopes and 14 MeV neutron budget for DTE2 / Clean-up
e JET diagnostics for isotopic content in plasma
2. Retention
 Retention & cleaning in DTE1
e D fuel Retention in ILW
* GasbalanceinT
3. Clean-up
 Tremoval strategy after DTE2 and TT
* Baking, ICWC/GDC, RF-heated plasma and NBI heated plasmas
* Raised Inner Strike Point Configuration
* Quantification of T release
*  Modelling

4. Summary - Lessons for ITER
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JET has exploited its unique capability for using T and DT as main fuel in an ITER-like
wall environment

Key information obtained in a broad range of physics areas for improving predictions
for ITER

* See e.g. [Mailloux, Maggi, Garcia, EPS 22]...

T accounting and long term retention is work still in progress
* No major change on fuel retention wrt. to D ops seen so far
* Need however additional data to confirm

e T accounting still on-going (Product Storage still not fully regenerated !)

T removal from Vacuum Vessel by combination of available techniques, targeting
different areas

» faster reduction of plasma isotopic content for T vs D removal
» extra T removal by low Te GDC/ICWC plasmas

e Access to thick T-rich Be layers with RISP in top of Inner divertor evidenced
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Raised strike point scenario in ITER ®)

=2

—

R, estimation from IR surface temperature and
estimated heat flux from TC

* Heating of divertor deposits in ITER assessed using “RISP-like

configuration”

e Using thermal thermal resistance R, of JET divertor deposits soo}
assessed in RISP plasmas soo} :
! { Rc~5.10% m2KT~
i; 400 - (estimated value)
* 10 MA deuterium L-mode (intermediate case, 20 MW EC il A -
= X v
heated) I [M”"J
) . 200 %
* Monoblock temperature estimated via SOLPS-ITER heat load Re~0 miKTF! (no thermal contact resistance)
-400 . . . L !

. Layer temperature estimated using JET R_ estimate

-2
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N 35

Start of raising

T T 1
+ Measured surface heating (IR)
= =Initial model of surface heating

= Optimal model
% [ —=-Residuals

1000

40 45 50 55 60 65 70
Time, s

> TP% = 750 — 1050 °C

Be co-deposit
R

—— Baseline

—t =425 (SOF)

—t =200 s (SOR)

— =220 5 (EOR)
t = 300 s (intermediate)
t =380 s (EOD)

s
/// MainT
retention
zone

[T. Wauters, PSI-25]

W monoblock

Heating of divertor co-deposits >800°C using raised
strike points for fuel outgassing is feasible in ITER*
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