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Carbon deposition studies on the DIII-D Tokamak
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Experimental Method

Carbon Transport in All-Carbon DIII-D

+ Carbon Source (divertor or main walls)
+ Physical or chemical sputtering
+ SOL and divertor transport

* Where is the carbon re-deposited, and what is it's form?
(C13 tracer experiments)

Relevant to ITER because the largest tritium inventory
could be co- deposited with carbon layers that have
large surface area.

> 13CH, was injected from the upper divertor pump
plenum into lower single null plasmas at a rate that did
not significantly perturb plasma conditions.
(toroidally symmetric injection & deposition).

» This plasma geometry, and location of injection far
from the divertor, were chosen to simulate
hydrocarbons originating from plasma interactions
with the main chamber wall.

> Tiles were removed for nuclear reaction analysis of 13C.
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L-mode Results
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H-mode Plasmas

< 1T Plasma Current ~ 1.1 MA A
s - Shot 123404 terminated - =Y
oC before 13CHy injection ]
7.5 T T T T T 1
2 T [/
= - Neutral Beam Input Power
p
e 1 = . . . i
IE C V
s.c C //ﬁ«r/' Electron Density i
W00 ]
1.65 e i
1.63
— Pressure in upper plenum . =
- used to inject 13CH, 5 gl
O NEwiruwiiarayr,

13CH, injected into the

Overlay of Shots 123402-123419 top of LSN plasmas

0

T,

123375 @ 3500 T, (eV)

1000

Z (m)

C" Deposition (10" atoms/cm?)

c™ Deposition (10" atoms/cm?)

4000

n,

2000 3000
Time(ms)

123375 @ 3500 ne (1020 m™3)

5000 Arrows indicate tiles

removed for analysis

10
-

Poloidal Position CCW from top of center column

0.5 "
0 f wgyg & »ad L
Center Calumin  Lower Divertor Outer Wall Ceiling
3 & EERREE ~
s ISP osp Lower
Divertor
2
15 Toroidal angle
? main + 15°
1 ? opposite
0.5
e ® e
o & %M.w
,

Tile#? 17 18

m '
T
20

21 22 23 | 24 25 26 27 28

10 Plasma Conditions
* High density
6 = detached H-mode
, & * Plasma in the private
“ flux region
2 +ELMs ~ 200Hz
0

' \1.7

There may be instrumental problems with stray
divertor light very close to the divertor plate

Deposition Results

* Highest concentration of
deposition near inner
strike point

* Deposition in the private
flux region

* Suprising amount of
toroidal symmetry




Comparison of L- and H- Mode
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Carbon Surface Physics on DIlI-D
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Physics of Carbon Transport in DIll-D
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UEDGE Modeling Compared to Data
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Recent Experiments Suggests Tritium Uptake in Carbon

Facing Surfaces May be Controllable
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Conclusions

* These experiments simulate transport of carbon entering the SOL in the main
chamber

* Highest concentration of carbon deposition is in the divertor,
localized near the inner strike point

+ Carbon transport from upper crown to inner divertor by SOL flows of 20 km/s

» We can account for ~30-40% of the injected carbon in the divertor, about 10%
at the injection region, and measurements of a few tiles in the main chamber
suggest the remaining may be in a low-level deposit.

* Hydrocarbon breakup does not result in sufficient radial penetration to explain
the profile at the plate - radial shift needed. Ad hoc flow of M~0.4 imposed in
OEDGE modeling.

* Removal: Oxygen bake experiments are in progress, if promising, these could
be carried out in DIII-D at the end of the next campaign.
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