


Disruptions in metallic environment (joint session with MHD TG): data from metallic
devices were discussed and compared with carbon references. For unmitigated
disruptions, tokamaks equipped with metallic walls exhibit a significantly lower
radiated fraction compared to carbon walls. This leads to higher heat loads on the
plasma-facing components, and Be melting has been observed on the upper dump
plates and protection limiters in JET. The disruption timescales are also impacted,
with slower current quench for the metallic walls. This in turn influences the runaway
e- generation : no runaway e- have been observed so far with the JET ILW. Massive
Gas Injection (MGI) allows significant radiation fractions to be recovered during
disruptions. MGl is also shown to shorten the current quench and lower the halo
currents.

0 Tungsten R&D (leaders Y. Ueda, G. de Temmerman)

Impact of tungsten melting on plasma operation : tungsten melting experiments were
reported from various tokamaks, showing possible concern for subsequent plasma
operation depending on the experimental conditions. In AUG, melt ejection events
were evidenced but melt droplets in the divertor do not affect the confined plasma.
However, detachment of melt debris from resolidified and brittle tungsten can cause
disruptions. In C-mod, operation was prevented when the strike point was located in
the area of a previously heavily damaged W protruding tile. The preparation for the
JET melting experiment, targeted at shallow melting from transients, was also
discussed.

Tungsten damage under combined loads: combined steady state and pulsed heat loads
showed that the W damage threshold is much lower than the melting threshold (~0.2
MJ/m?). A large number of transient cycles also lead to rather low threshold for W
cracking (0.1 MJ/m? for high repetition rates (~10°)). For ITER grade tungsten with
grain boundaries perpendicular to the surface, cracks develop along these grain
boundaries and do not affect heat removal capability as long as the grain structure is
maintained. However, at elevated temperatures, recrystallization takes place, altering
the microstructure of tungsten. The effect of W recrystallization and repetitive pulsed
heat loads, as well as combined effects with exposure to He plasmas, will be further
investigated (DSOL proposal).

Tungsten morphology changes under plasma exposure: dedicated studies were
performed to study the behaviour of W fuzz under transients. It was shown to survive
exposure to VDE loads in DIII-D, as well as moderate transients in PISCES-B.
However, melting of the fuzz top surface is observed for larger heat loads. W fuzz
was also shown to be prone to arcing, which removes the fuzz efficiently.

o0 Material migration, fuel retention, dust (leaders R. Doerner, K. Schmid)

First results from the JET ITER-Like Wall (ILW): the JET ILW provided very
important preliminary information on Be migration and fuel retention. Significant Be
re-erosion flux in the divertor and the corresponding impact on W erosion were seen
right from the beginning of the experiment. Fuel retention is strongly reduced with
the ILW, compared to the full carbon configuration, as expected (factor ~10
decrease). The material migration code DIVIMP-WALLDYN is being benchmarked
against JET data, to gain confidence for extrapolation to ITER. Plasma restart after
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1. Meetings and reports

The summary report and all presentations given at the 16™ and 17" meeting of the ITPA Div/SOL
TG, can be found under the ITER IDM web site and only the executive summary is repeated here.

1.1 Report on the 16™ Meeting of the ITPA SOL and divertor physics Topical
Group, Juelich, Germany
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The summary below is divided into the 3 topical areas, summarizing the main topics discussed at the
meeting.

Heat fluxes



measurements are made during more general disruption experiments. A joint session with the
appropriate experts will likely take place at the next meeting in the fall after the IAEA meeting.

Tungsten R&D

The formation of tungsten nano-structure, usually called fuzz, was observed so far in linear
plasma devices. For the first time, the formation of tungsten fuzz was also evidenced in a tokamak,
loading a W probe in CMod under the conditions identified as leading to fuzz formation from linear
devices studies (high heat flux in He plasma). However, results from the linear device Pilot PSI seem



with ICRH is observed, which currently cannot be explained by a corresponding rise of the W
source. The quantitative analysis of the W influx from atomic data is still a complex issue.
COREDIV modeling of the W behavior in N seeded AUG discharges showed good agreement with
most global discharge parameters, but unresolved discrepancies on the core tungsten concentration
and the corresponding radiative losses

Material migration, fuel retention, dust

Recent results on fuel retention from different devices were presented. In JET with the new ITER
Like Wall (Be wall, W divertor), fuel retention is shown to be strongly reduced in comparison with
the carbon configuration, as expected (by a factor 10 at least). However, with the ITER Like wall
(ILW), the dynamic retention during the limiter phase is higher that with the C wall, but this is
compensated by a stronger outgassing after the discharge. Further understanding of mechanisms
responsible for dynamic retention is still needed. Tore Supra reported that the issue of the large
discrepancy between measurements of fuel retention by gas balance and post mortem analysis has
been reconciled by taking into account long term outgassing between discharges (over nights, week
ends etc). In EAST and HT7, the retention after coating the PFC’s with various light elements (B, Li,
Si) was investigated, showing all of them increased retention; in particular Li coatings. In JT60U,
significant retention due to co-deposition was measured in the gaps. The total retention rate
including both plasma facing and shadowed areas was found to be 10 D/s, in line with JET or
AUG.

Recent results on isotope exchange, proposed as a method for fuel removal in ITER, were
presented. In particular, questions remain on how efficient the process is and which depths can be
reached. To that end dedicated experiments were performed on the isotope exchange in Be and W
both in ion beam (High Current lon Source in Garching) and linear plasma devices (PISCES). In the
ion beam experiments it was found that already a very small H fluence (2x10™ of the previously
implanted D fluence) was required to remove 30% of the previously implanted D from a W sample.
However during a subsequent D implantation the re-uptake of D into the W is close to 100% for low
fluences. This suggests that the uptake of D in an already H saturated sample is much faster than into
a pristine W sample. Similar results were also obtained for Be in ion beam experiments. The results
from PISCES are quite different, as it takes essentially the same H fluence to exchange the
previously implanted D. A possible reason for this difference is that the D removed via isotope
exchange is recycled and subsequently re-implanted, thus making isotope exchange in a plasma
environment less effective than in ion beam experiments. Whether or not isotope exchange will be
applied to ITER depends on how efficient it is compared to a 350°C bake of the ITER divertor or a
200°C bake of the ITER main wall.

Concerning material migration, the JET ILW provided very important preliminary information
on the Be erosion and migration behaviour. Significant Be re-erosion flux in the divertor and the
corresponding impact on W erosion were seen right from the beginning of the experiment. The W
erosion yield at the divertor target reached steady state after approximately 50s while the Be re-
erosion yield at the outer target was seen to still decrease on a longer time scale (100 s) which could
be due to local Be redistribution into shadowed tile castellations. In contrast to the Be main chamber
erosion flux, which became constant after the first few discharges, residual carbon sources were
continuously decreasing even after 1000s accumulated discharge time, in line with observations
from AUG. In PISCES, the Be erosion yield in Be seeded plasma is higher than expected : this is
now identified as being due to an enhanced re-erosion of redeposited Be, similarly to what was
observed for deposited carbon. This behaviour may influence the local and global migration of Be in
ITER and needs further clarification.

In addition, it should be noted that due to the good gettering properties of Be, almost all plasma
breakdowns were successful with the ILW and no glow discharge cleaning was required during
operation. However, the clean plasma conditions resulted in high plasma temperatures in the divertor



(~50eV) due to low impurity radiation, and required fuelling or seeding to minimise W sputtering

and to reduce the power load to the W PFCs.

Plans for future experiments (MAPES set up in the EAST tokamak) were presented for progressing

in benchmarking the codes used to describe material migration in castellations of PFC, an important
issue for ITER Be first wall in particular.

Finally, measurements of dust production during tokamak operation were presented, showing that ina tok



Heat fluxes
A first session was dedicated to limiter SOL width scaling, as needed for designing ITER start up
limiters. A multi machine database has now been ass






pronounced in the case of neutron irradiated W than for ion beam damaged W. Further work is
planned to identify the trapping mechanisms at play. Fuel removal from Be codeposited layers was
studied for the baking temperature foreseen in ITER (513 K for the first wall, 623 K for the
divertor), as well as for mixed material layers (Be-W, Be-C, Be-0O). The desorption behaviour differs
depending on the impurity, but in all cases, it is shown that efficient removal requires higher baking
temperature than implantation temperature. Modelling of the desorption behaviour was performed
using the TMAP code, indicating that thick codeposits could be less efficiently desorbed. The
analysis of the Be deposits produced in JET will be important for comparison with lab experiment
and code benchmarking.
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Ongoing DSOL, with new experiments planned in 2013, include : DSOL23 on ICRF conditionning,
DSOL24 on disruption heat loads, DSOL25 on melt layer motion and impact on plasma operation,
DSOL26 on marker experiments for material migration studies, and DSOL27 on fuel accumulation
in gaps of castellated PFC structures.

New proposals concern : DSOL28 on narrow heat flux widths and divertor power dissipation, and
DSOL29 on behaviour of recrystallized tungsten under transient thermal shock.

3. Future meetings
The 17"
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