WEST wall conditioning with boron: lessons for ITER and fusion power plants
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Boronization plays a crucial role in fusion devices with full tungsten first wall like ITER. Wall conditioning

is essential to improve plasma performance, and ensure efficient operation. Glow Discharge Boronization (GDB)
is widely used to reduce the effect of impurities in tungsten environment and to facilitate plasma breakdown,
burnthrough, current ramp-up, and to access high-performance discharges [1]. WEST, a tokamak with long pulse
capabilities ([2]) and actively cooled tungsten plasma-facing components, provides a unique platform to study the
effects of GDB under reactor-relevant conditions [3]. This contribution reviews key aspects of boronization and
its impact on the operation of full tungsten machines like WEST and ITER.
In particular the following open questions are addressed. In terms of impurity reduction it is important to char-
acterize how efficient GDB is for lowering oxygen and tungsten contamination (O/W) in the plasma, to improve
overall plasma cleanliness. Understanding how boron layers impact fuel retention is poorly characterized but is
crucial for fuel management in future power-plant. As ITER is considering a toroidally non-uniform GDB set-up,
it is important to assess whether non-uniform conditioning can achieve comparable results to those from uniform
GDB. After a vent, for ITER it is important to establish whether an efficient and reliable start-up can be achieved
in a full tungsten environment without GDB. The Impurity Powder Dropper (IPD) is a potential method to im-
prove plasma conditions by injecting boron directly into a plasma discharge. After a successful restart, it would
be of interest to assess if it may delay the need for full GDB during a campaign.

In order to study the boronization lifetime and impact on fuel retention, identical plasma discharges were
conducted before and after a standard uniform WEST GDB, injecting 10g of B (from a He + BsDg mix as
foreseen for ITER). The scenario included 60 seconds of L-mode with 3.7 MW of Lower Hybrid Current Drive
(LHCD). Following the GDB, four 14-second ohmic discharges preceded the return to the 3.7 MW LHCD scenario.
Key observations are:
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in WEST conditions). GDB is also seen to im-
pact the distribution between mass 2 (mainly
Hj), 3 (mainly HD), and 4 (accounting both
He and D») in the exhaust gas, as shown in
the RGA measurement of Figure 1.

Figure 1: Partial pressure as derived from RGA measurements
in the divertor exhaust gas before and after the GDB (vertical
dashed line) for 3 different masses.
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The effects of non-uniform boronization were
studied in WEST at the begining of the fall 2024
campaign, when the machine was equipped with
new W bulk bumper tiles. This campaign started
without GDB, and after two days, was followed by
one GDB using only half of the injection points
(Figure 2). The figure also shows the positions of
two boronization collector probes being deployed
for direct measurements of the boron layer thick-
ness and the uniformity of the boron deposition.
The boron deposition is predicted by Monte Carlo
tracing of diborane in a simulated glow discharge
plasma background, following the approach that
supported the design of the boronization system
of ITER [4]. Results from modelling were used
to optimized the non-uniform set-up of GDB for
WEST, so that one of the collector probe is located
in an area of less predicted boron deposition.
Tungsten and stainless steel samples were exposed
to both uniform and non-uniform GDB. After
visual inspection samples exhibit distinct features
in terms of deposition. At the time of writing the
post exposure analysis is ongoing.

Plasma operation without GDB was initially chal-
lenging. Before the GDB, none of the requested
ohmic discharges were achieved due to radiative
collapse. In contrast, immediately after the non-
uniform GDB, most requested discharges were suc-
cessful as summarized in Figure 3. These results
were in line with what was observed in ASDEX Up-
grade [5]. Despite this non-uniform GDB, the ma-
chine operated for two months without any further
GDB, achieving a total of 7614 seconds of plasma
(including a record plasma duration at the time [2])
representing 12.5 GJ of injected energy.
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Figure 2: Top view of WEST showing toroidal position of glow
anodes and diborane injection points usable during boroniza-
tion. Colormap showing the diborane reaction rate from Monte
Carlo tracing [4] of diborane in a glow discharge plasma back-
ground of WEST.
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Figure 3: Plasma duration and current before and after GDB
with bulk tungsten tiles and half of the injection points used.

WEST also has the capability to study the effects of real-time wall conditioning via on-demand Boron injection
into plasma pulses utilizing an Impurity Powder Dropper (IPD) [6, 7]. The IPD proved to be a promising comple-
ment to GDB as it can be used to reset adverse plasma conditions by dropping B powder in ohmic or LHCD-heated
L-mode plasma discharges, enabling scenarios that were otherwise unattainable on a given day. Ongoing studies
aim at quantifying the minimum B mass to be dropped to achieve long plasma discharges without GDB and at
studying the degradation of the IPD-B conditioning effect in particular in case of disruptions. Finally, results from
WEST are compared to complementary GDB experiments carried out in ASDEX Upgrade.

Experiment on GDB were carried out in both ASDEX Upgrade and WEST, and the outcome will be compared

in view of lessons learn for ITER.
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