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Abstract

In ITER, tritium retention primarily occurs through co-deposition with beryllium. To avoid
exceeding the strict tritium inventory limit, efficient tritium recovery techniques are essential.
Baking is the ITER baseline for tritium recovery, but its effectiveness in removing tritium from
thick beryllium layers is limited. A raised strike point scenario is considered an alternative
method for removing tritium from the ITER inner vertical divertor target by heating components
via plasma flux. This paper presents SOLPS-ITER code simulations conducted under various
conditions, assessing the divertor performance and tritium outgassing of the raised strike point
scenario. As the strike point is raised, recycled neutrals are not efficiently baffled by the dome
and scrape-off layer, significantly changing the neutral trajectory and ionization source
distribution. This improves detachment accessibility but worsens core-edge compatibility
compared to the baseline scenario. However, in the partially detached condition, the impact of
raising the strike point, perpendicular transport, and ggs on target heat flux is not significant, as
it primarily scales with the input power. Target heat flux is translated to target surface
temperature using a simplified heat transfer model that considers the 3D target monoblock
geometry and active cooling condition, excluding Be layer thermal properties. For partially
detached divertor conditions, the bulk tungsten monoblock surface temperature remains below
the baking temperature, which is insufficient for efficient tritium outgassing under the actively
cooled ITER divertor condition. However, considering the potential thermal contact resistance
between the beryllium and tungsten layers, which may significantly impact temperature
distribution, the temperature of the beryllium layer can be raised to a level sufficient for efficient
tritium outgassing. Therefore, the raised strike point scenario can be considered as an alternative
in-vessel tritium removal technique.
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1. Introduction®

ITER is classified as a nuclear facility and follows nuclear
safety regulations. A key safety limit, possibly preventing the
completion of the ITER research plan (IRP [1]) is the in-vessel
tritium inventory, which has to be kept below 700 g [2]. In view
of this limit, tritium recovery techniques are being developed
[3]. The in-vessel tritium retention of ITER is predicted to be
dominated by co-deposition with beryllium (Be) [4]. A signi-
ficant fraction of the beryllium, originating from main cham-
ber wall erosion, will migrate to the inner vertical target of
the divertor [5-7], where it will cumulate with tritium as co-
deposition layers.

ITER foresees divertor baking at 350 °C to recover the tri-
tium from deposits. The effectiveness of this technique, how-
ever, is strongly reduced when the layers grow above 50 um
[2], which is likely to occur within one operations campaign.
To out-gas tritium from thick layers, much higher temperat-
ures are needed. The IRP [1] proposes to achieve the required
temperatures in tokamak pulses in which the inner strike point
is raised onto the baffle area. Indeed, the heat flux and cor-
responding surface temperature increase near the strike point
will promote local outgassing. The possibility of running ITER
plasmas with raised strike-points was examined in [8]. The
study found that for strike points raised to just below the trans-
ition region from the straight to curved parts of the vertical
W divertor targets, L-mode plasmas up to 14 MA would be
controllable in terms of vertical stability. An advantage of the
raised strike point scenario is that there is no need to change
the active cooling conditions of the divertor, which is time con-
suming, and the possibility to apply the scenario in dedicated
pulses or as part of a tokamak pulse.

A dedicated scenario has been developed using the DINA
code [9] that brings the inner strike point to the highest pos-
sible point on the divertor baffle. For a given plasma current,
the height of the raise is limited by the separation forces in
the central solenoid (CS). In this study the plasma current is
set at 10 MA which allows reaching about midway the diver-
tor baffle. The L-mode plasma is deuterium-fueled and heated
with 20 MW of Electron Cyclotron heating power.

In the scenario considered, the raise of strike points is
performed during the plasma current flat-top starting at 42 s
(figure 1, start of flat-top (SOF)), using the strategy—the fast-
est (from the plasma magnetic control point of view) raise of
the strike points (mostly inner) followed by the longest (from

6 This manuscript has been authored in part by UT-Battelle, LLC, under con-
tract DE-AC05-000R22725 with the US Department of Energy (DOE). The
publisher acknowledges the US government license to provide public access
under the DOE Public Access Plan (http://energy.gov/downloads/doe-public-
access-plan).

the plasma magnetic control point of view) return of the strike
points to the nominal position just before the end of plasma
current flattop (EOF) of 409 s. In the simulation, the EOF cor-
respond to the state when current in CS 1 modules hit the
engineering limit (45 kA).

The start of the raising of the (mostly inner) strike point
only begins after 200s (figure 1, start of raising strike point
(SOR)), to avoid excessive vertical repulsive forces acting
between the CS coils after raise of the strike points. It takes
20s to reach the highest strike point location (figure 1, end
of raising strike point (EOR)). Raising of the strike points
(SOR to EOR) faster than during 20s hits the engineer-
ing limit on the voltage in poloidal field coil 6 converter
leading to deterioration of the control of plasma-wall gaps.
Afterwards, the strike points gradually descend over 160 s and
return back to their starting position (figure 1, end of drop-
ping strike point (EOD)). Instead of sweeping the strike point,
it is possible to hold it longer at the topmost location, but in
that case the duration of the plasma current flattop will be
different.

In this paper, the SOLPS-ITER code package [10, 11] is
utilized to provide consistent divertor plasma solutions for the
DINA scenario, which is needed to properly assess the cap-
ability of the raised strike point scenario in promoting tri-
tium outgassing from Be deposited layers. The divertor per-
formance of PFPO-1 phase plasmas and raised strike point
scenario plasmas are compared. The surface temperature of
the bulk tungsten monoblocks near the strike point, which
is the key parameter determining the tritium outgassing rate,
is calculated considering the power flux from the plasmas,
divertor active cooling, and the 3D divertor monoblock struc-
ture. Finally, heat transfer calculations are performed assum-
ing a thermal contact resistivity between Be deposits and the
underlying W monoblock as previously done to reproduce
the observed temperatures of divertor deposits in JET [12]. It
should be noted that the variability of the contact resistance
under ITER conditions is not well known, and this study builds
upon the understanding from JET experiments. Nevertheless,
our findings suggest that the raised strike point scenario could
be a promising tritium removal technique in the case of resist-
ive surface deposits.

2. Setup of SOLPS-ITER simulations

The list of SOLPS-ITER (version 3.0.7) simulations utilized
in this paper are shown in table 1. The simulations are divided
into 8 groups with their representative case name according to
the magnetic equilibrium (baseline or raised), grid resolution
(standard or refined near scrape-off layer (SOL)), main spe-
cies (hydrogen (H) or deuterium (D)), (I,, Br) combinations
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Figure 1. Separatrix lines of the baseline fusion power operation
scenario (black) and the raised strike point scenario (colored) are
shown for (@) the whole region and (b) zoomed into the divertor
region. Discharge time and the phase of the raised strike point
scenario are shown in the legend.

((5 (15) MA, 1.8 (5.3) T) or (10MA, 5.3 T)), perpendicular
transport coefficients D, x 1 ;. (standard or half) and power
into the SOL Pgqr. (20, 40, or 60 MW). These simulations are
available from the public ITER IMAS database [13].

The simulation grids of the HST, HSTY, and HSOF case
series are built based on the ITER baseline scenario equilib-
rium in fusion power operation phase (‘Baseline’ in table 1)
[1] with I, = 15MA and Br = 5.3 T, giving g¢s = 3. From
the code’s perspective, this is equivalent to the representat-
ive PFPO-1 phase (/p, Br) combinations of 7.5MA/2.65T
or 5SMA/1.8 T when drifts are not included. Since the loca-
tion and shape of the separatrix at SOF in the raised strike
point scenario is not significantly different from the baseline
(figure 1), the same equilibrium and grid have been utilized
by multiplying the poloidal flux ¢/ of the HST grid by %; (see
figure 1 in [14]), which essentially only changes the connec-
tion length along field lines in SOLPS-ITER. The grid for
the HSTY, case series is taken from [15], which has the same
equilibrium and topology as the HST grid, but for which the
mesh has been refined in the near SOL, to be able to prop-
erly resolve the steeper profiles just outside the separatrix that
are implied by halving the perpendicular transport coefficients.
However, to keep the total grid size the same, this leads to a
lower grid resolution in the far SOL. The simulation grids of
the HRSP, HRSPY,, DRSP, DRSP1,, and DRSP40MW case
series are built based on the ITER raised strike point scen-
ario equilibrium at the ‘intermediate’ point shown in figure 1.
The raised strike point grid with standard grid resolution is
shown in figures 2(a) and (b). For the case series HRSPY,
and DRSPY,, the grid resolution is adjusted in a similar way
to [15].

The HST case corresponds to the SOLPS-ITER database of
baseline PFPO-1 scenario plasmas (tungsten divertor surface

and divertor fueling conditions) and the detailed simulation
setup is available in [14]. For the other cases, the simulation
setup is the same as for HST, except for those explicitly men-
tioned in table 1. For all 8 case series in table 1, a scan on
the fuel (H, or D;) gas throughput value has been performed.
The divertor neutral pressure pgiy ranges from 1 to 11.5Pa
and the divertor condition goes from being attached to par-
tially detached. The anomalous radial ion transport and heat
diffusivity coefficients were given as flat profiles with the val-
ues in table 1. In all other cases except DRSPAOMW and
DRSP60MVW, Psor, = 20 MW. The cases with Psor, = 20 MW
and I, = 5MA (HST) or I0MA (HSOF, HRSP, DRSP)
will be staying in L-mode (see figure B-1 in [1]). The case
DRSP60MW (I, = 10 MA) will be operating in H-mode.
However, the case DRSP4AOMW (/, = 10 MA) will be in a mar-
ginal condition of transition between L- and H-mode. Since
the power decay length A, in H-mode is about half of that
in L-mode [16], the transport coefficient of the DRSPAOMW
and DRSP60MW case series should in principle be adjus-
ted accordingly. However, according to recent XGC1 sim-
ulation results [17], ), is expected to move away from the
1/1, experimental scaling [18] to a turbulence-driven scaling
at I, ~ 8 MA. Since the raised strike point scenario has I,
= 10MA, where the effect of this change of physics regime
should start to be noticeable, the uncertainty on the value of
Mg remains quite large. Therefore, in this paper, rather than
following a specific scaling, the perpendicular transport coef-
ficients used in the SOLPS-4.3 burning plasma database (see
[19] and table 1 in [14]) were collectively applied, and a
factor of 2 lower values were used only for the 1, transport
cases. As shown later, operation of the raised strike point scen-
ario is only acceptable in detached conditions, for which the
change of )\, by factor of 2 does not have a significant effect
on the peak heat flux. Sputtering from plasma-facing com-
ponents is not considered here. Helium ash is also not rel-
evant for these cases because of the low Psor. The diver-
tor target material is set as tungsten, assuming no deposited
beryllium on the surface. The fuel gas puff location is set
as a surface in divertor region below the dome (figure 2(b)).
Note that in the partially detached regime of PFPO-1 plas-
mas (without impurity seeding and with Psor, = 20 MW), the
selection of the target surface material and the gas puff loc-
ation do not make a significant difference in divertor plasma
performance [14].

3. Overall divertor plasma performance of the
raised strike point scenario

This section is for a general discussion of the divertor solu-
tion before using the heat loads to the surfaces in the next
section. The neutral trajectory that was changed by raising the
strike point and its effect on divertor performance were ana-
lyzed. In particular, the focus was on the change in detach-
ment behavior. Based on this, a feasible operation regime was
suggested.
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Table 1. List of the SOLPS-ITER simulation discharges utilized in the main content of this paper, as available from the public ITER IMAS
database. IMAS shot numbers are composed of 6 digits, with a two-digit main fuel species prefix (10: hydrogen, 11: helium, 12: deuterium),

followed by a unique four-digit number.

Case Species Magnetic Grid Iy Bt Dy XL,ie. IMAS
name (IMAS prefix) equilibrium resolution Remarks MA) (1) m?s™")  (@@?s™!") shot numbers
HST H (10-) Baseline Standard PFPO-1 5(15) 1.8(5.3) 0.3 1.0 3054-3062
HSTY, H (10-) Baseline Refined near 1, L 5(15) 1.8(5.3) 0.15 0.5 3112-3114
SOL transport
HSOF H (10-) Baseline Standard SOF 10 5.3 0.3 1.0 3083-3091
(%/31/)standard)
HRSP H (10-) Raised SP Standard — 10 5.3 0.3 1.0 3092-3101
HRSPY, H (10-) Raised SP Refined near 1, 1 10 5.3 0.15 0.5 3115-3117
SOL transport
DRSP D (12-) Raised SP Standard RSP 10 5.3 0.3 1.0 3102-3111
scenario
DRSPY, D (12-) Raised SP Refined near 1, 1 10 5.3 0.15 0.5 3118-3120
SOL transport
DRSP 40 MW D (12-) Raised SP Standard PsoL 40MW 10 5.3 0.3 1.0 3121-3124
DRSP 60 MW D (12-) Raised SP Standard Pso. 60MW 10 5.3 0.3 1.0 3131-3134
5 -2.5 i :
4 ®) 1 . =— HST
311 3 - HST1/2
2} Cells for pgiy -o— HSOF
1 s average / -“— HRSP
£ | E35 — 10 Ao~ HRSP1/2
™ H © 4— DRSP
-1 o_‘
2l | Semi-transparent — ) = - - DRSP1/2
(50%) dome supports Separatrix =z DRSP4AOMW
® | Purnp and & | 4—DRSP6OMW
-4 P Divertor gas puff & 5+ o
4 45 5 5.5 6 6.5 >
R (m)
Figure 2. SOLPS-ITER simulation grids of the (a) raised strike
point equilibrium at the intermediate phase (HRSP, DRSP, 0 ' '
DRSP40MW, DRSP60MW). (b) Zoomed into divertor region. The 0 50 100 150 200
rid for the 1, perpendicular transport cases (HSTY,, HRSPY,, and uff —
gDRSPl/z) hagzapdifrgerent resolutiorpl) distributi(()n bei{‘lzg more r/éﬁned (I)Fuel [1021 atom.s 1]

in the near SOL but coarser in the far SOL but with the same total
grid size (not shown).

3.1 Neutral dynamics

The plasma and neutral parameters in this paper are mainly
parameterized by pgiy. To be consistent with previous studies,
the pgiy average neutral pressure for the HST case series
is computed from the same locations as in the SOLPS-4.3
burning plasma and SOLPS-ITER PFPO-1 plasma databases
[14, 19]. Those locations correspond to the edge cells of the
field-aligned grid directly facing either entrance to the sub-
divertor volume in which the pumping duct is located (see
figure 1 in [14]). For the raised strike point equilibrium, the
same location criterion is used (figure 2). A similar trend to
the HST is found, i.e. pgiy is linearly proportional to the fuel
throughput and the linearity is maintained from attached to
detached divertor conditions (figure 3). Note that the DRSP
cases has 20%-40% higher pgiy than the HRSP cases for a
given fuel throughput.

Figure 3. Divertor neutral pressure as a function of fuel
throughput Pryeling.

To achieve global particle balance, the gas puffing (as
molecules) and the pumped out particles (more than 99% are
molecules), which are the dominant net particle source and
sink, should be equalized. The pumped out fluxes are calcu-
lated as the product of the pumping speed and the neutral
pressure in front of the pumping surface. The pumping speed
is proportional to the local thermal velocity. Since molecules
near the pump are thermalized with the wall temperature
through multiple reflection(s), the local thermal velocity of
the H, molecules is higher than that of the D, molecules by
a factor of the square root of the mass ratio. Therefore, the
neutral pressure in front of the pump should be higher by the
same factor for DRSP cases than for HRSP cases to achieve the
same pumped flux. Indeed, the SOLPS-ITER results demon-
strate that the pressure in front of the pump is linearly propor-
tional to the fuel throughput, and D plasmas have a pressure
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Figure 4. Two dimensional neutral pressure distribution of the cases HST, HRSP, DRSP for pg4iy = 7-8 Pa, which correspond to the partially
detached condition. Both atom and molecule contributions to the neutral pressure are considered.

1.30-1.43 times greater than H plasmas, regardless of mag-
netic configuration. The neutral pressure in front of the pump
is proportional to pg4iy [14], so the species dependence of pgiy
comes from the difference in pumping speed resulting from
the difference in mass. The slight difference in pg;y between
the standard resolution grid and the refined near SOL grid is
due to the shift in location of the pg;y averaging surface as the
grid resolution redistributes. In the JET experiment [20], for
the same reason as above, the divertor neutral pressure of D
plasmas is higher than that of H plasmas.

The two-dimensional distribution of neutral pressure for the
partially detached regimes (pqiy =7-8 Pa) of HST, HRSP, and
DRSP cases are shown in figure 4. Both the atom and molecule
contributions to the neutral pressure are included. There are
significant differences in the pressure distribution below the
X-point, above the dome. In the HST case, the dome effect-
ively screens neutral particles, whereas in the HRSP and DRSP
cases, there is no significant difference in neutral pressure
between above and below the dome. Most of the recycled neut-
ral particles from the target ionize when they reach the SOL
region, which is much more opaque than the private flux region
(PFR). Each time neutral particles are reflected off the wall,
the proportion of molecules increases (the reflection model
assumes that molecules remain molecules, while atoms recom-
bine together with a certain probability). In the HST case, most
of the thermalized molecules reflected from the wall enter the
SOL directly or reflect back from the dome, so the probabil-
ity of reaching the area between the dome and the X-point is
small. On the other hand, for the HRSP and DRSP cases, the
PFR region extends much further above the dome, so all the
PFR region is easily accessible to the reflected neutrals, includ-
ing the area below the X-point. Therefore, except for near the
strike point and near the SOL-PFR interface where ioniza-
tion/dissociation occurs actively, a relatively uniform distri-
bution of neutral pressure is established.

This can also be illustrated by viewing sample recycling
neutral trajectories computed by EIRENE, the neutral kinetic
transport module within SOLPS-ITER (figure 5). Recycled

HST
o

U

(a) 10 traj.
from IT

(b) 5 traij.

(c) 30 traj.
from I'F

(d) 5 traj.
from OT

Figure 5. EIRENE sample trajectories of particles launched from
both targets. The cases of HST and HRSP are shown for

pdiv =7-8 Pa. (@) HST, 10 trajectories launched from inner target
(b) HST, 5 trajectories launched from outer target (c) HRSP, 30
trajectories launched from inner target (d) HRSP, 5 trajectories
launched from outer target.

neutrals are mostly launched from the near SOL target region,
according to the incident ion flux profile. In the HST case,
most of the trajectories sampled in the near SOL region along
both targets are directed towards the PFR, and are ionized
quickly, before they manage to cross the separatrix. A few
enter the PFR and bounce back off the reflector plates (the
quasi-horizontal plates that form the ‘corner’ with the vertical
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targets), and then ionize near the strike point (figures 5(a) and
(b)). Some of the neutrals can travel to the other side of the
target through the space below the dome. Trajectories origin-
ating from either target display nearly symmetric distributions.
The thermalized molecules that travel to the area between the
X-point and the upper side of the dome is limited because the
gap between the dome and the SOL, which is the most prob-
able channel leading to this zone, is narrower compared to the
raised strike point cases and that most of them are screened by
the SOL and dome.

With the raised strike point equilibrium, there is a big differ-
ence in recycled particle trajectories between those launched
from the IT versus the OT. As in the HST case, since the outer
strike point is still close to the corner, the outer reflection plate
can reflect some portion of the recycled particles, causing them
to immediately ionize near the outer strike point. Trajectories
that do not intersect the outer reflection plate enter the space
below the dome, and are reflected many times with high prob-
ability before exiting the gap. Therefore, these trajectories are
long and lead to a more diffuse neutral density rather than
concentrated near the target (figure 5(d)). However, since the
gap between the dome and the outer SOL is wider than in the
HST case, trajectories that exit through the gap are evenly dis-
tributed along the inner SOL-PFR boundary and even reach
near the X-point. The inner strike point is far from the inner
reflector plate, thus it is hardly affected by the corner, and
recycled neutrals that enter the PFR pass through there with
relatively low neutral opacity (ballistically), and most of them
reach the outer SOL-PFR boundary, or reflect from the upper
side of the dome and reach the outer SOL-PFR boundary rel-
atively uniformly, before they ionize. A distinctive feature of
trajectories that are launched from the inner target (IT) of the
HRSP case is that, in the SOL region, there are noticeably
more trajectories that are immediately ionized along the target.
Along the inner vertical target, the curvature changes rapidly
from the strike point to the far SOL (figure 2(b)), so the main
direction of the recycled neutrals gradually changes from the
PFR to the SOL. Therefore, the proportion of recycled neut-
rals that are immediately ionized in the SOL, which has a much
higher neutral opacity than the PFR, increases. More sampling
is required to observe the neutral dynamics passing through
the PFR, so 6 times more trajectory than from the outer tar-
get case are shown to improve visibility. These observations
are consistent with the results of DIVGAS simulations in the
European DEMO ITER-like divertor configuration, showing
that the dome improves neutral compression and shows strong
reflux of molecules to the X-point vicinity in the absence of
the dome [21]. With the raised strike point, the influence of the
dome on neutral screening is relatively small, which increases
the likelihood of onset of thermal instability near the X-point
(MARFE).

3.2. Detachment behavior

Two-dimensional distributions of electron density, electron
temperature, and radiated power for the partially detached
regime (pgiv =7—8 Pa) in the HST, HRSP, and DRSP cases are

shown in figure 6. As explained in section 3.1, the recycled
neutrals in the HRSP and DRSP configurations can access the
full length of the SOL-PFR boundary, so the density peaks
there, while the electron density only peaks near the targets
in the HST case (figures 6(a)—(c)). Note that the flow velo-
city pattern does not show significant differences between
the standard and raised strike point configurations. Likewise,
electron cooling is most intense at the location of the elec-
tron density peak (figures 6(d)—(f)). Regarding the lobe-like
region, where the flow velocity reverses in the OT (indicated
by the magenta color), this expands as the pg;, increases (as
the divertor condition transitions from attached to detached).
This expansion is observed not only in the HST case but also
in the RSP cases. However, it appears more clearly in the HST
case due to a higher detachment threshold and a much slower
rollover drop in target flux compared to the RSP cases, which
results in larger recycled neutrals and ionization sources (refer
to figure 8(b)).

As usual, the 5eV front, or so-called ‘ionization front’,
moves upstream away from the target as the divertor neutral
pressure increases and the condition changes from attached to
detached. For the HRSP and DRSP cases, the ionization front
also moves radially from the strike-point region towards the
far SOL. Therefore, the near SOL is very efficiently cooled,
over a wider radial extent in the RSP configuration. This can
be partly attributed to the larger amount of neutrals coming
from the OT to the IT in the RSP cases. In the HST case,
most of the recycled neutrals are ionized immediately near
the targets, and cooling proceeds by pushing the ionization
front upward, a process mostly limited to the near SOL. Dense
and cooler regions with higher neutral density have a higher
radiation emissivity (figures 6(g)—(i)). Indeed, the HRSP and
DRSP cases show significant X-point radiation, and this may
be one of the limitations of operating raised strike point equi-
libria, although there is an advantage that the neutral behavior
results in a lower detachment threshold.

By comparing HRSP and DRSP cases, the isotope effect
on the divertor condition can be characterized. In the SOLPS-
ITER simulations used in this paper, the only isotope effect
is the difference in mass between H and D. Properties such
as particle and energy reflection coefficients from the TRIM
[22] database (from SOLPS-ITER version 3.0.7) do not show
significant differences between H and D when incident on
a tungsten surface (<5% for the incident ion energy range
of 1-10*eV). In HRSP and DRSP cases, the neutral dens-
ity (and neutral pressure) peaks along the SOL-PFR bound-
ary (figures 4(b) and (c)) where the electron temperature is a
few eV and recycled neutrals have a larger mean free path than
in other parts of the SOL. The D neutrals are slower than the
H neutrals due to the mass differences and this is supported
by fast temperature equilibration between electrons and ions
in the SOL near the target. Therefore, D neutrals travel for a
longer time, yielding a larger density in a wider region. This
enhances plasma—neutral interactions and improves accessib-
ility to detachment. Consequently, D plasmas have a better
near SOL plasma cooling efficiency (figures 6(d)—(f)) and a
wider radiation zone (figures 6(g)—(i)) than H plasmas.
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The total radiated fractions of the HST, HRSP, and DRSP
cases are 10%—40%, 10%—-50%, 20%—75% of PsoL, respect-
ively (figure 7). The cases with I, transport coefficients exhibit
a lower radiated power fraction. As explained above, the radi-
ation zone of the DRSP is wider than that of HRSP, and the
total radiation is 20%-35% higher for given pg;,, due to the
isotope (mass) effect. One measure of neutral leakage from the
divertor to upstream can be expressed as (S + SSOL)/gtotal,
which is the ratio of the ionization sources above the X-
point to the total ionization sources (figure 8(a)). Since the

neutrals provide ionization sources not only near the strike
point, but also near the X-point along the SOL-PFR bound-
ary in HRSP and DRSP cases, there is a factor of 10 higher
neutral leakage than in the HST case. However, the total ioniz-
ation source, which is dominated by the recycled neutrals from
both targets, decreases much faster after rollover (figure 8(b)).
This is because the radiated fraction of the HRSP and DRSP
cases is greater than that of the HST, and that less energy
can be used for neutral ionization (power starvation) [23].
The increased neutral leakage and reduced total ionization
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Figure 7. Total radiated power as a function of pgiy.

compensate so the upstream density saturates for all cases
(figure 8(c)).

3.3. Role of plasma-neutral interactions on detachment
behavior

In this paper, only pure hydrogenic cases are considered,
without any extrinsic impurities. Thus, the divertor condition
and the plasma—neutral interaction regime are mostly determ-
ined by the target electron temperature. Plasma—neutral inter-
actions mostly occur immediately next to the target in attached
conditions. In detached conditions, the divertor SOL flux tubes
are cooled, creating an environment in which plasma—neutral
interactions can occur actively even relatively far upstream,
and reactions involving molecules and volumetric RC become
significant.

The target electron temperature Ty is strongly correlated
with the target neutral density and the average neutral density
in the flux tube [14, 24]. Figure 9 shows the locations of the
1, 2, and 5¢V fronts in terms of the s normalized coordin-
ate for the parallel connection length from the target to the
mid-plane, as a function of T. The location of the X-point
along s is slightly different for each flux tube and configura-
tion, so the corresponding ranges are indicated in yellow and
green shades for the HST and HRSP (DRSP) cases, respect-
ively. These fronts roughly correspond to the locations of the
onset of volumetric RC, charge exchange with molecules, and
ionization, respectively. The 1 eV front (figure 9(a)) is located
at a similar s between the baseline and the raised strike point
cases. However, the 2 and 5eV front positions (figures 9(b)
and (c)) are more upstream for the HRSP (DRSP) case than
for the HST case for a given T¢. In other words, the raised
strike point case shows more efficient flux tube cooling than
the baseline case under conditions of similar average neutral
density within the flux tube [14].

The change in the parallel electron temperature distribution
also leads to a difference in the location of the reaction centers
of mass (CM), defined for reaction R as:
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where Sg corresponds to the source rate for reaction R, while
u and ¢t correspond to the upstream (mid-plane) and target
locations, respectively. The center of reactions for electron
impact ionization (EI), molecular charge exchange (mol. CX),
and volumetric RC are shown in figure 10. Since the ioniza-
tion cross-section roughly follows the ionization potential, it
is sensitive to the electron temperature. The CM of EI, which
can be identified as the ‘ionization front’, gradually moves
upstream as pgiy increases (and T decreases) (figure 10(a)),
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following the 5eV front. The mol. CX rate largely depends
on molecular density, so it becomes important only when
molecules begin to accumulate as T, is cooled down to a
few eV [14, 25]. As the flux tube cools down, the mean free
path of molecules towards upstream becomes longer, so as pgiy
increases (and T cools), the CM of mol. CX moves upstream
(figure 10(b)). Similarly, cooling of the flux tube means the
expansion of the area where RC can occur, so as pgjy increases
(or Ty cools), the CM of RC moves upstream. A consistent
pattern emerges on which the various CMs are located more
upstream for the HRSP (DRSP) cases is than for the HST case
(figure 10(c)).

One can also apply the extended two-point model
formalism [26, 27] to the SOL flux tubes. Critical parameters
are the momentum and power loss fractions, defined as the loss
ratio of total pressure and internal energy from upstream (taken
as the X-point here) to downstream (target), respectively. By
breaking down the loss factors into their various contribu-
tions, it is possible to figure out which mechanisms mainly
contribute to the detachment. These contributions are plotted

along the 2nd SOL ring, chosen as representative of the near
SOL while being less affected by radial transport (figure 11).
In the HST case, the momentum loss is mainly dominated by
the atom—plasma reactions at low pgiy, but the influence of
molecules grows with increasing pgiy [14] (figure 11(a)). In
the raised strike point cases (figures 11(b) and (c)), along with
this tendency, the effect of volumetric RC becomes significant
from about pg;y > 3 Pa. This is consistent with the fact that
the CM of RC is located more upstream than for the HST
case due to better flux tube cooling (figure 10(c)). RC trans-
fers momentum away from the plasma to the neutrals. From
the point of view of power loss, atom—electron interactions,
that is, ionization and radiation, are the dominant contributors
(figures 11(d)—(f)). The effect of RC on power loss is almost
negligible. In HRSP and DRSP cases, most of the power loss
is due to radiation. This is because, in the raised strike point
cases as described in section 3.2, cooling occurs efficiently
along the SOL-PFR boundary in the near SOL as well as near
the X-point, so that the radiation zone is distributed much
more widely than in the HST case (figures 6(g)—(i) and 7).
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3.4. Feasible operation regime

Physical sputtering of tungsten is one of the limiting factors
for sustainable ITER diverted plasma operation, and the raised
strike point scenario must stay below the tungsten concen-
tration limit [28] to be viable. According to SDTrimSP [29]
calculations, the tungsten physical sputtering yield Yppys when
D™ ion incident on changes by 3 orders of magnitude as the
electron temperature at the sheath entrance varies over the
T. =30-100eV [30, 31]

10~3 for T,=100eV
Yonys ~ 4 107* for T.=50eV ()
107 for T.=30eV

In addition to the Yphys changes in 7, according to the Dt
incidence, another factor that demands the maintenance of a
lower T, level is the prompt redeposition of sputtered tung-
sten, which is particularly effective in partially detached con-
ditions. The ionization potential of tungsten is about 8§ eV, so it
is relatively easy to ionize near the target. Since tungsten ions
have a relatively large gyro radius, if sputtered tungsten is ion-
ized within a distance of the order of the gyro-radius near the
target, it is likely to be immediately re-deposited on the tar-
get and will not contribute to effective sputtering. This prompt
redeposition process is highly dependent on the ionization loc-
ation and is therefore sensitive to the main plasma background
density and temperature. It is also sensitive to 7; /7T, because
its force balance is governed by electric and thermal forces in
the sheath [32]. According to the ERO-PIC calculation result

in [33], the rate of prompt redeposition fyromp: is 0.6-0.9 for
sheath entrance plasma parameters most similar to those of
ITER: T, = 5-20¢eV, n. = 6 x 10" m—3. In this range of T,
the W self-sputtering rate will be only 1073 to 1072 ([34]).
Therefore, the effective physical sputtering rate is further
reduced by one order of magnitude from the above SDTrimSP
result.

Assuming no impurities and equilibration between 7, and
T;, equation (2) implies that the plasma temperature in front
of the targets must remain below 30 eV for sustainable oper-
ation, at least in the flux tubes where the ion flux is signific-
ant. However, if even a small percentage of Be impurities is
included, the data from [30] show that the sputtering yield
at low temperature is fully dominated by the incident Be?™
ions, and that the plasma temperature at the target must be
further lowered to below 5eV, i.e. partially detached condi-
tions. Figure 12 demonstrates the maximum 7y in the range
of (r — rep)omp < 0.02 m at both targets. Clearly, the attached
regime of HST(1,) and HRSP(1,) shows electron temperatures
that would yield much too high a tungsten sputtering yield and
operation conditions are limited to the region above 7 Pa where
T, at both targets drop below 5eV. Note again however that
the raised strike point cases detach at lower pg;, than the HST
cases along the IT. At the same time, the HRSP and HST cases
are showing similar cooling rates at the outer target while the
DRSP cases detach earlier due to the isotope effect. Therefore,
the operation regime of the DRSP(1,) case is relaxed compared
to the hydrogen cases, and it is expected to be feasible when
the pgiv is 4-5 Pa or more.
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4. Target heat load and surface temperature

The aim of the raised strike point scenario is to locally increase
the surface temperature along the upper part of the inner diver-
tor target to promote tritium outgassing in that area. In this
section, the plasma heat flux reaching the target is calculated
from SOLPS-ITER. Then, a FEM analysis is performed using
a simplified plasma-facing component model [35] to calculate
the target surface temperature. Based on that result, the tri-
tium removal performance of the raised strike point scenario
is assessed.

4.1 Target heat flux

To protect leading edges, the ITER divertor cassettes are tilted
about 0.5° toroidally and the toroidal shaping on the top sur-
face of the monoblocks is about 1.0°. The perpendicular heat
fluxes in SOLPS-ITER qiyl are considered to be deposited onto
toroidally symmetric target surfaces so they need to be multi-
plied by a correction factor fii¢ shape to take this tilting and shap-
ing into account [35]. This correction factor can be written as
follows:

ilt, s c q A
tit, shape — qﬁl ><ﬁilt, shape — HCy]H Xﬁilt,shape
A
€
CIHAH sin(@ + 1.50)
= =g X 3
Aji,l Sln(e) QH ﬁOlal ( )

where 6 is the angle of incidence of the magnetic field onto
the monoblock surface and Ay, AL are the flux tube surface
areas parallel to the magnetic field and perpendicular to the
monoblock surface (without consideration of tilting and shap-
ing), respectively. The angle of incidence on the IT is shown
in figure 13(a) as a function of radial coordinate with respect
to the separatrix mapped to the inner mid-plane. It is determ-
ined by the local magnetic field and the PFC geometry so it
is radially varying but largely determined by gos. The ratio

A”/Aiyl is proportional to sin(f) as shown in figure 13(b).
Smaller ¢ yields larger fii shape (figure 13(c)) since it is a
decreasing function of € in the range of (0°,90°]. Finally,
Siota can be written as sin(6 + 1.5°)), which is an increas-
ing function of 6 but only approximately linear for small
angle.

Considering tilting and shaping, the profiles of the perpen-
dicular IT heat flux ¢ v (omitted ‘tilt, shape’ on the super-
script), which includes contributions from the plasma, neut-
rals, and radiation, are shown (figure 14). For all cases, as pgiy
increases, the near SOL detaches: the g | 1t peak decreases and
it moves radially outwards. The half transport cases have a
factor of 1.3-2.5 times higher ¢ ir than the standard trans-
port coefficient cases in the attached regime. However, in
detached conditions, g | it only differs by 10%. Changing gos
or the magnetic field configuration does not affect the tar-
get heat flux profile significantly. However, when the heating
power itself is increased, the peak heat flux is increased by
a factor of 2 or 3 (DRSP4OMW or DRSP60MW) compared
to DRSP even in the detached regime. Figure 15 shows the
various contributions from plasma, neutrals, and radiation to
q 1 1r- Compared to the baseline magnetic configuration, the
raised strike point cases can be seen to have a significantly
increased radiation load, and this is consistent with the total
radiated power (figure 7). However, since the radiation front
is moving upstream and radially outward as pg;y increases,
the radiation contribution to the peak is not necessarily pro-
portional to the total radiated power. As pgj, increases, the
plasma heat load steadily decreases. The reduction is faster
in HRSP and DRSP cases than in the HST case, as near
SOL detachment is achieved faster in the raised strike point
scenario, as described in section 3.2. However, since this is
compensated by the higher radiation heat load, there is no sig-
nificant difference in the end in the total ¢ | yr. In the half trans-
port cases, once the near SOL plasma is detached, the peak
heat flux contributed by the plasma does not show much dif-
ference from the standard transport cases. In addition, since
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the neutral and radiation contributions are not affected by
the anomalous perpendicular transport coefficients, the ratio
and values of plasma, neutral, and radiation that contribute to
q 1,1t are not significantly different from the standard trans-
port cases. Therefore, in a raised strike point scenario aimed
at removing tritium co-deposited on an inner vertical target,

the impact of the uncertainty on the perpendicular transport
(e.g. Ay, as discussed in section 2) can be ignored when
operating in a partially detached regime. The external heat-
ing power and fuel throughput are therefore the only rel-
evant variables that can significantly affect the target heat
flux.
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4.2. Bulk tungsten monoblock surface temperature from
FEM analysis

Based on the target heat flux provided by SOLPS-ITER, the
temperature of the bulk tungsten monoblock surface was cal-
culated using a simplified heat transfer model [35]. This model
considers the 3D geometry of the ITER vertical divertor target
monoblock including the CuCrZr tube in which the coolant
flows, as well as the copper interlayer and tungsten body. The
effect of the presence of the Be deposited layer is not con-
sidered at this stage, but will be addressed later. The shaping
is applied on the top surface (1.0°) and the tilting is applied
on the whole target (0.5°). The heat transfer calculation is
split into 2D conduction within each monoblock (toroidal and
radial directions) and the poloidal advection of the coolant by
neglecting the poloidal conduction. The ITER coolant para-
meters are specified as a mass flow rate of 0.734kgs ™! and a
temperature of 70 °C [36]. For the detailed setup and bound-
ary conditions of the heat transfer model, see section 3 in
[35]. The IT surface temperature Ty it 1S shown as a func-
tion of poloidal distance along the target from the corner with
the inner reflector plate (bottom of the inner vertical wall)
Ly poi (figure 16). For the cases with pg;, =7-8 Pa, all cases
except for the high powers (DRSPA0OMW, DRSP60MW) have
a peak Tgyr,ir lower than 200°C. In the DRSPAOMW and
DRSP60MW cases, Tqur,ir is interpolated to be in a range
of 200°C-250°C, and 350°C—400°C, respectively, when
Ppaiv =71-8 Pa.

A dedicated experiment [37] was performed, in which a
Be-D co-deposited layer was exposed to D plasmas for 180's
(the time from SOR to EOD in the raised strike point scen-
ario). The D removal fraction was about 30%, 50%, and 80%,
respectively, for temperatures of 400 °C, 500 °C, and 600 °C.
Therefore, if a surface temperature of at least 600 °C could
be maintained for the full 180 s, it can be expected that up

to 80% of the co-deposited tritium would be removed. If the
surface temperature would be maintained at 500 °C, then a
similar 80% tritium removal performance could be obtained if
the exposure time were to be increased to about 1200 s. Such
long exposure times may however be limited by the raised
strike-point operational scenario constraints. Impurity-seeded
discharges in raised strike point scenarios may enhance de-
tritiation efficiency due to sputtering effects; however, in this
paper, we have only considered deuterium-only or hydrogen-
only scenarios.

However, according to the simulation results above, at 20
and 40 MW heating powers, the target surface temperature
does not even reach the baking divertor surface temperature of
350 °C, i.e. the scenario provides no detritiation benefit. When
the heating power is 60 MW, the maximum achievable sur-
face temperature can be raised to as high as 400 °C, but even
this does not meet the conditions for efficient tritium removal.
Changes in active cooling conditions such as a drop of the mass
flow rate or increasing the coolant temperature could increase
the surface temperature without affecting the plasma paramet-
ers significantly (they would only affect thermally reflected
molecular temperature). However, changing the active cooling
condition from the baseline parameter would only be possible
after a very systematic engineering evaluation to assess any
additional risks this would incur.

4.3. Be co-deposit layer temperature considering poor
thermal contact

The result of the previous section considered heating of
the W monoblock surface, without taking into account the
thermal properties of the co-deposited layers. The previous
FEM calculation can be modified by including conduction
and radiation from the layers. First, the layer temperature is
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Figure 16. Inner target surface temperature profile is shown poloidally along the vertical target from the bottom. The case name is shown
above each subplot. The numbers in the legend give the divertor neutral pressure pgiy.

calculated in the no-radiation limit by considering conduction
only. Hereafter, a temperature reduction by radiative cooling
is discussed.

One can consider conduction through the Be co-deposit
layer with some thermal contact resistance Ry, between the
layer and the tungsten monoblock surface:

R = d/)\deposit +R. @
where d is the thickness of the deposited layer, and Ageposit 18 its
thermal conductivity (~216 Wm~!K~! for beryllium bulk),
and R, is the thermal contact resistivity [38].

Considering a thick layer (100 pm), the conduction term
comesto 5 x 1077 m> KW~!, which on its own raises the layer
temperature by a few K considering the ITER target heat flux
conditions. By introducing the contact resistance, the layer
temperature result changes significantly. By using the incom-
ing peak heat flux from the SOLPS-ITER simulations in the
no-radiation limit (figure 15), considering the R, and neglect-

ing other processes, the upper limit of the T, at the qik 17 loc-

. k,no—rad
ation, Ty "™

, is given as follows:

150+ Re x (1.5 MW) °C for DRSP20MW
2504 Rc x (4.0 MW) °C for DRSP4AOMW .
400+ Rc x (6.0 MW) °C for DRSP60MW

&)

pk,no—rad
TBe -

The minimum value of R, required to reach a
TR of 600 °C sufficient for effective outgassing
are 3x107*m?KW~!, 8.75x 1079 m?KW~!, 3.33x
1073 m?> KW~ for DRSP20MW, DRSP40MW, DRSP60MW,
respectively.

In JET-ILW experiments (JPN#98297), R.=15 X
1074 m?>KW ™! (+20%) was estimated from infrared meas-
urements of the surface temperature, combined with thermo-
couple readings for the bulk material. The qf_k at the con-
sidered location was 1.9 MWm~2, which is similar to the
DRSP20MW condition, leading to a surface temperature of
800°C-1000 °C[12].

The R. estimated from the JET experimental measurement
satisfies the condition of achieving a peak layer temperature
of 600 °C or more in all DRSP scenarios, and ignoring other
processes, the following peak layer temperature in the no-
radiation limit is obtained.

750—1050 °C  for DRSP20MW
1400—2000 °C  for DRSPAOMW .
2730—-3930°C for DRSP6OMW

pk,no—rad __
TBe -

(6)

These temperatures, even at the lowest heating power of
20 MW are sufficient to deplete the layers from tritium. At
higher heating power, for the JET-like contact resistance, the
surface temperature may rise even above the boiling point
of Beryllium (2469 °C, measured at atmospheric pressure),
which could pose potential risks for ITER.

The degree of radiative cooling of the Be layer can be
inferred from the sum of the radiation from the Be layer into
the vessel q}f‘i vessel and the radiative heat transfer term qg‘g_w
between the Be layer and the bulk tungsten, assuming no other
thermal contact:

rad __ rad rad
9dBe = YBe—vessel + 9Be—W
4 4
_ T4 o(Tg. — Tw)
= 0€gelpge + T E—
+L -1

€w

)

€Be
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Table 2. Radiative heat transfer between bulk tungsten surface and Be co-deposit layer. The third column assumes black body (BB)

rad

emissivity. Peak inner target heat fluxes at the pgiy ~ 7 Pa condition, and ratios with ¢gg, are shown.
459 (bulk max) g9 (BB limit) . »
Case name (MWm~?2) (MWm~?) % (MWm=?) q;’fs (bulk max) q‘,ff“ (BB limit)
L, L,IT
DRSP20MW 432x 1072 1.99 x 107" 1.5 2.9% 13%
(Tge = 880 °C, Tw = 150 °C)
DRSP40MW 371 x 107! 1.71 4.0 9.3% 43%
(Tge = 1700 °C, Ty = 250 °C)
DRSP60MW 4.13 19.1 6.0 69% 330%

(Tge = 3330 °C, Tw = 400 °C)

where o =5.67 x 1078 Wm~2K~* is the Stefan-Boltzmann
constant, 7' the absolute temperature, and ¢ the emissivity. The
radiation contribution from the vessel to the layer is neglected.
The emissivities of Be and tungsten depend on the temperature
and whether it is bulk material or a deposited layer. In case of
a deposited layer, the emissivity also depends on the material
of the deposition surface and the thickness of the layer. Here,
among the values available in bulk W and Be, the maximum
values eg. = 0.33 and ew = 0.13 are used [39]. The FEM res-
ults from the partially detached case were used, i.e. Tw =
150°C, 250°C, 400 °C for the DRSP20MW, DRSP40MW,
and DRSP60MW cases, respectively.

The no-radiation limit beryllium temperature in
equation (6) is used to calculate an upper value for the radi-
ative heat transfer in the maximum available bulk emissivity
condition (ege = 0.33,ew = 0.13). Also, the extreme upper
bound of the ¢&¢ |, is calculated in the blackbody limit
(ege = ew = 1) considering uncertainties in emissivity. The
results are summarized in table 2. When the upper limit of &4
is high compared to the heat flux from the plasma, it shows
that the actual Tg. and Tw must be lower due to radiative
cooling, and the final T, can be inferred through iteration.

The effect of radiation on T, can be identified by the

. . k . . T
ratio of ¢&d and g% - Assuming bulk maximum emissiv-

ity, ¢&9 is non-negligible only in the case of DRSP60MW
so there will be some reduction of T, from the no-radiation
limit of Tg. = 3330 °C. In the blackbody limit, a significant
reduction of the Tp, is expected for the DRSP4A0MW and the
DRSP60MW case while the effect of the radiation is still mar-
ginal for the case of DRSP20MW. If T, is 600 °C, g9 is
less than 1% and 5% of qﬂ’_li [ in bulk emissivity and BB limit,
respectively. Therefore, a temperature of 600 °C for effective
detritiation is achieved in all scenarios, even in the blackbody
limit.

5. Conclusions

In this paper, SOLPS-ITER simulations were performed to
evaluate a raised strike point scenario developed for the pur-
pose of removing tritium co-deposited with Be on the upper
part of the inner divertor target. Since the raised strike point
scenario may differ from the standard PFPO-1 scenario in
terms of plasma species, magnetic geometry, plasma current,
heating power, anomalous transport coefficients (L-, H-mode),

etc a divertor performance analysis was conducted for each
case. As a result of these parameter scans, the following phys-
ical insights were obtained:

(1) HST vs. HSOF (parallel connection length effect)—By
scaling the plasma current by 2/3, the connection length
increases by factor of 1.5. The longer connection length
means an increase of the parallel transport time scale.
Hence, the effect of the perpendicular transport is expec-
ted to be larger. However, the target heat flux profile was
not significantly different. Radial transport in the diver-
tor is only significant in the 1st SOL flux tube next to the
separatrix, in attached conditions [25]. Also, in the region
below the X-point, broadening of the heat flux profile is
less effective because of the higher flux expansion [40].

(i) HST (or HSOF) vs. HRSP (neutral baffling effect: mag-
netic geometry, dome, corner shaped divertor)—By rais-
ing the strike point, the SOL and dome do not effi-
ciently screen the recycled neutrals away from the X-
point, unlike the ITER baseline magnetic configuration.
Thus, in the RSP cases, the recycled neutrals can reach
the entire PFR and provide an ionization source along the
entire SOL-PFR boundary, whereas in the HST case the
ionization is localized near the target due to the corner
effect. Therefore, the divertor detaches for HRSP cases
at lower pg;y than for HST cases. Moreover, HRSP cases
emit more radiation than the HST ones from an expanded
radiation zone extending from the target to the X-point.
The radiation heat load on the target compensates the con-
tribution from the plasma so that the peak IT heat loads
are similar although core-edge compatibility deteriorates
when raising the strike point.

(iii)) HRSP vs. DRSP (isotope effect from mass difference)—
Since the thermal velocity of D is smaller than that of H,
assuming the same first wall surface temperature, DRSP
cases require a higher pg;, than HRSP cases to achieve
global particle balance for a given fuel throughput. In
addition, D stays longer near the SOL-PFR boundary and
the strike point where ionization occurs most actively, and
therefore has a higher density over a larger area.

(iv) Standard transport vs. !, transport—The anomalous
transport coefficients affect the upstream density and peak
target heat flux in attached conditions. However, as the
plasma detaches, the divertor conditions are dominated
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by the plasma—neutral interactions rather than the perpen-
dicular transport so the peak target fluxes are not affected
much by the choice of transport coefficient.

(v) DRSP (20MW) vs. DRSP40MW vs. DRSP60OMW (aux-
iliary heating power)—The heating power governs many
SOL and divertor parameters, such as density, ionization
sources, and radiative cooling efficiency. It is the main
determinant of the peak target heat flux, so it can be used
as an actuator to change the target surface temperature.

Using the target heat fluxes computed by SOLPS-ITER,
a simplified heat transfer analysis shows that the bulk tung-
sten target monoblock surface temperature can be raised up
to 400 °C under partially detached conditions which remain
safe from the point of view of tungsten sputtering. This is
an insufficient temperature for efficient tritium outgassing.
However, if one assumes that the Be co-deposit layer and the
tungsten surface are in poor thermal contact with each other,
the temperature of the layer can be significantly increased.
The minimum requirement for thermal contact resistance to
achieve Be co-deposit layer temperature greater than 600 °C
with efficient tritium outgassing is in the range of about
3.33 x 1073 — 3 x 10~* depending on the scenario.

The thermal contact resistance estimated from the JET-
ILW experimental measurements satisfies this condition, so
even in the DRSP20MW scenario with the lowest bulk tung-
sten temperature and the peak heat flux, the temperature of
the Be co-deposit can reach 750 °C-1050 °C, which would
enable very efficient detritiation. Under such conditions, the
raised strike point scenario could be used as an alternative
detritiation method in the case of thick deposits at the inner
divertor, as supported by the JET results [12]. While the
thermal contact resistance estimated from JET-ILW experi-
mental measurements satisfies this condition, it is worth not-
ing that the required contact resistance might not be achieved
under all scenarios and conditions, including those specific to
ITER. Considering the thermal contact resistivity conditions
obtained from JET-ILW experiments, even in the DRSP20MW
scenario with the lowest bulk tungsten temperature and the
peak heat flux, the temperature of the Be co-deposit can reach
750 °C-1050 °C, which would enable very efficient detriti-
ation. Under conditions where the required contact resistance
is achieved, the raised strike point scenario could be used as
an alternative detritiation method for thick deposits at the inner
divertor, as supported by the JET results [12].
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