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Re-evaluation of tritium permeation through vertical target of divertor under the ITER operation
condition was carried out using tritium transport properties in the candidate materials such as the diffusion
coefficient and the trapping factors in tungsten for armor, and the surface recombination coefficient on
copper for the heat sink obtained by authors’ recent investigation (authors’ data), which simulated the
plasma-facing conditions of ITER.  Evaluation with the data set of previous evaluation was also carried out
for comparison (previous data). The permeation analysis was carried out individually by classifying into
the armor region (Carbon Fiber Composites and tungsten) and the slit region without armor (3% of armor
surface area) assuming the incident flux and temperature for each region. As the results of the permeation
analysis, estimated permeation amount with the authors’ data was one order less than that with the previous
data at the end of lifetime of the divertor due to authors’ small diffusion coefficient of tritium in fungsten. It
also indicated the possibility that permeation through the slit region of the armor tiles could dominate total
permeation through the vertical target, since tritium permeation amount through tungsten armor with the
authors’ data was estimated to be reduced drastically smaller than that with the previous evaluation data.

The result of a little tritium permeation amount through the vertical target with the authors’ data
ensured the conservatism of the current evaluation of tritium concentration in the primary cooling water in

ITER divertor, as it indicated the possibility of direct drainage of the divertor primary cooling water.

Keywords; Tritium, Permeation, ITER, Divertor, Plasma Driven Permeation, Tungsten, CFC, Copper,

Fusion Reactor
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1. Introduction

Tritium permeation through the fusion materials is one of critical issues in the DT fusion reactor
such as ITER (International Thermonuclear Experimental Reactor) for the safety assessment or tritium
inventory control etc, [1]. Especially, because it is expected the enhancement of tritium permeation called
“plasma driven permeation™ through the plasma facing components (PFC) exposed to the DT plasma,
which means the exited state of DT particles such as ions or neutral atoms generated charge exchange
reaction, it is desired to evaluate the tritium permeation amount through PFC to cooling water. In the
design activity in ITER, tritium permeation and inventory analysis in the PFC has been carried out
extensively using the transport properties such as diffusion coefficient, trapping factors (trap site density
and trap energy), solubility, surface recombination coefficient, etc. [2]. Those evaluations have been
carried out using the tritium transport properties extrapolated by classical diffusion model [3] with the
protium or deuterium data, which predicts that the diffusion coefficient is proportional to the inverse of the
square root of the mass, due to a few tritium transport properties data for the candidate materials of the
ITER PFC, although there is uncertainty on reliability of the classical diffusion theory to estimate the
isotope effect of the transport properties in materials [4]. Additionally, there still exist uncertainties on the
transport properties in the plasma-facing surface under the high flux and low energy DT particles exposure
expected in the vacuum vessel of the fusion reactor.

In such viewpoints, in order to analyze tritium permeation under the PFC conditions in the fusion
devices, authors have been accumulated the tritium/deuterium transport properties such as diffusion
coefficient, surface recombination coefficient, trapping factor and so on in the candidate materials of the
PFC such as tungsten [5-7], copper [8] etc. [9,10] on the basis of the results of the ion driven permeation
experiments using the experimental apparatus [11,12] which can produce low energy (< 1 keV) and high
flux pure tritium or deuterium ion beam (~1x10'® jons/m’). Additionally, the evaluation method of
tritium transport properties from the protium or deuterium data is also verified by comparing the transport
properties between pure tritium and deuterium [13,14].

Based on those transport properties of the candidate materials, tritium permeation through
divertor to the cooling system has been re-evaluated under the realistic operation scenario and divertor
structure geometry of current design.

This paper reports the result of tritium permeation analysis focused on the effect of transport
properties, and discusses the influence of the operation scenario on the permeation and main permeation

pass through the vertical target of the divertor.

2. Analytical Method of Tritium Permeation Evaluation

TMAP code [15], which is a standard tritium simulation code in ITER, is used for this permeation
analysis. In the analysis, tritium permeation behavior was simulated by solving the hydrogen isotopes

transport and thermal response in the PFC under the ITER simulated conditions.
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2.1. Tritium Transport in the Divertor Materials

Hydrogen isotopes transport in the materials / can be expressed by Eq. (1) and (2) using the mass

balance in the material.

9 +VJ! =5/ _oct
ot S

Here, C,~’, J,-’ and S,-I are concentration, diffusion flux, and source of hydrogen isotopes i in the material /,

(H

and C is concentration of trapped hydrogen isotopes i in the material /.

J! =—D.’(VC,’ +—Q£VTJ, )
' ' ' RT?
Here, D/ and Q,-" are diffusion coefficient and heat of transport of hydrogen isotopes i in the materials /, R
and T are gas constant and absolute temperature. VC and VT are concentration gradient and temperature
gradient, respectively.
As to the trapping effect shown in Eq. (1), the only one trap site in the material / was assumed in
this evaluation. Therefore, it is expressed in Eq. (3) and (4),
oc!  a,C
ot N

cy=c"-2c ©

H

C -a,C , A3)

here, C;" is concentration of trapped hydrogen isotope i in the material /. C,” and C/ are concentration of
the trap site and concentration of the vacancy trap site in the material . N is concentration of lattice atom,
a4 and 2 ,; are trapping probability and de-trapping probability of hydrogen isotope i in the material /,
respectively.

@y a,ican be expressed by Eq.(5) and (6), respectively.

D!
@ = )
a,=V, exp(_ %) > » 6)

Here, X', v, and E, are jumping distance (lattice constant), vibration frequency (~10") and trap energy of

hydrogen isotope i in the material /, respectively.
2.2. Tritium Transport through Materials

As to the transport through the materials, the concentration of hydrogen isotope in the materials A

and B can be expressed by Eq. (7) assuming the equilibrium between the materials A and B, since the
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chemical potential of the hydrogen isotope in metal can be defined by the solution constant by the Sievert’s

law.

c! CP

= , 7
KiK? (7

Here, K, means Sievert’s solution constant in the material /.
2.3. Tritium Transport across Surface of the Materials

Transport of hydrogen isotope across the material surface can be expressed by the following

equations,
k
Ji= (8)
m=1
J,=K,P, Zkr C,C, 9)

here, J; and J,, are the flux of hydrogen isotope i from material to the surface and the flux of hydrogen
isotopes molecule m from the materials to the surface. @i, Kgm» P, and krj: are numbers of the hydrogen
isotope atom i, dissociation factor of incident molecule from the gas phase to the material surface, partial
pressure of hydrogen isotope molecule m, and recombination coefficient of molecule m composed of atom j
and k.. C;and C; are the surface concentration of atom j and k.

At the equilibrium between hydrogen - metal system, the surface concentration of hydrogen

isotope on metal can be expressed by Sievert’s law.

C,=K,P* , (10)

2.4. Thermal Response of the Divertor Materials

The divertor surface will be exposed to the cyclic high heat load during the DT plasma operation.
Since the tritium transport in the materials is strongly dependent on the material temperature, the thermal
response of the divertor is evaluated using Eq. (11) for each divertor material.
oT

—a—_V(xVT)+S (11)

Here, p, C,, T, x and S, are material mass density, material specific heat, absolute temperature, thermal
conductivity, and local volumetric heating rate in the material /.
By solving Eq. (11) under given boundary condition (see 3.5), the thermal response can be

evaluated. For the composite material, the gap conductance was considered as follows.

q= hgup( TS!) ’ (12)
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Here, g, hggp, Ts: and Ty, are interface heat flux, gap thermal conductance, and surface temperature of §2

and S structure, respectively.

3. Analysis Model of Tritium Permeation through the Divertor

3.1. Structure of the Divertor

Outline of the ITER divertor is shown in Fig. 1 [16]. The surface of the vertical target of the
divertor is covered with the armor materials such as tungsten or carbon fiber composite (CFC), and inside
of the armor tiles consists of the heat sink of the copper alloy and the cooling tubes to transfer the heat to
the coolant. In the current design of the divertor, the armor material structure has many slits to relieve the
thermal expansion or heat deflection (Fig. 1 (b)). At the bottom of the slits, bare copper or brazing
material faces to DT plasma, and the barrier for tritium permeation to the coolant is much less than armor
area. Therefore, tritium permeation through the slit area due to the direct incidence of tritium into the
bottom of the slit should be estimated, even if the area of the slit region is small and the tritium incident

flux into the bottom will be quite smaller than the incident flux into the armor surface.
3.2. Classification of Tritium Permeation Analysis Region

Tritium permeation analysis was performed for three regions of the divertor of ITER; tungsten
armor region, CFC armor region and copper heat sink at the slit region of the armor tiles. Figure 2 shows
analytical geometry of three regions, (a) the tungsten armor region, (b) the CFC armor region and (c) heat
sink (copper) region at the bottom of the slits, respectively, and the surface area of each region is assumed
145 m%, 50 m® and 5 m’, respectively. Here, the surface area of the slit is assumed about 3% of the
tungsten armor area as a minimum estimation, since it depends on the detail design of the armor structure

under development.
3.2.1. Analytical Geometry of the Tungsten Armor Region

The permeation pass in the tungsten armor region is shown in Fig. 2 (a). This system consists of
the tungsten armor exposed to DT plasma and copper heat sink behind of the armor. In this analysis,
thickness of tungsten armor and copper heat sink were assumed to be 10 mm and 4 mm, respectively.

For the hydrogen isotope transport in tungsten, it is known that the powder metallurgy tungsten,
which is one of candidates of the ITER divertor armor, has strong trap effect and it decreases with the
annealing at high temperature above 1273 K [17].  Authors have also revealed this phenomenon with the
permeation experiment of tritium or deuterium implanted into several tungsten specimens. It is that
tritium/deuterium transport in annealed tungsten could be expressed with an effective diffusion coefficient,
which involves the weak trapping parameter, and that it could be expressed with the combination of the

effective diffusion coefficient and trap effect in the un-annealed tungsten [6]. Additionally, authors have
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revealed that the diffusion coefficient in the implantation region of the tungsten was larger than that in the
bulk tungsten by several times [13]. Since the surface temperature of the armor region is expected to be
higher than 1273 K by the heat load of the DT plasma, tungsten armor of 10 mm thick was classified into
" three regions that are implantation zone within 10 nm depth (W-A), annealed zone within 3 mm depth
(W-B) and un-annealed zone from 4 mm to 10 mm depth (W-C). Copper heat sink region was assumed to

be a single region of 4 mm thick (W-D) as shown in Fig. 2 (a).
3.2.2. Analytical Geometry of the CFC Armor Region

For the CFC armor region, cooling tubes are located inside of the CFC block of 30 mm thick as
shown in Fig. 2 (b). Main permeation pass in the CFC armor region can be the migration in near surface
region of the CFC block and the copper cooling tube after the implantation of low energy DT plasma into
the CFC armor.  In this analysis, it is assumed that the analytical geometry of the CFC consists of the
CFC armor of 10 mm thick and copper cooling tube of 4 mm thick to simulate the shortest tritium
permeation pass.

In this CFC armor region, the CFC layer is classified into 2 regions that are 10 nm implantation
zone (CFC-A) and 10 mm CFC block (CFC-B), and copper area is assumed to be a single region of 4mm
thick (CFC-C).

3.2.3. Analytical Geometry of the Heat Sink Region

For the analysis of copper heat sink at the bottom of the slit of armor tiles, permeation pass can
be the diffusion in copper heat sink exposed to the atomized DT flux at the bottom of the slits of the armor
tiles. The copper block is classified into 2 regions that are 10 nm implantation zone (Cu-A) and ~4 mm

copper block (Cu-B) as shown in Fig. 2 (c).
3.3. Tritium Transport Properties of Materials and Boundary Conditions for the Permeation Analysis

Table 1 summarizes the tritium transport properties and thermal properties of the tungsten, CFC
and copper used in this evaluation. Here, tritium permeation evaluation is carried out using the two
methods; one is the evaluation with the properties reported by the authors, which are obtained with the ion
driven permeation experiments of tritium and deuterium using low energy high flux ion beam (authors’
data) [6-8,18], and the other is evaluation with the properties used in previous evaluation (previous data) [2,
17,19-26] for comparison.

For the tritium transport properties of authors’ data of tungsten, diffusion coefficient in the
implantation region and the bulk, and trapping factor obtained with the permeation experiment with 1keV
tritium or deuterium ion implantation [7,8,13] were used. Here, the authors’ tritium diffusion coefficient

is only data obtained with tritium in tungsten. The trapping factor of tritium in tungsten is assumed to be
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same with deuterium.

For the tritium transport properties of authors’ data of copper, the surface recombination coefficient
of tritium on the copper surface was extrapolated by the deuterium data obtained by the permeation
experiment with 200 eV deuterium ion implantation in a following method. The surface recombination
coefficient can be expressed in Eq. (13) with the solubility (Ks, Ks=Kssexp(-Es/RT)) by the Pick model
[27],

A 2E. - 2F
kr = a¢,2 exp(_ s c )’ (13)
Ks, RT

here, oz implantation probability, ¢ implantation flux, Ec: surface potential barrier, R: gas constant, and T:
absolute temperature.

According to the isotope effect of solubility of hydrogen in fcc metal proposed by Ebisiuzaki [28], ratio of
the solubility between isotopes o and P can be expressed in Eq. (14),

LAGg —AGf]
Xp| ———— | (14)

here, m: mass number, AG: difference of the free energy of solution.

g(x) =(2/x)sinh(x/2), & characteristic vibration temperature, (& =hv/k), h: Planck constant, k:

Boltzmann constant, v: vibration frequency at ground state.

The ratio of the surface recombination coefficient between isotopes o and B can be expressed in Eq. (15)
with Eq. (13) and (14).

kr, z[mﬂJS(g(Bﬂ/\/—r;’l—;T) b o (_M}
kry g(H”/\/m_”T) P RT ,

Since the authors revealed that the surface recombination coefficient of deuterium on copper surface

(15)

md

exposed to deuterium ion implantation (<1 keV) could be expressed by the Pick model assuming Ec=0
(clean surface) [8] and that the isotope effect of the surface recombination coefficient between tritium and
deuterium can be expressed by the Ebisuzaki’s model (Eq. (15)) for fcc metal (for nickel) [14], the surface
recombination coefficient of tritium can be evaluated using Eq. (15).

On the other hand, diffusion coefficient in the implantation region under the deuterium ion
implantation (<1 keV) can be evaluated to be 10 times larger than that in the bulk of copper [8], which is
available by using Katz’s data [22].

For the properties of the CFC, there are still uncertainties on the tritium transport in CFC.
Therefore, two previous data sets are used for the analysis; one is the corﬁbination of large diffusion
coefficient and strong trap effect (casel) [20], and the other is small diffusion coefficient and weak trap
effect [21]. Finally, the heat of transport (Q" in Eq. (2)) is assumed to be zero for all materials in this
analysis, because the effect of thermal diffusion (tritium diffusion induced by the thermal gradient) could
be negligible. Figure 3 shows the transport properties such as (a) diffusion coefficient, (b) trapping factor
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(trap site density and trap energy) and (c) recombination coefficient for tungsten, CFC and copper of
authors’ data and previous data. Here, the “common” in Fig. 3 (c) means common data between authors’
data and previous data.

The boundary conditions for the tungsten armor surface faced DT plasma is assumed to be
expressed in Eq. (8) and (9) except for the case with the authors’ data (surface concentration is assumed to
be zero), because experimental result by the authors’ indicated that the tritium transport in the implantation
region of tungsten is controlled by the diffusion process [6-8), and this assumption is also supported by the
steady state hydrogen transport model proposed by Doyle and Brice [24]. Saturation model at the
implantation region during the high flux DT plasma exposure proposed by Longhurst et al. [29] is not
assumed in this analysis in order to verify the influence of the transport properties accurately. On the
other hand, equilibrium of hydrogen isotope migration at the interface between the cooling tube and
cooling water is assumed as expressed in Eq. (10). Here, the partial pressure of hydrogen isotope (D and

T) in the cooling water is assumed to be zero.
3.4. Operational Scenario

In this analysis, two operation scenarios: a scenario of the short DT discharge period (scenario A)
and a scenario of the long DT discharge period (scenario B), are assumed. In the scenario A, which is
expected in the early phase of ITER operation, it is assumed the 16 discharges of 400 s of DT plasma (1400
s duration period) for a day (8 hrs operation/day). On the other hand, in the scenario B, which is expected
in the engineering phase of ITER operation, it is assumed 44 discharges of 3000 s of DT plasma (9000 s
duration period) for a week (24 hrs operation/day). Baking of the vacuum vessel (513 K for 6 hrs) is also
assumed daily for the scenario A and weekly for the scenario B.  The operation is assumed the 9 cycles
per year, and 1 cycle is assumed the 2 weeks operation per 3 weeks. Tritium permeation evaluation was
carried out for the scenario A and B for both without baking (Aland B1) and with baking (A2 and B2).

Table 2 summarizes the operation conditions of assumed scenarios.
3.5. Heat Load and Particle Load of the Divertor

Surface temperature of the armor of the divertor will increase above 1273 K when it is exposed to
the DT plasma, since the heat load of divertor surface is estimated to be 0.25~5 MW/m’ during the DT
discharge [2]. In this analysis, thermal response of the armor surface is evaluated under the conditions of
the armor surface temperature of 1273 K during the discharge period and 423 K at duration period, and the
cooling water temperature of 423 K. On the other hand, the thermal response of the copper heat sink is
evaluated under the conditions of the surface temperature of the heat sink of 513 K during the discharge
and 423 K at duration period, and the cooling water temperature of 423 K. Temperature distribution in the
divertor materials is evaluated using Eq. (11) and (12) under the above surface temperature conditions.

For the particle load of the divertor, 3x10* D, T/m’s (D/T=1) of the incident flux is assumed for
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the armor region (tungsten and CFC) as a most serious particle load of the divertor. On the other hand, the
particle load of the bottom of the slits region is estimated to be attributed to the charge exchange particle
from the DT plasma. Though it is difficult to evaluate accurately to estimate the particle load of the
charge exchange particle to the bottom of the slits, 3x10"7 ~3x10*' D, T/m’s (D/T=1) of the particle loads
[30] are assumed, which corresponds to 10% ~ 0.01 of the armor region. The implantation depth of the DT
particle into the divertor is assumed to be 2.5 nm for tungsten armor and for copper heat sink region and 5
nm for the CFC region on basis of the TRIM calculation [31] of the range of hundreds eV of D and T.
Figure 4 shows the boundary conditions of the surface temperature of the divertor and particle load of the
surface for the scenario A and B, and Table 3 summarizes the set value of the surface temperature, the

incident flux into the surface, the implantation range and effective area of each analytical region.

4. Results and Discussions

4.1. Tritium Permeation through Individual Analytical Region

Figure 5 (a) and (b) show the results of tritium permeation analysis through the tungsten armor
region (scenario B2) and the copper heat sink region (scenario B2, 0.1% of the incident flux into the armor
surface), respectively. For the CFC armor region, significant tritium permeation for both case 1 and 2 was
not evaluated during the expected minimum lifetime of the divertor (27 cycles) under the operation
scenario summarized in Fig.4 and Table 2 and 3. Here, Fig. 5 shows the comparison of time evolution of
tritium permeation rate and permeation amount per unit area between authors’ data and previous data.
Figure 6 shows the total tritium permeation amount and permeation amount through each region after 27
cycles (~3years) operations under the various operation scenarios using the authors’ data and those using
previous data under the scenario B2 for comparison. Here, permeation amount through the copper heat
sink is evaluated under the incident flux of 3x10”° D, T/m’s (0.1% of flux into the armor surface).
Significant tritium permeation through the tungsten armor and the copper region and negligible tritium
permeation through the CFC armor region are expected as shown in Fig. 6. It can be also seen in Fig. 6
that the significant dependence of tritium permeation amount on the operation scenario or transport
properties. As to the operation scenario dependency, the results indicate the scenario B, which means
longer particle load and longer high temperature of the surface, enhances tritium permeation by several
times at the copper region and several orders at the tungsten region, respectively. On the other hand,

tritium permeation amount will increase by about several tens % by the baking at 513 K for 6 hrs.
4.2. Effect of Transport Properties on Tritium Permeation

As shown in Fig. 6, total tritium permeation amount evaluated by previous data is greater than
that by the authors’ data by several times. The main permeation pass for the previous data case is the
armor region as seen in Fig. 6, it is mainly attributed to the break through of tritium permeation after 20

cycles just before the lifetime of the divertor (27 cycle) as shown in Fig. 5 (a). Since diffusion coefficient
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of literature’s data is quite larger than that of authors’ data as shown in Fig. 3 (a), the permeation rate
increases drastically once the trap sites has occupied in the tungsten region, although strong trap effect is
assumed in tungsten region for the previous data case (Fig. 3 (b)). On the other hand, the main
permeation pass for the authors’ data is the copper heat sink region due to the quite small tritium
permeation amount through tungsten armor region as shown in Fig. 6.

Assuming that total water hold up of the primary cooling water of divertor region is 145 m® [32),
the tritium concentration in the primary water after the 3 years operation under the scenario B2 is expected
to increase 26 GBg/m’ by previous data and 1 GBgq/m® by the authors’ data, respectively. The results
indicate that evaluation values with both authors’ data and previous data can satisfy the concentration
criteria of operation of the water detritiation system (37 GBq/m’) [33]. If permeation through the copper
region can be protected, tritium concentration in the cooling water can be reduced to about 10 MBg/m’
which is near to the criteria of the environmental release concentration of tritiated water (6 MBg/m’) for the
scenario B2, since the tritium permeation amount evaluated with authors’ data is dominated by the

permeation through copper region under the incident flux of 0.1% of the incident flux of armor region.
4.3. Tritium Permeation Pass through the Vertical Target of the Divertor

For the evaluation with authors’ data, it is indicated that the copper heat sink 'is a main
permeation pass in the divertor for 0.1% of the incident flux of the armor surface (3x10%° D, T/m’).
Since the incident flux into the bottom of the slits is difficult to evaluate as mentioned previously,
evaluation of tritium permeation under the various incident flux into the copper heat sink has been carried
out. Figure 7 shows results of permeation amount through the copper region when the incident flux into
the copper is varied from 3x10'7 to 3x10?! D, T/m’s (D/T=1) (It is corresponds to 10 to 0.01 of incident
flux of the armor surface). Although the permeation amount through the copper region decreases with the
incident flux decrease, the copper heat sink is still major permeation pass even at the 10™ of the incident
flux into the armor surface as shown in Fig. 7. Since the permeation evaluation with the literature’s data
derives the larger tritium permeation amount through the tungsten armor region, the permeation through the
copper area can be neglected. However, results of present evaluation with new transport properties by the
authors, which derives quite a little permeation through the tungsten region, indicates possibility of
significant tritium permeation through the copper region at slits of the armor tiles by bypassing the armor
layer. Certainly, it depends on the incident flux into the bottom of the slit. It cannot be excluded without
consideration on it, because there exists the possibility of the reflection of atomic hydrogen isotopes on the
metal surface [34]. Therefore, the further knowledge on the incidence of the atomized or ionized tritium
into the bottom of slits or the consideration of the permeation protection method is required in order to

evaluate the accurate tritium permeation amount through the PFC.
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5. Summary

Tritium permeation evaluation through the vertical target of the divertor was carried out with the
tritium transport properties such as diffusion coefficient, and the trapping factors in tungsten for the armor,
and the surface recombination coefficient on copper for the heat sink based on the ion driven permeation
experiment using low energy and high flux pure tritium and deuterium ion beam performed by authors.
Evaluation with the data set of previous evaluation performed in the activity of ITER EDA was also carried
out for comparison.

The analysis was carried out individually by classifying into the armor region and the slit region
without armor (3% of armor surface area) assuming the incident flux and temperature for each region.

As the results, it was found that total tritium permeation amount through the divertor with
authors’ data was about one order less than that with previous data at the end of lifetime of the divertor due
to our small diffusion coefficient of tritium in tungsten. For the permeation through individual region, it
was found that tritium permeation through CFC armor region could be negligible, and tritium permeation
through the tungsten armor and the slits region could be estimated significant for both cases. The
results also indicated possibility that permeation through the slit region of the divertor tiles could dominate
the total permeation through the vertical target of the divertor for the authors’ case, since the evaluation
result of tritium permeation amount through tungsten armor with authors’ data reduced drastically than that
with the previous evaluation data.

The result of only a little tritium permeation amount through the divertor with authors’ data
ensured the conservatism of the current evaluation of tritium concentration in the primary cooling water in

ITER divertor, as it indicated the possibility of direct drainage of the divertor primary cooling water.
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Fig. 1 Divertor structure

(2) Outline of the divertor cassette,
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(b) Cross sectional view of tungsten armor of the divertor
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Fig. 2 Analytical geometry for the TMAP calculation of tritium permeation analysis.

(a) Tungsten armor region,
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Fig. 2 Analytical geometry for the TMAP calculation of tritium permeation analysis.
(b) CFC armor region
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Fig. 2 Analytical geometry for the TMAP calculation of tritium permeation analysis.
(c) Copper heat sink region
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Fig. 4 Scenario of the heat load (temperature set value) and particle load into the divertor surface.

Here A and B mean scenario A and B, respectively
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Fig. 6 Tritium permeation amount through the divertor under the various operation scenarios with
the authors’ data assuming incident flux to the copper region is 0.1% of the armor region.

Here, Prev. (B2) is the evaluation result with the previous data under the scenario B2.
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Fig. 7 Dependence of tritium permeation amount on the incident flux into the bottom of the slits
(copper region) ranging from 107 to 0.01 of the incident flux into the armor region ().

Here, Prev. (B2) is the evaluation result with the previous data under the scenario B2.
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