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Abstract 

In the Large Helical Device (LHD), deuterium plasma experiment has been conducted since 2017. This is the first 

opportunity in stellarator / heliotron devices to reveal the transport of tritium generated by deuterium-deuterium fusion 

reactions not only in core plasma but also outside plasma. Dedicated analyses of the remaining tritium in the LHD vacuum 

vessel have been conducted, and results of the analyses suggest that tritium remains densely in divertor tiles and sparsely in 

the first wall. Furthermore, an asymmetry was observed in remaining amounts of tritium in divertor tiles located at symmetric 

positions. This asymmetric distribution is consistent with the distribution of lost points of energetic triton on plasma facing 

surfaces calculated by a Lorentz orbit following code, LORBIT. A depth profile of remaining tritium in a baffle part of an 

inner divertor tile, on which no divertor plasma irradiation, shows weakly peaked profile in which the peak locates 

approximately 4 - 6 m from the surface, which is much deeper than the penetration length of thermalized tritium. These 

results suggest the origin of the remaining tritium in divertor tiles is mainly energetic triton. 

1. INTRODUCTION 

Deuterium plasma experiment has been started in LHD since 2017 [1]. This is the first opportunity of triton/tritium 

related studies in stellarator/heliotron devices which have three-dimensional magnetic configurations and vacuum 

vessel structures. Analyses of remaining tritium in plasma facing components are important from viewpoints of 

the studies of triton transport from generation to loss on plasma facing surfaces, tritium migration, and safety of 

in-vessel works. In tokamaks, such analyses have been conducted [2-7]. It was revealed that the distribution of 

lost points of energetic triton on plasma facing components affects the distribution of remaining tritium in the case 

of deuterium plasma experiment. 

During the first deuterium plasma experiment in LHD, the amount of generated tritium was estimated from the 

data of neutron monitors [8], and that was approximately 6.4 GBq (~3.6×1018 T) [9]. A part of generated tritium 

was removed from the vacuum vessel by pumping systems. The exhaust gas lines from all vacuum pumping 

systems are integrated and connected to the exhaust detritiation system for tritium removal, and the tritium 

monitoring system is installed at the inlet of the exhaust detritiation system [9]. The tritium monitoring system 

consists of the water bubbler system for the measurement of total tritium amount using the liquid scintillation 

counter. The total amount of exhausted tritium was 32.8% of generated tritium at the end of the hydrogen plasma 

experimental campaign following the first deuterium plasma experimental campaign. The exhausted rate of tritium 

is little bit larger than that in JT-60 and JET [9]. This result means that more than 60 % of generated tritium in the 

first deuterium plasma experiment remained in the vacuum vessel before the second deuterium plasma experiment.  

Analyses of remaining tritium in plasma facing components after the first deuterium plasma experiment have been 

conducted in LHD. The analysis using the tritium imaging plate technique [6] has been revealed the two-

dimensional profiles of remaining tritium on surfaces of divertor tiles and first wall panels [10], the thermal 

desroption method [11], hydrothermal treatment [12-14], and the full combustion method [15] have been utilized 
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for the analysis of remaining tritium amount in material probes made of stainless-steel and divertor tiles made of 

graphite. 

In this presentation, the obtained data in previous analyses are summarized, and some new data are added to reveal 

the distribution of remaining tritium in the LHD vacuum vessel after the first deuterium plasma experiment. The 

result of tracing of energetic triton generated in core plasma also shown to compare the distribution of lost points 

of energetic triton on plasma facing surfaces to the distribution of remaining tritium. In the next section, plasma 

facing components in the LHD vacuum vessel are mentioned, and the tracing of energetic triton and the result of 

the tracing is mentioned in the third section. In the fourth section, experimental setup such as positions of material 

probes and analyzed divertor tiles, methods for the analysis of remaining tritium in materials are mentioned. 

Results of analyses are shown and discussed in the fifth section, and this study summarized in the last section. 

2. PLASMA FACING COMPONENTS IN LHD 

In LHD, for the three-dimensionality of the magnetic configuration produced by a pair of helical coils as shown 

in Fig. 1(a), the structure of the vacuum vessel is also three-dimensional. Figure 1(b) shows a photo of inside of 

the vacuum vessel. The vacuum vessel wall including helical coil cans is covered by first wall panels made of the 

stainless-steel type 316L (hereafter SUS316L) which is cooled by water. The heliotron-type magnetic 

configuration is equipped with an intrinsic divertor magnetic structure so called helical divertor between helical 

coil cans, and divertor components such as divertor tiles and dome are there as shown in Fig. 1(b) and (c). Divertor 

tiles and dome are made of isotropic graphite, and they are cooled by water [15]. The plasma facing surface area 

of the first wall and divertor tiles are approximately 400 m2 without including the surface in ports and 

approximately 46 m2, respectively.  

3. DISTRIBUTION OF ENERGETIC TRITON ON THE PLASMA FACING COMPONENTS 

3.1. Tracing of energetic triton 

Tracing of energetic triton generated by deuterium-deuterium fusion reactions has been carried out by using a 

Lorentzs orbit following code, LORBIT [16] with taking into account plasma facing components such as divertor 

tiles and dome. In this study, a typical experimental condition in which plasma is heated by neutral beams in the 

standard magnetic configuration (major radius of the magnetic axis, Rax = 3.6 m, toroidal field strength, Bt = 2.75 

T, direction of Bt is counter-clockwise (CCW)) , and line-averaged electron density, electron and ion temperature 

were 2 × 1019 /m3, and 3 keV, respectively, was considered. The distribution of points of triton generation was 

calculated by using FIT3D-DD code [17]. Promptly lost triton without collision with background plasma particle 

were considered in this study. The result of the tracing shows that approximately 40 % of generated triton are 

promptly lost on plasma facing surfaces [16]. 

3.2. Distribution of lost points of energetic triton 

Figure 2(a) shows the top view of four divertor tile arrays in the helical divertor in a half part of LHD. Green dots 

in the figure are lost positions of high energy triton calculated by using LORBIT code for the standard operational 

magnetic configuration with the CCW Bt. It is clearly shown in Fig. 2(a) that high energy tritons are lost to divertor 

region asymmetrically. In this case, the lost positions are only at red colored tile arrays. B × grad B drift dominates 

the orbit loss of energetic triton, and thus the asymmetry depends on the Bt direction. In Fig. 2(b), red dots show 

lost points of energetic triton in a top part of an inner divertor. Lost points are mainly on divertor tiles but also on 

 
Fig. 1 (a) Helical coils and confined plasma, (b) and (c) are a photo of inside the vacuum vessel and an inner divertor 

region from the eye shown in (a), respectively. Red squares in (c) show positions of material probes mentioned in the 

section 4.2. 
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dome and the first wall beside divertor tiles. Approximately 72 % of lost points are on divertor tiles, 7 % is on 

dome tiles, and 21 % is on the first wall. 

4. EXPERIMENTAL SETUP 

4.1. Analyzed divertor tiles 

After the first deuterium plasma experiment, 20 divertor tiles shown in Fig. 3(a) were retrieved from the vacuum 

vessel for tritium analyses. In the figure, “I-“ and “O-“ mean “inner” and “outer”, and “L” and “R” mean “left” 

and “right”. Divertor tiles with same number such as “I-1L” and “I-1R” were located at the symmetric positions. 

Figures 3(b) and (c) show an inner and an outer divertor tile, respectively. An inner divertor tile consists of two 

graphite parts, ‘baffle part’ and “divertor trace part”, which are cooled by a water-cooling pipe placed between 

the two parts. Typical sizes of an inner and an outer divertor tiles are 0.1 m × 0.3 m (0.15 m + 0.15 m) × 0.06 m 

and 0.09 m × 0.2 m × 0.015 m, respectively. In the case of an inner divertor tile, the strike-point is on the “divertor 

trace part”, and the “baffle part” is not irradiated plasma. As the result, as shown in the photo in Fig. 3(b), trace 

of the strike-point is only on the divertor trace part, and erosion and deposition are significant on the divertor trace 

part.  

The result of the orbit tracing of energetic triton shows that number of lost triton on inner divertor tiles are 

approximately five times larger than that on outer divertor tiles. Five inner divertor tiles, I-1R, I-3R, I-6R, O-3L 

and O-6L were cut into small pieces for a quantitative analysis of amount of remaining tritium using the full 

combustion method, and depth profile analysis of remaining tritium using the combination method of sputtering 

treatment and the imaging plate technique. The analyses methods and results are mentioned in the next section. 

4.2. Material probes 

For the three-dimensionalities of the magnetic configuration, particle and heat loads on divertor tiles, and the 

vacuum vessel structure, mechanisms of formation of deposition-dominant and erosion-dominant areas are more 

complicated than that in axisymmetric devices such as tokamaks. Material migration in the vacuum vessel has 

been investigated by using material probes in LHD since the first experimental campaign [18]. Results of previous 

 
Fig. 2. (a) Top view of the four divertor tile arrays in LHD, which are shown by blue and red lines. The hatched parts of 

two arrays are corresponding to L and R arrays in Fig. 3(a). Yellow dots are lost points of energetic triton on plasma 

facing components such as divertor tiles, dome and the first wall calculated by using the LORBIT code in the standard 

magnetic configuration with the CCW Bt. All lost positions of triton are on the red tiles array side in this condition. (b) 

Lost points on a top part of an inner divertor which is a magnified figure of Fig. 1(c). Red dots are lost points. 

 
Fig. 3. (a) Two divertor tiles arrays which are hatched by blue and red in Fig. 3 (a). Positions of analyzed divertor tiles 

are shown. “I-“ and “O-“ mean inner and outer, respectively, and “L” and “R” mean left and right, respectively. 

Analyzed inner and outer divertor tiles were retrieved from toroidal section #9 and #7, respectively [10]. (b) A side 

view and a photo of an inner divertor tile. An inner divertor tile consists of two graphite parts, ‘baffle part’ and 

“divertor trace part”, which are cooled by a water-cooling pipe placed between the two parts. (c) A side view and a 

photo of an outer divertor tile. An outer divertor tile consists of a graphite tile and a water-cooled copper heat sink. 
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material probes analyses and the colorimetric analysis of the surface of the first wall [19], positions of material 

probes for the first deuterium plasma experiment were decided. Stainless-steel plates (type-316L) were used as 

material probes. A typical size of the probe was 8 mm × 10 mm with thickness of 0.2 mm. They were installed on 

the first wall panels as shown in Fig. 1(c) and Fig. 4. Fig. 4(a) shows positions of material probes in a cross-

sectional view at the equator of a half part of the vacuum vessel. There were three groups of material probes as 

below: (1) below each outer horizontal port (O-port) shown by blue squares, (2) on helical coil can at each toroidal 

section shown by green squares, and (3) other positions in the toroidal section #9 shown by red squares. Positions 

of material probes of (1) and (2) in a poloidal cross-section are shown in Fig. 4(b). Probes in the toroidal section 

#9, positions of C19-1 and 5 were on the helical coil can near the equator at the inboard-side as shown in Fig. 1(c), 

and C19-6 was installed on the bottom private region as shown in Fig. 4(a). Probes C19-2 to 4 were installed on 

the helical coil can near the equator at the outboard side as shown in Fig. 3(a). Probes C19-3 and 4 are in the 

deposition-dominant area, and the other probes positions are in the erosion-dominant area. 

5. METHODS OF ANALYSES AND RESULTS 

5.1. Tritium imaging plate technique (TIPT) [10] 

The tritium imaging plate (IP) technique has been used in tokamaks to investigate distributions of remaining 

tritium on plasma facing components [2, 5, 6]. The tritium distribution near surface is shown as the distribution 

of photo-stimulated luminescence (PSL) intensity, which can be considered proportional to tritium amount within 

the escape depth of β-rays from tritium decay. The imaging plate used in this study was BAS IP TR2040 (GE 

Healthcare Japan) which has high sensitivity for low energy -rays from tritium decay (up to 18.6 keV). The 

surface of the IP was in contact with the surfaces of analysed divertor tiles and material probes in a dark room. 

Typical times for the IP exposure were 24 hours for divertor tiles and 72 hours or more for material probes. In the 

measurement, between objects measured and the IP, a polyphenylene sulphide (PPS) film with1.2 m of thickness 

through which -rays can reach the IP was inserted to avoid contamination of the IP with tritium. In the case of 

material probes, the effects of radiation sources other than tritium such as 58Co generated in a neutron irradiated 

stainless-steel and -rays induced X-rays must be considered. Therefore, the measurement with 12 m thick PPS 

film which prevents -rays from tritium decay to reach the IP was also conducted for material probes. After each 

exposure, the IP was processed by using an imaging plate reader (BAS2500, FUJIFILM) to obtain a digitized 

image with a spatial resolution of 50 m. For the low energy of -rays from tritium decay, the tritium detection 

by TIPT is limited by the escape depth of -rays which depends on densities of materials in which the tritium 

remained. In the case of carbon and iron, the depth is approximately 1 m and a few hundred nm, respectively. -

rays from remaining tritium deeper than the escape depths cannot be detected by TIPT. 

Figure 5(a) shows examples of images of tritium distributions on divertor tiles, I-3L and I-3R, which located at 

symmetric positions near the equatorial plane as shown in Fig. 4(a). Remaining tritium in baffle parts is larger 

than that in divertor trace parts of both tiles. Asymmetry of remaining tritium in baffle parts is observed. On 

divertor trace parts, less remaining tritium is observed at divertor trace area than other area. Fig. 5(b) – (d) show 

surface area and exposure time averaged PSL intensities on divertor tiles are shown. In each figure, upper and 

lower panels show cases of blue and red colored divertor tiles arrays in Fig. 4(a). The asymmetry of remaining 

tritium is clearly observed on baffle part tiles. For divertor trace part tiles and outer divertor tiles, the asymmetry 

is also observed although the degrees of the asymmetry of these tiles are less than those of baffle part tiles.  

 
Fig. 4. (a) Cut view of the vacuum vessel at the equator. Positions of material probes in a half part of the vacuum vessel 

are shown. Blue and green squares are positions of material probes installed below O-ports (C19- (toroidal section 

number) O) and on coil cans (C19- (toroidal section number) C), respectively. Red squares are positions of material 

probes located various positions in the toroidal section of #9 (C19- number). In the names of material probes, “C19” 

means the LHD 19th experimental campaign. (b) Schematic view of positions of material probes on helical coil can 

(green) and below O-port (blue) in a horizontally elongated cross-section. 
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Figure 6 shows results of the IP measurement for material probes located on the first wall. The averaged PSL 

intensities of material probes are much less than those of divertor tiles except C19-3 and 4 which were located at 

deposition-dominant area. For some probes, amounts of remaining tritium were below the detection limit under 

the measurement condition in this study. Deposition layers on C19-3 and 4 were observed by a transmission 

electron microscope (TEM) and an energy dispersive X-ray analysis (EDX), and their thickness were several 

hundred nm and approximately 2 m, respectively, and their dominant element was carbon [11]. The PSL 

intensities of C19-5 and C19-9O are relatively large. On C19-9O, relatively thick deposition layer in which boron 

was the dominant element was observed by TEM and EDX. On the other hand, C19-5 was located at erosion-

dominant area, and deposition layer was not observed by TEM. 

5.2. Measurements of remaining tritium content in divertor tiles and material probes 

To measure remaining tritium contents in divertor tiles and material probes, a thermal desorption with a moist air 

was conducted [11, 15]. In the case of divertor tile samples, this method is so called full combustion method. Fig. 

7 shows the scheme of this method. A quartz tube with inner diameter of 16 mm, and 300 mm long surrounded 

by an electric heater was utilized as a reactor. A thermocouple touched the outside of the tube to monitor the 

temperature of a sample in the tube. From the upstream of the reactor, moist air flew into the reactor with the flow 

rate of 300 SCCM, and then, air including tritium flew into an oxidation reactor with two palladium catalysts as 

shown in Fig. 7. The catalyst is supported on a metal honeycomb [20], and was heated by a heater to 668 K to 

oxidize tritium in chemical forms of tritiated hydrogen gas and tritiated hydrocarbons into tritiated water vapor. 

The tritiated water was collected by water bubblers, in which 15 ml of pure water was contained. At each bubbler, 

the tritiated water was collected with the collection rate of more than 99%. A sample placed on an alumina boat 

was inserted into the tube, and was heated up to 1183 K with taking approximately 30 min. The temperature was 

 
Fig. 5. (a) Images of tritium distributions on divertor tiles, I-3L and I-3R, obtained by the TIPT. Upper and lower parts 

are the baffle part and the divertor trace part. There were labels at rectangular areas on all tiles (see Fig. 4(b)), and 

that is why PSL intensities there is low. Averaged IP intensity (PSL intensity) on surfaces of (b) inner divertor tiles 

(baffle part), (c) inner divertor tiles (divertor trace part), and (d) outer divertor tiles. The data shown in this figure are 

the same data as presented in [10] 

 
Fig. 6. Averaged PSL intensities on material probes located (a) at various positions, (b) below O-ports, and (c) on 

helical coil cans from the left. In the various positions case, the intensities of C19-2, 5 and 6 are multiplied by 10. 

 
Fig. 7. A scheme of the thermal desorption (combustion) method 
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kept for 10 min. to 30 min. to maintain combustion of a sample, and then, the heater was turned off. From each 

bubbler, 10 ml of water was sampled, and was mixed with 10 ml of liquid scintillator in a polyethylene vial, and 

the tritium activity was determined by a liquid scintillation counter. 

Remaining tritium in the five divertor tiles, I-3L, 6L, 1R, 3R, 6R, were analyzed by using the combustion method. 

They must be cut into small pieces for the size limit of the quartz tube. In the case of I-3L and 3R, they were cut 

along the red dashed lines in Fig. 5(a), and other tiles were also cut in the same manner. Typical size of a small 

piece was 15 – 25 mm × 5 mm with thickness of 1 mm. Results of the analysis with the full combustion method 

are shown in Fig. 8(a). As observed by the analysis using TIPT, a large asymmetry of remaining tritium between 

the “L” and “R” tiles. Figure 8(b) shows number of lost points of energetic triton on the three divertor tiles, I-1R, 

3R, and 6R. Figure 8(a) and (b) shows qualitative agreement between the ratio of measured amounts of remaining 

tritium in the three tiles and the ratio of calculated numbers of lost points of energetic triton on them. 

Figure 9 shows the results of the measurement of remaining tritium in material probes by using the thermal 

desorption method. In the case of various positions probes, Fig.9(a) and Fig. 6(a) show the same result, that is, 

relatively large amounts of tritium remained in C19-3 and 4. The amounts of remaining tritium in C19-5 and C19-

9O are relatively large as the same as the result of TIPT. 

The hydrothermal treatment using an autoclave vessel (SAN-AI Science Co. Ltd.) [12] was applied to measure 

remaining content of tritium in material probes on helical coil cans, C19-1C to 10C [13]. The results show that 

amounts remaining tritium in these probes are similar to those in the probes below O-port shown in Fig. 9(b). 

5.3. Measurement of a depth profile of remaining tritium in a divertor tile 

Depth profile of remaining tritium is an important data to reveal the origin of the remaining tritium. For the 

graphite case, if the origin is thermalized triton, the penetration depth of triton is much shallower than 1 m. 

However, if the origin is energetic triton with kinetic energy of 1 MeV, its penetration depth is approximately 8 

m for the case of normal incidence. To investigate the depth profile of remaining tritium in the baffle part of the 

I-3R divertor tile, a combination analysis using the IP technique and a sputtering treatment was conducted [15]. 

For the sputtering treatment, a glow discharge optical emission spectroscopy [21] device (GDA750, Rigaku) was 

utilized. In the device, a surface of a sample works as a cathode of a RF-glow discharge. The diameter of the 

plasma column in the glow discharge was 4 mm in this study. A sample surface was sputtered by argon ion 

bombardments. Five samples cut from the tile were treated with different discharge times from 100 s to 1000 s. 

After the treatment, a crater was formed by erosion with sputtering. Depths of craters were measured by using a 

profilometer with a stylus. Then the IP technique was applied to the five treated samples. Figure 10(a) shows the 

result of the combination analysis. The vertical axis shows PSL intensities in craters normalized by PSL intensities 

on original surface. It is clearly shown that the peak position of the depth profile is around 4 - 6 m from the 

surface. The profile weakly decreases toward the surface, and steeply decreases to deeper region. 

 
Fig. 8. (a) Evaluated total remaining amount of tritium in five inner divertor tiles. (b) Number of lost points of energetic 

triton on three inner divertor tiles calculated by using the LORBIT code. 

 
Fig. 9. Area density of remaining tritium on material probes located at (a) various positions and (b) below O-ports. The 

data shown in (a) is the same as in [11] 
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To obtain information of remaining tritium in deeper region in divertor tiles than the escape depth of -rays from 

tritium decay, measurement of bremsstrahlung and characteristic X-rays induced by -rays from tritium decay 

(-ray induced X-ray spectrometry, BIXS) was also conducted for the same tile as the combination analysis 

mentioned above [22]. Obtained X-rays spectrum was compared with the simulation using Geant4 code [23] with 

assuming the penetration depth of tritium is 1, 4, 6, and 8 m, and tritium density is assumed to be same up to the 

penetration depth, and zero in deeper region. Figure 10(b) shows the result of the simulation for the case of the 

penetration length of 6 m. Among these assumed penetration depths, the 6 m case is the best.  

From these results of the combination analysis and BIXS, it can be concluded that the origin of remaining tritium 

in the baffle part is energetic triton. 

6. DISCUSSION 

In this section, causes of the asymmetry in the remaining tritium distribution, and the mechanism of tritium 

retention in the first wall are discussed from the data shown in above sections. 

Results of TIPT and the thermal desorption/full combustion method clearly show that tritium remaining in divertor 

tiles densely and sparsely in the first wall. For divertor tiles, the observed asymmetric distribution of remaining 

tritium is mainly caused by the asymmetric loss of energetic triton. As shown in Fig. 2, lost points of energetic 

triton are only on the red colored divertor side in Fig. 2 and Fig. 3 in the case of CCW Bt direction which is the 

standard direction in LHD experiment. In the case of the first deuterium plasma experiment, approximately 91 % 

of triton were generated by deuterium – deuterium fusion reactions under the condition of the CCW Bt, and thus 

the clear asymmetry appears. Up to here, the case of promptly lost energetic triton has been discussed. The amount 

of promptly lost triton was investigated by using the LORBIT code, and it was revealed that approximately 40 % 

of generated triton is lost promptly [16]. Other generated triton collide with neutral beam and/or background 

plasma particles, and they lose their kinetic energy. So far, results of a calculation of lost points on plasma facing 

surfaces for triton after collisions has not been conducted but the calculation for proton with kinetic energy of 180 

keV which is the acceleration energy of neutral beam injectors was conducted [24]. In that case, the lost points 

distribution depends on the direction of Bt as the same as the case of energetic triton in relatively low  plasma 

case. 

In the case of divertor trace part tiles and outer divertor tiles, the amounts of remaining tritium are smaller than 

those in baffle tiles, and the asymmetry is weaker than that in the baffle tiles case. The calculation using the 

LORBIT shows that the number of lost points on divertor trace part tiles and outer divertor are generally smaller 

than that on baffle tiles [15]. Furthermore, strike points of divertor plasma are on divertor trace part and outer 

divertor tiles as shown photos in Fig. 3, and remained tritium in the tiles can be released with divertor plasma 

irradiation especially during the hydrogen plasma experiment after the deuterium plasma experiment. In the 

hydrogen plasma experiment, approximately 64 % of experiments were conducted in the CCW Bt condition. It 

was revealed that the asymmetry appears not only for high energy particle but also thermalized ions [25]. As the 

result, the asymmetry in the remaining tritium can be weaker. 

For the case of the first wall, only 21 % of lost points of energetic triton is observed near divertor tiles as mentioned 

in the section 3.2. As the result, areas remote from divertor tiles, there is no direct loss of energetic triton, and 

charge exchanged tritium or thermalized tritium can be origins of remaining tritium in such area. On the other 

hand, tritium can migrate with carbon as tritiated hydrocarbon generated by chemical sputtering from divertor 

 
Fig. 10. (a) Depth profile of remaining tritium shown by the normalized PSL intensity in the baffle part of the I-3R tile. 

The definition of the normalized by the PSL intensity is explained in the text. (b) X-ray spectra from the baffle part of the 

I-3R tile. Black and red curves show the measured spectrum by BIXS and simulated using Geant4 by assuming 

penetration depth of tritium is 6 m [22]. The data in (a) is the same data shown in [15]. 



AUTHOR and OTHER-AUTHOR 

[Left hand page running head is author’s name in Times New Roman 8 point bold capitals, centred. For more than two authors, write 

AUTHOR et al.] 

8 

 

tiles. That can be why amounts of remaining tritium are relatively large on material probes with carbon dominant 

deposition layer. In the case of C19-5 on which almost no deposition layer was formed, relatively large amount 

of remaining tritium was observed because the probe was located at the position where some of energetic triton 

lost [11]. In the case of C19-9O on which boron dominant deposition layer was formed, relatively large amount 

of tritium was also observed. It is speculated that absorption of tritium by boron layer caused the relatively large 

tritium retention. 

7. CONCLUSION 

As results various analyses of remaining tritium in divertor tiles and material probes located on the first wall, it 

was revealed that generated tritium during the first deuterium plasma experiment in LHD remained densely in 

divertor tiles and sparsely in the first wall. The largest amounts of remaining tritium among inner divertor tiles 

and material probes are approximately 0.3 GBq/m2 and 0.6 MBq/m2, respectively. This distribution is strongly 

related to the distribution of lost points of energetic triton. The hydrogen plasma experiment conducted after the 

deuterium plasma experiment also affect the distribution of remaining tritium in divertor trace parts of inner 

divertor and outer divertor tiles. So far, the tritium particle balance has not been completely understood, and 

further analyses are necessary. 
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