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It is known that the blanket module in the fusion reactor is designed for slowing and absorbing neutrons, 
breeding tritium, and limiting radiation damage to other structures. These blankets are installed remotely 
at individual positions. In this process, gaps between the blanket modules can occur and the streaming 
effect through gaps has an effect on the performance of the fusion reactor. The streaming effect affects 
two aspects in the neutron transport problem: (1) activation of the fusion reactor structures and (2) 
radiation shielding. It is noted that the shape of the gap is locally different due to the specific shape of the 
fusion reactor. Also, the mechanical difference of the blanket modules changes the gap size. In this study, 
the streaming effect caused by different shape and size of the gap are evaluated for a K-DEMO fusion 
reactor. The blanket modules of the fusion reactor, which are the blanket, vacuum vessel, and water 
channel, were simply simulated. In each module, the neutron streaming effects were assessed by changing 
the gap size and shapes. The MCNP5 code was used for the evaluations with ENDF/B-VI cross-section 
library and SAB2002 thermal cross section library. It was noticed that the neutron flux was significantly 
changed due to the streaming effect. This study can give guidelines for the simplification of blanket 
modeling in radiation transport problems. 
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1. Introduction1

K-DEMO fusion reactor is under conceptual design in
Korea for testing of the commercial level fusion reactor 
[1]. The blanket modules, which are directly contacted 
with the reactor core, are designed for moderating and 
absorbing neutrons, breeding tritium, and limiting 
radiation damage to other structures. Each blanket 
module is remotely installed at an individual position. In 
this process, the gaps between the blanket modules 
occur and the streaming [2, 3] through the gap affects 
the performance of the fusion reactor. The fusion reactor 
is a large facility; hence, the neutron flux evaluation at 
the local region is difficult with Monte Carlo method. To 
solve the problem, there is a future plan to use a 
simplified model of the fusion reactor without the gap 
modeling. However, the streaming effect cannot be 
considered in the simplified model. In this study, the 
streaming effects are evaluated for three aspects to offer 
the information of the streaming effect in using the 
simplified fusion reactor model: (1) change of the 
overall gap sizes, (2) change of the partial gap sizes, and 
(3) the gap shape change.  

*Corresponding author. Email: jkkim1@hanyang.ac.kr

2. Methodology

2.1. Overview of blanket module and shielding 

Two kinds of the blanket modules, which are called 
inboard-side blanket (IB) and outboard-side blanket 
(OB), are installed in the K-DEMO fusion reactor. The 
IB and OB are located at Region A and Region B as 
shown in Figure 1, respectively. The IB has 100 cm x 
100 cm x 55.2 cm cuboid structure and 40 layers while 
OB has 100 cm x 100 cm x 67.2 cm cuboid structure and 
52 layers. The design details of the IB and OB are given 
in Table 1 and 2. 

Figure 1.  Vertical view of K-DEMO fusion reactor [1]. 

The core is surrounded by the shielding which is 
located outside of the blanket modules. The thicknesses 
of the inboard-side shielding and outboard-side shielding 
are 10 cm and 20 cm, respectively. Both shields are 
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composed of B4C material. 

2.2. Evaluation method for streaming effect 

The neutron streaming effect through the blanket gaps 
leads to the increase of the local flux as well as the 
average flux. There are two major aspects to evaluate the 
streaming effect with Monte Carlo method. Firstly, 
Monte Carlo method uses the stochastic method with 
random sampling of the each particle; therefore, it is 
difficult to directly evaluate the local flux for the large 
size facility such as the fusion reactor. Secondly, the 
gaps can have various shapes and sizes in the blanket 
locations due to the specific shape of reactor and 
mechanical difference. In this study, a hexahedron 
model as shown in Figure 2 is proposed to evaluate the 
relative flux variations caused by the gap streaming. The 
reflective boundaries were used as shown in Figure 3. It 
is assumed that the gaps are located at the bottom and 
the left side of the blanket module. Also, it is assumed 
that the neutron source, which has Gaussian fusion 
energy spectrum and isotropic angular source, is 
uniformly located at the front side of the hexahedron 
model. The streaming effects for both blanket types 
were evaluated with changes of the gap sizes, the partial 
gap sizes and the gap shapes. The MCNP5 code [4] was 
used for the calculations with ENDF/B-VI 
cross-section library and SAB2002 thermal cross 
section library.  

MCNP modeling for both types of the blanket 
modules were performed as shown in Figure 4. The 
tallies for the flux evaluations were located at the 
front and backward surfaces of the shielding (S-I and 
S-II) and the cell of the shield (C-I) as shown in the 
Figure 4. 

Figure 2.  Hexahedron model for the streaming effect analysis. 

Figure 3.  Radial view of hexahedron model. 

Figure 4.  MCNP modeling of IB and OB. 

Table 1.  Design details of IB [1]. 

Layer Thickness (cm) Material
FW 0.5 Tungsten
Cooling Channel 0.5/0.8/0.5 SUS316/Water/ SUS316 
1st Breeder 1.5 Li4SiO4 (60% enriched Li-6) 
Cooling Channel 0.2/0.4/0.2 SUS316/Water/ SUS316 
2nd Breeder 1.5 Li4SiO4 (60% enriched Li-6) 
Cooling Channel 0.2/0.4/0.2 SUS316/Water/ SUS316 
1st Be 15 Be 
Cooling Channel 0.2/0.4/0.2 SUS316/Water/ SUS316 
3rd  Breeder 2.5 Li4SiO4 (60% enriched Li-6) 
Cooling Channel 0.2/0.4/0.2 SUS316/Water/ SUS316 
4th  Breeder 1 Li4SiO4 (60% enriched Li-6) 
Cooling Channel 0.2/0.4/0.2 SUS316/Water/ SUS316 
5th Breeder 1 Li4SiO4 (60% enriched Li-6) 
Cooling Channel 0.2/0.4/0.2 SUS316/Water/ SUS316 
2nd Be 20 Be 
Cooling Channel 0.2/0.4/0.2 SUS316/Water/ SUS316 
6th Breeder 1.5 Li4SiO4 (60% enriched Li-6) 
Cooling Channel 0.2/0.4/0.2 SUS316/Water/ SUS316 
7th Breeder 1.5 Li4SiO4 (60% enriched Li-6) 

Cooling Channel 0.3/0.4/0.3 SUS316/Water/ SUS316 

Table 2.  Design details of the OB [1]. 

Layer Thickness (cm) Material
FW 0.5 Tungsten
Cooling Channel 0.6/0.8/0.4 SUS316/Water/ SUS316 
1st Breeder 1.5 Li4SiO4 (40% enriched Li-6) 
Cooling Channel 0.15/0.4/0.15 SUS316/Water/ SUS316 
1st Be 6 Be 
Cooling Channel 0.15/0.4/0.15 SUS316/Water/ SUS316 
2nd Breeder 2 Li4SiO4 (40% enriched Li-6) 
Cooling Channel 0.15/0.4/0.15 SUS316/Water/ SUS316 
2nd Be 6 Be
Cooling Channel 0.15/0.4/0.15 SUS316/Water/ SUS316 
3rd Breeder 2.5 Li4SiO4 (40% enriched Li-6) 
Cooling Channel 0.15/0.4/0.15 SUS316/Water/ SUS316 
3rd Be 6 Be 
Cooling Channel 0.15/0.4/0.15 SUS316/Water/ SUS316 
4th Breeder 2 Li4SiO4 (40% enriched Li-6) 
Cooling Channel 0.15/0.4/0.15 SUS316/Water/ SUS316 
4th Be 8 Be
Cooling Channel 0.15/0.4/0.15 SUS316/Water/ SUS316 
5th Breeder 2.5 Li4SiO4 (40% enriched Li-6) 
Cooling Channel 0.15/0.4/0.15 SUS316/Water/ SUS316 
5th Be 12 Be 
Cooling Channel 0.15/0.4/0.15 SUS316/Water/ SUS316 
6th Breeder 3 Li4SiO4 (40% enriched Li-6) 
Cooling Channel 0.15/0.4/0.15 SUS316/Water/ SUS316 
6th Be 5 Be 
Cooling Channel 0.3/0.4/0.3 SUS316/Water/ SUS316 

3. Result and discussion

3.1. Streaming effect with various gap sizes 

The evaluation of the neutron flux was pursued with 
the changes of the gap sizes from 1.0 cm to 3.0 cm by 
increasing 0.1 cm with considering the gap size of ITER 
fusion reactor [2]. To estimate how the streaming affects 
the average flux, the relative differences compared with 
the results of a case, which has no gaps between the 
blankets (0 gap), were calculated on the surfaces S-I and 
S-II, respectively. The results of the relative differences 
are given in Table 3. The maximum relative difference 
was 276.28% at S-II of OB with 3 cm gaps. To estimate 
the variation of the local flux distribution caused by the 
streaming effect, C-I cells were divided into the 10 x 10 
equal sub-regions. The calculations of the local fluxes 
were performed with the 2 cm gaps. The results of the 
flux distributions are given in Figure 5. The peak fluxes 
at the C-I cells of the IB and OB were 229.50 % and 
284.28 % higher than the average fluxes, respectively. 
The relative differences of the neutron energy 
distributions at S-I surfaces were estimated for study of 
how the streaming effect can affect the activation 
analysis. The results are given as shown in Figure 6. 
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Table 3.  Relative differences of average fluxes on surfaces 
S-I and S-II compared with ‘0 Gap’ case. 

Gap Size 
IB OB

S-I S-II S-I S-II
1.0 cm 15.53% 20.61% 25.34% 40.09% 
1.1 cm 17.73% 23.69% 28.94% 46.19% 
1.2 cm 19.97% 26.83% 33.03% 53.95% 
1.3 cm 22.29% 30.11% 37.12% 61.04% 
1.4 cm 24.72% 33.78% 41.74% 69.02% 
1.5 cm 27.34% 37.43% 45.79% 78.23% 
1.6 cm 29.91% 41.32% 50.80% 86.27% 
1.7 cm 32.59% 45.61% 55.81% 98.56% 
1.8 cm 35.38% 49.83% 61.36% 107.92% 
1.9 cm 38.19% 54.38% 67.34% 119.85% 
2.0 cm 40.94% 58.47% 73.29% 133.14% 
2.1 cm 43.83% 63.45% 78.81% 146.07% 
2.2 cm 46.79% 68.05% 85.15% 156.86% 
2.3 cm 50.08% 72.82% 91.63% 171.29% 
2.4 cm 53.04% 77.98% 97.77% 185.10% 
2.5 cm 56.38% 83.12% 104.54% 197.54% 
2.6 cm 59.76% 88.64% 111.60% 213.49% 
2.7 cm 63.04% 94.06% 118.39% 228.20% 
2.8 cm 66.64% 99.89% 126.15% 245.10% 
2.9 cm 70.11% 105.16% 133.57% 258.99% 
3.0 cm 73.61% 111.46% 141.16% 276.28% 
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(a) Local flux distribution in C-I of IB 
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(b) Local flux distribution in C-I of OB 

Figure 5.  Local flux distributions with 2 cm gap at C-I cell. 

The maximum relative differences of IB and OB 
cases were 765.75 % and 3429.65 % at the highest 
energy level, respectively. It is understood that the 
increases of the high energy neutrons were caused by the 
direct leakages of the source neutrons through the gaps. 

3.2. Streaming effect with partial gap differences 

The streaming effect with the gap changes, which is 
caused by the mechanical difference of the blanket 
modules, was evaluated with a model as shown in 
Figure 7. It is assumed that the designed gap size is 2 
cm. Also, it is assumed that one of the gap sizes is 
changeable due to the mechanical difference. The 
maximum range of the gap difference is assumed to be 
20 % (± 4 mm) which is a conservative limit of the 
mechanical difference. The relative differences 
compared with the 2 cm gap size are shown in Figure 8. 
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(a) Neutron energy distribution at S-I of IB 
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(b) Neutron energy distribution at S-I of OB 

Figure 6.  Relative difference of neutron energy distributions 
with 2 cm gaps at S-I surfaces of IB and OB. 

Figure 7.  Description of MCNP modeling for the streaming 
effect analysis of the gap differences.  
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Figure 8.  Relative differences of neutron fluxes by changing 
the partial gap size. 

The maximum relative differences of the neutron 
fluxes in the IB and OB were 6.30 % and 11.42 % 
compared with 2 cm gaps at S-II surfaces, respectively. 
To analyze the local flux variations caused by 
mechanical difference, the local flux were evaluated by 
dividing C-I cells into the 10 x 10 sub-regions. Also, it is 
assumed that the gap size is 2 cm, and one of the gap 
sizes is increased to 2.2 cm as a result of the mechanical 
difference. Figure 9 shows the results of the neutron 
flux distributions. The results show that the local pick 
fluxes at the C-I cells of the IB and OB were increased 
to 5.55 % and 8.38 % compare with Figure 6 results, 
respectively.  
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Figure 9.  Neutron flux distributions with partial gap increase. 

3.3. Streaming with gap shapes 

Due to the fusion reactor design, the gap shapes are 
different. In this study, a simple model for the streaming 
effect analyses with various gap shapes is proposed as 
shown in Figure 10. The gradients of bottom planes are 
assumed to be -5°, -1°, 1° and 5° gradients based on x-y 
plane. The average neutron fluxes with the model are 
given as shown in Figure 11. The maximum fluxes for 
the IB and OB were appeared at -5° cases with 160.51 % 
and 243.47 % increases than that of the 0° case. 

(a) -5° gradient case of IB      (b) 5° gradient case of IB 

(c) -5° gradient case of OB     (d) 5° gradient case of OB 

Figure 10.  MCNP modeling for the streaming effect analysis 
with the gap shape change. 
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(a) Neutron flux at S-I of IB  (b) Neutron flux at S-I of OB 

Figure 11.  Results of average fluxes with changes of the gap 
angles. 

4. Conclusion

In this study, the streaming effect through the gaps
between blanket modules was evaluated. The streaming 
effect was evaluated with three aspects which are the 
size of the gap, the local gap size change caused by 
mechanical difference, and specific shapes of the gaps. 
Analysis shows that the streaming effect significantly 
affects not only the average fluxes, but also the local 
flux distribution. Also, these results show that the 
streaming effect must be properly considered for the 
neutron transport calculations. It is expected that the 
analysis of the streaming effect can offer reference data 
for the activation and shielding evaluations in the fusion 
reactor. In addition, this study can give a guideline for 
the simplification of the blanket modeling in radiation 
transport problems. 

5. Future work

In this study, the relative effect of the gap streaming
was analyzed. After the finish of the K-DEMO reactor 
design, following evaluations will be performed. 

1) Full and Detail Reactor Modeling of the K-DEMO
2) Data Construction of the Local Flux Variations

with a Single Blanket Model including the Gap
3) Evaluation of the Average Flux by using the Full

Reactor Model
4) Correction of the Average Flux by using the Data

from Step 2
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