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For fusion power generation, the reliable production of tritium, one of the fuels, is a critical
challenge. The calculation of the tritium breeding ratio and the design of devices to optimize
that ratio are essential when designing fusion demonstration reactor. Usually, MCNP codes are
mainly used to calculate the tritium breeding ratio, but in this review, the feasibility of using
Geant4, which is mainly used in the field of high-energy physics research, to examine tritium
breeding ratio calculation was studied. Comparisons of tritium breeding ratios calculated using
MCNP and Geant4 code in simple 1-D models with the same geometry and material properties
showed agreement within a range of 1%. Comparisons of other variables (Flux, Energy Deposition)
available from Monte Carlo computer simulations was also performed to consider the potential for

expanding the utilization area of the Geant4 toolkit.
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Fig. 1. (Color online) 1-D simplified Model of Tritium
Breeding and Neutron Multiplying Layer generated by
Geant4.(RAFM and Water are included in the thin layer)
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Table 1. Material Composition of Tritium Breeding
Layer for Geant4 Simulation.
Material Density  Atomic Abundance
(kg/m®) Number(Symbol) Ratio
RAFM+Water 4,990.0  23(V) 0.0012
24(Cr) 0.0533
25(Mn) 0.0022
26(Fe) 0.4934
TA(W) 0.0017
1(H) 0.2988
8(0) 0.1494
PLit Be]Mixt  1,385.9  3(Li) 0.0520
14(Si) 0.0130
8(0) 0.0520
4(Be) 0.8151
22(Ti) 0.0679
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Table 2.  Tritium Breeding Layer Composition for
Geant4 Simulation and Results. RAFMW means
[RAFM + Water] composites and Mixt maeans

[CLi+Be]composites.

No. Material Thick. Dist. Edep. TBR  Flux(1/cm?)
(cm) (cm) (keV)

1 Tungsten 0.5 0.0 568 1.79500E-04
2 Vanadium 0.1 0.5 38.6 2.10685E-04
3 RAFMW 1.5 0.6 901 2.13617E-04
4 Mixt1 2.3 2.1 886 0.05323 2.33781E-4

5 RAFMW 1.5 4.4 895 2.54569E-04
6 Mixt2 2.3 5.9 911 0.07242 2.53642E-04
7 RAFMW 1.5 8.2 803 2.53266E-04
8 Mixt3 2.5 9.7 907 0.08173 2.43870E-04
9 RAFMW 1.5 12.2 678 2.29661E-04
10 Mixt4 2.9 13.7 879  0.08364 2.17578E-04
11 RAFMW 1.5 16.6 545 1.97230E-04
12 Mixth 3.6 18.1 845 0.08188 1.79417E-04
13 RAFMW 1.5 21.7 411 1.56892E-04
14 Mixt6 3.8 23.2 674 0.06793 1.45251E-04
15 RAFMW 1.5 27.0 300 1.20248E-04

16 Mixt7 5.2 28.5 620
17 RAFMW 1.5 33.7 199
18 Mixt8 6.6 35.2 486

0.06135 1.06502E-04
8.184258E-05
0.04791 7.42718E-05

19 RAFMW 1.5 41.8 121 5.08450E-05
20 Mixt9 8.0 43.3 328  0.03221 4.53249E-05
21 RAFMW 1.5 51.3 64.5 2.60330E-05
22 Mixt10 10 52.8 177  0.01551 2.22350E-05
23 RAFMW 1.5 62.8 25.5 8.28196E-06
Total 64.3 0.59787
Edep (MeV/mm) along absorbers
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Fig. 2. Energy Deposition along TB Layer Structures.
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energy spectrum of generated tritons
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Fig. 3. The Energy Spectrum of the generated Particles.
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Fig. 4. (Color online) The Neutron Flux by Geant4.
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Table 3. MCNP6 Simulation Results.

No. Edep. (keV) TBR Flux(1/cm?)
1 459.8 1.79082E-04
2 33.9 2.10599E-04
3 813.2 2.14391E-04
4 876.3 0.05271 2.35468E-04
5 791.9 2.55559E-04
6 890.2 0.07101 2.56122E-04
7 705.7 2.56117E-04
8 885.6 0.08043 2.45884E-04
9 595.3 2.34762E-04
10 862.0 0.08298 2.19595E-04
11 476.9 2.01201E-04
12 830.4 0.08171 1.85235E-04
13 360.2 1.61155E-04
14 665.8 0.06857 1.46629E-04
15 263.4 1.23924E-04
16 615.7 0.06264 1.11672E-04
17 175.2 8.68010E-05
18 485.2 0.04937 7.76694E-05
19 105.6 5.43565E-05
20 325.8 0.03353 4.82453E-05
21 56.7 2.95368E-05
22 177.9 0.01631 2.56023E-05
23 22.5 9.00825E-06
Total 11.48 MeV 0.59926 at front surface
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Fig. 5. (Color online) The comparison of Tritium Breed-
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Fig. 7. (Color online) The Geant4 simulation result that
shows the difference of Edep in each layer with the dif-
ferent Cross Section Data.
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Fig. 9. (Color online) The Geant4 simulation result that
shows the difference of TBR in each layer with the dif-
ferent Cross Section Data.
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