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Abstract: Based on the design scheme of a new-type swimming pool research reactor, this paper
conducts preliminary design for a variable-energy neutron beam facility for boron neutron capture
therapy (BNCT). Combining the shielding body and collimator, the neutron moderation layer,
thermal neutron absorption layer, gamma shielding layer, and neutron collimator for BNCT are
analyzed, calculated, and optimized according to the core structure of the new-type swimming pool
reactor. Without increasing the number of neutron extraction beam channels, the switching between
epithermal neutron and thermal neutron BNCT beams is achieved. Through theoretical calculations
and analysis, the neutron beam characteristics of the two devices are determined. Parameters such as
epithermal/thermal neutron flux density, fast neutron dose per unit, photon dose per unit, and the
proportion of thermal neutron flux all meet the BNCT recommended reference standards in the
IAEA-TECDOC-1223 report, which can be used for boron neutron capture therapy with different

energy requirements. This lays a technical foundation for the application and promotion of the new-

W B HA : 2024-03-25; & [E] B #] : 2024-05-01
BIEES: RIS


https://doi.org/

246

[ &R $37%

type multifunctional swimming pool reactor.
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Fig.1 Core layout scheme
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Fig.2 Schematic diagram of the irradiation aperture of

the new pool-type research reactor
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Fig.3 Neutron capture cross-section of the
10B(n,oz)7Li reaction

e V8 B 1 AR 2 I, Z0R ST R 4O
WARHENE 2% . ARWFRE S I E bR 5 REHLIY
£ 2001 4F & 1ii () IAEA-TECDOC-1223 4} 45 , %
PP 27 8 0 b 47 3897 1 (BNCTO 2 % #
HEAE Ry 3 U, AR 2881 T 3% 2.

®2 BNCTHTFRESHHEREE
Table2 Recommended parameters of BNCT
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Fig.4 Schematic diagram of the BNCT neutron beam aperture
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Table 3 Calculation results of different moderated materials
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Table 4 Calculation results of moderated layers of different thicknesses

JEEJE /em P TR/ (nem 2T e T R/ (nrem 2s ) BT/ Gy-cm®)
20 1.50x10" 3.10x10" 1.51x10"
30 1.08x10" 2.79x10" 9.91x107"
40 5.81x10" 1.30x10" 6.40x10"
50 1.47x10" 6.12x10° 3.33x107"
60 2.95x10’ 1.60x10° 1.40x10°"
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Table 5 Calculation of thermal neutron absorbing materials

MR P TR/ (n-em s PP TR R/ (nrem 25D B berh TAHR(Gy-om®) T 5 1
Cd-0.5 mm 4.50x10° 6.91x10" 1.76x107" 0.061
Cd-1 mm 4.24x10° 6.83x10'° 181x10™" 0.058
Cd-2 mm 3.88x10° 6.59x10" 3.04x1073 0.056
Gd-0.5 mm 4.51x10° 6.20x10'° 3.87x10° 0.068
Gd-1 mm 3.36x10° 5.39x10" 2.71x10°" 0.059
Gd-2 mm 2.02x10° 4.65%10" 3.78x10° 1 0.042
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Table 6 Calculation of gamma absorbing material
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Table 7 Calculation of collimation angles
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/em (tan®) B /(nrem s ) /(Gy-em®)
50 0.47 1.10x10" 2.62x107"
60 0.55 1.06x10" 1.65x107"
70 0.66 9.85x10° 2.34x107"

thickness
WHRHEL B B B/ (nem s SR E T /Gy em®)
Bi-5 cm 3.27x10" 3.61x107"2
Bi-10 cm 2.81x10" 4.06x107"
Bi-15 cm 1.06x10" 1.56x10"
Pb-5 cm 3.32x10" 5.56x10"2
Pb-10 cm 2.37x10" 6.28x107"
Pb-15 cm 1.10x10" 1.58x107"
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Fig.5 Schematic diagram of the Epithermal neutron BNCT design of the new pool-type research reactor
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Table 8 Epithermal neutron beam parameters
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Wbl i <0.05 0.047
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Fig.6 Neutron energy spectrum at beam outlet
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Fig.7 Distribution of thermal neutron flux density from

beam outflow aperture
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Table 9 Calculation results of moderated layers of

different thicknesses

ok Py HADET ey epr
JERE /em @&/ (n-em s FIE/(Gy-em®) FIHE/(Gy-em® (5L

15 5.55x10° 6.33x10 " 330x10° 051
20 4.43x10° 8.20x10 " 1.94x107° 065
25 3.49x10° 1.02x10°" 587x10" 077
30 2.84x10° 7.10x10 " 1.02x107° 086
35 2.32x10° 1.00x10 297x10" 094
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Fig.8 Schematic diagram of BNCT design of the new pool-type research reactor
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Table 10 Thermal neutron beam parameters
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Fig.9 Neutron energy spectrum at beam outlet
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