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Numerical Simulation of Time Evolution Behavior

of Delayed y-ray Spectrum from Nuclear Component

GUO Chunying, TAO Lingjiao, LIU Zhiyong, LI Hongyi, LUO Kunsheng
(Unit 96901 of Chinese People’s Liberation Army , Beijing 100094, China)

Abstract; Based on analysis of the production mechanism of fission products in the
nuclear component without exterior neutron radiation and the delayed y-rays released
from the products, a simulation method for calculating the fission product activities and
their variations with time was proposed using CINDER90 program. According to energy
and branch ratios of the delayed y-rays released from B decay of the fission products,
the intensities of the different y-rays were calculated. Then, the variations of the
delayed y-ray spectra of the nuclear component with radiation time and cooling time were
calculated by Monte Carlo method, and the time evolution behaviors of the delayed y-ray
spectra were analyzed. The results show that the maximum intensity ray in the delayed
¥ spectra [rom nuclear component is released from "“La B~ decay, the y-ray energy is

1596 keV, and its intensity remains stable after the component is assembled for a
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certain time. These results agree well with the ones in the literature. The simulation

method and the calculation results presented in this paper can be used as a reference for

the spectrum measurement and analysis of nuclear components.

Key words: nuclear component; fission product; delayed y-ray spectrum; time evolution

behavior; Monte Carlo simulation
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Fig.1 Structure and material composition

of simulated nuclear component
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Table 1 Material composition of WgU and WgPu

R FRAEY N || REBRE FRSE %
23477 1.0 238 Py 0. 005
235 J 93.3 239 Pu 93.3
887y 5.5 0Py 6.0
HiAth 0.2 1Py 0. 44
212 Py 0.015
Hofe 0.2
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Table 2 Half-life of spontaneous fission

of nuclide and number of prompt neutron per fission

MZE g /a T
34 2.04 X100 2

235 3.50X 10" 1. 86
238 8.20X10% 2.01
238 Py 4. 77X 10% 2.22
239 Py 5.48X 101 2.16
200 Py 1. 31101 2.16
241py 1.5X 10" 2.25
242py 6. 841010 2.15
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Fig. 2 Change of nuclide activity of group | with radiation time and cooling time for WgPu material
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Fig. 3 Change of nuclide activity of group [l with radiation time and cooling time for WgPu material
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Fig. 4 Change of nuclide activity of group [[I with radiation time and cooling time for WgPu material
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Fig. 5 Change of nuclide activity of group | with radiation time and cooling time for WgU material
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Fig. 6 Change of nuclide activity of group [ with radiation time and cooling time for WgU material
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Fig. 7 Change of nuclide activity of group [l with radiation time and cooling time for WgU material
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Fig. 8 Change of characteristic y-ray intensity with radiation time and cooling time for WgPu fission product
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Table 3 Delayed y-ray intensity in WgPu material

% i dit eV WL /sT!
vy, 743, 4 7.237 6X10°
95 Nb 756. 7 6.923 6X10°
97Nb 658. 0 7.737 9X10°

97 Nb* 743. 4 7.233 7X10°
100 NI 934. 4 8.384 6X10°
101 N 276. 1 8.598 8X10°
103 Mo 424.0 9.756 9X10°

99T 140. 5 6.968 1103
101 Te 306. 8 7.965 8 X103
102 T 475.0 7.876 9X10°
104 T 358.0 8.002 0X 103
105 Ry 497. 1 9.198 6X10°
152 Te 228.2 6.567 4X10°
1321 667. 6 7.694 6 X10°
133] 529.9 8.791 1X10°
1341 847.0 1.017 6 X10°
138 Cs 1435.9 6.611 7x10°
10T o 1.596. 2 7. 433 X103
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Fig. 9 Change of characteristic y-ray intensity with radiation time and cooling time for WgU fission product
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% it/ keV WRIE/s !
¥ Se 408.0 544. 64
%Br 1564.9 577.79
% Br 775.3 691. 37
S Kr 151. 2 511. 16
STKr 102. 6 658. 60
S Kr 2392.1 616. 16
WKr 1118.7 931. 31
IKr 108. 4 692. 71
89 Rb 1031.9 142.73
89 Rb 1248.1 104. 21
90Rb* 831.7 605. 17
2R} 815.0 714. 77
91 Rb 836. 9 881. 41
911Gy 1024.3 994. 95
928y 749. 8 717. 30
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Fig. 10 Change of delayed y spectrum with radiation time (a) and ratio of spectral intensity

of different radiation time to that of radiation time of 1 d for WgPu fission product
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Fig. 11 Change of delayed y spectrum with radiation time (a) and ratio of spectral intensity

of different radiation time to that of radiation time of 1 d for WgU fission product
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Fig. 12 Change of delayed y spectrum with cooling time (a) and ratio of spectral intensity

of different cooling time to that of cooling time of 1 s for WgU fission product
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