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Simulation of Gamma Dose Rate
of Complicated Fission Gas by MCNP Method
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Abstract: Gamma dose rate of fission gas is calculated by MCNP method and compared with
the data measured by plastic scintillation. The fission gas absorbed by active carbon in source
vessel was produced by neutron irradiation of uranium in Xi’an Pulsed Reactor. The simula-
tion model is composed of geometry and material of source and plastic scintillation detector as
well as the gamma-ray energies and probabilities of ¥ Kr™, ¥ Kr, ¥Kr, " Xe™, ""Xe, " Xe
and ""*Cs whose activities were measured by an HPGe y detector. The presented calculation
shows agreement with experiments less than 6% which consequently confirms the reliability
of the simulation for gamma dose rate of complicated radioactive gas.
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Fig. 1 Structure of the source vessel
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Fig. 2 Sketch map of plastic scintillation detector
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Table 1 Materials of source vessel and detector
%3 (Sorts) #) B (Material) % (Density) /(g » cm )
i & (Source vessel) Fe 7.874
M # (Detector) BB KR AA (Plastic scintillator) 1.032
AlUZ 41 ) (Reflect layer) 2.699
Fe({3 2 2) (Cover) 7.874
S22 355 (Photic glass) 2.23
¢ ( Active carbon) c 0. 172

%2 MCNP B8l 1 Bq SRR %00 v %

Table 2 Gamma dose rate

of 1 Bq fission gas calculated with MCNP

1% & (Nuclides) v 4 % (Gamma dose rate) /(uGy « h™1)

8Ky 1.93X107°
STKr 9.94X10°
8 Kr 2.37X10°1
135 X em 6.77X10°
155 Xe 3.53X10°°
138 Xe 1.38X10 !
138 Cs 3.20X10°*
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Fig. 3 Schematic diagram of the experimental setup

for gas adsorption
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Table 3 Activities of Kr and Xe by HPGe y detector of experiment 1 Bq

#% % (Nuclides) 2013-04-10 12 : 56 = 00 2013-04-10 12 : 57 = 00 2013-04-10 12 : 58 = 00 2013-04-10 12 : 59 = 00
SSKrm 1. 531X 10* 1. 527 X 10" 1. 523X 10" 1. 519X 10"
STKr 1.062X10° 1. 052X 10° 1. 043X 10° 1. 033 X10°
SSKr 8.316x10* 8.282X10* 8. 248X 10* 8. 215X 10*
135 X em 7.265X103 6.943 X103 6. 635X 103 6. 341103
135 Xe 3.851X10° 3. 846X 10° 3.841X10° 3.836X10°
138 Xe 2.004X10° 1. 907 X 10° 1. 816 X10° 1. 728 X10°
138Cs 1. 540X 10° 1. 560X 10° 1. 577 X10° 1. 592X 10°

4 I HPGe v iU i Kr. Xe 1975 &

Table 4 Activities of Kr and Xe by HPGe y detector of experiment 2 Bq

#% % (Nuclides) 2014-04-25 10 ¢ 37 = 50 2014-04-25 10 ¢ 38 = 50 2014-04-25 10 ¢ 39 = 50 2014-04-25 10 ¢ 40 * 50
SSKrm 3.502x10* 3.493x10* 3. 484 X 10* 3.475X10*
STKr 2.800X10° 2.775X10° 2. 750X 10° 2.725X10°
SSKr 1. 844 X10° 1. 837 X10° 1. 829X10° 1. 822X10°
135 X em 3.149x10* 3.009 X 10* 2.876X10* 2. 748 X10*
135 X e 7.819X 103 7.809 X103 7.799X103 7.789X103
138 Xe 1. 388 <108 1.321 X108 1. 258 X 10° 1.197 X108
138 Cs 4. 788X 10" 7.146X10* 9.338X10* 1. 137 X10°
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Dose rates by plastic scintillation detector

LB — (Experiment 1) 525 — (Experiment 2)
o YAy ) R S o TR &y ) I E
i [E] ( Time) 5 [6] ( Time)
(Dose rates) /(pGy « h™1) (Dose rates) /(uGy « h™1)
2013-04-10 12 : 56 ¢ 00 102. 9 2014-04-25 10 : 37 = 50 270.9
2013-04-10 12 : 57 ¢ 00 101. 9 2014-04-25 10 : 38 ¢ 50 266. 6
2013-04-10 12 : 58 = 00 101. 7 2014-04-25 10 : 39 = 50 263. 3
2013-04-10 12 : 59 ¢ 00 99.9 2014-04-25 10 : 40 * 50 263.1
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Table 6

Comparison between MCNP simulations and measurements of experiment 1

4L {H (Calculated values) /

S {E (Measured values) /

523 (Experiments) i 2% (Deviation) / %
(uGy - h D) (uGy +h™ 1)
2013-04-10 12 : 56 ¢ 00 108. 2 102. 9 5.15
2013-04-10 12 : 57 ¢ 00 107. 3 101. 9 5. 30
2013-04-10 12 : 58 = 00 106. 4 101. 7 4.62
2013-04-10 12 : 59 : 00 105. 4 99.9 5.51
7 95— MCNP A5 S0U{E A0 52l bb 5 4%
Table 7 Comparison between MCNP simulations and measurements of experiment 2
4 {H (Calculated values) / S (Measured values) /
S (Experiments) i 2% (Deviation) / %
(/zGY'h I) (pGy'h 1)
2014-04-25 10 : 37 ¢ 50 281.5 270.9 3.91
2014-04-25 10 : 38 ¢ 50 279.3 266. 6 4.76
2014-04-25 10 : 39 ¢ 50 277.0 263.3 5. 20
2014-04-25 10 : 40 : 50 274.7 263.1 4. 41
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