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Comparison of Gamma-ray Skyshine Dose Evaluation Performance
among Monte Carlo Codes; EGS, MVP, MCNP
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Abstract In applying the Monte Carlo method to skyshine calculations, examinations are
required on the validity of the calculation methods such as variance reductions and the accuracy of
the calculation. In this study, using typical codes of the continuous energy Monte Carlo method,
i.e. EGS5, MVP2, and MCNP5, analyses were conducted of Kansas State University skyshine
benchmark experiment. And the calculation results of the gamma-ray skyshine doses by these
codes were compared with each other. The following results were obtained: (1) For the gamma-ray
skyshine dose calculations using Monte Carlo codes, the method of using mass energy absorption
coefficients as conversion factors was effective. And under this experimental condition, dose
calculations were possible for about 50,000,000 histories without variation reduction techniques.
(2) The photon spectrum calculation results by EGS5, MVP2, and MCNP5 were in good
agreement. (3) The dose calculation results by EGS5 and MCNP5 were in good agreement and
agreed well with the experimental values. (4) In the case of MVP2 dose calculations, if dose
conversion was performed in multi-group form, about twenty percent error was observed.
However, if dose conversion was performed using dosimetry files, the calculation results by MVP2
were significantly improved and agreed well with those by EGS5 and MCNP5, and experimental
values. From these results, it was ascertained that EGS5, MVP2, and MCNP5 can evaluate
gamma-ray skyshine doses with sufficient accuracy to the same extent. In the case of MVP2 |
however, dose calculations using dosimetry files which are transformed from dose conversion
factors are recommended.

Keywords gamma-ray skyshine, continuous energy Monte Carlo method, EGS, MVP, MCNP
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TLE, /iS4, n=50,000,000 | TLE, 2#{&% WW, n=5,000,000 | RDE, Z-#{&# WW, n=500,000
m uR/h/Ci | uR/h/Ci FSD C/E 1R/h/Ci FSD C/E #R/h/Ci FSD C/E
30 4.48 4.69 0.004 1.046 4.77 0.016 1.066 4.24 0.004 0.946
50 2.39 2.36 0.004 0.989 2.43 0.018 1.019 2.24 0.005 0.938
70 1.36 1.42 0.005 1.046 1.45 0.016 1.069 1.36 0.006 1.002
100 7.56E-1 | 7.75E-1 | 0.005 1.026 | 8.11E-1 | 0.017 1.072 | 7.41E-1 | 0.005 0.980
150 3.09E-1 | 3.33E-1 | 0.007 1.078 | 3.31E-1 | 0.017 1.070 | 3.21E-1 | 0.008 1.040
200 1.46E-1 | 1.60E-1 | 0.008 1.097 | 1.68E-1 | 0.019 1.153 | 1.55E-1 | 0.008 1.061
300 3.87E-2 | 4.35E-2 | 0.013 1.125 | 4.50E-2 | 0.020 1.162 | 4.22E-2 | 0.009 1.091
400 1.27E-2 | 1.36E-2 | 0.021 1.071 | 1.37E-2 | 0.022 1.081 | 1.31E-2 | 0.009 1.028
500 4.07E-3 | 4.57E-3 | 0.035 1.123 | 4.73E-3 | 0.027 1.163 | 4.34E-3 | 0.012 1.066
600 1.45E-3 | 1.35E-3 | 0.053 0.928 | 1.64E-3 | 0.030 1.134 | 1.51E-3 | 0.012 1.041
700 5.91E-4 | 4.82E-4 | 0.083 0.816 | 5.86E-4 | 0.034 0.991 | 5.40E-4 | 0.014 0.914
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