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Comparison study on different shielding calculation methods used in

a cobalt source irradiation room
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ABSTRACT MCNP (Monte Carlo N particle transport code) and the empirical equation were used for shielding

calculation of a ®°Co irradiation room. The absorbed dose rates obtained outside the irradiation room and inside a

maze were studied. The calculation results of the penetrating radiation using an empirical equation was obviously

bigger than that of actual measurement and would increase the construction costs. The calculation results of maze

scattering showed that the empirical equation was a convenient and time-saving method, and the calculation was

especially quick and easy when the maze was complex.
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Table 1 Dose rate outside the shielding wall of irradiation room

T e ] TC R 7 WIS M A BT a2
Calculation ~ Wall /MeV-cm 25! Dose rate when no Reduced Distance Dose rate when
points thickness / cm shielding / pSv-h™' multiples /cm shielding/ uSv-h™’
A 200 1.59x10" 5.61x10° 1.87x10° 680 0.150

B 200 4.68x10° 1.65x108 1.87x10° 1255 0.044

C 200 1.59x10" 5.61x10° 1.87x10° 680 0.150

M 200 4.87x10" 8.60x10° 1.87x10° 530 0.230

R BREHNEONER

Table 2 Dose rate after each scattering

THE S Pl NS S U THIFR PR Fiilise
Calculating  Dose rate Angle of Angle of Scattering area Distance Dose rate
points /uSv-h! incidence reflection /m? /m /uSv-h!
Dy - - - - 9.75 1.37x108
Do - - - - 10.40 1.20x108
Dos - - - - 9.90 1.33x10®
Do - - - - 4.58 6.20x10%
Dy Dy 63 -20 14.30 12.17 2.21x10°
Dp» Dy, 18 -62 14.80 11.46 2.33x10°
Di; D3 2 -53 15.95 8.90 5.60x10°
Dy Dy 63 -17 14.30 12.40 2.15x10°
Ds Dy, 18 -63 14.80 11.80 2.15x10°
Dis D4 41 7 7.79 12.50 7.30x10°
Dg=D;+Dy+D5+D4+D;s5 +D16=2.21x10°+2.33x 10>+5.60x 10°+2.15x10°+2.15x10°+7.30x 10°=2.17x 10°

Dy Dy 70 -10 5.92 8.79 3.53x107
Dy Dp» 19 -77 1.53 8.79 69.3

Das Dy 62 -10 8.90 8.79 1.73x10°
Dy D4 27 -77 1.53 8.79 64.7

Das Dis 53 -8 6.05 8.79 5.41x107
Dayg D6 7 77 11.01 8.02 1.86x10°
Dp=D;+DyytDa3+DaytDastDre=3.53x10%+69.3+1.73x10°+64.7+5.41 x 10*+1.86x10°=4.62 x10°

Dy, Dy, 9 78 9.35 6.07 1.41

Dy, Dy 12 78 5.50 6.07 0.163
Ds; Dy 9 78 9.35 6.07 6.87

Dy Dy 12 78 5.50 6.07 0.152
Dss Dss 8 78 9.35 6.07 2.15

D Das 14 78 12.65 6.07 9.86
D=D;3,+D3y+ D35+ D34+ D35+ D36=1.41+0.163+6.87+0.152+2.15+9.86=20.6

Dp Dg 78 1 10.18 3.8 0.234

#3 MCNPiHHLER
Table 3 Calculating result of MCNP

115 & Calculating points A B C D E F G M
B Doserate / uSv-h™' 6.94x107°  1.83x1072  6.94x10°  0.84  1.16x10°  3.15x10° 24.10  1.97x1072

R4 LFRMELR

Table 4 Result of actual measurement

I 55 Measuring points A B C D E F G M
F[EZ% Dose rate / pSv-h ' 0.01 0.017 0.01 0.012 0.94x10° 2.44x10° 18.54 0.046
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Table 5 Dose rate comparisons of different methods (uSv/h)
1% & Calculating points 22587337\ Empirical equation MCNP SEBRM R Actual measurement
A 0.15 6.94x107 0.01
B 0.044 1.83x10 0.017
C 0.15 6.94x107 0.01
M 0.23 1.97x107 0.046
6 ANRTTEBEHFIERLE
Table 6 Scattering dose rate comparisons of different methods (uSv/h)

1% & Calculating points 2258 /37, Empirical equation MCNP SEBRM R Actual measurement
D 0.468 0.84 0.012
E 2.17x10° 1.16x10° 0.94x10°
F 5.46x10° 3.15x10° 2.44x10°
G 41.20 24.10 18.54
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