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A Study on the Radiation Source Effect to the Radiation Shielding Analysis for
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Abstract

The radiation shielding analysis for a Bumup-credit (BUC) cask designed under the management of Korea
Radioactive Waste Management Corporation (KRMC) was performed to examine the contribution of each radiation
source affecting dose rate distribution around the cask. Various radiation sources, which contain neutron and
gamma-ray sources placed in active fuel region and the activation source, and imaginary nuclear fuel were all
considered in the MCNP calculation model to realistically simulate the actual situations. It was found that the
maximum external and surface dose rates of the spent fuel cask were satisfied with the domestic standards both in
normal and accident conditions. In normal condition, the radiation dose rate distribution around the cask was
mainly influenced by activation source {2Co radioisotope); in another case, the neutron emitted in active fuel region
contributed about 90% to external dose rate at 1m distance from side surface of the cask. Besides, the contribution
level of activation source was dramatically increased to the dose rates in top and bottom regions of the cask. From
this study, it was recognized that the detailed investigation on the radiation sources should be performed

conservatively and accurately in the process of radiation shielding analysis for a BUC cask.
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Fig. 1. Neutron & Gamma-ray Spectrum emitted from Active Fuel
Region
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Table 1. Flux Scaling Factors and Gamma-ray Flux emitied
Activation Source (6°Co) in the Fuel Hardware

Fhux Scaling Factor Gamma-ray Flux
PNL This Work (#/sec - Assembly)
‘Top End Fitting 0.1 0,1 1.1233% X 1013
Top End Cap p
(Plenum Region) 0.2 0.2 27axaon
Active Fuel Region 1.0 1.0 3,4484 x 1012
Bottom End Cap - 0.3 8,0200 X 12
Bottom End Fitting 0.2 0.2 3.2113 x 1012
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Fig. 2. Specifications of Imaginary Nuclear Fuel

Fig. 3. MCNP5 Calculation Model to evaluate the Radiation
Safety in Normal Condition (Surface Dose Rate: A, B, C Position,
External Dose Rate: D, E, F Position)
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Table 3. Radiation Shielding Regulations for Spent Fuel Cask
Design

Table 2. Conservative Axial Burnup Distribution Evaluation Position Technical Regulation
— Cask Surface 2 mSv/hr
Fraction of Average Burnup (GWD/MTU)} Normal Condition
. ) 2m Distance from Cask Surface 0.1 mSv/hr
Axjal Height 30 - 34 34 - 38 38 - 42 42 - 46 - —
- Accident Condition 1m Distance from Cask Surface 10 mSv/hr
0,028 0,73221 0.7164 Q. 74698 0,71815
0.083 0.96945 0.9752 0,96531 0.965%8
0,139 1.079%2 1.07935 1.07763 1,06851 Table 4. Maximum External and Surface Dose Rates of the Spent
0.194 1.11107 1.11142 109112 1.08916 Fuel Cask (Normal Condition)
0.25 1.12247 1.11963 1.10383 1.10362 Neutron Gamma-ray Dose Rate (mSv/hr) Toal
0.306 112119 1.11668 1.09191 1.08885 Positon | Pose Rate (0,¥) | yray Source| ACtvation | (msy/hr)
0.361 1.11648 1.11119 1.09744 1.1011 fm v/ Reaction _|(Fuel Region)] _ Source
.36
- . . - . Maximum Dose Rate on Each Cask Surface
0417 L1143 110556 1.09564 109912 ooy ] 0000 0.0008 0.0001 0.0009 5.0018
0.472 1.10659 1.1004 1.08613 1.07577 op ¢ (£4,548-6) | (£214E-5) | (£8.79E-5) | (£RBA2E-S) | (+1.98E4)
0.528 1,10219 1.09561 1.08985 1.09239 Side (8) 0.0654 0.0629 0.0750 0.4886 0.6919
0.583 10981 109247 L0852 1074 (£5.10E-4) | {£2.08E4) | (£4,96E-3) | (+2.05E-3) | (+7.73E-3)
053 Tood o057 vy Bottom (C) (.0001 0.0029 0.0002 0,0052 0.0084
o 094 0899 108835 1.077%¢ Y (£9.1386) | (£2.89085) | (£5.2285) | (215484 | (£2.248-4)
0.694 1.08889 1.08758 108799 1.07985 Maximum External Dose Rate ar 2m Distanice from Each Cask Sutface
075 1.08152 1,08372 1.08219 1.06999 Top (D) 0,000% 0.0010 0.0003 0.0006 0,0024
0,806 106404 106619 106231 105631 b (£6.5855) | (X2.8305°5) | (£1.3504) | (£55005) | (£2840-4)
oy - p P . 0.0130 0,0172 0.0271 Q.0358 0.0931
0.861 1,02477 1.02334 1.01821 1.01978 Side (E ~ -
7 ® | 76w | (3,085 | (=153 | a1ED | (F185E3)
0.917 0.91696 0.91503 0.90875 0,915 ) 0.0001 0.0008 0,000 0.0013 D.0020
0,972 0.68042 0.69107 0,69619 0.67478 otom ()} (46 048.6) | (£0.43.6) | (£3.4384) | (X463ES) | (+4,058-4)
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Table 5. Maximum External Dose Rates of the Spent Fuel Cask
(Accident Condition)

E¥e

qed
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o | ool Acaion | s
Maximum External Dose Rate at 1m Distance from Each Cask Sutface
Top (A) 0,1710 0,0002 0.0110 0.0445 0.2267
(+2.82E-3) | (£2.42E5) | (£8.64E3) | (£2.59E3) | (*1.41E-2)
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Fig. 5. MCNP5 Calculation Model to Evaluate the Radiation
Safety in Accident Condition (External Dose Rate: A, B, C
Position)
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