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Abstract—In this study, to set-up the calculation method of radiation shielding of the
KSC-4 shipping cask which is being used for spent fuel transportation, the pre-existing two
calculation methods, deterministic and probabilistic methods were tested.

For the first, the DOT4.2 computer code adopting the deterministic theory was applied
for the calculation of effective neutron shielding under assumption of continuous wall
thickness of the cask. To verify the first results, the probabilistic theory was used as an
alternate calculation. In this case MCNP4A computer code adopting the probabilitic theory
was used. And same approximation was obtained from the two different shielding calculations.

From the results, it could be confirmed that the design and calculation method used
for the radiation shielding of the KSC-4 was adequate and sufficiently safe to meet the
design and QA requirements of 10CFR71 Appendix H.

Key words . Spent Fuel, Shipping Cask, Radiation Shielding, Verification, Radiation Protection,
Design Quality Assurance, MCNP4A and DOT4.2
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Table 1. Fuel Design Condition of KNU 5 & 6.
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Description Unit Specification
Assembly Weight kg 656
kgU/Assembly kg 462.45
Maximum average Exit Burnup MWD/MTU 38,000
Specific Burnup MW/MTU 375
Enrichment w/o 32
Assembly Cross Section cm 214X214
Assembly Fuel Array No./Assembly ea 17X17
Active Fuel Length cm 365.76
Rod Diameter cm 0.95
Rod Pitch cm 1.26
Rod Number/Assembly ea 264
Clad Material Zr-4
Clad Thickness cm 0.057
Pellet Diameter cm 0.82
UO; Weight kg 524.6
Pellet . .
Zircaloy Weight/Assembly kg 110.2
Grid Material Inconnel
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Fig. 1. Normalization of 252Cf Spectrum.
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Table 2. Group-Wise Neutron Source Spectrum
for 4 PWR Assemblies to Fit DLC-23 CASK Lib-
rary.(38,000 MWD/MTU, after 3 years cooling
time).

Group Upper Energy| Normalized Spectrum
(MeV) Spectrum (Neutrons/s)
1 |14.92 04653 E-3 |4.6004 E+5
2 |122 0.1883 E-2 |1.8617 E+6
3 100 05756 E-2 56910 E+6
4 8.18 0.01924 19023 E+7
5 6.36 0.04000 39548 E+7
6 | 4.96 0.05174 51155 E+7
7 4.06 0.1094 1.0816 E+8
8 310 0.08804 8.7045 E+7
9 2.46 0.02088 20644 E+7
10 2.35 0.1156 1.1429 E+8
11 | 1.83 0.2089 20653 E+8
12 | 111 0.1920 1.8983 E+8
13 0.55 0.1327 1312 E+8
14 0.11 0.0135 13298 E+7
15 | 335 E-3 0.0 100
16 583 E4 0.0 0.0
17 | 101 E+4 0.0 0.0
18 | 290 E-5 0.0 0.0
19 1.01 E-5 0.0 0.0
20 3.06 E-6 0.0 0.0
21 112 E-6 0.0 0.0
22 4.14 E-7 0.0 0.0
Total 1,000 19.887 E+8
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Fig. 2. Comparison of the Fuel Models.
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Table 3. Atom Number Density of Fuel and Other Materials(atoms/barn-cm).

Nuclides Homogenized Stainless Lead Boral Plate Solid Resin
Fuel Region Steel (NS4-FR)

H 595 E-2
B 3.71 E-2
c 116 E-2 2.31 E-2
N 143 E-3
0 1.74 E-2 267 E-2
Al 382 E-2 797 E-3
Cr 850 E-6 167 E-2
Fe 307 E5 6.06 E-3 342 E4
Ni 4.05 E-3 9.88 E-3
Zr 157 E4
Pb 0.033
U235 8.75 E-3
U=s8 407 E5

Basket
% [ Borai Plate

Lead

Resin(NS4-FR)
Outer Shell

Intermediate
Shell

Basket
Homogenized

Fuel 7/

Fig. 3. Comparison of the KSC-4 Cask Shielding
" Models.
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Table 4. Neutron Flux-To-Dose Conversion
Factors.

B3 e ol &%

Group |Neutron Group C.F(mR/hr/n/cm? sec)
Number | Upper Energy(MeV) | Conversion Factor
1 14.92 2.088 E-1
2 122 1656 E-1
3 110 1476 E-1
4 8.18 1476 E-1
5 6.36 1404 E-1
6 496 1332 E-1
7 406 1296 E-1
8 301 1.260 E-1
9 246 1260 E-1
10 2.35 1296 E-1
11 1.83 1332 E-1
12 111 11838 E-1
13 0.55 5400 E-2
14 0.111 6.480 E-3
15 0.335 E-2 4.320 E-3
16 0.583 E-3 4.680 E-3
17 0.101 E-3 4.680 E-3
18 0.290 E4 4.500 E-3
19 0.101 E4 4320 E-3
20 0.306 E-5 4.140 E-3
21 0.112 E-5 3.960 E-3
22 0414 E-6 3.780 E-3
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in Computer Code System.
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Table 5. Comparison of the Neutron Dose rates -
at KSC-4 Cask Surface.

Neutron Dose Rates(mrem/hr)

Distance to Cask DOT4.2 MCNP4A
Ocm 476 53.9(4.3%)

&l 20cm | 257 26.8(3.4%)
*2A 40cm 6.6 4.9(8.4%)
Distance to Cask | 50c 6.0 9.8(3.4%)
=1 |150cm 45 7.3(4.7%)
= | 250cm 11 1.6(8.1%)

’:( ) means Relative Error of MCNP4A.
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