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Table 1. Gamma sources for 365 days cooling time and 45,000 MWD/MTU
Photons release rate (Photons/sec)

Mean gamma energy
Total Fp* LS* HM*
1 0.03 1. 82+11%* — — 1.82+11
2 0.04 3.39+12 - — 3.39+12
3 0. 06 2.89+12 — — 2.89+12
4 0.1 3.57+10 — — 3.57+10
5 0.15 4,31+11 —_ — 4,31+11
6 0.2 2.20+11 — — 2.20+11
7 0.3 2,68+15 2.68+15 3.17+10 1.53+11
8 0.63 2.11+16 2.10+16 5.05+13 7.71+11
9 1.10 2.20+15 7.45+14 1.35+15 1.85+11
10 1.55 2.66+14 2.66414 2.31+10 3.47+08
11 1.99 . 8.50+13 8.50+13 1.02+08 1.83+08
12 2.38 1.16+13 1.16+13 6.95—0.5 9.11+07
13 2.75 8.94+11 8.94+11 6.69+07
14 3.25 2.834+10 2.83+10 2.64+07
15 3.70 1.69-+07 1.69+07
16 4,22 1.07+07 1.07+07
17 4.70 5.05+06 5.05+06
18 - 5.25 3.18+06 3.18+06
Total(MeV/sec) 1.70+16 1.55+16 1.52+15 1.16+12

*FP: Fission products, LS: Light element & Structural materials

HM: Heavy element & their daughters
#*(+11) means 107
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Table 2, Nuetron source spectrum according to

—ZRA$ 9 A GAE $48719 A s —

DLC-23/CASK energy group for 45,000
MWD/MTU and 365 days cooling time

No. Energy Spectrum Normalized
(MeV) (*/sec) Spectrum
1 15.0 3.79+05 0.47-03
2 12.2 1.53+06 0.19-02
3 10.0 4.66+06 0.58—02
4 8.18 1.54+07 0.19-01
5 6. 36 3.23+07 0.40—01
6 4,96 4.61+07 0.57-01
7 4.06 8.85+07 0.1094
8 3.01 7.12+07 0.88-01
9 2.46 1.69+07 0.21-01
10 2.35 9.35+07 0.1156
11 1.83 1.69+08 0.2089
12 1.10 1.55+08 0. 1920
13 0.55 1.07+08 0.1327
14 0.11 1.05+07 0.13—-01
15~22 — 0.0 0.0
Total 8.09+08 1.0
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ing Calculation.

o e mow n W
§22% * e m 2 Qn
517.5
4818
I
- 449.5
N A
[ 5
— © et
@ o o
@ s =
623
36.5 )
33.5- Unit: cm
30.5
R

Fig. 2. QAD-CG Model for Axial Top and Bottom
Shilding Calculation. '



— B A RBT IR AL ¢ 25108 452 5% 19854 —

“Table 3, Element density of each region for ANI-
SN and QAD-CG model

: Number Den- Material
ll\éI:gtiegrllal Element sity (atoms/ Density
. cm?3X 1072¢) (g/cm?)
Fuel Region 0 1.297—02 0. 3449
Cr 8. 500—06 7.34-04
Fe 3.070—05 2.85—03
Zr 4.050—03 0.6137
Ni 1.566—04 1.53—-02
U-235 3.950-05
U-238 6.050—03 2.4073
Pu-239 3.030—05
Pu-240 8.300—06 1.53—02
Stainless Cr 1.674—02 1. 4460
Steel Fe 6.060—02 5. 6218
Ni 9.880—03 0. 9635
Lead Pb 3.135-02* 10. 79*
‘Water H 5.919-02 0.0983
O 2.960~—-02 0. 7867

Air — — —

*5% density reduction of theoretical lead density
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(Material Densities)o]x}, E 3¢ 7 Xpsja]o] AL
He dudqd oAzt Edddel 9 YALE
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Table 4. Maximum  dose rates for normal transportation condition

Dose rates(mrem/hr)

Cask surface

1m from surface 2m from surface

Side Top Bottom Side Top Bottom Side Top Bottom
Normal conditions _ .
- Gamma, 23.4 9.6 8.5 7.8 1.9 1.5 4.5 1.78 0.58
+» Neutron 4.0 0.013  0.001 1.2 0.012 0.001 0.7 0.011 0.001
- Total 27.4 9.6 8.5 9.0 1.9 1.5 5.2 0.8 0.6
Regulatory limit 200 200 200 10 10 10 — — —
Table 5, Maximum dose rates for hypothetical accident conditions
Dose rates(mrem/hr)
Cagk surface 1m from cask surface
Sidé Top Bottom Side Top Bottom
Hypothetical accident
conditions
+ Gamma 44.7 38.5 29.7 15.1 7.8 5.2
« Neutron 518.4 59.5 1.8 152.7 54,0 1.6
- Total 563. 1 98.0 3.5 167.8 61.8 6.8
Regulatory limit — — — 1,000 1,000 1,000
ANSI N66624) A AJHo] 9= zHe DLC-23/CASK
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Radiation Shield Analysis for Spent Fuel Shipping Cask

Kun-Woo Cho, Hee-Won Kim, Seog-Kun Kwon, Eun-Ho Kwak,
Philip S. Moon

Korea Advanced Energy Research Institute

=SUMMARY=

Radiation shield design for a shipping cask, KSC-1, was evaluated to verify that
the cask can be used in the transportation of a spent fuel assembly discharged from
KNU 5 & 6.

Radiation source term of the spent fuel assembly was calculated with the computer
program ORIGEN-79, QAD-CG, ANISN-KA and DOT 3.5 codes were used in the
shielding calculations and the nuclear cross section data needed was extracted from
the DLC-23/CASK library.

It is concluded that KSC-1 shipping cask satisfies the requirements specified in the

relevant regulations under normal conditions of transport and under accident conditions
in transport.



