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Table 1. Gamma-ray Source Spectrum per MTU of :CANDU Fuel versus Cooling

Time
Energy Photon release rate(photons/sec.)
(MeV) 3yrs 7 yrs 10 yrs
0.015 243 + 15 9.03 + 14 563 + 14 445 + 14
0.025 558 + 14 214 + 14 131+ 14 977 + 13
0.0375 561 + 14 217+ 14 142 + 14 114 + 14
0.0575 503 + 14 181+ 14 111 + 14 8.78 + 13
0.085 346 + 14 117+ 14 6.77 + 13 513 + 13
0.125 380 + 14 114 + 14 595 + 13 4.26 + 13
0.225 305+ 14 102 + 14 572 + 13 426 + 13
0.375 172 + 14 6.06 + 13 328 + 13 215+ 13
0.575 1.66 + 15 113+ 15 9.20 + 14 781 + 14
0.85 311+ 14 1.56 + 14 847 + 13 418 + 13
125 863 + 13 439 + 13 2.88 + 13 156 + 13
1.75 695 + 12 210 + 12 9.08 + 11 495 + 11
2.25 115+ 13 205+ 12 377+ 11 3.16 + 11
2.75 253+ 11 562 + 10 141+ 10 1.78 + 09
35 283+ 10 7.15 + 09 181 + 09 230 + 08
50 1.50 + 05 139 + 05 134 + 05 125+ 05
7.0 172+ 04 1.60 + 04 153 + 04 145+ 04
11.0 198 + 03 1.83 + 03 175 + 03 1.66 + 03
Total 733+ 15 324+ 15 220 + 15 174 + 15
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Table 2. Total Neutron Source per MTU of CANDU Spent Fuel versus Cooling time

Source Neutron source (n/sec.)
term 3yrs 5yrs 7 yrs 10 yrs
(a, n) 527 + 05 562 + 05 612 + 05 6.79 + 05
reaction
Spontaneous 323+ 06 299 + 06 2.85 + 06 2.68 + 06
fission
Total 3.76 + 06 3.55 + 06 346 + 06 3.36 + 06

800 MWD/MTUZt A 4% CANDUE Hdzz
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Fig. 2. Geometrical Models of CANDU Cask for 1-D ANISN(a) and 2-D DOT4.2(b)

Calculations
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Table 3. Atom Number Density for Fuel and Shield Region(atoms/barn-cm)

Material | Homogenized Shell Silicone .
Element fuel ’ (SS-304) Lead mixture Air
H 1 4.461—02
B 5 1.205—03
N 7 417705
0 8 2.310—02 1.092—05
Al 13 1.899—03
Si 14 8.046—03
Cr 24 8.236—06 1.705—02
Mn 25 1.373—03
Fe 26 1.381—05 5.835—02
Ni 28 9.029—04
Cu 29 2.209—04
Zr 40 3.680—03
Mo 42 1.294—04
Sn 50 4619—05
Pb 82 3.300—02
U-235 92 8.367—05
U-238 92 1.152—02
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Table 4. Gamma-ray and Neutron Flux-to-Dose Conversion Factors*

Gamma Group Conversion Factors Neutron Group Conversion Factors
Group (mrem/hr) / (p/cm? sec) (mrem/hr) / (n/cm? sec)
Number
U(p I\P/)I:/)E ’ Conversion Factor U(p l\le:f)E ) Conversion Factor
1 10.0 9.792E—03 14.92 2.088E—01
2 8.0 8.280E—03 12.2 1.656E—01
3 6.5 6.840E—03 11.0 1.476E—01
4 5.0 5.760E—03 8.18 1.476E—01
5 40 4.752E—03 6.36 1.404E—01
6 30 3.960E—03 4.96 1.332E—01
7 2.5 3492E—03 4.06 1.296E—01
8 2.0 2.988E—03 3.01 1.260E—01
9 1.66 2412E—03 2.46 1.260E—01
10 1.33 1.908E—03 2.35 1.296E —-01
11 1.0 1.602E—03 1.83 1.332E-01
12 0.8 1.260E—03 111 1.188E—01
13 0.6 9.216E— 04 0.55 5.400E—02
14 04 6.372E—04 0.11 6.480E —03
15 0.3 4392E—04 3.35—03 4.320E—03
16 0.2 2.376E— 04 584—04 4.680E—03
17 0.1 1404E—04 1.01—04 4.680E—03
18 0.05 3.024E—04 2.90—05 4.500E — 03
19 1.01—-05 4.320E—03
20 3.06—06 4.140E—03
21 1.12—-06 3.960E — 03
22 41407 3.780E—03

* ANSI/ANS-6.1.1-1977C77d% & ¥) 2l conversion factor= Ao A 7o) Al ANSI/ANS-
6.1.1-1991C01 = & F)9} I HEAR(AP geometry) Bt} £S5
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200 mrem/hr, 2211 A& A AL 8719 ®H
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Dose rate
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Fig. 3. Dose Rate Profiles versus Lead Thick-
ness on the Cask Surface and 2m
from Surface
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Table 5. Summary of Dose Rates under Normal Transport and Accident Condition

Dose rate(mrem/hr)

Contents Normal transport Accident condition
Radial (side) Top (lid area) Radial Top

Surface 2m Surface 2m 1m 1m

Gamma-ray 25 6.1 314 5.6 18 14.2
Neutron 22 0.5 2.6 0.6 3 25
Total 272 6.6 34 6.2 21 16.7
(limited) (200) (10) (200) (10) (1,000) (1,000)
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Radiation Shielding Analysis of CANDU Spent Fuel
Transport Cask

Jong-Rak Choi, Jung-Hyun Yoon, Hee-Young Kang,
Heung-Young Lee and Sung-Whan Chung

Korea Atomic Energy Research Institute

ABSTRACT

A shielding analysis of the shipping cask for transporting the CANDU spent fuel bundles
has been studied. Radiation source term has been calculated on spent fuel with burn-
up of 7,800 MWD/MTU and 5 years cooling time by ORIGEN2 code. The shielding calcula-
tion for the cask capable of transporting 378 bundles of CANDU spent fuel has been
made by use of 1-D ANISN and 2-D DOT 4.2 codes. As a result of analysis, the optimum
shield thickness of cask was obtained. And it is proved that the safety in radiation shiel-
ding under normal transport and hypothetical accident conditions is confirmed to satisfy

the allowable values specified in IAEA Safety Series No. 6 and the Korean Atomic Law.

Key words: CANDU cask, shielding analysis, ANISN, DOT 4.2



