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Abstract - A package to transport the high level radioactive materials is required to withstand the
hypothetical accident conditions as well as normal transport conditions according to IAEA standards
and domestic regulations. The regulations require that the package should maintain the shielding,
thermal and structural integrities to release no radicactive material. In general, safety evaluation of
packages is performed by experimental methods using scale model and/or analytical methods using
computer codes. This paper presents the safety evaluation of package to transport the radioisotopes
produced in the HANARO to the radioisotope production facility. Radiation shielding, thermal and
structural analyses were performed using the computer codes. It has been verified that the package
is safe under hypothetical accident conditions as well as normal transport conditions.
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Fig. 1. Overview of HTS Cask.
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Table 1. Gamma-ray Source of Mo-99, I-131 and Ho-166

Isot Radioactivity Energy Fraction Gamma-ray source
soto
pe (Ci) (MeV) (%) (photons/sec)
0.180 6.8 2516E11
Mo-99 100 0.372 1.3 4.810E10
0.780 16.4 6.068E11
0.284 6.1 1.129E11
0.364 81.1 1.500E12
1-131 50
0.637 7.3 1.351E11
0.723 1.8 3.330E10
1.180 0.08 2.934E09
1.383 0.93 3.441E10
Ho-166 100
1.586 0.18 6.770E09
i 1.664 0.12 4.477EQ09
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Fig. 2. Shielding Analysis Model for MSHIELD.
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Fig. 3. Shielding Analysis Model for QAD-CG.
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Table 2. Result of Shielding Calculation Using MSHIELD Code

Source Top, mrem/hr Side, mrem/hr
(Strength) Surface 1m 2m Surface 1m 2m
Mo-99 (100Ci) 2.8 0.12 0.03 0.73 0.03 0.01
I-131 (50Ci) 0.13 0.005 0.001 0.3 0.001 0.0003
Ho-166 (100Ci) 337 14 0.44 22.8 0.8 0.21
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Table 3. Result of Shielding Calculation
Using QAD-CG (Ho-166, 100Ci)

Dose Rates, mrem/hr

Location
Surface] 1 m 2m
Top 24.6 1.0 0.35
Bottom 17.0 0.63 0.16
Side 145 0.46 0.13
(Allowable Value)| (200.0) | (10.0) | (10.0)
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Fig. 4. Thermal Analysis Model.
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Table 4. Cask Temperatures under Normal and Fire Accident Conditions

Calculated temperatures (TC)
Location Normal | Fire (0<t<05 h) Post fire (t > 05 h) Allowable
0.0 0.25 0.5 0.75 1.0 1.5 2.0
246

Capsule 186 186 202 230 o0 251 249 660
Inner cavity 124 120 163 193 167 202 199
Lead shield 70 100 161 173 ) 161 156 327
Outer shell 69 107 169 173 67 160 154
Casing surface 61 729 745 268 173 116 102
Ambient temp. 38 800 800 38 38 38 38
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Fig. 5. Free Drop Analysis Model.
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Table 5. Calculated Maximum Stress Intensities under Normal Transport Conditions

Fig. 6. Impact Force Time History for 9 m Drops.
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Maximum stress Allowable
Loading Component intensity, MPa values, MPa Remark
condition
Pm Pm+Pb Sm 15 Sm
Inner shell 1.84 1.92 138 207
Internal
Inter flange 1.70 2.00 138 207
pressure
Lid inside 2.70 290 138 207
Inner shell 432 59.3 138 207
1.2
m Inter flange 456 748 138 207
free drop : ‘
Lid inside 33.1 68.3 138 207
Inner shell 41 47 138 207
Compression Inter flange 29 35 138 207
Lid inside - 47 52 138 207
3
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------ Side drop
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o 5 10 15 20
Time (ms)

Fig. 7. Stress Contour under 9 m Corner Drop.
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Table 6. Calculated Maximum Stress Intensities under Accident Conditions
Maximum stress Allowable
Analysis condition Component intensity, MPa values, MPa Remark
Pm Pm+Pb 24 Sm | 36 Sm
Inner shell 219 29.3 331.3 549.9
Vertical

Inner flange 158 16.7 331.3 549.9

drop
Lid inside 813 1104 331.3 549.9
9m ) Inner shell 481 121.3 331.3 549.9
free j‘de Inner flange 746 | 2003 3313 | 5499

rop
drop Lid inside 80.7 187.0 331.3 549.9
Inner shell 33.6 739 331.3 549.9
Comer Inner flange 575 | 1984 3313 | 5499

drop
Lid inside 49.4 1375 331.3 549.9
Inner shell 92 29.2 3313 5499
1 m puncture Inner flange 176 61.8 331.3 5499
Lid inside 50.4 58.1 331.3 549.9
Inner shell 23 26 3313 5499

15 m water
) . Inner flange 2.3 2.8 331.3 549.9

immersion
Lid inside 3.3 39 3313 549.9
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Fig. 8. Stress Contour under Puncture.
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Table 7. Summary of Maximum Stress Intensities under Fire Accident

Condition at Each Time Step (MPa)

Inner shell Outer shell Lid
Part Time(h) Calcu- Allow- Calcu- Allow- Calcu- Allow-

lated able lated able lated able

0.0 2 501 1 502 1 502

0.25 29 492 42 487 13 501

05 97 457 106 452 95 497

0.75 118 451 96 450 45 489

1.0 96 452 73 452 69 482
Max. 118 451 106 452 9% 497
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