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Thermal Characteristic of Insulation
for Optimum Design of RI Transport Package
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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 and domestic regulations. The regulations require that the package should
maintain the shielding, thermal and structural integrities to release no radioactive
material. Thermal characteristics of insulations were evaluated and optimum insulation
thickness was deduced for RI transport package. The package has a maximum capacity
of 600 Curies for Ir-192 sealed source. The insulation thickness was decided with 10
mm of polyurethane form to maintain the thermal safety under fire accident condition.
Thermal analysis was carried out for RI transport package, and it was shown that the
thermal integrity of the package was maintained. The results obtained this study will be

applied to a basic data for design of RI transport cask.
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Table 1. Thermal Properties of Materials

Thermal properties

Material Conductivity Density Specific heat

(W/m-C) (kg/m") (W-h/kg-C)
Depleted uranium 255 19,290 132
Lead 35.3 11,340 129
Polyurethane form .08 320 1760
Cork 04 150 1670
Stainless steel 16 7860 477
Titanium 22 4500 522
Air 0.026 1.22 1006
FHEE 7] SR ERA A el oF AdURF AL g3 2ol &

q = HHCA(TS - Ta)

H, .(surface) = Nu, %

Coefficient dependent on the flow regime and geometry

g R EAN ] BFAALA
ojube, BAgAEE Thg A

o 714,
Nuy=c(Gr Pr)?, Gry=g g (4T)d*/V*
k : Thermal conductivity of ambient air (W/m-K)
a - Exponent dependent on the flow regime
c:
g : Acceleration of gravity (m/sec?)
d : Diameter of cask (m)
B Coefficient of volumetric expansion (1/K)
AT
v : Dynamic viscosity of ambient air (m’/s)
et ZE BAAE AHEEte] #ut
40 W/m-K)& 43t}
RS R EHAA HEAIE Ao
=

: Temperature difference between cask surface and ambient air (K)



a=Ace(Ti—Ty) (6)

o 714,
g : Heat flow (W)
A : Heat transfer area (m’)
0 : Stefan-Boltzmann constant (= 5.669x10 ° W/m* K"
¢ . Emissivity of surface material
Ts : Surface temperature (K)

T. : Ambient temperature (K)
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Table 2. Summary of Calculated Temperatures for Lead Cask under Fire

Accident Condition (Insulation : polyurethane 10 mm)

Calculated temperatures (C)

Location Steady Transient time (minutes)
Max.
state 1 19 | 20 30{ 40| 50|60 |70 |80 |90

RI source 83 | 88 [119]159|197|220 [ 231 | 236 | 235 |233| 236
Titanium tube 67 | 85 [131]175]207| 218 | 221 | 221 | 218|214 221
Lead shield 65 | 101[148]190|212| 217|217 | 216 | 213|210| 217
Polyurethane (core) | 64 | 422 |458|481|305|243 | 214|198 | 187 [ 179 481
Cask outer surface | 63 |778|787|788|369 | 257|203 | 174 | 157 [ 147 788
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Table 3. Summary of Calculated Temperatures for DU Cask under Fire Accident

Condition (No insulation)

Calculated temperatures (C)

Location Steady Transient time (minutes)
Max.
state | 19 | 20 | 30 | 40 | 50 | 60
RI source 84 206 440 623 669 625 559 669
Titanium tube 68 342 600 726 644 559 491 726
DU shield 66 427 6053 | 750 | 640 548 482 750
Cask outer surface 65 566 720 | 774 | 605 523 461 e

Table 4. Summary of Calculated Temperatures for DU Cask under Fire Accident

Condition (Insulation : polyurethane 10 mm)

Calculated temperatures (C)

Location Steady Transient time (minutes)
Max.
state | 10 120301405060 |70 |80 |90

RI source ]7 92 [122[163]200( 222|234 [ 239 | 239 | 236 | 239
Titanium tube 71 89 13411791210|221 | 224 | 224 | 221 | 217 | 224
DU shield 68 1107 (152(194 (2181223 | 223|222 | 218|215| 223
Polyurethane(core) 66 |430]466|488(310]247 (217|199 | 188|180 488
Cask outer surface 64 780 |788|789(372| 261|206 | 175 | 158 | 147| 789
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Fig. 1. Conceptual Drawing of RI Transport Cask.
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Fig. 2. Temperature Profiles of Lead Shield as a Variation of Insulation

Thickness (Insulation : polyurethane).
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Fig. 3. Temperature Profiles of Lead Shield as a Variation of Insulation

Thickness (Insulation : cork).
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Fig. 4. Temperature Profiles of Lead Cask under Fire Accident Condition.
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Fig. 5. Temperature Profiles of DU cask under Fire Accident Condition.
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Fig. 6. Temperature Contours for DU cask [unit : K].
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