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Conceptual Design and Thermal Analysis of
Transport Package for Industrial Sealed Source
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Abstract

Conceptual design and thermal analysis have been performed for transport package
which 1s designed for use as a source changer, storage container or shipping container
for up to four radiography source assemblies. The maximum loading capacity of the
package is 600 Curies for Ir-192 sealed source. The package consists of lead and
depleted uranium shields which are encased in a stainless steel housing. Polyurethane
foam is used as a insulation to maintain the thermal safety under fire condition. In the
results of thermal analysis, the surface temperature of package was lower than the
allowable value under normal transport condition. The maximum temperature of shielding
materials was calculated to be 113C under fire condition. Therefore, it was shown that
the thermal integrity of the package was maintained under normal and fire accident
condition.
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Table 1. General Description of Package
Ttem Description
_ - Ir-192 (4 source assemblies)
Loading content i }
- 600 Ci (150 Ci/source)
- Total ight : 95 k
Weight ot wee &
- Shielding assembly : 70 kg
— Shielding materials : lead, DU
- Housing : stainless steel
Components i o
- Guide tube : titanium "J” tubes
- Shcecok absorber : polyurethane foam
- Overpack : O.D 320 mm x 445 mm L
) ) — Shield assembly : O.D 176 mm x 301 mm L
Dimensions o
- Titanium tube : O.D 13.8 mm x 2 t
- Polyurethane foam : 69 mm
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Table 2. Thermal Properties of Materials

Thermal properties

Material Conductivity Density Specific heat

(W/m-T) (kg/m’) (W-h/kg-C)
Depleted uranium 25.5 19,290 132
Lead 35.3 11,340 129
Polyurethane foam .08 320 1760
Stainless steel 16 7860 477
Titanium 22 4500 522
Air 0.026 1.22 1006




q = HHCA(TS - Ta) ___________________________________ (3)
H, (surface) = Nuy % ———————————————————————————————— )
o 7] 4,

Nuy=c(Gr Pr)?, Gry=g 8 (UD)A*/V* —————- (5)
k : Thermal conductivity of ambient air (W/m-K)

a . Exponent dependent on the flow regime

¢ . Coefficient dependent on the flow regime and geometry

g Acceleration of gravity (m/sec?)

d : Diameter of cask (m)

B Coefficient of volumetric expansion (1/K)

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

v : Dynamic viscosity of ambient air (m’/s)

q : 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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without solar heat flux
77
72
70
69
69
53
42

Calculated temperature (C)

92
87
85
84
84
72
63

b of

LA

A
with solar heat flux

Qo] L= 92 TE A
Location
Titanium tube
Lead shield (core)
DU shield
Lead (intermediate)
Polyurethane (core)
Cask surface

RI source

Table 3. Summary of Calculated Temperatures for Normal Transport Condition
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Table 4. Summary of Calculated Temperatures for Lead Cask under Fire
Accident Condition

Calculated temperatures (C)

Location Steady Transient time (hour) \
state | 05 | 10| 15|20 25/3.0|40 |50 |60 -

RI source 92 92 | 94 101 | 108 | 113 | 116 | 119 | 120 | 120 | 120
Titanium tube 87 g7 | 90 | 97 104 1109 | 112 | 115|115 | 115 | 115
Lead shield (core) 85 8 | 89 | 96 | 103 | 108 | 111 | 113 | 113 | 113 | 113
DU shield 84 84 | 89 | 96 | 103 | 108 | 111 | 113 | 113 | 113 | 113
Lead (intermediate) | 84 8 | 89 | 96 | 103 | 108 | 111 | 113 | 113 | 113 | 113
Polyurethane (core) | 72 187 1246 | 207 | 169 | 142 | 124 | 104 | 104 | 90 | 246
Cask surface 63 791 | 261 | 140 | 111 | 95 | 86 | 75 | 75 | 68 | 791
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Fig. 1. Conceptual Drawing of RI Transport Cask.
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Fig. 2. Thermal Analysis Model.
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Fig.3. Temperature Contours under Fire Accident Condition.
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