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A Comparison between the IAEA Safety Series 6 Thermal Environment and a
Proposed Alternative Thermal Environment*

S.D. Wix, GRAM, Inc. and J.A. Koski, Sandia National Laboratories**

1. Introduction

The present regulations for packaging and transportation of radioactive materials, IAEA
Safety Series No. 6; 19851, establish specific criteria for the thermal environment of a
hypothetical accident. The regulation states:

"The thermal test shall consist of the exposure of a specimen fully engulfed, except
for a simple support system, in a hydrocarbon fuel/air fire of sufficient extent and in
sufficiently quiescent ambient conditions to provide an average emissivity coefficient of at
least 0.9, with an average flame temperature of at least 800°C for a period of 30 minutes, or
shall be any other thermal test which provides the equivalent total heat input to the package.
The fuel source shall extend horizontally for at least 1 m, and shall not extend more than 3 m,
beyond any external surface of the specimen, and the specimen shall be positioned 1 m above
the surface of the fuel source. After the cessation of external heat input, the specimen shall
not be cooled artificially and any combustion of materials of the specimen shall be allowed to
proceed naturally. For demonstration purposes, the surface absorptivity coefficient shall be
0.8 or that value which the package may be demonstrated to posses if exposed to the fire
specified; and the convective coefficient shall be that value which the designer can justify if
the package were exposed to the fire specified. With respect to the initial conditions for the
thermal test, the demonstration of compliance shall be based on the assumption that the
package is in equilibrium at an ambient temperature of 38°C. The effects of solar radiation
may be neglected prior to and during the tests, but must be taken into account in the
subsequent evaluation of the package response."

A proposed change to the IAEA thermal environment, for the purpose of modeling, was
made by Fry 2. The change consists of raising the environmental temperature to 1100°C and
reducing the effective flame emissivity to 0.3. The 1100°C temperature represents a flame
temperature and the 0.3 emissivity ensures the heat flux specified in the IAEA regulations is
met. The thermal environment is modeled with the following equation.

Q = 0. 3eo[(1100 + 273) 4 -(Ts + 273)4]+ h(l 100- Ts)
where,

e is the emissivity of the container surface,
t_ is the Stefan-Bolzman constant,
Ts is container surface temperature (°C), and,
h is the convection coefficient.

The scope of this paper is to examine the effects on modeling that result with the Fry
proposed thermal boundary conditions. The examination is accomplished by comparing
thermal model results using the current IAEA specified thermal environment and the Fry
proposed thermal boundary conditions.

* This workperformedat SandiaNationalLaboratories,Albuquerque,NewMexico,supportedby the U.S.
DepartmentofEnergyunderContractDE-AC04-76DP00789.
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2. Thermal Model

2.1 Thermal Model Description

A thermal model, based on an actual transportationcask, was developed. A thermal analysis
of an accident condition was performed using the IAEA thermal boundary conditions and
then with the proposed Fry thermal boundary conditions. Results from each analysis were
compared and differences in the results are reported. The model was developed using a
commercial thermal analysis code. Figure 1 presents the model.
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Figure 1 - Cask Thermal Model

The model is a two-dimensional axisymetric representation of the cask. Another simplifying
assumption is that half the length of the cask was modeled. The model consists of 1457
nodes and 1319 elements.

The materials in the cask, and simulated in the thermal model, were stainless steel, air,
helium, and silicone rubber. The cask lid and body material was stainless steel. The gap
between the cask lid and body was filled with air on the outside of the seal and helium on the
inside of the seal. The seal material was silicone. Temperature dependent thermal
conductivity was used for the stainless steel, air and helium, while the silicone thermal
conductivity was constant. Table 1 presents the material thermal transport properties used in
the model. All material properties presented in table 1 are at 25°C.

II III i ii iii iii i , _ .... I I I I IIIII

Material Thermal Density Specific Heat
Conductivity

(W/m-K) (kg/m 3) (J/kg-K)

Stainless Steel .... 13.,_- 7920 502 ......
Air ' 0.024'2 .... 0.177 5191

...... Helium 0.141 ......... 1.'29 ...... 992
' Silicone .... 0.138 ...... 1300 ' 1256

...... III II I I I I I I IIIII IIII

Table 1. Material Properties used in the Thermal Model

The software used for pre- and post processing is PDA PATRAN 2.53. The thermal solver
used is PDA P/Thermal 4. Both products are commercially available.



2.2 Thermal Boundary Conditions

Two different thermal boundary conditions were applied to the cask thermal model. The first
set of thermal boundary conditions were based on the !AEA Safety Series No. 6 regulations.
The second set of thermal boundary conditions were based on the Fry proposal.

2.2.1 IAEA Safety Series No. 6 Thermal Boundary Conditions

The IAEA Safety Series No. 6 boundary conditions consist of an 800°C environment
temperaturewith an emissivity of 0.9, and a package surface emissivity of 0.8. Convection
was included for the cool down period. The convection coefficient used was 5 W/m2-°C.
The time period for the fire condition was 30 minutes. The post fire cool down time was 9.5
hours.

2.2.2 Proposed Fry Thermal Boundary Conditions

The proposed Fry thermal boundary conditions consist of an 1100°C source temperaturewith
an effective flame emissivity of 0.3. The Fry proposed thermal boundary condition produces
a heat flux into a cold body that is 5% lower than the heat flux obtained from the IAEA
Safety Series No. 6 boundary condition. The package surface emissivity was not specified in
the proposed thermal boundary conditions, so the IAEA regulation package surface
emissivity of 0.8 was used. In the proposed thermal boundary conditions, the source and
container surface emissivities are multiplied. For this analysis, therefore, the proposed
thermal boundary condition emissivity was 0.24. The convection boundary conditions and
the cool down period were the same as the previous case.

3. Results

Temperatures at the same node locations were plotted for both boundary conditions. Nodes
in critical areas were selected. Figure 2 presents the locations of the nodes used in the
boundary condition comparison.
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Figure2 -NodeComparisonLocations

Figure 3 presents the calculated temperatures of all selected node locations for both boundary
conditions. Figure 3 also includes the ambient temperature for both boundary conditions.
The location with the largest temperature difference is at the fin tips. The fin tip maximum
temperature when the proposed Fry boundary condition was applied was 1032°C. When the
IAEA Safety Series 6 boundary condition was applied, the maximum fin temperature was



785°C. The temperature difference is due to the low thermal capacity of the fins when
compared to the cask and to the thermal resistance between the fins and the cask.

Figure 4 presents a temperature comparison at three locations on the cask outer surface. The
locations are on the cask lid, at a comer on the cask body, and at the fin tip. The calculated
maximum lid outer surface temperature, using the IAEA Safety Series 6 boundary condition,
was 404°C. When the Fry proposed boundary condition was applied, the calculated
maximum lid surface temperature was 392°C. The calculated maximum cask outer surface
temperatures were 481°C and 474°C for the IAEA and Fry proposed thermal boundary
conditions, respectively.
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Figure3 - OverallTemperatureComparisonbetweenIAEASafetySeries6
andProposedFryBoundaryCondition

Figure 5 presents the calculated maximum temperatures for the seal area. The seal
temperatures were calculated at the lid/seal interface and the seal/cask body interface. For
the IAEA Safety Series 6 boundary condition, the maximum temperatures for the seal area
were 257°C for the lid/seal interface and 248°C for the seal/cask body interface. When the
Fry proposed boundary condition was applied, the maximum temperatures for the seal area
were 250°C for the lid/seal interface and 243°C for the seal/cask body interface.

Figure 6 presents the calculated maximum temperatures for the cask inner surface. The
calculated maximum lid inner surface temperature were 262°C for both thermal boundary
conditions. The calculated maximum cask inner surface temperatures were 265°C and 277°C
for the IAEA and Fry proposed thermal boundary conditions, respectively.

4. Conclusions

The maximum temperature differences, due to the IAEA and Fry proposed boundary
conditions, in the seal area are 7°C and 5°C for the lid/seal and seal/cask interfaces,
respectively. Slightly lower seal area temperatures were calculated when the Fry proposed
boundary conditions were applied. The difference in temperature should not affect the
predicted performance of a well designed cask, since the temperature differences in the seal
area are within commonly accepted standards for experimental and calculated ancertainties.

The large difference in temperature at the fin tips is due to the relatively small amount of
thermal capacity of the fin tips. The fin tips are heating at a fast rate and approaching a
steady-state temperature. The Fry proposed ther, aal boundary condition specifies a much



higher environment temperature than the IAEA regulations, so, at a steady state condition,
objects will reach a higher temperature when the Fry proposed boundary condition is applied.
For large massive objects, steady state will not be approached for time periods on the order of
thirty minutes. However, for less massive objects, such as the fins, steady state is approached
more quickly. In such cases, the Fry proposed thermal boundary conditions will lead to
much higher temperature predictions. There is also a significant thermal resistance between
the fins and cask body. The thermal resistance is due to the relatively low thermal
conductivity of the fin material, stainless steel, and the small crossectional area of the fins.
The thermal resistance between the fins and the cask body causes a significant impedance of
heat flow, which contributes to the high fin temperatures. The temperature difference at the
fin tips indicate that there will be a large difference in the maximum temperature if the IAEA
Safety Series 6 and Fry proposed boundary conditions are applied to objects with small
thermal capacity.

The proposed thermal boundary condition by Fry is a reasonable alternative, for modeling
large objects, to the IAEA Safety Series 6 thermal environment. For a large cask, the
calculated temperatures using the Fry proposed boundary conditions are slightly lower than
the calculated temperatures using the IAEA Safety Series 6 thermal boundary conditions.
The difference in temperature can be attributed to the reduced heat flux, approximately 5%,
from the Fry proposed thermal boundary conditions.

The thermal analyst will need to exercise care if the Fry proposed boundary conditions are
applied to an object with a low thermal capacity. The maximum temperatures will probably
be higher with the Fry proposed boundary conditions. The same care will be needed if a
critical area is in a region with low thermal capacity.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Figure 6 - Inner Surface Temperature Comparison between IAEA Safety
Series 6 and Fry Proposed Boundary Conditions
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