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THERMAL MODELING OF WASTE CYLINDERS IN A LARGE CONTAINER 

I. INTRODUCTION 

The Fuel Conditioning Facility at the Idaho National Engineering and Environmental 
Engineering Laboratory, INEEL, is to produce a spent fuel waste product which is essentially a 
heat-generating ceramic cylinder with a very tight-fitting stainless steel clad. The size of this 
waste product, which is under development, is such that many of them will fit into one of the 
large cylindrical containers being considered for use at the Yucca Mountain repository in Nevada. 
A key concern is how to size the waste cylinders and arrange them inside the container so that 
the space within the container is efficiently used and ceramic temperatures above about 600" C 
are not reached. 

11. WASTE PACKAGING CONCEPTS 

The waste cylinders are all the same size and are uniformly arranged in layers on a 
triangular pitch. A layer is formed by placing a number of waste cylinders together and orienting 
them as if they were cans sitting on a shelf. Here the shelf is a flat circular surface whose 
diameter is that of the inside of the container, 1.481 m (58.3 in). Many parallel shelves, or 
layers, of cylinders are placed one above the next inside the container. Three packaging concepts 
were considered for a layer: 1) the cylinders are separated only by open spaces, 2) a metallic, 
high thermal conductivity, matrix is used which has holes (on a triangular pitch) in which the 
cylinders are centered, and 3) each cylinder is centered in a hexagonal-shaped tube and the tubes 
are place side by side to form a large hexagon which fits inside the large container. 

111. ANALYTICAL MODELING 

In the analysis of an individual layer, axial heat transfer from layer to layer and natural- 
convective heat transfer inside the container are not included. These two conservative 
assumptions are appropriate for an initial scoping study and will result in predicted temperatures 
which are somewhat higher than they would otherwise be. In all cases the total amount of 
ceramic per layer is 0.7979 m2 (1237 in') and the stainless steel cladding of the ceramic 
cylinders is 0.51 mm (0.020 in) in thickness. The volumetric power of the ceramic waste is 
taken to be 5000 W/m3 and leads to a power per unit length per layer of cylinders of 3990 W/m. 
In all cases, except where noted otherwise, helium is the fill gas and the lateral boundary 
temperature for each layer is 300°C. This temperature is based on a one-dimensional steady-state 
radiation and conduction model of the large container inside another container, or "engineered 
barrier", and located inside a tunnel in the proposed Yucca Mountain repository, where the rock 
surface of the tunnels are not allowed to exceed 200" C. 

All heat transfer among the ceramic cylinders is steady-state and only by radiation and 
conduction in the plane of the layer. The FIDAP finite-element computational fluid dynamics 
software' is used. Metallic surfaces are of stainless steel and assumed to have a thermal 
emissivity of 0.2, except for the surfaces of the aluminum metallic matrix of Concept 2 for which 
the emissivity is taken to be 0.1. These values are at the conservatively low end of the expected 
ranges for emissivity for stainless steels and aluminum. 
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As a form of validation, FIDAP was used to do a benchmark problem' in which a 256-pin 
simulated P W R  spent fuel assembly was modeled. The mDAP results were found to be in 
reasonable agreement with the published predictions of other codes and measured results which 
were both provided with the benchmark problem. This is a good test problem because the modes 
of heat transfer and the geometry are analogous to those of a layer of ceramic cylinders. 

111. RESULTS AND DISCUSSION 

Figure 1 provides a sample FIDAP finite-element mesh for Concept 1 with 19 waste 
cylinders of diameter 0.2323 m (9.144 in) on a triangular pitch of 0.2921 m (11.50 in). A series 
of six of these Concept 1 cases were analyzed in which the pitch between adjacent cans was 
varied from 0.2335 m (9.194 in) to 0.2921 m (11.50 in), the circles in Figure 2. In each case 
the center cylinder was at the center of the circular cross section of the container. The cases for 
the two extreme values of pitch were repeated with air as a fill gas and with a vacuum. The 
temperature rises for the helium, air, and vacuum at the smallest pitch-to-diameter ratio were 346, 
366, and 376" C, respectively, and the ones at the largest pitch-to-diameter ratio were 168, 179, 
183" C, respectively. The relatively small increases in temperature from helium to vacuum 
clearly indicates that in all of these cases the dominant mode of heat transfer is radiation. The 
highly nonlinear influence of radiant heat transfer was also demonstrated by the sensitivity of 
peak temperature to boundary temperature and power. At the smallest pitch-to-diameter ratio, 
a tripling of the power resulted in the temperature rise increasing by a factor of only 2.33 and 
a 100" C increase in boundary temperature caused the peak to increase by only 56.3" C. 

For loosely-packed arrays of 1, 3, 19, and 91 cylinders, the peak temperature rises are 
455, 217, 168, and 200" C, respectively. The relatively large temperature rise for the one-can 
case is due to the very large parabolic temperature rise in the single heat source which contains 
all of the ceramic in the cross section. A 19-cylinder Concept 2 case produced a peak 
temperature rise of 151" C when the matrix was stainless steel and 74" C when it was aluminum. 
Changing the fill gas from helium to air causes these two temperature rises to increase to 210 
and 153" C, respectively. For Concept 3 with 19 ceramic cylinders placed inside 19 hexagonal 
tubes, the peak temperature rise is 256" C. 

IV. CONCLUSIONS 

All three concepts are thermally acceptable. For Concept 1 the temperatures are 
somewhat insensitive to the choice of fill gas, loose packing is preferable, and 3, 19, and 91 
cylinders provide similar good results. 

REFERENCES 

1. FIDAP 7.6 (Fluid Dynamics Analysis Package), Fluid Dynamics International, Inc., 
Evanston, E, March 1996. 

2. R. E. Glass, et al., "Standard Thermal Problem Set for the Evaluation of Heat Transfer 



-3- 

Codes Used in the Assessment of Transportation Packages", Sandia National Laboratory, 
SAND88-0380, August 1988, pp. 18-22. (Also, refer to R. E. Glass, et al., "Standard 
Thermal Problem Set", Sandia National Laboratory, SAND-89-0923C, Figure 3.) 

ELEMENT 
MESH PLOT 

'MIN -. 293E+02 
MAX 0.2933+02 
FIDAP 7.60 
16 Jul 97 

14:  57 :51 

Figure 1. Finite-Element Mesh for 19-Cylinder Loosely-Packed Array 
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Figure 2. Temperature Rise for 19-Cylinder Array 
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