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1. Introduction

The evaluation of the disposition of plutonium using light water reactors is receiving

increased attention1;2. However, mixed-oxide (MOX) fuel assemblies possess much higher

absorption and �ssion cross-sections when compared to standard UO2 assemblies. Those

properties yield very high thermal ux gradients at the interfaces between MOX and UO2

assemblies. It has already been reported that standard ux reconstruction methods (that

recover the homogeneous intranodal ux shape using the converged nodal solution) yield

large errors in the presence of MOX assemblies3.

In an accompanying paper4, we compare di�usion and simpli�ed PN calculations of a

mixed-oxide benchmark problem to a reference transport calculation. In this paper, we

examine the errors associated with standard nodal di�usion methods when applied to the

same benchmark problem. Our results show that a large portion of the error is associated

with the quadratic leakage approximation (QLA) that is commonly used in the standard

nodal codes.

2. Numerical Results

Our benchmark problem is a modi�cation of the OECD=NEARCP-L-336 C5 benchmark

problem5 and is described in the accompanying paper4. We note that assemblies on symmetry

lines are subdivided. The reference transport solution was obtained using TWODANT6

with a 132�132 spatial mesh per assembly and the S16 angular quadrature set. The nodal

calculations were performed with the higher order nodal di�usion code CASTOR7;8 using a

mesh size of one node per assembly.

The percent relative errors in assembly power distributions are shown in Figure 1. The

error of the (0,2)QLA (which is equivalent to a standard nodal method with QLA) is below

1 % with exception of the (4,4) peripheral assembly.
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However, the �ne-mesh homogeneous ux distributions give a rather di�erent picture.

We calculated �ne-mesh fast and thermal ux distributions (integrated over 44�44 meshes

per assembly; this is roughly a 2�2 mesh per fuel pin). The results are obtained by three

di�erent methods: 1) reference TWODANT solution; 2) sixth order CASTOR solution -

(6,6); 3) �ne mesh ux reconstruction using three spatial moments calculated using converged

(0,2)QLA solution - (0,2)QLA+(2,4)R. Methods 2) and 3) do not use corner uxes and

approximate the homogeneous ux distribution via bivariate expansion that is a combination

of the polynomial and analytic functions.

In Figures 2 and 3, we give relative errors in thermal uxes along the lines A-B (y=10.953

cm - see Figure 1) (UO2-MOX-UO2-UO2) and C-D (y=31.887 cm - see Figure 1) (MOX-

UO2-UO2-UO2), respectively. The maximum error in the thermal ux distribution obtained

by the (0,2)QLA+(2,4)R approximation is 13.7% and occurs near the top-left corner of the

(2,3) assembly (UO2). The maximum error in the thermal ux distribution obtained by the

(6,6) higher order approximation is only 3.7% and occurs near the bottom-right corner of

the (2,2) assembly (MOX).

3. Conclusions

Standard nodal di�usion methods with the quadratic leakage approximation (QLA) may

yield unacceptably large errors in �ne-mesh homogeneous ux distributions for reactor cores

loaded with mixed-oxide (MOX) fuel. In this paper, we identi�ed the QLA as the main

contributor to this error - even in cases when average assembly power distributions are

reasonably accurate. In order to calculate MOX loaded cores accurately it may be necessary

to improve the leakage approximation in standard nodal codes. Errors associated with the

di�usion approximation (in our problem around 4 %) still may be large, and alternatives to

di�usion theory such as the SPN approximation should be considered.
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Figure 1: Percent Relative Errors in Assembly-Averaged Core Power Distributions
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Figure 2: Percent Relative Errors in Fine Mesh Thermal Flux Distribution along Line y=10.953

(0,2)QLA+(2,4)R
(6,6)
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Figure 3: Percent Relative Errors in Fine Mesh Thermal Flux Distribution along Line y=32.373

(0,2)QLA+(2,4)R
(6,6)
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