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Studies carried out at CNEA in Argentina for the conversion of the RA3
3.5 MW reactor to LEU fuel dealt with neutronic, thermal hydraulic, safety
analysis, as well as fuel manufacture. Some of the results for the neutronic
studies are reported here.

The current configuration of the reactor used to model the reference 90%
enriched case and an ideal but realistic shuffling pattern is shown in Fig. 
For a given average cycle length of 20 days, equilibrium burnup distributions
and reactivities were obtained for the BOC and EOC conditions. The calculated
burnup distribution at the different fuel positions is in quite good agree-
ment with the experimental measurement, but the calculated EOC reactivity was
rather high.

At this point conversion calculations were performed using 20% enriched
fuel with several different fuel element designs. In each case a search was
performed to find the required uranium density needed to match the cycle
length and EOC reactivity of the HEU reference case. Figure 2 shows the
results obtained by keeping the current 19 plate design but changing the
meat thickness in a range allowable from a thermal hydraulic point of view.
The dashed area in the figure corresponds to cycle lengths at least as long
as the current 20 days. The lowest values for the densities range between
3.1 and 20 g/cm3.

In order to select a design, parameters such as 235U loading in the fresh
fuel element, percentage of burnup achieved in the cycle, discharged mass of
unburned 235U, and changes in the flux levels must be considered. Figure 3
compares these parameters for the reference HEU case and several LEU cases.
The first column corresponds to the 90% enriched reference case and the other
columns to thin, intermediate, and thick meat thicknesses for 20% enriched
fuel. Both 19 plates and 18 plates were considered. The second column refers
to the LEU case in which no design changes have been made. In this case a
uranium density of 31 g U/cm3 is required which corresponds to an increase
in 235U loading from 195 g to 225 g. Burnup falls from 36.0% to 30.0%, while
82% of the thermal flux in the HEU reference case is obtained.

Increases in meat thickness lead to lower uranium densities but also
to lower burnups and higher 235U loadings in the core. For the thinner
thickness in the 18 plate case, a moderate decrease of the required uranium
density level for similar loadings and burnups is obtained, but the improve-
ment is not a substantial one.

Within the framework of a cooperative agreement between CNEA and ANL,
several of the calculations for the 19 pate fuel element have been repeated
using independent ANL codes. The dotted line in Fig. 2 indicates the ANL
results which predict lower required uranium densities, but in all cases the
differences are smaller than 02 g/cm3 a not too significant value at this
stage of the studies.
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During the study with ANL, the sensitivity of the calculated uranium
density to different matching options was checked, such as matching the high
excess reactivity level of the reference case or, as an alternative, a zero
excess reactivity level obtained by increasing poisoning or leakage. The
modeling was also improved in some cases by introducing a more detailed
description of the fuel element or increasing the number of energy groups.
In all cases the results were consistent with those reported here.
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Figure 2.
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Figure 3.
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