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Abstract

As the improvement of numerical analysis method for FBR core characteristics,
studies on several topics have been conducted; multiband method, Monte Carlo
perturbation and nodal transport method. This report is composed of the following
three parts.

Part 1: Improvement of Reaction Rate Calculation Method in the Blanket Region
Based on the Multiband Method

A method was developed for precise evaluation of the reaction rate distribution
in the blanket region using the multiband method. With the 3-band parameters
obtained from the ordinary fitting method, major reaction rates such as U-238
capture, U-235 fission, Pu-239 fission and U-238 fission rate distributions were
analyzed. As for the nuclides to be analyzed, the elements of structure material,
such as iron, nickel, chrome and sodium were considered. By the present method,
all the reactions became larger at the deep region in the blanket. The maximum
correction amounted as much as 5%. This tendency lessen the disagreement



between the ordinary calculation and the experiment. It was made clear that the
treatment in inter-band scattering term is very important because it has large
sensitivity on the result. An alternative method to determine the multiband
parameters which method is based on more direct approach and is free from
drawbacks in the present method, was also investigated.

Part 2 : Improvement of Estimation Method for Reactivity Based on Monte-Carlo
Perturbation Theory

Perturbation theory based on Monte-Carlo perturbation theory have been
investigated and introduced into the calculational code. The continuous energy
Monte-Carlo perturbation code has been developed by using not only the correlated
sampling method which is already used before, but also the derivative operator
sampling method.

The Monte-Carlo perturbation code was applied to MONJU core and the
calculational results were compared to the reference. The change of eigenvalue
caused by the change of sodium density in the GEM or dummy S/A for GEM or
dummy S/A loaded MONJU respectively , or by the change of sodium density in
whole core was evaluated.

For the case of small change of sodium density, both the correlated sampling
method and the derivative operator sampling method can give the good results. It
was found that the correlated sampling method can not give the reasonable results
for the case of big change of sodium density, however, the derivative operator
sampling method can give the good results even for the big change of sodium
density.

Part 3: Improvement of Nodal Transport Calculation for Hexagonal Geometry

A method to evaluate the intra-sub assembly power distribution from the nodal
averaged neutron flux and surface fluxes at the node boundaries, was developed
based on the transport theory. The radial two-dimensional flux distribution was
evaluated by using the fluxes at the nodal boundaries and the node-averaged flux.
The axial flux distribution was obtained using the analytical solution from the
nodal equation, then the 3-dimensional flux distribution was obtained from the
product of the radial and axial distributions. The validation of the method was
done through the test calculation which geometry is based on the prototype reactor
Monju. The agreement was good for the intra-subassembly power distribution in



the fuel region: few percent error when second order equations were used for both
the x and y directions.

On the contrary, in the blanket region where the distribution varies rapidly, the
error was considerably large when the same method was used. Therefore, in the
region when the change of the radial flux distribution is large, several
improvements are required: one is to use the hyperbolic functions to represent the
distribution and, the other is to utilize the weighted least square method. Applying
these improvements was found to be considerably effective in reducingthe error.
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