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EVALUATION ON NEUTRONIC HETEROGENEITY AND
TRANSPORT EFFECTS OF GAS-COOLED FAST REACTOR CORES

Kazuteru Sugino*

ABSTRACT

In the former study on the nuclear parameters of gas-cooled fast reactor cores, thier
mechanisms and knowhows for the evaluation have scacely been investigated in Japan.
Therefore heterogeneity and transport effects of the criticality and depressurization
reactivity for three gas-cooled fast reactor cores which are selected in the feasibility study
first phase on the fast reactor fuel cycle development have been evaluated in order to
improve the prediction accuracy of the nuclear parameters. For the evaluation on the
heterogeneity effect the Monte Carlo method was applied and subsequent results were
divided into the axial-neutron-streeming and another effects. Further in order to evaluate
the transport effect whole core calculations were performed based on the diffusion and
transport theories.

Concerning the heterogeneity effect, analysis on the heterogeneity effect was tried by
dividing into axial-neutron-streeming effect and another effect with application of the
axially-infinite core model. As a result, it is cralified that total heterogeneity effect of the
criticality tends to be negative because absolute value of the axial neutron streeming effect
of gas-cooled reactor core is larger than that of sodium-cooled reactor cores. However total
heterogeneity effect of the COz-cooled reactor core is nearly zero due to the cancellation of
above mentioned two heterogeneity effects. In addition it is found that the uncertainty of
the heterogeneity of the depressurization reactivity is comparable to the heterogeneity
effect itself but that is not so large in terms of the correction on the design parameters.

What related to the transport effect, those of the criticality and depressurization
reactivity are considerable for gas-cooled fast reactor cores. It is cralified that main reason
is the diffusion approximation error due to the diluteness of the control rod follower region.
Therefore calculation without composition change in the control rod region is effective for
the elimination of the transport effect of the depressurization reactivity. Further
perturbation calculation showed that main cause of the depressurization reactivity was the
contribution of the scattering or neutron spectrum shift.

*: Fuel and Core System Engineering Group, System Engineering Technology Division,
O-arai Engineering Center, JNC, Japan
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