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Abstract Background: CANDLE (Constant Axial shape of Neutron flux, nuclide densities and power shape
During Life of Energy produced) is a burnup strategy for Breed-and-Burn (B&B) reactors in which the effective
neutron multiplication factor at an equilibrium state is equal to unity. The radius and fuel volume fraction of such a
core play a very important role in the B&B mode of operation. However, using the Monte Carlo method to model a
full CANDLE core for optimization costs too much computational effort and time. Purpose: This study aims to
assess the validity of neutron balance analysis with a simplified 1D model for determination of the maximum burnup
(BU) attainable in a CANDLE mode, and then apply this 1D methodology to optimize the configurations of feed fuel
and core radii for a sodium-cooled core to sustain the CANDLE mode. Methods: When the maximum achievable BU
of feed fuel equals the maximum burnup of the CANDLE feed fuel at equilibrium state, the kg value of the core is

equal to unity. The neutron balance method with the 1D approach for various core radii and fuel volume fractions of
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feed fuel can provide a quick way to scope the optimized configuration. Results: Neutron balance analysis with the

1D approach can provide a reasonable estimation of the maximum attainable BU of feed fuel in a CANDLE reactor,

despite a small inaccuracy due to the spectrum difference between the 1D and the full core models. A small size of

core and a low fuel volume fraction of feed fuel display a small value of the maximum attainable BU, which implies

that it is disadvantageous to sustain a CANDLE mode. However, a too big size of core or high fuel volume fraction of

feed fuel may lead to k. > 1 at equilibrium state. With the above considerations and optimization, we present a

suitable core geometry and its fuel fraction to ensure the stable B&B mode of operation at equilibrium state (keg=1).

Conclusion: The neutron balance calculation with 1D approach can save much computational time, and the

optimized configurations of feed fuel to sustain a CANDLE mode are proposed based on this methodology.

Key words CANDLE reactor, Neutron balance method, Optimized configuration, Monte Carlo method
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Fig.1 Schematic plot of the neutron balance for feed fuel.
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Fig.4 Neutron balance for feed fuel with various
fuel volume fractions.
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