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The purpose of this study was to determine the initial core design of the CANDLE burning fast reactor
using the minimum amount of plutonium from LWR spent fuel, using the lowest number of fuel types, and
having excess reactivity below 1% throughout its entire operating period. In the reactor design, metallic
fuel, sodium bond, 9Cr-0DS cladding and lead—bismuth coolant were adopted. The calculations were performed
by SRAC and COREBN code systems with JENDL-4.0 nuclear data library. An initial core was designed with
a starter fuel to start up the reactor, and a booster fuel to increase the effective multiplication factor.
This reactor could maintain both criticality and a maximum excess reactivity of less than 1% during the
entire operating period. Characteristics of the designed reactor was evaluated. Temperature coefficient
could be negative at the early stage of operation period, but positive afterward. In thermal hydraulic
analysis, fuel could be cooled sufficiently in the equilibrium state, and could be cooled in the transition
state with decreasing reactor power. In the spent fuel analysis, both decay heat and radiotoxicity of
CANDLE spent fuel were smaller than that of PWR, and the nonproliferation resistance of CANDLE spent fuel
was higher than that of PWR. In the fuel cladding integrity analysis, the cladding irradiation damage
in the transition state exceeded the criteria of cladding damage of 200 dpa. Therefore, in order to solve
the cladding irradiation issue at the high burnup condition, the melt-refining process was applied. The
melt-refining process was applied to the reactor each time cladding damage approached the criteria. In
the analysis, each process was applied step by step. First was the homogenization process, which only
decreased the reactivity. Second, FP removing increased reactivity well. Third, waiting and cooling time
decreased reactivity. Finally, mass loss decreased reactivity. It was shown that the reactor was able
to maintain criticality during the transition period with the melt-refining process.
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