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Abstract. Monte Carlo neutronics methods can be used to accurately calculate fission source distributions in novel core 

configurations, such as those for nuclear thermal propulsion (NTP).  However, these methods can be computationally 

expensive, especially if multiple iterations are required, such as to account for temperature feedback. A fast fission matrix-

based method has been developed that uses Monte Carlo techniques to pre-calculate reference data, which is used in 

subsequent calculations. The present work tests the accuracy of fission matrix methods in the Superb Use of Low Enriched 

Uranium (SULEU) NTP core, in order to take into account the fuel temperature feedback effect.  Fission-matrix data were 

calculated at four reference fuel temperatures, which required four criticality simulations.  The method was benchmarked 

using artificial fuel temperature profiles that increase linearly in the coolant flow-direction and are scaled to power in the 

radial direction.  Cases with different outlet temperatures were analyzed in order to test the method over the range of the 

parameter space.  For the cases considered, keff error relative to Serpent criticality simulations was within ±15 pcm, the 3D 

RMS fission source error was within 1.1%, and the maximum fission source error was within ±9%.  These errors are on the 

order of propagated uncertainty of the reference data. Not counting the pre-calculations, subsequent fission matrix 

calculations can be completed in seconds for an arbitrary temperature distribution, instead of hours for a comparable Monte 

Carlo criticality calculation. Ongoing work is being done to incorporate control drum position and xenon feedback dynamics. 
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