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Abstract [Background] Transuranic isotopes (TRUs) in the spent fuel of pressurized water reactor (PWR) contain
more than 50% of fissile fuels and can be used as a starting fissile fuel for thorium fuel cycle. [Purpose] This study
aims to analyze the neutronic performances of a small modular thorium-based molten salt reactor (SM-TMSR) core
with TRUs as fissile fuel and Th as fertile fuel. [Methods] Considering the batch reprocessing period and the limit

value of the inherent safety, proper scenarios for thorium utilization in the SM-TMSR initiated by TRUs were
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proposed for the evaluation of the neutronic characteristics. Reactor analysis software SCALE6.1 was employed to

analyze the influences of two important parameters (fuel volume fraction and initial heavy metal mole fraction) on

the characteristics of neutron spectrum, **U production, graphite life, temperature coefficient, TRUs consumption,

etc. [Results & Conclusions] The calculation results show that TRUs are an ideal fuel for starting Th-U fuel cycle of

the SM-TMSR. Considering the constraints of the graphite’ s five-year life and the intrinsic safety (—5~-8 pcm-K™),

the core with 6% heavy metal mole fraction and 25% fuel volume fraction can obtain a preferable fuel utilization

efficiency. With the thermal power of 150 MW for 5-year full-power operation, the uranium production is about

16.0 kg-a™ and the transmutation rate of TRUs can achieve about 36.1 kg a™, which can effectively reduce the spent

fuel containing TRUs.
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Table 1 Main physical parameters of small modular
thorium-based molten salt reactor

¥y PH & Physics quantity H{H Value
#INZ Thermal power / MWth 150

I DX e ELAR 3.0/3.2
Active core height/diameter / m

VaE--Hi: K DUpuliE 0.18

Graphite assembly pitch / m
LR IEE S EEE B Thickness of molten 0.2
salt in upper and lower Chambers / m

ke L2 5 0.05

Thickness of side molten salt / m

00 fs2 5 22 J2 P 0.2

Thickness of side graphite reflector / m

e ST 0.03

Thickness of core vessle / m

¥4 25 1% 4 Composition of molten salt LiF + BeF,
+ (HM)F,

"Li ¥ "Li enrichment / % 99.995

=2 TRUs B9 RERBER

Table 2 Compositions and mole fractions of TRUs

1% % Nuclide JBE /R 435 Mole fraction / %
“Np 63
py 2.7
Py 45.9
#0py 21.5
Py 10.7
*2py 6.7
*'Am 34
*Am 1.9
Cm 0.8
*Cm 0.1
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Schematic diagram of small modular thorium-based molten salt reactor core
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Fig.3 Neutron spectra based on different fuel volume fractions and initial heavy metal mole fractions
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Fig.4 Effects of different molten salt graphite ratio and different initial heavy metal mole fractions on initial mole fraction (a) and
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Fig.10 Temperature coefficients under different molten salt graphite ratio and initial heavy metal mole fractions
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Table 3 Neutronic parameters based on different fuel volume fractions and initial heavy metal mole fractions

ZH TRUsZG 8/t BiEr“R P TRUsHEE MM TRUsTHFER  IREEREE FiERFifn / a
/kg-a" fE R /kgra ' tTRUs" /kgea /MW -d" "

HM=2%,VF=35%  1.92 9.6 5.0 43.9 45.1 153
HM=2%,VF=40%  2.56 9.5 3.7 44.5 43.4 16.1
HM=4%,VF=30%  2.39 13.6 5.7 39.4 29.6 7.9
HM=4%,VF=35%  3.23 14.1 4.4 39.4 27.6 8.6
HM=4%,VF=40%  3.82 15.1 4.0 38.6 26.3 9.0
HM=6%,VF=25%  1.74 16.0 9.2 36.1 23.7 5.5
HM=6%,VF=30%  3.15 16.4 5.2 36.8 220 5.8
HM=6%,VF=35%  4.01 17.3 43 36.1 20.3 6.8
HM=6%,VF=40%  4.67 18.8 4.0 34.9 19.3 6.6
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