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Analysis of decay heat in primary loop of molten salt reactor under normal conditions
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Abstract [Background] The fissile nuclides in the molten salt reactor (MSR) will produce a large number of
fission products under normal operation conditions, which would fill the entire primary loop system. The decay of the
fission products would generate heat all the time, even though the fission power stopped. The accurate analysis of the
decay heat has great significance on the safety analysis of the primary loop pipe and equipment. [Purpose] This study
aims to establish a numerical model for analyzing the decay heat of the primary loop. [Methods] The numerical flow
model of the decay heat was established for 2 MW MSR (Thorium Molten Salt Reactor - Liquid Fuel 1, TMSR-LF1)
designed by Shanghai Institute of Applied Physics (SINAP), Chinese Academy of Sciences, and then solved by using
Mathematica 7.0. The simulation results of the static burning of TMSR-LF1 of SINAP and molten salt reactor
experiment (MSRE) of Oak Ridge National Laboratory, were compared with that of ORIGENS program, the
deviations are within the range of +4% and +2.76% respectively. The decay heat distribution in primary pipe and

equipments of the primary loop system under normal operating conditions of TMSR-LF1 was quantitatively analyzed
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to find the distribution rule of decay heat under different flow rates. [Results] The deviations of decay heat for
TMSR-LF1 and MSRE, calculated by Mathematica and ORIGENS, are within the range of +4% and +2.76%

respectively, under normal operating conditions. The decay heat accumulated rapidly in each region about 20 s after

start-up of the reactor in full power and flow rate, and then began to rise slowly and tend to be an equilibrium value.

After equilibrium, decay heat of core active area account for 46.7% of the total decay heat, and the upper plenum, the

hot leg#1, the main pump, the hot leg#2, the heat exchanger, the cold leg and the lower plenum area accounted for
31.8%, 1.21%, 14.6%, 0.89%, 2.21%, 1.67% and 0.94% respectively. [Conclusion] The established analytical

method and conclusions can provide important reference for thermal hydraulic safety analysis, residual removal

system design, reactor power regulation and safety control.
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Table 1 Calculation results of total decay heat after
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Table 2 Decay heat varies with flow rate at equilibrium state
W AR X 4k FEAZ 5 LY Decay power ratio in different regions / %
FIOVZ “jtle HEEHTER R WER 18 FE PEEB 2 Hbhad REBR MEE
/ems Active region  Upper plenum  Hotleg 1# Main pump Hotleg 2# Heat exchanger Coldleg  Lower plenum
2.24x10*  53.64 35.84 0.79 6.62 0.40 0.95 0.71 1.05
2.24x10°  50.40 34.03 1.06 10.31 0.62 1.52 1.14 0.92
4.48x10°  49.29 33.39 1.13 11.59 0.70 1.72 1.29 0.90
1.12x10*  47.81 32.49 1.19 13.30 0.81 1.99 1.50 0.91
2.24x10*  46.71 31.78 1.21 14.59 0.89 221 1.67 0.94
4.48x10*  45.74 31.05 1.22 15.78 0.97 242 1.84 0.99
1.12x10°  44.83 30.14 1.20 17.04 1.05 2.65 2.03 1.06
224x10° 4443 29.57 1.19 17.69 1.09 2.78 2.14 1.11
2.24x10°  44.06 28.66 1.16 18.54 1.15 2.96 2.29 1.18
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Table 3 Calculation results of total decay heat after shutdown
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