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The effect of scram rod drop time on the consequences of molten salt

reactor reactivity insertion transient
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Abstract [Background] The scram rod drop time is an important parameter for reactor safety analysis, which is of
great significance to the safety of molten salt reactor (MSR). The process and the consequences of the design basis
events of the MSR will be significantly influenced by the dropping time of scram rod. [Purpose] This study aims to
analyse the effect of the scram rod drop time on the consequences of MSR reactivity insertion transient. [Methods]
First of all, the RELAP-MS based RELAPS-TMSR (reactor excursion and leak analysis program-thorium molten salt
reactor) code was employed to establish the safety analysis model for the transient simulation of TMSR-LF. Then, the
sensitivity of control rod withdrawal speed to transient consequences was analyzed, next, reactivity introduction
event caused by the withdrawal of a control rod at full power was taken into account to analyse the vartions of power,
temperatures of fuel salt and structure materials. Influence of scram rod dropping time in emergency shutdown on
transient consequences of reactivity introduction in MSR was analyzed. [Results] Even if the scram rod drop time
reaches as long as 10 min, the maximum temperature of Harrington alloy is 708.2 °C, and the maximum temperature
of fuel salt is 709.2 °C, which is below the safety limit. [Conclusions] The molten salt reactor has good safety
characteristics, low requirements for scram rod drop time, and the ability to deal with reactivity insertion event.
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Fig.1 Schematic layout of TMSR-LF system
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Table 1 Initial condition for control rod withdraw event

24 Parameters #{H Values
ThER CFE DhE H) Power (full power ratio) / % 105

— [Al #2475 Average temperature of primary loop / °C 640.5

— [\ B AR LT 2 Mass flow rate of primary loop / kg-s™ 50

IR B3R E Average temperature of second loop / °C 570

Z || % i 2 Mass flow rate of second loop / kg-s™! 42

®2 RNMSINE

Table 2 The reactivity insertion during control rod withdraw

W EEATHE Control rod withdraw length / cm S NP B E Reactivity accumulation / 107
0~20 8

20~40 57

40~60 141

60~80 192

80~100 302

100~120 378

120~140 443

140~160 475

160~180 479
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Fig.3 The variation of reactivity after control rod withdrawal
under different speed
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Table 4 Peak values of main reactor parameters under different control rod draw out speed

Pl PR R L T SR M T AR AR HE Py TR B A U R U HE AR R AR B
Control rod draw out speed Peak power / MW The peak temperature of Hastelloy Peak temperature of liquid fuel in
/cmes™ structure in reactor core / °C reactor core / °C

0.8 2.75 658.7 664.2

0.6 2.73 659.1 664.5

0.4 2.72 660.0 664.9

0.2 2.70 660.6 665.6

0.1 2.70 662.1 666.9
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Table S Peak values of main reactor parameters under emergency scram rod drop time

TR IR (1] ThERIEME HEPIIRL R B IR HE PG IR 42 B 5
Rod drop time / s Peak power / MW Peak temperature of liquid fuel / °C Peak temperature of Hastelloy structure / °C
10 2.69 658.3 658.9

60 2.70 666.5 666.2

120 3.14 675.4 674.6

180 3.49 682.5 681.4

240 3.77 688.3 687.1

300 4.00 693.1 691.9

360 4.22 697.2 696.0

420 4.40 700.7 699.6

480 4.57 703.9 702.8

540 4.73 706.7 705.7

600 4.86 709.2 708.2
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