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Fig.1 System diagram of TMSR-SF1.
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Fig.2 Initial events preliminary analysis main logic diagram of TMSR-SF1 radioactive release.
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Fig.3 [Initial events preliminary analysis main logic diagram of external events radioactive release.
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Fig4 Initial events preliminary analysis main logic diagram of reactive control failure.
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Fig.5 Initial events preliminary analysis main logic diagram of containing radioactive material failure.
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Fig.6 Initial events preliminary analysis main logic diagram of the core heat removal decrease.
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&1 TMSR-SFLIRAEMHERRAESE
Table1 TMSR-SF1 initial event lists and its grouping.

F5 No. iR Accident types U5 K FEAE I B Initial event lists
1 S v PEZE Y Reactivity accidents —ARAE R I S EAIC T A8 4T T k2 A control rod out of
control under the condition of subcritical or low-power operation
2 —ARAE R AE D) R AT T RAEIR
A control rod out of control under the condition of power operation
3 ¥ 2 3I1E Control rods misoperation
ekl FER AMIG J¢ Accident critical in the process of charge
HEESHE A 0= Z[AB{ B I Secondary circuit flow increase
Core heat removal increase accidents
Z[A] B4 i B {% Secondary circuit temperature lower
HE SRR FH — 8] % 3= %% K 4 Primary circuit main pump stuck shaft
Core heat removal decrease accidents
— [A] #% £ 24512 Primary circuit main pump trip
9 Rl E§ A FR 4712 Secondary circuit circulating pump trip
10 Al B4 53 % K 4 Secondary circuit circulating pump stuck shaft
11 PRBLZHAF N 3% 2E Fuel assembly entrance jam
12 K] AN Loss of off-site power
13 L HE A ARSI IR [F I e 2 (2R 2R SAT HIED
Loss of the inside and outside AC power at the same time (loss of
NON-emergency ac power)
14 HH ) #2231 Intermediate heat exchanger leakage
15 IR B S S A A Secondary circuit air heat exchanger fault
16 BT TRAE Air cooling tower ventilation doors get stuck
17 R P H A5 Air heat exchanger of the cabin failure
18 Bl OO 4 52 ZE R Pipeline  —[BEEFIE /NI I Primary circuit pipeline small crevasse
crevasse and equipment leakage accidents
19 BB TE /M Secondary circuit pipeline small crevasse
20 FE A A MHE Primary container leakage
21 F AL A Main heat exchanger tube rupture
22 PRBLHUR 357 Fuel sphere breakage
23 b 29 1% 5% JT J3 Isolation valve abnormal open
24 AR AN T B TE DS Molten salt pipe rupture out of containment
25 SN MBS AR 2R 5 — B S W BRI 1 Connecting pipe between
containment and the first isolation valve crevasse
26 — [l B 4 R A R G
Primary circuit molten salt purification system pipeline leakage
27 TRUS P RS A P 2R 40 it s A A
Radioactive waste gas disposal system leakage or breakage
28 IS ST 1 R A B % s B AR A
Radioactive liquid waste disposal system leakage or breakage
29 KEEEDIFHM TYIBES Anticipated  H2R) A RIFR BE R 2UFHE Loss of off-site power without scram
transients without scram (ATWS)
30 i FE R R At % 2 S HE Control rods miss out without scram
31 RKFE (RSN Hi7E Earthquake
Disasters (internal and external)
32 ‘KK Fire
33 /K7 Flooding
34 Je4 A Strong wind
35 #&JF Explosion
36 HEUH Tsunami
37 KHLEAE Plane Crash
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Research on initial event analysis for solid thorium molten salt reactor probabilistic

Safety assessment

MEI Mudan SHAO Shiwei HE Zhaozhong CHEN Kun
(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Jiading Campus, Shanghai 201800, China)

Abstract Background: Initial event analysis is the beginning of the reactor nuclear safety analysis and probabilistic
safety assessment, and plays a key role in these analyses. At present, the initial event analysis evaluation method and
experience are mainly used for the water reactors. There is hardly any analysis method and theory for the initial event
analysis of the solid thorium molten salt reactor. However, with the research of molten salt reactor and the reactor
progress of probabilistic safety assessment (PSA), initial event analysis has become increasingly important. Purpose:
On the one hand, by carrying on the preliminary exploration research for the TMSR-SF1 (Thorium Molten Salt
Reactor, Solid Fuel #1) initial event analysis, to determine TMSR-SF1 initial events of potential, causes radioactive
release, and give the TMSR-SF1 initial event lists. On the other hand, the aim is to group the determinate initial
events. Methods: First of all, we used the master logic diagram (MLD) analysis method, and referenced the initial
event lists of pressurized water reactor, the fluoride-salt-cooled high-temperature reactor (FHR), the high temperature
gas cooled reactor and the sodium cooled fast reactor, to carry on the TMSR-SF1 preliminary analysis and research of
initial events and main external events. Then, the accident type classification method was applied to group
theTMSR-SF1 preliminary determinate initial events. Results: Through the MLD analysis, we determined the
preliminary initial event lists for TMSR-SF1 which contain 37 initial events, and given 6 class accident types of
TMSR-SF1 initial events. Conclusion: This study provides basic foundation for the TMSR-SF1 PSA accident
sequence analysis of the next step, and gives an important support for the integrity of the molten salt reactor safety
analysis.

Key words Solid thorium molten salt reactor, Probabilistic safety assessment (PSA), Master logic diagram, Initial
event analysis

CLC TL364

090601-8



