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Abstract

Hydrogen is widely used or generated during the nuclear power generation operation, which may
bring high damage by hydrogen combustion and explosion. For the purpose of nuclear safety in-
volved with hydrogen, the CPR1000 system of CGNPC (China General Nuclear Power Corporation)
was investigated, and a fault tree analysis was performed. The results show that there are 945
minimum and 4 minimum path cut sets that cause events on the top of the hydrogen accident tree.
With application of the accident tree-analytic hierarchy process, numerical methods were used to
calculate the weight of each factor. The results show that the failure of the ventilation device and
the hydrogen treatment system had a greater impact on the accident.
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Figure 1. Fault tree of CPR1000 model system in Fangchenggang Nuclear Power Plant
1. BAYGERZEE]™ CPR1000 #1845 A SR #A

Table 1. The symbols and their contents in hydrogen explosion Fault tree of Nuclear Power Plant
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Table 3. Comparison of the importance of the influence factors of the target A layer

3. BiRE A BNEWEREEELRSR

A B, B, B; B4 W
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B, 1 1 2 2 0.3333
B; 12 172 1 1 0.1667
B4 12 172 1 1 0.1667
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Table 4. Total ranking list of hazardous parts weighting

= 4. Rl ESHFR

B, B, B; Bs v v
A 03333 0.3333 0.1667 0.1667 BUR Ay JeR LRy
C 0.2775 — — — 0.092491 3
C 0.2775 — — — 0.092491 3
G 0.1764 — — — 0.058794 6
Cy 0.1136 — — — 0.037863 10
Cs 0.0734 — — — 0.024464 17
Cs 0.0482 — — — 0.016065 20
o 0.0334 — — — 0.011132 24
Cs — 0.1835 — — 0.061161 5
Cy — 0.1247 — — 0.041562 7
Cio — 0.1247 — — 0.041562 7
Cn — 0.0821 — — 0.027364 15
Cn — 0.0821 — — 0.027364 15
Cis — 0.0538 — — 0.017931 18
Cl4 — 0.0538 — — 0.017931 18
Cis — 0.0350 — — 0.011666 21
Cis — 0.0350 — — 0.011666 21
Cis — 0.1247 — — 0.041563 7
Cis — 0.0237 — — 0.007899 25
Cio — 0.0350 — — 0.011666 21
Cao — 0.0169 — — 0.005633 26
Ca — 0.0125 — — 0.004166 27
Ca — 0.0125 — — 0.004166 27
Cas — — 0.6000 — 0.100020 1
Ca — — 0.2000 — 0.033340 11
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Continued
Cys — — 0.2000 — 0.033340 11
Ca — — — 0.6000 0.100020 1
Cy — — — 0.2000 0.033340 11
Cas — — — 0.2000 0.033340 11

MR MR IR A R 3R 2 Coy (HERRGEA AN Coe (VAL PRRE B R A M), PTLAE 2
HFE R M E R B REIERIZ1T. HR C (W) G (KD RERATK KRR EMEER K, X
Hrh iR A S R IR R, A P R ™ AR B AR TU(Cia~Crgn Crs~Con) IRMETE 42
B, (HAEREE IR WIS AT I H 5 AR A AT RETE B

3.3. SSKKESNRRERRE

WA LA _E S5O - JRIRTTE T A R, VAN R AT SRIBUD T 48t P S Uk Rk R

1) s KR GERIAEY, B HE XU B % 8 I ARG 2 (B A AR B B i AN BT 1K), WA
RAR M IX 0N 5 X S B R U 5 2K, BT — B BUERRR L, ASRE & HERR A, A
AEEIBUIET] 4%, BBNRREBE RN A A

2) A HEE A RE T B R AU, R T R R ER ER R AT R A, X RS
Tt BELFEAT e I E , — BRI Arbndfe, — e BT ot . e BRSO KRR R
T3 B TR BRI

3) TR A RGEHATHE, MANGEELNEN, —BREARRERL LR
i, —EELIAE, W TR R AT S T, g AR E

4) R AR VEE g, — BRAERTER, B RenE LIRSS, B R,

5) (SRR AR AR XT T BUR A AR S G 2 A AT IR, [ TR B %, a5
GG AESRRIE AL B/ NE N .

4. g

W GRS, SERARR R 2, ASCIEN R AP S A TR R b, SRR - 2 ik,
E R AT A URIEF SR A R R . B A RSO, XS EUZ ) A UBER
MR REAT E ML BT, ARG R B R A R A A R DA AT — 28, JR R T A R EI4E .
B, GEERDHEX AR B A SRR E R R AT R, € B b e R BLE K AR
498 il B R S T B 2 R R R B, L UG AT B LK B ORI R KA . RSO R T
PESRAGE—EMIRL KA, DU D S R I R i

E&WE

AR R SR NA TG 3T H (16BS506),  HAfr Ko7 i 4R BUM A G158 2 BRI (ZQN-PY403),
FE R R 22 ok B 2 [ 5K 52 0 3 B0 B(HZ 2018-KF09)

Sk
[1] Holt, M., Campbell, R.J. and Nikitin, M.B. (2012) Fukushima Nuclear Disaster. Congressional Research Service Re-
ports.

2] AR, RS$HE. BT (E AN 70T FR R AR i bt 2 s ATIRES PRI [I]. e BB, 2015, 15(5):
25-29.

[3] MM, etk mERSSMR BT ADUR LR ED]. ZAeS5HEEER, 2009, 9(4): 125-129.

DOI: 10.12677/nst.2021.91003 27 MR A


https://doi.org/10.12677/nst.2021.91003

[4] kBT, BEFEIAK, (RN, 5. AT X koo RSN SR AL [T]. WA 5 HR, 2015, 34(4): 533-535.

[5] James, H., Harris, M.J. and Hall, S.F. (1992) Comparison of Event Tree, Fault Tree and Markov Methods for Probabil-
istic Safety Assessment and Application to Accident Mitigation. Institution of Chemical Engineers, United Kingdom.

[6] kAU, WAL, HE. HETHHN-ERITE SR ST & R AR T[], T EZ R RR,
2011(10): 100-105.

[7] Labib, A. and Harris, M.J. (2015) Learning How to Learn from Failures: The Fukushima Nuclear Disaster. Engineer-
ing Failure Analysis, 47, 117-128. https://doi.org/10.1016/j.engfailanal.2014.10.002

[8] Saghafi, M. and Ghofrani, M.B. (2016) Accident Management Support Tools in Nuclear Power Plants: A
Post-Fukushima Review. Progress in Nuclear Energy, 92, 1-14. https://doi.org/10.1016/j.pnucene.2016.06.006

[9]1 Fesenko, S.V., Alexakhin, R.M., Balonov, M.1., ef al. (2007) An Extended Critical Review of Twenty Years of Coun-
termeasures Used in Agriculture after the Chernobyl Accident. Science of the Total Environment, 383, 1-24.
https://doi.org/10.1016/j.scitotenv.2007.05.011

[10] ZHEE. AXH] CE MO AR K& EORTF[D]: [ LFA0R ], FI/RIE: MR/RIE TR KRS, 2019.
[11] BBREE, ke, WE= BEURES 19 b8 EAME KB 7], TREEE2AH, 2003(8): 77-81.
[12] #EE, 2k BROVriES Eb-FENL— SRR E ). TFEAL RSN, 2002, 38(12): 45-47.

DOI: 10.12677/nst.2021.91003 28 MR A


https://doi.org/10.12677/nst.2021.91003
https://doi.org/10.1016/j.engfailanal.2014.10.002
https://doi.org/10.1016/j.pnucene.2016.06.006
https://doi.org/10.1016/j.scitotenv.2007.05.011

	防城港核电厂CPR1000机型氢气火灾风险研究
	摘  要
	关键词
	Hydrogen Fire Risk Analysis on CPR1000 System of Fangchenggang Nuclear Power Plant
	Abstract
	Keywords
	1. 引言
	2. 核电厂氢气相关系统
	3. 核电火灾安全的事故树–层次分析
	3.1. CPR1000机型事故树–层次分析法
	3.2. CPR1000机型元素危险权重分析
	3.3. 氢气风险与应急防控措施

	4. 结论
	基金项目
	参考文献

