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Abstract ; Coastal chemical industrial parks have frequently experienced lightning strikes, which
seriously threaten production safety. A risk assessment method based on HCL methodology was proposed to
assess Natech ( Natural-technological) accidents triggered by lightning strikes on storage tanks in these

parks. Firstly, ESD and Fault Tree Analysis( FTA) were employed to qualitatively analyze the evolution
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paths of Natech accidents caused by lightning strikes on storage tanks, providing a visual foundation for
blocking the accident transmission process. Secondly, BN were used to quantitatively calculate human
error probabilities and assess the hybrid causal relationships of lightning-induced storage tank accidents.
Finally, HCl methodology was applied to visually deconstruct the complexity and uncertainty of Natech
accidents caused by lightning strikes on storage tanks. The research results indicate that decision-making
error is the primary risk source in the human error model. Organizational atmosphere, psychological state,
poor working environment and inadequate supervision are identified as the main factors leading to frequent
human errors. The lack of effectiveness of lightning protection facilities is recognized as the trigger in the

accident chain of lightning strikes on storage tanks. To reduce the severity of risk scenarios, emphasis

needs to be placed on strengthening the control of full-surface fires and pool fires.

Keywords: hybrid causal logic ( HCL) ;

assessment
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Table 1 Human error model semantic values and

fuzzy numbers
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4 A (0.3,0.5,0.7)
3 P K (0.1, 0.3, 0.5)
2 ik (0, 0.1, 0.3)
1 AEHAR (0,0,0.1)
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Fig.2 ESD of accident of lightning striking storage tanks
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Fig.3 Fault tree model for event nodes PE,, PE,, and PE,
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Table 4 HFACS model for chemical industrial parks
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Table 6 Probability of basic events of FTA,

_______ s HF HF | o P,
BE, THER R S 7" 1 0.4 | 0.144
- —_ BE, HER R Gl b 3 | 0.8 | 0.28
BE, 2 g 5% | 0.6 | 0.217
BE, HORR 10" | 0.1 | 0.036
_____ BEs | —W% B 78 A AR 2" 1 0.9 | 0.325
BE, | —REHHEE B | 8" | 0.3 | 0.108
BE, PR R 6" | 0.5 | 0.181
—————— BE, TR BIA 4" | 0.7 | 0.253
BE, | R PZE R MEIIR 1 1 | 0.361
BE,, | TSR EEEASEE | 9" | 0.2 | 0.072

x®7 BMEMTR EEGEER
__________ Table 7 Probability of top event in fault tree

Ciked 17 R TR W

FTA, B B 1Rt 2R 2 0.303

FTA, 2 J B PN S AR R R KA PR 0.103

E4 ELEHREBEEISEEEE FTA, T AR 0.179

Fig. 4 Digraph for lightning strike on storage

tanks scenario
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Table 8 Prior probability of root node

A ER | ORE LRI LR2 LR3 ¥IH o | IH—1k
BN, Ao | AR | (0,0.1,0.3) | (0,0.1,0.3) | (0,0.1,0.3) (0,0.1, 0.3) 0.125 | 0.125
TLREME | A | (0.7,0.9,1.0) | (0.7,0.9,1.0) | (0.7, 0.9, 1.0) (0.7, 0.9, 1) 0.875 | 0.875
BN, EmEm| %A | (0,0.1,0.3) |(0.1,0.3,0.5) | (0,0.1,0.3) [(0.033, 0.167, 0.367)| 0.183 | 0.183
MIZHIE | FE7E | (0.7, 0.9, 1.0) | (0.5, 0.7, 0.9) | (0.7, 0.9, 1.0) |(0.633, 0.833, 0.967)| 0.817 | 0.817
BN, g wH 1(0.5,0.7,0.9) | (0.5,0.7,0.9) | (0.7, 0.9, 1.0) |(0.567, 0.767, 0.933)| 0.758 | 0.758
) A | FETE | (0.1, 0.3,0.5) | (0.1,0.3,0.5) | (0,0.1,0.3) [(0.067, 0.233, 0.433)| 0.242 | 0.242
BN, TAHE AR | (0,0.1,0.3) |(0.1,0.3,0.5)|(0.1, 0.3, 0.5) |(0.067, 0.233, 0.433)| 0.242 | 0.242
b785 B# |(0.7,0.9,1.0) | (0.5,0.7,0.9) | (0.5, 0.7, 0.9) |(0.567, 0.767, 0.933)| 0.758 | 0.758
F9 BN, AL T RELRE KRR
Table 9 Conditional probability of organizational process defects of BN,
BN; | BN, & |[BN, 4
Wi | AR | Sl A LRI LER2 LXK 3 YIEfE R | H—14k
HEH | MaIE | B
. WA | (0,0.1,0.3) |(0.1,0.3,0.5)|(0.1, 0.3, 0.5) |(0.067, 0.233, 0.433)| 0.242 | 0.242
; A e | (0.7,0.9,1) |(0.5,0.7,0.9) |(0.5,0.7, 0.9) [(0.567, 0.767, 0.933)| 0.758 | 0.758
A tite WEH (0.9, 1, 1) (0.9, 1, 1) (0.7, 0.9, 1) (0.833, 0.967, 1) 0.942 | 0.942
pein (0,0,0.1) (0,0,0.1) (0,0.1, 0.3) (0, 0.033, 0.167) 0.058 | 0.058
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BN; | BN, & [BN, 4
WA | AR | 2Ud R LR LxR2 LR3 HifEtk fEpim) | 9 —1k
B | AIIE | SR
wH | WA | (0,0.1,0.3) (0,0,0.1) (0,0.1,0.3) (0, 0.067, 0.233) | 0.092 | 0.092
fEE | (0.7,0.9, 1) (0.9, 1, 1) (0.7, 0.9, 1) (0.767, 0.933, 1) | 0.908 | 0.908
i e | WA | (0.7,0.9,1) |(0.5,0.7,0.9) | (0.7,0.9, 1) [(0.633,0.833,0.967)| 0.817 | 0.817
fEfE | (0,0.1,0.3) |(0.1,0.3,0.5) | (0,0.1,0.3) |(0.033,0.167, 0.367)| 0.183 | 0.183
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Fig.5 Bayesian model of human error in chemical industrial parks
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Fig. 6 Risk assessment model based on HCL
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Table 12 Event chain of lightning strike tank accident
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