535 % 594 A & X F F R (B XA F R) Vol.35,No.9
2014 % 9 A Journal of Northeastern University ( Natural Science ) Sep. 2014

doi: 10.3969/j. issn. 1005 —3026.2014.09. 031

BT AT R W 48 B9 HAZOP — LOPA & 431 5 b

WA, FAE, AR, EXE
(L. FRACR2: WS EARTRE2ABE, {07 L 110819; 2. HRE A I AILAF, 127 fH  124002)

¥ B AR R A R AT A R PR A (A1, 2 T 3 DL 7 4% (1) HAZOP -
LOPA £ J XU TFAR BT UG . Gl R GERBRART, T GeNTe BfK o s g D it 3T 2%, 3 T DL 307 I 445 40
I7] 4 HEE AT 5 T A2 W, R 1) 2R 9 5 1 S A RS DL STk Y 0, 45 HAZOP 5 LOPA
X AT KU B8 B BT, B B AR AR ST B 32, FR A 7 372 2R RO SR I S R~ s JRU G 2 I e Ak XL
PSS, 2 XU PPA AR B 7R XD A A s R AL A 58 i 0 R R AR RGP AT RL A, 45 SRIE SRR AR
BT ZEBATESMT, Ge St m WS PPAG fE X4 . 2 0 5 e ok

X B R BRBER DUNHTRGE BT 20T ARk XU AT

mESHS: X 937 XHkERER: A STEHS: 1005 —3026(2014)09 — 1356 —04

Integrative Risk Analysis and Application of HAZOP-LOPA
Based on Bayesian Networks Inference

YAO Xi-wen', XU Kai-li' , TANG Gui-cheng'*, WANG Wen-jing'

(1. School of Resources & Civil Engineering, Northeastern University, Shenyang 110819, China; 2. Liaohe
Petrochemical Industries Company, China Petroleum, Panjin 124002, China. Corresponding author: YAO Xi-
wen, E-mail; yxw_20061005@ 126. com)

Abstract; Considering that the event tree and fault tree analysis bear some disadvantages, a new
integrative risk analysis of HAZOP-LOPA was proposed on the basis of Bayesian networks. The
system fault tree was established and mapped into Bayesian networks by using GeNle software.
Then fault prediction and diagnosis could be conducted by Bayesian networks two-side reason
function, and it could rapidly identify the system weakness, which was chosen to be the Bayesian
risk fault node. Integrative risk analysis was used by combining HAZOP with LOPA, putting
forward the corresponding independent protective layer, and the residual risk level could be
determined according to failure probability of protective layer and semi-quantitative risk matrix.
This risk assessment model was then applied in the reactor regenerator system of RFCC equipment
in Liaohe Petrochemical Industries Company, and the application results can verify the pertinence,
objectivity and accuracy under the condition of uncertain information in complex system.

Key words: fault tree; Bayesian networks; layers of protection analysis; catalytic cracking; risk
analysis
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Fig. 2 Process flow chart of reactor-regenerator system
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Fig. 3 Fault tree of reactor for fire and explosion accidents
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