F34%H 2 bR % e B R Vol. 34 No.2
20242 H China  Safety Science Journal Feb. 2024

W5 AR I, KA L, A5, BT RO R Ak T2 B SO R A R XU LRI S [ 0] o e 2 AR 2024,
34(2):131-137.
X5 A& X : WANG Haiqing, ZHANG Yuqian, ZHENG Wei, et al. Root cause analysis of chemical installation accident based on

primary-secondary barriers and its application on double prevention mechanism[ J]. China Safety Science Journal,2024,34(2) :131-137.

ETEXRRENUIZESHRESH
BRI Hdl R o

ik g, KB, AR, HEE
(1 FEBMAF(ER) e TR, LK F 5 266580;
2 AU AR JTE A IE RS IR E] AT AN 310019)

PEDES X937 STERMRAGAS : A DOI: 10. 16265/j. cnki. issn1003—-3033. 2024. 02. 1032
RENE : ERER/IALITIIIE (2019YFB2006305) ,
[# ZE] REFAHNFCXT)ZLSWEALCETAREE 2 RATH-—FNREERA, B
BREZ R Bz T EMWIEDEMN, FHZ URE QM (RCA) ERKFEFLHE RN ET
Eoh M R E-RTREER G E4 5 R EH B & 2 (ECF) 48 45 & 0 7 414k £ -k B % (VPSB)
WA, ECF1EN —MHA M RCA B A, IR EE/ RKABEAIERARKEEFHNRTELE, N
VPSB # AR G A AGAE B, 5L A% A 3 3E B F d BP /A B B Texas Bt JE o 8 B A 3 80 37 & AT
BRG] fn RCA, RN X EEF N EERABER AL 5 XENFHEL2%E R 2 (CSB)
AnBEE A (BP) A B M ZE AR A S R, K CSB A1 BP A8 AW A L2 1E1E N A#
REFERERGREEMN R EEKET ANEEL ARBRAREERNMEE N L2 EE X
RABETH ML , 7 VPSB AN X EN EHEAERRARG M T L R0 EE, )‘ﬂ%”‘
WA FEIREARRNECERAFENRAMER A, L AR EEEE LWEARS B
FEEHTEERERAREAIAT, T AL LR R é’wﬁﬁélf’ﬁmﬁﬁﬁﬂ’ﬁﬁ%‘%{ﬁ 1] A0
HEAEEEDN
[X8iRE] TW/F-kRFE(VPSB)EA, (IT¥F;, MRELH(RCA); REFHHLH,
EUHEREEKXSN(ECF); F#HIE

Root cause analysis of chemical installation accident based on primary-

secondary barriers and its application on double prevention mechanism
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Abstract ; The double prevention mechanism was a widely used risk control system in hazardous
chemical fields in China. However, the theoretical framework at underlying and operational levels was
missing. Especially, there was a lack of RCA results to guide double prevention. Therefore, VPSB model
was proposed by integrating primary-secondary barrier theory and ECF analysis technology. Furthermore,
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ECF as a typical RCA method represented the causal of a catastrophic event composed of specific primary-
secondary barrier failure modes, providing a visualized diagram for the VPSB model. The model was used
to identify hazards and RCA for a typical accident scenario in the Texas explosion of British Petroleum
(BP) company. Moreover, the failure modes of double prevention related to management measures were
investigated. The comparisons of investigation results between the U. S. Chemical Safety Board ( CSB) and
BP indicated that people “s unsafe actions were taken as the direct cause to carry out in-depth cause
analysis. Moreover, the focus was human management, and the failure of the safety supervisors and
irregular operations of the operators were macroscopically summarized as the root causes. However, the
VPSB model focused on near-miss and the process of major accident hazards, and detailed sub-barrier
failure modes were used to highlight the fundamental problems of management systems. Specifically,
mechanical integrity management had the largest number of problems because management measures were

not conducted as required. This study can provide rectification directions and operability recommendations
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for enterprises to optimize the relevant work content of the double prevention mechanism.

Keywords: visualized primary/secondary barriers ( VPSB) model;
analysis ( RCA ) ; double prevention mechanism;
analysis; accident scenario
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Fig. 6 VPSB model for liquid level adjustment circuit failure in "liquid level out of control' hazard event
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