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Abstract

At present, the utilization level of accident event resources in China is still at a relatively low stage,
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making it difficult to fully explore the potential patterns in accident data. In order to conduct in-depth
research on the causes of accidents in the oil and gas industry and enhance accident prevention capa-
bilities, this paper analyzes 204 production and construction accident reports that occurred in a do-
mestic oilfield company from 2016 to 2022 based on the HFACS (Human Factors Analysis and Classifi-
cation System) model and text mining technology. A HFACS-0GI accident cause classification model
suitable for the oil and gas industry is constructed and the Apriori association rule algorithm is used to
mine strong correlation patterns between accident factors. The research results indicate that in the
HFACS-0GI model, “organizational influence” is the most critical causal level; through association rule
analysis, multi-level deterministic associations and systematic loopholes between the causes of oil
and gas production accidents have been revealed; based on the research results, this article proposes
targeted accident prevention strategies in order to provide relevant references for oil and gas produc-
tion enterprises.
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A A T SRR T a AL HVERE, TR BE R (R BACBOR AR, b AR R TR E RS
PR Bl AHSCARFZ SR A PR T S s BRI FORE S o i B2 IR B TT DASR e i
IR, WA E AR 2 2 R T AR IZ I VA K e SR R AT T A, e A 1738 2% S0
AYZARHITTIERT 512 PONGRI RS SCARHEAT THETC, 208 180 IR AP 48 SOA Bl QT K 3 4
FFARAEA A SR AR SRR T A M A LR AR BRI AR (25 T U2 BRI R B 5, Xt
POt L 22 iR & AT 00, BT 8 WS L AAZ AT AR 27 Bisgm K .

NARELEMA AP H PR EE/EH, HFACS 5 R7E SR 4 a2 G B 2 I FLS 0 H
DAL RN IEAT 7 NG, EEREREE AR5 7 KRG HFACS) BT 1 b i 4= 2
HOS R, JFAR T BB ST ORI SRR TG RS2 AE(4]4E T HFACS HEZE, 45 a i ARy
PEGESL 7L T B M T N i R s BEE W FCRITR AN, Theophilus S5[5]17% 1B Al R AR
SATWIT R T Bk HFACS-OGI #6570, JFil i i) 56 [ b2 i 2 22 D2 11 i Sl S 0 W Jeniie 1
AR, FT[613T HFACS 7, 255 MyAREE S H0ks i O HE SR i S s B R o Y, it
TR M Apriori SEAZ R P 3R Z 8] ORI, DS is ] s 1 4T X ) FTs 1 7t o

AL, ASCHEE HFACS SRR Apriori SN SVA TR & 274 SR, B 70l A 1 R A (1 3l
BRI R, 248 FHEE RN ENLE], AR E TR BEEOR SR, Rt 2 2R ARAIF IR, 12
THT I 22 A PR R

2. BERIERIAFAESR
2.1. BRALIE

AR SCUSER T P i A ] 2016~2022 SE[E]FT R AE D 204 2R P O FE S S IR, JRRATE
NEARE . BT AR e PR PR ID ARG . R RATERILR, B RS
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R JE R R 5 B AT SRR A, TN JE S ORI Z 0 A S (AR AL . e B R B N
2.2. f5UIESR
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Figure 1. Technology roadmap
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3. T HFACS RS E FEHERMES 9
3.1. AABAESE DL RGMHFACS-OGHIE

HFACS # R fiz FLOR AR 9 MR E ML A RAT VR RO 50T T A9 — At s A9 B 2R 20 #r B — il
FHOP N7 AW FUEE R A P WU R 5, XS hRiE HFACS BERIHET | RGu1Esodt, W 7%
I"1f HFACS-OGI B, Budb i % i SEIR A 0T T SR B DU R R (A R AAT N AR EAT R AT
AL AR RGN ) R PR R AR 2 AU 1 2 PR AL, o i B 3 SCRRTE T8 AR G 17 ik <A 7 40
BRAEARNL IR (R s . SR D 55 ) L 2R A 3 BT T 5 A 22 U ) B 3 2 o B T IR MR Ry
Br, B SAAGUE 2R ORURME R BRI E R C TE g 2R TR A E A
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T CRFRRVEMVIRES ” SR AR AT R S PR RAL, TR R T R A A A PR N R BT HESE
NI A RO, BF 90 SR FH 26 B Ak 2 T 22 45 2% B 4 11 S 00 S e 2 9 3047 [ 1k 4R, &85 R 2% HFACS-
OGI X NN F IR B2 IE 3] 90% LA I, F840E B 7 SO AR AU 7E jol < A 7= 40Uk P03 FH 1 R A 28501

Jff HEACS H A B0 BB % 56 5618 B I AUAE 7™, B SR R B RATTX HFACS BRI 9 B AR AT
DRI AT ERAR , FLURT R SR 7= i R AR AL 5 2 I ) 7 [« 7E 3L HF ACS A58 8 J 3 70 2 it
b, BE AR MR A R TR, W IR A AT R X AL, R T R BE R AR A
U N R Z 4T 5 7 95 R S (HFACS-0GI).

BT R, R N NE R TS 52K R GU(HFACS-OG) 7 N 4 2K,

1) HEgm . “Hpm” B SHEMRAEMNRERZE, LT84 HFACS-OGI B TIZ[6].
FEFRE HFACS BRI, AU Z 8 “RIEEHE” . “HAZURE" . “HA4UdR” =RHEH. 4587
AA PR AR RIS G AR KA S R, A SCHZ SRR R T TRy, I
RASRIUT 8 NMH R, %2 ARG RS R R E SRR 1.

2) ANZERRE. “ArerRE” FERSSEFMREMRIZEE6]. 5T HFACS-OGI BAHE
B, GEEMAAEFFFMER S, CARAEMRE” AP R CREBEARST . BT YT
ORI AR DL R R BE R DA T B DUSR R B AT Ty, FEER AR T 6 MR

3) DNRBATHMTIERAT . AL BT RN SEELN T ERR “A2ei7 7 B
M2, FfERTHRERENREEZ, FEE “AARR” © “BEERE” M “HERER” =M%
[6]o PAMIANZ AT HIIRT R A, AT LU AN L AT IR AE o SEE ARG S iURe T, AR SCT it
SRBEFATH PR, N 6 MHKIERF

4) RNGEITN. DTN FERAESSMAE SRR TEN R 225 E6]. 5H AR
HEANF, 1Z2ERERFEN AN R EEER, B THRWRAENRERZE. iZRE RS T T
oy, FHEREARRIT 3ANHE.

3.2. BHUCRH S BSIE

B 3.1 MR A HFACS BARIMEZY, AT FCIE I 204 R R S M N A iEAS, BER
GUIR TC S MU A K A5 R B TR A QIR o il DR 3R B R e R PR AT R, F 7R DA B Al A 2
Vike: B SEEAT B AT AL B, RN SR A R B OGBS AT B A A G e A

D) ERWH B R HEACS B 28 R ZR K58 SOhmitt, - ACERR i 5 b o S 223 A
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2) Gt B SR iR gn S B 0/1 ), SR T A AR S HFACS A7 5 IR 3 A A5 1) 4t
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Table 1. Example of reason text encoding

= 1. REC AL RG]

HEZ JE A T GG
— NI BE(AT) 0
HLFLIR(A) W& BR(A2) 1
HLFH Ak Ah(A3) 0
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Yk
HI LN (AS) 0
UL E(AS) 0
7RELT B B (A6) 0
PR BEEH(AT) 1
IR FE(AS) 0
PN = B EE(B) 0
B TAEA HI(B2) 1
BATIHRIA Y TZ%4E(B3) 0
PREREED) . R B HEA A 261 (BY) 1
R %4 R S AL EE(BS) 0
I BEH R S B HLE (B6) 0
N M AHER A (CT) 0
HHAY(C2) 0
O HLRA(C3) 0
A AAT IR AARC) BAEF RS KTk .
— HAMRAE AR K FE(CS) 0
LAl IEARBL(CO) 1
s HREZ (D) 0
N4 4247 (D) R A ZEH(D2) 0
R 3 A EE RN (D3) 0

IRAE R 7 i S gt B2, XF 204 25 A A P2 FHORE AT 04T, LA P RO D,
204 ZLFHMEUA, KN countD =204, FFAFRBILE S E M NH NS TID(TID=1,2, ..., 204).

3.3. B ERRNGITS S5

DRI T SRR, ASAIT 78 5 T T 3T S B ) S PO e 2 7 S s DR i P T e e vt i A
R A5 R RUZ PR SR 58 ShmtE, RGEHEE T H R S A R & o A A, IR S8 e 2K 4t it
KePE, VEARER W 2 Fs

%2 gutaiRE R, “HLURWT REAERESEA D AL, CBIREE A CHHd R
PIANYESE B BRI s AE “ A& B, “MEATEn 7 MR KN AT R R R
e RADMRY], B TARA ELE 3B E R EZ R, FRUEHEE A BIALE 3 BOUR K 2 5
MRS AN ZRAITNRRTRAN BN B KA G AT AR R, e NG RIER” 291
BENBNEZERNEE. bR, “PDNESAL” WU, M B AR 5% kR g & AT
PR A E N, [, “ERAY” RERREENEL 2 4. FERRENERER, “A%
EATN” RS R R BAR G, Hp RS R WBUC R . TR, PR RAER
RGOS B G R R E, SECAIWIRRAERAE R 2, A RBOEF AN S B, S ek
Gl o
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Table 2. Statistics and analysis of accident causation factors

2. BHHEARENGIT S0

BHEE HHEE W HEREREESE g H
. NI BIR(AT) 87 15.85% 6.67%
FURE M

B HIR(A2) 83 15.12% 6.37%

Ak 3CAK(A3) 21 3.83% 1.61%
VA MYE AL (A4) 12 2.19% 0.92% 42109
(A) B2 I (AS) 70 12.75% 537%

AL HL(A6) 64 11.66% 4.91%

HIUTFE BEEHAT) 129 23.50% 9.89%

DA B L (A8) 83 15.12% 6.37%

1A B [} 0

BRI Bz B HIEBI) 27 8.23% 2.07%

B TAEAE EA(B2) 98 29.88% 7.52%
Fegchepus BRI Y T2 %A HH(B3) 38 11.59% 2.91% 2s.15%
(B) P R FECHEEE R 31 57 (B4) 89 27.13% 6.83% S

o 274 i) B R J 6 Ak FE(BS) 4 12.80% 3.22%

laR=Sep ) o 3 xS B 2 (B6) 34 10.37% 2.61%

M ANHEEAE(CT 68 29.31% 5.21%

A2 AEERECD g g

FHAN(C2) 70 30.07% 5.37%

LB AT NI DFERA(C3 19 8.19% 1.46%
< L I, (©3) ° 17.79%

AR5 FH(C) BB AR VIR (C4) 1 4.74% 0.84%

RANRAR B EHAR K E(CS) 10 431% 0.77%

WE R &

FEAl R R L (C6) 54 23.28% 4.14%

s HREZ (D1 57 29.23% 4.37%
AL 44T (D) Wik 5 Z45(D2) 91 46.67% 6.98%  14.95%

HEM 33 i FE R (D3) 47 21.10% 3.60%

4. BT Apriori EERNHSEEHBEA S

4.1. BIETALIE
4.1.1. WWEME

X@B‘Jiﬂiﬁt%ﬁﬁﬁ@ﬁ’]iﬂiﬁﬁ, VW2 B/ A REAAAAET AR 2 H,  [RI T E A S
BTNV 8] e A ST A A A I B B R T F AR RS AR SR A 45 1A ] FE 3 A A
SR AT NI E27 SR I%,ﬁﬁﬁiiﬂﬂm&iﬁ$ﬁ 43 1R 1 e AR ST B 7 22 8 S
St E9].

AN, BT CARERZ, 0o g R IE PR §) 2 e AR K T S R, AN 2 S B 213
KIFIES & FHHras R[10]. ik, 7FESERTEEH i, 55 SEUE T 2k, #*ea
(SR Es R IR SR G

4.1.2. XA5A
1E B ARE F AL B RE o, D9 SEAF s ) 3R, AEAE SR A 3 8007 sEEAT AL R 11]. AR STA )
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Brifr e 2D B, 0 AL EE Y B A e M R L o v RO, RS B B OC R B S S A A R
AIEEME . ARBEFCIET Python w3, 6 H & 1 1A dh SCSCA VT Jieba 23 i8] TR ADXS HHOCA BT
P AR . DDA IRRCR B FURE R SN T il A L F A SR R R, SRR SRR T T
b ARTE R BE AT AT B

4.1.3. ARG 59

ST BT R SO TR IR . ARF TR T o0 inl b B EE R, 8 RS LR 268 MRk
BEAE, PR (IR > 10)3EE 23 A, M ARERE M & 2. EWT% A T XA e S B
TRNSEHMT, T LLR B H 5 3 A 7= S DR 5% i 8 e B D B 3%
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Figure 2. Partial keyword occurrence frequency chart
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Figure 3. Keyword word cloud map
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4.2. BEBERSH

i3 Aproori SN B B HEAT RIBORNIZ A, FERI Gephi B fF, XHZHE B 163 2600 25
PO AP SO AT TR, WP 4 Bosl12]. B SCRpE . BASBEMIRTHE = BORHR bR,
X R BEAT G e ANV, B R BORAT S35 8 v S SR R AT IR NSRRI o A vt SRR RE SRR AL U 2
BrEAT, 32 R AR D 3 DU e B RS S PR A o K pe O B P B R B R AR AT PR
WA KRG AL I L AR, HARFEAr R 5 (2R RGUAL TR RSRIRAS s m BLAR BE ORI
W A ep, SRR — SRR FE R AR OC AR, R T BE ORI S 1 IR AR AN AR SR R R AL 45131
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Figure 4. Schematic diagram of association rules

B 4. REHNREE

4.3. HSEFESKRRFETAR
19 SCHF BERIR AN R ] 1 AR Z AP EE AORIEOR AR, SCRFIE G NI RKSR[ 141, & 3 o T HEAA AT
10 A SCRFEESRTRAN, AT DA VA BN 03 — 22 4 R, R BN A IR R & B 2 4 iR
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WG OL. AESERRAE P ESh T, AR R BN 51 2 2 R T S B R A m B, 3k 5]
FHMOR A I, HARSER OGO B A R o DRI, 7R BT I S SR IB M A v 1) 50 R R 3% DA A 3
TN e =y Ak Y ES PSE N R R

Table 3. High support association rules

3. SRR RN

2= antecedents consequents support confidence lift
1 BT A AR IR 0.00664 0.367 17.2
2 I % UPS fIk% % 0.00613 0.706 27.1
3 TRGEA (R 1) 0.00562 0.379 19.6
4 JREE RIRETERS 0.00510 0.435 25.8
5 JREEI KRR MR 0.00499 0.400 8.8
6 LR IPS AT 0.00459 0.760 27.2
7 LSTUBUR/N ATIE R 0.00408 0.800 22.7
8 TARIRIRHE PR TER R 0.00408 0.400 373
9 WA AR £ 0.00408 0.500 19.2
10 & 2 BRAE B 0.00406 0.710 27.7

1+ LA PR RPN 50 P PR 2 2 ) LA PR v R SRIBE R, BV R I R (T mT BE 51 R SR T [15] 4% 4 J
T HER T 10 B EAS BRI . ARIEZ BT, ISR A BT RETE M, 7EI0E Mk
e, BRI SR A AR SR, A BRI LB ARG A SR Rt dR IR SRR
EIERR, ARKHI AT BERAT Bl B A AR R SR s A KEER,  E 2 B2 ddh e A&
FER BRI o FEP7 S ilrh, XURER R 2 18] IR PR R, 7R BAE S Ty o v B K  A]
RRKFR, MIRTIA R AR KH S EUE TR AE[16]. B IESR R R AR, 785 R R 4k
AT IR L ZARUE I SIAT NAL AL 58 [0l St U B e 25 £ KK 5 R s AL B A R B 4
i T B e R U SRR R, A R T 1 e KT

Table 4. High confidence association rules

4. SERBEXEAN

522 antecedents consequents support confidence lift
1 T e EEP 0.00322 1.000 3.7
2 PP R K 0.00332 1.000 7.1
3 A7 mAEATE 0.00233 0.946 98
4 [ S i A E fr) R e 0.00354 0.838 5.8
5 HIRZ& 21 3 B K 0.00193 0.801 18.8
6 TN e 0.00260 0.798 10.2
7 R AN B2 % 0.00403 0.764 2.7
8 ERTPS AT 0.00459 0.760 27.2
9 Ji o zE 5L KRS 0.00343 0.742 9.9
10 HRIRELR plitadiiE 0.00303 0.738 17.2
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e BE TS SR TR U B R 2R 2 1A T BB v R SRR RN, BRI B2 e i 1 SRIBR KL m F) i 3505 i 0
RIAHSRHE, $RTFE > 1 Hm R RSt ST < 1 HOBRR I O v, 4RI =138
BB AORIE[13]. 35 5 JEoR THEAA A 10 M 32T ORI ARAE 04T, R TH LRI, 32
THERRFRMERA LS PE Bk, LIRS E AR, WAL MY AR 5 hn it
Ko XU HTX AN R 2R 2 [ R BRI IEA SR, BRI SR IRRAS R ARG P BE 2 38 PE B BRI S BOR
SRR, QIR IR AN ZEARAT AT BE T S A AR HE T P BN AR ORI, IR B A N 9
Xt PE AR LK R MV AR 0 B AT, DA IR PE B LR BIRAN W B V& Sl i 2 o N
PEMERE, RERTHEER T 1 A SRIBOE U R B X 1 A B A T M B - B AT 252 ) A 2 s T »
VA RO SRR A AR, ATk i 2B 7 R G & R K R AR R e R

Table 5. High lift association rules
5. SRR KRB

Fs antecedents consequents support confidence lift
1 HRAR PE &4k 0.00222 0.231 116
2 it T3 #2 WE B 0.00132 0.342 116
3 RGP A 2 AR 0.00233 0.946 98
4 FruEAt Iz FREAG 0.00154 0.538 72.4
5 B 471 A mE 0.00193 0.301 65.9
6 AR A1 UPS Hajth 2H gz 0.00260 0.698 58
7 Hefih it % UL A AR be 5 0.00403 0.464 58
8 THGEANTE ) 0.00204 0.360 493
9 ETERTAX o B A AE BRI 0.00343 0.242 38.6
10 & B REJ 0.00303 0.538 37.8
5. &5ip

WA e OEE R — RER Gk, TR R 2R EEN . B S R L.
RSO0 | P A R 2016~2022 4] FTRAE (1 204 S AR 7 2 B0 R R HOR S AT S Ao b, R4
# HFACS-OGI 5 Apriori JRIEKHUMFZIAOLE R, Xl A s A R 2 AT 4, DAl U 4
WARBAH RS % . HHREIRITT

1) f£ HFACS-OGI ## i,  “HIAUpN” RERENBNES, “ALEWE” BN “AL2TH
WIRTIRRAE” BRI, “ALREITN” RIIRED

2) I SRBRFUUZ I AT, b A7 SR B R I 26 P A7 AE 22 TR OB 58 PRSI R GE MR T . A
HIIT ERE, S5 E R s R, Ui 2 & BN Jo Tl BE R RIRE, @arahds
TENLE] s BExF R T LA & ) € & TR B b 3 W 20 2 A B VIR D i AR R T — SV AR U i) 7

& H
HRBHE R S A QR v RN H 5= T I U 42908 R 52 25% I 28 Y A5 R 28 (1 9y A< A= 7 S i s A 4
Hr” (YKICX2420717).

SE
(1] Friibfl. RZsSOAYZ YR K HAE SRR OGRS 7 b ORI [D]: [t 22 Arig 5], Kb EE R R R,
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