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A Study on Correlation of Offshore plant Accidents
and Impact Factors

Kwon, Eunok

Department of Offshore Plant Management
Graduate School of Maritime Industrial Study
Korea Maritime and Ocean University
(Supervisor : Prof. Kwon-Hae Cho)

Abstract

Since the mid-2000s, high oil prices have continued and ocean oil field
development has accelerated and the operation of offshore platforms has
been steadily increasing. As the number of marine exploration and drilling
equipment increases, the number of related offshore plant accidents has
increased rapidly. Therefore, there is an increasing interest in improving
the reliability of equipment and education and training for offshore plant

workers.

For the purpose of the offshore plant, the production, separation, storage,
loading and unloading of crude oil and various work accompanying it are
mostly done in superstructure. The probability of occurrence of fire and
explosion accident due to oil and gas leakage is less than that of other

accidents, but it has a great effect on structure, people and property.

In this paper, 2194 incident reports from October 2012 to September



2016, reported to the Bureau of Safety and Environmental
Enforcement(BSEE), have been analyzed the correlation between the
number and type, cause , installation environment of offshore plant
accidents and the correlation between the number of injuries and type,

cause of offshore plant accidents.

In the case of the accidents has been analyzed the each correlation by

OLS model using E-Views program.

As a result of the analysis, the types of accidents affecting the number
of off-shore plant accidents are analyzed as meaning that accidents caused
by fire, collision, hoisting equipment are significant. Also, equipment failure,
slip or trip were possible to confirm that it has influenced as causes. On
the other hand, well control failure was significant for the types of
accidents affecting the number of injuries, and human factors were the

main cause of accidents that affected the number of injuries.

Based on the results, it is necessary to find ways to better control the oil
wells in order to reduce the injuries in offshore accidents and in order to
reduce frequent accidents, more precautions should be taken to prevent

accidents caused by equipment defects or slips and trips.

KEY WORDS: Offshore plant, BSEE, Accident type, Accident causes, Correlation,
OLS
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Table 2.1 Consideration of decommissioning

. Marine impacts
1| Environment
. Energy/resource consumption

. Risk to personnel
2| Safety . Risk to other users of the sea

. Risk to those on land

. Fisheries
3| Societal . Amenities
. Communities
Technical . Risk of major project failure
! Feasibility & Cost  Economics
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Fig 2.5 Decommissioning total expenditure
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2.2 JFEHE Al

2.2.1 Piper Alpha AtiL @3}

AN Hote HAFFAE AT F U 7128 92 oy U Am
20133 79 69 Balo] 9= sodo] AxE Mg
hnj

AFNAM vz Ho] Uy TxHa AEsth voly dyk= 1988 74 6

U 2245 E 79 79 01Ae] AH 3AZHEL $3 BHHYT
@ BEAS 247 AW

Cullen Lordel ¢Jsl zjols <tuf ZFHapAbare] of
I ALY Ade v 2 shAjet Fde] d&£o g ool Alae 2
7HWork Permit) Al2=®¢] Aoz AZHAY. 3= FZ(Condensate
Pump)7t A7) FARSFE 98] TAHAT AdS A& A7 EEH
Roy Az FZAdLe AFAEHA Gkt Al S5 HZ wjEde] Y
4 BHo e FARS ZAAS 7 EFEH] el W HRelief Valve)E Al
Asta AW s Beole ZAAZ gt wdivt
A7 AARA &3 Aol $EHA Loy g dFE
@Al 2 ZEE Az EEA gof A sUtE 2AaH AT
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Dennis C. Hendershor(2013)e] B Ao w2 Z7] Zo FQ e o
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a7y BA4d sial, =4
Ha g

A,

FAdR A v 2 He B 7
o5 2t A, &9 T BEE AR 2 IAY] A AdH 53 7A
I AARD ZE AHY FEE GAdsA dLDstA Xt on AA, v 2F
FA AHY A HES FE& Zlo] hddvte] did &lo] Fee At
s, A 2D AAZAJ] SHAA BA gFolHRisens T8 AP Lho ARk
o] HZstr] A%t A 7F I A Aol kol Aol EFX(Deluge) Al
& AASAY HARRE Y S5 s F v AT ¥E HA7E AFEHU
oSy F UM BE AXFHA &gt T35 sk F4bs wE e WEky
< AAEHY Aoy T A F S AAEHY AT
OAA = HA2E o] HZA S Hol YAt dolo] DRA A2EL A
ToE AFHESE AAE ook Fout Atn G FFoE HAEH
AL AXN HAZE= “HIAGY B3 2 F4dd g A4 247 ANL
L Qb ol thek ZHAF AAIZE A E s E A G
Ao ' Abal A% W] GALE O] e 8o AR AdAre] Fdo] Al
2 o|FojA A Zska AR HBEYAE SEAF BHAHA AEHE AT
T A THE A KT AAR 39 dA BEAHQ ngE-Eo] gl
e W BRls Ao qfre 7233 sk
2.2.2 Deep Water Horizon Alx @3}
Horizon&+= 2010 4¥€ 20¥¢ 214 4087, Macondo
TAA A= QAT &rih FYUSE
Horizone] &3l o
Flom, 87U(4<¥20
FEHe dE FAATH
2 5= oK British

Deep Water

well(Mississippi Canyon Block 22)e) A

Z3 g slA) Abavh SAskR e, 1 A3} Deepwater

%2 1261 = 119o] APYSt 179 o] Alzbsl BAFS

~ 7T€15¢) &<k 9F 4,900,000 vjE o] &3}4547}

oF 571 <1 2010d 9€¢€ 199 I Ho
o] WAk, A THGulf

Q)
oo

J—T«E‘ﬂ_ [o RnE
petroleum, 2011).
Alar=2 Q1s)] 9F 180,000 k2] sf ol 3l
- ’]7 -



of Mexico)®] 16,000%F s} ES] oF 50%°l 2, 22 Hsir} dysl o,

232l BPE Clean water act Y¥ro 2 6209 o] wjAaS A &3

BP HF At BRuAQ01D= Aol H9le 87HA 2 A ST

1. The annulus cement barrier did not isolate the hydrocarbons.

2. The shoe track barriers did not isolate the hydrocarbons.

3. The negative-pressure test was accepted although well integrity
had not been established.

4. Influx was not recognized until hydrocarbons were in the riser.

5. Well control response actions failed to regain control of the well.

6. Diversion to the mud gas separator resulted in gas venting onto
the rig.

7. The fire and gas system did not prevent hydrocarbon ignition.

8. The BOP emergency mode did not seal the well.

AR, 71 24 dJe2= 1489 ARE Hof(Cement barrier) 3]
Z QIR gstrae] fiolth viAY AlFEe AFE te 49 nhEe A
28b8l7] fEiA A Ato]ze] AFR-E o] 838H7] Wl AF7F AAH 77
o] FEE FAE7] s AL M| FFo] a7FH = BPe B ut
21 o] AME o] vEd o] ARE dgde] i njEo] Zx HU
7] gEeletal A8kt

=, 7] AHE 2AdAE AHE A8l da W&o 18%~19%= A
Hol AAUARE LA AR AIHNES] e A vE2 1298%FE FRlE
7] w&oll o] Aange] Aolo o) AWME FHo] dEHATL FAES

o

T3 T =4 stolA 15%Y W 7HE 9]

52

32
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A2l mlgolgte Ad AFRE =E39 Sy Halliburtone AEZ o] A
(Centralizer)e] #=3k ARgo] @Qlojgtal FA3tHA AWE &9 A
A2 obF F&3| deteA Ut Ty 2o &

Zkde]l a3t Halliburtone] AHAdgt 2AxEE

A= AR AE8ES AT

=4, Fig. 2.50149 o] 4+ EZ H]g o{(Shoe track barrienN+ EZE Z&}
(Float collar)¢} JFHAWE F /2 FAEH Ja, AMETZL SEHAY 7]
B} o] fF & Iste] B3t Aol AR HAdste AL WA s 92 o

o] A o] & ojAlE-g](Casing Hanger Seal Assembly)® FL3HA 7 9]
d Qo] gt WRE JAYste A Yolars s ok HalAd
= 3Po] W(Hanger Seal) WF-olA o] st &hsfrio] FUS =

3 = WHs
A 2Ts A2 )
= |
o Casing Hanger Seal Assembly
e =
[ [
Sea Floor “ - H T
|
]\ i Shee — 17,168" [1] |r‘
< |:r‘ Top of Cement — 17,260
.+ 14.1 ppg Sand: 17.684°-17,693" (brin@) . *.«.~. . -
k- 13.1 ppg Sand: 17. 788" 17 791" -~ = ==

Sand: 18.051°-18.073"-{" -

1 o
i 5 -
I =
|' _
|- ~12.6 ppg Sand 18202'-18,224-'-‘»i-Z-I;Z;I'
Reamer Shoe — 18,304 @

nNote: Sands

are based co geology known at the time of the accident

Reamer Shoe

Fig. 2.5 Hydrocarbon zones and potential flow paths

AR, NF2g el mpA e 2] dA A= Aol gAH o AHNEE AHE

sho] WS AA st o] AHMES HHAFS Fs] Al dFt 2 = E
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~EE AABTY. F AAE £ UE ngow FAstd AuEe] AWA

¥ Al ool glow SATAE HASA e, DA
AL gelste HaEClth of &4 HZE Ae] BZ

= ]
£ BAYIAM BTt FAAW e hHel v o R destlod HEE

oA A, Sheen Test & WEHIZE 25 A|AH Spacerg Wl&Est= S A
[©)

ANBRT ol F MERTE TA AASHROY AFH Fde AEHow A

o

%= A F HAstE 2] 7b~E Mud Gas Separator(MGS) 2 #-

gl =o] kA :rLo—dyﬁ’.i HEE 2 o9l ot} AYAEL oS ZHAEk1 T
s 292 A3 AAM: D e

BHe] Fegt FHoR gitEdnt. o] ke i) JBHARE FYEH
W7l 7t 712 ARAFHL e B s o) syt B st

o}
e
A

] &7] Al2="l/e] Fire Damper

oA, BOPY v #& Rtrl A= 2-53tA gskth. BOPE 2Hs A7
= Wolle HEE X 2HAE FEAY Aoz ZEo] He F 7
A el Aok BPol HuAo] wET Fbo] A¥str] Aol TCP(Tool
pusher’ s Control Panel)oll 4] BSR(Blind Shear Ram)-& ZH5A| A A &kokt), Zwt
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Sof TCPolA EDS(Emergency Disconnect Sequence)’} 2oy old =
gl g Qe FAl "ol E4E o] EDS7F AR AFEHA e AL
2 FAsIATH

A5 o 2 AFH+ AMF(Automatic Mode of Function® 2% A &t} Ab

3 %, BOPE =A}3H 23} subsea control systeme] Yellow Podi= BSR 2Hs &
Aol =7F &4 93, Blue Pode S8R o] EU9d A= 31y
Ath.

223 71e} fYSAEAT B

Alexander Kiellande 1980 3¥oll o =3 ~=(Ekofisk) FHolA =g 5 2
By wego] uk gea A5 Mul2 1239 AAgEth Abal A B u)
27 ZHo)| AZA" BAAQ 6712 HFolx F st mzFgo] wAlsty

o|Z <ls ymA| 5749 Heolxo] =gk stFo] AVEWA o] B
AaL ARH o2 HAZ7F sl AEHAT

Ly

Ocean Ranger= 1982'd 24€ 14¢¥ 3|®Yol(Hibernia) fFAANA ZHS std
T MEFHo 74 847 Ho] AgsAH. wl= &fek ARt vl HE =
A Haxo] @rEW 713 LEE(porthole) 2 Q18] et ~E AojAdo] HFH
ol s WetAE AEE Ao ©eto] WA WHAE B9 AF
5oz WHAE Aol 2F stk o] WHAE AFow s A<l
277 A HAJa ARHow FAZo] JAsHUT

Petrobras 36(P-36)2 2001 3€ 209 HE3Z] A MANA 78 & b
T 2 AFA AR B §)talA 130 2 Zv]E "o Roncador Oil Field
ol UFZE A5t AUk aft Starboard columne] HIA=# <l B Fo It

o= QA Fgo] %Al o]of &l aFre) ol o7 F WA Fdo] 3l

—_—

<
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2.24 FEAEAILSY F8 A

Hares-2 Offshore Afare] & Wldl #g AFEAR}ES AFsts RIAE
2Hd8Ra, 1 RuA+= 9= HSEQ] 3 &FekA B(Offshore Safety Division)et
RIDDOR(Reporting  of Injuries, Diseases and Dangerous Occurrences
Regulations)®] ZAF HuAE Fall 42 67709 39 Araro] digh &4 7|4k
o= st 2004l A 2008 Aol LAZ AE F APEARY FAATE A
At s ARt st v s Akare] d9le o oty
83 AR ofY g} AlAT A E o & ¥yt oty JlhEsith
o} akAF L (Near-Miss) = e HofoF ghtya 431 % tHS.Zohra et al, 2018).

(BB

S.Zohra & =t Faol 2Xd 4 2 7k Aol tiek BSEEe] Hisd
13773 9) kA Abdel el ARk #A4skn Z1ed, 294, 4 2 =4
2 g]lol thsl FAE Tl EA st ARLE TAATIAL AAATIE D
geopsta S T F2 X ARl diall EIsiT. Aol WmEd ShA
Atale 3A A8lEA(Equipment Failure)9} 14 2 F(Human Error)e] F 714
Adolth, Al AFtell met Zhzbe] Al FEFE W 8 4E 9ot =,

An] EAo] d¥FS F FL Q4= Fg 2637 2t

o

30
B 25

I

]
=]
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Fig. 2.7 Factors that appeared in conjunction with equipment failure
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Fig. 2601 1ol 23k 2ol AulEAlel SOl 712 2 43¢ vAE 24
£ Aol @ RHAAL vl FARGOG GLoRE A4 Awe
At AdAge] BA, RHEE AA) Fol v BAR A Aud we 9P
KR

e = o= Wopadrt.

Number of Incidents

i
Other | N

Design Flaw

Failed to Detect [

Improper Installation [

Procedural Deviation

Permit to Work Related -

Degradation of Material

Improper Communication -

Failed to Respond on Time -

Inadequate/Improper Procedure

= ¥
Inadequate/Improper Supervision -

Inadequate/Lack of Maintenance =]

Unsuitable/Improper Equipment [Jj

Incomplete/Improper JSA or PHA

Fig. 2.8 Factors that appeared in conjunction with human error
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Aol Fasita ZFxsttt

=2 OSD(Offshore Safety Division)oll 4] Offshore Afare] ¥<21-& 3}e}s}7]
#3l 4l HSL(Health and Safety Laboratory)ell #4-& o]&3tAth. 67719 N
AtLE FES g o R BEAERQI Abare] FAFHAQ Hddd I ZE Al
tfsi A EA 359 ckJohn Hare et al, 2009).

BuAMe] mEd 71 &3 Alale] FREE 2ole A4 g3 F=, A

o} o5 Fol WA B4, ¥ oMY F 13 MueAAY |

TERE AbaLe] AR RQl Al 2] Table 2.29F 2ot

Table 2.2 Direct and underlying causes

Direct causes Underlying causes

. Corrosion
. Degradation of material

properties . Operating Procedure
. Human error . Securing assessing competence
. Impact/dropped object . Hazard analysis/risk assessment
. Inadequate control . Permit to work
. Inadequate equipment . Supervision
. Inadequate isolation . Communication
. Inadequate procedures . Selection and management of
. Inadequate installation contractors
. Procedural violation . High workload
. Slip/fall . Planned inspection
. Unsuitable equipment
. Unsuitable PPE
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o J #H ATEE AA dF T ALES HWEFeE HE

S At dAE Fetsty s Y Oyinkepreye L. Bebeteidoh®] <d-9]
= A%, AAYo, Hadz, 24y E FHEuAEHE =

gtsle] yoelx ot sk HF F Tt AdI dHEHE ALbAA Fxg
H AEAE Tl HolHE s yolAgote sl gdatar fl R oA
o AFSATH At F8 dJoZ AR/, A, AdA, A € 7]
& gl AR FE3 A S FALY ARES AT &
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2.3 AYSHE ¢AB/Y Pt

23193 HFEAE dABA 7P
Piper Alpha AF317b Qofubr] Fol 9= A% Hf @ b el FA

SYe)
=T
e Bl T WA Exetm ¥ Rwol HastdE FHsu

A Z1¥kS FJAgMiller, 1991). 19703 ) 714 79(%‘ off A AbgFE9] <
A3 BAE #ddstes AL dAEE 2 AHH B vge=E 3 4
of oJ& &A% Achinge, 2007; Miller, 1991; Paterson, 2000). 1960 Ao =

o] Af F Jbx AL AH] G Z7)ol AEdE olyd FHE HAE
1930 WolF-E S AfF 92 7t @A 2 AyAES 8 AgE A
AAE nvigo g wENR FAY %IJEL 7Iwre g 3¢ th(Paterson,

201D).

1965 Y= A WA AF F2 FXAQ Sea Gemo] MEE AIES
ghol o] Fol B =3t 13 WY ARAE Wk o2 )
EWE AAAHA HAH FAoIY FA A FEo flRd F=9 A
XA FAH AP HEFHH Fv FFo] =W hKemp, 2011). o] F o] FALE
53 Vedoz G422 U g F$sA 2dd FAE
3l 9 o (Paterson, 2011).

gt a A *Joﬂ/ﬂ-‘ll A3 HHE e T8 HEol ARZHJG. 2
afate AFAE €9 2 A

o] QkHof tidk Uk A o] 9l Offshore Installation Manager (OIM)
E AAslY 2 2 BAE BASy Ao did A9 &S FA
T 5 A GgWMiler, 1991). =% = F 5 ZFALe 4 FF AAE T
~

2

A% 54S kA g AEwe 99 ¢ 5

>

rr

il
32,

A7 Ao thdk o] H4AFe] =xE= Roben s Committee (1970-72)



BuMolx MZE JFA7]#<2 Health and Safety Executive (Simpson,

1973)8] AX|7F Az Aa, o] Wt AAH AS gk 72 wWetke] #H

19743 9 7d7oTJr AHAHMHSWAY AAES Id 235 ATk, HSWA H2 =

4 4 H dddE o8 HEH A S99 4Y Bd € MHE gEE
&

F8& gz FAEY AT

A Ab#El AA| (Safety Case Regime)d] el +FA7F 21 2 A
A& ol & FHIe FET EAE AAGL AFS HasAY o3
7] 91 AAD AP #e 2AE BA st AR ot A d=o]
2Rl X E A, AlRA] ARE FHZ] 4S50 siEdEHe &
217l bd 2 FHAFPHQRAIE MEAGATE A= #F4 A

th(Paterson, 2000; Hunter and Paterson, 2011).

o

B A sl of f&ﬁr(iﬁ 2 okd 49, 2006a, b, Paterson, 2007). T3k &
FA7E WF AAE B A4 L el #wI AP #H o thI AA
Wee AFH=S Andch =F PAd A L DY YR T4
(RIDDOR) 1995”7 o= &5, AHA 81 23R AIAHZzddS F
Ask= AR A AL, AR B 1@ e AP Y BRI E SFEE st WA S
o] WAFHO ATHEA P ebd U, 2013). = A= Step Change in
Safety % EPOL(Emergency Preparedness Offshore Liaison) 1& 3% &2
A ZHo] d= WFEFTUKCSAA L SFEHE Ao o B4 +F

2 g ds #FE e A A FFHA €8s FYH 23
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232 =299 ¢S

2
m
2
)
i
e
®

2ol e W 5 FoA = i 54 =2l
me} F=(State)ll Al A3 Ee FFdS HSHoF o, EES HEA 9
3 g EHHunter, 2010). -7l wh olH3 WMELS Fobk #d Hf A
ol At B2 F4dd. =909 sk A Al ik 2ol g
A+ 1977 @ Ekofisk Bravo EH &9 w02 1&] 10,000 2] E & A4
=87l Z8= A9k 1980 W@ Alexander Kielland Z 23 E o] #E o= 213
123 o] A AbaLrE Al717F = Aok(Linde and Engen, 2012).

Fd 5 w2 dole 1r2 ZAHE FA AAE AP F4A (B A
) o g3 HES e S A=Y FIoE we A4

T o, o ddqAT=d A7 A= PSALS T E A F=
a3t ¥3¥S 3thDagg et al., 2011; Linde, 2011). Cullen Inquirye] #
of e} P By ¢HEAH (Health and Safety Executive)® mpZH71=|
TEole e WA AdH FA el BE B, bd 2 8F A
71%5< PSAR old3t PSAE 7le 2 &9 ¢ H &Y SA A i
A g7 9T T A 9T A L HANAREH 048 2 &
Foll olZ7|74A JAY EE GAE st FFHOR A 7tA] o
Ed=29°] A7 dxA, 2015).

AJ)

L kR

2004 Al Al 2ElY] ZEAQ FrxH o= AZo] PSAC o= A

7} Norwegian Petroleum Directorate (NPD)7} 373 <k 2

24l A kA, 2015). ¥ B, I R 3 FFol " A
=

~
gFoRE /1% % 29s)T, wEdol ARV, w2



ETE AAS BAs] A% = xHE AR I A dEA vE
QasE 7dte® A wAHdHES EASHKarlsen and Linde, 2006; Hart,

2002; Hovden et al., 2008). o] W& ZEA A A stol A, A&A= 29
Q A 2 71 A 4k
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ooq AUe UE @ WA AeE AHORN olFH J¥e +u Bk
B 8 B d GIHe Fo % AW LAWY A 24, B 4G
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31 d+A =

skt

US Outer Continental Shelfoll Al &g3sl= AFGA= 5483 Abart 24gstd
= A A3 (BOCRF 250.188)0l whe} BSEE A+ def#kell Al Harsjof gk
Tk BSEE ¢ Apo]Ed] mp=w Abare) f32 Fa, 3, fAA A, F=
212e 5 Thorsith. 2009904 201613 74A) oial 400-80071] Aba} whAYa}
o flem, o] AZE At AFHoE wAstA vs AL dEkGL
BSEEC A& o3k Abaro] tigk 2=AME AAlsta Abare] thd RuAE A%
Aoz ANzgd Fr71ste] FZHE Atare] AQls BAS7] & dHolEm|

ol~E AlFsta Ut

B AR A= o] BSEEAA Al Zal= Hal 4d7ke] Ay RyAS nlElo @ Ay

o) 8, Y, BARE, A Age) AudAC] e ATE AT, Ao
, B, fAA A, FE2500028 o)l &3, 250002 o3k
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b Abae] fde 77x2 Ao AT explosion_accs Eubyl g
Abal f3olal,  explosion_firex=  3Alet #AHAHP  Aba,  wellfail_accE

JolAd TAEE Aoz, AojHA X
sl 320 Wy o g Aot ZEATE £8o Axo wak 25000 &
# olAeo £ E WAHANZ FE AbalE bigeolliston_accE 25,000 € o]
ste] £3E Y3 FEAL9 9= smallcollision_accE Aottt #HAAF
An AaeE A4 =ZEA BHAAI crane_acc 9 I H <l o AR A

lifting_acc® A ] gkt}.

Underground, Surface, Diverter 2 ZH]

Abare] A¢lo] ti3 HEEE Auludge ¥Aee equipmentfail_cau® A

o] 3ta1 AZA 221 human_cauZ A2ttt tripol} slip =& Y32 ¢

2 AYsta AR A ddL weather_cau= Aot

Zo] Y%l AL leak_cau® A 34T Fxg Au EAE Qe &

olE fFFo] FAS A h2o_cauz AL sFATE T3 Alare] Ulo] =Y
q EFol=9 Hde w& 49+ overboard_cau®E A9 A

NFZNES AF F S 4= FHO Ao sGZANET 24X

E7F AA" AP HAF

o=

Aoty SAoE BE9 HAF A= distance_en
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Table 3.1 Definition of variables

89 =5
accident near-miss= Zstsl H 1% ALl BSEE
explosion_acc Abal_ZER Al BSEE
fire_acc AL SR AR BSEE
wellfail_acc AbL_SAAo] Alufjaksd Apal BSEE
bigcollision_acc Abal_25,000 &3 o]itdslio] =AML BSEE
smallcollision_acc AF2L_25,000 &2 o]5t&d[9] S =ATAL BSEE
crane_acc At 3y} WHE Apal BSEE
lifting_acc Atal_F2Ql 9] HWAAH|et R Abd BSEE
equipmentfail_cau ol _A| Ak BSEE
human_cau Yl _gHole BSEE
trip_cau dol_E=] &3 s} BSEE
weather_cau 01 _IH BSEE
damage_cau A 0l_QH it BSEE
leak_cau o] =M BSEE
h20_cau Yol _sAe]gu]e] it BSEE
overboard_cau dol_cda = =2o0]to] Ao HiE BSEE
exploration_ph AOTHA &AL I BSEE
development_ph ALTA_SA 7 IH BSEE
production_ph ADTA _ABAF BSEE
drilling_ph Aoohg _AlE T BSEE
workover_ph A2 A _Workover 4 BSEE
completion_ph A LA _Completion BSEE
depth_en 3 "l BSEE
distance_en 3 _SAro 2 YE|O] WA A BSEE

313 W9 TAY 54

B Ao AgE Wl Anhd

=z ]

H EA|5HA

L

= o
ENO

Table 3.2 Statistical characteristics of accident type

Table 3.29} 2t}

EXPLOSION WELLFAIL_A BIGCOLLISI|SMALLCOLL| CRANE_AC |LIFTING_AC

ACCIDENT ACC FIRE_ACC CcC ON_ACC |ISION_ACC C C
Mean 45.70833 0.250000 9.020833 0.375000 0.812500 0.333333 12.14583 3.125000
Median 47.00000 0.000000 9.000000 0.000000 1.000000 0.000000 12.00000 3.000000
Maximum 68.00000 2.000000 16.00000 3.000000 3.000000 3.000000 19.00000 8.000000
Minimum 22.00000 0.000000 2.000000 0.000000 0.000000 0.000000 5.000000 0.000000
Std. Dev. 11.21731 0.564933 3.070031 0.703336 0.866793 0.630209 3.713057 2.027733
Skewness 0.059166 2.146625 0.278894 1.935102 0.765307 2.195360 | -0.237165 0.694863
Kurtosis 2.384379 6.440000 3.085653 6.257024 2.728273 8.387755 2.231473 3.014209
Jarque-Bera 0.785984 60.53120 0.636929 51.17338 4.833225 96.61266 1.631247 3.863084
Probability 0.675034 0.000000 0.727265 0.000000 0.089223 0.000000 0.442364 0.144925
Sum 2194.000 12.00000 433.0000 18.00000 39.00000 16.00000 583.0000 150.0000
Sum Sq. Dev.| 5913.917 15.00000 442.9792 23.25000 35.31250 18.66667 647.9792 193.2500

Observations 48 48 48 48 48 48 48 48
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Table 3.3 Statistical characteristics of causes

EQUIPMENTF WEATHER_CA DAMAGE_CA OVERBOARD |

AIL CAU |HUMAN CAU U U LEAK CAU H20 CAU CAU
Mean 2.729167 5.291667 0.250000 0.041667 0.125000 0.000000 0.020833
Median 2.000000 5.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Maximum 8.000000 13.00000 2.000000 1.000000 1.000000 0.000000 1.000000
Minimum 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Std. Dev. 2.090908 2.967615 0.483779 0.201941 0.334219 0.000000 0.144338
Skewness 0.787755 0.324671 1.709126 4.587317 2.267787 NA 6.709790
Kurtosis 3.029863 2.638597 5.033058 22.04348 6.142857 NA 46.02128
Jarque-Bera 4.966244 1.104514 31.63554 893.6560 60.89796 NA 4061.831
Probability 0.083482 0.575649 0.000000 0.000000 0.000000 NA 0.000000
Sum 131.0000 254.0000 12.00000 2.000000 6.000000 0.000000 1.000000
Sum Sq. Dev. 205.4792 413.9167 11.00000 1.916667 5.250000 0.000000 0.979167

Observations 48 48 48 48 48 48 48

B o] AHgE Wse

Table 3.4 Statistical characteristics of environment

EA e Table 3.49F 7t}

DEPTH_EN DISTANCE_EN

Mean 2381.247 78.96566
Median 2376.886 68.59732
Maximum 3811.563 230.8056
Minimum 1288.745 45.02439
Std. Dev. 582.7761 37.66461
Skewness 0.436525 2.757615
Kurtosis 3.084893 10.31675
Jarque-Bera 1.538848 167.9051
Probability 0.463280 0.000000
Sum 114299.9 3790.352
Sum Sqg. Deyv. 15962518 66675.27
Observations 48 48
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Table 3.5 Statistical characteristics of number of injury

INJURY

Mean 5.000000
Median 5.000000
Maximum 11.00000
Minimum 1.000000
Std. Dev. 2.458349
Skewness 0.452588
Kurtosis 2.467859
Jarque-Bera 2.159098
Probability 0.339749
Sum 235.0000
Sum Sqg. Deyv. 278.0000
Observations 48

314 Q74
2 AT A4 e E“Jix}%—‘ﬂq(Ordinary Least Squares Method: OLS)
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3.1 3 24,

Table 3.6 OLS Result of accident and accident type

Dependent Variable: ACCIDENT
Method: Least Squares

Date: 04/12/18  Time: 09:00
Sample: 2012M10 2016M09
Included observations: 48

Variable Coefficient Std. Error t-Statistic Prob.
C 7.044222 3.515571 2.003721 0.0519
EXPLOSION_ACC 1.858216 1.517471 1.224548 0.2279
FIRE_ACC 1.477505 0.276827 5.337294 0.0000
WELLFAIL_ACC 1.062186 1.176344 0.902955 0.3720
BIGCOLLISIOIN_ACC 3.622624 0.991253 3.654590 0.0007
SMALLCOLLISION_ACC 1.073255 1.403391 0.764758 0.4489
CRANE_ACC 1.391193 0.246661 5.640109 0.0000
LIFTING_ACC 1.367863 0.410119 3.335284 0.0018
0.795826 Mean dependent var 45.70833
Adjusted R-squared 0.760096 S.D. dependent var 11.21731
S.E. of regression 5.494237 Akaike info  criterion 6.396288
Sum squared resid 1207.465 Schwarz criterion 6.708155
Log likelihood -145.5109 Hannan-Quinn  criter. 6.514143
F-statistic 22.27311 1.684463
Prob(F-statistic) 0.000000
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Table 3.7 OLS Result of accident and causes

Dependent Variable: ACCIDENT
Method: Least Squares

Date: 04/12/18  Time: 09:48
Sample: 2012M10 2016M09
Included observations: 48

Variable Coefficient Std. Error t-Statistic Prob.
C 34.40051 2.647599 12.99310 0.0000
EQUIPMENT_CAU 1.723723 0.839179 2.054058 0.0459
HUMAN_CAU 0.831661 0.567539 1.465383 0.1499
TRIP_CAU 3.303925 1.504549 2.195956 0.0334
R-squared 0.420516 Mean dependent var 45.70833
Adjusted R-squared 0.381006 S.D. dependent var 11.21731
S.E. of regression 8.825352 Akaike info  criterion 7.272789
Sum squared resid 3427.021 Schwarz criterion 7.428723
Log likelihood -170.5469 Hannan-Quinn  criter. 7.331717
F-statistic 10.64320 Durbin-Watson stat 1.681678
Prob(F-statistic) 0.000022
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Table 3.8 OLS Result of accident and environment

Dependent Variable: ACCIDENT
Method: Least Squares

Date: 04/12/18  Time: 09:42
Sample: 2012M10 2016M09
Included observations: 48

Variable Coefficient Std. Error t-Statistic Prob.
Cc 58.30905 6.956523 8.381924 0.0000
DEPTH_EN -0.005433 0.002859 -1.900240 0.0638
DISTANCE_EN 0.004268 0.044240 0.096467 0.9236
R-squared 0.077724 Mean dependent var 45.70833
Adjusted R-squared 0.036734 S.D. dependent var 11.21731
S.E. of regression 11.00935 Akaike info  criterion 7.695829
Sum squared resid 5454.264 Schwarz criterion 7.812779
Log likelihood -181.6999 Hannan-Quinn criter. 7.740025
F-statistic 1.896166 Durbin-Watson stat 0.944573
Prob(F-statistic) 0.161946
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Table 3.9 OLS Result of number of injury and accident type

Dependent Variable: INJURY

Method: Least Squares
Date: 06/11/18

Included observations: 48

Time: 10:55
Sample: 2012M10 2016M09

Variable Coefficient Std. Error t-Statistic Prob.
C 3.159244 1.471501 2.146953 0.0379
EXPLOSION_ACC -0.656603 0.635163 -1.033755 0.3075
FIRE_ACC 0.085091 0.115870 0.734367 0.4670
WELLFAIL_ACC 1.314265 0.492379 2.669216 0.0109
BIGCOLLISIOIN_ACC 0.633882 0.414906 1.527774 0.1344
SMALLCOLLISION_ACC 0.677440 0.587413 1.153261 0.2556
CRANE_ACC -0.013730 0.103244 -0.132985 0.8949
LIFTING_ACC 0.021188 0.171662 0.123427 0.9024
R-squared 0.300627 Mean dependent var 4.895833
Adjusted R-squared 0.178237 S.D. dependent var 2.536873
S.E. of regression 2.299705 Akaike info  criterion 4.654451
Sum squared resid 211.5458 Schwarz criterion 4.966318
Log likelihood -103.7068 Hannan-Quinn  criter. 4.772306
F-statistic 2.456297 Durbin-Watson stat 1.901200
Prob(F-statistic) 0.034071
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Table 3.10 OLS Result of

Dependent Variable: INJURY
Method: Least Squares

Date: 06/11/18

Time: 10:34

Sample: 2012M10 2016M09
Included observations: 48

injury and causes

Variable Coefficient Std. Error t-Statistic Prob.
C 3.094497 0.711531 4.349066 0.0001
EQUIPMENTFAIL_CAU -0.212489 0.225526 -0.942195 0.3512
HUMAN_CAU 0.410116 0.152524 2.688869 0.0101
TRIP_CAU 0.316587 0.404341 0.782969 0.4378
R-squared 0.181714 Mean dependent var 4.895833
Adjusted R-squared 0.125922 S.D. dependent var 2.536873
S.E. of regression 2371777 Akaike info  criterion 4.644811
Sum squared resid 247.5143 Schwarz criterion 4.800745
Log likelihood -107.4755 Hannan-Quinn  criter. 4.703739
F-statistic 3.256987 Durbin-Watson stat 1.760546
Prob(F-statistic) 0.030352
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