creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804:21028-200000009978

S} B9

Of

Deepwater Horizon AFal A}EEAS

(LSS |
NF4 Abae] Q14 2le] B

A study on the human factor of deepwater drilling units through the
analysis of incident of Deepwater Horizon

2018d 2 ¢



A9¢ ol 7 7]
4 9 999z
CE R I

201743 129 18¢

el )t oot gl

Collection @ kmou



LiSt Of Tables ..................................................................................................... v
LiSt Of Figures .................................................................................................. vi
_;:a_ % .................................................................................................................. viii
Abstract ................................................................................................................. X
1 j\-] B i 1

2. Deepwater Horizon A}3l#-4]

21 AFTLE] FUQ cevevree s O B B s 3
2.2 ALY SI-Eight(8) Key findings - wwwessseerseesseeeseessissesssessisssnnnessse 4
23 QA Q Q] et o M g WP S e 13
231 &3 1;1 A _i,_z}c];l X]?ﬂ ............................................................... 14
2.3.2 Negative-pressure fest « s srmessssrrreesasisinssssinnssssseeeesas 14
233 SAA O] u|AA] - NLUEDSHRII ..o 15
234 B85 A /7122 9] F]TAL GG e 16
235 BOP A H] EEF oo, 17
2.4 Deepwater Horizon AFILO] B FRA ARG coreeesssrresssssmesssssiesssine 18
241 Dual BN SHEAT TAIIL wwwrrwrerrerrereereeremsmmseremresesiessesesenseneeeesennes 18
D42 ACOUSHE PO rreresssersssssssssssssssssisss st s 19
D43 BOP 10-COrtfICAtION - +-rwrererrererseseressesmssseisseissteessssesssseses s ene 20
244 BP ZAFEL FILAFGF o 71
25 Q1Z Qo] FBF FLF oo o))

Collection @ kmou



3. Kick & Blowout Mechanism

B T wereeeresressesie et 73
3.0 JGICK ++vereeessmeesseeessseessaeessses s es et 24
3.3 BOWOUL PIEVEILEr wworeseveerssssseessssseesssnses st 24
331 LMRP :11/%] ............................................................................... 25
332 BOP stack :11/%] ....................................................................... 26
34 QA Q Q1 O] GITE wrrveerrmererrvssssirsne s 29

4. Kick, Blowoutd} <13 821 A4#AA

41 %5—9} /K]—jﬂ_ /\]_gq] ?l_g_ .................................................................... 30
42 A2 FH] G - IFA 32
43 Zold B W QOJBA FQ i 34
4.4 ﬂE‘E‘}v‘jl .............................................................................................. 35
45 _\Ji_o].do\_ L:t_tqel ........................................................................................ 44
4.6 KMOQ,]. Bartlett’s test «wrrereeeerseeeseeeeermmuuniisiiiiin 45
4.7 ?_]75,.91_/}_9] 7H/‘\j;§'] ............................................................................ 46
4.8 _2,__‘? ?_:11 Hol-'@: .................................................................................. 48
5. A&
51 73% ...................................................................................................... 50
5.2 BED. TR weeveeeeeeneeiese i 51
7‘:}-}\],9] TN PRPPPPRPIET 52
59-3_.5_2“;]_ .......................................................................................................... 53
J_=ll_,§_ A. Accidents List «-::-eeeeeereeerrrrrmmremmmm 57
J_=l1_.§_ B. KMO & Bartlett's test @;,1]. ...................................................... 64
- iV -



List of Tables

Table 4.1 Frequency table(1981~2015) «ssssssssisssrsssisssssissisiisiissiisis s 35
Table 4.2 Accident list for kick + human factor + blowout -=«-weeeeeeeees 36
Table 4.3 Accident list for blowout without Kick ««eereeresererseeseenenieeen 37
Table 4.4 Example of risk matrix(Odfjell drilling 2013) «eeoeeeeeeseseeeeeeseseeess 37
Table 4.5 Frequency Statistics - s 38
Table 4.6 Accident list yearly basis w i 40
Table 4.7 Kick list yearly basis < sssssssssssssssssssssiessisissiis 41
Table 4.8 Human factor yearly bDasis - smssreseessssssssssssmssisisssssss 42
Table 4.9 Blowout yearly basis - sessumssmesistssinsissssisssiississiii 43
Table 4.10 PoiSSON MOAE] o wrwrieresmrerersuresessmnsssmretansismsesesssssssssssssssssssesessssnseens 44
Table 4.11 Descriptive SEAHSHCS s 45
Table 4.12 Correlation TAtEiX < - ess tismmusiorersismitiereressmssneserissmsiesesssssssseass 45
Table 4.13 KMO and Bartlett's test - erermiiimmmrminninmaeensesssnssssescann. 45

Table 4.14 Extracted OLF recommendation and Norsok corrective action

.................................................................................................................... 47

(Appendix)
Table A.1 BOP, Kick, Human factor and Blowout list :-=-:-seseeeeereeememeenenene. 57



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

List of Figures

2.1 Eight Key fiIndings e 4
2.2 Hydrocarbon zones and potential flow paths «::ereeeeeeessesesseeeeen. 5
2.3 Exterior and interior of 9% in hanger seal assembly «::seeee 6
2.4 Positive-pressure test(Real-time data) - ewessssssssssssssissiissnes 7
2.5 Negative-pressure test(Real-time data) «seeeeseesmssssssssisinessnns 8
2.6 Pressure increase during the sheen test(Real-time data) -« 9
2.7 Simplified drawing of the MGS «sssssessissmsssssssissiniiinsas 10
2.8 Photograph of AFT deck of Deepwater Horizomn -« weeeeeeeeeees: 10
2.9 Simplified schematic of the AMF control system «eeeeeeeeeees: 11
2,10 Photographs of Deepwater Horizon BOP TCP weeeeeereereeseeseeeee: 12
2.11 Likely status of BOP rams immediately after Auto-shear
initiation <> TN ... . ......coovnnriiinnininen e 13
212 Centralizer @5 B .. & e, 15
2.13 Showing a starboard jet flame w s resseeeesessssssssssessiniiiiisisas 16
214 Dual blind she Xt rmmmss®. . Nt R . ........ovvnvvnnirnririrerererenene. 18
2.15 AcOUSHC CONETO] PO itreessstssssstrsssasssisnsossisisiisissisissss 19
216 Approval codes for drilling systems and equipment -« 20
217 BP’s analysis of defensive barrier penetration leading to the
MaCONAO DIOWOLLE ++eerererereserermsmmmsesmssssssssssssssnsensssssesessssesssesesessens 71
31 Choke & Kill TNANIfOld ws--rwerrrererererermresmmresssssnsssinessssassesesssesesesne, 73
3.2 Typical configuration of a subsea BOP :wreeeessssssssssssrssieesnssnaas 75
3.3 Blind SREAT TAIm -+-es-reseseresesesesesmsmsssmsesssnsesssesssesesssesssssesssesesesesesesesesnes 2%
3.4 Variable DOre Tammy - - - sswrsreressrmsmimsmesssesssssssssssssssesssesessssssessssssesenns 7
LTI 1500 ) OO OO 7
3.6 Choke & Kill line flow SChEme - wswsrrmsmrmsmssssssssesseisnensennseansenn. 78
- Vi -



Fig. 41 The most frequent sources of articles were these eight journal
and magaZineS ..................................................................................... 30
Fig. 42 A snapshot of the Trident database showing six references
mapped onto the human barrier ................................................... 31

Fig. 4.3 Human factors barriers in the decision cycle for kick

o [olna el 8 10) 8 HRCRRR R R T P PP P PP P P T PP P YT PP PT ST PP PPIPP 32

Fig. 4.4 SnapShOt for SPSSZ4 COding .............................................................. 33

Fig. 4.5 Bar graph for Accident, Kick, Human factor and Blowout - 39

Fig. 4.6 Hercules jack-up DLOWOULL +#+veeervrersmremmmeesmneenies sttt 48
- Vil -

Collection @ kmou



Deepwater Horizon Atal ARREY S 57 ASiAIFAH ARaLe]
AF 20 ARG AT

4

o

ol

]

A

A

off

OPEC ZH4tgtele] e odizg F, IFENE AR
Semi-rig, Jack-up, Drillship 59 F243 Z7I= 714k
Z7}3ko] whet olo] wWE ALarE 2000t SHEe] Bro] A EF T

E3], 2010d 4¥ 10¢ A3 Deepwater Horizon Alale A|WE 3}
BOP(Blowout preventer) 22y, #&d dapaAje] Haj 2 QAL A7 EFF
FHeotol Atz ZIEHT 28 al o7 7HA] Al ¥l T AIFME 39
gk Kicke 24dd 71317F A== Estal Blowout Abarzy Ay stsd
, Blowout Atarel]l th-33k vlGE-AC] o] FA XA Zt3o] A AT
TEZA R Al 7RI A= AGHAT

ol Kick ZAE 7bsAdol 4 EA8tH Kicks 2A3HA X

45 & Blowou) 2 o]o] Xt} Kick #/42 +% 3 Formation®]
A

-

rlo
e Y

A
[e)
[¢]

AN ox
N

o

[e)
IT

i

—Hlm

AN fo 1o i

O =
I Reservoir ¢ Formation A7} €217kl Ao E7}1%53H
= LItk Kicke FHOE o]lFste A% i 9 &7 n,
E7H 8 o7 e Axrt xYgEsd, of fAZ ozt 3

AAE T3l Kick ¥ FAZFE dAYS Aojstes AAA 9

24 o
2
o
ol

fo rr & 2

G gl Moo o

rE
il
o
=
i,
Moo
2
30
o

- viii -

Collection @ kmou



7} =93k A3FS Well barrier”} Reservoire} Rock formationol] A3}
o Ay 2 AAFH ok sith= AHolth. Well barriere] #HF: Wo] e
BOPoltt. BOP= 78 We] R BarrierZt Aoj= A ¢S o A=A &2

s WAstE 7 8% ot BOP7E A=
25 A] Re A AWAL] 17, =4 2 A H HJE YA ot
1S &3] Kick Aol¢ Blowout @ <13 &
2 Atolo] M E #H#EAo] LS el Deepwater Horizon Ab#|7} o
B AFA At = AEEHEA FRlstr] sl B =il dF a4,
Kick #lo] 2 Blowout Abaze}e] A#dA o thsl &3
2Ao) AbgE AzmabElEs Trident V Z2 @02 E48 198135 2015
W7kA 9] 607 01H, 12 8 47F 45 E7F]E Kick @A) 8 4‘:‘21* A
of ot YF& F=A SPSS T2 S FIA AT
4 A3 A e s Kicke] Alojdd ¥ B 9F= F+ 2
ARE EUE &3 A3 @D ZATZ/]7Y B8 73 AA 9ol
i Al ket

Deepwater Horizon Abal Apgl £4

o flo

o

d

o

—_—

K
ol

KEY WORDS: Deepwater Horizon, Kick, Blowout, BOP, Human factor, Blind

shear ram

_iX_

Collection @ kmou



A study on the human factor of deepwater drilling units through the
analysis of incident of Deepwater Horizon

Kang, Min Seung

Department of Offshore Plant Management

Graduate School of Korea Maritime and Ocean University

Abstract

After the oil shock following the OPEC cut-off, the offshore plant
market has grown rapidly, resulting in a dramatic increase in semi- Tig,
jack-up, and drill ship. As the number of drilling units increased, accidents
related drilling operation have been increased especially in the middle of
2000” s

In particular, the April 10, 2010 Deepwater Horizon accident was recorded

as the worst accident involving broken casing cement, blowout
preventer(BOP) malfunction, absence of related procedures, and human
factors. And it was confirmed that there was a blowout accident despite
the opportunity to find the kick due to cement damage among various
causes of accidents, and no emergency training related to a blowout
accident occurred. This phenomenon was found to be fundamentally related
to human factors.

During drilling operation, there is always a possibility of kick, and if the
kick can not be controlled, it leads to oil blast (Blowout). Kick phenomenon
refers to the phenomenon that the formation fluid in the reservoir is
instantly uncontrollable due to the pressure difference between the well
and the formation. And kick moves to the surface, causing severe explosion

- X -
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and environmental destruction, requiring a lot of recovery costs. Therefore,
procedures and methods have been developed to control the occurrence of
kick and oil blast explosion through oil well control.

Most importantly, the well barrier should be established and designed
based on reservoir and rock formation. The final defense of the well
barrier is BOP. BOP is the most important means of preventing unexpected
hydrocarbons from being released when all the barriers in the well are
uncontrolled. However, if the BOP does not work properly, it will cause
fatal human, material and environmental damage.

Deepwater Horizon accident case analysis showed that kick control,
blowout and human factors are related to each other. In order to clarify
whether the Deepwater Horizon case applies to other drill ship accidents,
this study analyzed the correlation between human factor and kick control
and blowout accident.

The analysis used in this study is 60 cases from 1981 to 2015 analyzed by
Trident V program. This study analyzed through SPSS program that the
impact of human factors on unexpected kick occurrence and serious oil spill
explosion.

As a result of this analysis, it was judged that the human factor had more

influence on kick ’s control. Based on this result, this thesis proposed the
revision of relevant regulations of the Classification society and
International Standards Organization.

KEY WORDS: Deepwater Horizon, Kick, Blowout, BOP, Human factor, Blind

shear ram
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Al 2 & Deepwater Horizon A3l &£4]

21 ALY A8

2010 4€¥ 209 21A 40%7, Macondo well(Mississippi Canyon Block 22)jA]
TAAlel Az Q7 g3lra fdoz T 8 A BAsiglon, 1 Ay
Deepwater Horizon®] =3It +32Y 126W F 11%Ho] AFgsta 17%o] Azt
oS 3dom, 879(4€20d ~ 7€154) Bt F 4900000 Barrel® T3}pAT}
FEEHe Y FARTE FERAEE oF S7hE Q1 2010 99 199 FAACE

&= ATk (British petroleum, 2011)

Atz Qs oF 180,000Km*e] s Hol sFedo] WAEIH A, HAIZ THGulf of
Mexico)®] 16,000% sl Ee] oF 50%0] 2, b2 ssl7} st on], g4
BP+ Clean water act 9¥FC.2 6209 £9] vjA1S A EIJUTR).

BP ¥ Abal B A=(2011) Aka 991S Fg 213 o] 871A 2 #8313t

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.

2) 2016 79 269 oDjHEIHAL 25998 F7} HjAFS WA S CHUnited States Environmental
Protection Agency, 2017).
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Fig. 2.1 Eight key findings
(Source : BP, Deepwater Horizon accident investigation report)

22 Ak3 991 - Eight(8) Key findings

(1) Key finding 1. The annulus cement barrier did not isolate the hydrocarbons.
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5 :
Wellhead i - Casing Hanger Seal Assembly

Fig. 2.2 Hydrocarbon zones and potential flow paths
(Source : BP, Deepwater Horizon accident investigation report)
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Rl
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a8y 2AF & A" AolMERH FAHT A, Cementing Aol FLg
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A< WA dohd)

4) &% : The University of Berkeley, Final report on the investigation of the Macondo well
blowout, PP29~32
5) &4} : BP, Deepwater Horizon accident investigation report, PP.33~36
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Flow from annulus would have Ridges and grooves on inside
come up through holes appear to have been eroded away

No apparent erosion on outside Ya-inch-deep slots on inside appear eroded away

Fig. 2.3 Exterior (left) and interior (right) of 9% in hangar seal assembly
(Source : The University of Berkeley, Final report on the investigation of the
Macondo well blowout)

(2) Key finding 2. The shoe track barriers did not isolate the hydrocarbons.

Shoe track barrierv= Fig. 2.20141¢} 2] Float collar®} + 7M1 A7/ WA WH=E
745 deH, AHNEZL SEHAY T8 o= ©Iart Casing UHE
AYstes Ae WA= 4948S $) Casing hanger seal assembly® PR7IAZ
Casing 2525 ©3t4art Adske < WAse 43 3t

J8y, &34 Shoe track barriers &3l 9% ©3}47} Casing hanger seal
assembly®l]l ¥ FUS Zlolgt At HAAN, ZAEH Fig. 239 Hanger seal
Uitol] Ay & fFYe WA X3 Zer A8 Rt

N

10
rﬂ
e
B
B>

(3) Key finding 3. The negative-pressure test was accepted although well integrity had

not been established.

AF mpA e Aol ARMEE Casing® reservoird] WHAES stEE AX3Th
Jgal AA & AHES HiA
AR

FRl& 3l Positive & Negative pressure testE

Positive-pressure test= F4S LYoZ FASIY FHANA H(Oil reservoir)Z

6) =] : The University of Berkeley, Final report on the investigation of the Macondo well
blowout, PP33~34
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Fig. 2.4 Positive-pressure Test(Real-time data)

(Source : BP, Deepwater Horizon accident investigation report)

AHME Auge FRlehe HZ2EOM, 250psi2 5% T fAske Ak H2EE
AAg TOglal ool §ISAl 2,700psiE UES FS5d FH 30%e] FAHEAE
g1t} Fig. 249 o] A 2 BYH2EE o] glo] 1155587 FaHh

Positive-pressure test7} ©]d glo] FFE=HT , Negative-pressure testS HA|3h=t,
Reservoirol Al FAUE ©3l¢art FARHEAES E0lsts HAECY, 1,200psi7HA]
dES Ao H 08 T A HERY dHe] desteA EldHh AN, Hg,
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(4) Key finding 4. Influx was not recognized until hydrocarbons were in the riser. and

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

Positive ¥ Negative E|2E % Spacer”)|Z& 3] Overboard dump valveE
M5} T, Sheen testE 93] HEHZE ARslYch 18U HEE ARFYLd=
78k, AlFvolz R f¥S Fig. 263 o] A&KZHoE At
dEdsAE BTk, 21148(EE 930 7)) Sheen testd MY HIEPEE
ol g3st] fFAH| MFE Y Spacers HIESIE AHS AE AAEIT. I

7) Drilling fluid®} Cement slurryS £2]517] 93} AF8-E+= Insoluble-Solid weight.
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T A— B MNegative-pressure test concluded, declared

z : _ 4 a sueccess; preparation made to
IE Decision made to conduct negative-pressure test via kill prep

line; kill line opened: 3 bbls to 15 bbis bied Nul iR AZA P\ PP nue displacement.

Fig. 2.5 Negative-pressure test(Real-time data)
(Source : BP, Deepwater Horizon accident investigation report)

—

21318 MEBLE A FAGALNE BrET AFvolx vRe) FEe 38 v
1,240psioll A 1,750psiZ o & 21:47% 5,730psiZ THA ‘&3t T

(5) Key finding 6. Diversion to the mud gas separator resulted in gas venting onto the
rig.

P~
ol
o
S
[>
i
M
A
p‘ﬁ
rlr
18
m_‘o{_[

Mud gas separator(MGS)+= AlF4% 5 HAst= =
Sk AR|ojti). ol#A E¢d Tiae HHTYe trl2 WwEdnh AR 21413

8) Diverter(3-way valve)E E3}] Gumbo conveyor(Shale shaker-AAAQl xred) MGS(HE
7tA7F xe) 9 Emergency chute(B]/ Al A2l AA vi&E)2 HEAAAS AT
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1,700 o — 1200

1,600 3 Drill Pipe Pressure (psi)

3 —Flow In - All Pumps (gpm) /L 1000

1,500 5 —— Flow Out (gpm)

1,400 -+ 800 —
£ 1,300 F , =
- J Dnr pipe pressure increasing - 600 «2
2 1,200 3 H-pumps-off ~— oo
2 ] : 2
o 3 7 __ R W =
B 141009 = + 400 =

E e ~
. [
1,000 4 7|
E / -+ 200
900 4 | /
800 +¥—4+1rnr v prer '+ T T 0
[-=] (=2} o - o~ o = wn
= = = == e T = x
~ ~ ~ ~ & & ] ~
Time

Fig. 2.6 Pressure increase during the sheen test(Real-time data)
(Source : BP, Deepwater Horizon accident investigation report)

MYPEL ool AeS TASIAL Diverters MGSZ Z3stA "tk sHA|T MGSY

2 <8 Fg 279 12” Gas outlet vent lineC. 2 ®s}r47} AXA Hrh
B 9 7900 M7 2 gskar Ak AT

S Tk 7134 Intake fans B 7]1HAHE S0 (Fig. 28)H UL, 7H2a9 2ol

THE 37 Hr] VIR FwEHel @AV Overspeed tripl = AR H UL

1 sl ol A7 BAEJATE O8] 67 Relief valve(A]

HE)7F As ZsEoe] A9l wiEo]l H SAIRE BEAY FAE e

(6) Key finding 7. The fire and gas system did not prevent hydrocarbon ignition.

MGS vent line®ll A @ 729} gsl44& Fig 289 2Hs U317 §712 3353
7487k~ ®A7](Combustible  gas  detector-CGD)7F 7134 &7] A9

AAFHRoY, CCDe 7184 7F239] wA ZAA e As dEHA o HVAC
systemo] 7|HAE 7t2fFo] He AL A X3 5, Fire & Gas systeme 7HA
7MY dgs AsoE HASIARE J|HA BUAA|9 Fire damperg  Abs
st FA7F A0
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12" Gas Outlet
Vent Line
Bursting Disk ~ 15 psi \\ ﬂ

6" Relief Line to  ———| B vaEuud)
Breaker
Starboard Overboard e
MGS
4” from Choke Manifold —p@—
14" from Riser Diverter =—{pj——m= 10" Line
<] Open Valve

el Closed Valve
<] Unknown Paosition of Valve
Pressure Relief Valve

3 ~Mud Systemn
R e s e y

Fig. 2.7 Simplified drawing of the MGS
(Source : BP, Deepwater Horizon accident investigation report)

Eng eechites Transformer room
supply intakes |
7

— — Engine rooms 1,2 |
Engine rooms 5,6 supply intake
supply intake 18 7 i i

il

Engine rooms 3,4
supply intake
({under catwalk)

Mud pump room
supply intake
{under catwalk)

Fig. 2.8 Photograph of AFT deck of Deepwater Horizon
(Source : BP, Deepwater Horizon accident investigation report)
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(7) Key finding 8. The BOP emergency mode did not seal the well.

—_

B o= BOPY] BSR(Blind shear ram)S ZHsAl7]= 271A] W o
Zo| 3b= TCP(Toolpusher’s control panel)o|A 29AE FE& Zola, ywA
3= AMF(Automatic mode of function))Z A5 Fashs WHo|th Y] S
ot Fbo] WAL wf Hd LS TCPAA 29AE F2A W o=
chiley
AbIL - ARG ol ostd, A WAl FE A F Subsea Supervisor Fig.
29°] TCPW<| EDS(Emergency disconnect sequence)l®) push button(5¥)2 2-53d
Aow FAAY AR FetAl2Ele] B<EE ] EDS push button 283 5 Loss of
hydraulic power ¥#o] T

o

Deepwater Horizaon Dreepwwater Horizon
BOFP Control Panel (Left-hand side) BOF Control Panel (FRight-hand side)
1. Autoshear Armny/Disarmm. 7. High-pressure casing shear.
2. AMFEF Enable/Disable. 8. Lowwer (test). middile and
= High-pressure shear button. upper rams.
™ o Three floww meters. 9. BOF regulator control buttons.
L EDS button. 10. Dedicated alarrm hghts.
6. Lower and upper annular T11. Alarm display.

preventer open/close
indication lights.

Fig. 2.9 Photographs of Deepwater Horizon BOP TCP
(Source : BP, Deepwater Horizon accident investigation report)

9) AMF= MUX cable®4} ®+ Hydraulic conduit line & A] BSRS A5H|A] 3t= 7|5
10) 8]AHA] BOPQ] BSR Atz o BOP stackit LMRP(Lower marine riser package)sS 22]5}7]
At Bl A]

11
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Blue Pod Yellow Pod

Blue Pod SEM Enclosure Pressure Pressure Yellow Pod SEM Enclosure
- Tran=duc Transducer
SEM A ~ Bwolt Module Module Svolt SEM A

Battery Pack A Battery Pack A
Driver Board Driver Board

i Svolt
Solenoid
T = Battery Pack
ard B Failed

Solencid Valve 1038 Solenoid Valve 103Y

/’ Failed

Pilot Supply Pilot Supply

LMRP : )
Stinger Stinger

BOP
Shuttle Value

o

High-pressure Blind Shear Close

Fig. 2.10 Simplified schematic of the AMF control system
(Source : BP, Deepwater Horizon accident investigation report)

23 9 8147} Multiplex(MUX) Cablel) 2 Hydraulic line®] 434S 7Agtom, 1
A= Qe 19 BSR #H 4% © EDS7} 255 A @%ks 202 FHHT.

AMF A ZgskA] g9k Aeg FAHE Fg 2109 #Z°] Al ¥ BOPE
gt &l A Yellow pode= BSRE #H3j 43E Hul= Solenoid 103H©]
FEINe™, Blue pode Solenoid 103& ZsAl7le A o] v AL

bk

AL & A&EE 715 FEE U3 ROV(Remote operated vehicle)E F%3te] ROV
Hot stab intervention®lA BSRE #Hsl= Al=7F AATE SHATF BSR Fa7A] o
AL HHstL e & oA AESS W BSRES Autoshearol]  oJ3jA EH
H = o Aoy 7IE FE2 AL JYHIUT

e,

iy

o

Y

ot
ol
38

723l Fig. 2119 Test VBR, Upper, Middle VBR % Annular preventer&
A3 A=), FgAzE FAZ Qs s

11) A5 7ol=0] o5&t o] Jon, Blue pod ¥ Yellow pod= F/d%.
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Flex Joint

Upper Annular Preventer

Lower Annular Preventer | .
(&6
LMRP Connector 1 .
[©] @
Blind Shear —M = '*
- Autoshear Valve
Casing Shear —————=

Upper VBR —Mm————= l -
Middle VBR ——————— = l Open
(@]

Lower (Test) VBR >~ At B Ciosed
 Partially Closed

Wellhead Connector —=

Fig. 2.11 Likely status of BOP rams immediately after Auto-shear initiation
(Source : BP, Deepwater Horizon accident investigation report)

23 AA Q84

Deepwater Horizon #&ste] 2o A=d AF Zo] 87FA Q42 93| ARart
HASEAT o]F A8 A REF BlowoutAtll H Kick'#A o] ARAGS dotr izt
st} 871HA] 84 F AFQ8R1E ofge 571A] o g goF Hu

o

1) Key finding 3 : Negative-pressure test A¥ZE 25X AGstL The
AT
2) Key finding 5 : ©3}4a7} Riser 51 A|F3bo] Z o] E2Av+= Ze 17
2 EA o AT F YNFAE B8t o FAA o Esol fldTh
3}

o

2

%

[kl

3) Key finding 6 : Diverting= Z3%%® #TC % I8 Emergency chuteZ Wl Z3l o}
PLolle B8t MGSE &34 E FAstd Aot ST o2 U MGS
Overflow=] ] Drill floori-8] A¥ke] 2 FH o2 &sfa 5l 7p27) ks Qi
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4) Key finding 7 : Engine room intake shut-downs AAl3ioF o} 7|AAZ
ga5a Thorh 4050 A7 Basn

Atz A3 BOPE S ARAFES wol| e AL TAsth
231 8 9 AF2]] AA

Berkeleyths} Afal AFA0l(201D) w=™ Macondo well(Mississippi Canyon  Block
22)& Transocean 4439 Marianas &7} 2009 10€ 6YRE AFZYS st
AT AT 114 8 S Al lda= Qs A4 &4o = A& B3t
TEE f3l dAE s = 2010 1€ 30¥ Deepwater Horizon &7} Macondo
wello]l E=3take] 2010 2€ 69FE 2 AFAAS AR £89 AlFAY el
oF 377k A d=o] BP ¥ Transoceanof| A B &Ao] WAsS

ko
o

7

_

9} & o]f=Z Deepwater Horizonol|A= Macondo welle] A|F2¢jo] =2
&5 ol vRige]l AT tiEAQl Zlo] Centralizer 3wolth A8
Z 93 Centralizer<= 21717} 231X 9 20101 42 149 6712] Centralizeryt £ of A
ol g 7tsstd 15718 F7IE LAY 2010 49 169 F71 15707F FF O

UAANE BAde] g2 & 749 Aol FHE TA| WHEStE do] AT
ojluf BA A B Centralizer’t 352 W7HA 7Ivzol AN AAHo =
A3 AIFZEE AL PstA HIAdok ol I3 Fig. 2129 #Z 13 3]
Casing®] Asdod HAXstHqoF Cement’}t A=A #£ZEH G JAT Centralizer
FEog Qs 5 THH o] Casing AAZF HA BAste] 1% FEHA X

4 W Cementing Z4o] AIZ o] Fojx| 2] go} Kicke] HAI & Th

=

2.3.2 Negative-pressure test

Positive-pressure test= 2,700psiZ ©] $lo] FEH UL, Negative-pressure test=
1,200psiol A AAISER o, 1400psiZhA] 4EdsS st E ETst #A9
ool itk #EEIT ol WS Fi AYEL ‘Annular compressionl?) ©f

9 deog st teEA Al A3, Negative-pressure test’}

(e}

o
(0]
o

1
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Fig. 2.12 Centralizer
(Source : The University of Berkeley, Final report on the investigation of the
Macondo well blowout)

AEA ooty dARIth - Iga AF HEAYY ’3H £ Casing®ll F43h
Spacerg Kill line® EdRleh= AdS AAstke & FAUFY dHEAFHCE
s Aozl AT o] 3 ZAFRIC] HHARE AMIE Annular compression©l] 2}
PHdsol 200psiZtA= HA F=tal AE WETTH

BP AR FHF HAE2(2011) Negative-pressure test’} &2 ot EA
APEo] BHETE 931, Negative-pressure test HHAZ EF HAFA 7} vhgE = o] Q1A
ol AeEe] H2E A qFE AT F Ue 7IFo] flas T
23.3 FAA S " AA

BP ¥% H11A4+&(2011) Negative-pressure test7} AZcty Adt 5 FAY¢Ho]
NI FAE E35)al, Choke & Kill line A8 2 IBOP(Inner BOP) #H#] % LMRP]
Annular ram #H4 5 #8 Ao EF& M kA 29kl Influxzt Drill floor7tkA]
TSkl Aok o] do] eSS st Diverters MGSZE WakeS vt MGS+

12) Negative-pressure testA] LMRP(Lower marine riser package)?] Annular ram< Z+=r,

o] P ol Yol AEHCLT WAL,

15
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Believed to be the 6.in. MGS -
relief line

Fig. 2.13 Showing a starboard jet flame
(Source : BP, Deepwater Horizon accident investigation report)

A% M= o Qe JlAESEAE BEoshe AXo|AN U BIrFAE
BEd = ¢tk Hg 213049 #o] MGS Relief valvez Z23 ] &-3l=47}
(o]
H

FYEASS ettt Diverterdak-S Emergency chuteE 3] A9 &S 3ok
o B8l o9} e BF S 3R ool Alay) kR

234 ©3l54a/7t29 71H4A 74

GAA ] mAA st MGSOlA Overflows® €8l E Drill floorsg A &H&he]
2ol A FHo FAEAY. EBEAMele 7 7k~ ©X]7](Combustible  gas
detector)7} 277071 AA)Eo] UAAT, 5 7M7Y AsEHAY BA7= 1374E
ol EAo] MX¥ C&E(Cause and Effect) 2 F&G(Fire and Gas)A|2®l2 714

.

0_L4

7t 82717} AEstd % Fre damper/t A5 02 #HAHE Al2~EHe olUth Igx
Bl avtart 713 712 FYEA No. 3 & 69 @A7)7) 7Hs SolRAIT BT
Overspeed trip= 122, L % Blackout iz} %t} Blackout & ¢F 5% % A WA
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2
AAE & 4 JATH, kS X o7 o]Fo] 7Hsd Arto]Ix
o 4 AT

2.3.5 BOPAH] B3

AFAL A Transoceano| A AAIRE WF-2HAF 51 BOP Q1F § BP Hi14=(2011) o<t

M

:|
I
e
r
AC)
e,
N
N

@ Maintenance : 2009 9¢ AA3 BP UFE7AL A BOP
HasH 7leHA S AZSFY. 18] Al 3 BOPIY & HAHAZAF Yellow

%
pod?} Blue pod EF T8%FE Non-OEM partE At

ofo
e
poy
o
2
L
ol
ol
o
)

(

® Leaks : BOPFSHA2EONA] % 6329 FAE MASIT, o5 F4%917} BSR
9 4470 ofm HRo| 4R Z 4 YEAE WA Eaqn.

@ Testing : Macondo wellolA] BOPE Wellheadt2 %, AMF % ROV
Intervention A]2~ElS 7‘474’3]-11 oroltt TElal AlmgAle] EFEFAC wEw 3ok

BSR E|2-E&= 7121 Ao E3E A it

A
&
>

AT & zAEe A 8dzke] AAARE AES Ax AMF 2 ROV )3

o] A3 o] FoAA| ekghas WHsAT

@ Modification : 199 41%0]$, BOP frtA ="l 7 WMol 7jzArgjo] o] Fof
Bor, o] Mz AYEo] BOPHS AlzHol o' FFs wX=A B7F 9 ZAPL
) &etdth MEFY 5 A HAE Lower annular preventerE 10,000 psillA] 5,000
psi® WAsHOH, T WAE Lower VBRS Test VBRE JIZE 3ty 7]E9
748 AH8E = Ramo] 3794 2712 AT

@ Diagnostics : Deepwater Horizon®] BOP XI& A= AojA =] F8 FF

2ol FEEe] dlal, B A Alo] AlzE Ade TS SRR

A}
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24 Deepwater Horizon A}3Lo]3- 7| AL}

Deepwater Horizon AL ©]% API ¥ di Aol ditidQd 7 e] o]Fof 3o
UHH~E, BOP #4 3 Risk-based F WH4oll thall B2 Ayt Aol 28=H Uk
M AEH 7IAF T8 WA A2 oo 2k

24.1 Dual blind shear ram

Ao NFAES Hg 214 o 3a®E o] BSRE Upper BSR & Lower BSR
olFo® AAste BSR W7 A& & AT A5 oE sht o 9&s
olFoZ & F A FATE olFoE AHAF »E olf = 4 Aol AT A¢
NFgolzZ2 Actkalal o]FdoF &=t] Drill pipe tool box(AFo]|Z A7 RE)7}

R F-Zol] AX o] YA AlFafo|Z Aeto] 2] ¢re TS HeE 4 itk

Fig. 2.14 Dual blind shear ram
(Source : Tungsten Explore-Vantage Drilling(DSME HN.3615) TCP)
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24.2 Acoustic pod

Deepwater Horizon®| AMFE #FtAl2=®le] 14 £ Addthdo] Hle w BSR
2hgo] A4E A|Z=Ho|AIRE, HE A4S Acoustic podE A8t 9F5ARE SIS
8¢ Aol Fu& Acoustic pod panele 7HAil 7984 Bt HAsHHA BSRS
AEd 4 Atk

Acoustic pod& Fig. 215 ¢ IHEIKNOV, 2012) Z°] FA=m™ BOP Stackel
A3kl Acoustic accumulator®ll 344bar(5,000psi)e] =S At glow, dH
AR ZAPEBEE T3 207bar(3,000psi) #Zyet] Arme AEAZITh BOP Stacke]
Hittel] WHAE e AsSE Armo] #531H Battery-powered acoustic electronic
units Sl HIAEEol AT A9 Ao BOPAsS 7HssHAl gtk

Blind End Bod End
Accumulator Accumulator
Mitrogen
Lt Nitrogen
Test Port = = Precharge
(Open to Sea) ‘ Connection
Activating Arm
Assembly
Eln /L / =]
Z
;r 1
Cylinder

Fig. 2.15 Acoustic control pod: Self-Activating arm assembly

(Source : NOV User’'s manual for Acoustic control pod)
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2.4.3 BOP re-certification

AL A 3 AP B A el B2 el A IF P 2 Ui 5dntt

BOP SAE ALd st=% g Zlojth

AF FollAe 718 & wE2A dd #48S 18 A E ABS(American Bureau
of Shipping, 2012)74<S AR, Fg 2162 o] CDS(Classification of Drilling
Systems) guide 474 3.5.2 IRC and CoC A4l <3 5dvitt BOP ¥ #&H AX 9
FAE AL S

=3h BOP &4 Ad) ¢lo%= Drilling equipment maintenance plans (DEMP)
2 Maintenance records€ Au UL 7, AL AAHFHA7] BAE
= =5

AN o dRHAEe] AT

Lguipment Components Design IRCH MAC Survey CoC Testing | Testing Testing Remarks
Review & at SR at On-
Approval Vendor Vendor | board
Letter @ 10 1,3,10)

Commussioning test to verify
Assembled BOP System and LMRP : 11 | Proper integnity and

: SR gandb? | 5"

System functionality of assembled
BOP and LMRP

Blowout Preventer

Commussioning test to verify
proper integrity and
functionality of assembled
BOP System

Blowout Preventer Assembled BOP System SR aand b2

Blowout Preventer

Eaui Accumulators (Seamless)® X X X SR bl aand b2
quipment
Blo\_\'om i Accumulators (Welded) X X X SR b1 aand b2
Equipment
Blowbit Prseric Acoustic Control System “a” 15 the functional testing

: (Accumulators, Transponder Recerver, X X X SR aandbl | aand b2 | and failure modes validation,
Equipment ;

Acoustic Control) as required

“a” 1s the functional testing

Blowout Prevent
WO ICVETRET Autoshear System X X SR a a and fatlure modes validation,

Eqepricol as required
o ) — “aand b2” — Onboard testing
Blawont Preventer BOP Stack Assembly X X X X R& | ndbl | aandb2 | of assembled BOP stack
Equipment CoC :
See Note 2
Blm_wur Preventer BOP Stack Structsral Frame X % x R = e —See “Lifting Attachment
Equipment in thig Table for test loads
Shear rams are to be tested to
rated/specified shear capacity
Blowout Preventer SR & | = accordance with 3/3.1.3vu)
Fatisit BOPs (Annular and Ram) X X X X CoC aandbl | aand b2 Protstype esting inarvdune
with API Spec 16A
See Note 2

Fig. 2.16 Approval codes for drilling systems and equipment
(Source : ABS CDS Guide Table 1)
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Well Integrity Hydrocarbons Entered the Hydrocarbons Blowout Preventer
Was Not Well Undetected and Well Ignited on Did Mot Seal
E=mblished or Canirol Was Lost Despwater the Well
Failed Horizan

w
c
.'_-_g
=]

g8
o e
w 0
£ 5
-
o

Hydrocarbon Surface Containment

2
&
2
=
=
E
-
&
=
g
8
&

Annulus Cement
Mechanical Barriers
Well Monitoring

Well Control Response

Fig. 2.17 BP’ s analysis of defensive barrier penetration leading to the Macondo
blowout
(Source : BP, Deepwater Horizon accident investigation report)

244 BPEAY AIALE

Alal & BP HE RuAE(Q011D) At ¥4<lol #al 8714 Defensive barrierS Hg.
217 3} o] FEAstal At Qle] #IE oEAE LFESATE AR F8

AbRE A A F ] el B3 yEoE tigFQl AL okdet 2ok 539,
Negative-pressure testr] 43k ofgf o] Al-g 2gsl=E A5kl UTh

@t = =7
@ BOPs| 2 7EE Ak ram B, % 2 &
@ BOPol a7EE A WARA AolatE A2

@ 1%H/1& A Foam cement®] A 2 | 2E " A4 7)<
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25 Q1A Q9ld #A3 13

A =7 48§ Deepwater Horizon AR 73, Kick % Blowout #A30l] #3+ <14
8102 Centralizers &F F% Y Negative-pressure test 2334 257, Foam
slurry cement®] H2A o] tigh o174, BOP Av] B T2 EA1-o] HA=ATh
AFal o]% Human Reliability AssociatesollAl AA[g ZFAL Ao (HRA, 2011)
2 QA gl BHd otgfo] 67k A i &3 fES a3 oy

4
443 gL X 2ok

R,

@ Slurry designe M| Al2"l FEEUETR HAZOPEASHA 3k=71

@® Centralizer FH7 © 748 o] Halliburton®} BPAFolol] o7} Q=712

;
N

@ HAE2 o MGSHF AHE3tal Em'cy chuteE AHS-sHA| &7l

@ M 3Alo] FHo] &0 R o|Fof F=7R

Deepwater Horizon ARl ©]% API (American Petroleum Institute)) NORSOK
(Standards Norway)s B2 TA|7|FE0] 243  Aedt 7|AA Qio) Bl B
Mol o] FoHAINt, A7l 67FA Aol #3F AAL8AY JiAHA  disiA=
A=2ollen, 53] Blowout AL WAIE 913 BOP &4 Aol sl ©2 iAol
ARNATE Kick 8ol #3F 7iA 2 Bol o] Fo| A A gkttt

e
o
>
2
X
S
o
of
Fo
ot
Fo
V8
i)
2

A F7FA] AR Blel o] Kick 2 Blowouts =
ol WA " Aojstr] 3 FEL 7I7|Ee] AA ¥ FAFEY. 3= Kick 3

Blowout mechanism= A9 3}al o] & WAsH7] $3 77|58 A&
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Al 3 A Kick & Blowout Mechanism

31 18

ANFA] dgEtE 119k 7FA9t 9 Y8 Kickolghar 1‘?‘%‘3}. w2kA Kicke] A3}
Aol mlg] AFeAY LAY Kicks Wel A8t 4 Alo] Al we} 243
Alojste] Kick WO Ig Ajge] TAEA BEF sfof ok 1l AlF
HAoNA FAS Tl 7ok BT ARcte @] BAsY kg ojojA=
A& 4 Zd(Blowout) ©]ghal gt} 13)

_4

Kicko] Z+A| = ?J_i}xqii ANz Wt A A oA 288 st A= Heg
Hhol7} 5] kS AL o]xpA o2 LMRPY Annular rame ZESH] S-S kA
#H % % Fig. 314 Choke & Kill manifoldE E3) EAHQ §AANE A&t}
BOP Wl 23 7k2E wai e AlF MET Choke lines Fdt] =¥ {4l
AEE olsdth I2jal Mud & gas separator(MGS)oll ©]4E o] Baffle plate}

FHSHA 7128 mErh #eda, d9d Jitae AleY JAdREE YAtV

Fig. 3.1 Choke & Kill manifold
(Source : SHI, HN.7076 Ocean rig drillship)

13) ABS, 2012, Drillship Training course(CDS), American Bureau of Shipping.
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3.2 Kick
Kicke] W43 Uele 2 ofes} o 2oFd & itk

@ Trip-out?] AlF&(Drill string)e wid o 3)2E Z3 o3 Kicke] T8
7FsAdol =tk Casing®t HAbolol Cement’} HisHA H2EZA 22 AHE oA
Kicko] &3l Casinge]l T2 ¥3 Wies Ast 74 Fdo] AT,

@ Well W7ol Open formation®] & 74-¢. HE &2o] HA| 4.

@ = U5} Formation?} Wlwste] BFET .

Kicko] 2Asl7] A WAH= A5 offel o] 2ok & QU
LAY e HMEE 1Y HE HIAA ESS AFE FHPNE T

L
dass HE ] T7H Active mud tankA|Ho] F7Hd w) E= Tankd]
&

=

@ 4|5 o] 9} Casing, RiserAto]e] MEV} 7k #is|o Ryt vrobd o

@ HPH = Fxo] EZgHEo] nigdHoR Folxe 25

@ 19t M= P9 AFo] FAHJEUE EF8Ha HET AL FYEE A9
@ Hook load7} 718 wj(7}2 frloz Heo] 4SS ojn|3h).

@ ROP(Rate of penetration-AlF ZXEE)7F S718 wj(7k2r G HEY o]F

&% 2 o ROP7} 2713

3.3 Blowout preventer

BOP TZ&& 4184 4 &=&ol (Elisabeth Draegebo, 2014) ©|3}™H Fig. 3.2%} o]
A BOP stack®} LMRP(Lower marine riser package)® T/%¢] 3t} HI$A] BOP
Stack®] Blind shear ram(BSR)= 2% ¥, LMRP Connectorg openste! LMRPE BOP
Stack . ZHE £k H AT XOo 7 o] FstEE A Ho Ut

14) &4 @ 449, sl 22419 o]s[(2015) PP.180~183
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331 LMRP 74

Riser attachedlimes —~~~ =~ 7

Drill string

-—_-—_'_—‘————._

BOP attached
Lines

Upper outer choke valve — |
Upper inner choke valve —____|

)/
A\

|

|

Lower outer choke valve
Lower inner choke valve

Flexible joint
Upper Annular
(UA)
Lower Marine

Riser Package
(LMRP) connector

Lower Annular
(LA)

Blind Shear Ram (BSR)

Casing Shear Ram [CSE)

Cuter kil valve
Inner kill valve

Upper pipe ram [UPR)

Lower pipe ram [LPR)

Wellhead connector

Fig. 3.2 Typical configuration of a subsea BOP

(Source : Elisabeth Draegebo, Reliability analysis of blowout preventer systems)
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Fig. 3.3 Blind shear ram
(Source : ABS, CDS Training course)

LMRP+= Riser system¥ BOP stack Ato]¢] F3F g F3shH, A5 T 7]3<3}
EE Hd A Fig 329 HAFREA BOP stack®} Marine riserg 2|5}t

LA o g olF & £ YA = dTS . LMRP= ofget o] A
3RO g AL

® Flexible Joint : AFH9 $HH FAAL Yshe T v, 247 BOPY
9 W3 105744 5AF % gk

@® Annular Preventer : IFAAL] Rame]™ WellboreE HH AU E2ls=
g8 & 4 ot

@® LMRP Connector : LMRPZ BOP Stack®C.2HE] Eg|sl= A8 3o}
3.3.2 BOP Stack T4

BOP Stack<> Fig. 329 #Z°] @ 719 Ram¥ Wellhead connector, Choke&Kill
502 FAHEL F7IZ Top drive W59l IBOP(Internal BOP)7} A X5 9]t}

1. Blind Shear Ram(BSR)

BSR2 BOP stackolA 7F4 Z23% RamOZA Fig, 333 #o] AF5S dAdsia
F4E Hsk= IS dth. BSRS HIAAS A 7P wpx|EH /\}9‘5—]-‘5 Ram
o7ZH AF & LMRP 9 Marine riser& BOP Stackol]A] Hgjste] EXA-S QAT
X O 2 o|Fdlof st

Of
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Fig. 3.4 Variable bore ram
(Source : ABS, CDS Training course)

2. Variable Bore Ram(VBR)

Fig. 349} o] AFuo|iz =i WellboreE #Hfsle 93-S 3, 27 &
Alo] 2] A|FEujo]ite] AL8-7}1E 35 .

3. IBOP(Internal BOP)

Fig. 3.5 IBOP
(Source : ABS, CDS Training course)
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Vent to top
Mud flow during | secondary | | of derrick
narmal drilling vent

Rotary table

i

Flowline |ﬂ Mud gas separator Annular

ﬂ— prevent “ll‘ ﬂw mm
0 Flow when diverting

Trip
tank l,
Blind rams

Vacuum CL=Q=‘—D

degasser Shearrams :CE@E]}

'Y Slip rams @

;r:\'l‘:tklrrn Pipe rams % @ :D

¥
Shaker rnumtanks" ig.l
L
A
Aclive and reserve
mud pits -
Choké I
L _“‘ Kill well
= LDT @'Kllipumn
— Mud
e KiS KI”|InE
— Gas Chokeline
Mud flow when shut-in

Fig. 3.6 Choke & Kill line flow Scheme
(Source : ABS, CDS Training course)

4. Choke and Kill

Fig. 3.67 #°] Kick &AA] Kill linee &8 1%+¢ HE ¢¥& &F3H Kickol
AfFske As ZolFa agke] Kill lineo] ALACZ #F4 el flod o AlF
AAE 7P 4 glormF Choke lines T3l 7k2»/7]15°] E3d HEE Mud gas
separator2 B ME B 7tAE REfske 982 gtk

5. Wellhead Connector

FHesE ZFH= Wellhead connectors= BOP 3179} Wellhead housingAtol&
dAdst= dge o
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34 A3 Q9 I

349 1 ~ 38X A& uie} Zo] Kick & Blowout WAE 3] 48 714
A7 AA 2 ZAEHI JedE BTt AlF Alale Q3| FUbsta Qith
Aae] Z71= A EA Rok= ol gole] o 2 9 e = AHow AtkHn A=
#AH ALE Zo]7] HsiAe - Qo] Kick Aol ¥ Blowout AR AW WAE
&l Fasith

47N A =
st} &b
ML ekl Hsll Ldopr A} gt

ofr
=
>
s
S
>~
=
ol

1 #FHESE Kick, Blowout % €14 Q219 A4#A
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Al 4 & Kick, Blowout®} <13 821 A#AAA

2740A AM<d HRe} o] Deepwater Horizon® AMl 84 8714 F 57FA|7F
Ao it B e AL IASAT. w3 AE dE dHeAT AT
H]Zo] oF 63%(5/8 x 100)E kA|gth Dr. Mark F. St Johne] <I-7ol|(2015) <]shd
Fig. 419149} 2o A3 AF49] Kick & Blowout AFal 5 45%7} 1% 849} & o]
A= A2 YEFSTE Deepwater Horizon® 79 45%5 E4 718l 63% U<

st Q2 advh drht Be S FUEA A9 £ Ao

John HMARY] =72 1981d~20157bA] 60719] Atal E2~EE o]§3te] Fig 429

)
ol AtaL #4& 4 77 Ee AL dHLLaE ERT te T Ak

AAQL A7 FALIEAE ARG 1477§¢] Human  factor barrierS 323
AL 427} 45% = AES AU,

Major Sources of Literature

50

40 -

30 A

dl.l_llt

Human  Journal of Offshore Society of Journal of Journal of Reliability Safety

Factors Cognitive Magazine Petroleum Petroleum Loss Engineering Science
Engineering Engineering Technology Prevention and System
& Decision in Process Safety
Making Industries
Source

Fig. 4.1 The most frequent sources of articles were these eight
journal and magazines
(Source : A Human factors decision aid integrating deepwater drilling
tasks, incidents and literature review(2015))
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% Refrash 3| R
I
£ & E 1
. TC 5 EF + EFComy # EFsubcom UserRole Barrier
Id | BowtieName * i at - P i " P i EFsubnompE!ementi =
|
] = = = = = = = i
" e e N FVT and pressurs sansor displays are NULL s PUT and pressure zensor displays are
1 RHS Dietimct kick Equipment Suitable i NULL Drill=: aDIme et for the deler
|
. s 5 e % PAT and pressure s=nsor displays are i PWT and pressure sensor displays ans
5 B -n i L NLLL Mud L ]
= Aits Dot ick G i LM ervailable sy fattlogoer implzmented for the mud logger
B - — S — FUT and pressurs sansor displays are i Cormpany Man | FVT 2nd pressure sensor displays are
- o P - aveilable - - implement=d for the company man
E S o o PWT and pressure s=nsor displays are PWT and pressure sensor displays ane
4 5 =z = - 3 L NLLL L
RS Elepee ik R ey e wailable e implemented for the on shore canter
P . S o | PVTand pressure sensar displays 2
s RHS Detect kick Equipmeant Suitatie FTROl PrEssuE mor feplays 2 NULL Tt:,_' '.,‘f:'b"_‘, implzmented for any frantline team
I e m mar=
= R z Cameras or other views of the separator
& RHS D=tect kick Equipment Suitabile g B oy 4':f;‘-‘};i‘r_;' e =cpaiato; WLLL Diriller and pits ar= implemented for the dr...
e FReT —— " Cameras or other views of the szparatar
7 RHE Dmtmct kick Equipmant Suitable e i ":fs'}i’;' M seperaton NULL Mud Logger | =nd pits are implemented for the me.
i mors
Cameras and displays of the s=parator Camera= or oth vimws of the s=parator
8 RHS Dietect kick Equipmant Suitable e =i :ES_:iB R NULL Company Man | and pits arz im nted for the co...
oz i 4 imws of the separstor
3 RHS Detect kick Equipment Suitablz e ":f;‘;i’u" fhecenl NLLL gfjf_“:’ rmented for the on...
d Cante
PO PR ' s
2 e AT ik St Cameras and displays of the scparator rop Any Frontfine | =2 TEEE ::r-m.r;pl::::t:;ll::' ‘Ef_‘;’"’l""
and pit= Tesm Member T
s e Effective information t=chnolegy remete |
RHE D=tect kick Equipment Suitsble z ""“"t""j".“”. "”ngrc"“"t"b”“d NULL Driller discussion is imgplement=d for e ...
=cizion making i
: o Effective information technology remote
Jar b Poiogy o y :
12 RHS Dimtmct kick Equipment Suitsbile RN gy far deltigg AULL Mud Logger | discussion is implement=d for the m...
mcision making s
= (A — Effective information t=chnplogy remole
i3 RHE Cimtact kick Equipmant Suitabie "‘"'"""L'"5:_.‘;;2‘?3:'{:':;““""‘”“*“ Wit Compary Man | dizcussion is implemented for the c...
4 " e Effective information t=chnology remote
afo ! o 3 =
14 RHS Detect kick Equipment Suitable fisuesmiats ";::.Ezm"’fng:k:';; e NLILL ofj‘_::f‘ discussion is impl=ment=d far the o...

Fig. 4.2 A Snapshot of the Trident database showing six references mapped onto the
Human factors barrier
(Source : A Human factors decision aid integrating deepwater drilling tasks, incidents
and literature review(2015))

w7l =82 Fig. 43 °lA$ o] Decision-shaping factorsel]l 3|
Detection / Interpretation / Deciding / Acting T-&3t% 3l 7]E} Performance
shaping factorsell #3] Training / Maintenance / Supervision &2 % &3t
¥ 1477019l Human factor barrier & Kick 7ZX o] #3% Human factor

barrierS 4071 2 27314 th.

Deepwater Horizon AFil®] 789 Kick detection A3 3 Interpretation
(Negative-pressure test 23} 34 2-7), Deciding(Z #3814 LFolx= =735kl
ANF2d 8, Acting(&3tr4 JFA MGSE ARERE #) EE FEA

Decision-shaping factore] 313%™, 7]Et shaping factorl4] Training
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Controls ® Timing @

Feedback
Act on the
course of action
.
_ L] _
etect initi S fi idi ituati
T Bocidacns D tect |n|t!al ensors for aiding situation
4 signs of a kick awareness ® Displays @
Authority course of actmn = S
or influx Vigilance

Interpret the situation
and the chance that a
kick is underway

Representations ® Alerts @
Training ® Reasoning under
Uncertainty

Fig. 4.3 Human factors barriers in the decision cycle for kick detection
(Source : A Human factors decision aid integrating deepwater drilling tasks, incidents
and literature review(2015))

(13 A3A HHEI FH ulF) 2 Maintenance(BOP AHHl B

St 7] 2HEE71), Supervision(F-=3t Centralizer %o ™d =

NE R

B =TolA e John HHALS] AF43E FEst ¥ 847 AAFE AL
= Kick¥} Blowout3s o] Zo0| 213 Q4 9]
= )

H|Fo] ZL&XE& Hosle, &FF API % NORSOK

S
2
9|l"
paeh
o
o)
S
[-'\l
1o
;
O{N

42 As FH 9 gP/HE 28

2 AolMe SAEA T2 SPSS 45 o83t F=EA 9 60719 Atalg]2E]
s AP, Kick, Human factor % Blowout?] “3##AE Fig. 443 2o
Coding$ AR EA3H4Th

A AHEEE AFZFE(Null  hypothesis)  “Blowout? <148 8212
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~
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MEHE)

HEE 22w OHOHOD Sz =24@ CHEERE® IHZE SEFEw HBE Jw EZS52H)
SHE M e Binfl 8 BB 100 %
[11: Drilcontract Nabors Ofisnors
4 Name 4 Date &h Location da WaterDepth Kick Human h Operator &4 DrillContract & Blow
& Occu Error out
red
1 Byford Dolphin 18-Jun-81 North Sea 1165 Yes No Saga Petroleum A/S Dolphin Senices A/S Mo
2z Eugene Island Block 10 - 1983 20-Oct-83 GOM <500 Yes Mo Transco Exploration Co. Penrod Drilling Co. Yes
3 Blowout of Gas and Condensate at Shell Et Al Uniacke G-72 22-Feb-84 Nova Scotia 518 No. Mo Shell Canada Resources / Petro-Canada  Sverre Ditlev-Simonsen Drilling Yes
4 Green Canyon Block 89 [Kick 1] 14-Sep-84 GOM 1465 Yes Yes Conoco, Inc. Zapata Offshore No
5 Green Canyon Block 69 [Kick 2] 14-Sep-84 GOM 1465 Yes. Yes Conoco, M.'lc. Zapata Offshore No
6 Loss of Well Control at Mobil Et Al West Venture N-91 20-Sep-84 Nova Scatia 125 Yes Yes Mobil Oil Canada, Ltd. Zapata Offshore No.
7 Well No. 24, South Pass Block 60 - 1992 26-Dec-92 GOM <5600 Yes No ARCO Noble Drilling Inc Yes
8 Well B-2, South Marsh Island Block 90 - 1994 16-Mar-84 GOM <600 No' No Exocon Corp. Noble Drilling Inc No,
7 Platform A, Eugene Island Block 380 - 1996 24-Jan-96 GOM 338 Yes No Oryx Energy Co. Nabors Offshore Yes
10 East Cameron Block 328 - 1997 01-Apr-97 GOM 243 Yes Yes American Exploration Co. Pride Offshore Drilling Yes
11 Vastar Resources 30-Apr-98 GOM 659 Yes Yes Vastar Resources, Inc. No
12 Newdield Exploration Co. 09-Sep-99 GOM 463 Ne. Mo Newdield Exploration Co. OSCA (coiled tubing operator) Yes
13 Murphy Exploration & Production Company (Inc 1) 28-Feb-00 GOM 2223 No. Yes Murphy Exploration & Production Co. Diamond Offshore Drilling. Inc. Nu.
14 | Venoco (inc 1) 19-Nov-00 PAC 739 Yes| Yes Venoco, Inc Kenai Drilling No|
15 Forest Oil Corp 01-Mar-01 GOM 191 Yes, Yes Forest Qil Corp. Ensco International Yes|
16 Exxon Mobil 24-Mar-01 PAC 1075 Yes No Exxon Mabil Corp. Heritage No
17 Tri-Union Development Corp 06-Jul-01 GOM 169 Yes Mo Tri-Union Development Corp. Nabors Offshore No
18 Helis Co. 13-Jul-01 GOM 91 Yes Yes William G. Helis, Co. Pride Offshore Drilling Yes
19 Argo, LLC 24-Oct-01 GOM 1488 Yes Mo Arge. LLC Nabors Offshore Mo
20 | BPAmoco 21-Nov-01 GOM 1290 | No BP Amoco Helmerich & Payne No.
ZE BP Exploration & Qil, Inc - 2 08-Aug-02 GOM 225 No BP Exploration & Production, Inc Diamond Offshore Drilling, Inc Yes
22 BP Exploration & Production, Inc - 3 14-Nov-02 GOM 210 Yes BP Exploration & Production, Inc Diamond Offshare Drilling. Inc No
23 Anadarko E&P Co. 08-Mar-03 GOM 30 Mo Anadarko Petroleum Corp. Pride Offshore Drilling Yes
24 Chevron E&P, Inc - 2 22-Apr-03 GOM 150 No Chevron Exploration & Production, Inc. Pride Offshore Drilling No
25 Energy Partners, Ltd W9Feb04GOM | | 23 Yes Energy Partners, Ltd Ensco Offshore Drillng, Inc. Yes|
26 | Jim Cunningham 20-Aug 04 Medteranean 3680 | - Yes Rashpetca (Briish Gas) Transocean Yes
27 | Amerada Hess Corp. 21-Oct-04|GOM 13855 Mo Amerada Hess Corp Nable Drilling Inc No
2 Venoco (Inc 2) 18Nov-04 PAC 739 Yes - Yes\Venoco, Inc Elco (wellhead senvice compa . Yes
29 Hunt Oil_08Mar05 08-Mar-05 GOM 159 No Mo Hunt Oil Co. Diamand Offshore Drilling, Inc Yes
30 ChewonTexaco Loss of Well Cantrol 16-May-05 GOM 1987 Yes| T(s;icj;ewuﬂexacu Corp. Noble Driling Inc. Mo
31 WA&T Offshore, Inc - 2  28-May-05 GOM 108 © Yes  NoWA&T Ofshore. Inc Pride Offshore Drilling Yes|
32 WET Offshare, Inc - 3 | T30Nov0sGOM | 230 | Yes No WAT Ofishore, Inc Global Santa Fe, Inc. Yes
HEE =270 OOEO BEHI 24@) CHEELGRHE.M  Jd=g) S22 E\@ RO EW)  TRUH)
SHe M « = B, : ] 3o %
0 | s=2 | 4yl |z=Fol  #oE o e g | w= | == [ ==

1 Name =5t 59 0 | EE o= |40 e EE} 2]

2 Date Ll 10 0 N as s o [ =es= &3 g

3 Location 27t 13 0 N (1. GOMy.. BiS ) %a =z &m= AR

4 WaterDepth =X} 26 ] fEi= Bs 10 21Z === N B

5 KickOceured %% 3 0 dovesh.  mi= Is e== EDS e

6 HumanError | £ 3 0 - 77’{?\@5}’..? =) | PEE oE= Y

7 Operatar ] 42 0 e S 27 EES =E) et

8 DrillContract =*} 31 0 == =8 20 2= == N 221

= Blowout =Rt 5 0 {1. Yes}... =HE 5 PEE aE= w2

10

1
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Fig. 4.4 Snapshots for SPSS 24 coding
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T, 08018 W F+, 06~07 & W FHHLE Tbs, 05014 W FA X9

o)1 040]3}= M3} Eivtm Ao

Table 4.1 Frequency table(1981~2015)

Accident Kick Human factor Blowout
Frequenc | Percen | Frequen | percen | Frequen | Perce | Frequen | Percen

y t cy t cy nt cy t
Yes 60 100 54 90.0 28 46.7 19 31.7
No 0 0 6 10.0 32 53.3 41 68.3
Tot
i 60 100 60 100 60 100 60 100
a
Yea

1.76 1.59 0.82 0.59

rly

Al g 2EE 1981 3dFE 2015974 Blowout & ALnwHeS A3k zgo|H,
Table 4137 7o) Kick, 2182 4 Blowout A 3+E A sttt o] FollA & <
A5=o], 34d7r 6049 Al F 549 Kicke] A 1919 Blowout©]

g Aks ARk Al BASISE AA Al 607 5 AlY] BV Kick

S E 540 E 90%(B4+60 x 100) A #HE dom, Kick®A 544 F
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AHQQ 267102 oF 48%(26+54 x 100) #AZF o, Kick ¥4 5471 % Blowout
167122 BOPY fFEAS ¢F 30%°l™, Table 422} #©| Blowout At 1671 Z
AH 09l 97O oF 56%(9:16 x 1007} BAHW, mF ¢ E= tjr] 2UAT

A 519 o
Table 4.2 Accident list for kick + human factor + blowout
Locatio | Water _
Name Date Operator Drill Contract
n Depth
East C
ast MAMETOn 1997 American Pride Offshore
Block 328 - GOM16) 243 . e
4-01 Exploration Co. Drilling
1997
Forest Oil 2001-0 _ Ensco
GOM 191 Forest Qil Corp. _
Corp. 3-01 International
) 2001-0 William G. Helis, Pride Offshore
Helis Co. GOM 91 L
7-13 Co. Drilling
E 2004-0 E Part Ensco
ner - ner artners,
Y GoM | 23 & Offshore
Partners, Ltd 2-09 Ltd .
Drilling, Inc.
_ _ 2004-0 | Mediter Rashpetco
Jim Cunningham 3,550 - Transocean
8-20 ranean (British Gas)
Elco
2004-1 (wellhead
Venoco (Inc 2) PACI?D 739 Venoco, Inc. _
1-18 service
company)
2009-0 | Timor PTT Exploration Atlas | West
Montara 250 _
8-21 Sea & Production AA Atlas
BP
Exploration&Pro | 2010-0 BP Exploration & | Transocean
X GOM | 4992 *P
duction, Inc. - 4-20 Production, Inc. Ltd.
Macondol®
_ _ 2013-0 Walter Oil & Gas | Hercules
South Timbalier GOM 154
7-24 Corp Offshore
16) Gulf of Mexico
17) Pacific OCS Region(California)
18) Deepwater Horizon
36

Collection @ kmou



Table 4.3 Accident list for blowout without kick

_ Water _
Name Date | Location Operator Drill Contract
Depth
Blowout of Gas Shell Canad S
n T
and Condensate at | 1984-| Nova s18 | R © e E; e D\_/S es.
I‘ -
Shell Et Al 02-22 | Scotia COOUTEES HEVTSITONSEn
. Petro-Canada Drilling
Uniacke G-72
Newfield 1999- Newfield OSCA  (coiled
_ GOM 463 _ :
Exploration Co. 09-09 Exploration Co. | tubing operator)
2005 Diamond
Hunt Oil_08Mar05 03-08 GOM 159 | Hunt Oil Co. Offshore Drilling,
Inc.

Table 4.4 Example of risk matrix(Odfjell drilling 2013)

Consequence Probability
A(D) B(2) C@) D(4) E(5)
0-20% 20-40% 40-60% 60-80% 80-100%
SEVERITY Has Once More Once Once
RATING occurred in than in in
in ten once-in one one
industry ten years year month
5(75)SEVERE
4(25)MAJOR
3(10)CONSIDERABLE
2(5)LIMITED
1(DLOW
oAl 9=, Table 433 Zo] Kicke] WAYsHA 23O Blowouto] 2HAYSH

|
Al 3719] 2,12“1, slfeds BASHA Fokth 18il Table 449 37 Alale
OREDA19)] w4 °ﬂ A Considerable rating S.ZH <{|PAo] v
Aoz 1AHo| o)Al B2 133

19) OREDA = Offshore & Onshore Reliability Data 2] 9FAto]n{ 1981d w2 ¢jo] XS5
A “EJO}ML %7] OREDAS] =42 MAAAE st AR = Hlojg 40X dX= f
o|E] 2 &olA Eet 0‘”1110151 A, AlRle Wgh =2 F49 AZlT fo]Eyo] A9
AR, o8 Ap7E Arojgh du|E 40t JﬂﬂE(RAMS) = %OHH bt AAE|E2 ZiAdst
7] —.«]0} OREDA &WE=2 UL x4 Al2= OREDA-2002 & @35, OREDA- 97,_ RoR=
1078 AEGAM|A] Rrodstgd i, 7600 7§ Ady] Unitof] 11,150 iﬂ Evento] tfste] A= xtg
ojt}t* [&%]] OREDA (Offshore & Onshore Reliability Data)|Wikipedia(2017.06.29. 17:00)
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o

Fig. 44 ~ 45 Y Table 46 ~ 4.9+ A4, Kick'ZA, Blowout ¥ 214811
AxHEE A3 EAY =B E 9 AEJWS 23 dajo|t)

Table 459 o] At A, Kick B 1A 821 B 2004~2005°] 1L, Blowout
By 200001, EAH(Variance)dtE 63474% EL—E_'— 8253 A o7} 9o

@ AnE AT 5 Aok

, 88212 Blowout ALLRARTHE Kickel Bt & IFe vdty &

Table 4.5 Frequency statistics

Accident Kick Human factor  Blowout

N Valid “a\\\ 60 7 54 28 19
Missing N\ -0 7L 32 41

Mean 200442 2004.96 2005.32 2000.84
Standard Deviation —— Y Al R WAl 9.596 7.967
Variance - 86417 - 82942 92.078 63.474
Skewness S0 e Nt 1A -1.025 -1.080
Std. Error of Skewness O\ N, e’ /) 441 524
Kurtosis R\ %994 - .826 465 1.129
Std. Error of Kurtosis 608 639 .858 1.014
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MW KickOccured

mHuman
Factor

mBlowout
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Fig. 4.5 Bar graph for Accident, Kick, Human factor and Blowout
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Table 4.6 Accident list yearly basis
Frequency  Percent  Valid percent = Cumulative percent

1981 1 1.7 1.7 1.7
1983 1 1.7 1.7 3.3
1984 4 6.7 6.7 10.0
1992 1 1.7 1.7 11.7
1994 1 1.7 1.7 13.3
1996 1 1.7 1.7 15.0
1997 1 1.7 1.7 16.7
1998 1 1.7 1.7 18.3
1999 1 1.7 1.7 20.0
2000 2 3.3 3.3 23.3
2001 6 10.0 10.0 33.3

i 2002 2 3.3 3.3 36.7
2003 2 3.3 3.3 40.0
2004 4 6.7 6.7 46.7
2005 5 83 8.3 55.0
2008 1 AN 1.7 56.7
2009 5 83 8.3 65.0
2010 3 e 5.0 70.0
2011 1 1.7 1.7 71.7
2012 2 3.3 3.3 75.0
2013 5 83 8.3 83.3
2014 1 Vsl oy, I 85.0
2015 O \SilN 13845 15.0 100.0
Total 60 1000 100.0

Accident

18 I I l [ I Mean = 2004 .42
| Stel. Dev. = 9,286
N =60

Frequency

1980 1985 1990 1995 2000 2005 2010 2015 2020

Accident
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Table 4.7 Kick list yearly basis
Frequency  Percent  Valid percent = Cumulative percent

1981 1 1.7 1.9 1.9
1983 1 1.7 1.9 3.7
1984 3 5.0 5.6 9.3
1992 1 1.7 1.9 11.1
1996 1 1.7 1.9 13.0
1997 1 1.7 1.9 14.8
1998 1 1.7 1.9 16.7
2000 1 1.7 1.9 18.5
2001 6 10.0 11.1 29.6
2002 2 3.3 3.7 33.3

Al 2003 2 3.3 3.7 37.0
2004 4 6.7 7.4 44.4
2005 4 6.7 7.4 51.9
2008 1 1.7 1.9 53.7
2009 5 S8\IN A 9.3 63.0
2010 3 NN V) 5.6 68.5
2011 1 1.7 1.9 70.4
2012 2 33 3.7 74.1
2013 5 8.3 9.3 83.3
2014 1 1.7 1.9 85.2
2015 8 P — 14.8 100.0
Total 54 90, 0y, 100.0

Missing System 6 T 100
Total 60 - 1000

Mean = 2004 .98
Std. Dev. =9.107
N=254

Frequency

1980 1985 1990 1995 2000 2005 2010 2015 2020

Kick
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Table 4.8 Human factor yearly basis

Frequency  Percent Valid percent =~ Cumulative percent
1984 3 5.0 10.7 10.7
1997 1 1.7 3.6 14.3
1998 1 1.7 3.6 17.9
2000 2 3.3 7.1 25.0
2001 2 3.3 7.1 32.1
2002 1 1.7 3.6 35.7
: 2004 3 5.0 10.7 46.4
Valid 9005 1 1.7 3.6 50.0
2009 2 3.3 7.1 57.1
2010 2 3.3 7.1 64.3
2012 1 1.7 3.6 67.9
2013 2 3.3 7.1 75.0
2015 7 11.7 25.0 100.0
Total 28 46.7 100.0
Missing  System 32 53.3
Total 60 1000
Human Factor

=

Mean = 2005.32
Stel. Dev. = 9.596
H=28

Frequency

Collection @ kmou

=\

1983

1993

2000 2003

Human Factor
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Table 4.9 Blowout yearly basis
Frequency  Percent Valid percent =~ Cumulative percent

1983 1 1.7 5.3 5.3
1984 1 1.7 5.3 10.5
1992 1 1.7 5.3 15.8
1996 1 1.7 5.3 21.1
1997 1 1.7 5.3 26.3
1999 1 1.7 5.3 31.6
2001 2 3.3 10.5 42.1

Valid 2002 1 1.7 5.3 474
2003 1 1.7 5.3 52.6
2004 3 5.0 15.8 68.4
2005 3 5.0 15.8 84.2
2009 1 1.7 5.3 89.5
2010 1 1.7 5.3 94.7
2013 1 1.7 5.3 100.0
Total 19 S hi 100.0

Missing  System 41 N\NesEW V)
Total 60 ~100.0
Blowout

Iean = 2000.54
Std. Dev. = 7 967
M=19

10 T ; ]—

~

Frequency

14980 1985 1990 1985 2000 2005 2010 2015 2020

Blowout
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Table 4.10 oA} o] A& QI IH A= Kick & Blowout E=F AT Alale=
14.8%°lH 15.6%= 4= A|%E 18 8<lo] gl Blowout AFLS] A9 62% + 10.9%=
171% % dd=o] 156% Hok ozt =oh sfA%, dFacle]
7d-5-(Blowout YA e AT 266%= A 2 FHo|th o= Qs 1Fagle

BlowoutAl1o] ¥§skS F7] Hul+= Kick Ao =& 93ke n|x&= Ho|th

Table 4.10 Poisson Model

Cell Counts and  Residuals®®

Olélc%;e Human Blowo Observed Expected Residua
d factor ut Count % Count % 1

NG No 1.500 2.3 1.000 1.6 .500

NG Yes 3.500 5.5 4.000 6.2 -.500
Yes No 2.500 39 3.000 4.7 -.500

Yes .500 0.8 .000 0.0 .500

NG No 21.500 33.6 22.000 34.4 -.500

Yes Yes 7.500 11.7 7.000 10.9 .500
Yes No 17.500 27.3 17.000 26.6 .500

Yes 9.500 14.8 10.000 15.6 -.500

Cell Counts and ~ Residuals®®
Kick Human Blowou Standardized Adjusted Devianc
Occured factor t Residual Residual e

NG No .500 77.576 .465

NG Yes -.250 -12449.305 -.256
Yes No -.289 -12165.011 -.297

Yes 12449.588 12449.588 4.307

NG No -.107 -7093.972 -.107

Yes Yes 189 12450.399 187
Yes No 121 12450.329 121

Yes -.158 -12449.364 -.159

a. Model: Poisson

b. Design: Constant + KickOccured + HumanFactor + Blowout — + KickOccured * HumanError +
KickOccured * Blowout + HumanFactor * Blowout + KickOccured * HumanFactor * Blowout

FREQUENCIES  VARIABLES=Date = KickOccured  HumanFactor  Blowout/STATISTICS=STDDEV
VARIANCE MFAN /ORDER=ANALYSIS.
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4.6 KMO ¢} Bartlett’s test

Table 411 ~ 413949} Zo] Kick, 1A 22 9 Blowoute] A#3hd = KMOL
Bartlett H|~E ZA¥olth KMO HIZE ZAx AMZo] AT} 04894 0.81|7HO 2

RIEA S AN HHA ¢tk I8]3 Bartlett HIAE+ F9%(Sig)7F 0.688Z 0.05
olgolnE WP YL ojulstel 7 Wk oA kw @ & ok @
AZADE B2 B £
Table 4.11 Descriptive  statistics
Mean Std. Deviation Analysis N
Kick 9 .303 60
Human factor X\e MNU (/[ £ 4. 203 60
Blowout .32 .469 60
Table 4.12 Correlation matrix
Kick Human factor Blowout
Correlation Kick AN - L0060 .089 -.131
Human factor. = - ,-.089 « 1.000 .010
Blowout -.131 .010 1.000
Table 4.13 KMO and Bartlett’s test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .489
Bartlett’s Test of Sphericity Approx. Chi-Square 1.477
df 3
Sig. .688
45
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47 A 849 A

%A A g Deepwater Horizon AFALe] 79, Kick &4 1% 8<Qle A Centralizer
T 5= 3 Negative-pressure test A#3[4 25F, Foam slurry cement®] Zi~

ol gk old Y EAFo] LA AL o|F = API(American Petroleum
Institute), NORSOK(Standards Norway) & %< =A|ZEZE7]TE°] thhdl /H8<
o= B8k, Kick Alo] AA|e] 1o #A3F e FE3it)h o & =
NORSOK®| 73-¢- Akl ©]% OLF¢|(The Norwegian Oil Industry Association, 2011)
AAE AN A3 Casing cement ¥ Negative 48 H2Eo] #Ad 3o B2
MAo] o]FoH o, Well teste] FAAQ AFEF L 018 @ 4o #A3 UL
3] =T}, Table 4.14 NORSOK D-010 4.2.3.5.3 Pressure test direction®] W
T4 & HZEo] ZghEojol & Aleel] Hs FIEAQl AlFARFS AAS L AT,

o

g H2E dA T 4 4 Ex Y HAY dgwA Ha ARl

X Aat 228918 Blowout AR TH= Ao B7153E kick HAo] § L &

S PHTh 60719 Alal ARl T Kick ®HAY3IG7F 547402 90% 2 ARk Al
73 Kick Aol 9sk Alao|t) Kicke] EAYSHA] o™ Blowout A=
WA %7] Wil ALE Eol7] sl /M 8% AL Ao EVFs? Kick
A FE Fole oz dAdtdn T3k 54719 KickAbal 5 A R3L 26710 ZH
°F 48% = s w2 otk

Deepwater HorizonAtal ©]%, Cementing®ll ™3t EF AxFA 2 Negative-pressure
test AAATS tE JHASI oY 2011dFEH 2015974 BlowoutAtE 170|ut
Kick &AL 3= 1770y AR T o]d] #AHE JFH QT 9702 o 5%
3] w2 Holth Ao EVF5E Kicks £°]7] flalA= Cementing FE& HAHA
A AHE, Well pressure test ol thet AE % Choke & Kill valved] &&2<l
AHE, Driller®] BEUEE 73}, Negative-pressure test E53 ol thsl] #H %
el oS Ao AdHT

_1_,l:l
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Table 4.14 Extracted OLF Recommendation and NORSOK corrective action

OLF Recommendation

Norsok D-010 Rev.4

a) Norsok D-010 should
be updated to define the
requirements related to
inflow(negative) pressure
testing clearly.

b) Well programmes
should provide a detailed
procedure and acceptance
criteria for all inflow
tests. Inflow test should
be conducted in a
controlled manner with
detailed procedures which
have been approved by
an authorized person, and
accompanied by a
demonstrated risk
analysis. This should be
covered in Norsok D-010.

4.2.3.5.3 Pressure test direction

The test pressure should be applied in the direction
of flow. If this is not possible or introduces
additional risk, the test pressure can be applied
against the direction of flow, providing that the
well barrier element is constructed to seal in both
flow directions.

4.2.3.5.5 Inflow testing during drilling and well
activities

An inflow (negative pressure) test shall be
described in a detailed procedure, which should
contain the following information:

a) an identification of the well barriers to be
tested,

b) identification of the consequences of a leak,

©) the risk of inconclusive results due to large
volumes, temperature effects, migration, etc,

d) a plan of action in the event that leak occurs
or if the test is inconclusive,

e) a schematic diagram showing the conFig.uration
of test lines and valve positions,

f) all operational steps and decision points,

g) defined acceptance criteria for the test,

h) verification of the secondary well barrier’ s
ability to withstand differential pressure.

The following apply for the execution of an inflow
test:

i) Volume and pressure control shall be maintained
at all times during displacement and testing.

j) During inflow testing it shall be possible to
displace the well to back overbalanced fluid at
indication of flow or in case of inconclusive results.
k) During displacement, non shearable components

Collection @ kmou

47




shall not be placed across the BOP shear ram.

1) Displacement to a lighter fluid should be
performed with constant bottom hole pressure.

m) When the displacement is complete, the well
shall be closed in without reducing the bottom hole
pressure.

n) The inflow test should be performed by bleeding
down pressure in steps, to a pre-defined
differential pressure.

o) The pressure development should be monitored
for a specified time period for each step.

48 F¥ AT ¥

John ¥PALS] =E BNAT 45%9) AL st AF ke BAL glom B
=P BRI At Kk A HE WG WA 9se FAstan
SHAR ol 4ol AW Hle} Po| TALEF B MF FHE BOP 8 1A 8k
U oKikZ4 293 ddasd tal ARAge] Bl

=
ox
flo =
52
o
o
ll
2
o)
(o

Fig. 4.6 Hercules jack-up blowout
(Source : On Wings of care, Bonny Schumaker)
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T 7|eHe] WO R Jig s B Hal Ao € Zlow A4HEn.

w3 2013 7€ 249 BlowoutAtaZt A EE Hercules jack-up unit (Fig. 4.6)2]
7d-%-(Bonny Schumaker, 2015), H-& H=+= AFERE Aol e 7|gr=k EAsHA
BUAR ThAEER QAT okt drlede WASY. AT 2010 4€ 109
WAy St Deepwater Horizon AMaL 73-9-9F EYstA 18817 #HH Kick & Blowout

AMaL 1708 FYsHAl £ A Hercules jack-up¥} Deepwater Horizons 593k
A7 BT AL R, /1% &4, i EE U8 IRoRE Ases FE B4

22T Zloz AZdn.
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A58 2 &

51 A&
B =R A+ Kick ¥ Blowout AF19} Q1A Q13 #AAE AHEYT, ZF Z9
&2 olglel 2o

2740l -+ Deepwater Horizon Atal %1 B Q12 gQlo] o|gA &= =39} At
o] % Z|AIZ WAl Hel Ay H gkt

3= Kick @ Blowout®WA|E ¢35t AlFRYldd Axd Z5 7]7]e] 89
3l LgolrR ottt

B =, S| A2EJH U EFEIEE o]f3e] QAR Kick ¥ Blowout ©

&l HERA AAEETE 2 A3 1A Q1L Blowout AT WY HTI= Kick Ao
o

) Fop& =H

A8 Kick, Blowout EF THo] AT Alae 15.6%= o= AR
AH 8ol Gl Blowout AFL] A9 171% 2 o/FEh AT AH 800l 23t
Kicke] Aoj5A] %= ALE 266% E Uik & FXZ diamo] <z ggle
BlowoutAt1Lo] HekS F7| Bt Kick TAYo] & 93-S v|x+= Holt}

(3) KMO ¢} Bartlett's test

Bartlett B|2E A3} §9%Sig)7t 068822 tizayd =, W4 ke @A)
Qe Aol EEH%oY, KMO HzE A3z AEZo 3
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08mIRte & AZS QQlEAS A7 AdA] ¢t

1

—_

1)~(3) &5l wet 2128202 Blowout AL AARTH Kick Alojo]l o & F3ko
22707, AF T4 5o Aol B Kickd $AE 9% e

F7leloF & Aoz AYZHET ole} AAS AH HAA JNAHE Cement foam slurry
dawze] #F, 48 R ¥ Wl g Driller® =EUHY 73
Negative-pressure test®] o4& FAAE 2 o Aol 7IFd gk & 2 At A

AT 8 Soll #af Tl B2 o] dasital dodEn

filjo

ZAbjoF & Ao AyAHY:
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& A. Accidents list

Table A.12 Trident V program®| 1981'dF-E| 2015d7+4 ¢ BOP ##g At

1 %, Kick, Human factor 2 Blowout #Z~Eo|t}

Table A.1 BOP, Kick, Human factor and Blowout list

Locati Wate | KickO | Huma Blow | Operato Drill
Name Date rDept | ccure | nfacto Contrac
on h d ; out r ¢
Cobalt Ensco
cobalt 12013 | Gom | 5510 | Yes | No | No |Intemati | Intemat
onal ional
BP BP
Exploration & 2010- Explorati | Transoc
Production, 04-20 GOM | 4992 | Yes Yes Yes |on & ean
Inc. - Producti | Ltd.
Macondo on, Inc.
LLOG
LLOG 2009- Explorati | Noble
Exploration 04-19 | GOM | 2013 | Yes No No |on Drilling
Offshore, Inc. Offshore | Inc.
, Inc.
[No descriptor
provided in Transoc
summary]Date | 2009~ | <o\ 12032 | Yes | No | No | NA ean
of Incident: 12-22 Ltd
22 December '
2009
Amerad | Noble
amerada Hess | 2004 | Gom | 3855 | Yes | No | No |a Hess | Driling
P- Corp. Inc.
Elco
(wellhe
Venoco (Inc 2004- Venoco, | ad
2) 11-18 PAC 739 Yes Yes Yes Inc. service
compan
y)
Exxon .
Exxon Mobil | 22921 pac | 1075 | Yes | No | No |Mobil | Hertag
03-24 C e
orp.
Argo, LLC 00| Gom | 1488 | ves | No | No |72 | Rapors
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Locati Wate | KickO | Huma Blow | Operato Drill
Name Date rDept | ccure | nfacto P Contrac
on out r
h d r t
Helmeri
BP Amoco | 9% | Gom | 1290 | Yes | No | No |BP ch &
11-21 Amoco Payne

Venoco (Inc 2000- Venoco, | Kenai

PAC 739 Yes Yes No

1) 11-19 Inc. Drilling
Murphy Murphy glamon
Exploration & 2000- Explorati Offshor
Production 02-28 | GOM | 2223 | No Yes No |on & N
Company (Inc Producti Drillin
1) on Co. I 9
nc.
. OSCA
Newfield 150, Newhiel | (coiled
Exploration GOM | 463 No No Yes . | tubing
C 09-09 Explorati
0. operato
on Co. )
Vastar Nabors
Vastar 1998- GOM | 659 Yes Yes No | Resourc | Offshor
Resources 04-30

es, Inc. e

East Cameron America | Pride
Offshor

Block 328 - | 2997 | Gom | 243 | Yes | Yes | Yes |"

04-01 Explorati | e

1997 on Co. | Drilling
Platform A

' Oryx Nabors
Eugene Island | 1996-
Biok 380 | 0124 | GOM | 338 | Yes | No | Yes Energy Offshor
1996 © ©
Well B-2, Noble
South Marsh | 1994- Exxon "
Island Block 03-15 | COM | <500 1 No No No Corp. gglllng
90 - 1994 '
Well No. 24

: Noble

South Pass 1992- o
Block 60 - 1226 | GOM | <500 | Yes No Yes | ARCO }Drllllng
1992 ne
Eugene Island | ;g3 Transco | Penrod
Block 10 - 10-20 GOM | <500 | VYes No Yes | Explorati | Drilling
1983 on Co. | Co.
Green Canyon _ Zapata
Block 69 [Kick | poory | GOM | 1465 | Yes | Yes | No |27 | Offshor
1] - nc. o
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. | Wate | KickO | Huma Drill
Name Date Locati rDept | ccure | nfacto Blow | Operato Contrac
on h d ; out r t
Blowout of Shell
Sverre
ggidaenndsate 1984- | Nova gzgc?g?c Ditlev-5
at Shell Et | 0222 | Scotia | 10 | No | Mo | Yes fo07 ) imonse
Al Uniacke Petro-C s
G-72 anada Drilling
Loss of Well .
Mobil
Sl EC A | 1988 [ Nova | oo |y |, | O e
obl 09-20 | Scotia Canada,
West Ltd e
Venture N-91 '
ChevronTexac | 55qc_ Chevron | Noble
o Loss of 05-16 | GOM | 1987 | Yes Yes No | Texaco | Drilling
Well Control Corp. Inc.
Energy
Resourc
Energy 2013- e
Resource 07-07 | GOM | 146 Yes No No | Technol | NA
Technology ogy
GOM,
Inc.
Black
Black Elk Elk
Nabors
Energy 2012- Energy
Offshore 09-27 GOM 182 Yes Yes No Offshore Sffshor
Operations Operati
ons
Chet
Mariner Gulf 2012- (I\S/Ijl;m;cr nMorrlso
Elf Mexico 05-15 GOM 49 Yes No No Mexico | Contrac
¢ LLC tors,
Inc.
W&T W&T
Offshore, Sg(_];i GOM | 375 | Yes No No | Offshore g?i\l,;liir;
Inc_21Mar09 , Inc.
. Pride
Mariner Mariner
Energy_06May | cooe- | GOM | 287 | Yes | No | No | Energy, | Ofsnor
08 Inc. Drilling
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Locati Wate | KickO | Huma Blow | Operato Drill
Name Date rDept | ccure | nfacto P Contrac
on out r
h d r t
Diamon
d
Hunt 2005- Hunt Offshor
Oil_08Mar05 | 03-08 | COM | 19 | No | No | Yes | o) |g
Drilling,
Inc.
Green Canyon Zapata
Block 69 [Kick | 2284 | GOM | 1465 | Yes | Yes | No |<°2"9C: | Otfshor
2] 09-14 Inc. N
. Forest Ensco
Ec:)rrest O Sg(_)oli GOM | 191 | Yes Yes | Yes |Oil Internat
p- Corp. ional
Tri-Unio
Tri-Union 2001- n Nabors
Development GOM | 169 Yes No No | Develop | Offshor
07-06
Corp ment e
Corp.
- Pride
William
Helis Co. 2001 ) GoM | 91 | Yes | Yes | Yes |G. Helis | OffN"
Co. .-
Drilling
BP CI?lamon
BP Explorati
Exploration & | 2992 | Gom | 225 | Yes | No | Yes |on & | Offshor
. 08-08 .l e
Qil, Inc - 2 Producti -
Drilling,
on, Inc.
Inc.
BP Diamon
E)Ij loration & | 2002- Explorati dOffshor
ploratl GOM | 210 | Yes | Yes | No |on &
Production, 11-14 .|l e
Inc - 3 Producti Drillin
on, Inc. 9
Inc.
Anadark | Pride
Anadarko 2003- o) Offshor
E&P Co. 03-08 | COM | 30 | Yes | No | Yes | piileu | e
m Corp. | Drilling
Chevron
Explorati | Pride
Chevron E&P, | 2003- on & Offshor
Inc - 2 04-22 | COM | 150 | Yes | No 1 No |5 qicti| e
on, Drilling
Inc.
58
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Locati Wate | KickO | Huma Blow | Operato Drill
Name Date rDept | ccure | nfacto P Contrac
on h d out r
r t
Ensco
) Energy | Offshor
Eg(ret?grs Ltd Sg(_)gg GOM 23 Yes Yes Yes | Partners, | e
' Ltd Drilling,
Inc.
Pride
waT 2005- WET | offshor
Offshore, Inc | oe 5o | GOM | 108 Yes No Yes | Offshore |
-2 , Inc -
Drilling
WaT 2005- Wa&T Global
Offshore, Inc GOM | 230 Yes No Yes | Offshore | Santa
11-30
-3 , Inc Fe, Inc.
Chevron | Diamon
Explorati | d
Chevron E&P, | 2005- on & Offshor
Inc - 1 12-01 | COM | 11> Yes | No | No | poqucti| e
on, Drilling,
Inc. Inc.
. Pisces
Pisces Energy | 2013- Rowan
LLC 04-10 GOM | 262 Yes Yes No Elrjgrgy Drilling
Walter
Walter Oil & | 2013- Oil & Rowan
Gas Corp 1220 | R el el | NO | s Drilling
Corp
Transoc
Sedco 711 2009- | North Yes Yes No | hell eDiiTIin
12-23 | Sea UK Co. | gl 2
Ltd.
2014- 262 Energy Rowan
Vermilion GOM Yes No No | Venture | Louisia
01-30 feet
s, LLC na
Walter Hercule
South 2013- Oil & s
Timbalier 07-24 GOM | 154 Yes Yes Yes Gas Offshor
Corp e
. Rashpet
Jim 2004- | MOt | 20| ves | ves | ves | Transoc
Cunningham 08-20 an ' (British | ean
Gas)
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Locati Wate | KickO | Huma Blow | Operato Drill
Name Date rDept | ccure | nfacto P Contrac
on out r
h d r t
Moza " .
. 2011- . Sanitize | Sanitize
East Africa 01-26 mbelqu 1,200 Yes No No d d
PTT
. Explorati | Atlas /
Montara Sg(_];i Tgrg:r 250 Yes Yes Yes | on & West
Producti | Atlas
on AA
Norway Unknow \l/Jvrrlkrjc>
Sharing to be 2015- | North 1,435 | Yes Yes No |7~ Sanitize
11-02 Sea Sanitize
Better #12 d d
report
report
Norway Unknow \l,Jv?]krjO
. 2010- | North n - "
Sharing to be 03-28 Sea 1,295 Yes Yes No Sanitize Sanitize
Better #2 d d
report
report
Norway Unknow \l,Jv?]krjO
. 2015- | North < n - .
Sharing to be 11-02 Sea 1,000 Yes Yes No sanitize sanitize
Better #8 d d
report
report
Unkn
own Unkno
Norway > Unknow wn -
Sharing to be 201>~ | North saniti | Yes Yes No |["° . sanitize
11-02 Sea sanitize
Better #1 zed d d
report
repor report
t
Unkn
own Unkno
Norway - Unknow wn -
Sharing to be ig_lgé N;;r;h saniti | Yes Yes No Qar;itize sanitize
Better #11 zed d d
report
repor report
t
Saga Dolphin
%glo rf?in ég_gllé NSZ r;h 1,165 Yes No No Petroleu | Services
P m A/S | A/S
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Locati Wate | KickO | Huma Blow | Operato Drill
Name Date rDept | ccure | nfacto P Contrac
on out r
h d r t
Norway Unknow \l,Jv?]krjO
Sharing to be 2015~ 1 North | 557 | ves No No |[M° . sanitize
11-02 | Sea sanitize
Better #3 d d
report
report
Norway Unknow \l,Jv?]krjO
: 2015- | North n - "
Sharing to be | 71705 | gag 350 Yes Yes No | . itige |Sanitize
Better #4 d d
report
report
Norway Unknow \l,Jv?]krjO
) 2015- | North n - "
Sharing to be | 71705 | gag 394 | Yes Yes No | . itige |S@nitize
Better #5 d d
report
report
Norway Unknow \l,Jv?]krjO
) 2010- | North n - "
Sharing to be | 57737 | "oag 368 Yes No No | . itige |S@nitize
Better #7 d d
report
report
Unkn
own Unkno
Norway - Unknow wn -
Sharing to be 201>~ 1 Nortth | oo nii | Ves No No |M . sanitize
11-02 | Sea sanitize
Better #9 zed d d
report
repor report
t
Norway Unknow \l,Jv?]krjO
Sharing to be 2015~ | North |56, No Yes No |~ sanitize
11-02 | Sea sanitize
Better #10 d d
report
report
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HE B. KMO & Bartlett’s test 23}

Kick, 21 2<% 2 Blowoutrta 7o A= 2 KMO & Bartlett’'s testE

FACTOR
/VARIABLES Kick HumanError Blowout
/MISSING LISTWISE
JANALYSIS Kick HumanError Blowout
/PRINT UNIVARIATE INITIAL CORRELATION KMO EXTRACTION ROTATION FSCORE
/FORMAT SORT
/PLOT EIGEN ROTATION
/CRITERIA MINEIGEN(1) ITERATE(25)
/EXTRACTION PC
/CRITERIA ITERATE(25)
/ROTATION VARIMAX
/SAVE REG(ALL)
/METHOD=CORRELATION.

Descriptive  statistics

Mean Std. Deviation Analysis N
Kick .90 .303 60
Human factor A7 .503 60
Blowout .32 469 60

Correlation matrix

Kick Human factor Blowout
Correlation Kick 1.000 .089 -.131
Human factor .089 1.000 .010
Blowout -.131 .010 1.000
62
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KMO and Bartlett's test

Kaiser—Meyer—Olkin Measure of Sampling Adeqguacy. .489
Bartlett's Test of Sphericity Approx. Chi—Square 1.477
df 3
Sig. .688

Communalities

Initial Extraction
Kick 1.000 .594
Human factor 1.000 .856
Blowout 1.000 714

Extraction Method: Principal Component Analysis.

Total variance explained
Extraction Sums of

Initial Eigenvalues Squared Loadings
Componen %. of Cumulative % of
t Total Variance % Total Variance
1 1.154 .38.480 = 38480 1.154 38.480
2 1.009 ~..33.630  72.109 1.009 33.630
3 .837 27.891 100.000
Total variance explained

Extraction Sums of

Squared Loadings Rotation Sums of Squared Loadings
Component Cumulative % Total % of Variance Cumulative %
1 38.480 1.125 37.513 37.513
2 72.109 1.038 34.596 72.109
3

Extraction Method: Principal Component Analysis.

Component matrix?

Component
1 2
Kick .770 .023
Blowout -.630 .563
Human factor 405 .832

Extraction Method: Principal Component Analysis.?
a. 2 components extracted.

Rotated component matrix®
Component
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Blowout .815 222
Kick -.679 .364
Human factor .009 .925

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.?
a. Rotation converged in 3 iterations.

Scree Plot

Eigenvalue
a

na

08

1 2

Component Number

Component transformation

matrix
Component 1 2
1 -.895 446
2 446 .895

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

Component Score Coefficient Matrix

Component
1 2
Kick -.587 .318
Human factor .054 .895
Blowout 737 .255
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Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

Component Scores.

05 :
Kick

0o

Component Plot in Rotated Space

T

fnanError
J

Blowout
L ]

Component 2

-05

-0.5 0o 035

Component 1

Component Score Covariance Matrix

Component 1 2
1 1.000 .000
2 .000 1.000

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

Component Scores.

Collection @ kmou
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