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KFEXE)

A Study on Design Criteria of Managed Pressure Drilling
System for Offshore Drilling Rig

Jeong, Seong Kyu

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

Abstract

Safety of drilling offshore wells 1s becoming more and more important after

Deepwater Horizon oil spill in the Gulf of Mexico.

MPD (Managed Pressure Drilling) is a technology which controls back pressure
of return flow from a well to a drilling rig. This new technology helps to
control and mitigate risk of drilling 1n deepwater well, which means blowout
risk during drilling can be mitigated. However, design criteria of MPD system
for offshore drilling rig. And all the relevant engineering, manufacture,
installation and commissioning are being conducted by equipment manufacturer

until now.

The author studied technical requirements of API standards, IADC guidelines,
class rules and examined case study for MPD system. Furthermore conducted risk
analysis. Determined required equipment list and classified into 2 groups:
dedicated MPD equipments and rig system equipments. And suggested quantitative
sizing data. As a result, provided design criteria of MPD system for offshore
drilling rig.

KEY WORDS: Drilling system; Managed pressure drilling; Well control;
Underbalanced drilling; Deepwater drilling
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Variable

BHP
SP
HP

TVD

MW
FP

ECD

MD
ID
OD

ND

Nomenclature

Description

Bottom Hole Pressure
Surface Pressure
Hydrostatic Pressure
True Vertical Depth
Mud Weight
Formation Pressure
Equivalent Circulating Density
Measured Depth
Inner Diameter
Outer Diameter
Nominal Diameter
Density
Gravitational acceleration
Depth
Fluid interface depth
Weight
Specific Weight
Specific Gravity
Desired buoyant lift
Working Pressure

Equivalent Mud Weight

Maximum Anticipated Shut-in Pressure

— Vil —

Collection @ kmou

Units

psi
psi
psi
ft
pPpg
psi
pPpg
ft
inch
inch
inch
kg/m’
m/s?
m, ft
ft
kgf
kgf/m’

%
psi
ppg

psi
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Fig. 2.1 Typical subsea drill-through equipment™
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(1) B=BAANZH 4

API(American Petroleum Institute)ol] W& ZSHAA 2R 774 Bl 2 WA

HokS ) 2 7(drift diameter)©] Table 213} 7Eo}of i},

Table 2.1 Equipment size!®

Nominal size designation Drift diameter

mm inch mm inch
179 7-1/16 178.61 '7.032
228 9 227.84 8.970
279 11 2'78.64 10.970
346 13% 345.31 13.595
425 16% 424.69 16.720
476 18% 475.49 18.720
527 20% 526.29 20.720
540 21% 538.99 21.220
680 26% 678.69 26.720
762 30 761.24 29.970

g 7]|F< Table 229} 20|

A
i
ol
N
>
[
o,
Ao
Mo
(R
r

API Specification 16A°l| twhe}
674 A3t

Table 2.2 Equipment rated working pressures'®

MPa (psi)

13.8 2,000
20.7 3,000
34.5 5,000
69.0 10,000
103.5 15,000
138.0 20,000

= AFAdE dRE 15000psi FE 20,000 psi EELYAA|2HO] FHEHH,
AFE Al ASshe BE 55 AdE NACE MR01759] Sour serviceoll thgk
Z=

7} (acid gas) Tl o FAE HA3)8] oF
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>
>
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Fig. 2.2 Marine drilling riser system and associated equipment'”
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T2 9] FH(main pipe), 23] (choke line), ZekRI(kill line), F2E &+ (boost
2 2789 el (hydraulic line) 0.2 FAEE= Aol d¥bHo|m, F2Ho]
AM  FHE == 7] 98 FHAA|(buoyancy module)7t  F-2

+ wEE(foam module) Ex AZAA2El(air can system)©o| A& L

1
o] Ae dgoln SFABe] RES FEF 24 g7eE Al et

dv tm E
oo i 1 I B

o

il

ot
o

2 e

dF &°, FAZF 5000kgfola, BlFZ] 6900 kgf/m' 1 F2HA] FH 95%7}
SFHE A, ofes go) Axg & i,

Riser joint weight in air = 5,000 kgt

Riser joint weight in seawater = [6,900/(1,025 + 6,900)] x 5,000 = 4353.3 kgf

Desired buoyant lift = 95 % (defined by purchaser)

Net lift per joint = 0.95 x 4,353.3 = 4,135.6 kef

o, APl Spec. 16F - Specification for marine drilling riser equipment’ 13.2.29]

% (nominal buoyancy) 71, sl+9 RIS EF2 1,025 kgf/m' 7]F ©|th

Fig. 2.3 4%

Fig. 2.3 Buoyancy module
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o
>~
o
e
HE
>~
o
<
B
1o
of

F-8| ¥ (main pipe =2 2
7] A Al 2R AHEET FREZRIL gEwd2d f&5e Eoled
ARREH, 2709 fetekel e EERAY] AhE
o] A e EEAZADbolting) A FH(dip) Fel JoH,

2 <
F8i (main pipe) ¥ 7 FH 8l T (peripheral line)®] 22 Fig. 249 2t

p

[5]

Fig. 24 Peripheral line and clip riser

TAH A" H-E 7)E2 APl 16F - Specification for marine drilling riser
equipment’ oA 7]&Ho] flou, AT TFE AFS AAstL A= gom 7
o
=

A A A A AF el okl A%E AFsok Brke 8T AFol AUtk

- A W 4, W 5 B A

- 23R F FHEblgel o JE (el 74, Wi 5 2 A A)

- 2 BE] 58 sl (rated load)

- 583k (buoyancy thrust load)

- A4 5 (coupling) ‘& (description). (AIZFAL AFH, AAHE &8 31%F)
- 58 5Z 74 (Stress Amplification Factors, SAF)
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- FATY] HA AA 2, &4 25 9 HY AA 25
AAE FATFY AGE AFEY 54 2 F4dd wt 2R, 2o wet
Ago] i@, 23AY el R2E ekl 9 2kl 2 twEe] & ol
g9} o] e}
1 Hd F4 1,100m Aol HE&E w2l AJFE]09] 'OLINDA STAR' ¢
213 ALk Table 233 Zt}.
Table 2.3 Marine riser specification - OLINDA STAR'®!
, ) Working pressure
Q'ty Size .
psi
o 21" OD
Main Pipe 1 | ) 5,000
0.625" Wall thickness
Choke and kill lines 2 5" OD x 3.75" 1D 10,000
mud booster line 1 5" OD x 4" ID 5,000
Diverter 1 60" 1,000
Remark
Water depths up to 1,100 m
78 riser joints with 50 ft. + 5 pup joints

2) Hol T4 2400m AReFo] A8H WAl Al <] 'LONE STAR'Y 43
Abek& Table 249 2t}

Table 24 Marine riser specification - LONE STAR!”

Water depths

up to 2,400 m

111 riser joints with 75 ft. + 5 pup joints

, ) Working pressure
Q'ty Size .
psi
- 21" OD
Main Pipe 1 . . . 5,000
0.750" to 1" Wall thickness
Choke and Kkill lines 2 6.5" OD x 4.5" ID 15,000
mud booster line 1 5" OD x 4" ID 5,000
Hydraulic line 2 3.5" 0D x 3" ID 15,000
Diverter 1 60" 500
Remark

Collection @ kmou




3) Al =4 2000m Aol HgH Hb2

AFFS Table 25%F 2t}

A58 7181 ‘"GOLD STAR' 9] 42

Table 2.5 Marine Riser Specification - GOLD STAR®

' ) Working pressure
Q'ty Size .
psi
) ) 21" OD
Main Pipe 1 . . , 5,000
0.8125" to 1" Wall thickness

Choke and kill lines 2 |6.5" OD x 4.5" ID 15,000
mud booster line 1 |5" ODx 4"1ID 5,000
Hydraulic line 2 |3.5" 0D x 3" ID 15,000
Diverter 1 |60" 500
Remark
Water depths up to 2,000 m
93 riser joints with 75 ft. + 5 pup joints

4) Adl 4 2700 m Aol HE-H Wbk AlF2]] "ALPHA STAR'S] <23

A]'oo]:‘% Table 2.6:‘7’]‘ %].' q

Table 2.6 Marine riser specification - ALPHA STAR'

, : Working pressure
Qty Size .
psi
) ) 21" OD
Main Pipe 1 . i , 5,000
0.8125" to 1" Wall thickness

Choke and kill lines 2 [6.5" OD x 4.5" ID 15,000
mud booster line 1 |5" ODx 4"ID 5,000
Hydraulic line 2 |3.5" 0D x 3" ID 15,000
Diverter 1 [60" 500
Remark
Water depths up to 2,700 m
123 riser joints with 75 ft. + 5 pup joints
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213 =3 vy

¢

3| A (subsea)oll AA|E= Y AREFHd= DY 23 UEEE B4 AXHH
g WH 9 ujFo] FQ FAFoH, ‘Q‘ilﬂ ©% Fg. 259 #o] 2719 %A
%ZH(adjustable choke)7} AX|=o] 1719 24 =37t &4 B AEY Hfol=

P NS AT 5 e FHTF HYES @

R

l

DOWNSTREAM
MANIFOLD

POSITIVE OR
Rau hoe ADJUSTABLE CHOKE OFTIONAL

REMOTELY
DPERATED
RaM BOP CHOKE

=l
DR*_":IF-’LDI(P{] PRESSURE GUAGE
| Y ——
BLEED LINE
RAM BOP
O,
ADJISTABLE
HOKE
CASING SPOOL
SHALE SHAKER
OR DEGASSER
FROM ——
AUXILIARY
PUMP
Fig. 2.5 Choke manifold typical”
Z4d YUEEY 74 2 &4 ¢E2 "API 16C - Specification for choke and

kill systems’s WEw, Z Fof tigt 2pAGE Al ol 9 2t
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(union), 3] AZF(swivel joint) R AF < (articulated line)e] 4
& & A32-8 Table 2.7 wal A3}

Table 2.7 Union, swivel joint and articulated line sizes and

rated working pressures "

Nominal Size Rated Working Pressure

in. (mm) psi (MPa)

2 (50.8)

3(76.2) 3,000 (20.7)

4 (101.6)

1 (25.4)

1% (38.1)
2 (50.8) 5,000 (34.5)
3(76.2)
4 (101.6)
1 (25.4)
2 (50.8)
3
4
2

(76.2) 10,000 (69.0)

(101.6)

(50.8)
2% (63.5) 15,000 (103.5)
3 (76.2)
2 (50.8)
2% (63.5) 20,000 (138.0)
3 (76.2)

Collection @ kmou
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(2 BA T4 %

Table 2.8 Equipment bore sizes and rated working pressures-”

$7etE LS Table 2.8 wa} A3ich

Size (minimum through bore)
in. (mm)

Rated working pressure
psi (MPa)

2-1/16 (52)
2-9/16 (65)
3% (78)
4-1/16(103)

2000 (13.8)

2-1/16 (52)
2-9/16 (65)
3% (78)
4-1/16(103)

3000 (20.7)

2-1/16 (52)
2-9/16 (65)
3% (78)
4-1/16(103)

5000 (34.5)

1-13/16 (46)
2-1/16 (52)
2-9/16 (65)
3% (78)
4-1/16(103)

10,000 (69.0)

1-13/16 (46)
2-1/16 (52)
2-9/16 (65)
3% (78)
4-1/16(103)

15,000 (103.5)

1-13/16 (46)
2-1/16 (52)
2-9/16 (65)
3% (78)
4-1/16(103)

20,000 (138.0)
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() A% F4 D §8-e1YHL Table 2991 w2} H3ih,

Table 2.9 Flexible line sizes and rated working pressures™"”

ID Rated working pressure
in. (mm) psi (MPa)

2 (50.8)
3(76.2)
3% (88.9) 5000 (34.5)
4 (101.6)
2 (50.8)
2% (63.5)
3(76.2)
4 (101.6)
2 (50.8)
2% (63.5) 15,000 (103.5)
3(76.2)
2 (50.8)
2% (63.5) 20,000 (138.0)
3(76.2)

10,000 (69.0)

HESHUALS oA 1500psis T2 A4S o), AT Azxgs A AF

20,000 psi7t AH&H = FAlol T
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22 FAA o U3 o]E2F 1 F

221 AA 3 Aojgt NFF - 4F

o

FAACNE olsIB] SAsiAE AA FH el AFF S el A

olshaoF .

NF HIEAAS Ag] F FRIFE TAD

129 A% 2%

4
A
4
Y
ol
ot
N
o
i
>
X
4
)
kN
3
o
E]
ok
2
=)
)
>
4
Y
>

Surface Pressure
(SP)

TVD

Bottom Hole Pressure
(BHP)

BHP = SP +HP

Fig. 2.6 Bottom hole pressure and total vertical depth!'"
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A5 obeel 4 (1

pg X TVD

BHP =

ol50] 1%}

=
T

Fd Al

he

S

1=, 44 =de7} S

s

BHP =MW X TVD X0.052

Folal ©9= ppg(pound per

=
5

|

H

Fo]4:9

Z

Mud Weight

T—
| BN

o714, MW

1Y, G = feetE AHE3SITE whg}A]

S

ALt Al o]

I
|2 40,000 feet 2019 AlFAS

10 = 40,000 = 0.052 = 20,800 psiZ} % T}

A F HEdz|Yoir}

=
T

A

=
T

Al

o= WA YA

Fol47t A%
o WA U B NFF

Al

Fo)

FASA Lol RA 72

A% (Formation Pressure, FP)

== 7l
TS

(BHP > FP)E IS(overbalance)’dEl], Al

ol

AT e H9BHP < FP)E 7S (underbalance) s Bl kil

0
o

222 Z)9] WA

Collection @ kmou



position)o] FoFFAl "tk TR AIFAQY T AlF ]
ST A Folgo] o3 APE AHFFol s AF fA(Formation fluid)7}
ANFE WEZ S0 A XA T

A AU} BERaTt EASE %S BESD AFol5e Wge] BE 34T
Az e At Zlo] BEEY 0 AFolSE A% FAZ wAHY) A
ol IS Baphd miE GBS ARl o) FARE A2 ¢ ¢ 9
e HEIE Holeta sm, B2 WA ApAlelnz 243 Asor sk

223 FAA Az}
Zl& Aofstr] AsiMe FAA AR}
ot =d(drller)s 8= e AlFE WiRel JHEF7T S

il
3 Ae]F(Kelly cock)s obof gl 2ol HlFo] ul¢ £
Z o

g 2
=

Z.

2
2

I

ol
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AEel AF3 viel o] geEIge|Es A #F ALY 4
ANRo #Hol AZ D3R golr] fFEo] ALHoZ dojyta o]F sty U,

22 iyl g en, E3 4,900,000 812 (780,000 m)e] A7t ez
FEHAA 9AE EH AYS =Y

o
)
i
i)
ftlo
0
offt

224 ¥5 <@ 2=

FolrE ®slHA Fig. 273 Zo] AlFH Bl djEezoA o
. &% ¥ YE(Equivalent Circulating Density, ECD)& A4 5
st A TAshs dHEL7A] aHste] 28] 7 7] ge=

-,C’T;?G_-,C’Tiﬂ‘?:_}}_(effecﬁve fluid density)2 2Ha7= ok

Stand Pipe Pressure

1| Fressure lossin
annulus

Fressure loss in
drill string

Frassure loss in
EBHA,

FPressure loss
across the bit

Fig. 2.7 Pressure loss during drilling fluid circulation '

FEERURE A9 Rl AFF ASPOIA FHT PRAAY ofEeE o)A
3 o

o
She EEUS RS BAG h Hitel 4 @)% 2ol AXT 4 Utk

s

ECD= MW+ P/(0.052 X Depth,) (3)
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o714 MW AZol4e] HlZR(ppg), PE e 2olxe] Qrel<dl(psi), Deptht
A7) 53 Qol(feeyolth. FEAIVEE 53] AZ st I A} e

, AFolSe §4 F BEol WAT 4 Uk 4TS A A9 o

B3 FedEE B FARARE AN Al BEES =o7] f& IaEHe

[13]

Fig. 2.8 Cutting increases mud density

itk

o
b

o) NZole] WEE AR AFTULL AofsH FTL
2 B3 #7) 98 HA WEo| el Yo}

A
FE HoHFolAM AR GR7EAS ofE oA BAse dEEdE dEE
A
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23 FEA AT A 2H

G ANF Azde AFAY F AFE, AolM(esing, AT Fol AX@
el rel AL Aojehs AxEoln, FHANAE A2HS ALste] HFEE
olo] Wigke ZAAWA ML AFPAL dAACINFY BT LA}
g g 2 ol AFE —s}lﬂr(downholew JM w—a}z Wz st

Jet|22 IFHE AlFelF sk A HF, §% oY &4 55 2Ese=
%E} AF B2 AlFAzElo] 71 (open end) Al2EIQL Zlol Hla)

(closed loop) Al2=8lS A3 A o] 71Hs3lth

=
Eg
BN
()
Y
2
m\m 0_L4
Y
oo
mg{;
o
o
=
—lm
[&l

AEAY A 994el b 2 AME Aoldel MAHA ge 2EZE(open
hole)olml, AFAFRHAAL AAUels AZFYHl FIYH AL Aol
AT AFolpe MFE 2B 102 UehlY Fg. 299 Ltk

Fracture

Pressure

Well Cepth

Pore

Pressure

Prassure
Fig. 2.9 Narrow Drilling Window
aJud 2299 il Fig 2108 e A% ABAFHAo2E Zgol
bk

ofr

275
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Well Depth

Pressure

Fracture

Pressure

AN

o] A% GHANAFPHL AGIE AFol 57}
o2 Wge bkl AFE HRUYS 29 4

e =] AFAYel shssih

Surface Back
Pressure

Pore

Pressure

Well Depth

Pressure

Fig. 210 Undrillable Window

Pressure = MW + delP + BP
Where, MW - Mud Weight

delP - Pressure drop at annular space

BPF - MPL Back pressure

Fracture

Pressure

Fig. 212+ 4HAAF AJ2Hlo] HX|HXA

e Ao,

Collection @ kmou

Pressure

Fig. 2.11 Drilling with MPD
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NFE dE8s TRt A FASTEA 24stke AS B4 (Overbalanced
operation), JI=UET WA FASHHA  HsteE e 2 (Underbalanced
operation)°|2}al o} PHA o AxElo® F VP BT FE JlsdtH, Fg. 2133
710] _,_;QQE}

Formation pressure
5,000 psi

Formation pressure
5,000 psi

Annulus pressure
5,500 psi

Annulus pressure
4,500 psi

Fig. 2.13 Overbalanced vs Underbalanced operation'*
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oA weba 7] HAE JAlske vt glou, AFF sHEstEel FSstRt
UE =& A% AF3Y Aol o dasiAy ka7t 2 QhElolx AlF
F&o] g4 HolAe @ie] Utk el =& AdelA AlFolgrt shol
AAHEA 1fe] AEE AES A APl Y| AFHo] AFFA DEEs
EA(differential sticking)7} A2 & vk 2 HgFom AlF: A AF@e FA 9}
ANFFA AFHe] Agshs e FFE ol A71E @dolw™ drill collar
s AlFE s AHle] dF-E°] Fg. 214 gelE =t o)d EAE <l

AFAY A AGEAS B AT RGPS YT 24 W A a,

BekE A e T dHol =2FE AT FAVE FUE FELS

jg i
N
N
o

& =A7F FE 2=
AlF EEo] mff- E:okAE Aol Atk lZ}J—’“(porosfcy 5 R w2 ASelA
a4 Uz 1Y A As 7AVE AS fdEe AEr fAEsdH, 7"

TAZE S AlFele] BT 5 =dd Adde] v Aol diE dH =

S fANNE AR A A 220l AEE T Yout, BE M A dod
37 e oAt AARNE W BAR st AgHE AL HFIA
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232 HEFHAF

Ao #EFol AL A5 AFolge] Fdo] WY AlFHe] &
(stuck pipe) &9 A7} s, old wet AlF FHoE QI A, AFH 4
AlFolae] AR QI HE &4, FAWAFA(Lost Circulation Mud, LCM) AR
ol WY F ok FARG FAA I o AP vtE £ AR ood F

Agsity. o] A AFolFE AFFOoR  FYSHHA

N 2E B 7l FAR ARE BEESEE AL 9] Y8 £ ARE
EHs fA9 552 Adetl HFHE 7ksd] dRo o B2 o] IHolFE
g 2ol FUAZIH Zol| 93 BES vt 5
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\ @ Pressure 7 yDrilling with conventional
y overbalanced mud

! ; i - yLosses with mud drop
\ causes fluid level to drop

O\ rasDrop of fluid level causes
S underbalance on reservoir
AN Introducing Mud Cap fluid
o3 V. SR SR, Y i \with surface pressure to
N R N N make-up differential

BN Y i pressure on reseryoir

-
o N - Formation Pressure
\ N 5 _ - Conventional Mud
\ 57 ! Gradient

Tl & — -Mud Gradient with Fluid
bonate. \ '-\T‘\C-ﬁ i don

" R 5' ——Mud Cap Fluid Gradient
o @ A . with Cap pressure

T — Diilling Mud

" Caphud

Fig. 2.15 Pressure gradients during different phases of PMCD'!”

3, sfjrok o] A oR g SoleE Y B AlFHlde AAE
o

ASAFEAL 43 AFASELS FAR AN AFg7HAe 4y st
AR, AsIAFe A$ Fg 2163 o] AFolge gH¥wse FAR
3 eHHAl GARE We] FEEE g AL REH

AZFskal AlZolg tiv] FZA% S FAsEE vhie Aol ByE u nig

Aol A< ok = £A7F Atk
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Fig. 216 Pressure gradient and casing points for conventional
drilling! '

o]z 7 Hl(dual gradient)A|FF2 T2 IS AHEEHA] 4L A ol o] o]
%

2 MAs] AAERE AFT SRR gRTHe SH@omr
AR GFETE T2 $AT 5 s WAl Fig 2179 o] AF
g7 2EE AdNSE BU & Utk F olFTAAREAL Agshd
AFole] v ueh AFF el oY THE B AsEA BE S Sk

0

Mud hydrostatic pressure
e Seawater hydrostatic pressure
——— Formation fracture pressure
- Fermation pere pressure

Pressure ———

Fig. 217 Pressure gradient and casing points for dual gradient
drilling!™®!
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o] ST Aol A= Fig. 2187 Zo] S|AHOZRE £ JR7IA ] 4y &

A7) el FA BAHe] A

) . Return
 RB-level e :—f_t‘__t fluid - Neonguie
Sea level 1
Fluid
light fluid]|
= 2 O interface
I_r,iirfut K
B DR 4 Intake
Sea bed
heawy fluid] SUbSEE
wy fluid] => pump
Booster- u
line Heavy fluid
Bottom of the well L8 b -‘-.-._F’H-F

[20]

Fig. 218 Fluid Interface of dual gradient drilling

o|ZFuAFUHE FHAHUPHZE olfsl= wWAI 34E

W22 Fig. 2199 #o] afjxHel| o]+ d
o] W a|AHFzY

Folo] ol4E WAL WAl

o)%F AFMAA o :
FAWRE 2] FARAR 71202 ok A9l 4 TuE AT o P
FPe AW 2 PHoE AR Aot s AAugust e

T—

M ofof smz gulzk mrkeks Wl ok
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WATER IN RISER

DRILL PIPE
RISER — RETURN LINE

DIVERTER — ( =— MUD LIFT PUMP

— LMRP

— BOP

Fig. 219 Schematic of mechanical mud lifting®"!
o3 A (dilution) 4] o] HlFo] Be EAS Hrbste W4olth. Fig. 2.203%
o] A&E AT ¥ AFANMEE iAol AR fFABANR AaE FYs)

g5l ool AolmA HlFo] Yolxm, whehd fAAAD Aol Tz}
oxlt}. sl ol EEIZIE AAA ZAl= wiEsta HA AdEie] olrt A st
AT

£ N o omy

SEPARADOR —

INJECTION LINE

Fig. 220 Schematic of mud dilution by nitrogen"
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grHE oo WFES B3] 9% BAe A ofd B9E Yy

Mauer technologyAtellAl 7'#&+ Hollow Spheresehe= #4o] 9
O] W& IFES ool 4o A AFols F
of g7t gopx= otk Fd 1Y
48 F A

AC
r O
(o
fr
N
iR
QL
g
Jo
é
o,
d,
o,

=2 Alo]A(shaker)oll A E&]ste] AJAL

MUD & SPHERES ——| |+
DRILLPIPE —+ | *
RISER — ,, "

!:"

Fig. 2.21 Schematic of mud dilution by hollow spheres'*!
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A3 GPANNE A2d BA FF R Ae B

31 #4¥ 743 2 AF

oA o] A3 A AHLS MASH] e eT7HE BE 74 9 e AES T
STARS REShe AAIE Fdslob k. API, TADC(International Association of
Drilling Contractors) & 4]-+3SH(Petroleum engineering) ##d At 2 A5 74
YZEAE HE AYA(building specification)ol]l Z3HE 4 Qe A

TSk

olrt

fljo

EN

NE

31.1 IADC AF*
(1) 4 Sa(Well classification)

IADCe|4+= UBO % MPDA & AEE 98 4 555 ok 2ol s ok

j9

5o (risk level): 0, 1, 2, 3,4, 5

- &M F(application category): A, B, C, D

A Al 228l (fluid system): 1, 2, 3, 4, 5

A sEel wet Ha AE 8 AR B AR 9 bd A" AR kA A8
o},

o
3

A SH (risk level) AlF2tde) 44 2]l Ao A gl we 22k

T Atk IADCAAM = ZF A sa5< ofglel 2ol A,

- Level 0 - L%a s PSS 28 UBO/MPDE AHE35hH, ©HaleAs X851A]
o

- Level 2 - F780llA 747
well kill method)©.2 A

i—r’
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- Level 3 - UBO/MPD #H]¢] 3&dYEgRT MASP(Maximum Anticipated

Shut-in Pressure)’} $toH, &3l54AE 28R & A5 AFAYS sk 45
- Level 4 - UBO/MPD ZH]9 3&AYHET MASP7l wom, &@3l4iE
E Az AFAAL s B9
- Level 5 - UBO/MPD #H]9] & &-2A¢H R} MASP/F 2 7%
2} 8 W 3 (Application category)oll thell Al IADCOA & 47 HFZ FEII
- Category A - Managed Pressure Drilling (MPD) : AlFol4E 8| 7|HA
29 < 3™ EMW(Equivalent Mud Weight) & 2Z&9 Fa¢ET AU 2

FAFEN AFHLYS = P,

- Category B - Underbalanced Operations (UBO) : AlFo|E ¢3AI7|HA A<
st EMWE 259 S5¢ET WA FAsAA AlFaYe she .

- Category C - Mud Cap Drilling : AlF015E AFFLE FY3HA &8A71A]
H

F ofEelzol Ae FUE AR4AL s W,

- Category D - Pumped Riser Systems : A5 JHERE AFA7A] AlFo|FE
olFat7] flall siAol LA E BEZE o]8st=

Al e Aol met ofel 57MAIR FE ek
- Gas - 7|4 AEZ, dAE T31A] Lo A

- Mist - 7k Eje] Al 45 HAVE =FE dEH. IEbEoRE 25% o|sh
AHE EIH3I)
- Foam - 2%(phase) 7. @& o2 7}2E 55% ~ 97.5% Z I
- Gasified Liquid - A Zeje] Ao S5 7k27F 98 AH.
- Liquid - 9 Fe =, 7IAE 233842 ¥ .
TEF 10,000 feetFE] 12,000 feet 7H2] MPD <& 3t AF, Tl oig
EMW7} 145 ppg, 3Hfgkel thdk EMWZE 165 ppgoli, 13.0 ppgel AlFol+E
Agst,  IHgEERdEAA F BB A (Emergency  Shutdown,  ESD)¢

497118 0] 5000 psichy 7MY FhTha;
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9] 230l WA MASP,
MASPp,» = 12,000 <0.052 X (14.5—2) = 7,800

MASP;,, = 10,000 0.052 < (16.5—2) = 7,540

(2) UBO/MPDoI| th3t ¢4 241"¥(Hazard Identification, HAZID)

A9 ¥ 7} 9 5E(Risk assessment, Risk register) 3 A ot HFH IHE
g3t AES 2P

- T& A A (Barrier philosophy)2] H3}

- AFol9re A/ (Medium)

- A 2& A (Equipment)

=& A HXH(Well control procedure)

- 2L &7 A AxKOperating procedure)

31 (Surface) ol A1 9] 1%42k<](High pressure line)
- 2ol 't 1l /& ¢ (Personnel training)

1
>

Mo

4

F

IADC w44+ fol duvd W& ool #48 A DA(Well design phase),
UBO/MPD A¥ ©A|(Planning phase) ¥ 3 T (Execution phase)ollx HAE %
FPaloF & HZQFH S (Health, Safety and Environment, HSE) A€ #H Aldh&

Mestal Sl
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31.2 APITA

APl EF(standard) 2 APl A7) F(specification) o] MPD & S AR A5
UA &3, APl Recommend Practice QU 7ZFd&xdd 231 Apglo] 7|&
Nom, APl 16RCDol= MPD AHIZ AMgEHE IAJHZAZA A tigh Algo]
715 o] Ao

(1) API 16RCD

APl 16RCDE  IAGEzAAAe] HA 2 HZ2E 7|&d g yiolth
JAYEZARAE HEL AF T8 H (barrier philosophy) W7ol wel Al
AAzA ] W7 E ook st=tl, AFAIFEA] thH] &9 AR X|ske Ao A2A
o] oA BE o]o tig 17t Fasith

st AR AA g A4 A & 2ol wE AR AA 4E, T94Y 2
2EZE o] HAEHoF s, BE ZdA IAJFxALR ] A 4He

g9 (wellbore pressure)e E33E A PH 2GR A A 2EY HA ggrnt

[e)
T il
Bou o HEh o)A AA A GHE AFne 490 g AW, EEe

of w2 AZ XK (connection) A2 Table 3.1 Wt

Table 3.1 Pressure ratings and size ranges of flange connections'*”

Pressure Rating
) Type 6B Type 6BX

(psi)

2,000 2 1/16 thru 21 1/4 26 3/4 thru 30
3,000 2 1/16 thru 20 3/4 26 3/4 thru 30
5,000 2 1/16 thru 11 13 5/8 thru 21 1/4
10,000 11 3/16 thru 21 1/4
15,000 11 3/16 thru 18 3/4
20,000 11 3/16 thru 13 5/8
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(2) API RP 92U

APl RP QU= #Ag279 A 9 H2Ed tigh A% (recommended practice)<
Mestal vk 19 ikl Zlsd Hiel o] s &1 IADCOlA Category A=
wH3= MPD, Category CE #F{she HEHAF 9 Category DE E73te
Pumped riser systemol] i3 W& AF dg¥H U= AL okH, Category BE

x 5
Baats 2eteAd thak Aghale] F1&s o] gtk

A2 5 Qe MPD AHZL HAED SHRE AFEAZEAA

|
At BEu x| d8S st AHjE Bl A] o] Ax|Fojof 3, Z917]9
7oA AE SAA YFE HAS sasof 311, Table 329 WEYAZ

Al A AlFolFe] fF B tEE AT £ e AHE AHESiTEE

Jool AT &= glow, old wel FA4 Ao
e AdEHOF gty A YR vy 29 &4 hge] HHEE ARste
$23 =22z i thazard) B AF=(iskol] sy = tr& 4]
] ojof 3t} Table 332 7ozl §4 Aol Walo] st WjEY o,
tol 74 Ao W AES & Utk

o Lo
2
e
!
e
juy
=,
to

N
N
X3
£
W
>
>
e
e
o>

>~
==
(ol
o

B
S ofm ot
11

o
Bl
k
ol
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RISK ASSESSMENT MATRIX

PROBABILITY OF OCCURRENCE

{increasing probability)

-]

m
(2]
(=]
m

POTENTIAL CONSEQUENCES

Never heard of in

the E & P industry

Likely to occuran
several imes an
this project

Has occured in the
this project

Has occured in the
E &P industry
UBD industry
Likely to occur

People: Skght Injury or health & ffects
Asset Slight property damage < $10,000 USD
Environment: Skght effect

People: Minor Injury or health effects
Assel: Minor property damage < $100 000 USD
Environment: Minor effect

People: Major Injury or health effects
Aszset Localized damage < §1,000,000 USD
Envircnment: Localized effect {onsite)

People: Single Fatality or permanent total disability
Aszsat Major damage < $10,000,000 UED
Envircnment: Major effect [offsite)

LOW RISK

MEDIUM RISK

People: Multiple fatakties

Asset Extensive damage > 510,000,000 L'SD
+  Environment: Massive effect

HIGH RISK

DEFINITION OF AN INCIDENT: "An incident is an unplanned event or chain of events which has caused
or could have caused injury | Biness to People, and ordamage losshto Assets Environment®

NOTE The values used in the matrix and the freguency are for example purposes only.

Table 3.2 Hazard matrix chart™®”

Wellhead Flowing Pressure (unit)

Range 1 (Min, - Mag ) Range 2 (Ma - Maxg) Range 3 (Max; - Maxs) = Mag

= Adjust system to decrease WHP: Pick-up off bottom, stop rotation:
g Range 1 Optimum Increase liquid injection rate or Circulate with increasing liquid rate Shut-in well
= {0 - Maxy) Deacrease the gas injection rate Decrease the gas injection rate and with BOP's
g Monitor well parameters until stabilized
; Adjust system to increase BHP: Stop drilling, pick-up off bottom: Pick-up off bottom, stop rotation:
E Range 2 |- Increase liquid injection rate - Circulate and work: drill string - Increase liquid injection rate and Shut-in wiell

(Max; - Maxs) |- Decrease the gas injection rate - Increase liquid injection rate and - Decrease the gas injection rate with BOP's
=

- Increase the surface back-pressure |- Decrease the gas injection rate - Increase the surface back-pressure

= Stop drilling, pick-up off bottom: Stop drilling, pick-up off bottom: Pick-up off bottom, stop rotation:
3 Range 3 |- Increase liquid injection rate and - Circulate and work drill string and - Circulate with higher density rud Shut-in well
W | (Max, - Ma) | - Decrease the gas injection rate - Increase the surface back-pressure and adjust the gas injection rate with BOP's
g - Increase the surface back-pressure Manitor well parameters until stabilized | . Wonitor well parameters until stabilized
5
e _. ) ) - } - ) , Shut-inwell
a = Maxs Shut-in well with BOP's Shut-in well with BOP's Shut-in well with BOP's with BOP's

Table 3.3 Matrix of well control actions

Collection @ kmou
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144 A] (Emergency Shutdown, ESD)oll tha| A= API 14Cell we} 38 4= 9o,
0|2 ALY 7S Table 345 Fadte] A2EHS T4 & 9ot

- ESD Valve Exemption SAT/SACISAFE
e EyE T Required? Possible? Required?
0 Performance enhancement only; no zones No NIA Mo
containing hydrocarbons.
1 Well incapable of natural flow to surface. Well is No NFA No

“inherently stable” and is a low-level risk from a well
control point-of-view.

2 Well capable of natural flow to surface, but Yes Yes 3 Yes 3
conventional well kill methods are enabled and
limited consequences are possible in case of
catastrophic equipment failure.

3 Geothermal and non-hydrocarbon production. Yes No Yes
Maximum shut-in pressures are less than UBD
equipment's operating pressure rating. Catastrophic
failure has immediate, serious consequences.

4 Hydrocarbon production. Maximum shut-in pressures Yes No Yes
are less than UBD equipment's operating pressure
rating. Catastrophic failure has immediate, serious
consequences.

5 Maximum anticipated surface pressures exceed Yes No Yes
UBO equipment's operating pressure rating, but are
below BOP stack rating. Catastrophic failure has
immediate, serious consequences.

Table 3.4 ESD logic chart®

A Al AFA (Kl Fluid)ol tisk AMehS F712 e8| ok gt
A o]%§ Wl 3 ZulYZE(Kill Manifold)ol A4 I Azt A4
g 2+ glojor B
N3E woel 15w olel ARAKI Fuidyl 4 wE AREe #9 2
c&E F URE FHlH Qlojok &k, ko] RH AR FH4A 220 psi o]
Overbalance JE7} Fojof s,

—

wAe e/ WE, wAHA A HE F 2 sl U@ A=
2 5 ojof 2.
A
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API RP 92UellA= IADColA Hejst 919 Fwol met aAFT4= H83]
Al HAT aF=H= Al gig 71EE AAsta ok IADC F5°l Y3t 1‘1}
SR s} 7]X1(gas)°1?<] HAE EZ3I=A](multiphase)oll @t QFHE %
gEAY, 4 iR & gl wEksweet/sour) EERITE HA 8T "}6&
ofgf el .

ki

—|—’

rlo

Fd& 913l UBO/MPDE AH&-3HH,
3= Z-t-elth IADC Level 0] 7

& %
dutdow F7|, AL, HZEmist) B FH(foam)e AlFOlTFE ARSI HAa

>
!
@)
=2
x
A
B
ol
rlr
—
(p]
2
o,
(@]
rlo
L
she
ol
o,
o off
O {

[ Drilling Fluid:[Air/MistFoam
Formation Fluid:| * Reference Comments ‘f=yes, 0=0ptional, NA=Not Applicable
///////////////////////////////////////////////////% Sweet C
Level

BOP (preventers & annulars) ] May require BOPs per local regulations
* May encounter minor gas shows and minor wateflows in the section.

Rotating Contral Device Y In specific cases, an RCD can be considered optional. For example drilling a non-
hydrocarbon section with a known water flow potential. Flow can either be accepted
or conrolled dynamically while drilling

Blooey Line Y Dresser Sleeve not recommended

“enturi 4]

Auto Igniter NA

Feed Compressor Y

Booster Compressar Y

Mist Pump 0 Recommended

Pipewaork Y

Bleedoff Manifold Y Full-opening gate valve, not a ball type valve

Mon-Return Walves (flapper type) Y MNR%'s in BHA and string floats (retrievable or non-retrievable) as required (max 500 ft
apart)

Closed system NA

Flexible hose and swivel packing Y

LEL Monitor 0

Gas Chromatagraph 0

Table 3.5 IADC Level 0 minimum equipment'®*

- TADCOlAH 273h= Level 12 #8A A7} 52 7FeAdol flem, deF
A AoloA w2 FEY fF 84E T AIFAIS ke A-folth IADC
Level 19] 79 4Rtz o=z AL 7jgfo] Hol QA 2(sub-normally pressured)
FAo=, LS BlAE FAY olFS % AA(lift mechanism)7} Z 83t}
HA 8T AH] ARk Table 3.67 2t

- IADCOllM EF3h= Level 2 #AA A7 222 4 dou

%Xiloi W] (conventional well kill method)S.2 AoJ7} 7bHed AlFAYS St

Folth a9f Hje] tierS(water zone), W2 O w4 B 1EE 7F2A0



[ Drilling Fluid:]

¥=yes, 0=0ptional, NA=Not Applicable

Formation Flu
i

Sv\lre et G t

Level 1 Requires gas supply: Air, Cryogenic N2, Membrane N2, Natural gas or Waste gas
Flame arrestor
Separator Atmospheric (recommended)

Closed System

Low Pressure Choke Manifold

Subject to HAZOP Review

BOP (preventers & annulars)

2 Rams + Annular

Rotating Contral Device

Blooey Line

Flare Stack or Pit

Auto Igniter

NA with Atmospheric Separator

Feed Compressor

Booster Compressar

Mist Purnp

Pipework

MNon-Return Yalves

Flexible hose and swivel packing

Check valves

Metering

Relief valves

Bleedoff Manifold Full-opening gate valve, not a ball type valve

LEL Monitor Recommended if using air or Membrane N2 as lift gas

Gas Chromatagraph

OO-<oooo-<-<o-<-<c-<§-<-<Oo-<-<

Recommended if using air or Membrane N2 as lift gas

Table 3.6 IADC Level 1 minimum equipment™®’

[ Drilling Fluid:]

Gas/Multiphase

Formation Flu Gas Multipl Y=yes, 0=0ptional, NA=MNot Applicable
I Swe Sweer v e
Level 2 Requires gas supply: Air, Cryogenic N2, Membrane N2, Natural gas or Waste gas
g':;?a?;freswf Atmospheric

Closed System

Low Pressure Choke Manifold

Subject to HAZOP Review

BOP (preventers & annulars)

3 Rams + Annular

Rotating Control Device

Blooey Line

Flare Stack or Pit

Auto |gniter

NA with Atmospheric Separator

Feed Compressor

Booster Compressor

Mist Pump

Pipework

MNon-Return Yalves

Flexible hose and swivel packing

Check valves

Metering

Relief valves

Bleedoff Manifold Full-opening gate valve, not a ball type valve

LEL Monitor Recommended if using air or Membrane N2 as lift gas

Gas Chromatagraph

o|o|=x|<(ololo|=x|<|o|<|<|lo|x|o|«|<C|lo|x|<
Z1E|<|<|o|olo|<|<|o|<|<|c|<|E|<|<|o|o|<|<

Recommended if using air or Membrane N2 as lift gas

Table 3.7 IADC Level 2 minimum equipment

Level 32 UBO/MPD 7ZH|9] &8 HTE MASP7}

H
TP 2 AFY AFAYL = Aol Hx 27



[ Drilling Fluid:] Gas/Multiphase
Formation Fluid: Multip} ¥=yes, 0=0ptional, NA=Not Applicable

Y Sweet C
Level 3 May or may not require lift gas supply

Separator

Closed System

Emergency Shutdown Systems

Pipework

Choke Manifold

BOP (preventers & annulars)

Rotating Contraol Device

Flare Stack or Pit

Auto Igniter

Feed Compressaor

Booster Compressor

Mon-Return Yalves

Metering

Relief valves

Bleedoff Manifold

Recommended for wells with H25 present

3 Rams + Annular

| <|O|=<|O(C|o|=<|x|<|<|<|o|o]|=<

Full-opening gate valve, not a ball type valve

Table 3.8 IADC Level 3 minimum equipment®

- IADCAA EF/F3l= Level 4= UBO/MPD AH|e] &&xdERT MASP7}F
T AZe AFAYL ke Aol 1Y D LHF 7,

& ol w&Sour) 4, MY FA B AFl Aiko] FAo] 3

ple
(o
&
o
ok
&
B~
i
l—’l

olo] sRaTh. Ah 4T Au] AFS Table 399 2.
[ Drilling Fluid:] Gas/Multiphase
Formation Fluid: Gas Multipk ¥=yes, 0=0ptional, NA=Not Applicable
///////////////////////////////////////////////////4 Sweet | Sour | Sweet | Sour c
Level 4 May or may not require lit gas supply
Flame arrestor Y Y hd Y
Multi-Phase Separator Y Y . Y
Closed System 0 Y 0 Y
Emergency Shutdown Systems 0 Y 0 Y
Choke Manifold with redundant flow
paths Y Y ¥ Y
BOP (preventers & annulars) Y Y pi Y 3 Rams +Annular
Rotating Contral Device Y Y A Y
Flood pump (deluge) on Annulus 0 0 0 0]
Flare Stack or *Pit Y Y A Y * Flare pit is optional for sweet gas wells
Auto |gniter Y Y Y Y
Feed Compressor 0 0 0 0
Booster Compressar 0 0 0 0
Mist Pump 0 0 0 0
Pipewaork Y Y A Y
Mon-Return Walves Y Y Y Y
Flexible hose and swivel packing 0 0 0 0
Check valves Y Y A Y
Metering Y Y Y Y
Relief valves Y Y A Y
Bleedoff Manifold Y Y A Y Full-opening gate valve, not a ball type valve
Drilling String (Gas Tight Connections) 0 0 0 0 Recommended on HP high rate gas wells
Gas Tight Rotary Kelly Hose 0 0 0 0 Recommended if injecting multiphase fluids down DP
LEL Monitor ] 0 0 ] Recommended if using air or Membrane N2 as lift gas
Gas Chromatagraph 0 0 0 0

Table 3.9 IADC Level 4 minimum equipment™

IADCol| A] v‘i—%—s + Level 5+ UBO/MPD H|9 388 ET MASP7} &2
ALt HA 87 &Y AFYL Table 3.107 Zth



[ Drilling Fluid:]

Gas/Multiphase

Multiy

Sour Sweet

Y=yes, 0=0ptional, NA=Not Applicable
C

Formation Fluid
7 Sweet

Gas
|

[ Sour

Level 5

May or may not require lift gas supply

Flame arrestor

Multi-Phase Separator

Closed System

Emergency Shutdown Systems

ESD System protocol includes activation of the BOPs in the event of a shut-in

Choke Manifold with redundant flow

BOP (preventers & annulars)

4 Rams + Annular

Rotating Contral Device

Usually rated for less than the maximum expected shut-in pressure at surface

Flood purmp (deluge) on Annulus

Flare Stack or *Pit

* Flare pit is optional for sweet gas wells

Auto Igniter

Feed Compressor

Booster Compressar

Mist Pump

Pipewaork

Non-Return Yalves

Flexible hose and swivel packing

Check valves

Metering

Relief valves

Bleedoff Manifold

Full-opening gate valve, not a ball type valve

Drilling String (Gas Tight Connections)

Recommended on HP high rate gas wells

Gas Tight Rotary Kelly Hose

Recommended if injecting multiphase fluids down DP

LEL Monitor

Recommended if using air or Membrane N2 as lift gas

olololo|=<|=|=|<|o|=|<|o|o|o|=<|=<|<|<|<|<|c|o|=<|<

Gas Chromatagraph

o|o|o|o|«|<|«<|<|o|<|<|o|o|o] |||« <|<|<|-<
o|o|o|o|«|<|«<|<|o|<|<|o|o|o|«<|<|<|<|<|<|o|o|<|<

olololo|=<|=|=|<|o|=|=<|o|o|o|=|=|<|=|<|<|<|<|<|<

Table 3.10 IADC

Level 5 minimum equipment'®

APl RP UelA+= UBO/MPD ZHl 2 E=HWAAXY ujx|o] gt A=
AABIL ok 7k £ 229 f§749] ek UBO/MPD AHl 2 BEWARA &
7Y7} Fig. 317 Fig. 325 F1T &4 Stk §49 540 @Agle] FxteE =87,
fEds BEEUPAAR P Ay EESUALAIE 7|EFHo=  dX|Hojo 3lH,
sto] =R H 4 27) o] dololof & AL 7|EOE din}

— 42



' ™

Stacked or Dual Element -4— Optional Equipment
Caution \ 4
Bleed Off/Equalizing |I=l===
“alves Supplied by - .
UBD Contractor May Rutatln_g Control
not be Well Contraol Device(s)
Yalves
. - ESD Valve (If deemed required)
Primary Flowline
uBD )
Spool

Gate
LUBD Spoal can be I|='===Value

integrated into the RCD | 7

Annular BOP

\.

Eﬁﬁ:ﬂ:[l Kil I Secondary Flowline
Kill Li —
ke Spool

L]

=

= II:I=:=

f=7] -

£ —_ ariable Pipe Ram ]:I -+—— Optional Equipment
E II:I=:=

a-. -

L ! .

= —] Pipe Ram ]:l

o \ ESD Valve (If deemed required)
g

2

@

-
— Pipe Ram =
\ Optional Equipment

Fig. 3.1 An example of UBD BOP stack configuration - Gas well'*”
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Caution
Bleed OfffEquaalizing
YWalves Supplied by UBD
Contractor May not be Well Rotating Control Device

Caontrol Valves

ESD Valve {f deemed required)

Primary Flowline
UBD >
Snuul
Gate
UBD Spool can be \Ialue
integrated into the RCD
Annular BOP

I:{ Plpe Ram

I:{ Shear / Blind Ram g:l
ESD Valve (If deemed required)

Secondary Flowline

—>

Bleed Off Equaslizing Line

/ Optional Equipment
-n-u-u Kill Line

Fig. 3.2 An example of UBD BOP stack configuration - Oil well®

APl RP QU= 9ol d5d oA ol9olx & ol B +%8(Critical sour
well), Y7 (Coiled Tubing, CT)= A-&ste 8ol e AN = v} Uk API RP
20 §4 S 7IEe A8HY dod, s 74
AAZES ART o F1d + e Aoz Hlt AFAd A& 4gA|oA

1y

HAS W API RP 92U9] IADC Level 59 3|g8ls Q7AGS HEs s

g
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313 Ag 7A

AT AEEE Ae 78 T dEAAF A2E #E |&S Aestd ofgot
2T,
(1) DNVGL

AT Az Al A8E+= 'DNVGL-RU-OU-0101 - Offshore drilling and support
wits® FRAAE GEACINE A2d B ulgol o, AF B A

'DRILL’ notation 2§ A wa}of dH= 'DNVGL-OS-E101 - Drilling Plant*” o]l A

DNVGL-OS-E101914= ‘bAoA F  A=’E AFAY Al ofEe]29
e Z =9 (pressure profile)= T FA|SIA Aolstr] 95 HEE 4 dv A olH

el ARSI R - Foldth &, JADC  Category A°llAl A eJdh=

d
Ao Al M MEstr lem, IADC Category BollM Aoldts Al
daiMs A da Aok dd W2 AHAAAF A 2E dE Wgo] 7]eHo
e 8% Tl dFEEol lom IFHANAIS ALFE Ao r AT
R JAFEwel) fFHE FY AT FFURG wopop AnpHa Ax
AFHol Slek &, 9 2ol sFaA &= 417]E(Novel MPD technology)©l 28

ot
T
2
>
S
@)
5
g
2!
=]
<.
Z

ew Technology' ol Wz} HE=Z 3 =

il (Controller Unit), §48 EUYEZE AlZ=g(well monitoring system), MPD &%
A 0172 (Dynamic MPD pressure control equipment), MPD A ¢F A& 74X](Static MPD
pressure control equipment)®] 3} Al 28l (sub-system) &2 T/ E T}
1) MPD Al frY(controller unit)>= MPD s¢AAZR], AR ZA],
A FA| oA A 28l (Drilling Control System, DCS) 2 Wj/9|F 8 EUEH Al 2H o
A4 (Interface/ Connection)®©] lojof g},
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(=

o

D) 4 mUHY A

== 7l
TS

Al

Drilling)s

MWD(Monitoring While

Drilling),

While

-(downhole)

PWD(Pressure
5

},]

It

k<]

23!
el

Yl (cementing unit)

3

4

H]
ﬂu

)

| 4 (subsea)

S

2t

k<]

s zde 9

|

ol

|

32t
- U &(U-tube effect) S 2H&

0]
-+

)

Hlo

J|J

=
5

F49)

A5 ol Al

2]
=

jo} W=

A

A

2
el

"TH

ofeh gul 2 Al

T—
| BN

|

X

4) MPD A3tAlo17g

7% *] (Non-Rotating Control Device, NRCD)

|

=
5

F24

A5 ol Al

TEPAZA G A= A

Far ool w

S

7z} Z8]= Table 3119 we +&

_g]

12]]
=

F Az

QAo A
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Table 3.11 Categories for MPD pressure control system'"

DNV GL approval
Equipment categories
I II
Accumulators in control system X
Welded pipes and manifolds 1) X
Safety valves 2) X
General Pulsation dampener X
Control pods X
Mud return line X
LARS (Launch and Recovery) systems X
Safety logic unit Safety logic unit X
MPD controller unit3) MPD controller unit X
Well monitoring system | Measuring devices/sensors X
MPD choke manifold X
Back-pressure pump X
Subsea pump X
Dynamic MPD pressure 1 . -
control equipment 3) Non-return valves in drill string X
Dedicated flow restriction valves X
Annular preventer X
Flexible hoses X
Rotating Control Device X
Non-rotating Control Device X
Static MPD pressure Annular preventer X
control equipment 3) Equipment used to isolate internal well X
pressures
Riser sections including joints X
Note.
1) Certification shall cover system design, manufacture and testing. Requirements to
individual piping components; see DNVGL-OS-E101 Table 10.
2) Design review of valve and bursting disc is not required. The extent of witnessing of
leak-, calibration-, capacity- and qualification testing to be agreed with DNV GL based on
manufacturer's QA/QC system. DNV GL shall normally witness batch qualification tests of
bursting discs.
3) Components of the MPD pressure control system that is not part of a well barrier, nor
critical for safety, might be accepted as Cat. II.

3, A AT AE A Ee AFE S EFE A|2H M| A7
dEPETt 2o ¢ HH, FHA (barrier philosophy)®] MAFEZ o] w2 P4
H7F 5L B8 St 7)se] A H oo gtk

ol Medt W olgdl bk #/d Algre] FzxHel oH, HdE e sl
Ao & =1 8 F7 ool dgHo] Ut
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(2) ABS

ATz A 285+ 'ABS Rules for Building and Classing Mobile Offshore

Drilling Units(2017)%" 74 2 Al% ## A}l 'CDS' notation 28 A welof 3t
'ABS Guide for the Classification of Drilling Systems(2012)*” oA+ MPD #¥

&) itk
ABSOlA] 'ABS News' Z 8jZ3F 25 &1 2y} ABSolA= MPD Al2:Hlo] AB
du AFAdd FALH1 e As dAste JoH, #HA 4 AR E wExzE
THBtL Q1AL sid W& "ABS Guide for the Classification of Drilling Systems'9]
g Zolgta I g of FAF oz wjTHAE Yornz
ABSOlA #HH #A8S FAHCE TR A ke 7HA stell 24 H ok

N

DNVGL3} ABSE A9l Au qtAdde AlFAdel AlFA2Rl(drilling  system)©l
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32 AlFA AAF &AL

Ao WAz wolA A9l FQ AFRE F Yol FAINFE Azdo] X
Acw #UEW, 1 F Folx AxE AFHe UAHe £84HT Y& A}

g AHE ATk

321 AFA AA1F8AH

A T 2 AAE AR F QI8 ARJEA HAZE AeE, A
AAE v= 349 MA{ F k20l & gas) AlHIZ 3|AR] “Weatherford ol
T3t

JIE & FUIE AXH vl 4% vYZZ(buffer manifold), o] &4 ZF 7] (junk
catcher), 23 "WUZX, 7FA%A|(detection skid), HPHE2AR=|, o] Al=d A
A B/ WEFE ANE mfuUEE(cement manifold), HE ZEIETfo|Z uj
(mud standpipe manifold), 23 WUZ= g 7| EE|7]= 7| HAHE AHES Zo=
BRIt} PFD(Process Flow Diagram)® YERH Fig. 3.3% Zth

o

L
=]

A 23

SlAdEEEAARNE EEEEY o FF(moon pool) TYoll MAXAEoH, A
Hreel) AHE F7FEAT. JHJEZEZA stFoles F22F(flow  spool)©]
T IFE AT 2749 %iﬂ}?l(ﬂow line)o]  AXHT
= TRl (equalizing line)o] AX|=™, AXH 2719 ZF=E21%4

]
2
2
18
BN
()
o
A
=2

el
o2
k)
ro
rlo
fa
—r
o,
ofj
T
it
(1
il
r2
.
A,
O
1
of

= 8
l I
rr
kS
ﬁ
N
ofo
1
[
S
[

Aoz FH=e ok o2 I

AAs= FHoz 1719 2Ed ot e $3gRlez FAHY Utk ol=Z
EH/-A o= MPD 23 viUZE=rE fAst glow 27)9 Z2auE gl
el 3gelo]l k. MPD 2= wiyZEE= $oole AAAAZE UL, 1719
g5 4 4R (coriolis type flow transmitter)2} 170¢] $-3]2}<Qlo] Ut
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MUD GAS
SEPARATIR

CHOKE & KILL
MANIFOLD

OVERDN STIO SOC

OVERIOWD FOFT

Os<ie<kd

10—ai><i0

TBuFreR
MANFOLD

MUD STANDPIPE

MANIFOLD

CEMENT
MANIFOLD

Fig. 3.3 MPD system PFD - Deepwater drill ship
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AAZA o Ttols 7|AEE] 7], EY®I(rip tank), SZUHle]H (flow divider)Z
AZEE ZRlo] 2+ Y, EF F H4T shves E8 Ao 2A&AFS WA &
A== WH QIE Z(interlock) F=]7} =of Qlth
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Table 4.1 Risk ranking and description

Risk
Ranking

Description

The system/area/activity/operation does not contain any
potential hazardous substances.

Low Or, the system/area/activity/operation contains hazardous
substances, but the risk factor is known to be small from

other similar system concepts.

The system/area/activity/operation contains hazardous
Medium substances and the risk factor shall be quantified in the
medium area which is estimated from previous risk analysis.

The system/area/activity/operation contains hazardous
substance or the arrangement produces safety concerns.
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Table 4.2 Consequence level and likelihood level

Consequence level

) Single injury; Environmentally recordable event with no
1 | Incidental "\ |
agency notification; cost less than $10,000

Single  injury. Release which results in agency
2 | Minor notification or permit violation: cost greater than $10,000
but less than $100,000

One or more serious injuries; release with serious
3 | Serious off-site impact: cost greater than $100,000 but less than
$10M

Fatality or permanently disabling injury; significant
4 | Major release with major off-site impact; combined loss of
$10M to $100M

) Multiple fatalities; significant release with catastrophic
5 | Catastrophic L ) .
off-site impact: combined loss exceeding $100M

Likelihood level

1 | Unlikely Incident rarely expected to occur within industry

Incident is no likely to occur at this facility, but
2 | Remote s .
expected to happen within a company's fleet

3 | Seld Incident has occurred at a similar facility and may
eldom
reasonably occur at this facility within the next 30 years

) Incident is likely to occur at this facility within the next
4 | Occasional
10 years

5 | Frequent Incident is likely to occur at this facility every year

Ao A A3t 710l Wl Table 437 20| 938 5= AT
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Table 4.3 Risk ranking matrix

MINOR SERIOUS MAIJOR
Consequences | INCIDENTAL CATASTROPHIC
. o Single injury; One or more Fatality or
Slr_\gle injury; Release which serious injuries; permanently Multiple fatalities;
Environmentally results in Agency Release with disabling injury; Significant release
re§ordable event notification or serious off-site Significant release with catastrophic
W't_h_ no Agency Permit violation; impact; Cost with major off-site impact;
notification; Cost Cost greater than greater than off-site impact; Combined loss
R less than $10,000 but less $100,000 but less Combined loss of exceeding $100M
Likelihood $10,000
’ . than $100,000 than $10,000,000 $10M to $100M
FREQUENT
Incident is likely to LOW MEDIUM
occur at this facility
every year.
OCCASIONAL
Incident is likely to
occur at this facility Low Low MEDIUM
within the next 10
years
SELDOM
Incident has occurred at
a similar facility and LOW MEDIUM MEDIUM
may reasonably occur at

this facility within the
next 30 years

REMOTE

Incident is not likely to
occur at this facility,
but expected to happen
within a company’s
fleet

MEDIUM

MEDIUM

UNLIKELY

Incident rarely expected
to occur within industry

LOW

LOW

MEDIUM
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Table 4.4 HAZID worksheet

Collection @ kmou

System/ Guide Mitigation Rufk :
Equipment word Causes Consequence (existing) (;anL|ni¥‘ Recommendat ons
Pressure rating of RCD
Pol lution Presgure 4030 sha!l be lower than
rating design pressure of
downstream system.
Redundancy shal | be
considered for return
line from RCD to
ACD Redundancy manifold.
.| Loss of RCD | Iine from RCD
mal functi . 3|13 |M .
Leakage on. function to byffer It |§ recommended to
external manifold consider redundgncy for
force choke valve, Junk
catcher and detection
skid.
Escape root or safety
Pressure .
y area shall be considered
raring /, Hes to avoid acid gas
Injury Detection at |4 |2 | M ’
moon[;;oalndarea Redundancy shal | be
considered for the system
Fire Smoke Proper number of smoke
causing detection / detection system and
RCD / RCD leak potential HC detector 513 hydrocarbon detection
NRCD unit injuries / at moonpool system shall be installed
fatalities area at moon pool area.
Fire / Escape root shall be
Explosion prepared during detail
RCD Human Smoke engineer ing stage
mal funct i injuries / detection / | 5| 3 '
on fatalities HC detector ESD system shall be
automatically started in
case of fire.
. Pressure Emergency exits, escape
Pollution rating 5|3 root from DCC, DF.
Direct
injury by Multiple ram type BOP
bl owout Redundancy | 5| 3 shall be installed.
liquid/gas
Blowout RCD fail Annular preventer shall
Fire be installed.
causing
potential Redundancy | 5| 3 RCD shall have proper
injuries / pressure rating which can
fatalities be working when initial
kick initiated.
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System/ Guide Mitigation Risk
Equipment word Causes Consequence (existing) Cf«’*lntlngﬁR Recommendat ions
Drain philosophy
including size, slope,
RCD / ) RCD . ) . hazardous area
NRCD unit Kick mal funct i Flooding Proper drain [ 3| 3 | M classification, overboard
on
concept shall be
prepared.
. Pressure
Pollution . 3 | 2| L | Redundancy shall be
rating .
considered for MPD choke.
Overpress Loss of Redundancy 304
Leakage ure/ function choke Pressure rating of MPD
External Pressure
force . / Hos choke shall not be lower
Injury E?tln%. A 4| 4 than RCD to consider RCD
© ?C 'on a failure case.
Orillfloor
Proper number of smoke
Fire / Human Smoke detection system and
Explosion Leak injuries / detection / | 5| 3 hydrocarbon detection
fatalities HC detector system shall be
MPD Choke instal led.
Pressure
Pol lutyion B! nd 5|3 MPD Choke shall have both
MPD Choke Escape root
Blowout ; redundancy choke and
fail Human by-pass | ine
injuries / Redundancy 5|3 '
fatalities
Drain philosophy
MPD including size, slope,
Kick Choke . Flooding Proper drain [ 3| 3 | M hazar@ogs afea
mal functi classification, overboard
on concept shall be
prepared.
) ) It is recommended to
Pollution Bypass line 312 1L consider redundancy for
measur ing device.
Overpress
ure/ Remote valve at MPD choke
Leakage . .
External Loss of . l'ine to be installed to
. force function Bypass line | 31 3 | M1 prevent overpressure at
Measur ing measur ing device in case
device g :
choke valve stuck in open
position.
Proper number of smoke
Fire / Human Smoke / HC detection system and
Explosion Leak injuries / detector at 51 1| M| hydrocarbon detection
fatalities drillfloor system shall be
instal led.
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System/ Guide Mitigation Risk
> 19dt rankin i
Equipment word Causes Consequence (existing) - i¥¥ Recommendat ions
Malfuncti Pollution | Relief valves 2 1L
on of Multiple relief val
Leck i Pressure vall bo Installod for
eakage External niury rating / H2S a4 S 3 ; e installed for
force Detection at redundancy .
Orillfloor
Proper number of smoke
Fire / Human Smoke / HC detection system and
Explosion Leak injuries / detector at 51 1| M| hydrocarbon detection
fatalities drillfloor system shall be
Buffer instal led.
manifold Clogaed Pollution, Valves between flow spool
valve / Human and buffer manifold shall
Blowout relief Lo Redundancy 5121 M
. injuries / be remotely operated
mal functi L
fatalities type.
on
Clogged Qraln phllogophy
including size, slope,
valve / Pol lution hazardous area
Kick relief . Redundancy 31 21L L. )
. / Flooding classification, overboard
mal functi
concept shall be
on
prepared.
Overpress Pollution Bypass line |3 |2 |L Redundancy or by—pass
ure / .
Leakage Loss of . l'ine to be considered for
External . Bypass line 313 M
function junk catcher.
force
It is recommended to stop
Junk o . .
drilling operation while
catcher .
. Human Smoke / HC by-pass valve is opened.
Fire / Leak of L
Explosion as injuries / detector at 5111 M
P g fatalities drillfloor It is recommended to
consider redundancy for
junk catcher.
Pol lution Pressure | 5 1 5 |y
Pump rating . .
control Loss of Redundancy Dedicated relief valve at
) : 33| M| MPD line shall be
fail / function pump . . ;
Leakage . installed if design
Relief Pressure .

. pressure of MPD is lower
valve Injur rating / H2S 4 | 4 than rig HP mud system
fail jury Detection at '

Back Orillfloor
ressure
p Smoke / HC Proper.number of smoke
pump . Human detection system and
Fire / S detector at .
. Leak injuries / . 51 1 | M| hydrocarbon detection
Explosion o drillfloor /
fatalities oump room system shall be
instal led.
Eump Pollution, Standby pump shall be
failure, Human Pressure X .
Blowout L . ) 512 | M| readily operable during
Over injuries / monitoring )
L MPD operation.
pressure fatalities
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System/ Guide Mitigation Risk
> 19dt rankin i
Equipment word Causes Consequence (existing) 9 Recommendat ons
C|L|RR
Drain philosophy
Pump including size, slope,
Back . .
. failure, Pol lution Pressure hazardous area
pressure Kick ) . ) 312 1L L .
Over / Flooding monitoring classification, overboard
pump
pressure concept shall be
prepared.
Pol lution Pressure | 4 | 4 [ .
rating Design pressure shall be
Clogged Pressure determined by the vent
Leakage X ) X : . X
vent pipe Iniur rating / H2S 3l 1lL l'ine being filled with
jury Detection at mud at max. density.
Orillfloor
Smoke / HC It is recommended
. Leakage Human
Fire / L detector at separator to have proper
) / U-seal injuries / : 4 13| M ) o
Explosion o drillfloor / height of liquid
leak fatalities o
MGS area seal(minimum 6 meter).
. Separator outlet line
Multi
phase shal |l have ESD valve to
separator POLYOL N prevent human injuries at
Well mud process room.
Human Pressure
Blowout control N : 513
. injuries / rating. .
failure fatalities Design pressure shall be
determined by the vent
l'ine being filled with
mud at max. density.
Liquid seal is to be a
Well . minimum 6 meters.
. Pollution Pressure
Kick control / Floodin fatin 215(M
failure ‘ ] Vent line shall not have
any restriction.
Overpress | Valve stuck The valve shall be fail
. Pressure
Leakage ure/ in open . 3|12 |L|close type.
. L rating
Impur ity position
Proper number of smoke
Fire / Leak of Human Smoke / HC detection system and
Explosion gas injuries / detector at 512 | M| hydrocarbon detection
fatalities drillfloor system shall be
Non instal led.
return . The valve to be
: Pollution, Pressure . .
valve in Clogged ) . spring-operated and is
. Human monitoring / . s
drill Blowout valve, no L 513 locked in open position
. injuries / Pressure . .
string flow L . with removable pin or
fatalities rating
rod.
Drain philosophy
including size, slope,
. Clogged Pol lution Pressure hazardous area
Kick ) . ) 115 L L. )
valve / Flooding monitoring classification, overboard
concept shall be
prepared.
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System/ Guide Mitigation Risk
> 19dt rankin i
Equipment word Causes Consequence (existing) clL %¥1 Recommendat  ons
Pol lution Presgure 3001 Operating cogcept shal |
Overpress rating be prepared in case
Leakage ure / annular preventer leaks
Impur ity Loss of Pressure 3|2 L | during stripping
function rating .
operation.
Proper number of smoke
detection system and
. Human Smoke / HC hydrocarbon detection
Fire / Leak of S .
, injuries / detector at 51 1| M| system shall be installed
Explosion gas o . . .
fatalities moonpoo!| area in case the equipment is
instal led at surface
Annular
area.
preventer
Restricti | well Kkill Ram type BOP shall be
Blowout . Ram type BOP | 5| 3 readily operable during
on failure . ) .
) Kill operation period.
failure
Leak from annular
\ ¢ . Pressure preventer shall be
Restriction ) . .
. \ monitoring / proper |y monitored during
. Mal functi failure )
Kick . . mud property [ 2 | 5| M| kill operation.
on / leak| during kill
. check at It is recommended to
operation ’ .
return line consider redundancy of
annular preventer.
ROV shall be readily
operable while drilling
operation.
Exter na Pol lution Presgure 51 1| M| BOP structure to have
force rating .
Leakage sufficient structural
g stiffness and durability
against external force.
Mal functi Loss of Pressure Redugdancy shal | pe
on function catin 513 considered to decide
g number of BOP rams.
Non return valves in
. Pollution / Pressure qull string shall be
Fire / Inner ) instal led.
BOP | ) Loss of rating / 51 1|M o N
Explosion | explosion : Restriction device in
function Redundancy
annular space shall be
instal led.
Well .
control POLLE;;?”’ moE:fif?;Z / Redundancy shal | be
Blowout failure, L 513 considered to decide
. injuries / Pressure
mal functi fatalities rating number of BOP rams.
on of BOP
Well . . . .
. Pol lution Pressure Kill line to be installed
Kick control / Flooding monitoring 215 for each pipe rams
problem ’




System/ Guide Mitigation Risk
> 19dt rankin i
Equipment word Causes Consequence (existing) clL i¥‘ Recommendat ons
Overpress Pol lut ion Presgure 3lslw Auto |gn|t|on.system
ure / rating shall be applied.
Leakage External Proper safety device
force / Loss of Pressure 33l shall be supplied to
ignition function rating prevent flare stack from
failure overpressure.
Temperature besides
Heat burner boom shall be
. N Human . .
Fire / radiation Lo . continuously monitored.
. injuries / | Water curtain |5 | 3 .
Flare Explosion from fatalities Water curtain to be
stack stack readily operable during
MPD operation.
Well The system shall be able
Pollution Pressure to divert formation fluid
Blowout control . 313 (M . :
failure rating to overboard line in case
of blowout.
Proper safety device
. Well Pol lution T2, S shall be supplied to
Kick control ' . / 2|1 5| M| prevent flare stack from
/ Flooding monitoring .
problem overpressure in case of
kick.

Ax A e AFHow NEF] JPEE BASUD. R Au|o

AAEZF =2 A57F Ben, 535 JAAH2AZA G 22 jyI = #d 34,

galAs 529 8 Aol A5 48 o BAZE s A X7}
o

2 FA A0 wE &4 Tl AdHoINeH APYAE MyZEe}

Collection @ kmou



o] 2 & SlojA 274

@ =2 fyZI=

ot

bl oulgg ges

)

o]’ HA

M=ol 479

Jo] HIE = o]

—_
o

7k 24

)

o157t A% FUHEY 2 24 A

=
T

29712 A
WRE 4 7kt 2] §98 A9 99 o

9

1 7]

[9)

5171

°

A

=
=

=
o]

=
T

6) &2A2H
SEBISH
o.

g %

Collection @ kmou



SEEE IR U CER D
0 9] AFB GRPAA, R EYAGA, REYAYA, T

Table 4.5 HAZID recommendations

Recommendations

Equipment

be

design pressure of downstream system.

Pressure rating of RCD shall lower than

Redundancy shall be considered for return line

2
from RCD to manifold.

3 ESD system shall be automatically started in
case of fire.

4 RCD shall have proper pressure rating which

can be working when initial kick initiated.

RCD / NRCD unit

5 Redundancy shall be considered for MPD choke.

Pressure rating of MPD choke shall not be
lower than RCD to consider RCD failure case.

MPD Choke shall have both redundancy choke
and by-pass line.

Remote valve at MPD choke line to be installed
8 to prevent overpressure at measuring device in

case choke valve stuck in open position.

MPD Choke

It is recommended to consider redundancy for

junk catcher.

9 ) ] Measuring device
measuring device.

10 Multiple relief valves shall be installed for
redundancy. .

1 Valves between flow spool and buffer manifold Buffer manifold
shall be remotely operated type.

19 Redundancy or by-pass line to be considered
for junk catcher.
It is recommended to stop drilling operation

13 ) ) Junk catcher
while by-pass valve is opened.

14 It is recommended to consider redundancy for

Collection @ kmou




No | Recommendations Equipment
Dedicated relief valve at MPD line shall be
15 | installed if design pressure of MPD is lower
than rig HP mud system. Back-pressure pump
16 Standby pump shall be readily operable during
MPD operation.
17 Design pressure shall be determined by the vent
line being filled with mud at max. density.
18 | Liquid seal is to be a minimum 6 meters. .
19 Separator outlet line shall have ESD valve to Multi-Phase Separator
prevent human injuries at mud process room.
20 | Vent line shall not have any restriction.
21 | The valve shall be fail close type. Non-return valves
The valve to be spring-operated and is locked
22| . . . . in drill string
in open position with removable pin or rod.
23 Leak from annular preventer shall be properly
monitored during kill operation.
It is recommended to consider redundancy of
24 Annular preventer
annular preventer.
o5 Ram type BOP shall be readily operable during
kill operation period.
26 Redundancy shall be considered to decide
number of BOP rams. BOP
27 | Kill line to be installed for each pipe rams.
28 | Auto ignition system shall be applied.
29 Proper safety device shall be supplied to
prevent flare stack from overpressure.
30 Temperature besides burner boom shall be
continuously monitored.
Water curtain to be readily operable during
31 i Flare Stack
MPD operation.
32 The system shall be able to divert formation
fluid to overboard line in case of blowout.
Proper safety device shall be supplied to
33 | prevent flare stack from overpressure in case
of kick.
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Table 4.6 Required Equipment for MPD

Equipment Remark
Rotating Control Device

or, Non-rotating Control Device
MPD Choke Manifold Shall be dedicated for MPD
Measuring devices/sensors system

Buffer Manifold including relief valves
Junk catcher

Back-pressure pump

Multi-Phase Separator

Non-return valves in drill string Common with rig system is
Annular preventer

BOP (Preventers & Annulars)
Flare Stack

acceptable

PHAIF BH T AF odo] Bed F52 A wet o2 4 Ut DNVGLY
=

75 £ =72 Table 311914 273k Aol el g $9& Lolok 3w, g
AFE obd #d el flod, FHAS Bl tiFo] 1gtelM 2451 DNVGL
TAANAE el Zuld ts) Ag e 278 JOoBE fAF 7|E0]
g9 Zlog Btk

Collection @ kmou



7,500 psi <l
-2 2,000 psi,

T—

| BN

Hof| mWE A2 F(Connection) Al
A ¥=Ee] 5000psi E

o}
H

o 2gal A

o A%

1

=
3,000 psi, 5,000 psi &

T—

u}

=
=

ur} Golol

e

H

Ao
o

A
SPEC 6A

J

A

423 AA 7=

o
H

, FEAlS] Axdle] 5 gen

7(;)]0

82

|

o

)
jm}

A 2E

iy
)
K
7
¢+

o

=

R,

sith AA 4EHo) wE AAE ALYS Table. 3.1

fpolojof

°

W
)

o

XA

S0k
o

I3

1

0]
T

o

-

Sissy

bl 27) o3

| iy E= S5

o

)

bl A% 27 o3

¥l

°©

o

o ¢

=

75]—
of 2 AT WH7} glojol

tl, 7 mael me ol 7t
24%5% oy

]

=

°

nol AAFE gl MuE WAA 7}

A& MyZ =0 AZE= 212 270 ol/delofof

12

A Hjola 2 2

H
S

AdE s ZAY 1R Yolof

= 24

pS|
=
A

9
FuE gl dpolg 2 gl

s
A AYY -G B} Folok gl 1

=4 MyI=

5
T

Collection @ kmou



QAo A

<]
pul

IR vz

g
il

‘/‘r“
6 mo]/ge]ojof

bhol @Are

. =
- A

ZRlol =

&7

H,

)

T—
| N

|

o0
3T

U-seald]

H
T

5

]

dr.

58 5 gofob

o] mz

Ryl
—

Joll Aol dAld A9 Tt

il
fite]

T
<

B

[REA=S

)

af oF

1
[¢)

7}

424 ZEA #A Ag

UBO Al 2:Hl&

T—
| BN

R,

Stk APL 92U A

& A7} Qofol

A o]

Collection @ kmou



79} 1.58) o]

- 4 220psi o]

o
Ho
N

A

ol

Hlo

ﬁO
B

AlzdolBg, Z) WA Al AlSGsHA e d

T—

| N

]_

)

Ao}

b, A

G A2EE HE F4 ohH] A
)

425 AHA A2 2o IE AFAY

=LB o
shtE =

P
T

"ol 2

SHA

o] 34

T

py
oH
SIAN
o

o

oo falo] ML W AF

=
T

SIrks Sl 4

Sl
Al

of mer THHYe] W,

A=d Hiet

]

=

z

] Io waka] 31.1Z0

@Al
"H(Hazard Identification, HAZID) ©A¢IA] TADCY| A

=

i

2

e ool

Collection @ kmou



43 GHA AN 2R HA A

oA AE 71Fe] Wk AFMe| A§ sbsd A

g ok

ftlo
(o
By
=)
[o

™, 270 =30l

431 A8 TFZAd WE A oA

5000psi =& 7500psi FATo] HEH ZZAES AL IAAYHZHEAAANE
Z3sE HA] AxEHe] AAJH] A He FHESAYHE 29T F gloeng
2,000/3,000/5000 psi & Agstd AHED 4 ok #H A|2EE FA45tY PFDE
2435 Fig. 4.37F 2t

APl RP RQUY ILevel 5 7]1& % DNVGL-OS-E101914 S8 #Av 24&
TFESA 7] a1, ol A A 7)ol whel AASHH T

APl RP QUoA QL738= 27] o]Ae] %3 wHyl Ax®E %23 dyZzcy)
AEEoH olFd IAA] D FF A AA+= 47 sy A 83513 932kl o)
AXET. DNVGL-OS-E101914 wiqt i HX7F ZA ARglo] olym=z &

e @ 5 YEE ngtelsHzel AT

432 gH|E&-E 13T A4 oA
o] Af HA ANX=HY FHEEHUE

| QLN

o
2,000/3,000/5,000 psi & Aglst] A& 4= T,

Collection @ kmou



T
101008 -0-0% av

20 vl wis

¥ 014 ONITT¥0 3:0HS30
M (4d WQLSAS (oW AL O/ _

¥AUINADTA | 00N AIHILYD I
STI0N00 I0HI AN 0JINGA
¥0LYAYA3S Nt P == 4344nd
Sv9 0NA gﬁ N iy "
|
C
= Targ 1
i . )
L

(Sd 00E
1S4 000
1Sd 00S'L
1S4 000°ST

S Jdld &
U 08 0L LA

Fr Ry row
ih
 E—

i
ih

i
A

(DT 2T

Fig. 4.3 Typical case A - Minimum equipment

ﬂgu_
< ax Tr 0 B ) N
N \vi e & [
P -
: : : i
: § iz
b
—|bewrma™
1T03INYH q
TN DO @Y © % s S
O 1|
T0INGH 10K
Romsaam 3IINYLS W IN3A3)

Collection @ kmou



OFFSHORE DRILLING RIG B

MPD SYSTEM PFD

0 LG
WD 2
I

o1 :fm w
/‘T\

MUD GAS

SEPARATIR

ToOVRONE
>
TOTO Tk

O/BuGs e 10€
SO DE

8 CHOKE & KILL
i MANIFOLD

axrm
w

"
CORIOLIS
FLOWMETER

MANIFOLD
P,

1000w 10T K
CHOKE

WOPESSE
BACKPRESSURE PUMP UNIT

Pra—f
JUNK
CATCHER

g
i

MANIFOLD

BUFFER

MUD STANDPIPE

MANIFOLD

= |

DO L

00 A0WIE
1 0ADE

CEMENT
MANIFOLD
mm |

lisoLaTmv vevice
LR 4
S

) STEPDE ::
<y

I LMRe/I0P STACK

Fig. 44 Typical case B - Enhanced redundancy

Collection @ kmou



AsAF A

5}g

$419)

Cha—

S0} AFFolA

F24g1o)

A
gl

3

Al
=

TP ISIEStTE

T—
| N

FA9g 539

ZAsHEA A

AA AL

ka,

o

E

TH

z

i

o

o

A Al

g
)

-

ol
=

IADC

A2

=
T

o] A

AFA e

of

_
o

—_
o

)

¢

el
xr
it

M
s

oF

—

_—OL
B

—_
o

i

R ISRES

b 7% IADCOA Aogd ¢
7}

Al 2

of FEAIAIF

A

ol

=
T

Al

1ok ey Abae)

L
S ©

2ol

Al 2
ok
=<}

=
T

shei Al o] A
F

Fa,

)

rol me} Agke] Ak Yolo}

u}

%

API 16RCD2] AIA}F

geagEe

"y

2.

2t}

2 APl SPEC 6AE

AAT A%
A

A 25 9)

el Ao}

o)
hpolofof

)

S
pul

22 2,000 psi, 3,000 psi, 5,000 psi & 1o},

o
H

o
Rl

"y

o/

A

= WBE7}

& Had 2 olie %

2]
=

F A

e A|o] A

3.

Y 219

)

2 74

Atk HA 8F A2H ol9dx §A9

o]

=
£4

P
T

b TAE

)

2®o] 23}

22 HAZID/HAZOP <3 Al

)

49

g 137}t

Al

Al z=gl A A

4,

APl RP

ol
=

1A DNVGL-OS-E101

S

9

F A

SERSRY

Aol

=
T

1

A

- 74 -

ction @ Kmou

&
L

Coll



NUS Level 5 (UBO) 7]&20.8 aFdtE NS 2t3E AL 7|07 3y, Mg 2
APL A ZAAAGe] obd o tisiA=
Al A B & ALkEA o] Wrsta A AAIS ZdE o & ZlolH, API RP 92U9

=
ue} AH g A2E AR AAHSE AF e A% Al B A A EAE

AAF AdAo] gla, DNVGLe A9d e Agddis 4240 Ao fls

Collection @ kmou



2 ER

[1] Weatherford, 2017. Weatherford’s Managed Pressure Drilling (MPD) Services. p.4.

[2] Schlumberger [Online] Available at: http://www.slb.com/services/drilling/drilling_ser
vices_systems/mpd-services-and-equipment. [Accessed Oct, 8th, 2017].

[3] American Petroleum Institute, 2004. ANSI/API Specification 16A, 3™ Edition,
Specification for Drill-through Equipment. pp.3-13.

[4] American Petroleum Institute, 2004. API Specification 16F, 1% Edition,
Specification for Marine Drilling Riser Equipment. pp.7-28.

[5] Marcelo Coraca, 2010. Aker Drilling Riser Brazil. pp.11-17.

[6] Olinda Star [Online] Available at: http://www.qgog.com.br/static/enu/arquivos/
Olinda_Star_2012.pdf. [Accessed Oct, 8th, 20171.

[71 Lone Star [Online] Available at: http://www.qgog.com.br/static/enu/arquivos/
Lone_Star_2012.pdf. [Accessed Oct, 8th, 2017].

[8] Gold Star [Online] Available at: http://www.qgog.com.br/fck_temp/8_39/file/
Gold%20Star_baixa_2014_revisada.pdf. [Accessed Oct, 8th, 20171,

[9] Alpha Star [Online] Available at: http://www.qgog.com.br/static/enu/arquivos/
alpha_star_2012.pdf. [Accessed Oct, 8th, 2017].

[10] American Petroleum Institute, 2015. APl Specification 16C, 2™ Edition,
Specification for Choke and Kill Systems. pp.14-58.

[11] Drillingformulas.com [Online] Available at: http://www.drillingformulas.com/
bottom-hole-pressure-relationship/. [Accessed Oct, 8th, 2017].

[12] Drillingformulas.com [Online] Available at: http://www.drillingformulas.com/

effect-of -frictional-pressure-on-ecd-while-forward-circulation/. [Accessed Oct,
8th, 2017].

[13] Drillingformulas.com [Online] Available at: http://www.drillingformulas.com/
2011/07/. [Accessed Jun, 16th, 2018].

Collection @ kmou



[14] petrowiki.org [Online] Available at: http://petrowiki.org/PEH:Underbalanced_
Drilling. [Accessed Oct, 8th, 2017].

[15] A. M. Paiaman, B. D. Al-Anazi, 2009. Feasibility of decreasing pipe sticking
probability using nanoparticles. p.645.

[16] glossary.ailfield.slb.com [Online] Available at: http://www.glossary.oilfield.slb.com/
Terms/d/differential_sticking.aspx. [Accessed Oct, 8th, 2017].

[17] Terwogt, J. H., Mikiaho, L. B., van Beelen, N., Gedge, B. J., Jenkins, J. 2005.
Pressured Mud Cap Drilling from A Semi-Submersible Drilling Rig. Society of
Petroleum Engineers, SPE/IADC 92294. p.5.

>

(8] e, TAR, £AD, B8R, N6, FAARZOA o 5E44AF 99
3714 2 WA D7, BAARAAALE =8, pI0,
(19 3418, 2017, ol FFHMAFA 2e A e FHol5 A0 B, oA

=8, AU, pl2

1

[20] Tarald Husevag Gaup, 2012. Simulations of Dual Gradient Drilling. M.S. thesis,

Norwegian University of Science and Technology. pp.4-5.
[21] Merter Peker, 2012. Economical Impact of a Dual Gradient Drilling System. M.S.
thesis, Middle East Technical University. pp.18-20.
[22] International Association of Drilling Contractors, 2005. IADC Well Classification
System for Underbalanced Operations and Managed Pressure Drilling. pp.1-3.
[23] International Association of Drilling Contractors, 2012. Underbalanced and
Managed Pressure Drilling Operations - HSE Planning Guidelines. p.7.

[24] American Petroleum Institute, 2017. API Specification 16RCD, 1% Edition,
Specification for Drill-through Equipment - Rotating Control Devices. p.16.

[25] American Petroleum Institute, 2008. API Recommended Practice 92U, 1% Edition,
Unbalanced Drilling Operations. pp.18-52.

[26] DNVGL, 2017. Rules for classification: Offshore units - DNVGL-RU-OU-0101,
Offshore drilling and support units.

Collection @ kmou



[27] DNVGL, 2015. Offshore standard, DNVGL-OS-E101, Drilling plant.

(28] ABS, 2017. ABS MODU - Rules for Building and Classing Mobile Offshore
Drilling Units.

[29] ABS, 2017. ABS CDS - Guides for the Classification of Drilling Systems.

[30] ABS News [Online] Available at: https://ww2.eagle.org/en/news/abs-outlook/2015/

managed-pressure-drilling-calls-for-new-certification-requiremen.html. [Accessed
Oct, 8th, 20171.

[31] ABS, 2004. Introduction to Common Risk Assessment Tools - Extracted from
ABS Technology deliverables under the Integrated Risk Management Program.
p.2.

[32] http://www.witec.co.kr/bbs/board.php?bo_table=pds&wr_id=104&sst=wr_datetime&
sod=desc&sop=and &page=1. [Accessed Apr, 22", 2018].

[33] Weatherford, 2017. Microflux™ Control System. p.2.

Collection @ kmou



	1. 서  론  
	2. 시추시스템 및 유정제어에 대한 고찰  
	2.1 전통시추시스템  
	2.1.1 분출방지장치  
	2.1.2 시추용 수직관 시스템  
	2.1.3 초크 매니폴드  

	2.2 유정제어의 이해  
	2.2.1 수직 깊이와 시추공 압력  
	2.2.2 킥의 발생  
	2.2.3 유정제어 절차  
	2.2.4 동등 순환 밀도  

	2.3 압력제어시추 시스템  
	2.3.1 과압운전과 감압운전  
	2.3.2 머드캡시추  
	2.3.3 이중구배시추  


	3. 압력제어시추 시스템 관련 규정 및 사례 분석  
	3.1 관련 규정 및 지침  
	3.1.1 IADC 지침  
	3.1.2 API 규정 및 지침  
	3.1.3 선급 규정  

	3.2 실제사례분석  
	3.2.1 시추선 실제적용사례  
	3.2.2 Weatherford사의 압력제어시추 시스템  


	4. 위험도 분석 및 설계기준 제시  
	4.1 위험도 분석  
	4.1.1 분석 방법의 결정  
	4.1.2 위험도 분석 수행  

	4.2 압력제어시추 시스템의 설계기준  
	4.2.1 적용 범주  
	4.2.2 시스템의 구성  
	4.2.3 설계기준  
	4.2.4 킬운전 관련사항  
	4.2.5 압력제어시스템 적용에 따른 위험성  

	4.3 압력제어 시스템의 설계 예시  
	4.3.1 최소요구조건에 따른 설계 예시  
	4.3.2 예비율을 고려한 설계 예시  


	5. 결론  
	참고문헌  


<startpage>12
1. 서  론   1
2. 시추시스템 및 유정제어에 대한 고찰   5
 2.1 전통시추시스템   5
  2.1.1 분출방지장치   5
  2.1.2 시추용 수직관 시스템   8
  2.1.3 초크 매니폴드   13
 2.2 유정제어의 이해   17
  2.2.1 수직 깊이와 시추공 압력   17
  2.2.2 킥의 발생   18
  2.2.3 유정제어 절차   19
  2.2.4 동등 순환 밀도   20
 2.3 압력제어시추 시스템   22
  2.3.1 과압운전과 감압운전   24
  2.3.2 머드캡시추   26
  2.3.3 이중구배시추   27
3. 압력제어시추 시스템 관련 규정 및 사례 분석   32
 3.1 관련 규정 및 지침   32
  3.1.1 IADC 지침   32
  3.1.2 API 규정 및 지침   35
  3.1.3 선급 규정   45
 3.2 실제사례분석   49
  3.2.1 시추선 실제적용사례   49
  3.2.2 Weatherford사의 압력제어시추 시스템   51
4. 위험도 분석 및 설계기준 제시   52
 4.1 위험도 분석   53
  4.1.1 분석 방법의 결정   53
  4.1.2 위험도 분석 수행   56
 4.2 압력제어시추 시스템의 설계기준   66
  4.2.1 적용 범주   66
  4.2.2 시스템의 구성   66
  4.2.3 설계기준   68
  4.2.4 킬운전 관련사항   69
  4.2.5 압력제어시스템 적용에 따른 위험성   70
 4.3 압력제어 시스템의 설계 예시   71
  4.3.1 최소요구조건에 따른 설계 예시   71
  4.3.2 예비율을 고려한 설계 예시   71
5. 결론   74
참고문헌   75
</body>

