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Abstract

The mitigation of gap between technology and it's applicability in the oil and gas industry has led to a rapid development of deepwater
resources, Historically, subsea wells have good track records, However, an ever increasing water depths and harsher environments

being encountered are currently posing challenges to subsea production, Complex subsea systems are now being deployed in ways
rarely encountered in previous development schemes, These increasingly complex systems present a number of technical challenges,

This study presents the challenges in subsea production systems, considering the technical and safety issues in design and installation

associated with current development modality.
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2.1 Type and Function of Control System

oA MAkME ol MEE= MOAIAEE2 AR SEY,
SEE, 7 Mo, Hiofe =4, sHAf Wikds|ete A2
0|2 218k Umbilical®| Size 2 270l w2t 3A 571K Hx

e FQ TLREE ofzlet Zok.
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1) Direct Hydraulic Control System
2) Piloted Hydraulic Control System
3) Sequential Piloted Hydraulic Control System
4) Multiplexed Electro—Hydraulic Control System
)

5) All Electric Control System

z|2 AsliA Zieo| 7 5siEe]| et Platform Aol Mof &
|2t SHXfofl X[EH Mo F|ete] |7t MA HOX|A| =0
2474 3~4km O|LfollA ARZE|AE Direct Hydraulic Control ===
Piloted Hydraulic System BHAHCE S S&A0|L} HE &E
ol Al2|ET} skabEl Mo ghalol Multiplexed Electro—Hydraulic
Systemo| & O|F11 /20{ #[Z0il= Hydraulic PressureE 0|
5 HISE T XS 2HE silAE 4= U= Al Electric MO Al
2BI0] ZRI=|1! Qb= FAo|EL

Mo HIo] AIAE] AQEE AHIE2 T AR M4 Hof
(o} A A Mo] A2 FRE0] sHA MAE(Subsea
X=Tree), MAFEISH & |(Manifold & Template) Soll <xIet af
A A MU|E WE 3l x5 XES HAKNMOZ HojEozA
MAS SXI5ID, A ZH|Q| Mofof ofAlo| BRMSH R AlA
2 oFMsP| AfcHEmergency Shutdown)she 7|52 77X
oo ofeflE 112{510 AH =[ofof SIEHAPI 17A, 2010).

r

1) ekdste 88l 2H0| 7ksEh oHER|(Fail Safe) Al

3) x-||37(|. H=2 E35} olXMA gl AI_|§|<A:;I ;LE

do=2 O Lo =X

4) SCS ME UPS(Uninterruptible Power Supply) ARRSZ
A|ABIS| OlMYN 22

5) dLES FIIZ APHE o 5 U
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2.2 Topside Control Equipment

HE MA o e siN AR Mo ZH|(Subsea
Control Unit), siA MAkg M2 3 AMS HoO| ZH|(Subsea
Power and Communication Unit), 484 2|2 72 32 2|
(Hydraulic Power Unit), Umbilical AHZE o4 ZH|(Topside
Umbilical  Termination Unit), M2 =& ZH|(Uninterruptible
Power Supply) ¥ =54 WX #Ho|Z 35 E|(Chemical

Injection Unit) S22 TAM=[0{, A|ARS| ZT|H obdM SHEE
25 AlR[M  EAM(Failure Modes, Effects and  Criticality
Analysis) & =& Adrnt 2ol oSt 24HE 2FE A S ¢
At 22 H2| AlAHo| ol FHECE
2.2.1 Subsea Control Unit

SN MAME2  SCSeF ICSS(Integrated  Control — Safety
System) Afo[2| QIE{H|O|A Hdgks Sk= SCUd| 2l ZHEH
2 HMof=Ech  SCus 7| AZHA(ER,
Instrument Equipment Room)oll $IXI510] siA AAR LIS g
SCMof| |x|sh HiEet MAMSS 214 =&t Hlo[ef ek S&F
9 HWaEg 2 = Uen ZEE Mol oist ®of MEES
HMI(Human Machine Interface)& &3l &kelst 4= Uct (HHI &
FMC, 2010)

Platform  AH22|

NOTE:. ONLY SCU INTERFACES

STATION (S) ARE SHOWN
DCS Network
Yy v Y Y
SUBSEA INTERFACES
CONTROL PROCESSORS
UNIT (SCU) INTERFACES
T i &
HPU -—]
[ e e e e o 3
LAN (ETHERNET) ! SPcuzooel
[ P l |
I x
1 * i
Smart Tool with I I
Config/ I TEM200 A TEM200 B i
Diagneostics l |
i I

[ IR S ——— I
SPCU200e send
Signals to Subsea i .
Through Umbilical <4 _ —

Fig. 1 Interface diagram of SCU (HHI & FMC, 2010)

SCU= SPCU Li&e| TEM(Topside Electric Module)z}b QIE]
Ho|A=D{, SCUS| HWE MAXIE g2 SPCUZL A2
Umbilicalg &3l SCMz} ASE FIEEE M=o Ao
UPSZRE AMA| Mg Z3got SEHEICE

[>T
SCUe| #2 7|52 splet 2o

_,_
LI

1) SPCUZRE Hlole & ¥ 2LEHE
— Subsea X-Tree MIA{ 2! SCSSV(Surface Controlled
Subsurface Safety Valve) AR

- Downhole AIO|X| Cllo[E{(2tH & =)
- SCM LHES| HP/LP Line &2 2
- MM AL Sand 2| Coje{ 2
- Flowmeter H|0|E{

- AAE Aef 3ot
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2) =3 S 'YE ZE Al

3) AHold ¢ 2HEY

4) SCM W5 COV(Change Over Valve) S} Al

6) HPU & ZA| 2 Pump SZH/EX| HH

7) e MEf X A=

8) DCS(Distributed Control System)2} Modbus TCP/IP 0|

Z 0{2(Dual Redundant) WAlE S¢6t H|o|gf m=t
9) SEM2| XHEA cllo|Ef(Housekeeping Signals) ZHE{Z

2.2.2 Subsea Power and Communication Unit

SPCU= SCUEZRH HHZZ dot Power/Communication
Signalg SCMez MEsAL, sk MAMH|2RE HMallX|l=
2= MM MY 58 SCUR EUlE Interface S48 434S}

SPCU2} QIE{H|0|AE 0|2 = ZX|2= SCU, UPS, Umbilical
50| /o0 Umbilical2 S5 SCM22 Powere} Signale Mgt
3P| €8t Modem & Power Unito] 1 Lol Ax|=lof 2Uct

SPCUE ContingencyS CHE|g+ Redundancy ZHi0] E=Ql1=|of
oF 30 Ztzte| SPCU A2} B= Topside UPS A|AEIof|A] 72
S 2 Redundant UPS PowerE S=®ES MA=|0{ Platformel
Z|AZHIA(ER, Instrument Equipment Room)oll Ix|sl2=2
Hazardous Zoneol| CHst Tai= HeX| gich

2.2.3 Hydraulic Power Unit

X-Tree LHF 3 SCMof {Ix[et #E 3 =3 A=5g
LP/HP 72t 33 &X|(HPU)= Platfornoll fI%I5t0d, 35
(Supply Reservair), &%= B 3(Return Reservoir), LP/HP &
2, USAICHIE(ESD Valve), 22 FAIZR|(Regulators), S
X S22 M= en FL J|52 5|2t 2Lt

3]

|H oZ do
U o

1) Subsea X-Treetf2| Valves ZF=2 25l Z&¢t Pressure
9} Flow CapacityZ Hydraulic FluidS &2

N

Fluid Quality(Cleanliness)E 4|

s E= T3 AAECR 2F Tk

scuele] BLEE HEE ole{Ho|A

HP/LPS| 042 A|AR 1=

Z8Zto| HpPet LP &2 2lolol| 22|l ESD A|lARE =3
5l Umbilical 2lelg HelsiALt 2t

a b~ W
= L = = =

(&)

2.2.4 Topside Umbilical Termination Unit

TUTUE Platform &80l AX|== Umbilicalel E¢H A2
X=, HPUZFE a5 7Y UPSERE Sa=s 7|,
CIURRE ZZ=l= 70lZ(MEG, MeOH % SI/CN) ZRIES
Umbilical 2t Q4ZA|7 A MAkMdE|2 MEFSiCE

2.2.5 Uninterruptible Power Supply
UPS= SCS 2ksof Zl= 2|2l SPCU, Modem Unit, SCUO|

OE5IK| 2ot 32 ALz QI wlst = Q= A|AEIQ]
Shutdowng 2¥X|5P7| 2lsf UPS= Dual Redundancy 7H=0] &
2|0, 2k2te| UPS= AlAH M| Electrical LoadS 328 &=
U BTA 2| A|ABIS| SRME 12{510{ AAHEICE

UPS2| Battery 24e12 Host—facility PowerZ} XJTtz|o{ . &[4
3027 A|ABIS 2% = Q1= 20|00} 510, Input Voltage
2} Current, Output Frequency, Bypass Mode, On-line Mode
2 Failure 2= SCUO| 2[5 Monitoring =/0{oF S

2.2.6 Chemical Injection Unit

oy to

ClUE aliM AlAE 28 2 $Sl=(Hydrate) AA 2iXof| 2
St FHoH(MEG, MeOH, Cl ¥ SI)2 odzfstod siA M2 &

Clue| =2 2242 Well Bore, Subsea X-Tree S22 7|0
& 3gok=dl &&slof 5lHd, XHE FAe HEZE pHEs|ot
Sict eebo =z AN HEZR|X|2t Regulated Supply Pressure,
Non—regulated Supply Pressure, Fluid Level, Pump 2! Filter A
El, Retun Flow S2 SCUol| 2l =L{E{Z] 3! H|o{=ICt

2.3 Subsea Control Equipment

SiIA AAF Ho] A= SN A (Subsea X-Tree), ALK
o A Z22il(Umbilical), siA AIAKE0{EZE(Subsea
Control Module), Mol& & vl 2&(Umbilical Distribution
Module) & Z+ 2ol AAS 2|5t EFL(Electric Flying Lead) &
HFL(Hydraulic Flying Lead)2 TAM(ISO 13628-6, 2006)%|0,
SN SE4A AV|H oMM 22 E 2|sh MM SHEE 26l A

£ MMH o] Mu|et shH Azl EA(FMECA)S AlAISH
2.3.1 Umbilical

Umbilical® Subsea Systemoll U= Valvese| HMo{E &t
Hydraulic Fluid®| 0[&, Subsea Systeme| Operationol| ZEst
Chemicals2| 0% 2! Electric Power 22 S2 & 4 ATE HP
2! LP Hydraulic Fluid Lines, Chemical Lines 2! Electric LinesOl
SlLfel Bunde2 A= 21204 Surface Control Systemzt
Subsea Production System A0S 21Z5IA ZICKISO 13628—1,
2005: 1SO 13628-5, 2009). Umbilical 2| RIMSH M 2 75
2 Ckazt 2ot

1) HP Hydraulic Fluid Line
112HHigh Pressure) Hydraulic FlLidS ol&sk=H| AlES]
= Elelocl 2 10,000psi Of4ate| ] lof o]0,
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Well2| Down Holeoll AX|=l SCSSVe| ool ARSEICY,
2) LP Hydraulic Fluid Line

XMHLow pressure)| Hydraulic FluidS O|&sk=H Al

== 2lelolof, FZ 5,000psi 7HX[2] 424 2ol A0(od,

Subsea X-Tree W2l Master Valve, Wing Valve,

Chemical Injection Valve 2! Annulus Valve2| ool Al
=ict

3) Chemical Injection Fluid Line
Subsea System Operation % Hydrate A4 BIX|E 2|5l
Q7%= Chemicals(e.g. MEG, MeOH, CI & SI)7} 0l&
%= Lineolck. SPS2| Chemical & 7 &=ol| wzl,
Cluel ¢! 2ol Zd=Ct

Fig. 2 Typical cross—section of an umbilical

Umbilical 2t2$2] LineS2 Dual Redundancy 7HHo| XM&x5]
0, Z{Zt9| Line MAIQR2 sliiN Mikdd[7ix|el Zo| ¥ =
USHAP)E 2{slo ZHslofob Siof. Hydraulic Line %
Chemical Line2| MAEE F=2 Thermo—plastic &£ Stainless
Steelo| ARRE|D{, ValveQ| Zks HE2%E(Response Time) &
Hydraulic Flud 2! Chemicalzle] Z&HMd ZAHCompatibility
Test) Zujol| wh2b £F MEYEICE

EESH Unbilical2 | Z1AHl &|7t of2} Platforme 25 E
SN MAbdH|7IX] 20| =|ofMof sh= =S THESio{of 5t
B2 8| ofelf Mx[A|Q| Mok @48 XT| AH2IFE 12{s10d
AZME =fEsl0{of Blct

—_

MBR(Minimum Bending Radius) — Drumming/Service

)
2) Minimum and Maximum Breaking Load
3) Maximum Working Load (Straight)
4) Stability against Environmental Loads
5) Pull-in Operation through 1/J-Tube
6) Pullling Head Design
7) Maximum Tensoiner Load
8) Repair Method, in case damage

2.3.2 Umbilical Distribution Module

Umbilical2 S8l MEk=! Hydraulic(LP, HP), Chemical (MEG,
MeOH, CI/Sl), Electric Line 2 UDME S3ilM 2t X-TreeZ
HHEC

Umbilical2 S3lfA sl AMat Mu|2 MEREl Hydraulic Fluid,
Chemical % Electric Power= Umbilical 2ol Sk
UTA(Umbilical  Termination Assembly)S A  SDU(Subsea
Distribution Module)2F EDU(Electric Distribution Module) 2 91
ZE|0d CHA| Zk24e| Subsea X-Tree22| 2707} 0|R0{X|H{ T2
TN 4= oot 2ot

UDM Foundation Mudmat

Umbilical Termination Assembly (UTA)
Subsea (Hydraulic) Distribution Unit (SDU)
Electrical Distribution Unit(EDU)

Fig. 3 3D Model of UDM (HHI & FMC, 2010)

UDMZ X-Tree2| 94Z2 2|8t Hydraulic Flying Lead(HFL) &
Electric Flying Lead(EFL)= Cow Hornoll Pre-riggingstod sl &
ol ROVE 08310 Mx|ep7| = Bich

UDM Mudmat2 1 &850l Mx|=l= ZE ZH|SS X[X|st
UmbilicalZt HFL, EFL &2 Ax|A| e == THo{ Z12H(Residual
Tension), ROVOl| 2t 615 & &Hd otF S8 dE = U=
AA=|ojof FHEKISO 13628-8, 2002).

E35| UTAS| 72, Trawlingoll 28l Snagging Load7} k28t
ZE |50 UTA Receptacle Funnelt MudmatO| Hinge &
EfZ2 HZ== ‘Weak Link Design’0| X&=|o{ UDM +#Zx2|
Tl £M0| WX|=|T2 MA|=|o{of Sl

W
ol

2.3.3 EFL ¥ HFL

EFL2 Electrical Power %! Signal€ UDMe| EDUOIA X-Tree
ol XI5t SCMJIX| HZAIFAF= A& sioq, HFL2 Hydraulic
(LP, HP) & Chemical(MEG, MeOH, CI/SI)Z2 X-TreeZ2 X5t

= 7158 s¥sict
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~, CONNECTOR A
o

o

CONNECTOR B .f?)
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=

>

OPERATOR
STATION

P
H i

—— = SIGNAL LINES Lo

—> ELPOWERLINE

= .= SIGNAL + EL POWER

—- HYDRAULIC POWER
LINES

]
POWER CIRCUITS &

Taw
! e
bl
ALY
]
]
H H n XMAS TREES AND/OR
P&F MANIFOLDS
e vaves. |- ==== -‘!; 'r"-'—?
[US——— LI B R |
TYY ¥ R
CONTROL LINES TO VALVES LINES FROM SENSORS
L. B

Fig. 6 Interface schematic of SCM

2.3.4 Subsea Control Module

SCM2 UDMe| SDUZRE LP 2 HP Hydrauic Fluid2t
ChemicalS, EDUZSE] Electrical Power %! Communication
Signalg 33 Zen] AAEES ZUEESI] APt RIEEE o]
EE2 SCUR NM&sh 2ok SCME X-Tree2| Subsea Control
Module Mounting Base (SCMMVB)oll ROVE 0|23t Adx| 2
s|7t JIssiEE MA(ISO 13628-8, 2002)=04 LiFoll=
LP/HP 70| === PotE MEiSH= Change—over ValveZ}
Mx|=lo] E=5F ZF Valve 2 ®Mo{E 2§t Directional Control
Valve (DCV)7+ U0 £ WEo| JHH HHO| U= A ol &
B Actuator2 RS 32510 2iel &4 § ZI54E slolM=

De-latch &[0 ActuatorZ2 72t S2& RIEH610{ ValveZt Xls2
2 BS|TZE Sh= Fail-safe 7|s0| ERI=ICE

2.3.5 7|Et = ZH|

i
A0

0z 0k

7| ZHIE 2ol o 282 Qe ¢ ¥ 2
Transmitter(PT 2TT), Production Fluid LH2| Sande| S
&t 4= = Sand Detector(SD), Chemicale] Folzte =&
Chemical Injection Throttle Valve(CITV) 2|10 Well Fluide
2S EH5k= Flowmeter 50| UCk

Pressure Transmitter %! Temperature Transmitter(PT/TT) =
Subsea X-Treetf2| @2 3! 25 EX5k= Ax(olch Slfe
1 Z7[50l| 2= ¥ 2Eo| EHo| 7tssieE FAE 0] UL
0f, CanBus 4l ZEEZSES ARSI

Z2 Production Piping L&

[

= o

#OT

_'_

E= BEo| Sandoll 2ofst
ghiA| 28 B -?I?:.*% Zefg = qdes=z

L|E+L=—I% L4Eo[of

ErosionO|
Production Fluid WH2| Sand &2l CHEt
OperationA| Ofof| CHEH M&E st jcj<|E

Production Fluid tie| Sand & %é, Acoushc Sand
Detector(ASD)E 0|85t E&5l & 3 Frosion £1t §2
BLEESH= AlS= SCME sl TCSE MAE|TE MAHE|o{ot
=

EESE SCMoll= AZEl &t |oll= Production Line off &=
Chemical Injection®| F2& =&5t= Chemical Injection
Throttle  Valve(CITV) HE= Chemical  Injection  Dosing
Valve(CIDV)7F 2120{ Chemical 22 T 22 MM Alo|2]
OrificeE Szfet U 2 Zste S =M ARECE S35,
Z|2 7Het=l Dual Core CITVE] o—?—, 21| cjl=
o| FoIgk =Ho| 7ks8 ZFo| Uct

oL o

2 Chemical Line

Production Fluidel F2 2@% 2l Single Phase
Flowmeter(SPFM) &= Condensate ¥ 22| s12k2 712+ £X
gk 2= Q& Wet Gas Flowmeter(WGFM)7F H2EIC} Flowe| 2
2 |2 MAMED} 0EP X2 SCME S5l TCSZ MEE|! Rate
71|*k>1| ARZEICE Flow Rate ZHlAloll= AP 0|2l = =in} 25

ZMx|7F A2E|o] AAKE Flow Rate2| MEtT= 95% A2 Tof|
A‘I +/-5% HEo| QXE JKIEE HEl=c

SHA AF AJAH]
3.1 X-Tree System

X-Tree2t, 2= Valvestt I ValveZ} £&H=l BlockZ} Piping
2! m|EIS(Fittings)2l =ZIMZ Well Tubing2| AHF0l| Adx|=|0]
notol AF £2 JiAc| MAS Hofsh| Isi 10,000psi =
15,000psi g ALY F QUEE MA=ED, I/ MME
(Production X-Tree)2} 2&(Injection X-Treg) 22 FTESH}.
X-Treee EES Dry Tree, Wet Tree(Subsea X-Tree) 2 T+2=|

=0 0l= X-TreeZ} MA|=|= ?Ix|of| ofaiA FH0] O|F0{X|0q,

-

344

CSRMSIS=2%] X 49 # |4 S 201214 82



Dry Tree= 2 ™A Z2HEO(L} TLP, Spar 52| Platformo|
Ax|=lCh

3.1.1 X-Tree AlARIS| 2 74

X-Tree2| Main Block® Composite Valve Block(CVB),
Production Wing Block(PWB), Annulus Wing Block(AWB)Z}
Wellhead2} 424 == Tree Connector, 12|11 CvB2| ZHof| 2|
x|5104 DownholeZ}e| Hydraulic / Electric Line2| ¢4 27}
== EH-5 Penetrator S22 TAEICE

CVB2 Production Master Valve(PMV), Annulus Master
Valve(AMV), 2|2 Annulus Access Valve(AAV) £2| ValveZt
Zt&t=|nd) Tubing Hanger Orientation Sleeve (Isolation Stab),
Wellhead2le| AZAS £|st Torus-IV Connector S& CVBOI| Z
ghEICE

Annulus Wing Block(AWB)2| Z<, Pressure / Temperature
HAM7} HAZ=n] LiFol= AWVRE AAVIF AX|EICE

PWBO{|= Production Wing Valve (PWV), Cross Over Valve
(XOV)7} Mx|=|0{, Chemical Injection & PT MA{7} oAZA=IC
Production Flowloop2| Downstreamoll €Ix|5t4 CvB 2 Zgt
=t

EH-5 Penetrator= X-Tree2l Tubing Hanger Al0[2]
Hydraulic 2! Electric Connection(Downhole Sensor2t ¢4Z) 2|
HZA = SfiH 7152 21 Uckh EESF Upper Crown Plug 24
Lower Crown Plug Afo| SZt| EIAEA| ARZE|= Wireline Plug
Test LineS ¢iZsk= AetT $HSHKISO 13628-4, 2010).

2 Tubing hanger secondary
Io::/k (THISL)

Composite valve

i
block ] ! _—Plug
\:. l M Lower crown
R I 4 /Plug

/Tublng hanger

Annulus wing

block S~ AA
Caten - ___ Production
AMY — wing block
B — _TORUS IV
Isolation — Connector
Sleeve

Fig. 7 Main block of x—-tree(HHI & FMC, 2010)

1) Surface Controlled Subsurface Safety Valve
Well Drilling = Ax|=l= 1At QRMHEZA | 9| F Xt
Cheieol 7158 Sl &2 Production Tubingoll A%
=[7| 2ol Check Valve2| HEHE X|HA =0 TCSoilA

Hjofsict,

2) Production Master Valve
X-Treeol| U= A2 WE(Isolation Valve)Z SCSSVol|
0|2 2t Rf:t HWiEo| 7|52 St ARBE= WE FRE
= T2 H0|E Y= (Gate Valve)7} AolCt,

3) Production Wing Valve
T2 PWVet st Ee| WEOIX|ZH J|SA PMVel E
Z Y=o Atz Production Line2| 01 XIckE(Double
Isolation) ZlsS PMVRb &b $3SH| Production
Choke Valve(PCV)oll 2laff Well Fluid7| s A< Well
9| ShutdownA| ARBE|= F XIEHEEo0|CH

4) Annulus Master Valve
Annulus Bore@| At odEts she dEEZ
Open 2kEloll 20, 0| &3l AW FFE2| ¢z
Annulus Bore2| 2i2ig X|&XoR DUEE &
Sk AW(Annulus Wing Valve)= AMV 2} SHA
BoreE Aftishs dats 3iict

5) Chemical Injection Valve
Subsea X-Treedll= Well & Production Fluide| SMof| cct
2} Cl(Corrosion Inhibitor), SI(Scale Inhibitor), MEG,
MeOH &<l ChemicalsO| FoI=|0f ole| FI2ks S5t
= #=olct

6) Production Choke Valve
MAElE HRLE 7EAe| 7 MOl E M| 7lsE -

ol R Mo{e| X022 oFN Rjct WHo| 7|52

o
MAZ
=

=
2 ol
T AL/

[

tu

ey
zZ

Annulus

ol

£ Te5HR| eECh 2 QR stz olslol W
FHio| 228t 2 YlE SuslE ST 2ol 4
0| F2I5{010F 310, Mt SSHEH(MEG, MeOH)S
Zolsiof 30|20l Aol of3t Valve SAEES WAl

5to{o} Sict
3.1.3 X-Tree 7|E} L Assembly

X-Tree= Main Block 2! =2 = 2o & clex} 22 7|t

T2 Assembly £ T-EEICHAPI 17D, 2003).

1) Lower Tree Frame
X-Tree?| I5E X|Yst0{ 2&0[+ M| Alol| Protection
g M35k 9es st Frameoll= Anode?t H&H=[0f
X-Tree Assembly 2! Wellheadoll Cathodic ProtectionS
Mi=eict

2) Subsea Control Module Mounting Base
SCMVB= SCMO| ¢ZE|= PortZ 7|2MeZ SCM izt
£2} Interface? | 5] S5104, SCM 5H#2| Hydraulic
2! Electric ConnectorS SCMVB shste| HElE{Z o5l
FT ges St A siAollM 28F SCvoll 1E

tIHkHéI: %—?— SCM Running Tool2 &-2510 SCM2|
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Choke

ROV panel Production

flowloop
(upstream)

Lower tree
frame

Fig. 10 X-Tree FFS deployed configuration

3.1.4 Fishing Friendly Structure

FFS= Trawl Board 2| Fishing Equipment= =& Dropped
Object=ZFE] X-TreeE Eooh= AT s}

Z2 Telescopic Type = LegE HO 22 £ U= Hinge
TypeS 2 AAH510 X-Tree2| 50|} Mx|Alol| EFF=E S35
Drilling Unit2] Moon PoolZle| ZHYS |48l E A7 =|o{o}
3o} Subseao] Mx|2 A FFSe| BLlbo| sixfol AFE 23]
MM Trawl2| Hookingoll 2|8t Snagging 21810 ZAelz| T2 A

3.1.5 Tubing Hanger System

Tubing Hanger= 11212| Well Fluid2t 215 2k Alojof| o|=
ok Xzt (Double Pressure Barrier)2| ets SIS X-Tree
LiSof| MX|== =22, M9 Production OutletS Sai
Well FluidZ} Production BoreZ O|&E £ UTE AMX[A|
Tubing Hangeroll £kl Orientation Sleeve2t X-Tree2| CVB
Block L5 Boreoll %[5 LIS 40| SHE2|HA SFIA| %]
F XAl =H(Self Alignment)o| = =5 AMA=IC

EH-5 PenetratorE &dll 21Z=l= Downhole Line2 SCSSV
HoiE £Igt Hydraulic Linet DHPTT(Downhole Pressure and
Temperature Transmitter)oll AR2=El= Electric LineSZ T
0, Horizontal PeretratorE &%t Downhole Access 20T
Tubing Hanger AHEte| Poppet Gate ValveZ | =&14Feke| Access

£ MESI2Z Tubing Hangerg Ax|5k= SClo|= THRTE &
5l Downhole2| ZHEZ0| 7+S3t=S AAIECE

Vertical Access
Poppet Gate Valve

15K Rated TH

Upper Plug Profile ——————— Lock Mechanism

=
Annulus }

Circulation —

T -i-— Metal Seal

Lower Plug Profile ————»

Fine Align —b g .

Production Outlet

EH-5 Penetrator
Interface

Metal Seal

Metal Seal

<+—— Orientation Sleeve

it 0

| G

Fig. 11 Configuration of tubing hanger

3.2 Manifold and Tie—in System

Manifold= ZfZte| ©h! 7&(Satellites Wells)ollA Adt=|=
Production FluidE 2o} Pipeline@& Process AH[7} U=
Platform22 0|&sP| ¢I5t Aets sk= F=22 37 Piping
ModuleZ} Support T2=Z2 0|F0{ZICt

Manifold M == ARSol ols ehdMo| &2 =0 X|=
Gravity Type H== Pileg 0]83510] XX &EHESl= Piled
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TypeO| 2U2nd Alsix{e] ZHE= Pile Drivingd|l 20|3kX| o}
Pile LH2|5e| UHXIE 05101 XAl &lo| 7ks$H Suction
Pile Foundation2 03P | St

Manifold 7tZ== 7|28l et & AMx| 22Al9 55
ZA ol oM 2 ofZ Fu|e} M| Muk SolMe] Uiz
FE| @2 3 Piping ModuleE 252 = JUESE AT E5 7

7} M|5HE 20| YEIEoln, Weo| M| W DAS s 2
& 220} oHE 7152 TH 4 UES BIR|(Hinge) TR A
s/ofof i,

Manifold2} siA 79| o2 oAl (Flowline Jumper) 2
0|Z0{X|04, Rigid B2t EE= Flexible Hi2HO| 7Fs3H-} AAH A
Lol Sandoll 2lst EFAlo| Heks z|AsEt = U= Super

IOO

Duplex X{&Ele| 0| HiM oz MEEIC Rigid EIIe| gt
Hol oiZujat el 2= U2 Dolof| ofst WAS g5 = o
= M E= U ZEle] szt It MEE0 sixolMe| &

X 93 z=zdof oot ok, TISVIV) K oA X[EEnte| 2l

O|2ot Mx|Ale| MY 52 FeAez 1e{sio] HAECE

Fig. 12 3D model of manifold and tie=in system
(Scourced from HHI & FMC subsea design
package)

4. Study on Subsea System Design

MM LAIARI2 SHiA RYcRTE sz 22 & 7iA

| 25t oA AMLEY(Subsea X-Tree)=t M
A=l 298 3l JAo] REHS 2|8 Manifold & AAF FA2f 0l&
2 28t Pipeline System, dA SXME fIsh Mo &H|
o| Eol-5| A|AE4IOE F|e|d°|

ol

Umbilical M, Reservoir®| &
2 2 Production A2l 1245t X-Tree A2} 73478 2 X-Tree &

= Manifold S0l 2Ix[8t Valve@}l Choke2l Z&S Hofsk=
Hydraullc, Electric Power & Signal 252+ HIH{E $I8t Topside
Control Ztfofl CHSE At2F 2, MM FAQ olE2 2lgt
Manifold % Pipeline AH S2| 2fdS 7A O[F0{ZICt, A1}
Holl thst Al A5 25 Sample Field 2 Reservoir HIO|EIS
TIEORZ A MAAAE xM MAE FAsi AUE HAlsH
Act

4.1 Field Description and Reservoir Data

1) Field Basic Information

Water Depth  (m) 187

Distance to Wells (km) 13 (approx.)
Reservoir Datum Depth (m) 3.267
Reservoir Pressure (bar@datum) 365
Reservoir Temperature (°C@datum) 74.2
Viscosity (cP) 0.031
Compressive Factor (z—factor) 1.04
Gas Expansion Factor at Datum 285
Density (kg/m®) 194

2) Wellstream =2 Composition (Mol %)

Methane 99.52
Ethane 0.093
Propane 0.014
i/n Butane 0.004
i/n Pentane 0.004
n—Hexane 0.002
M-Cyclopentane 0.001
n—Heptane 0.003
M-Cyclohexane 0.001
n—Octane 0.005
E-Benzene 0.001
n—-Nonane 0.005
n—-Decane 0.003
n—Ci1 0.003
n—Ciz 0.002
n—Cis 0.002
N—Ci4 0.002
n—Cis 0.001
Nn—Cie 0.001
CO; 0.154
N2 0.166

H2S(ppm) 1.8 (max.)

3) Well Performance

Gas Rate per Well (MMscfd) 52.8
(°*C@30MMscfd) 33.9
Design SIP (psi) 4.445
Gas Gravity 0.56
HzS (ppm,max) 1.8
CO2 (mol%,max) 0.548

Sand Particle Size (micron) 200/53/4

(OHGP, D10/D50/D90)
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4) No. of Wells 4 + 1 Spare = MAFRLe| SandZ 21t Erosion HEkE Z|AsI5H |
5) Design Life (year) 30 9/ Super Duplex AE(NACE MRO175, 2009; API 6A,

6) Environmental Loading (m/s)

Extreme Current (1/10/100-Y) 0.53/0.61/0.69
Current (Installation/Operation) 0.0~0.49

Wave Condition 1-Y 10-Y 100-Y

Hs (m) 5.7 9.4 14.3

T; (sec) 8.9 8.6 9.8
Tp (sec) 125 124 14.5
To/Tz 14 14 15
Hc (m) 6.4 104 15.9
Hmax (M) 10.8 176 26.7
THmaxlower (S€C) 111 110 12.8
THmaxmid (sec) 12.6 124 14.6
THmaxupper (S€C) 13.8 13.6 15.9

4.2 Result of System Sample Design

1) System Pressure Rating (psi)

LP Line 5,000

HP Line 10,000

SCSSV 10,000

SI/Cl Lines 10,000

MEG Lines 10,000

MeOH 10,000

X-Tree Production/Annulus Bore 10,000
Tubing Hanger Bore 10,000
Choke 10,000

Manifold Production Piping 5,000
Well Jumper 5,000

* Sample2 MA|El Reservoir Pressures 112,

= 10,000psi2 MH.

2) Material Selection

Critical Parts

X-Tree Production Wetted Parts APl HH
X=Tree Annulus APl EE

X=Tree Production Flowloop APl FF
X-Tree Cross—over Flowloop APl EE

Manifold Header and Branch

Super Duplex

Production Jumper and Connection

Super Duplex

SDU Tubing Super Duplex
TUTU Tubing AISI 316L
Gas Transportation Pipeline APl 5L-X65

* X=Tree Production 2! Annulus Part2} Flowloop=

MAFS

o] EME 1245101 Sour Service X2l APl 6A EE, FF
2 HHZ MAS, Manifold Header ) Branch} Jumper

2010).

3) System Design — Topside Control Equipment

SCU 1
SPCU
HPU
Clu
UPS

1 (SPCU A & B PKG)
HP690 x LP345 bar

1 (MEG, CI/SI, MeOH)
1 (145kV 230V 50Hz)

4) System Design — Subsea Control Equipment Umbilical

(Multiflexed Electro—Hydraulic Type)

Size WP Rating Service
(ID) (bar) (bar)

1 172" 345 690 LP1

2 1/2" 345 690 LP2

3 172" 690 690 HP1

4 1/2" 690 690 HP2

5 3/4" 425 425 MEG

6 1/2" 517 517 Cl/sl

7 3/4" 425 425 MeOH

E1| 10mm* | E1 | 0.6/1.0kV | Signal/Power

E2 | 10mm? E2 0.6/1.0kV Signal/Power

UDM (with SDU, EDU, UTA)

SCM (Multiplexed Elctro—Hydraulic)
HFL (with MQC)

EFL

5) Subsea Production System
Wellhead
Subsea X-Tree (5" x 2", 10K)
Manifold (slot)
Production Piping (OD, inch)
Branch Piping (OD, inch)
Foundation (Suction Pile, m)
Jumper (0D, inch)

1

4 + 1 Spare

4

8 (2 for X-Tree)

UWD-15

4 + 1 Spare

5 (incl. 1 Spare)
14

6.625

9.4 x H14.6
6.625 (4EA)

6) Gas Transportation (from Well to Process Platform)

Pipeline System (0D, inch)
5 2 8

2 ool
SHAHAYAMA | A

v

0 1o
ol

System /&

ilﬂ. 2—7'. A|A-III— EE# A[.O-IO| OI%EE
El(Subsea Production System) 20F Xt 2
2 T F|Soll st SEDt MAAl 13 2
A A2 el B T|sTidnt AR FIE
042X SI%Ct Subsea System ZEMH QA0 ZkeH o

14

i
>t
4 o

=

o
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o
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i
ofm
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1) SHMMAA AR A= MiXolMe| EME Ta{st A
H=A MEDE 3o wE 25 AME, X Y FX|ES59
O|Mz} Al2Atol oFMAM(ESD I Fail Safe), 22|11 Qo 224
(Redundancy)2 7| A2l SeEo=Z Hidsi Azly
A(Failure Modes, Effects and Criticality Analysis)2 £t &4
2 HAMofslch MARA EAZ 8310 AIAHSl EYIM A
OIYME &Sk Aol EEo|ct

2) System AMAHZT} ofAloilM= FO{Zl Field Data
Reservoir Datag 7|&=2 =2 AH = (5,000~10,000ps)= Z2
S, siA EkAolMe| MA= D} Downhole HZAME 1184
ojofsicl. MAZE, Data, MAGHASS S35104 AN A
5'x2" 10k2 Horizontal X-TreeS AMHM3ICH

3) A= MAH Dt AR =S 125101 siM MLl F
< APl 6A, Manifold Header % Branch2t Jumper= Super
Duplex, 2|11 MMRA RES /6t sHAul2t A|IARZ API
5L-X65 KIS HE5ict HA Ay M MABSe} MA
J|EE HIgoR oMY, 29M, XA 2l MAISIICL

4) Mojerrle iR MAMDL Platform SHZH(ele| 72| &
AT HF=2ME 13, Multiplexed Electro—Hydraulic MIof &t
MAMsI ], siA MAES| ZHE Valve SXHIE X2
HP 2 LP 2}2l 2! Electric Line2 0|52 A& 3IGiCt &2
ATl = M2|Z(Reliability) = o 2M
(Redundancy)S &M= SHIEHIE MEHSIICE

6) DIX|oZ MAF HE sl w2 £} YA 25T 2
T2 Z9E thd|, F} MY ME S AdE = U= Spare Slot
2 Manifold Aol T2{8l1 HMojA|AR MAHol| 28 o223
2 F7IZ gsIRIct Yo 2EA(Redundancy) 2t AIAR EHE
Mg De{st MASsIoC
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