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Effects of Well Fluids Characteristics on the Design of Offshore Gas

Production System: Case Studies of Western Australian Gas Fields

Jakyung Kim, Dong Woo Yang, Daejun Chang, Jong-Se Lim* and Yutaek Seo*

Abstract : This paper discusses the effect of chemical and physical properties of produced fluids on the design
of offshore gas-condensate production system. The status of Western Australian gas projects is reviewed along with
the expected composition of natural gas from offshore wells. NWS, Pluto, and Gorgon projects in Carnarvon Basin
are reviewed and then Browse and Ichthys projects in Browse Basin are reviewed as well. It is noted that the carbon
dioxide concentration in natural gas from Gorgon wells is 14.0 mol%, which is higher than that of any other gas
wells in Carnarvon basin. When selecting the field development concept, it needs to consider the product, reservoir
production strategy, surface production facilities, and production rate. This paper details each topics considering
the status of Western Australian gas fields. During the design of offshore production facilities flow assurance issues
has to be considered. Among various issues of flow assurance, hydrate, wax, and corrosion are discussed in this
paper along with the detailed design modification in one of Western Australian offshore gas fields.
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Energy Quest(Energy Quest, 2011)A}2] EAJof 9]}
W 20119 H¥E7] OECD =719 HA7ks 8+
2010 3l 1% AR, YiollAl= 5.3%, &
o A= 15.1% F7Fstqieh olof wef &=, A&, &
% 5 FHohol Aole] LNG Fede] A F71sked
20114 3¢ 7]&o=2 20103 tiv] 3.0% Z7}ska, E3]
31510] LNG 42912 13.5%7F 2718t Aoz zAlew
St} 20104 3LHE 2011 3€7H4] 17 gh=r9] 5
LNG 4% 11,816 kto| Bt ¢ 714 G
USD 9.840|th. F9 2=91=8 slebZ(37} 2,388kt)0]
o, IZ=Y|AJoKAZF 1,552kt), LRHAZF 1,413kt), T
oJAJo ATt 1,377kt) 59 w7HEE T4 FURUS
o = ok FHolA= Sall-1 7k ollA BAkEl= A
Q7kasl BRE A, B 7hare] Hd 2ae sla
A7} Wo| o]F0jx ¢tk (Ryu and Sung, 2000; Kwon
et al., 2001; Ryu et al., 2001)

A% ING 5722 He 21 Qs T 4
2436 ke edshid] T3 AR, GF HEF A
olo) ghe Fhadl AASE TR, B 4%
2 3718 AR digHrt 2011 @A) A|Z= Carnavon
basin®] North West Shelf(NWS) Z2ZAEo|ML= &
16,422kt2] LNGE AJAFSI S, Bonaparte basin2]
Bayu-Undan Z2AEo] A& 3,416 kto] LNGE AYAkst
et &% Pluto Z2AEQ} Gorgon, Wheatston, Prelude
ZZAEZY] Xgfof w2t AZF LNG A4k 20159
0]Z 50 Mtpao] o]& AL R of|&E1 Qlct(Department
of Mines and Petroleum, 2011)

H3Ze A9 fate] B2 W 2R3 Qle, o
&g A7lsEo] FYEIL St e Vs EeF A
A7FA 2H FH Ee A ALY AR e 58 &
HE A3 Ao A&t ok shA|RE oFA7RA] 7t
27 ] HA S oL, ol & Hige = A4t
Aa"lE AAE = Sl 58S EstA ZFoiAA
23 Ao g HrhEa Qlok AA7ES AP A A
= fAle A 230 et oot dAsE Bl
AT et T2 Bt ARG e, Ao A ALk
Al ERE7HA TS B8l olSEe oA =
o o] WigE AA HER, 7kAe} 5, FdA0lE
59 43 phases) 0.2 o]FojXict. ol2jgt tHd -5
| dojuf= vjol A 5% 2 (flow assurance)
£ Y3l ooket Aol a1S SESfok itk 71 gt H
9] & Zpol 2 Qlall W 4= Q= &2 (slugging)=
afjorsi, vl w3l @dE 4T ¢ e ALY
slolEgolE, edo) x3Eo] Sl= mef JEoR

ool ] v uH) WA U 4 Gl 2, 7]
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X BRIEAR Q8] Uehths 29, wjke] S8 2
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sh= Z19EE ik olelet 795 Halel kel A4k
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debich aeba] Aol AAkEE fAle B4
ekt shofshar, o] lsh AT 4 Gl A ol
[0S BHtol, o]F FRI 4 G AN N2
AHO R ARSRE o] HBH 7k Aol Fag
aglo® 2gska gk
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A7k AL Al2E) MAZE ofE GFS WAE 4
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oM,
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M3Z X|o JIAM ZEME

Camarvon Basin

A A5F Aeleld LNGE AN gl
Ex= A7)3F NWS€} Bayu-Undano|tl. NWS7FAA-2
Woodsideo] oJslf &=L 3lom, it 717ke 43t
7] $1gt d¥9] 22E0] FHaiA]aL itk 22 A Yol A
9] Greater Western Flank 7]|&t Z2AEL 20121 %
o F|EEXLOJA} AA(FID, Final Investment Decision)
o] AAIE HolH, dA) AYArE2 Goodwin A ZE
AZoll A 14709] AlqfF BAFYS JREel 3tefe] HA7EA
S} 100 MMbble] ZHlAlo|ES S/l gake Aglo]
t}. ESF 9tz o] Yol North Rankiny} Perseus 7}~
oA 2] =7 P4HE AY 5<¢l North Rankin 7id =
AEE 218 Folo]H NWSOlHE 20404714 7144
Q1 LNG AJ4to] 7158t Ao g oS5l §lrt(Energy
Quest, 2011)

North Rankin 7}A79] FAZoA= 43 Mtpal]
Pluto LNG Z =24 E7} Woodsideo]] 2]l &< =11 Q)
om, @A A AR HolEaL Qlth o] ZEAE =
Pluto®} Xena 7}AHoAe] AAto] xdtwwm, 2012E
Arkr]o] 2Pl A4t TAo) o]F Zolt}. 20114 39 &
Halrks djke) hag olgs) kA Byl wa)E
252 ARl o, 49o= S LNG ZHES} 3f
EHEZ A48k 240 km] slj#] o] gk 719k

ox 10 o
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& BTk RS AR 127]9] AFEE Burrup
HEE o)A 190 km 7} HoR 4241 400 ~1000 mof €
Z|5h, AA7FA 4.1tcfe} ZdIA|o]E 42MMbblS- AJAF
g Ao F o&Fch Table 19 NWS 7}AZ T} Pluto 7}
229] 2/d& YEhRIth Pluto 7FAF 0] T2 NWS
7k270] w8l CO, F=7t -2 A& & 4= Sirh Pluto
7t~ 9] AAF A= phase 1, 11, 1IIZE LA =™, Phase
12 110 950MMscfd®] 712 Ajatako] alAFET).
A4 (condensed water) AYAFF-S 2,000bbl/day 2 A=
, AYAk(formation water)+= Phase 15§ AYAHE A
o2 o AEHTE Fig. 19 A&Fe] F£Q 7[AH g =
EAET AYE D Q= A9E HEh it (Department
of Mines and Petroleum, 2011)

Pluto 7}A7 9] A|Zof| A& 15 Mtpal] Gorgoni} Jansz
7h2R A Algo] X8 Foltk Barrow 4] Lo EHE
60km, Dampier?] A2 02X E 200kmo] X5}l QL
= 5719 HiE 7tadog o]Ro|A glow, 2014

Significant
Hydrocarbon Discoveries
in Western Australia
as at February 2011

* 0il
» Gas
* Oiland Gas

Fig. 1. Oil and gas fields development projects in Western
Australia. (Department of Mines and Petroleum, 2011)
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7hs S A A0 6| 5Ech Gorgon ERAE
L Chevron©] 50%2] R|&E-S 7}x|a1 ¢l o, ExxonMobil
3} Shello] 242k 25%9] A E-& Afskal Qi AJabd
LNG% 6.5Mtpax= Chevrono| ] A2KSPAs, Sale
and Purchase Agreements)2 5351912, Osaka Gas
2} Tokyo Gas, Chubu Electric, Nippon Oil, GS Caltex
S w Ak AAstSich(Energy Quest, 2011)
Shell#} ExxonMobil2 3.75 MtpaQ] @] Aok &
)92 5, PetroChina, BP, Petronet 52 7|E3} Aok
2 @S Gorgon 7haze] e Sla 44l
200mel] 91X/3k 8742] YAHL Akt o Fom, Jansz
7hsgie] 9ol 10709) As) S e o
o]t} Table 1) Gorgon¥} Jansz 7FAF Q] 7hA 2AJS
Ureigleh Gorgon 7RAHS] S olAsiEk st
14~15%= ¢ 7] g2 &4 SWEf|A o413}
et S Ba|, Z3]5F¢] Barrow’d 2] Dupuy formationoj|
3 of|"dolth. Gorgont Jansz 7hAF SR X Hof
HAL BE E=5F S| o] folA 7) EAK] &
2RIt o, LNG ZHE] &4 7hsAdS HE
o

Browse Basin

Browse LNG Z2AEX= Woodsideo] 23] &S &L
1o, Browse basin®] Brecknock, Calliance, Torrosa
T Al A9 7k JidRE kAL QiTk 2011 2o
FEED(Front-End Engineering Design)&HA|E A28}
o, 2011 W7pR] $=2E o olct. #F FID+= 2012
| Sao o]Fojd oo dAIT, 20132 A7
Apefoltt. @A) TRAE EE 12 Mpac]d, ke
CPC 5-& Z33 7| At dnf] AR =9 Fof qich
Al 7§9} 7FA7% Broomof|A] 425 km T FZof 9]%]
S0, 441 500~700 mof Aol S8k ek %
12709] JAPgoll A Ak Alzbsto] Zdf AT THAI7L

Table 1. Composition of natural gas from Western Australian gas fields

Component Pluto NWS Gorgon Jansz Browse Ichthys

(mol %) (mol %) (vol. %) (vol. %) (mol %) (mol %)
N 8.1 0.8 2.0 2.3 0.5 0.4
CO» 1.9 3.0 14.0 0.3 9.8 8.5
CH4 83.0 85.3 76.7 91.5 79.3 70.0
CaHg 3.9 5.8 32 3.8 5.6 10.3
C3Hg 1.4 2.2 0.9 1.1 2.1 4.2
C4Hio 0.7 1.0 0.3 0.4 0.9 1.9
Cs+ 1.4 1.9 0.1 0.6 1.8 44

Als0d A3%
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A Z 507H9] AHAPEE et g o), 40:d7E 13 3tef
o] HAA7IA9} 363 MMbbl] ZHINo|EE Y4 4
A o]t} (Department of Mines and Petroleum, 2011)
Table 1] BAite= HA7FAS 24& UGl o]
AFEFEA 0] FETT 9.8 mol% R &2 Holw, S4 S
EoA olilstetas #e, 5535to] Calliance 473
o] F=UT AEE Ml-e-aL Sl olF sl F 7Y ol4t
et F=YFE WIS oAfFolrh Calliance AFI2
&%t aquifer drive 5735 71221 QloA] A7t w2
Ao 7 o&5|=g Hl&l|, Brecknock #F3+= depletion
drive £ 02 Q3| AAik=o] A4k §lS FOR oS
Fltk Brecknock #73-2] Wolxl of¥S HFsl7]| ¢
3| inlet compressionS A&3s}al Ut} Torosa #HF3E
SJA] depletion drive E44-& 71K lon, AAkpE= 7
O] AYAIE|R] ok Ao 2 o =F|t) Inlet compression=-
ol 7k RS AT Aol

Ichthys TZAEX Inpexol 93] & il lom,
Browse basin®]| $]#|3}1L Qitt 8.4 Mtpal] LNG2} 1.6
Mtpa®] LPG, 0.1 MMbbl/day ] ZElXo]E AALS =
22 5t 20119 59 dA S4 9 st EHE of
St FEED ©HA|of Qlt}. 7R sfjf7kA] 2] A H|(CPF,
Central Processing Facilities)@} ¥-G-41 -5 4 #A;
3} AH|(FPSO, Floating Production Storage and Offloading
Facility) & &3l 4kt ogold, & DdA7IA] & 50
7he} AadE AiEE Algo|th(Ito and Sugaya, 2010)
Table 10 AHEIE Helrlae] 248 et 7t
2L Brewster A523} Plover A&FZol|A A7~
S A AT, Brewster AFSollA] BAtEl= A
A7kA9] olikEEA FE= Table 104 Uepbduie}
o] 8.5 mol%o|H, Plover #7304 AtE= M
7k 17.0 mol% o)/de) =& oliksletas FHaskal
Ue AR g ok b 4 ERE A4 AlE
o= oJalsletAo] XF AAE %t Au7t Z e o
9t} Brewster A3 Ao Aito] HZbetx] oF
& ACR 9 ZE AL Plover X759 ¢ i<
Aito] o SH.

ZEAH N A=Al a2 AR

7tz o] AT i Ths/do] dASkEH, of| v
Ao gt AQIX|of thgt =2]7} o]Fo] Aok i},
7t AR o = 20 of4fe] At 7|7 S8l A
A7t =7] g, T53 HES =98 &3l 7t A
u ASlat A8 477} olsold et Qe Fad
9] 7idt 7 d(Development Concept) A7 TA o A= i)

ot

AU gete)

N

- AFAl - A

AR AE, i) AFS A AR i) S AL A, iv)
AE A =2 aEste] A o]e)e IojEEl] 9
g F8 AAES WeEoF gk

-

AL HIE

A HAZ A= 7HEE THAR 35 AR wuld
Qom, LNGE Hsto] =& +& Ut} 71«9
FHoR gl wghEolY HA7ts AHARIKGTL,
Gas-to-Liquids) 334 53 td dag=z9o A= 7}
sio} ojnf] 7k o) e} s Ao A AA A
foho] 3| alefE|ojok itt.(Lake, 2006)

Hgh& 0] 79 oju] gHgE HYE T&olg= Aol
o, B A thqt TkAadoA WEEE A
Wet7lolle A AlA HlgE: Aol 18] =27 gtk ©
Aol itk GTL A4S A&k 49 Ak da7ks
9} ZRIM|0|E, LPG 52 BF S ZHER B,
ZdAo|EQt LPGE &3t & HAZIAE o] 83t
oS AJAFSHA Eth Sasol Oryx ZZAEZ Q3] 7}
2S o] 3 tivtie oA AJato] tieto R aEE|gle
L, Oryx 9] ZHEA 4Zhgt A o] WAgstal 71«4
3l olEjgEo] A WA, GTL FHo] 7|&H o= ]
Astt Ao R ddEa ok Ak 7EAE 7P T
2 A ] AFsto] wust= AL a1 o] H o
slery, MBFe| sla AFE Rk vm Hoby
Gorgon ©|i} Ichthys 7IAAES 7188 71 3ETES
2 AHgslole FAgel B o Aoz BrbEn
upebd] A 550) ot AAUEE 7)EH R s
7 3, B A% Ao s LNGAIZS Bekshe
Ao A9 skl Itk LNGE} BlEo] LPGE| A
A s, 2% AEoRA BUEES ANsH:
A9 ANSA oHe A9-8 A7 4 lck BuEX
R LPGE] A9 LPG BRE $I8 37t AvjE Has
3 4 glrhs Aol A AEOR Age] wolsl)
of&= AloF o] ek o] gk mreba] Zmal
poom Bupd she avlel AuE e,
Fulatel ool wet LPG Alke A48 Zastel
7128 L&e)= 2EE LPGY} ¢ Y& Ao R wokEch

E_{).
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2HE Q) Yrkke FdiEsty] S8 ER: it
ol AihEls 7E0] ARE il ThA] F=4lsto]
S $-A|5H= Partial Gas Recycled WA &g 4=
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7t AH AYAIA A8 A A 1T
2 i 7k Aol AR o 4
AP ZANOIE G| o) syt S5k Full Gas
Recycle = 3t 4= QAITL 9JA] 7kAS A5 57
Q15 271 A} B, A6 Rl UR we
A% 71 AFY oz Q) AFEe] o] HAE 5
T itk uebA oA o7 FEAE AASte] LNGE A
fe}7] el 7hne) A glol Tkaxlel de 7
Hekg olgsh Ao] elat 4 9k o] A4 AR
Ak i3t YFEE H45kelal, LNGS}F LPG, 2
RIO|E AARS: H=jststo] AESC] A AR Wl
AsHA| Aok ek,

itk 7k~

ofw B

=

=10 e

SHAF AHAL MH|
HE2 e AAAES tRE KAl 4l
km o} Hoizl sloll SISk Sick. ol Aarel]
AL B ZRE, Ala) i So) A Advle 7
317] 919} S 7] FA7L o|stol Aok gk, AL Al
9] AeHoll= HSE(Health, Safety, and Environment)2}
71291 VA, AEE 2A1E, BAG Sl e E ook
sty 1A A] 3ok AlH|(Fixed Platform)®] - =€l oF
AHje] Shus 4% AbE AR Aol kA
o] Hio] EA] b= Afole v AnlE 1dsk= A
o] &t} HE=4] sjjoF AdH](Semi-submersible Platform)
= alli Ao) Bol 7ol MElo] FRsalaL, Akt
£ 7hao) 1aHel BAo] Ahsehths Aol ik
FPSOL §-& AJAF Au|2A] wo] 280] H1 Qo
o 7R A A RAE ol SledeR Y
A 23 AdEfoltt. Ichthys 7k 79 9 7k
AJe] Aul2A] WEkA) SF 418 A1EsISAIR, Browse
Fh27 TPl 241 100 me] 3 A|efo] 4] o)
oF Au|E j|oF 71A X7 Az ARgS cq]Z—]o]l:]-(]to and
Sugaya, 2010) Brecknock, Calliance, Torosa #|HF52
3= ZF X9ef| TLP(Tension Leg Platform)E AX]5}
o] 1234491 719 E2lE AAIE Alglo]c)(Department of
Mines and Petroleum, 2011) %% =2 90| FH E3)
x]oa o zAloz F|AoA] AAKE TpAS gAro 2 R
2Z35F= Gas-to-Beach 7l|\go] B2 |1 9 E]-(Wllson
et al 2004) ZE So| AA} HH|E mE QAP =
of Ax|star, S4 EMEC} A A “HJ&EE 03
Astol LAsH= o] 71 Aoleh. HEF 7zl
- Table 104 & 4= Ql5zo] o|alshgao] F=rt =
7] whizo] o] Qg wighe] 24 BAL Azt wat
A Aol that Aol 2 B4 Ade] ke A7)
1 i wlgo] FHoR W 4 o, ses)
7 EFE = ZAACIETE 3l olE S-S o1

Al 53 AEF 7kaA AR A 413

4= Q) w2bA] Gas-to-Beach 7@ A-835o] 71~
AL W] aiA Aol SR EAY o]2gt &
MBS FuT 5 e WSS Aol aEr,

T2 12

LNG AArt

LNG A4 Jak% 7ha7A9) et AP AR, 2 A
52 FUH O mefstel sxjelo] A Estol At
g a7l ek 2% 3.4 Mtpa £+ 5.0 Mtpas single
train © 2 AAYSH= Fo] FssARL sjare] o]
weba] Agako]l Uit A& 4= Q1 single traint ARS-
Bl AL off Akl ofh Tho] Ik A 3
Mtpa = 4 MtpaQ] two train development”} -3-2]3}
t}. Browse 7}A~%9] 749 4Mtpa x 3 trains® FEED7}
A8y ZFolu, Ichthys 7FA%19] 739 4Mtpa x 2 trains

2 7 AFo] Z3 Folch
b AA-> A9t RSATY =
sfAf YRR 7EA A ArtEle FAlE Wi F
3 54 AR|Z olFEA 2o b HekE AA |
ok ol2fet Mslel A Aol whet stol=golE, &
2, ofAEEl, 2|3 AU 5] AFEo] AYsto] wy
e #A BES ‘%POH?” —’F et ol2dt g

AT BEo] ZdAICIE I 5 e
Al &7 (slugging), 7F~ *él"? % olAkElEAr = HoS
2 Qo) WS 4 BA 52 Bades peso,
20 o]Ate] 7]—1:@ °7 7]7]— ol YAl 2k glo] A
2”S AT 4= S 5
o 19904} o] A §4 2 A9 Jhite] &
Axow ool RIA e & qoz o2
o s Wo] AFtEelgken, ol2gt k=g o] Aut
2§54 S H(Flow Assurance)il= A2 714
Hobrk Hofide,

FEIAA SR TP Fad BEE AN 712 5
oF v 9 Y glo] A& Aol TKstES: 5}
L Zlolth. o] S WA AV RIS BAT AL
NzRel d-gAdet Bae B 90 2ot of
2 wisjo] ofat Hake s} dojAok stk o] wig
O SolEdo]E, e, ofATH, 2AY 5O NPE

WA A e ko] o]FolAok shul, LA WAy
F 2ATE G A o2 HET 4 Y UL AT
Slok Btk e 4|, He) El BLRER Qs 2N
4 9l AL i o) oR) BEOR Qs WA 4

o &7 (slugging) Sl thet BA) siet L 52 %
QHE fEQHYA Bho] FagH HEOR Ao R 9l

Oﬂ.i

Als0d A3%
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ok AJAE AU ols] SHo|A AT EH, 552054
IR AA9 ATELS T2 wellbore?} tree assembly,
manifolds, B3, 12|37 riser?] Ao L3t g|o]E| o]
u, EHZNA Y £27|eF 5 dAole 4 FE
tlo|e & A EZ3HA Erh(Bai and Bai, 2010)

Fig. 2& f&¢HdAd &R AYP=s vehfa 3l
th.(Kaczmarski and Lorimer, 2001) 7| 2240 & 22
Alzsl7] flsiAle A fA1Y B4 AR As, A
SE= BARF Z2ukgjo] it o]F Higo® |
A slol=lo]E AHE motat g4 A H= &4,
E74(Cloud Point) ¥ S5 Z(Pour Point) &%, o}AZ
gl QP 7L Al Aojzl B8 A4St AA Y
A 7FsE woRRith A fA4 H ARS 54 4
A= ohS SAOIA AAEE E-FAIsh AT}
A AFEE]O] f5tEAd SR QIR E EAo AMSH
oh G-FAIgerE EA4E Fol AP elA Ak A
o] 2= 9 g wiglo] tigh HolEl7} dojAH, ol&
v o 2 slo]Ego|E, &k ofATH, AAY 59 J
A 7Fs/dE& TofRith ol 2%=-E ¥k A|AH 9
AR A 24T Als W 2 FA AdsPER
EA8foF sh, Aslgt AlEdold Ayt A|A| A
of BtFEl= Ao] FRsith dojzl AAE vl R
o WAE AAstaL, °g RS ddsi, sto]=go]
E E= gA JHE BXsl] Q3 AAIAY] 9 off
of wat FQgk AARSE AAsof gieh AAIA = E
= i ©do] AR E= A% vldelA e A f5 &

~
Design basis *Hydrate equilibrium curves
— | -Fluid properties “ *Cloud point & pour point
-Reservoir behavior + Asphaltene stability
-Production profile *Basic design strategies for hydrate, wax, and scale
System definition +Tubing & flowline pressure and flow rate
-Steady state thermal- “ “Tubing & flowline size
1y +Tubing & flowline insulation
*Maximum allowable shug size
. J/
s T\
Operating logic *Chemical injection requirement
Startap & shui-down | @ | *Candidate operating logics
Process Intemuptions *Host system requirement for flow assurance
*Basic blockage remediation strategies
(- J
Transient analysis . . o )
v “Wam-up time and MEG or MeOH injection
~Shut-down & cool- “Wellbore warm-up
e = “Blow-down gas & liquid rate
-Wam up time models ~Transient responses in early, mid-, late life
-Safe condition analysis _ : y,
e T\
*Detailed operating logic
+Chemical injection type & rates
+Chemical storage volumes
*Host facilities requirement
(. J

System & YES:
s Test operating strategies & procedures

Fig. 2. Flow Assurance work process. (Kaczmarski and
Lorimer, 2001)
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Fig. 3. Hydrate equilibrium curves of natural gas from
Western Australian gas fields.
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Fig. 4. Closed-loop full stream MEG regeneration process in natural gas production system. (Brustad ez al., 2005)
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Fig. 5. Wax deposition rate in waxy condensate.
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Fig. 6. Process flow diagram to process natural gas from wells.
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