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Abstract - This study presents flow assurance analysis in subsea pipeline considering system availability
of topside in LNG-FPSO. A hydrate management strategy was established, which consisted of PVCap experi-
ments, system availability analysis of LNG-FPSO topside, hydrate risk analysis in the pipeline, and calculation
of PVCap injection concentration. The experimental data required for the determination of PVCap injection
concentration were obtained by measuring the hydrate induction time of PVCap at the subcooling temperatures
0f 6.1,9.2,and 12.1°C . The availability of LNG-FPSO topside system for 20 years was 89.3%, and the longest
downtime of 50 hours occurred 2.9 times per year. The subsea pipeline model for multiphase flow simulation
was created using field geometry data. As a result of risk analysis of hydrate plugging using subsea pipeline
model, hydrate was formed at the end of flowline in 23.2 hours under the condition of 50 hours shutdown. The
injection concentration of PVCap was determined based on the PVCap experiment results. The hydrate plug-
ging in subsea pipeline of LNG-FPSO can be completely prevented by injecting PVCap 0.25 wt% 2.9 times per year.

Key words : LNG-FPSO, flow assurance, hydrate plugging, subsea pipeline, system availability, PVCap

7‘Correspondjng authorjhwan@jnu.ac kr Copyright (© 2020 by The Korean Institute of Gas

- 18 -



v

LNG-FPSOo| A 5t zEo Ala® 7ME=E 1edk 4 s f5obdA A+

LM B

g 7t TR A Ho)] HafolA Az 2%
Holl whet siolA kAo r HAT~ Jhdol
7153 LNG-FPSO(liquefied natural gas-floating pro-
duction storage and offloading unit)®] 2= S7}
Skl Stk LNG-FPSO= Aldoll 914§ 7k ol
Al LNG A4k, A 9 Es17) 71hsdt el ol 54
SWNEZA, FEFZE A 2E(topside system)oll =
7h2e AL freriE], AAE, d3kE 9 ALk
H|7} X E o] & Zo] §Folt1]. LNG-FPSO
7t FE = "‘EH/] 2 ert W] Wil 1%
o FA7L A fFEHE B ANEHEA I
o] WAt slo]=EFolE Ty o] F7sH
Aot sle| B0l Ex %, A2 =AM 7k &
Zbet & 27T EYA o2 AgE IAE 1A
AR SFEREA, ’3]'01‘:31] olE AA dAY &

% (agglomeration) 2.2 A3 F5 U Z27] o] ‘%l‘
At AN ZHa B AEE E4E 22U F
ATH2-4]. E3] LNG-FPSO AHT2E9 Aakd
H 1402 Qg Ak o AFdA= sl A f
FHo| AL &R A =E:EH o stol=d o]
E A 9ol 43 dsstA "k wekA &
& U stel=do|lE £217 #3 oA LNG-FPSO
FRTFEREY 1 EA4E E45tE Aol Fast
w, 14 B F71¢ FARSF 73S Alz=H T}
£ Z(system availability) £4S F3) =8 &

21cHs).
A28 ABEE RS S Aol
NHow g Fed ARE Waiel, B4R A

| AZHE 1% /‘]7]'4 A% AR AR el A
A AFEAFO R e o E YRt Al2~H 7}
45 BAe dutd oz SEEF HIWH EH
7+=Z(Monte Carlo) Al Ed oA 3 33t}
o] 7|H& A4k AuH=E EAT &
2 Y™ dFE o] &St BEA 1A A
BASEL, o] S HHEH o R FIsie] A
o2 {Fomg & d= WHoltH5]. Kim &
LNG-FPSO “4H-T2& l*EU HE Y
3 ZEH7IEE AlEdolds FqsRL ‘:]'”‘o
AlEHeoldE B ‘?F%y\’l' W stel=dgolE

HAREE H7Ist slo|=dolE A4 UAE ¢
FH3Ha] oA Al (thermodynamic hydrate inhibitors,
THI)2] 3ly?]l MEG(mono-ethylene glycol) &
I} FY HEE AESHe HES AlkstHT) THI
= 6]—0]51‘51]0]15— %‘ﬁé—i.'—{‘j(hydrate equilibrium curve)
& B e 250l 2 Yo R HIAA 3o

qm
N
i

oﬂ, :(0 ﬂllO Oﬂ
o off 40 rlo & o &

2

- 19 -

EeolE %*é% PXI Sk ARolt7-9]. LWz e
L= tol=HolEE AN
7171 fsiM = EJEH 50 wi% 2 1E %= T°‘°l 28
&t7] wZoll FAH Blg FEe] A10,11]. v
of A& O}O]Eﬁﬂ o] E A A (low-dosage hydrate
inhibitor, LDHI)= 3lo]=#o]E % & =X (hydrate
equilibrium curve)= WSIA|7|A] @il dlo] =g o]
E 2% dAe F7e Walste] 22174 4S5 A
AAE 9EE P} LDHIE 1 wt% ©)3ke] @&
TUFOEE slo]=g ol ES AT 5 9o &9
H|-§ A7 SHolA THIE AT JAAZ F5
Ty glow, O FAME FHH A A (kinetic
hydrate inhibitor, KHI)7} & AJ4baFel] ol vb=] ¢F
of Al wol AMEEAL ITH12]. KHI= L&
A olike) setgARs 1A UAE FEOE
74zt 5743 7249 o] e ag® 74 % Poly-vi-
nylpyrrolidone(PVP), Poly-vinylcaprolactam(PVCap)
5ol om, PVPoﬂ Gl PVCap-/] ‘S}O]EH]O]E
AA a7 =& Aoz 4#HA AUtk PVCap
slo]EdolE A o S'Z}Eloi AR 3
<= BlFo 2N stol=dolE FEAe AAAR
tH13].

stol=dolE B[4S W3k 71A] % KHI
9] BN AAA A5 =} 3372 &= (subcool-
ing temperature)©ll W2} KHIS| 3lo]| = o]E A
dsol A WsA "AuH14]. Ad4 25E= 8§t
CHolE HE = WAH A 259 Aol2
Holgn], g7t L7} 0 ololW fAl Lt
soldolE HYLERT) O Yk AL o
A F7t L7} 214 dAstH sl
SHoIE Weg FAAA sfolSd o=l o w
=7 849k kAl KHI9| fr& #d7 2
HeIE °F 8~10T oM, 12T o)de] #yzt —?_—EOH
NE sfol=glolE 4ol A o]0l
ol KHI®| sto|=go]E A E&o] dA 3| 2
asHA "o15]. webA 2 == KHIS| 5
U Aol N FLF acloz gk

Z ol = KHI & AIA| 2} Al 2=H) 7}%‘: e g
g3t sfol=go|E E217] del AEs FHE A
‘—T“: 3= H} T} Afonso[16]+= "J’—.-——TL.,_ 718

=5 133 ot frE AlEE IS S35 stol=d
°|E 874 A YR =& waetal, thiE A<l KHI
! PVCape| FYF= Z_‘r;‘é she W ES Al
o} Kim ${17]2 3’ ZHF 7T A=q
/\l’\E“ 7HEEE 1B A o frE AlEd ol

= 3l stol=dolE E3 A Y =S HUle)
a1, 27 WA E A KHI U F& MEG T4 &%

2

= 7kn S84 A247 Ao 2020 129



[e}

7149

4l o .

fiy

B
N

vl w3ty AAAES HrretE T 28y @AzkA o
AP ATol e MEGO =8 JAA FAFHS
st AYH6], KHI T4 %= 278 Al A3-S 53l KHI
9] JA| g Rl FA o] YA =
A A S 7FA L QlTH16,17). =3 LNG-FPSO< T
gt =2 AT FROE BSA o|F U RE
KHIE o] &3 3lo| =g o] E 8 7] WA tid A
T= FY= A Zdth

KHI ¢ T 55 248 v 523 92L& 5lo]=
o] E A A A ZH(induction time) & &, KHI ¢ %

£ Y 7t A Ftol =0l E F 7S AAA
7 oF = F 8 AITbol| whe} Aolsitt B8 AlbHS
4o 2 KHI ¢ 555 A3t A7) 4
FUF = Ao StolsdolE 87 E HAT
T glon, 4ostA FYHA v 83 &0 A
SHA Aot et FRTF2EY] 14 33 &9 Al
ygleol w2t KHI ¢ 555 HJFHgo 2 AHs}
71 3 A= g 7k o Thekst A4k 3178 H oA
A F9 2710 e} slo]| =g o] E A AAZHS =4
& of ght}.

olo] B AFAE dlo|=dolE k-
53l PVCap %50l ¥&FS vX= AR
5, A7 250 we} sto]=golE A AAZE
3t PVCap % 5% 2R a3k 49
Y3tz st} =3 LNG-FPSO A5
o] A2dl 7S B4 9 A e

A

AU
=
=

i)
ol
[o%

N o off dlo

%9

L

AlEHIAS B3l stol=FolE 37
& W78l PVCap 79 =5 AT
| oF 7t 9] 7528 A (flow assurance)

2 Sy Bk

RO e O G |

3
°
=
°
S
L=

9]
=
h

Il. PVCapE O|&8l LNG-FPSO R321H
e HX}
Fig. 1> PVCape ©]&3%F LNG-FPSO9| 5%t
A4 R AAE Yehd A 22 34 PVCap A
A7t A, Aad 7H8E B4, 84 fed
AlE#elA, PVCap Y & AR oE FEAT
PVCap2 | &3} slo| =g o] EE WX|sl7] ¢
AHE FY BE, 3d7 25 Fo w stol=
HolE AAAZIE SAFoF gt B AFAE
a3} sle|=d o E whg AY AXE o] 83ste] 3
F 7tz ghekgt A 2 JAA F =24
of W PVCap Al B5H7t APE FY3ATh
AR = A F2E BZE 58 /2 T 2

F4, sfol=dlolE A@r17] el sol=dolE
P4, stolceolE PHS AT o5 28 2 7

KIGAS Vol. 24, No. 6, December, 2020

3

. o] zé

fol

W7)1712 AR PVCap 0] 43 3lo|=golE
HES- AE-& A4 ZZ(constant pressure method)S
ARG el A AAISH, e =2ko] B (mag-
netic drive)E 53 1 ¥H-§7] W 4= 2 (impel-
lenE 3HAA stol=HoE FAHE& F=3th 3t
o= olE A A, W37 W 7t ARFI
S A Hal 2B HEAA HHEIR
7t YA Ak olw 19t w7l Ax]H
MFM(mass flow meter) S &3l &5 7tAHFsE =
Al PVCap F9Y FE, #I7 250 wE 3}
Ol OlE AAANTE EEY F UTh

F HA dA= LNG-FPSO R-TZE2] Al 2H
M= B0t} LNG-FPSO9| 7145 E4&
A FETE2E TH 72 AL 3EE 8
R2E-S A17%3}3, OREDA (offshore and onshore re-
liability data) Go]EJH|o]|~E &85t ZE Ul
H]E2] 1A -E(failure rate), ¥ 2] A1XH(mean time
to repair, MTTR) & 214 H|o]E(reliability data)
£ FHsloF 3tH18]. OREDA EHlo|EH|o] 2= 4
fr- A A7F2=AF A AVEE = ARle] AL S
AAEZA, FRFZEE TS A4
I3, FEAE T AEE B9
T Stk AlFA dolEE EOiE
= | 2ol S FAFOEN A2H 7}
$EE F44513, LNG-FPSO AH-TZE A2

f

R
.

~

Hydrate

System description

System availability analysis

System ility and
downtime frequency

Subsea simulation

Steady state production Transient operation

Pressure and
temperature variation

Do not require
PVCap injection
Hydrate prevention using
PVCap

PVCap injection rate and
concentration

1. Procedure for
management plan.

Experimental results
+ Subcooling
- PVCap

Required hydrate
delay time

Fig. establishing hydrate

- 20 -



LNG-FPSO A FH-T-282 A= 7H=E a3 A wjde] fatdd a4

A GAl= slo|=8olE £87 AEE 3
7HE f1% A e o frE AlEE o]
o} 314 F-E5HL A F(wellhead) ol A AH-FZE7}
A 29, 7k T AARAE FEehe A4S o
o, O §%5 AEHIAS B3 f5H 7= A
A B4, 912 Sl ihE slol=dolE &
7] =S £4T = ok & AN s €9
%] (Schlumberger)jit 2] OLGA A~ZEE o] &
stod 7Hd9] LNG-FPSO #5853 Rd& F=314,
AL &G Avg e wet stol=HolE F fE
kA B3I A4 &9 AuEee A
i (steady-state) 2§ 4t A4 FTH(shutdown) & &2
B3tk A E Aol e A4t A9 97
oFe] gt Alzto] Fol A =71 Hlnd EA
FAE7] wEol stol=HolE EH7] A== 4
Ao 2 gy widHo| FRFEE 17l nE A
b 2 Aol A fede] ¢y ad

=EZ2HUA FAV Yo slo|=HolE F
7] 4 AF=rt 43 Ut "ok A"
7HEEE Tl B4 AW 1 AREERE A F
o A B ol F35la stolTHolE YIES
EA% oln fA 257 stol=dEolE A 9
go 7 Eoj7= AZHE B Xtk Al7H(touch-down
time) &2 A oJsla, ik T A EY oA 5 H
A tho] WS sto| =@ o] E FE7)o] A
oo Fsioh

A F5d A EYolAS 5 sloj=dolE &
7] A9=7F =oha BHET Sfo| = ol E A
A AEAHAE 7|RFSE PVCap TYUZFS ZA 3
of gt} BX|Th2 AIRHRE] A4 A AR St
ol=dolE F&7)& AAA A 3H, PVCape] 3}
o= OB AAAIZFE o] 7|ItETE dojof gt}
olE 8l 5T AlEHCIHANA Fld Hdzt &
THT o AFANE Mdsty, 14 Azt
HE B slo]=golE AA QFAE 25
3= PVCap 55 XA 4

ll. LNG-FPSO F-SoHHM EA

3.1. PVCap x| MsH7l &Y

PVCap A 45H71E 3] A4 25 ¥
o] W& PVCap FEE 3lo|=H0|E A QXIS
Stk slo|EHolE AY A" ARIH T2
S+ 47 Fig. 2, Fig. 33 2t} A3 Al 3}
THolE Whgr], BFaH HEE HIRE FUE,

27 ARHSHZAZ A4 Table 12 PVCap
Stol =0 E A A5 HIME g Ad=xd
S Jehd Aotk AdrtAE2E % 99.99% w g
(CHy) 71225 olgstgom, A3 &S 100 barZ
AASE Y. 28N 120 mle] 2ol (deioni-
zed water)®l] ‘38 PVCap?l Luvicap-EG(BASF 7it)
£ TEHE HUiste Azt gubgo s ALg
& PVCape] HEE 1 wt%E 7|F22 0.1~1
wt% THE AlEslsle Addzds AAEAT
Ao Pz Lo sloj=dgolE HYP L=
o} APz ztolold, A FEHAAE ol
ZHolE PYP2=9 AU AAFAL =9 A
ol Ao 4 ok AN H T A FH A
oA A fFrEdo] AT Fo =EHE
Azt wel AakRAY] e Az Hit &

o 1o ot

Fig. 2. Hydrate generator

Gas Flow Rate

| I Pressure
MFM

000 |_M_ o

Data
Booster Pump Acquisition
Hydrate
Generator I_"_JI_IQ
% 1
/\ 1 1
1 Temperature H
— \I:Ij i
T RPM !
CH,
Chiller |«

Fig. 3. Schematic diagram of hydrate generator

- 21 - St 7k~ ks 2] A)24d A6 20200 12€



(3

Heddl -

= A4 += Luvicap-EG2
8 JPZ &= W12l 8~10CE Egsl= thek
g iz o= AN JAA L AH5E Hrist
a2 FYZ L5 E 6.1C, 92T, 12.1CE AAs}
St olu Yzt Lx9] 7|Fo] He dto] =g o]
E HFPIHE CSMHYD ZEIWS 3 4+=3}
Gt} o= olE AHLe slo|=olE Iy v
of| A A|&}al ok 317 w&ol 100 baroll A WE 100%
Ql 7129] Flol=olE HYPYLE2 13.6CE 17
shoy A3 /\]XP&EE 15.5C 2 AAsAnt o
37t 257F6.1TRA A5, P25 so| =3
°|E BYPL2ERT 61T %& 75CE HA3H
Hr} o)e} 2 wlow I'Mﬂ 25 BE A

Table 1. Experimental conditions for hydrate for-

mation
Parameter Value
Pressure 100 bar
Inhibitor PVCap(Luvicap-EG, BASF)

PVCap concentration 0.1, 0.25, 0.5, 0.75, 1.0 wt%

Subcooling

6.1, 9.2, 12.1C
temperature
Start temperature 15.5C
Rotating speed 550 rpm

6,000
subcooling temp.
4 [
5.000 400 ® ® @ 6.1°C
4 = [ ] H E N 9.2C
= o E3009 ® ¢ ¢ 121C
= E
4,000 = = 200
£ £ o
@ 4 3
£ 3100+ u
<3000+ ~ u .
H ol . N
= - 0 0.1
1T PVCap Concentration [wt%] .
-3 2,000 —
£ [
L 2
1,000 — | .
*
H * T l T l T
0.25 0.5 0.75 1

PVCap Concentration [wt%]

Fig. 4. Hydrate induction time with increase on
subcooling and PVCap concentration
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Fig. 7. Schematic diagram of Prelude FLNG pro-
ject. [20]

Table 2. Pipeline geometry and production pro-

perties
Parameter Value
Pipe length 4,000 m
Inner diameter 304.8 mm
Flowline
Pipe thickness 9 mm
Insulation thickness 20 mm
Pipe length 260 m
Riser Inner diameter 304.8 mm
Pipe thickness 7.5 mm
Produced fluid Gas, water
Gas composition CH4 100%
Inlet pressure 86.5 bar
Producti
odu.c.lon Inlet temperature 70C
condition
Separator pressure 80 bar
Gas rate 3,647,350 Sm3/day
Water rate 70 Sm3/day
Depth of seabed 250 m
Ambient
.1?n Seabed temperature 8C
condition
Topside temperature 28.8C

278 304.8mmo| T} 7t A AAE ELE
2 100% WE7t2Z M3k, A gge
5 bar, A2 FA4 L5 70CE AAHsA §

& Ar [H
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Fig. 8. Geometry profile of flowline and riser.
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