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A Study on Flow Assurance for Offshore

Natural Gas Production System

Seung Young Back

Department of Ocean Energy & Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Flow assurance management in natural gas production system of
matured offshore field is essential since gas lifting is not enough for flow
assurance due to decreased reservoir pressure. It may cause gas well
shut down if gas flow rate is less than critical gas velocity in subsea
system such as production tubing, flowline, riser and topside in offshore
platform. This phenomenon also may cause liquid loading & hydrate
plug at low temperature & high pressure in subsea production system.
This study suggests three methods of offshore natural gas production
system flow model and hydrate plug models in order to investigate
liquid loading and hydrate depressurization analysis. The liquid loading
simulation results figured out liquid loading indicate at the riser 4.4
mmscf/d of gas rate and 95 m of liquid column from riser start point.
Hydrate plug result figured out 1,000 m position and 530 m length from
x-mas tree. Depressurization result figured out 280 hours of two-side

depressurization is best method to remove hydrate plug safely.
KEY WORDS: Offshore natural gas production system 3% 7} AY4EA|2E

Flow assurance +&<t4d &R, Hydrate plug dlo] =@ ©]E &, Depressurization
7FetW; Two-side depressurization &k 7+<t.
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1. A &

A2 % e Afagel ARt s A FH EE AdHm Qo
M, 712 A FQ f- kAol dEiAE A4 HHBHE o Haw
2gugoR olge FuE sHu U= AAelth olHF AFelA 7129
A 7hs WA 2R E A FAV YA E BFED Y4 FUE FF BAA
Suo] welalm gov, oo td WAoo sja Al FHE Y Thx
WA zEe] A FE UQ) BN 2G AfEANA Tl el ThA
ANH7) S Bebe AFera ek

2 & By FHTE

b AE FHY] e v A{FST dH€o=
A 7t=2 g HEo| &
loading &2 A4t Tl dEFRI
7Feoll = B8t kel SEH O

liquid loadinge] LA EHE 7} FHS YA 7+~ A AH=K(Critical gas rate)o]
2+3tH, Turner et al. (1969 7F29b Eo] FAAHANA o=z {53t
Ads Tl dA 7t AR bigt A4S AFESEH 3L, CGR(condensate
gas ratio) ¢F 1~130 bbl/mmscfe] HLE 713 Ao A& wl, &3 F
217ke] A gAdo] 53S Bty 12y Turner correlatione A HF2 ¢bgo)
500 Psi ©]&le] ZAolA = 1 4l Ado] BojH T
Coleman et al. (1991)-& Turner correlation®] @3S RA317] 98

£ 1598 WAst AF{FZF dgol 500 Psi o]stl @Al A &35t
Btk shxRt o3t A4S FAANA Tk

o

AR w
ooy o oo )
N

B 2 9}
oz 48 APoly, UA AL THE B AN
LT A RE, SR HEAS B O9d 85E AAEE o3

3HA| st dHAE Adoh
Ecomomides et al. (1994), Beggs(2003)= ©|=f3t sHAlE RHoh A9 FAFSH
zA0A Fotstr] s =g E24(Nodal analysis) 7IHES & UA 7t~
AAEE E2FoEN HO AHASEE =Y F AT a8y =9 B4



gk 2A4%S 9otd £ e WHolEE, Azt mE A4

F HAAY T HA|7F #ol= #AAFR] liquid accumulationel] gk g 2
pe
X

Yusuf et al. (2010)& o]# & AE S&HsH7] 98 A4 AW 75 ZdS
23] Ho] thA H%(Transient multiphase flow)ollA Al7tol] W& A
liquid accumulationel gt A= EAo] 7IsdS A & + 2 .

T AN #Y O EE2 A4 AU BE FIRlA Y ARt mE
25 -4 dFo] Thested sfiF 7t AMAIAFHY tixAQ] FEAEA
gH FAQl sto]=#olEo g fAe} dolo] dig A= 9 Fo] 7hest

Sloan et al. (201D-& ©]&3t sto]=golER IF =3 dAYS ot
NAst7] s 7 H(Depressurization)ol]l ek A AFE F3PsiyPa, o
ek 7-9H(One-side depressurization), &k 7+HH(Two-side
e A S EFete] S Y BTl A &sATh

kA B AFoAE ARl Aike] FEEIL So]lEYolER Qg
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/ Liquid Loading Analysis\
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Hydrate Depressurization
Analysis

Flow Assurance Analysis

Fig. 1 Flow assurance study
workflow



2. 3 F 7k AAA=H

21 3 7t ALAAIZE AL

bRl S Tk AbA =Rl A4t 78 (subsea well), SiA AT
}2)(subsea wellhead), 34 AAFE ] (subsea x-mas tree), 3| AWAEF 7Fst

(blowdown line), Z2-$-2}<¢1(flowline) Z

H
d =2 FARCHFg 2). =3 HZ g A 2" AH s R
23 Av] A4S sk JtHGuo et al., 2005).

2
il 2 gro] A(riser) 1|l S FEHAE
A

X-mastree

Fig. 2 Subsea production system (FMC Technologies, 2012)



H Y 7k AN 2" S AAA S sk, 71E 758 Y
ERES 83t FE9E 9 oA HA=E dAYY F -7t A{FZ
Aikol 7Skl @tk dE Eo] A 3 e 78 §4 AT A 5%
AFZS Zolitk A A e AMFFAEFE 8T F Jdon, HIjoA
At e A 22 Statoile] A AMANA 7% 71 1,200 kmel A
o]l ZElS Fdl EHolA AAE JAE d=oe® FFsta Jdn
(Vercruysse & Fitzsimons, 2006). o]# gk 3l 7k AJFA =H ] 7}~ A4k
A2gl AA9 &9 Ak 2hF oA A 7t 2AZF LA =" B4 S

8l A 7hsd A - A& §EFS A3 F Uk



22 FAIEARS 4 7Y

FAEASS YA 7t afo] Ao wE A7 S(phase envelope)S o=
st AR Qo WE fA AsS dSFste ot 2 A HH

9 A M (constant-mass expansion  experiment), %53 - (constant
volume depletion experiment), =} % (differential liberation experiment) &
o] E4og Ak 7t2o AAES dSsted R &G Ao T JAA=E
ZHg&3th. dWrA o2 SFEURE EEU|dA AIRE AHASFE AT A
(surface sampling) ®Ho =z AA 725 FHE53H, GdAFHE E3 FA)
EASE FddT oo dE HAES Hd FAEES AE 2 AL
o] Hlw EXS 3slH, F=Z relative volume(V/Vsat), liquid volume(% of

d

z-factore]l dig AF AAHES A, olFA HFH FASAH} 2dS
AT 3¢ 71 %27} ArkFig. 3).

...........................................................................................................................................................................
. ",

PVT Analysis Software PVT Analysis Experiment

Determine EOS Experiment Fluid
Components
—

Simulation Results  d— : Experiment Results
Relative Volume (V/Vsat) Relative Volume (V/Vsat)
Liquid Volume (% of Vsat) Liquid Velume (% of Vsat)

Z-Factor i Z-Factor

Transient Multiphase

Flow Analysis & Input Hydrate Depressurization
Flow Assurance Analysis — Analysis

Model

Fig. 3 Fluid characterization workflow




23 YA 7k AAHEF(Critical gas rate) £4] 7|9

AA 7t AT B4 7] Turner et al. (1969), Coleman et al. (1991),
Nosseir et al. (1997), Li et al. (1997), Veeken et al. (2003) -5 liquid loading®ll
gk A Th= AAES Altslr] fs B2 ddAscl A% 1 F
Ao F2 AHgEE W< Turner correlatione A4 7p29f Eo] =24
ANA T Fsds 7HEstd dA The ARES A5t tHEAQA 7ol
™, CGR 1~130 bbl/mmscfe] WA F=Z AR&3tHTurner et al., 1969). 17
500 Psi Btk wre AAF 7Hf7) o] A /S0 A 9o+ Coleman correlation©]
Bt A8 %7 H32 liquid loadings FH &z o = ﬂ%—}?—-x_ 4 2 tHColeman et
al., 1991). olu} A 7k HAFES 4 (Do

fru
|
rﬂL
:L

U=k - D
Py
PT. AU

0 = To00p_Z7 < 3600 > 24

U : gas critical velocity (ft/s)

k : constant (Coleman correlation : 1.59)
o : surface tension (dynes/cm)

i : liquid density (Ibm/ ft*)

4y : gas gravity

Q : critical gas rate (mmscf/d)

T : surface temperature (°C)

P, : surface pressure (psi)

A : pipe area (inch)



liquid loading-=
Hslo] 7|18k,

Fig. 4, 59} o] 7}x9} dA|Ale] AdH &

b el o e Agolm Aol 7

loading©. 2 A4to] FE T,

® Minimum pressure

O Natural flow limit

Bottomhole Flowing Pressure

Production Rate "
Fig. 4 Liquid loading point from nodal
analysis (Yusuf et al., 2010)
e .
/,J v £ . ’ ‘ LT\ i‘ : },] [ film
o . l—':';IllL L\"‘ " o F
[} \ |
- Ay | | B |
Usvaye ] r _— (/ \/C ° ",
/i coe N Reducing Gas Rate [V ? /
(o \ /
| ) ,
Joo . [
R N
! e - ) I
[.u.'<

Fig. 5 Mechanism of gas well liquid loading
(Yusuf et al., 2010)
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Coleman correlationS %3+ liquid loadingS <=3t= WHe FAE -
2%, gas gravity, z-factor, A U=, W AFH, Iy A

2 &3k WHo|thFig. 6). 53] g 7 A" 2 F0Q0 AL F
I glo] Aol A liquid loading HAYo] o/ Hot. stx|5F AA AL dd= +3
o] obd ThFer ABAHAS THAIH, 53] g Tk A 2EHS

Ay F3HE 9A, &F, HEATE Bt =3 AA A4 #dE
2 Assta A FAY 25, &5, v Alg 59 ®Was f5FH(flow
pattern), HAHfF-&liquid holdup)ell ZHZAA FaFs F7] "Wz ol 1dH
3k = BAo] 3ttt 94 Coleman correlationg %3 liquid loading 49
= FTYst7] A8 AFA WHOE 4AES A 24, MY Tk AL Al=E
HAE, AL &P ARE 7|Hte 2 2AE o]&ste] YA 7t AMFE =&}

M, HFA o2 liquid loading ¥4& 43 3c}HFig. 6).

Offshore
Production
System data

Make Tubing & Riser Critical
Gas Rate

Fig. 6 Liquid loading workflow



24 =2 £4 (Nodal Analysis)

F Tk A A Z=E A AL T 2T s A Bl SR REEt] fls Al
= Fig. 73 2o] A4 AFFolA FEH GESAEF 337 7I(gas compressor
module)7}kA] 7+ AARA 2El ] ket =E(node)E FHEHA HH, 74 =&

A A - FaelA 4 skt B

TCV Heator
_pé —" Offshare
Prov platform

Riser

Flowline

Pres : Reservoir Pressure

Pwf : Bottom Hole Pressure

Pss : Subsea safety Pressure

Pscv : Subsea Choke Valve Pressure
Ptcv  : Topside Choke Valve Pressure
Pheat : Heator Pressure

Psep : Separator Pressure

Pgem : Gas Compressor Module Pressure

Downhole

Fig. 7 Schematic diagram of components for subsea well

production system

7k A 2" noded 71EO R FYEHE 4Y - %S Inflow, FEHE
e - fEFe Outflowet shel, 2 A8 oux &4 B4 AEE oS3t
71He =g BXolgt THAAMY, 2013). =2 BAL F2 ZARZ J)HO
2 ARITY A 7t FAHE FYEHE FY 5 FAPR), FA RN A
M G7HA7I A A T7E27t ol E sk frE s FA(TPR)O] RhveE A HE&

3t o] & operating pointz} FthBeggs, 2003). 3 X H-E 7|+

T
48 i mE AMANEE £ 2ol WHT W AN sk FF P BA
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e WHE ANY 5 A =T BHS SRS g8 fARYE, ARF
e, A A" ARE wd B4 AR mdd gYste] 49 4F #F
F4g YT, AN 29 ¢ 2ol AEHAL

Nodal Analysis Model
: PVT Report E——— InputFluid Components
: Z

Reservoir Input Make Inflow Performance
Properties l

Relationship (IPR)

™

Offshore
Input :
el —— [
System data P
Validation

Nodal Analysis Validation

Operationdata —
e
Completed
Nodal Analysis Model

Determine liquid loading

-
3
.
0
+
5
o
+

Fig. 8 Workflow of nodal analysis



241 49 % IJ4 (Inflow performance relationship)

AF The Azde wE BAE FR FARE /WOR £9 £F
THe Bal ARF AWhaTt BA ARWAA 2D 0 gHY £Ag B4
s sMolth ARS B4 AR AHAC] L A4 AFF 0hEd wWAE
dYW 42 sl= Darcy equationg 53 £ F%5 I JdoH, dutxgoz
7t AF5< A-$ Linear equation(4]. 2), Vogel equation(4]. 3) 1831 A3
Z1l W<l Back pressure equation(4]. 4)& o]&-3+cHEconomides et al.,
1994).
4 0.00708k,h
Pr= (p.—pr,) T, @
Boln(0.4727)
PI : Productivity Index (stb/psi)
o : oil production rate (stb/d)
P, : reservoir pressure (psi)
P, : bottomhole pressure (psi)
k, : permeability (md)
h : reservoir thickness (ft)
B, : oil formation volume factor
T, : drainage area (ft)
Ty : borehole radius (ft)
P, P
q wf wf \a
— =1-02(5>)—0.8(—") &)
qJJ’aJL PR PR
: gas production rate (mmscf/d)
Maz ;. maximum gas production rate (mmscf/d)
P,; : bottomhole pressure (psi)
Py : reservoir pressure (psi)

12



q. = C(P} = PL)" 4

ds

C - =

(P}=P2,)"
n : exponent of back pressure curve

c : back pressure curve coefficient (mmscf/d/psi’™)

q, : average gas production rate (mmscf/d)
P,; : bottomhole pressure (psi)
P, : average reservoir pressure (psi)

71 % Back pressure equation 2}(4)e] C, n #2 Z
freol RS A n #2 05 9 /gy dRe 9%
o 7A7he e JHATh ko= 4 pointe] 7}
71€717F 1o 7W7b& n gkellAl A4
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1 (Tubing performance relationship)

Hr

s ol A

g

o

o},

2 A YA, EFdUA, ntEouA =z e o Ao, o

2l (5)¢} Zo] FHF HEconomides et al., 1994).

™

e AAA

5)
o 7k

tHFig. 9).
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Fig. 9 Determination of nodal analysis (Beggs. 2003)
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23 |F 7k AN 2E FEABAAFE £4 7Y

231 A 3l 3 75 24 718
Mg Tt AN =E AL Tt ARE frEstEA bEol AstEE
dewpoint pressure) ®Et} WFopxl 7pxeE 3} Afo
=

Jol WAL, Xﬂ%% N FUHE Pars

o=
[
A\
)
[
o
o
e
!
inss
)

N

5 I¥olth. A4k A
ARFA I 24, oY ada 256 71sHH,
=1 AE(v), BlE(o), A8(w),
o] ATt TIF JAAES AR OE A4 AA HAiE, A
dztl A HH5-8WNo slip liquid holdup), A4k A4 "=, g #A £=(Slip
velocity), A4h 74 M=, WA AT o]t JAAE I Ak d
e Ed2 A A7) s F 7hs AAEA 2" €| diquid loadingol] thsl AlXE
of W& oZo] 7}% &thFig. 10). EF A7t WE A &% - ¢EHS Hof
g g AeEE fF5 GAE FEH EFA4 B AF0] shedtal, 53] s Tt
AN 2"l A 2o el thE A<l

o Zo] 7}s3ttHBratland. 2010). ¥ A+E F3317] 23|
S48 A5E AL B f5 2 9

Azrel & &9 =2d W3t Ase 75 EARY HAFE AX

AZbell w2 A FU liquid loading % liquid accumulationel] gk g3
L

M3h BEel A4k T A P L% - gt Asbsl g fA7F 71X

— —|—‘
ol
-
e

olE A =4l el HlwE T8 slel=HolE wy ek Ao
o] 7hs Al okFig. 10).
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Offshore Production

Make Geometry
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Fig. 10 Workflow of transient multiphase flow model
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232 FE5L4EA 2 EY 7Y

FEedAE FR el FAVE AFFTAA BAAALA o2& FF oy
sk Walglel B8 & A sFe EE FIUES HgeHO’connor et al,
2007). s F 7k AN "o A= Tk A A 71EY A2 - 319k AL
FAZE A9 A A =T A F BEEe AHoZ g I
23 o] WSt kA M-S WElEkeE e R EA

1 u

A gtk Brower et al, 2005). 53] 3% 7t AaMA A F2 OIFEHE
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Fig. 12 Workflow for hydrate depressurization analysis
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Fig. 13 Schematic diagram of subsea production gas field
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32 % 7h2 AN 2 BA Azt

321 #AISAS £4 23

AL A lF 7hx A" 7 2A(Table D& Wl (cp)ol 7HE
B HE&S AAEtL ¢ ol 2AE AT FEHol U+ wet gasolth
AFH FASAHSE s3] S GLdBAHS TSR, ol I HAF
S Fstr] s FAIEANS HAE =d3 relative volume, liquid volume,
z-factorete] Hln A& AASAT FAISAS HdE 2o FEiAA e
A A AREEAA HE8H o R AMEEE SRK(soave redlich kwong)s

A g5k

Table 1 Fluid component

Component - o Density(g/cc)
Recombined
N, 0.23 0.8006
00, 1.56 0.8172
H,S 0.00 0.8086
C, 89.32 0.2997
c, 4.23 0.3558
C 2.06 0.5065
i—C, 0.48 0.5623
n—C, 0.59 0.5834
i— C. 0.27 0.6238
n—C, 0.18 0.6305
G 0.18 0.6632
c 0.90 0.7703
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Fig. 14 Relative volume (V/Vsat) matching result
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Ak 28 F2719 =& B4 ZAH(Fig. 18) operating point+= ¢F 3.8 mmscf/d
o] A%t liquid loadinge]l A== A4 AW A FFS oF 44 mmscf/d=
AA A ok B liquid loading®] FFo2 AY4ko] THHASS F2UsHA
o A FRH S22, golAe AR OE FW WAEES 7Y WEo
A 7k ARl B E e FEEALL old tiE 4 A= Table 33
2o

1

Liquid
loading line

o

E 58 8 8¢8

=Tor I Overeing

point

B B8 B 8

Flowing bottomhole pressure at nodal analysis point (mmscf/d)

s 4 s
Production gas rate at nodal analysis point (mmscf/d)

Fig. 18 Nodal analysis results

Table 3 Liquid loading results in production line

_ Liquid loading
T Elevation | Pressure
ype gas rate
ft barg mmscf/d
Tubing -6943 33.1 1.8
Tubing =717 23.9 1.8
Tubing -9 22.5 1.7
Tubing 9 21.3 1.7
Choke 4 21.3 -
Flowline 5 21.3 -
Riser 262 21.1 4.4
Riser 655 20.2 4.4
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Fig. 19 Schematic diagram of transient multiphase model
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Table 4 Simulation results for transient multiphase flow model
CBHP Front | Rear
SCV P | SCV P “ % @
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Field Result 38 27 25 3.8 27 37
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Fig. 25 Operation results for offshore natural gas production system
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Fig. 27 Hydrate curve for flowline of offshore natural gas production system
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Fig. 33 Two-side depressurization results
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