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Prediction of Water Production Behavior by Production

Logging—based Multi-Phase Flow Simulation

Young Sig Kim

Department of Ocean Energy & Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Water production is naturally inevitable since the initial gas-water contact
moves up as reservoir pressure is depleted during entire production
period. In multi-layered gas reservoirs, gas productivity could be
decreased by water production which may cause water blockage or cross
flow and even the well can be killed if gas production rate is less than
the minimum velocity to prevent liquid loading. Therefore, water
management is essentially required as a top priority for reservoir
management. However, an analytical approach to estimate water influx
from each zone has uncertainties due to the complexity of fluid flow in
multi-layered reservoir and in highly deviated wells. For that reason,
production logging is commonly carried out to directly measure
production contribution for each zone although it makes high cost. In
this study, production logging data is reviewed and analyzed to estimate
productivities of each zone and to select the best matched flow

correlation then, the results are utilized to construct a production well



model. The model is validated with well test data and a sensitivity
analysis for water cut is carried out using multi-phase flow simulator in
order to estimate water entry zone and to predict water production

behavior in the future.

KEY WORDS: Water management |34 #]; Water influx 54 §%; Production
logging A4+ F; Multi-phase flow T/3-#%; Production behavior ¥4HA 5.
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q71A,

q()

: 0il flow rate, STB/day

t effective oil permeability, md

: reservoir thickness, ft

. static reservoir pressure,psia

s wellbore flowing pressure, psia

s wells drainage radius, ft

s wellbore radius, ft

: otl viscosity, cp

: 0il formation volume factor,bbl/STB

7.03x10" Yk h
B o (2.2)

9 (p2—p2)  pezTn[(0.472r,/r, )+ (S+ Dq,)]

i gas flow rate, Mscfd
teffective gas permeability, md

1 gas viscosity, cp

: formation volume factor,bbl/STB

: reservoir temporature, °R
. skin factor

: turbulence coef ficient
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22 =, GLR(gas liquid ratio), Water fraction, A4t#t W4, EFFA 2
T, B AV 5 dFIAEY] E4e T FAAAZHE Table 13 o]
oz FAMES ol&d sl WE dHFH dFE AT flow

correlation®] 7I'&= o}

Table 1 Various Flow Correlations

Well
Method Comments
Fluid
Oil Good method where several flow
Duns & Ros
Water | patterns exist
(1963)
Gas Widely used in the industry for oil wells
Oil Predicts correct minimum IPC, but poor
Hagedorn & Brown }
Water | in bubble flow
(1965) , : : :
Gas Widely used in the industry for oil wells
Oil
Orkiszewski Wat Tends to be over-conservative and over
ater
(1967) predicts the pressure drop
Gas
Use for deviated well > 45 degrees
Beggs & Brill Air Tends to over predict pressure drop
(1973) Water | Widely used in the industry for
horizontal wells (oil & gas wells)
Gray Water | Good for gas condensate wells
(1978) Gas Widely used in the industry
Cullender & Smith Water | Used for dry gas wells
(1956) Gas Widely used in the industry




22 TFAIF (Well Deliverability Test)
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AN= 7F=9 75
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AZte B8 2 S
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(Ahmed, 2000).
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Q,= " (2.4)
1422 T[In (=) —0.75+ S']
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71A,

s effective permeability, md
, : pseudo static reservoir pressure,psiQ/cp

k
(U
typ @ pseudo wellbore flowing pressure,psiQ/cp
S'=S8+ Dq : rate dependant skin

~
3

Qg

Fig. 3 Steady-state Gas Well Flow (Ahmed, 2000)
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P?+ P2
Py =\~ (2.6)

Region I 2000~3000psi/\]'°]9] Z7rtE From gEmM Bl otgy
of FA d#Agol g7l wiol 4 Wt g FFALS A8 4 (24)

£ ©| &3l pseudo-pressures ©]&3 HFHo] QTH

Region IIIx= 3000psiol’de] ¢k F3to = Qe E37F bl #Aglol
dAsty] wEol 91 2 (25)oA (1/p,B,)°] Fol AELFFZRE et o
2 (27)% Zol Al g 1x3+E WHEPFE  Pressure-approximation

method S E3] ¢ AtZo| 7}%3)o}

7.08(10° ®)kh (P, = P,)

"
(ung),,,J[ln(r )—0.75+s']

w

222 GFFZFAE (Multi-point Test)
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7}. Back pressure equation

Rawlins®} Schellhardt(1936)°l ]3] A A|¥ back pressure equation< 2]
(2.8) 3 2Zow,

q, = C(P}=Pl)"

logg = locC+ nlog(P?— P,if)

log(P? Pff) = —logq— %logC’ (2.8)

71A,

q, :gas flow rate, Mscfd
n . exponent
C :performance coefficient, Mscfd/psi®

n#k2 Fig59] Log(P’—P;)%t Log ¢ 1 ZollA 7]=7]9] o
Al 1.0AF0le] WHRE Ztow 059 7M7hEFEE ARS FA
flows YEIN I, 1.09] 7725 Laminar flowd < YERATH Carter et al,
1963).

THEOE, 059
5

S Turbulent
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Fig. 5 Well Deliverability Graph
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455 AAED 9o n@Be] FRIAE obd) 4] (20)7 go] wAY + 9
T(Brigham, 1988).
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r(ﬁ 7
In(—=)—0.75+s]

a : laminar flow coefficient

b :inertial —turbulent flow coefficient
Z :gas deviation factor

D : turbulent coefficient

2) Pressure Quadratic Form

2 (27)¢ 18 FRAEDG IRAFOE PRI}

-3
- 141.2(10kh JuaBy) 30Ty o s

w

b= 141.2(10k;)(ung) D
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3) Pseudopressure Quadratic Form

A (24) 2 DI FRGETN FRAFOR TESW A(216)F 2ow,

/l/]r - /l/]'u)f = Qo Qg + b? QgQ

471N a9 bt 747 ofe e} 2t

1422 T ,

aQ:(W)[ln( )—0.75+ 5]
1422

by = (=)D
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GR, CCL,
pressure,
temperature

* Basic Measurement sonde
Memory or

telemetry
module

* Pressure Gauge
A pressure

Density,

* Gradiomanometer

Velocity,

X-Y caliper,
holdup, RB,
bubble count

* Flow-Caliper Imaging tool

Fig. 6 Typical Basic Production Logging Tool String (Courtesy of
Halliburton)

Flow —Calipéi— Hold-up Sonde

Fig. 7 Centralized Conventional Spinner (Courtesy of Halliburton)
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Fig. 8 Flow Regime and Velocity Profile in Deviated Wells (Courtesy of
Schlumberger)
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e Optical
—=%7 Ghost

Gas holdup Frkes

Electrical
FloView

Water holdup Frobes

Mini Spinnar Cartridge
with integrated
¢+ one-wire detactor

Fluid local velocity

Fig. 9 Advanced Multi-Sensor Production Logging Tool (Whittaker, 2013)

® Flow Scarmis FloVies prots
® Flow Scermer opcal probe
7 Pl SERiahes BRAA e SWe 5rE

Fig. 10 Cross Section of Advanced PLT Tool (Whittaker, 2013)
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2.3.3 Selective Inflow Performance(SIP) A&

Selective inflow performance A

Multi-point test2}k

Eis

o o

Aol xel 7 &

3L
[€)

© Z(Fig. 11),

9
=

A wEHE A%

]

Z_‘

8100 -

Fig. 11 Schematic of Selective Inflow Performance
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o
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3. i} AR A4 o 2l 75

31 @FUN Ma

AT AFSE vhol A AdSor FAFHETF 50~200md= FThE S
2 453t AP Fou, AFFT FE7F F3 open hole logell A
GWC(gas-water contact)®] <%|7} ZH-&FZtol|A 10molol] <A star
water corning % breakthrougholl &3+ A|F ko] o F= ATt 20073 A
e AEe R 3atEle] AAH ARSore] F7 Aol FHHAL, AL
AA oF 5 d FAHEH AS Akl 343 Frhea

B

)

7

O

2

A

A BAEE Fig. 129 221, 8% completione g3 g Azt
dol 7Fsst=E AREE Solyrt AAFHUL, gl FAs oF 45~55%
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4.5” Tubing

7” Cemented Liner

= A (4005 ~ 4030 mMD)

, B1 (4070 ~ 4076 mMD)

5 B2 (4090 ~ 4096 mMD

- C. (4244 ~ 4260 mMD)

Inclination: 45~55°

Fig. 12 Well Schematic
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3.2 Selective Inflow Performance(SIP) A3 A} 3]4

Ao mHE ASF Aol o|Fojx7] of 4/id Aol ART BTAH
Ae fal sipAlde] FRHASH, FUHAQ e Tl 4 T AMAE S
At

24 FEFAIEOA AEE viel o] 3o & FExdddA HEFH 30
9 ot}e—di/ & pointZF-E] Fetkovitch, LIT(Laminar Inertial Turbulent), Darcy
He o83 IPRS =% sien, d4=d 4 39 AFS 49H 334

shut-in &8 Bl 24 3 A AF7) 8233 HS Qs )

[y J{N'

ol
_|_4

=
=

Fetkovitch’s Equation-

9_0]
S R =

dol gk IPRE @] 220]= Vogel's equation?]
HAME S8 1¢kd Aoz ofgf 4 (3.1) 3% Zrh

7] A,
Q : liquid flow rate (stb/d)

Qumax : absolute open flow rate (stb/d)
n : Fetkovich exponent
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321 AZ2] SIP 34 Az}

7F BSHA dn. 4 240 e s d 3= Table 20 AEHACH,

Fetkovitch®} LIT &A41¥Ho] x| S5 FARE 202 Ueyt. A

MAAZ A F 7P AEFo R ZAHE R 01, shut-in 7] IFESE cross flow

3

cross flow”} §1%17] W&l inflow performance 4t&< 93l fr&o] A=
el A 89 AALYE Amet FAE S B LITHAZA A7 AREEHAL

1, 4F=4 Inflow Performance Curve: Fig. 133 o] =A|H AT

Table 2 SIP Analysis Comparison for A Zone

Pressure Approximation Approach

Pavg (psia) AOF (mcf/d)
Fetkovitch 3,069 113.6
LIT 3,069 1104
Darcy 3,085 595.7
Shut-in Pressure 3,072

3000

Pwf (psia)

Qg (Mcf/D)

Fig. 13 Estimated IPR for A zone
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3.2.2 B1Z9 SIP 34 A%

AMAE S A3 712~ A4t 71 =7} vu|slR oY, shut-in 7|13F ¢ AL <F
o] cross flow’} #FHAT. 2 24T H ©WE |2 3= oFf Table 31
AYEAL, 24 E4WHY A  AolE HolA Egkow Hitgho] 23
=S4 Azt FAEE Ao ®2 YUERGT Cross flow &Fo] mH|d7] ol &
o] ¢rAstHE HEjolA SAHE AAAH A= M FAR @=
A3} inflow performance AFES 93 AMEEHASH, AFEHE  Inflow
Performance Curvet Fig. 149} Zo] A H AT

Table 3 SIP Analysis Comparison for Bl Zone

Pressure Approximation Approach

Pavg (psia) AOF (mcf/d)
Fetkovitch 2,998 103.7
LIT 3,050 75.6
Darcy 3,175 267.5
Shut-in Pressure 3,079

3000 ~

o
o
o

Pwf (psia)

1000 _;

0 40 a0

Qg (Mcf/D)

Fig. 14 Estimated IPR for Bl zone
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3.2.3 B2Z9 SIP 34 A%

MRS A F 7t2ANEFoZE SAHEJASH, shut-in 71 FF cross

2 )4 A 3= ol Table 491 A
HAoew, 7k fF#Fo] EoF non-Darcy fr& e EO|W Fetkovitch®} LIT &4
AR Ao = Uetyth. A Cross flow7F {1171
JEiol Al SAHR AAYE A5 M AR G
Bl LITHAZ 77} inflow performance 4F&S 93] AH&FEloH, 4=

Inflow Performance Curves Fig. 159} #o] =AH AT

i

Table 4 SIP Analysis Comparison for B2 Zone

Pressure Approximation Approach

Pavg (psia) AOF (mcf/d)
Fetkovitch 2,998 833.8
LIT 3,040 626.4
Darcy 3,147 2,356.7
Shut-in Pressure 3,080

3000 _

2000

Pwf (psia)

1000

V Q Q
0 200 400 600

Qg (Mcf/D)

Fig. 15 Estimated IPR for B2 zone
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3.24 CZ9 SIP 34 Az

Adds A3 7k Ak ZH =7 miesiion, o] FRbelA A

— o

[e]
o
re-circulation®] #ZF Q3L shut-in 717F S AL 49 cross flow’} H=F

A B4R O & A A = ofef Table 59 BElEAeH, 2 FAW
ol Ayt & ztolE HolA gtow, Hirgho]l A4 SA A5 FAE
Aoz yetgth 2 AE ukek 2ol 3,000 psiolde] fE oA HFIt 2

< Hol|BZ Darcy 3NAZH7} inflow performance 2FES 9138l AM&-

HAomw, AF=H Inflow Performance Curvew Fig. 169} o] =AH Tt

Table 5 SIP Analysis Comparison for C Zone

Pressure Approximation Approach
Pavg (psia) AOF (mcf/d)
Fetkovitch 3,206 291
LIT 3,205 253
Darcy 3,207 57.3
Shut-in Pressure 3,202

3000 _

2000 _

Pwf (psia)

1000 =

R L L R L e D L L e L T Rt
0 20 40

Qg (Mcf/D)

Fig. 16 Estimated IPR for C zone
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33 7] AR =4 7=

Selective inflow performance 3|4-& S 4A&FF 72+ FTH IPR ARE
SchlumbergerAt Tl &5 A& EH(PIPESIM) ] JH/TE &85}
7t 9 AL S BAEA AL, flow correlatione AAAHA S Al H 5
o} 7 2 ujHo] & correlatione Y StATH 7] BRSO AL AFF
TSl gt BRI7F gl7] ol water rate "H S 913 water sources
completion 7H ofgf F-Zo] QIfFom Gt 27| ndS T3 TH(Fig.
17).

—

Tuking_1

Azone j@

Tubing_2

B1 Zone

Tubing_3

B2 Zone

Tubing_4

Tuking_5

WaterSource

£

Fig. 17 Initial Well Model
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(.

(5]
B ]
(5]
fim d

O 7 mmscfrd 1

(@) PI for A zone

1
QT mm=cfsd 0

(b) PI for Bl zone

. Hhe— 005 amscf-dopsil

3,000

01 v s 1 IR S A

—2000}

@ .
o0 e shT s P TP |t~y 1 ST s MU N

s H
o 1,000h

so0-4

QI mmscfsd 1

(c) PI for B2 zone

I 4% STE-d-psi

3,000 - -
2500 -------- "

M 2000 - g r e
7

(=
= 1,500
- !

oo

& 1,000

500

o

2,000
0 T STBrd 1

(e) PI for Water zone

Fig. 18 Productivity Index for Each Zone
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Table 6 Properties for All Zones

Zone
A B1 B2 C Water
Properties
Static Reservoir 3,072 3,079 3,080 3,202 3,344
Pressure (psi)
Temperature () 111 112 112 116 118
PI (mmscf/d/ siz) 5.28e-006 | 3.23e-006 | 2.55e-005 | 9.54e-007 1.09
P ' ' ' ' (STB/d/psi)
AOF (mmscfd) 50 31 290 10 3,800
(bpd)
Fluid Type Gas Water
Water Cut (%) 9
Condensate Gas 189
Ratio (STB/mmscfd) X
Gas SG. 0.64
Water S.G. 1.02
Condensate API 50
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332 SAAE dF

27] AR 75

S A yatzxAd 71 A 3EE flow correlation

< Z7] Al BFAY 1,407 psiollA FHE well deliverability A8 Al #HE

A AR(Table 7) ¥ A2AZ A AS5H ¢ profiles<

S 22X (sensitivity analysis)< A A3 ThFig. 19).

correlation®l] T gk

Table 7 Measured Data for Data Matching

o] &3t, flow

Gas
(mmscfd)

Condensate
(bopd)

Water
(bpd)

THP
(psi)

BHP
(psi)

45.0

1,055

400

1,407

2,800

3000

4,000

-5,000

Elevation (it}

4,000

10,000

§ N ! N

1,600

1800

2000

2200

2400
Pressure (psial

2600

2800

3000 3200

—— TYYPE=BR Flowrste=29
—+— TYPE=clgadpe Flowrate=36 94934 mmscid

——

—d— TYPE=GRAYM Flowrate=40.30348 mmscid

TYPE=TUFFPUSP -2 Fiowrate=30 54812 mmscid —#— TYPESTUFFPUSP_e0 Flowrate=27 §7649 mmscfd

—¥— TYPE=HBR Flowrate=41 55678 mmscfd

Sihlumbergsr
st o 1IRY1S AL

Fig. 19 Sensitivity Analysis for Flow Correlation Matching
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Flow Correlation®l ™3t 7t 443, F2/59 4-¢ "Gray modified
and Hagedorn and Brown Correlation"®] 7} 2 w3 = lom, 3 {52
749 “Olga-S2000V6.2.7 3-phase and TUFFP unifield 3-phase Correlation"©]
7Hg A A = Sl

Flow correlation A8 & A FFAIFo] FPd & dNA AlEd oA
<= AAstelen, of#f Fig. 203 #Zo] A4 Axto] AA by wjA o] A3l

2 AS & g don, A 4 Fol fEFH=E & wjH o] HATH(Table 8).

™ \\ o ‘
20004 \\' !
3000 : \I
A . . 1 ..’.\..\.\. o .. YAy S—
3 ! ! 3 % " ! vl
P — | S . Outlet Pressure Matching
] : ; : N ‘ f
H ! : ! N ] ‘
w6000 S e e e . Y B
P ; U S, N, B
YY) SR, PRI I, C O T Lo T L, ¢ | M ] S — A
10,000
1600 1500 2000 220 2400 2600 2800 3000 31

Pressure (psia)

[ Flowrate=41 55478 mnscid -#- Measured Data |

Fig. 20 Data Matching between Simulation Result and Measured Data

_34_



Table 8 Comparison between Simulation and Well Test Result at 1407 psi

THP: 1,407 psi
Zone W Total "I'\'I:sltl
ater | - B2 Bl A
source
Gas 0.1 13 | 325 | 4.0 6.6 44.4 45.0
(mmsctd)
Condensate 2 30 | 761 | 93 | 154 | 1,040 | 1,055
(bopd)
Water
217 3 85 10 17 333 400
(bpd)
Wat(‘?;)c“t 99% | 10% | 10% | 10% | 10%
Pwf
. 3159 | 3,016 | 2,914 | 2911 | 2,901
(psi)
Pws 3344 | 3,202 | 3,080 | 3,079 | 3,072
(psi)

Ao A EHE=AE A v & (ZéT?JE—ﬂ.: 1,407 psi — 827 psi) YT Al
dolds AAZ Ax & Aabde]l de mAHA Esie Aol &<l
(Table 9). A =& 4¥H9 fFexdoAes = AAkEFo] 2ol A
ooy, FEdgo] HolAA
% ®W3Al H i, Gas-Liquid Ratio
W BRI Ged 93 F % 29 8 Bl AT w
3 A
o

vd)

E B
o o B 2 3@
o> S

2
N
X

=
BE7} AFetA e A5 o

_LJ

of?
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Table 9 Comparison between Simulation and Well Test Result at 827 psi

THP: 827 psi
Zone W Total "I'\'I:sltl
ater | - B2 Bl A
source
Gas 0.1 16 | 423 | 51 8.4 57.5 431
(mmsctd)
Condensate 3 38 989 | 119 197 | 1,346 805
(bopd)
Water
278 4 110 13 22 427 2317
(bpd)
Wat(?)z)C“t 99% | 10% | 10% | 10% | 10%
Pwf
. 3,108 | 2,965 | 2,863 | 2,860 | 2,852
(psi)
Pws 3344 | 3202 | 3,080 @ 3,079 | 3,072
(psi)
Slo] ARHRY Yol e ofn T s oF AF5 fYRTHE,
Fheso] Yol A os 2 AFAMY AFF 79 ol JAHUY WE
o, g A= o8 FFZHoA 4 Fo F3F 9 IdHS AANI= &

=9] water cutS AR FETFAEH A8 vlw B RuA stQT

AA A IAM Y AT Fdoll ot F4HA 4 s
T o, Fig. 18(e)oll A Hol= &9 IPRO|] FHsHA A4 e <

3 AYBAZ AL AL Boly] WE BY axzuEe] 35 FYo
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4. Water Cut I £4& 5 FF A4AF 4=

41 AAA 29 £33 A oA

9 dFFozREe] AMgoRE e EGHNAY F ge Rl

7)
3k v o] 7Hs3AIRE, drawdown©] ol 2™ FEi(ML 5 UE)olA <

Z4HQ YEEe AAS L b‘ﬂzﬁ 74 AZTFN water cutd 23] EL

FEGHS e FEAYoNA P S A,

Tubing_1

Tubing_2

]
B1 Zone l
Tuking_3
B2 Zone l
Tuhing_ 4
C zone l

Fig. 21 Modified Well Model




41.1 Case ¥ A|E#H oA

Fig. 213 #o] 47§18 HEF 3ol AT wet ZF 59 water cute] AA

=
T35 A= IS BAstaA AFE 9D fA EA, flow correlation 5 7]
B} Y83 HSIA|71R] 231, Case 1~47FA] ZF F9] water cut®] 22t 90% 7}
He Ao g8 f5 AlEHCIAES AAISHATH(Table 10).

Table 10 Water Cut for Each Case

Zone
A B1 B2 C
Case
Case 1 90 10 10 10
Case 2 10 90 10 10
Case 3 10 10 90 10
Case 4 10 10 10 90

Case®¥ Z} 54" =49 tish AlEdolAd Z3+= Table 11, 129} 2 oH,
o Fol] 7] A mdo o

g AlEdolAd AFel o] dA & AAFS wFIde Aol dAE ¥

HhE, B239] A5 A4 o] £7] wiEoll water cuto] 90% B -5 AA
E AAFSE 29t AAE Holal vk WHH Thao] 2 AA Azl w
A A Zote=d, olv & A SUIE AT AAAW A Al sl 7k o
g &4 F EFFAY BES7h o3 AA A SUHE FAH] FUhst
Al Fo] 7k2o] Aol 23] oYX () EAHRE F7] WEoltth

o HolA A nie} Zo] Fig. 18(e)ollA Kol &9 IPRo] F3stA <
g3 fFFHRe] AT AFAAE 7HAE As Hol7] Wi GYF o =R
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Table 11 Simulation Result for Each Case at 1,407 psi of THP

PrOduchi;g Gas Condensate Water

Case (mmscfd) (bopd) (bpd)
Well Test Result 34.4 646 1,752
Case 1 38.2 721 1,087

Case 2 411 777 727

Case 3 22.5 426 2,724

Case 4 435 822 315

Table 12 Simulation Result for Each Case at 827 psi of THP

Produclgi;r; Gas Condensate Water

Case (mmscfd) (bopd) (bpd)
Well Test Result 431 805 2,317
Case 1 52.9 999 1,468

Case 2 55.2 1,043 973

Case 3 35.8 676 4,376

Case 4 56.8 1,074 407
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4.1.2 B2Z Water Cut |3

Case® AlEEoldE T8 B2T22ZHHE AT o] dSHo 44 =
_'i__

A Az ot wjAS 93 B2%F water cutol]l 3k F712 <l water cut W E

48 Fgstgon, o8 W wrEAH AlEH ol 23 water cut®] 79% Y
A A FE2dRWFY: 1,407psi) 2 AL 52U (BT 827psi)oll A o

Jol == ZAIAE AATH(Table 13, 14).

Table 13 Simulation Result for 79% Water Cut of B2 zone at 1,407psi

THP: 1,407 psi
Zone Total Well
Test
C B2 Bl A
Gas
1.2 238 31 5.1 33.2 34.4
(mmsctd)
Condensate 23 450 58 9% 628 646
(bopd)
Water
3 1,694 6 11 1,714 | 1,752
(bpd)
Water Cat 1450 79% 10% 10%
(%)
Pwi 2,995 2,924 2,921 2911
(psi)
Pws 3,202 3,080 3,079 3,072
(psi)
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Table 14 Simulation Result for 79% Water Cut of B2 zone at 827 psi

THP: 827 psi
Zone Total "I'\"eesltl
C B2 Bl A
Gas 1.6 33.5 43 71 465 431
(mmsctd)
Condensate 30 634 81 134 880 805
(bopd)
Water
3 2385 9 15 2412 | 2317
(bpd)
Water Cut |50 79% 10% 10%
(%)
Pwi 2927 2,858 2 855 2844
(psi)
Pws 3,202 3,080 3,079 3,072
(psi)
A 2dof Uik HFHAS A8l s aEFA o gk Nodal 48

sk, 1 AF Fig. 220 B Hie} o] A2 & miH o] HIYH. Tt
ol woldag mjH AN xrt o AX = Aol =T, ol flow
8 Al o] & 24 7H wiA o] & HE correlations
st 7] w0l Fsxdo] vt HEA sF flow correlationd] o3 QxE
ANE  doy, AFAF A= FFo| st AR AA ot

1 Gl A= AAIS] B-FA gaat kg

_
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Pressure at NA point (psia)

4,000

3200

2400

1600

WA
| . {/ Simulation | Well Test | Minimum
7 :&A . THP Gas Rate Gas Rate Gas Rate
/i'!fW (psi) (mmscfd) (mmscfd) | (mmsfd)
TF: 1] B . ”lﬁ)é*!" .
: iy 827 46.5 43.1 4.49
! '/%/:{
A 1,131 41.0 39.2 4.49
o l-l:r'l+/‘
: prid 1,407 33.2 34.4 4.68
wOBeR .,
gy s 1,595 28.0 01 | 45
- j & e =
0
M
e .
S — N
-
"
0 W E b 10 m 40 20 am
Stock-tank Gas at NA point (mmscf/d)
O Opersting Poirts: 8 Inflow —— Ouiflow: POUT=1145.99 psia ¥ Liguid Loading : POUT=114599 psia —— Outflow: POUT=1421 56 psia

Liquid Loading : POUT=1421 56 psia —- Outflove. POUT=1610.11 psia

—#— Licguit Loacing : POLT=1610.11 psia - Outflow: POUT=1784.16 psia

Liquic Loading : POUT=1784.16 psia

Fig. 22 Nodal Analysis Result for 79% Water Cut of B2 zone
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4.2 Water Cut 3719 & AHLAFT 9=

Water cut 4% B4S 53] B2FoZHES & LS Elsgon, A
Ahol APEHAA F7HE = water cut®] WHIE A3 7t~ H E Y4 Fold
3, B A4S A Al 2 agagel dgis] FU1Ed B4

421 7t& BAE 9% €4

% water cut ®sto] mE Vi A FF A4S A& HL(H Tk
1,407 psi) B H(HFY: 827 psi) frEidolA AlgdoldS AAHoH
A3+ Fig. 233 2

T frezdoA water cutg 7t WE AY4ET
%Le—dv/‘f’é] S7t= 7k Aol A st
cuto] 47 Ha& oM e oF 97%, AW FEEd oA
g At hquld loading®ll &J3l A4ko] FRES & 5 QT

AEZAOE 7t ARSI d As AL AIRbo] 24 "oAg

o

A&7k A
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THP: 827 psi

—— Gas Rate —+— Critical Rate

)
b
E
E
]
m
(-]
[:]
o
]

o 1 1 1 1 1 1 1

60 65 70 75 80 85 90 a5 100
Water Cut (%)
(@) THP = 827 psi
THP: 1,407 psi
—— @Gas Rate —— Critical Rate

60

50 r
T
9 40
E
E 30 |
1]
e
e 20
v
1]
9O 10 |

\’50
0 1 1 1 1 1 1 1

60 65 70 75 80 85 90 95 100
Water Cut (%)

(b) THP = 1,407 psi

Fig. 23 Estimated Total Gas Rate versus Water Cut for B2 zone
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urH oz YiEE B Al dul Sol Aol glrkA sk Aol o
3 GgRATon AF5 AVAHS AT 5 dou, A F - kAl
J

Al du] TEe AR 7tx B Eof ikl Ade] Ao

ez A= water cuto] 100%01] TG w7tz B AyakEko] g
Anlsy A B RA] ey, HO fesEdodA = water cuto] °F 92% 9l

=2 A5 = Aol MY 5y A st Baedxds v
]_

2402 water cutE7bl wel B Aol Frlets Fo|E molt}

water cut®] ¢F 95%°|d H= Al & AAFo] F43] A= IS B

(e} =
I e, ol B2Z9 water cute] 95%°| =718 A9 B2Zo 2 RHE Ak
= 7129 50 AAEE B S8 4 = 28I IS zkx) EHA #

o We} B2o] A Al AAS WojA = Adse Ao HHE % 9
=
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THP: 827 psi
—— Water Rate +— Water Handling Capacity

8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

Water Rate (bbls/d)

60 65 70 75 80 85 20 95 100
Water Cut (%)

(@) THP = 827 psi

THP: 1,407 psi

—— \Water Rate +=\Water Handling Capacity

6,000
5,000 + + . bttt
4,000 |
3,000

2,000

Water Rate (bbls/d)

1,000

0 1 1 1 1 1 1 1

60 65 70 75 80 85 90 95 100
Water Cut (26)

(b) THP = 1,407 psi

Fig. 24 Estimated Total Water Rate versus Water Cut for B2 zone
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423 FF APAF A5
H AAE FEHor EAHEY, A
AR water cute] ¢ N% =2 A
3, o]% water cut®] 97%° =2 A= 2R AR QA3 Ak
=

o] 7] &l A S 2 2ol o] FojA ot Fhrt.

o] of 95%°] EFsh AHREE B2F ol FES shn frEo] B2FO RN E
BAFE B SYUF FEAA got of FTEREY Y4k o=t A
Zasl A,

o) Aol F7kZ @ AHIA B2E3 1 obelF e AEAS Wl b A
Ahere Shelstd on, AT Table 159 2o] EEH T,

Table 15 Simulation Result after Isolating Below Bl Zone

THP Gas Condensate Water BHP
(mmscfd) (bopd) (bpd) (psi)

827 psi 39.4 744 83 2,200
1,407 psi 291 549 61 2,460

A2y F¥ F AAAS HAY fFeedeE 99 BF
°F 39mmscfd® FAHM, ol AFAYS FHSA Fe 4-F water cuto]
oF 85%°l =2 wWEo 7t FEFH Hsed e EQt H4A fExidoes
&g A 7k FFE oF 9mmscfd2 < FHH, AFAGS FHEA B A
4

RG] =)

% water cut®] ¢F 84%°] =G w9 JlAFEF v S RolmE X
AAEE Z2mul 7 HETH B2359 water cut®] oF 84~85%9 =E3 S uw] Xk
AAE g5t Aol M HAAZHORE odSHr
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Fig. 25 Fig, 233 24& 3 1 Aol Yetdlon A4 4128004 =3
H water cut ©] 79% Y€ " well testZ2AE A E=AISHAT TtAFEFe A

% ofzho] Aol oyt FUlF o2 well testd o} & YX st AHRE Ko
FH F% water cut SVt WE 7txask & AAF FolE QA ThedE
Atk
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THP 827 psi

——\Water Rate Measured Water Rate @79%WC

+—Water Handling Capacity ——(Gas Rate

B Measured Gas Rate@79%WC =t Critical Rate
2 E
I E
-
n L
= &
& «
© ]
= U]

0 | 1 1 1 1 1 1 1 0
60 65 70 75 80 85 20 a5 100
Water Cut (%)
(@) THP = 827 psi
THP 1,407 psi
——\Water Rate & Measured Water Rate@79%WC
+=\Water Handling Capacity —= (3as Rate
B Measured Gas Rate@79%WC == {ritical Rate
6000
5 5000 T
2 S
E v
S 4000 §
3 —
L1
@ 3000 =
- oc
L1
- w
©
g 2000 3
1000
o |

60 65 70 75 80 85 g0 a5 100
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