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A Study on Applicability of Production
Optimization on Offshore Oil Field using
Integrated Production Modeling

Kim, Dokyun

Department of Energy and Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Oil industry has been extremely matured during last decades. It
becomes very hard to discover new giant fields even with deep sea
drilling and exploration works. Therefore, it is essential to manage
discovered field efficiently.

With making integrated decision-making system of field management,
well and reservoir surveillance data are utilized to explain performances
of sub-surface and surface facility systems. Especially, Integrated
Production Modeling(IPM) is commonly used to describe pressure
interaction between reservoir and surface facilities, and its efficiency has
been proved through several field cases.

In this study, IPM is suggested for Captain filed, located in the

United Kingdom sector of North Sea, with various operating conditions

-1l -



of injection water, power water, produced water handling volumes,
FPSO’s off loading capacity, etc. It comprises with coupling of 5 material
balance models, 25 production well models, 10 water injection well
models, and one surface facility model. By comparison with the
measured data, the model forecasts show reliable results with 7% and 5%
discrepancy in production well and injection well performances,

respectively.

KEY WORDS: Integrated Production Modeling F&4tEd F=; Material

balance model EZ%3% =, Field management F #E]; Reservoir

surveillance AF% ZUHH.

_iV_



A1d A E

H < Improved Oil Recovery(IOR), Enhanced Oil Recovery(EOR) ¢ 7]<
=°] TP we, oln] AAF = 840]
I AT ol E fEAME, ﬂ%—%, *3"}@/—?% 4, %j/]/\]/“ ol et F—H‘

olsf ¢} HE&Eo], THA

2l
< 3] fUIAE F2@ske A7 A& ol AlQkE T

AT AME §F, AN 0% Fe RARSF Sol AAES A%HE
A

HABLE ob7|g & Ao 23y o]
o

o] S99 ARE 2 44 Blo] ANBOE wgstel AN B o
e e PAHOR WS ofSEE oE 24g FFHoR e

H ool¥, kgt FEjE WY P WHEHJPY. 7] B vtxd #gE E
2 AAG 23 A /S Zd3 AXE UELT mds Afstes REER
Bl Dempsey, et al.(1971)= 7}/ &9 24 A4 AFS 2SS UEHT =2
B AN 2dE BAAFY. o] %, Startzman(1977 cited in Coats, et al.,
2004)e] ATl o3l H2=E 3Ad AFFT AlEHolH Edo] TFALED
AHEE AL, ol TS FElze wH e g HAT

=
BT EA 4= (Integrated Production Model) 1960t AmocoAtel]l &l * 5
o
h=|
o

ﬂJ

Startzman(1977 cited in Coats, et al, 2004)%] AT °o]F, A FF EA A
3 AW 2P AHAR] AgS HT AFLl g S0l ol FolA ko
™, Barroux, et al.(2000)¢} Coats, et al.(2004) 5= ©] T% =] AdAA
Aol A 24 IAE AHsidn. A2 AdEHEe] =

A
A o] BAE o3 Pol gor], Htow AFF 2l B BAWY =



b AR ATES

il

°

fr 7k A 850 $$o™ (Liao and Stein, 2002; Esor, et al., 2004; Bui,

et al., 2006; Mazloom, et al., 2007, Madray, et al., 2008), ©|&|

st Captain

3|

el $1A

i

)

oju

M_wwo

CREEETE 2

=
=

oy

0
o
il



T

B!

™
W

=]

o

e

A

A2dTHA

21 /18

AAZE M Ao &

A< SHhst

A

)
.

Hzo ngoz Ao o

7] galAE ol

S|

ﬁo

Ll

.
o

| FE gton, o

9

Aol ik A77F S

tol 2850l HAAH T AWAY 1)

o] 38 H3 Yrt. R S HeAE Al Zxa

%

A&

0

7] Qe Be ey

oA

o
ol

o
e
ofr

fuy

ol

St WA=

s
i

o o] }\g /‘\l._y;g]

dT7F =

of

171 kA, FA7EA

S|

AT

g 3ol o sf

o}

3|

sk =t

A2]ol s e

o
=



22 AFF AEHOIAS o] &8 TFYLEED

221 FEA4EL 8

{7 AFSolA ABaEe] AxE FA4 ] 7](separator)7FA] =237] 930
A= Fig. 210 BEAEO Sle= ZAAFE Ha A Al2®Ade] gdd =&
(node)E AAA HH, o] FAANA &2 48 Ayt dojyA A

Gas
T Well Head

Liquid

Stock E @
T::k Separator )
PP P pP PY

pes: Reservoir Pressure

p* : Bottom Hole Pressure

p*": Well Head Pressure

p'P: Upstream Choke Pressure
p9: Downstream Choke Pressure

pseP: Separator Pressure

pres

Reservoir

Fig. 2.1 Schematic of components for single well production system

(Schiozer and Aziz, 1994).
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r : coordinate of r-axis

© : coordinate of ©-axis

z : coordinate of z-axis

D : elevation of the center of the flow element
k., : relative permeability of oil

k, : absolute permeability of r-axis
ks : absolute permeability of O-axis
k, : absolute permeability of z-axis
i, @ oil viscosity

B, : oil formation volume factor

p, : pressure in the oil phase

q, : flow rate of oil, stb/day
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¢ : porosity of the formation

S : saturation of oil

o
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(2-2)

gipsine : pressure loss due to gravity

f MPU2 . B,
29D pressure loss due to friction
Z Uj}j : pressure loss due to acceleration

P : pressure, 1bf/ ft?

L : pipeline length, ft

g : ravitational acceleration, ft/ sec’

g. @ unit conversion factor, 32.17 ft-lbm/ Ibf-sec’
p @ mixture fluid density, Ibm/ ft’

¢ : dip angle from horizontal direction, deg

v : fluid viscosity, ft/sec



Darcy-Wiesbach (Moody) friction factor
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: tubing inner diameter, ft
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Reservoir Simulation

Fig. 2.2 Iteration diagram (Dempsey, et al., 1971).
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Fig. 2.5 Iteration diagram for Implicit Coupling (Schiozer and Aziz, 1994).
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Fig. 2.7 Iteration diagram for domain decomposition

(Schiozer and Aziz, 1994).
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E,=(B,—B,)+(R,—R)B, (1b/stb)

o o 01 51

Eg = Bm(%— 1) (rb/std)

qgi

(cwswc + Cf ) Ap

1-5,

we

(rb/stb)

Efw =(1 +m)Bm;

F : underground withdrawal, rb

N : original oil in place, stb

N, : cumulative oil production, stb

W, : cumulative water production, stb

W, : water influx, stb

B, : current oil formation volume factor, rb/stb
Boi : initial oil formation volume factor, rb/stb
By : current water formation volume factor, rb/stb
B; : current gas formation volume factor, rb/scf
B, : initial gas formation volume factor, rb/scf
R, : cumulative gas oil ratio, scf/stb

Rs : current solution gas oil ratio, scf/stb

Rsi : initial solution gas oil ratio, scf/stb

m : initial gas oil ratio, rb/rb

Co : water compressibility coefficient, psi”

Cr : pore compressibility coefficient, psi”

Swe 1 connate water saturation, fraction
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Known by Production -
S e
History & PVT Kiownby PVl

N
F = N(E, + mE, + Eg, ) + W.B,

Unknown & Unknown &
Solution of MBE Solution of MBE

Fig. 2.8 Material Balance Equation and its solution

(Havlena and Odeh, 1963, 1964).

5% AEE dHNSE ATY, FF AN

MEE AP FLA A Fur Swo] AN A
g ok

Assume Reservoir Pressure

ﬁ AdjustRes ir Pressure

Left Hand Side = Right Hand S\de “

l

Finish lteration

Fig. 2.9 Workflow for reservoir pressure estimation using Material Balance

Equation.
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Initial Condition After Production
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oWG
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Fig. 2.10 Reservoir condition at initial stage and after production.

BARPIYAS ol F, BF AFS W AA Tahee WHE 2 (24,

GCE : the pore volume within the gas cap invaded zone, rb
(i, : cumulative gas injection into the gas cap, scf
G : the original free gas in place in the gas cap, scf

G,. : cumulative gas production from the gas cap, scf
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S,avg - @verage gas saturation within the gas cap invaded zone, fraction

W, —W,B, + W,
S g =S

wavg we

WCM =

WCM : the pore volume within the water invaded zone, rb
Wi, : cumulative water injection, rb
Swmg 1 average water saturation within the water invaded zone, fraction

(N=N,)B,—(GCE)(S,,,)— (WCM)(S

org orw )

o1

1-5,

we

—(GCE+ WCM)

S : oil saturation, fraction

o

Serg © Témaining oil saturation in gas cap invaded zone, fraction

Sorw © remaining oil saturation in water invaded zone, fraction

orw
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Facility Model

If VLP/IPR are not Matched,
L& Re-run the facility model with
Re-calculated Production Rate

Matched VLP Curve ,
7
Loz
Well Model VLP/IPR Matching > = &
PEe
o
L Production Rate
Average R gir Pressure (bbl/d)
R /s
N 7
i\ H If VLP/IPR are Matched,
:\,/ Update Reservoir Model with
3 Calculated Production Rate
Reservoir Model
A

Fig. 2.11 Workflow of IPM using Material Balance model.
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Fig. 3.1 Location map of Captain field

(Chevron Upstream Europe (CUE), 2013).
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Fig. 3.2 Development scheme of Captain Field (CUE, 2013).
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Fig. 3.3 Reservoir component of Captain Field (CUE,

2013).
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Fig. 3.4 Cartoon cross section of Captain field (CUE, 2013).
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Kr
=C A
2

Q, : total downhole flow rate, rb/day

C : transmissibility constant, rb/dayx*cp/psi

Kr; : relative permeability of phase i, fraction
; © viscosity of phase i, cp

AP : pressure defference between the two reservoirs, psi
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Fig. 3.6 Schematic of well cross flow (CUE, 2013).
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ijAFj/Apj

J

P

YIAF/ Ap;

J

: average reservoir pressure, psi

P

well, psi

.th

: pressure of j

D

well, psi

-th

: change in pressure of j
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: change in underground withdrawal of j
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Fig. 3.7 History matching result for Reservoir A.
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Fig. 3.8 History matching result for Reservoir B.
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Fig. 3.9 History matching result for Reservoir C.
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Fig. 3.10 History matching result for Reservoir D.
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o) ™3t fractional flow2]-> ofef 2] (3-4)9H(Buckley and Leverett, 1942)
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1
f'U} = (3_4)
1+ I()NU/

kT' w /’L()

f, : fractional flow of water, fraction

k,, : relative permeability of oil, fraction
k., : relative permeability of water, fraction
i, : oil viscosity, cp

I, - water viscosity, cp

Askold A5} PVT AEE o]§sted ——& FEF 02, fractional

flow A& F3l doIX endpoint @ Corey ATE ©]& FHFAFAE

A& A (3-5)F ol&std =T F Utk
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k.x : relative permeability of phase X, fraction

Ey : end point of phase X, fraction

Sy : saturation of phase X, fraction

S, ¢ @ residual saturation of phase X, fraction

Spaxx ¢ Maximum saturation of phase X, fraction

ANFATEAE THE ARE GIR SFas WEE sbeeh, f4U=

Sate] A”l a2la sFdAdAe] A= A2 doljt BA Z(Fig. 312
z), oleld f49 XS el T Asked FlRATIE T 2o

Producer A ProducerB Producer C ProducerD Injector

Fig. 3.12 Schematic of typical well location.
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Fig. 3.13 Measured vs predicted water cut.
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PDP : pump discharge pressure, psi
pressure losses due to the gravity, psi
residual saturation of phase X, fraction

— 41 —

WHP : wellhead pressure, psi

Pfl

(3-6), (3-7), (3-8)7 Zt}.
P, :

o 2 3744 HEoE el ¥

PDP=WHP+P+P;



o
[H

PIP=PDP-PPUMP (3-7)

PIP : pump intake pressure, psi
PPUMP=Head x p,,.

PPUMP : pump pressure difference, psi
Head : potential energy, ft

P © density of the mixed fluid, psi/ft

o
[
oh
Ir

P.=PIP-Pg (3-8)

Py = Pr-Q/PI

Py : flowing bottomhole pressure, psi
Pr : reservoir pressure, psi

PI : productivity index, stb/day/psi

Q : flow rate, stb/day

R Zhzte] RO stHAste 2 dFE vAE= Wee ok Figo 3140
Uehd nkel o
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Fig. 3.14 Pressure gradient inside of ESP & HSP well.
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Fig. 3.15 Differential WHP for producers.
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Fig. 3.16 Differential WHP for injectors.
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Fig. 3.18 Measured vs prediction for production rate.
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Fig. 3.19 Measured vs prediction for injection rate.
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Fig. 4.1 Schematic of assumed production system.
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Constraint Condition
well A 7

Production rate for each wells have to be
optimized in order to comply with limited
water rate ( 15,000 stbh/day)

Water Handling
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(Capacity : 15,000 stb/day)

Separator

Well D
WC 50%

Fig. 4.2 Schematic of constraint production system.
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Fig. 4.3 Cases of production complying with given constraint.

Case 1 (Well B Offline) Case 2 (Well B Choke Back)
35,000 40,000
30,000 35,000
25,000 30,000
20,000 ;;ggg
15000 15,000
10,000 10,000
5,000 5,000
0 0
Production Rate OilRate (stb/day)  Water Rate sth/day) Production Rate OilRate (sth/day)  Water Rate (sth/day)
(sth/day} (sth/day)
mWellA mWellb mWellC mWellD EWellA mWellB mWellC mWellD
Case 2 has highest
Oil Production
Case 3 (Well D Choke Back) Case 4 (Well A Offline)
40,000
35,000
30,000
25,000
20,000 —
15,000
10,000
5,000
0
Production Rate Oil Rate (sth/day) Water Rate (sth/day) Production Rate 0il Rate (sth/day) Water Rate (sth/day)
(sth/day) (sth/ day}
EWellA mWellb mWellC mwellD mEWellA mWellB mWellC mWellD

Fig. 4.4 Selection of best production strategy.
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Production Rate : 10,000 stb/day
Oil Rate : 8,000 stb/day

Water Rate : 2,000 stb/day Wwell B

Production Rate : 10,000 sth/day
Oil Rate : 7,000 stb/day

Water Rate : 3,000 stb/day

Water Handling

Vessel 1
(Capacity : 15,000 stb/day)

L Total
Production Rate : 36,250 sth/da
Water Rate : 15380 stb/ _Oil Rate : 21,250 stb/day

Wyater Rate : 15,000 stb/day

Separator

Water Handling
Vessel 2
(Capacity : 15,000 stb/day)

well C (Optimized)

0 stb/day Production Rate : 6,250 stb/day
Qil Rate : 1,250 sth/day

Water Rate : 5,000 stb/day

Oil Rate : 21,25

Well D

Production Rate : 10,000 stb/day
il Rate : 5,000 sth/day

Water Rate : 5,000 stb/day

0il Stock Tank

Fig. 4.5 Schematic of Optimized production system.
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