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Table 3.1 Economic parameters

Parameters Value
Drilling cost, C ‘%, MM$ 50
Oil price, p , $/STB 35
Water disposal cost, p‘fﬂ, $/STB 5
Water injection cost, p’;ﬂ, $/STB 2
5

Discount rate, 7, 9
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[=2]

Fig. 3.1 Log permeability distribution of the

reference field

Table 3.2 Grid properties of the reference field

Parameters Value
Number of grid cells (2,025) 45 x 45 x 1
Width of reservoir, # 2,250
Length of reservoir, # 2,250
Thickness of reservoir, £ 20
Grid width, # 50
Grid length, 7 50
Porosity, fraction 0.2
Initial reservoir pressure, psia 2,000
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Table 3.3 Fluid properties of the reference field

Parameters Value
Connate water saturation, fraction 0.2
Residual oil saturation, fraction 0.2
End-point relative water permeability, fraction 0.27
End-point relative oil permeability, fraction 0.81
Formation volume factor, »p/stb 1.01
Water compressibility at psig, 1/psi 5x10 7
Water viscosity, cp 1
3

Oil viscosity, cp

P3

Fig. 3.2 Positions of 4 production wells
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Table 3.4 Production well data

Well Well .
. Boundary condition
name coordinate
P1 (1,45)
P2 (45,45) 1,000~2,500 pss, production well BHP
P3 (1L1) 0~1,000 STB/day. water injection rate
P4 (45.1)
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Fig. 3.5 Initial particle placement at tolerance 0.3 with 5 executions

46 = A 2-tf] &

—



0.8

0.6

0.4

0.2

(c) 3¢ (d) 4"

(e) 51

Fig. 3.6 Initial particle placement at tolerance 0.4 with 5 executions

.
47 % ,«»ﬁ =2

—

2 t_‘_” ﬂ T



0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

(c) 3¢ (d) 4"

(e) 51

Fig. 3.7 Initial particle placement at tolerance 0.5 with 5 executions

.
48 % ,«»ﬂ =2

—

o 8}

U



0 200 400 600 800 1000
Number of simulations

(a) SL-PSO
317 ]
=
=
=
=
o 307 T
=
0.2
0.3
0.4
0.5
29 ) ' : :
0 200 400 600 800 1000

Number of simulations

(b) SL-PSO-EnOpt

Fig. 3.8 NPV difference for different tolerances

& TRalh e AT

.



34 FUBAA 2 2321 A FH3

4 470

gkt

2 ) usaxt

shd 3t

o)
IH,NO
2

~N

o

o

N

Tl

]
=

o7 150099 7]

]_
bl ot

s
S

34.1 F2AAE FA

el

9]

al

AUS
oW

A8 tH(Fig. 3.9(a)). Fig. 3.9(b)

AA & 9 30% A9l

ANZE A B9 sweep &97F AA oA AEE o),

50



ww WX Nfo am T g
P oH
wo g F PR
2 oM oy b F
£ ol B & I S B
g i
S T of oF 7 N o mm
— p ~ o
= : ” B <+ i S
& o XK 3 o ok °
o & © o T o= LU
B = N I .
- E S R )
3 % oo L )
2 1o % ¢ B Foool
3 T - o X0 N
: Tz L
. .
8 - B 3 Mom o B
Z o B ol oy o
2 mu,_ M Y om o o
3 o) _.,lo,ﬂ —~ m_ow
> Np B GO T
n o AR A) M ook <X o ]
a o o W oF 2 :
= o By X S
o 2p) _IL o B . H@ o] 1S e
c oD = WD <o oo 8 X
z &2 = T News ® 0w 8%
) mﬁ M = o ) W UW .& 2
(\S S-SR = B =
<t S o W T g X W oF
) = % XM = ~ B N oo

P3ell A

P1,

B4

7

6007900

el g

]

d o

S
™

= A
FTh Sweep©l
51

°

g

S|
=

BHPE =7



BHPS #4d3s] 443 =2 NPVE ==383ATh

Fig. 3.12(a)& A& A& ol 3l 1,0008 ofellA + &argF
NPVE Hlgh Zo|th A3l oA Atk Wio] PSORTE oF
60%F Ee], M&E= °F 25% U ESkth 53] AlE#HOIA Z7]4A
NPV #to]7} 135%°] @8 Arz mj$ e, ols 27g9As A9
How wxg FAAE F3 YRolth Fig. 312 ¥ dudgdE
o F edAaFow HFTANE v ZEARE A dagFel x
PV7} =9kth Fig. 3.12(0)e F <ud &9

Ao R, Aok darglFe] o ¥ AUt

d

N
2
o
2
oft
o
in}
58

o
o
Z,

Table 3.5 Injection well locations from

PSO and SL-PSO-EnOpt

case PSO SL-PSO-EnOpt
1 (4,26) (5,26)
2 (3,26) (4,26)
3 (4,26) (4,25)
4 (5,28) (3,24)
5 (4,25) (4,26)

52 2] -1



Fig. 3.10 Result of an optimal injector well
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Table 3.6 Well location from between PSO and
SL-PSO-EnOpt

Number PSO SL-PSO-EnOpt
1 (25,43) (19,44)
2 (18,43) (19,44)
3 (19,44) (19,44)
4 (18,43) (25,43)
5 (18,43) (19,44)

60 M 21l &l



Fig. 3.15 Result of an infill producer location
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ABSTRACT
Joint optimization of well placement and

production control using PSO, EnOpt, and

streamline assisted methods

Minsoo Jang
The Graduate School
Seoul National University

Since oil price is low in these days, management of current oil fields
has become important compared to new exploration and development
of oil resources. In this work, therefore, a novel method is proposed
to optimize effectively the position of wells and operation conditions.

The proposed method can be categorized into two types. The first
1s combination of PSO, a global searching algorithm, and a
gradient-based EnOpt method. The second is implementation of
realistic quality map by considering streamline time of flight. This
impoves quality map excludes regions of low probability for solutions,
and thus, improves calculation efficiency.

The aforementioned method is applied to two cases: for drilling an
injector and an infill producer efficiently. The results show that the
proposed method finds a global optima even in highly heterogeneous
reservoirs and provides higher NPV compared to a conventional PSO

algorithm. Since the proposed method can optimize well location and
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production conditions simultaneously with less number of simulations,

it will be helpful for decision making in real field operations.

Keywords: joint optimization, PSO, EnOpt, well placement
optimization, production optimization, quality map, streamline
simulation

Student number: 2014-22729
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