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ABSTRACT

Optimization of Multi—-well Placement using

Artificial Intelligence

Kang, Hyeon Jeong

Advisor : Prof. Jang, Il Sik, Ph.D.
Departrrent of Energy & Resource Engineering
Graduate School of Chosun University

Well placement is one of the most important steps in conventional or
unconventional field development. Reservoir simulation has been frequently used
to determine the optimal locations in well-placement problems. The ideal method
is to conduct simulations for all possible drilling locations, called as the
exhaustive run, to obtain a true global solution wherein the cumulative
production or the economic value is a maximum. However, the exhaustive run
takes too much computational time. Therefore, studies using artificial neural
networks have been carried out to reduce the required time and cost.

In previous studies to investigate multi-wells placement problem, artificial
neural network was applied to scenarios selected by expert’s experience and
intuition. However, this method does not take into account all cases in which
the multi-wells can be located in the entire reservoir, and thus there is
possibility of not obtaining the true global solution.

In this study, a new algorithm is proposed to find the optimal locations of
multi-wells by using sequentially artificial neural networks in hierarchical grid
systems. By applying the sequential artificial neural network (ANN) for each

hierarchical grid system, a new search space is identified, where a more
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detailed grid system is used for the next sequential ANN. In this methodology
it is possible to identify the true global solution with relatively small number of
reservoir simulations.

The proposed method was applied to optimize multi-well placement in a
coalbed methane reservoir. The result proved that the proposed method provided
a practical, cost-effective and robust tool for field production management in

helping petroleum engineers determine locations for infill drilling wells.
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Define ki hierarchical grid system with one well locationper n;, X n,, grids

|

Perform sequential ANN

|

Combine all the solutions up to the top 13, rank from the sequential ANN

k=k+1

|

Define a new search space with the top 73, solutions

Is more hierarchical grid system required?

Perform sequential ANN

|

Identity the global solution
}

< - >

Figure 3.1 Flow chart of multi-well placement optimization.
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Figure 3.2 Optimization procedure for 2-well placement problem.
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A =
stk AR T HAHEHE nEEr] AT AAAT FERA= FUF AR T
71E AP A F7F AR 719 AYE AFEsHH S (Figure 3.3, Table
N e 5t A thH(Table 3.2).

o
.
ofl
tlo
>
=z
ofo

Infill well x-y coordinates

Distance from infill well to the
reservoir boundary
Cumulative gas production rates

Inter-distance between existing
wells and infill well

Inter-distance between infill well
and infill well

Figure 3.3 The structure of ANN model.
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Table 3.1. Input data for the artificial neural network in the case of 2 infill

wells with 6 existing wells

Lo . Number of
Description of the input neuron
neurons
Infill well x-y coordinates 4
Distance from infill well to the reservoir boundary 8
Inter—distance between existing wells and infill well 12
Inter—distance between 1 infill well and 2 infill well 1

Table 3.2. Output neuron descriptions for the artificial neural network

o Number of
Description of the output neuron
neurons
Cumulative production rates 1

Collection @ chosun - 19 -



A4d A 234

A1d A{FF A9

B AFo A= Computer Modeling Group(CMG, 2016)9 4 71d3dk A& A&

ole] TGEM, & AH&3te] Ha3 varts AFF5 a3 94 438 478
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AFE R AFS 74 =42 Table 413 20 Y AFF2 6.1 km X 3.7 km
HAAL G ol FE=Z 6709 74 Aol fAsE doh AFFLS 61 x 37 < 39
6, 77170 A2 FA3sAxn, AR 7+4 L& 100melth. AF3F 9 F7+ 3-10molth.
71E 6708 FAAL (7, 13), (7, 26), (33 ,3), (34, 20), (47, 20), (53, 5 Z+z} 9
Askal ot

7k AFsts AARe FH90E, ANEAL J1E 679 £ARe] 39 A

HA Tt

ol

A F F7F AFEH, & A0S 20de=

Figure 4.1 Description of coalbed methane reservoir system.
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Table 4.1 Properties of CBM reservoir

Parameters Values
Size 6.1 km X 3.7 km
Grid 61 < 37 X 3
Cleat spacing 0.1 m
Sorption time(CHy) 1 day

Reservoir pressure

791 psi at 300 m

Molar ratio of CHy and CO» 1(CHy) : 0(COy)

Langmuir volume; Vi.(CHy) 598 scf/ton

Langmuir pressure; Pr(CH,) 419 psi

Max. water production rate 5,000 m3/day

Permeability Model Palmer & Mansoori

Matrix Permeability 0.001 md

Permeability of face cleat 43.95 md-105md

Permeability of butt cleat 11 md-26.42md

Matrix porosity 0.08

Cleat porosity 0.02-0.03
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B Reservoir boundary M Existing well

Figure 4.2 Grid system of 2 infill-well case.
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Figure 4.4 Result of initial ANN model.((a) Training result of initial
ANN model, (b) Cross plot of ANN model and simulation results, (c)
Top 15% of search space using initial ANN model)
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Figure 4.5 Result of 2@ ANN model.((a) Training result of 2 ANN

model, (b) Cross plot of ANN model and simulation results, (c) Top
20% of search space using 2™ ANN model)
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Figure 4.6 Result of 3 ANN model.((a) Training result of 3 ANN
model, (b) Cross plot of ANN model and simulation results, (c) Top
25% of search space using 3 ANN model)
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Figure 4.7 Result of 4" ANN model.((a) Training result of 4" ANN
model, (b) Cross plot of ANN model and simulation results, (c) Top
30% of search space using 4% ANN model)
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Table 4.2 Summary of applying the hierarchical ANN of 2 infill wells(Step 1)

Number Total
New Rank of
ANN Cutoff of number of
. search global ] ]
model value(%) | training ] simulation
space solution
data runs
1t 15 40 524 1.96 40
ond 20 50 153 0.95 50
3 25 60 9 1.96 60
4t 30 70 14 6.38 70
8.00e+8 ; ; ; !
6.00e+8 - RREREREEEES o o EEERRREEEE -
6’)\ | | | |
£ | | | |
O | | | |
n | | | |
5 4.00e+84 ——— - - e e O EEEREErEE —
g | | | |
3 | | | |
E | | | |
© 2.00e+81 ~ <o . b b R
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Figure 4.8 Cumulative gas production rate of 2 infill wells(Step 1).
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Figure 4.9 Adsorption(CH4) of 2 infill wells(Step 1).
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Figure 4.10 Reduced search space of 2 infill wells(Step 1)
((a) initial ANN model, (b) 2" ANN model, (c) 3¢ ANN model,
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Table 4.3 Results of repeated application of 2 infill wells ANN(Step 1)

Rank of global solution for each ANN
model
Total of number
Case ) .
simulation runs
lst 2nd 3rd 4th
(%) (%) (%) (%)
1 1.96 0.9 1.96 6.38 34
2 2.64 42 8.43 6.5 83
3 5.60 496 8.43 74 84
4 4.48 6.75 1.49 3.19 84
5 1.56 3.05 6.84 94 85
6 561 6.6 8.43 85 84
7 1.80 1.64 94 8.63 84
8 1.05 3.98 6.84 94 86
9 1.96 6.35 8.16 819 85
10 1.56 3.05 7.19 85 84
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Figure 4.11 Ranking 1 to 5 of 2 infill wells(Step 1).

Table 4.4 Ranking 1 to 5 of 2 infill wells(Step 1)

MLocl JLocl ILoc2 JLoc2 | FieldCum(m®)
No. 1 29 34 34 9 770,267,520
No. 2 34 9 34 34 768,324,860
No. 3 29 9 29 34 767,565,890
No. 4 24 34 29 9 766,720,130
No. 5 29 34 44 14 766,270,270
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Figure 4.12 Training map of 2 infill wells(Step 2).
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Figure 4.13 Result of initial ANN model.((a) Training result of initial
ANN model, (b) Cross plot of ANN model and simulation results, (c)
Top 15% of search space using initial ANN model)
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Figure 4.14 Result of 2 ANN model.((a) Training result of 2°¢ ANN

model, (b) Cross plot of ANN model and simulation results, (c) Top
20% of search space using 2™ ANN model)
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Table 4.5 Summary of applying the hierarchical ANN in 2 infill wells(Step 2)

Number Total
New Rank of
ANN Cutoff of number of
. search global ) ]
model value(%) | training ] simulation
space solution
data runs
1t 15 37 113 5.01 13
2nd 20 47 18 0.95 23
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Figure 4.15 Cumulative

—— Cumulative Gas SC |
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Figure 4.16 Adsorption(CH4) of 2 infill wells(Step 2).
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Figure 4,17 Reduced search space of 2 infill wells(Step 2).
((a) 1st ANN model, (b) 2°* ANN model)
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Table 4.6 Results of repeated application of 2 infill wells ANN(Step 2)

Rank of global solution for each ANN model
Total of number
Case . .
simulation runs
1st 2nd
(%) (%)
1 5.01 17.5 65
2 8.25 17.6 66
3 4.64 12.6 64
4 5.52 18.6 66
5 6.77 18.1 66
6 6.86 17.6 65
7 6.68 13.6 64
8 9.64 13.6 64
9 5.52 18.6 66
10 5.01 12.6 64
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Figure 4.18 Ranking 1 to 3 of 2 infill wells(Step 2).

Table 4.7 Ranking 1 to 3 of 2 infill wells(Step 2)
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ILocl JLocl ILoc2 JLoc2 | FieldCum(m?®)
No. 27 35 35 9 770,427,650
No. 27 35 32 9 768,903,810
No. 27 35 35 12 768,898,750
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Figure 4.19 Training map of 2 infill wells(Step 3).
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Figure 4.20 Result of initial ANN model.((a) Training result of initial
ANN model, (b) Cross plot of ANN model and simulation results, (c)
Top 15% of search space using initial ANN model)
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Figure 4.21 Result of 2" ANN model.((a) Training result of 2°¢ ANN

model, (b) Cross plot of ANN model and simulation results, (¢) Top
20% of search space using 24 ANN model)
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Figure 4.22 Result of 3 ANN model.((a) Training result of 3% ANN
model, (b) Cross plot of ANN model and simulation results, (c) Top
25% of search space using 3 ANN model)
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Table 4.8 Summary of applying the hierarchical ANN of 2 infill wells(Step 3)

Number Total
New Rank of
ANN Cutoff of number of
. search global ) ]
model value(%) | training ] simulation
space solution
data runs
1t 15 59 231 6.14 % 0
ond 20 69 115 26 % 10
3 25 79 9 1826 % 20
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Figure 4.24 Adsorption(CH4) of 2 infill wells(Step 3).
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Figure 4.25 Reduced search space of 2 infill wells(Step 3).
((a) Initial ANN model, (b) 2°¢ ANN model, (c) 3¢ ANN model)
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Table 4.9 Results of repeated application of 2 infill wells ANN(Step 3)

Rank of global solution for each ANN
model
Total of number
Case . .
simulation runs
lst 2nd 3rd
(%) (%) (%)
1 6.14 2.6 18.26 88
2 5.64 8.65 116 89
3 8.41 5.64 135 88
4 541 513 841 89
5 3.42 6.84 8.96 88
6 7.65 9.42 6.87 89
7 3.24 476 9.74 90
8 3.56 3.87 5.24 90
9 5.34 8.97 8.64 88
10 9.86 854 13.78 89
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Table 4.10 Result of 2 infill wells

Step 1Gtr 10 average)

GP Coordinate (29, 34)-(34, 9)
GP Cum rate(m’) 770,267,520
GP Rank 4.70 %
Number of simulations 69

Step 2(itr 10 average)

GP Coordinate (27, 35)-(35, 9)
GP Cum rate(m’) 770,427,650
GP Rank 6.02 %
Number of simulations 42

Step 3(@itr 10 average)

GP Coordinate (29, 34)-(31, 11
GP Cum rate(m’) 770,698,050
GP Rank 9.89 %
Number of simulations 28
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Figure 4.26 Well location for 3 infill well case.

Collection @ chosun - 55 -



Figure 4.28(a)x 5079 FHAS AM&3std dgH ANN 22 13’4- ANN 24 1

2 AFgstel F 058470 B Fuol el FH sk ANFE A5 Aoln
oz 158 Agate Aze BATHE ARG, Az AT 14,3357}
g 50702 ol AFNEF dF gol A e dolHE TIT 204F
Fddolgz Agah

AMEA Bd 20%9 FAARS A EHAS T3 AT &S 532, 7
o] 50%9 E£dAF APse ANN 2d 28 F=3t}. Figure
ANN 24 22 =4 ]d H|8 A=} =55 8
&3t MEL FAFTE BYsnh 2925709 @A F3H
S A&t BdS 53 AF Figure 4.30(a) 2
I ANN =9 49] 813709 &A-F3to] A=A 110708 FHAHE AHE3e
o ALXE O%E A-&3 A H(Figure 4.31(a)).

ANN 24 5= 130709 FE8A& AH&3to] 3479 g2 F o] ANNS 3¢
A3}E Figure 4.32(a)3 2l ALX 30%E FE3g o, ANN 249 65 21970
o] gaZzio] s ANNS —r3§ 3t tH(Figure 4.33). uFX9to 2 ANN 29 69
ZALE 0%E HEsted AMEA HddE 191719 &EAFte] s 17089 £4H
S A&t ANNES P35t tHFigure 4.34). AL X 30%E A &3 23 19707}
AU o]y FEEA wEIte] G2 19719 & F3he dis AlEdH oA
< FY3dq A s do] 7S AHET 17089 FHEUolE ¥ Bl w3}
€ dHo"HE FoW E dudgFL FEdH(Table 4.11).
EdoldS T3 FF3 (24, 30)-(34, 9)-(44, 3)E =E39oH,

< 820,813,060m’ o] tH(Figure 4.35). &3 wg&7tx
7‘1% Zd A F3 éﬂr Were]l F3# W3lE Figure 4363 o] A& 5 9l

L
i
i)
P
to
K

4% ¢ BLE Fol 22U AL BAFAL, g Pz s, 3
qalg w7 A8 Bad ABdolA A5t 27 FY dold 50802 AR
9e o, A4 1893, Av) 191812 vebsioh

Collection @ chosun - 56 -



.08 Test: R=0.91584

HHIHHIHHHIHHHIHHIHHIHHIHH ©
B R nEESENEESEWSETENEEEEMERE
R I
R e e R R R e @
S SEEE SSmE Sams Smas Sams Sms=
R e e e e

i3 o]

B o
o] el

1

Training: R

¥=T

3 All: R=0.97891

™ -+

Z£'0 + 30611} =~ INchno

L0+9ZZ + JBIRL,16°0 =~ INhND

Target

(a)

=
¢ 5
2 2
2
m.m
55 g
Y «©
% g ©
T eE
g g -
L
O K
7o
EER
|
|
n o el o n o
™ [Sp) N N - -~

60

50

40

30

20

10

(©)

Figure 4.27 Result of initial ANN model.((a) Training result of initial

ANN model, (b) Reduced search space of initial ANN model, (c) Top

15% of search space using initial ANN model)
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Figure 4.28 Result of 2"¢ ANN model.((a) Training result of 2°¢ ANN
model, (b) Reduced search space of 2" ANN model, (c) Top 20% of

search space using 24 ANN model)

Collection @ chosun - 58 -



.1pf __ Training: R=1 493 Test: R=0.94314

= ; 5
g |2 i
s T =+ étp
J ¥ o
L7s g8 4
€ ] o o T T
E = 15 I T
=76 e
; 2l : ;
g4 i & 30
g 5. i "
072 g2 H
<1 25
2 4 6 8 8 2 4 [ 3 8 H
Target <108 Target <108 0 m
108 All: R=D.99016 H
= - 15 |
5 0 Daa H
3 | " H
B 4 :
=
5: 5
Tral o
. 0
E__¢ 0 10 20 30 40 50
® e e e e (b)
Target o
(a)
35 M Reduced search space, T
B Existing well location
30 B Training data
||
25 |
20
15
|
10
5 |
0 B
0 10 20 30 40 50 60
(c)

Figure 4.29 Result of 3 ANN model.((a) Training result of 3 ANN
model, (b) Reduced search space of 3 ANN model, (¢) Top 25% of
search space using 3 ANN model)
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Figure 4.30 Result of 4™ ANN model.((a) Training result of 4® ANN
model, (b) Reduced search space of 4" ANN model, (c) Top 30% of
search space using 4™ ANN model)
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Figure 4.31 Result of 5" ANN model.((a) Training result of 5 ANN
model, (b) Reduced search space of 5% ANN model, (¢) Top 30% of
search space using 5% ANN model)
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Figure 4.32 Result of 6 ANN model.((a) Training result of 6% ANN
model, (b) Reduced search space of 6 ANN model, (¢) Top 30% of
search space using 6™ ANN model)
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Figure 4.33 Result of 7" ANN model.((a) Training result of 7% ANN

model,

(b) Reduced search space of 7% ANN model, (c) Top 30% of

search space using 7% ANN model)
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Table 4.11 Summary of applying the hierarchical ANN of 3 infill wells(Step 1)

Total
ANN Cutoff Number of number of
Search space . ) .
model value(%) | training data | simulation
runs
1t 05,284 15 50 50
ond 14,335 20 70 70
3 2,925 25 90 90
4t 813 30 110 110
5t 344 30 130 130
6t 219 30 150 150
7t 191 30 170 170
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Figure 4.34 Cumulative gas production rate of 3 infill wells(Step 1).
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Figure 4.35 Adsorption(CH4) of 3 infill wells(Step 1).
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Table 4.12 Results of repeated application of 3 infill wells ANN(Step 1)

Training | Remain | Total GP Coord GP(I:;;m.
1 170 19 189 (24, 34)-(34, 9)-(44, 34) | 820,813,060
2 170 20 190 (24, 34)-(34, 9)-(44, 34) | 820,813,060
3 170 21 191 (24, 34)-(34, 9)-(44, 34) | 820,813,060
4 170 20 190 (24, 34)-(34, 9)-(44, 34) | 820,813,060
5 170 21 19 (24, 34)-(34, 9)-(44, 34) | 820,813,060
6 170 20 190 (24, 34)-(34, 9)-(44, 34) | 820,813,060
7 170 19 189 (24, 34)-(34, 9)-(44, 34) | 820,313,060
8 170 19 189 (24, 34)-(34, 9)-(44, 34) | 820,813,060
9 170 19 189 (24, 34)-(34, 9)-(44, 34) | 820,813,060
10 170 20 190 (24, 34)-(34, 9)-(44, 34) | 820,813,060
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A ARA 2" ES &3] A5 194 ] oA =&d 33 49 1598 A&
o gAFNE AA3AT AFH d9E& FF8 g DAY NEL 4 F
©° 2 A3} (Figure 4.37, Table 4.13).
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Figure 4.36 Ranking 1 to 5 of 3 infill wells(Step 1).

Table 4.13 Ranking 1 to 5 of 3 infill wells(Step 1)

ILocl | JLocl | ILoc2 | JLoc2 | ILoc3 | JLoc3 | FieldCum(m?®)
No. 1 24 34 34 9 44 34 820,813,060
No. 2 24 34 34 9 34 29 820,722,500
No. 3 24 34 34 9 39 29 819,734,780
No. 4 19 34 34 9 39 34 818,328,580
No. 5 24 34 29 9 44 34 818,216,450
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. 297 ARAA2EES AHGE A A A

1A AFE 49 1-599 AXE HEslo 204 ARA2EE A3 A=
= Y TS TEL 3x3Y 92 UHET MEA BAH 5625719 el
3l ANNE T35k 194 =29 F9a7t AFFY 9% 10, 5% 24
oA $X87] w&oll, 1Al AME-g EHA F FGsete] X ] Ag 742 &
AR S dAs AHgatdon, AEA Aodd 99 HelA F71 FAHE AR
Atk 71Ee FHA 1589 MFA AFd FE4 15%, T 3089 FHFE AHE
stal T AAY e sEAAT. T 2y FE2A] 2084 FEAL A=A =
7}3ted ANN 228 73314 (Figure 4.38).
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Figure 4.37 Training map of 3 infill wells(Step 2).
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Figure 4.38 Result of initial ANN model.((a) Training result of initial

ANN model, (b) Reduced search space of initial ANN model, (c) Top
15% of search space using initial ANN model)
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Figure 4.39 Result of 2nd ANN model.((a) Training result of 2°¢ ANN
model, (b) Reduced search space of 2°¢ ANN model, (¢) Top 20% of

search space using 2°¢ ANN model)
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Figure 4.40 Result of 3 ANN model.((a) Training result of 3 ANN
model, (b) Reduced search space of 3@ ANN model, (c) Top 25% of
search space using 3 ANN model)
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Figure 4.41 Result of 4™ ANN model.((a) Training result of 4® ANN
model, (b) Reduced search space of 4" ANN model, (c) Top 30% of

search space using 4" ANN model)
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Table 4.14 Summary of applying the hierarchical ANN of 3 infill wells(Step 2)

Number of
ANN Cutoff Number of . i
Search space o simulation
model value(%) | training data
runs
1t 5,625 15 30 15
ond 874 20 50 35
3 218 25 70 55
4h 120 30 90 7
1.00e+9 ‘ ; ; i
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@ l l 1 1
£ | | ‘ |
Q 6.00€+8 ~ -~~~ - R ST et s oo
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Figure 4.42 Cumulative gas productions of 3 infill wells field(Step 2).
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Figure 4.43 Adsorption(CH4) of 3 infill wells(Step 2).

Collection @ chosun - 75 -



Table 4.15 Results of repeated application of 3 infill wells ANN(Step 2)

Training | Remain | Total GP Coord GIZH?;IH
1 90 15 105 (19, 35)-(40, 32)-(32, 9) | 821,786,500
2 90 16 106 (19, 35)-(40, 32)-(32, 9) | 821,786,500
3 90 15 105 (19, 35)-(40, 32)-(32, 9) | 821,786,500
4 90 14 104 (19, 35)-(40, 32)-(32, 9) | 821,786,500
5 90 18 108 (19, 35)-(40, 32)-(32, 9) | 821,786,500
6 90 15 105 (19, 35)-(40, 32)-(32, 9) | 821,786,500
7 90 18 108 (19, 35)-(40, 32)-(32, 9) | 821,786,500
8 90 15 105 (19, 35)-(40, 32)-(32, 9) | 821,786,500
9 90 14 104 (19, 35)-(40, 32)-(32, 9) | 821,786,500
10 90 15 105 (19, 35)-(40, 32)-(32, 9) | 821,786,500
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Figure 4.44 Ranking 1 to 3 of 3 infill wells(Step 2).

Table 4.16 Ranking 1 to 5 of 3 infill wells(Step 2)

ILocl | JLocl | ILoc2 | JLoc2 | ILoc3 | JLoc3 | FieldCum(m?)

No. 1 19 35 40 32 32 9 821,786,500
No. 2 19 35 40 32 35 9 821,771,460
No. 3 19 32 40 32 35 9 820,794,880
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Figure 4.45 Training map of 3 infill wells(Step 3).
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Figure 4.46 Result of initial ANN model.((a) Training result of initial
ANN model, (b) Reduced search space of initial ANN model, (c) Top
15% of search space using initial ANN model)
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Figure 4.47 Result of 2" ANN model.((a) Training result of 2°¢ ANN
model, (b) Reduced search space of 2°¢ ANN model, (¢) Top 20% of
search space using 24 ANN model)
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Figure 4.48 Result of 3® ANN model.((a) Training result of 3" ANN
model, (b) Reduced search space of 3® ANN model, (c) Top 25% of
search space using 3% ANN model)
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Figure 4.49 Result of 4™ ANN model.((a) Training result of 4" ANN
model, (b) Reduced search space of 4® ANN model, (c) Top 30% of
search space using 4™ ANN model)
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Figure 4.50 Result of 5% ANN model.((a) Training result of 5 ANN
model, (b) Reduced search space of 5% ANN model, (c) Top 30% of

search space using 5% ANN model)
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Figure 4.51 Result of 6™ ANN model.((a) Training result of 6 ANN
model, (b) Reduced search space of 6% ANN model, (c) Top 30% of

search space using 6™ ANN model)
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Table 4.17 Summary of applying the hierarchical ANN of 3 infill wells(Step 3)

Number of
ANN Cutoff Number of . i
Search space o simulation
model value(%) | training data
ruans
1 35,000 15 105 0
gnd 5,351 20 125 20
3rd 1,189 25 145 40
4™ 431 30 165 60
5t 279 30 185 80
6t 244 30 205 100
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Figure 4.53 Adsorption(CH4) of 3 infill wells(Step 3).
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Table 4.18 Results of repeated application of 3 infill wells ANN(Step 3)

Training | Remain Total GP Coord GIZH?;IH
1 205 27 232 (19,35)-(39,32)-(33,9) | 823,057,280
2 205 26 231 (19,35)-(39,32)-(33,9) | 823,057,280
3 205 28 233 (19,35)-(39,32)-(33,9) | 823,057,280
%! 205 28 233 (19,35)-(39,32)-(33,9) | 823,057,280
5 205 31 236 (19,35)-(39,32)-(33,9) | 823,057,280
6 205 28 233 (19,35)-(39,32)-(33,9) | 823,057,280
7 205 27 232 (19,35)-(39,32)-(33,9) | 823,057,280
8 205 27 232 (19,35)-(39,32)-(33,9) | 823,057,280
9 205 26 231 (19,35)-(39,32)-(33,9) | 823,057,280
10 205 28 233 (19,35)-(39,32)-(33,9) | 823,057,280
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HETHoE, A 379 AlF JAE =&V 3l AFZSS 5x59 d9e=z
UFAx, 144 =28 F93 1-597-A] mejste] o]& 3x32F 4A] U
At} 2adAlO A E2E F9E 1-39 &8 nH3Y HFTHOE JE AR Al
g4 9oz Aosel AFNEFE FAT 2% A F7h AF 9F 253
At

2 AFFTAA 3709 F7F AlF HAE EE3H7] 9alA Hdl 1,913,665,1609 A
FE A0 BAE FACE AW, AAT TS ASTORA 33039 AB o
Aoz F7 AlF YAAE =& 4 At (Table 4.19).

Table 4.19 Result of 3 infill wells
Step 1(itr 10 average)
GP Coordinate (24, 34)-(34, 9)-(44, 34)
GP Cum rate(m’) 820,813,060
Number of simulations 190
Step 2(itr 10 average)
GP Coordinate (19, 35)-(40, 32)-(32, 9)
GP Cum rate(m’) 821,786,500
Number of simulations 90
Step 3(itr 10 average)
GP Coordinate (19, 35)-(39, 32)-(33, 9)
GP Cum rate(m’) 823,057,280
Number of simulations 127
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