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Fig. 3.1 Steps of the proposed method
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Table 3.1 Calculation of an injector coordinate during the 1st iteration

Iteration 1 P1 P2 P3 P4 Remark
1) Relative coordinate between Pi and I
Pi(x-coorinate) 1 1 21 21
Pi(y-coorinate) 1 21 21
I(x-coorinate) 6 6 6
I(y-coorinate) 4 4
Axi (Pi-1) -5 -5 15 15
Ayi (Pi-1) -3 17 -3 17
2) Sensitivity matrix
ShiftingTime(TOF) -672.005 113.561 -95.814 628.148
grid length 50 50 50 50
dfw / dSw 1 1 1 1
Xj 5.831 17.720 15.297 22.672
Sij -2.305 0.128 -0.125 0.554
3) Injector coordinate
AXI*Sij 11.525 -0.641 -1.879 8.312 4.329
AYi*Sij 6.915 2.179 0.376 9.420 4722
Round(Axi*Sij) 4
Round(Ayi*Sij) 5
I(x-coorinate)_new 10
I(y-coorinate)_new 9

< Explanation of Abbreviations >

1) PB;:i-th production well, I: injection well

2) X;: distance from an injection well to a production well, Sj;: sensitivity matrix

3) Round: round off to the nearest integer
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Table 3.2 Calculation of an injector coordinate during the 2nd iteration

Iteration 2 P1 P2 P3 P4 Remark
1) Relative coordinate between Pi and I
Pi(x-coorinate) 1 1 21 21
Pi(y-coorinate) 1 21 1 21
I(x-coorinate) 10 10 10 10 10
I(y-coorinate) 9 9 9 9 9
Axi (Pi-1) -9 -9 11 11
Ayi (Pi-1) -8 12 -8 12
2) Sensitivity matrix
ShiftingTime(TOF) -197.758 68.017 -61.655 184.757
grid length 50 50 50 50
dfw / dSw 1 1 1 1
Xj 12.042 15.000 13.601 16.279
Sij -0.328 0.091 -0.091 0.227
3) Injector coordinate
AXI*Sij 2.956 -0.816 -0.997 2497 0.910
AYiI*Sij 2.628 1.088 0.725 2.724 1.791
Round(Axi*Sij) 1
Round(Avyi*Sij) 2
I(x-coorinate)_new 11
I(y-coorinate)_new 11
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Table 3.3 Calculation of an injector coordinate the during the 3rd iteration

Iteration 3 P1 P2 P3 P4 Remark
1) Relative coordinate between Pi and I
Pi(x-coorinate) 1 1 21 21
Pi(y-coorinate) 1 21 1 21
I(x-coorinate) 11 11 11 11 11
I(y-coorinate) 11 11 11 11 11
Axi (Pi-1) -10 -10 10 10
Ayi (Pi - 1) -10 10 -10 10
2) Sensitivity matrix
ShiftingTime(TOF) -0.304 0.424 -0.423 0.303
grid length 50 50 50 50
dfw / dSw 1 1 1 1
Xj 14.142 14.142 14.142 14.142
Sij 0.000 0.001 -0.001 0.000
3) Injector coordinate
AXI*Sij 0.004 -0.006 -0.006 0.004 -0.001
AYI*Sij 0.004 0.006 0.006 0.004 0.005
Round(Axi*Sij) 0
Round(Ayi*Sij) 0
I(x-coorinate)_new 11
I(y-coorinate)_new 11
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Table 4.1 Grid properties of the reference field

Parameters

Value

Number of gird cells (441)

21 x21 x1

Width of the reservoir, ft

1,050

Length of the reservoir, ft

1,050

Thickness of the reservoir, ft

20

Grid width, ft

50

Grid length, ft

50

Porosity, fraction

0.15

Initial reservoir pressure, psia

2,000

Table 4.2 Fluid properties of the reference field

Parameters

Value

Connate water saturation, fraction

0.25

Residual oil saturation, fraction

0.2

End-point relative water permeability, fraction

0.3

End-point relative oil permeability, fraction

0.7

Formation volume factor of water, rb/stb

1

Water compressibility at 2,000 psia , 1/psi

5.00E-7

Water viscosity, cp

Oil viscosity, cp
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Fig. 4.4 Histogram of log permeability
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Table 4.3 Geostatistical data

Parameters Value
Average log permeability, In(md) 3.83
Standard deviation of log permeability, In(md) 0.40
Variogram model Spherical
Sill 0.5
Nugget 0
Range, ft 500

Table 4.4 Production well data

Well name Well coordinate L [Tz ol 15 Boundary condition
In(md)
Pl (LD 3.60 100 bbl/day, constant
liquid production rate
P2 (21,1) 4.15
P3 (1,21) 3.86 300 bbl/day, constant
water injection rate
P4 (21,21) 3.63
32
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ABSTRACT

Optimization of an Injection Well Using Streamline Simulation

Minchul Kang
Department of Energy System Engineering
The Graduate School

Seoul National University

The amount of oil resources produced by the primary production is very limited. For oil
reservoirs, waterflooding, artificially injecting water into the reservoir, can be used in
order to enhance the oil recovery. Therefore, we must find the location of an injection well
that improves oil productions by maximizing sweep efficiency.

In this research, water arrival times from an injection well to a production well are
equalized to maximize the efficiency of waterflooding. The water arrival times are
calculated by streamline simulation and the location of an injection well is updated using
the change of water arrival time for the distance to producers as a sensitivity. The location
of an optimal injection well is determined when there is no change in the position of an
injection well.

By using the proposed method, the location of an optimal injection well is obtained
giving within top 3% of cumulative oil productions. The location of an optimal injection
well converges stably to one location regardless of initial points from 3 to 6 iterations.
Therefore, it is expected that the proposed method can provide reliable position of an

optimal injection well efficiently.

Keywords: optimization of an injection well, sweep efficiency, equalizing water arrival

time, TOF(time of flight)
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