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ABSTRACT

A Study on Well Placement Optimization Using a Sequential
Method of Artificial Neural Networks

Kim Yu Mi
Advisor : Prof. Jang II Sik, Ph.D.
Department of Energy & Resources Engineering

Graduate School of Chosun University

Well placement is an important task to minimize the risk of unproductive
drilling and to maximize the production. When dealing with heterogeneities, the
intuitive engineering judgment may not be sufficient, and the use of global
optimization methods becomes necessary in finding a favorable production plan.

The behavior of scenario combining thousands of production locations are
predicted through reservoir simulations. Depending on the size of the reservoir,
the computation time and cost of the reservoir simulation may be excessive.
Soft computing techniques can reduce the time and cost of solving problems.
Among the soft computing techniques, artificial neural network is capable of
high-speed computation while ensuring reliability of prediction results.

In conventional drilling location optimization studies, artificial neural network
1s frequently used due to fast operation speed, but the prediction result is
sensitive to the learning data and input/output data used for the learning. While
it is possible to identify values close to the global optimum using the
optimization algorithm, there is a limit that it is not easy to obtain the global
optimum itself.

In this paper, a new method is proposed by applying sequential neural
networks to obtain true global optimization for well placement. By repeatedly
generating artificial neural networks for the high ranked data among the results
from a sequence of artificial neural networks, the range of the search space is

gradually narrowed down. As a result, the global optimum point can be found

_Vi_
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through execution of minimum number of reservoir simulation. In order to
evaluate the reliability of the developed method, the new method was applied
for two different reservoir cases.

It was confirmed that the proposed method of well location optimization can
reduce the computation time by at least 70% according to the number of grids
and the number of data used in learning. The proposed method was compared
with particle swarm optimization (PSO) algorithm, which proved that the
proposed method was more efficient than PSO.

If the drilling location optimization of the on-site reservoir is performed by
the method proposed in this paper, it is possible to save the time and cost by
high-speed operation and obtain the global optimum infill drilling location with

the maximum accumulated production.
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Table 1. Difference between soft and hard computing(Ahmad, 2014).

Hard Computing

Soft Computing

requires a precisely stated

analytical model.

1s tolerant of imprecision.

often requires a lot of

computation time.

can solve some real world

problems in reasonably less time.

requires full truth.

can work with partial truth.

precise and accurate.

imprecise.

high cost for solution.

low cost for solution.

deterministic.

stochastic.

requires exact input.

can deal with ambiguous and

noisy data.

produce precise answer.

produce approximate answers.
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Table 3. Input neuron for artificial neural network.

Input neuron Data type
Time Time series data
Infill well X~y coordinates Spatial information of well

Distance from infill well to the reservoir o )
Spatial information of well

boundary
Distance from infill well to the aquifer Spatial information of well
Productivity potential of each grid blocks Individual well property

Inter-distance between existing wells and i i
o Well interaction data
infill well

Inter-distance between infill wells Well interaction data
Square time Functional links
Reciprocal time Functional links
Square of infill well X~y coordinates Functional links
Reciprocal of infill well x-y coordinates Functional links

Table 4. Output neuron for artificial neural network.

Output neuron Data type
Cumulative oil production rates Time series data
Net present value Time series data

— 11 —
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Cross Plot
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Figure 4. Cross plot of output data using ANN method.
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Figure 5. Magnified cross plot of output data using ANN method.
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Establish the number of training data
@, the type of input and output data,
selection fraction®

|

Simulate the training
data

!

Construct the ANN

!

Sort the ANN results

Filtering the ANN results
as selection fraction

|
The number of filtered ANN results

excluding the overlapped data with
training data: ©

v

The number of
©<@?

Select the new training data from (©
— and Simulate the new training data,
Combine with the previous training data

Figure 6. Flow chart of well placement optimization using sequential

Artificial Neural Network.
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Table 5. Black-0il reservoir properties.

Reservoir properties Data

Reservoir grid(XxYxZ) 24x25x15
Ax= Ay (ft) 300
Total thickness (ft) 359
Permeability(isotropic) (md) 5-100
Depth of cell(1, 1, 1) (ft) 9,000
Initial reservoir temperature (°F) 100
Initial oil phase pressure(psia) at 9035 ft 3,600
Saturation pressure of oil (psia) 3,600
Oil-water contact(ft) subsea 9,950

Table 6. Layer porosity and thickness values(Killough, 1995).

Layer Porosity Thickness (ft)
1 0.087 20
2 0.097 15
3 0.111 26
4 0.16 15
5 0.13 16
6 0.17 14
7 0.17 8
8 0.08 8
9 0.14 18
10 0.13 12
11 0.12 19
12 0.105 18
13 0.12 20
14 0.116 50
15 0.157 100

18 -
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Producer1

Figure 8. Oil saturation for Black-0Oil Model.
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Table 7. Input neuron for Black-Oil Model artificial neural network.

Number of
Input neuron Data type
neurons
Spacial information
Infill well x-y coordinates 2
of well
Nearest distance from infill well to the | Spacial information )
reservoir boundary of well
Second nearest distance from infill well | Spacial information )
to the reservoir boundary of well
Spacial information
Distance from infill well to the aquifer 1
of well
Inter—-distance between existing wells Well interaction 5
and infill well data
Square of infill well x-y coordinates Functional links 2
Reciprocal of infill well x-y coordinates Functional links 2

Table 8. Output neuron for Black—Oil Model artificial neural network.

Number of
Output neuron Data type
neurons
Cumulative oil production rates Time series data 1
— 21 —

Collection @ chosun



I HED.E

!

r
Bt

. do not anything
existing well
:q i_- training well #1to5
training well #6ta10
J training well #11to20
H H . training well #21to40

aquifer

Figure 9. Well location map of Black-Oil Model.
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Figure 10. Oil production rate of Black-0il Model.
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Table 9. The results of Black-Oil Model sequential artificial neural network

constructed using 40 initial training data(Continued).

Collection @ chosun

ANNt40-1
1" Training: R=0.35307 — atlon: R=0.33513
g1 ol =
e o T iz
e a g g
CRET ERPH
? o "|= 7
i = 6
= Bos
6.....—0..| <48 < ag - f\-l'a o am
Coefficient of Target W Targat o
determination |, Tot: R=novse LT
= 4 Bt .
= 2 &
LR ALEE e
| B e
B S
=3 2 =
n L ]
%, // |
g AL
4 116 12 z 112 14 1468 112 2 b
Targst o Targst o
- 107 Cross plot
12T
=
=
<
1.15
Cross plot
1.4
1.1 1.15 1.2 1.25
TRUE 107
0O  Selected data
() Optimal data
®  Training daz
Top ranked line
Global Point Ranking 0.07
Number of training
40
data
© 91
_ 25 _




Table 9. The results of Black-Oil Model sequential artificial neural network

constructed using 40 initial training data.
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Table 10. The results of Black-Oil Model sequential artificial neural

constructed using 20 initial training data(Continued).
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Table 10. The results of Black-Oil Model sequential artificial neural network

constructed using 20 initial training data(Continued).
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Table 10. The results of Black-Oil Model sequential artificial neural

constructed using 20 initial training data.

network
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Table 11. The results of Black-Oil Model sequential artificial neural

constructed using 10 initial training data(Continued).
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Table 11. The results of Black-Oil Model sequential artificial neural network

constructed using 10 initial training data(Continued).
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Table 11. The results of Black-Oil Model sequential artificial neural

constructed using 10 initial training data.
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Table 12. The results of Black-Oil Model sequential artificial neural network

constructed using 5 initial training data(Continued).
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Table 12. The results of Black-Oil Model sequential artificial neural network

constructed using 5 initial training data(Continued).
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Table 12. The results of Black-Oil Model sequential artificial neural network

constructed using 5 initial training data(Continued).
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Table 12. The results of Black-Oil Model sequential artificial neural

constructed using 5 initial training data.

network
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Coalbed Methane Modeling
Permeability | - Fracture (md) 2010-01-01
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Figure 11. Permeability distribution for Coalbed Methane Model.

Table 13. Simulation condition for Coalbed Methane Model.

Cleat spacing 1 in
Sorption time (CHy) 0.171 day
Sorption time (COo) 0.171 day

Reference pressure

5,911 kPa @300m

Molar ratio of CHy and COg

8(CHy) : 2(CO2)

Langmuir volume; Vi (CHy)

358 scf/ton

Langmuir volume; Vi (CO»)

929 scf/ton

Langmuir pressure; Pr (CHy) 549 psia
Langmuir pressure; Pr (CO2) 339 psia
Max. water production rate 5,000 mS/day
Permeability Model PM Model
Production period 15 years
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Table 14. Input neuron for artificial neural network of Coalbed Methane Model.

Number of
Input neuron Data type
neurons
i ) Spacial information
Infill well x-y coordinates 2
of well
Nearest distance from infill well to the | Spacial information .
reservoir boundary of well
Second nearest distance from infill well | Spacial information )
to the reservoir boundary of well
Inter—-distance between existing wells Well interaction 5
and infill well data
Square of infill well x-y coordinates Functional links 2
Reciprocal of infill well x-y coordinates Functional links 2

Table 15. Output neuron for artificial neural network of Coalbed Methane Model.

Number of
Output neuron Data type
neurons
Cumulative oil production rates Time series data 1
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Figure 12. Well location map of Coalbed Methane Model.
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Figure 13. Oil production rate of Coalbed Methane Model.
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Table 16. The results of Coalbed Methane Model sequential artificial neural

network constructed using 40 initial training data(Continued).
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Table 16. The results of Coalbed Methane Model sequential artificial

network constructed using 40 initial training data(Continued).
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Table 16. The results of Coalbed Methane Model sequential artificial neural

network constructed using 40 initial training data.
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Table 17. The results of Coalbed Methane Model sequential artificial neural

network constructed using 20 initial training data(Continued).
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Table 17. The results of Coalbed Methane Model sequential artificial

network constructed using 20 initial training data(Continued).
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Table 17. The results of Coalbed Methane Model sequential artificial neural

network constructed using 20 initial training data(Continued).
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Table 17. The results of Coalbed Methane Model sequential artificial neural

network constructed using 20 initial training data.
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Table 18. The results of Coalbed Methane Model sequential artificial neural

network constructed using 10 initial training data(Continued).
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Table 18. The results of Coalbed Methane Model sequential artificial neural

network constructed using 10 initial training data(Continued).
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Table 18. The results of Coalbed

network constructed using 10 initial

Methane Model sequential artificial

training data(Continued).
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Table 18. The results of Coalbed

network constructed using 10 initial

Methane Model sequential artificial

training data(Continued).
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Table 18. The results of Coalbed

network constructed using 10 initial

Methane Model sequential artificial

training data.
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Table 19. The results of Coalbed Methane Model sequential artificial

network constructed using 5 initial training data(Continued).
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Table 19. The results of Coalbed Methane Model sequential artificial neural

network constructed using 5 initial training data(Continued).
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Table 19. The results of Coalbed Methane Model sequential artificial

network constructed using 5 initial training data(Continued).
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Table 19. The results of Coalbed Methane Model sequential artificial neural

network constructed using 5 initial training data(Continued).
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Table 19. The results of Coalbed Methane Model sequential artificial neural

network constructed using 5 initial training data(Continued).
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Table 19. The results of Coalbed Methane Model sequential artificial

network constructed using 5 initial training data.
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The number of
training data
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Table 20. Total results of the Black—0il and Coalbed Methane models.
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