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8 January 2021 Well operating conditions can significantly affect the economic feasibility of developing an oil and
Final version Received gas field. The optimal operating conditions can be calculated using gradient-based optimization
1 April 2021 algorithms. However, using the finite difference method for this calculation is significantly costly

under reservoir uncertainty and complex operating conditions. Thus, stochastic simplex approximate
gradient (StoSAG), which is a calculation of the gradient by perturbing decision variables randomly,
is an efficient application for optimization under uncertainty . In this study, StoSAG was applied to
optimize the operating conditions in a real carbonate reservoir. Compared to the initial operating
conditions, the optimized model shows a 10% increase in net present value (NPV ). The results can be
utilized to determine cost-efficient operating conditions for complex reservoirs.
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Fig. 1. Workflow of the optimization algorithm.
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Table 3. Economic parameters in equation (9)

Value
© ) 7+ © Aof| BThE] = BlL-L PP A -
;EH T °C:ﬂ 4.2}051 = ]] == t}jﬁi}.?li 14 o‘];‘j Discount Rate [%)] 10
L. O Z0]A7}0] Z£90] O 3] & H 3] Z] A
;TE:TH ou-JTt{T;ﬂ = oo ]EE-AO]—D\T x_j] 0il Price " $/578) 60
FULE 000/ IR W A A P S
& tpehiich. 712 9.9 270 AL Ao Rujel ke ater Disposal Cost a >
Rolg 22 4E B 2Usul, RE YA} 2oy Water Injection Cost ¢, [3/577] 5
Table 2. Search range and constraints of decision variables
Search range Constraints
14
Ratio between Producers, ¢, ¢, (%) 0.01 <g,, <100 g, =100
i=1
15
Ratio between Injectors, 4, , i, 5 (%) 0.01 <4, ; <100 i, =100
i=1
VRR 05<VRR<15 -

The ratios are percentages.
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Table 4. Ratios for production and injection wells. The prefixes (AP and Al) represent production and injection wells, respectively.
The sums of the ratios for production and injection wells are 1, respectively

Production well Ratio Injection well Ratio
AP2 0.07142 All 0.0667
AP3 0.07142 A2 0.0667
AP4 0.07142 AI3 0.0667
AP35 0.07142 Al4 0.0667
AP6 0.07142 Al5 0.0667
AP7 0.07142 Al6 0.0667
AP9 0.07142 Al7 0.0667
AP10 0.07142 AI8 0.0667
API11 0.07142 Al9 0.0667
API12 0.07142 AIl0 0.0667
API13 0.07142 Alll 0.0667
AP14 0.07142 All2 0.0667
AP15 0.07142 All3 0.0667
AP16 0.07142 All4 0.0667

AllS 0.0667

Table 5. Convergence criteria for the optimization

Convergence Criteria

Relative Change of Objective Function W<0.001
|I1‘+1 7Ii|
Relative Change of x norm T < 0.00001

Table 6. Optimal ratios for production and injection wells. The prefixes (AP and Al) represent production and injection wells,
respectively. The sums of the ratios for production and injection wells are 1, respectively

Production well Ratio Injection well Ratio
AP2 0.045 All 0.034
AP3 0.117 Al2 0.125
AP4 0.028 Al3 0.107
AP5 0.057 Al4 0.059
AP6 0.037 AI5 0.08
AP7 0.132 Al6 0.119
AP9 0.135 Al7 0.097
AP10 0.015 Al8 0.046
AP11 0.074 AI9 0.025
API2 0.095 All0 0.046
API13 0.096 Alll 0.07
AP14 0.006 All2 0.014
AP15 0.073 All3 0.09
AP16 0.09 All4 0.003

AllS 0.086
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Iteration vs. NPV

Base Solution
—— Optimal Solution
—— Other Optimization Results

0 2 4 6 8 10 12 14 16 18 20 22
Iteration

Fig. 5. Iteration versus net present value (NPV) of 15 initial
solutions. All the NPVs were divided by the NPV of the base
solution because of confidentiality
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where X is property
h is height of each layer
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Table 7. Comparison of production and injection cumulatives and NPV

Base Solution Optimal Solution Change
Oil Production
Cumulative, % 100 98.88 -1.13
Water Production 100 54.85 45.16
Cumulative, %
Water Injection 100 65.33 347
Cumulative, % ’ ’
NPV, % 100 109.87 9.87

A58 A2%



126 oW PIF - ol UM - FPE - WHE - BB

Fig. 6. Height-averaged oil saturation and location of AP7 and
AP10. The color legend is omitted because of confidentiality.

Fig. 8. Height-averaged permeability and location of AP14 and
AP16. The color legend is omitted because of confidentiality

Fig. 7. Height-averaged permeability and location of AP7 and
AP10. The color legend is omitted because of confidentiality.
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Table 8. Optimal ratios for production and injection wells when ¢,; and ¢, are $2.5/STB. The prefixes (AP and Al represent

production and injection wells, respectively. The sums of the ratios for production and injection wells are 1, respectively

Production well Ratio Injection well Ratio
AP2 0.118 All 0.04
AP3 0.047 Al2 0.12
AP4 0.11 AI3 0.071
AP5 0.012 Al4 0.073
AP6 0.1 Al5 0.02
AP7 0.033 Al6 0.037
AP9 0.053 Al7 0.055
AP10 0.041 AI8 0.194
API11 0.126 Al9 0.039
API12 0.079 AIl0 0.057
AP13 0.055 Alll 0.032
AP14 0.066 All2 0.034
API15 0.059 All3 0.101
AP16 0.068 All4 0.058

All5 0.086
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