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Ak gFR BAgEE Ao gEERA 7S olgstel BAYrE ST FUYS] A4 fAS Wt
st Tl g Hujgks FAdrE A AF, f= del #Aflel F e FAYE BF = 2F

ol AAjshs Zlo] 7P A&7 Zo® Yeyt el Hujstel SAld 7€ FrAel Frds 1EA St
A7le TREARTE LEse] 7 e FAES AAT AE, 2 wide] ARl = wide] FEHFIE U4
AAZ A9 oz FAEUG. FUA fAA AHsE A vl Avele 4 23, #49] Al 24 A
97 Hggh Ee U] o Sk o2 yehgen, ole 49 Y XS AR 24l s A
o2 24T ¢ e el EAlske Ae duidn. A2HoR, £ dye HEERAL 7ol tdd Sl
Faehe B U4 HA A Wil Aeder o8d ¢ e Hol U4

A FORTRAN program was developed to determine the optimal locations of multiple recharge wells in an aqui-
fer with different arrangements of pumping wells. The simulated annealing algorithm was used to find optimal
locations of two recharge wells which satisfied three objective functions. The model results show that locating two
injection wells inside the cluster of pumping wells is efficient if the recovery rate only was taken into account. In
contrast, placing injection wells to the side of the cluster is desirable if the simulation considers aggregate objec-
tive function. Therefore, installing an injection well on each side of the cluster seems to yield the maximum recov-
ery rates for the existing pumping wells, and it yields similar increases in pumping rate for all wells in the cluster.
The locations of recharge wells can be arranged in numerous configurations, because there are multiple near-opti-
mal local minima or maxima. These results indicate that the simulated annealing can yield effective evaluations of
the optimal locations of multiple recharge wells. In addition, the suggested aggregate objective function can be uti-
lized as an appropriate multi-objective optimization.
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Fig. 1. Schematic diagram of the model domain and
boundary conditions.
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Table 1. Example of the calculation process of simulated annealing.

T No. RN1 |[Cell No.| RN2 | Celll | Cell2 | Cell3 | Cell4 E AE p RN3 | Decision
1 1 505 515 665 525 89
2 0 1 0.02 405 515 665 525 84 -5 0.004 | 035 reject
3 0.66 3 0.96 505 515 755 525 73 -16 0 0.83 reject
0.7 1 0.33 2 0.91 505 595 665 525 86 -3 0.008 | 0.79 reject
2 0.83 4 0.34 505 515 665 485 89 0 0.989 | 0.87 accept
3 0.09 1 0.88 575 515 665 485 93 3.6
0.49 1 0.70 3 0.73 575 515 705 485 85 -8 0 0.3 reject
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(b) minimizing the aggregate objective function.
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Fig. 11. Results of simulated annealing showing the optimal locations of two injection wells (filled circles) for the objective
functions: (a) maximizing the recovery rates, (b) minimizing the coefficient of variation and (c) minimizing the aggregate

objective function.
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Fig. 12. Results of simulated annealing showing the optimal locations of two injection wells (filled circles) for the objective
functions: (a) maximizing the recovery rates, (b) minimizing the coefficient of variation and (c) minimizing the aggregate

objective function.
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Table 3. Results of simulated annealing for two clusters of pumping wells.

£

Objective function Acceptance No. Reject No. Recovery rates cv* AOF
99 11 5 99 1.777 0.00498
Recov(izy) rates o9 12 16 99 1.188 0.00333
99 19 20 99 1.226 0.00344
0.54 118 137 77 0.54 0.00195
Ccv 0.54 80 43 74 0.539 0.00203
0.54 99 57 75 0.537 0.00198
0.0019 171 103 82 0.559 0.00189
én(?f) 0.0019 141 3 82 0555 0.00189
0.0019 147 55 34 0.57 0.0019
CV" = Coefficient of variation
AOF™" = Aggregate objective function
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Fig. 13. Results of simulated annealing showing the optimal locations of two injection wells (filled circles) for the aggregate
objective function: (a) clustered arrangement, (b) linear arrangement perpendicular to the river, and (c) linear arrangement

parallel to the river.
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