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Table 1. Results of the Ackley-10D objective function minimization using PSO, SPSO, and FOA

Algorithm Best (fin) Worst (f}ax) Average (five)  Coefficient of Variation
PSO 2.75 3.01 2.8894 0.027
SPSO 0 7.10><10_lvD 3.55x10™" 0.32x10™"
FOA 1.51x10™" 1.18x10™" 2.63x10" 1.37x10™"
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Determine the best solution
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Fig. 1. Flowchart of the FOA-MODFLOW simulation-optimization model
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Fig. 3. Initial locations of the pumping wells and the

region designated for water table drawdown in the
Kerman city ancient Mosque area
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Fig. 4. Best objective function variation in the best
solution obtained by the FOA-MOLFLOW model
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Table 2. Values of the objective function obtained from
10 items of execution of the FAO-MODFLOW model
(in IRRials)

Best Worst Mean C.V.

406,145328 427,976,886 410,639,421  0.017
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Fig. 6. Groundwater contour lines in the state of
reduction of the permissible groundwater table
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Fig. 5. Groundwater contour lines in the study area
obtained by the FOA-MODFLOW model in the basic
state
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Fig. 8. Convergence trend of the best objective function
for the basic (triangle), reduced (square), and increased
(circle) permissible groundwater table
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Fig. 9. Groundwater contour liﬁes for maximum
pumping rate of 1,000 m*/day for each well
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Fig. 7. Groundwater contour lines in the state of
increase of the permissible groundwater table
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Table 3. Optimal pumping rates for two states of
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Well No. Decrease Increase
1 4000 3000
2 2996.29 -
3 1993.26 -
Sum 8989.54 3000
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Fig. 11. Convergence trend of the best objective function
for the basic (triangle), for Qma§ =1000 (Square), 2000
(Circle) m’/d
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Fig. 10. Groundwater contour lines for maximum
pumping rate of 2,000 m*/day for each well
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Table 4. Optimal pumping rates for different maximum
discharge rates (m’/day)

Well No. Qumax=1000 Qmax=2000
1 966.04 2000
2 944.36 2000
3 1000 997
4 1000 -
5 971.54 -
Sum 4881 4997
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