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Abstract

Population growth and the development of agriculture and industry have led to a significant reduction in groundwater resources. According to this
issue, one of the useful and effective solutions for the optimal operation of aquifers is the implementation of artificial feeding systems. In this research,
using mathematical model (HEC-HMS), flood routing in Karaj River and artificial feeding system reservoirs was performed. In this study, considering
to the mathematical model (HEC-HMS), flood routing was performed in Karaj River and artificial recharge system reservoirs. Then the storage
volume in the artificial recharge system reservoirs was simulated by an artificial neural network and finally entered into a multi-objective genetic
algorithm (NSGA-II). Multi-objective genetic algorithm (NSGA-II) was used for optimal utilization of the artificial recharge system, Considering to
the optimal groundwater level changes. Based on the results, the total volume of optimal recharge in the desired time period by the artificial recharge
system is equal to 97.94 million cubic meters and also optimal groundwater level changes have increased by 2.62 meters. Therefore, by allocating the
optimal volume of the Bilgan diversion dam to the artificial recharge system, the optimal recharge volume and also optimal groundwater level changes
in the desired time period have increased compared to the current conditions. considering that the optimal recharge volume and optimal groundwater
level changes are proportional to each other, this performance will improve the aquifer conditions.

Keywords: Artificial Neural Network, Multi-objective Genetic Algorithm, Optimal Groundwater Level Changes, Optimal Utilization.
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Figure 1. Situation of artificial recharge system in Shahriar plain
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Table 1. The volume of the Karaj River flow in the
Bilaghan diversion dam (MCM)

.. . Water year
Condition of Karaj river flow 2014 2015 2016
Sum of Bilaghan 580.94 384.56 304.24
Flood of Bilaghan 21.87 13.01 834
Inflow from Bilaghan to Shahriar 77.83 5158 40.98
Consumption of Tehran and Karaj city 481.24 319.97 254.92
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Table 2. Exploitation volume of ground water
resources in the study period (MCM)

-

Water Part of consumption Total

year Agriculture  Domestic  Industry

2014 501.8 192.54 50.07 744.41

2015 513.61 190.23 48.45 752.29

2016 524.71 207.75 52.48 784.94
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Figure 4. Calculation process of the simulation-optimization model
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Table 3. Volume of flood and infiltration calculated in Karaj river using the (HEC-HMS) first model (MCM)

Water Flood Time Volume of inflow flood Volume of infiltration Volume of inflow flood
year number (hr) to the river in the river to the recharge design
1 48 2.3 0.19 2.11
2 24 1.57 0.14 1.43
3 72 5.61 0.34 5.27
4 24 2.52 0.11 241
2014 5 24 3.07 0.12 2.95
6 24 3.89 0.2 3.69
7 24 241 0.15 2.25
8 24 1.27 0.08 1.19
1 24 2.06 0.12 1.94
2 24 1.12 0.1 1.02
2015 3 24 1.35 0.1 1.25
4 48 8.85 0.38 8.47
1 24 0.96 0.09 0.87
2 24 1.66 0.11 1.55
3 24 0.94 0.07 0.87
2016 4 24 145 0.1 1.35
5 24 1.55 0.13 1.42
6 24 2.14 0.07 2.07
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Table 4. Volume of infiltration ,storage and output flood calculated for the artificial recharge plan using the (HEC-
HMS) second model (MCM)

Water Volume of infiltration in the artificial Volume of storage in the artificial Volume of output from the artificial
year recharge plan reservoirs recharge plan reservoirs recharge plan

2014 8.32 12.30 .68

2015 343 5.35 391

2016 3.18 4.94 0
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Figure 6. Storage volume in artificial recharge plan reservoirs resulting of the (HEC-HMS) second model and (ANN)

Table 5. Results of evaluation of neural network analysis steps by statistical criteria

. Evaluation Status of data analysis
Subject of the study criteria All data Train Test Validation
Volume of Storage RMSE 1.70E-04 9.93E-05 1.75E-04 2.93E-04
in artificial recharge MSE 2.90E-08 9.87E-09 3.08E-08 8.58E-08
plan reservoirs R 1 1 1 1
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Figure 7. a) Optimal volume of Bilaghan surface water b) Allocation of the optimal volume of Bilaghan surface water
to the artificial recharge system
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Table 6. Manual and optimal level changes (m)

Annual manual

Annual optimal

Difference between the optimal and

Year level changes level changes manual annual level changes
2014 -9.81 -8.75 1.06
2015 -4.92 -4.08 0.85
2016 -4.42 -3.7 0.71
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