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Fig. 1 Geographical location of the study area
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Table 1 Statistical characteristics of groundwater quality parameters of Behbahan plain

Water quality Unit Minimum  Maximum  Average Standard
parameters deviation
SAR 0.44 9.49 2.78 2.01

EC ps/cm 431 7457 2697.47 1594.08
Ca? mg/lit 1.21 42.01 13.83 9.88
Mg?* mg/lit 0.5 28.51 6.69 5.2
SO4* mg/lit 0.79 47.86 26.88 12.96

HCOz mg/lit 1.04 5.88 3.47 0.9

Na* mg/lit 0.62 34.3 8.37 6.05
TDS mg/lit 0.01 2.01 0.133 0.174

pH 6.05 8.1 7.23 0.35
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Table 2 The results of sensitivity analysis of
groundwater quality parameters

Qualitative Parameter Relative
Parameter Sensitivity
EC 0.271
Ca* 0.085
Mg?* 0.078
SO* 0.071
SAR HCOs 0.881
Na* 0.919
TDS 0.974
pH 0.474
SAR 0.151
Ca* 0.889
Mg?* 0.775
5042' 0.971
EC HCOy 0.066
Na* 0.568
TDS 0.095
pH 0.773
SAR 0.987
EC 0.994
Ca? 0.871
Mg?* 0.667
DS SO 0.951
HCOs 0.062
Na* 0.465
pH 0.076
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Table 2 Results from ANN and ANN + PSO models in simulating SAR, EC and TDS

parameters
. Testing Validation Training
Model Function
RMSE NRMSE MAE EF R? R2 R?
ANN Tan sig 16.46 0.481 155 0.85 0.89 0.94 0.921
SAR Log sig 12.62 0.39 1432 0.899 0.921 0.95 0.93
PSO+ANN Tan sig 10.25 0.355 821 0921 0.97 0.962 0.98
Log sig 9.451 0.301 7.2 0.974 0.982 0.979 0.985
ANN Tan sig 19.25 0.495 16.44 0.901 0.94 0.95 0.95
EC Log sig 21.9 0.501 2236  0.88 0.921 0.95 0.95
PSO+ANN Tan sig 14.61 0.41 9.27 0942 0.96 0.98 0.995
Log sig 16.37 0.429 10.02 091 0.957 0.97 0.98
ANN Tan sig 37.82 0.502 4227 0878 0.92 0.931 0.951
Log sig 49.75 0.521 4529 0.79 0.917 0.92 0.94
DS Tansig 2221 0398 1832 0925 0983  0.997 0.99
PSO+ANN .
Log sig 29.39 0.43 21.83 0915 0.97 0.98 0.98
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Fig. 3 The results of simulating the ANN and ANN + PSO models with the measured values of the SAR
parameter
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Abstract

Proper modeling of groundwater quality is an important tool for planning and decision making in water
resources management. The present study was conducted to simulate the groundwater quality parameters of
Behbahan Plain including SAR, EC, and TDS using ANN and ANN + PSO models and finally to compare
their results with the measured data. Input information to the models gathered were for TDS quality
parameter including electrical conductivity, absorption ratio of sodium, sulfate, calcium, magnesium and
sodium, for SAR quality parameter including total dissolved salts, sodium, bicarbonate, and for EC quality
parameter including sulfate, calcium, magnesium and ratio Sodium uptake from 2010 to 2017. The results
indicated that the highest prediction accuracy of quality parameters of EC and TDS is related to the ANN +
PSO model with the tangent sigmoid activation function and for the SAR parameter is related to the ANN
+ PSO model with the logarithm sigmoid activation function so that the MAE and RMSE statistics had the
minimum and R? had the maximum value for the model. In the test phase the values calculated were for EC
parameter RMSE=14.61, MAE=9.27, NRMSE=0.41, EF=0.942, and R?>=0.96 and for TDS parameter
RMSE=22.21, MAE=18.32, NRMSE=0.398, EF=0.925, and R?=0.836 and for SAR parameter RMSE=9.45,
MAE=7.2, NRMSE=0.301, EF=9.27, and R?=0.974. In addition, the results of the mean comparison
between measured and simulated data showed that the predicted values with models were not significantly
different with the measured date.

Keywords: Artificial Neural Networks Model; Groundwater; Quality Parameters; Simulation.
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