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Drought, overexploitation of groundwater resources, and a lack of proper 

management of water resources have caused irreparable damage to groundwater 

resources. Therefore, appropriate management decisions to compensate for the 

reduction in groundwater storage are inevitable. In recent years, the use of treated 

wastewater for the artificial recharge of aquifers has been considered. In this study, 

the simulation of groundwater resources of the Damaneh-Daran aquifer using the 

MODFLOW model and the modeling of artificial recharge using treated wastewater 

using the MT3DMS and MODPATH tools were considered. Several locations with 

different single-, dual-, and pond scenarios for implementing artificial recharge were 

evaluated based on the lowest cost, the closest distance to the treatment plant, the 

farthest distance from residential areas and drinking and agricultural wells, and the 

distance from the input of quality streams recharging the aquifer in the northern and 

northwestern parts of the region. The results of the simulation of the pollution spread 

pattern using the MODPATH model show that regardless of the injection site, the 

treated wastewater flow can contaminate significant parts of the water resources in 

its path because of the topographic conditions of the area, general groundwater flow 

path, and hydraulic had caused by artificial recharge at the injection sites. The results 

of the artificial recharge model using the single- and dual-well models show that the 

pollutant movement is towards the southwest of the aquifer. In addition, up to 15 

years after the start of the leak, the maximum pollutant movement reached 

approximately 1850 m from the injection site. The results of the MT3DMS model 

also show that after 500, 5000, 10000, and 14000 days from the start of the leak, 5, 

15, 20, and 26 production wells were affected by the pollution plume, respectively. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Drought, overexploitation of groundwater resources, and lack of proper management of water 
resources have caused irreparable damage to groundwater resources. Therefore, making proper 
management decisions to compensate for the reduction of groundwater storage is inevitable. 
Groundwater resource management requires understanding aquifer performance and predicting the 
effects of withdrawal or recharge, and groundwater models can provide this capability. In recent years, 
the use of treated wastewater for artificial recharge of aquifers has been considered. Numerous studies 
have been conducted worldwide with an emphasis on predicting the effects of treated wastewater 
recycling on groundwater using simulators. Recirculation of treated wastewater reduces the 
concentration of pollutants while increasing groundwater storage (Cao et al., 2023; Long et al., 2020; 
Sun et al., 2023; Zhang et al., 2021). However, various pollutants (such as nitrate and organic 
pollutants) can enter groundwater through the wastewater used for recharge (Amiri et al., 2023; Ding 
et al., 2020; Li et al., 2019; Yuan et al., 2017). Therefore, further technical studies are needed to 
increase the capacity and improve the quality of treated wastewater in groundwater recharge. 

 

DATA AND METHODS 
In this study, the simulation of groundwater resources of the Damaneh-Daran aquifer (Isfahan 
Province) using the MODFLOW model and the modeling of artificial recharge using treated 
wastewater using the MT3DMS and MODPATH tools have been considered. Several locations with 
different single-well, dual-well, and recharge pond scenarios for implementing artificial recharge were 
evaluated based on the lowest cost, the closest distance to the treatment plant, the farthest distance 
from residential areas and drinking and agricultural wells, and considering the distance from the input 
of quality streams recharging the aquifer in the northern and northwestern parts of the region.  
 

RESULTS AND DISCUSSION 
The results of the simulation of the pollution spread pattern using the MODPATH model show that 
regardless of the injection site, the treated wastewater flow can contaminate significant parts of the 
water resources in its path due to the topographic conditions of the area, the general groundwater flow 
path, and the hydraulic hed caused by artificial recharge at the injection sites. The results of the 
artificial recharge model using the single-well and dual-well models show that the pollutant movement 
is towards the southwest of the aquifer. In addition, up to 15 years from the start of the leak, the 
maximum pollutant movement reaches about 1850 meters from the injection site. The results of the 
MT3DMS model also show that after 500, 5000, 10000, and 14000 days from the start of the leak, 5, 
15, 20, and 26 production wells are affected by the pollution plume, respectively.  
 

CONCLUSION  
Several locations with different single-well, double-well and seepage pond scenarios were evaluated 
for artificial recharge based on the lowest cost, the closest distance to the treatment plant, the farthest 
distance from residential areas and drinking and agricultural wells, and also considering the distance 
from natural recharge zones in the northern and northwestern parts of the region. The results showed 
that the movement of the contaminant is proportional to the direction of groundwater flow in the 
region and towards the southwest of the aquifer. According to the results of the pollutant transport 
modeling, some production wells are affected by the pollution plume. Therefore, if the water 
withdrawn by these wells is used for drinking consumption, continuous monitoring of water quality 
should be carried out to prevent any harm to consumers. In addition, it is necessary to ensure that 
agricultural products produced within the influence area of the plume of water injected into the aquifer 
are free from pollutants associated with wastewater. To reduce the blockage of soil pores and its effect 
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on reducing the infiltration rate, as well as water loss through evaporation or stagnant water in cold 
seasons, and to prevent the creation of an area with an unpleasant appearance and odor and a place for 
insect growth, comprehensive studies should be conducted before injecting treated wastewater and 
selecting the injection method. 
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13 Particle-tracking post-processing 
14 Groundwater Modeling System 
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 E�� � �
  

/�� !  ���s�% �� �s���� �������� $% 0���E /�� Q� !2 F��K �2���� � �����% /�"��� ��	1  ���� ��� (��G��� )

�����8 � X�	) �����2 �2007 ���2 �������� $% 0���E ��N2 !� /�� cq� � ���O6� /�� /�� !SV�� �� .(

 .�� !�O8 !N��#� ���� !"#���������� $% 0���E /��  �  �� ���6��� �2MODFLOW �2 ����`% /�"��� /�� �

 �  �� ���6���MT3DMS  �  �2 F��K �2���� �MODPATH @�� _�A� ��  ���I�GMS  .�� @�s�� /�� �V��Z ��

                                                      
1 Calibration 
2 Hill  & Tiedeman 
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1 Recharge pond 
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1 Digital elevation model 
2 Million Cubic Meters 
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1 General head boundary 
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