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Abstract  In the drought crisis situation, one of the seeding and reliable sources for balancing the water tables is the water 
obtained from run off of the sewage refinery. No doubt, recovery and optimal use of runoff from the sewage refinery is 
possible provided that simultaneously required standards and quality controls for both runoff and the groundwater are 
observed. In the Isfahan-Borkhar plain zone, two urban sewage refinery are active the runoff of which is disperse in the 
environment by agricultural activities and percolate into the water table. Qualitative and quantitative effect of run off 
percolation into the groundwater in this region has been investigated. Quantitative results indicate increase of the hydrostatic 
(water table) level at a rate of 1 to 20m and qualitative results indicate remaining quality of the groundwater in a relatively 
desired condition following feeding of water table with runoff.  
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1. Introduction 
Nowadays, one of the most important consuming water 

sources in various countries of the world is the groundwater 
resources. Our country too, regarding the rapid population 
growth and severe crisis of water sources, particularly during 
the recent droughts, is intensively depend on these sources 
therefore the Power Department in order to keep quality and 
quantity of these sources, has attempted to provide balance in 
the water tables and one of the crucial performed actions has 
been the inhibition of developing exploitation of water tables 
with negative water balance. In this direction, the 
Isfahan-Borkhar plain water table as one of the water tables 
with negative balance since many years ago has been 
considered as one of the water tables inappropriate for 
development and its development and exploitation has been 
inhibited. 

The understudy region is located almost in the middle of 
the Gavekhouni catchment and embraces the centre of the 
Isfahan province i.e. the Isfahan city. Sewage of residential 
areas of the large Isfahan including the Isfahan city and its 
surrounding cities is disposed of by the sewage disposal  
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system [1]. Within the Isfahan-Borkhar region, there exist 
two urban sewage refinery the runoff of which peculates 
through agricultural activities into the water table. The 
Shahin-Shahr in province Isfahan, Iran refinery, with a 
capacity of 20 million m3/gr also through agricultural 
activities peculate into the land located between Dolat-ababd 
city (Isfahan province, Iran) and Habib-abad city (Isfahan 
province, Iran) to the north of the airport. Therefore, 
regarding the procedure of using runoff in agriculture, about 
45 percent of the consumed water making a total of 31 
million m3/gr is returned to the groundwater of the region the 
qualitative and quantitative effect of which on the 
Isfahan-Borkhar plain water table has been investigated in 
this research project [2].  

2. Materials and Methods 
The Isfahan-Borkhar plain with a surface area of 1606 km2 

is continuously qualitatively and qualitatively monitored by 
the office of basic studies of water resources of the Isfahan 
Regional water Company via 35 observational and 15 
selected wells. In this particular research, i.e. percolation of 
runoff of the urban sewage refinery into the underground 
waters of the region and it effect in balancing the water table, 
the level of the existing observational well has been used to 
prepare the map of fluctuation of the underground waters. 
For the quality monitoring too, 11 exploitation wells existing 
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in the region and influenced by runoff percolation have been 
selected and sampled based on such parameters as the course 
of the groundwater (Fig. 1) [3]. Based on the studies 
performed in this research this has been done through two 
sections of impact of runoff percolation on balance and 
fluctuations of the groundwater and the second section 
including monitoring of the groundwater quality. 

Water losing river to aquifer determined by calculation the 
difference between the water volume of two hydrometric 
stations on Zayandeh-rood, Isfahan, Iran River in interval 
that it pass from Isfahan aquifer. In addition, groundwater 
balance showed that approximately 50% of the aquifer fed 
supply by penetration of river to aquifer. This parameter was 

removed in dry time of river. Thus, penetration of sewage is 
only factor in increasing of groundwater level in drought and 
dry of Zayandeh-rood River.  
Network monitoring selection (Selective water resources) 
and required tests 
This network has been determined with overlapping of 
various and effective layers and target area method and the 
employer is required to contribute for finalize and fix it. 
Some layers that are involved in network design including: 

-Existing quality monitoring network layer 
-Layers of groundwater depth map 

Table 1.  Parameters and results of the assessments for the underground monitoring network, the section influenced by runoff 

Row Total form 
(mpn/100) 

BOD 
(mg/l) 

Chemical characteristics Phosphorous and Nitrogen (mg/l) 

EC(µs/cm) TDS(mg/l) PO4 NH4 NO2 NO3 

P7 2 Below than detection limit 2120 1484 2.29 0.025 0.02 - 

P9 0 Below than detection limit 2280 1596 1.23 0.14 0.02 - 

P13 22 Below than detection limit 6490 4543 1.1 2.18 0.03 - 

P22 240 Below than detection limit 1860 1302 1.24 0.09 0.04 - 

P26 170 Below than detection limit 3140 2198 0.83 0.025 0.03 - 

P27 8 Below than detection limit 3220 2254 0.32 0.025 0.105 16.82 

P29 0 Below than detection limit 3260 2282 0.97 0.012 0.019 - 

P31 500 Below than detection limit 3130 2191 0.97 0.038 0.12 - 

P33 220 Below than detection limit 2160 1512 0.91 0.025 0.02 - 

P39 2 Below than detection limit 2530 1771 0.3 0.038 0.065 20.37 

P45 8 Below than detection limit 2450 1715 1.07 0.09 0.01 - 

 

Figure 1.  Isopizo map for the underground course of water in the Isfahan-Borkhar plain water table 
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Figure 2.  Fluctuation map of the groundwater level, water refinery and the quality of monitoring points in the Isfahan-Borkhar plain water table 

-The level and direction of groundwater flow map layer 
-Layer of aquifer intrinsic vulnerability map 
-EC drawing layer of groundwater (With an emphasis on 
areas suitable for drinking water supply in dry times and 
standby) 

-SAR and NA% map layer and layer of groundwater for 
agriculture 

-Focus layers of population (Location of towns and 
villages) especially in large cities as purely residential 
areas 

-Layer of refinery position of drinking sewage and 
irrigation canals derived from it in farm   

-Layer position and focus of miscellaneous industries  
-Layer position of industrial towns as pollution point and 
industrial areas in and around the area 

-Layer position and industrial pollution index according to 
province environmental  

-Layer position and focus of layer farms and irrigated 
farms (Only agricultural areas)  

-Layer of waterways (Especially Zayandeh-rood, Isfahan, 
Iran River as receiving sewage and the input of 
pollutants and its high contrast with groundwater) 

-Layer of the landfill location 
-Drinking wells layer of water and wastewater Company 
-Layer of exploitation wells in order to choose the 
appropriate wells in network monitoring (due to the cost 
of drilling and equipping and maintaining the network) 

3. Quantitative Effect of Runoff 
Percolation on Balance and 
Fluctuations of the Groundwater 
Table 

Study of water turnovers in a definite interval emphasis on 
the principle of conservation of matter and continuity in the 
water cycle is called water balance. In preparing the water 
balance of a region it is an inevitable necessity to consider all 
inflows and outflows consistent with the existing realities 
Regarding the Isfahan-Borkhar plain the most important 
entry flows to the water table include underground flows, 
precipitations on the plain surface, feeding from the river, 
return of the river, return of the agricultural water, drinking 
water and industry. Drought of the recent years has led to 
decrease or elimination of feeding flows to the water table. In 
this direction, drying up of the Zayandeh-rood River as one 
of most principal feeding flows to the Isfahan-Borkhar plain 
water table has severely influenced fluctuations of the 
groundwater in this region. Less than 50% of the water 
table’s feeding flow has been due to the water flow in the 
Zayandeh-rood River which has been eliminated now. 
Therefore, exploitation of the groundwater as a discharging 
flow and decrease of feeding flows has led to lowered level 
of groundwater and negative balance in this water table.  

In spite of the conditions imposed on the water table and 
the drought crisis in the region, study of the map of 
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groundwater fluctuations indicate using o the groundwater 
level in a section of a centre of this water table embracing a 
surface area of about 82km2. On this area, level of the 
groundwater has risen from 1 to 20 meters and has led to its 
balancing. The only factor effective on this phenomenon is 
recovery of runoff of the north and Shahin-Shahr (Isfahan 
province, Iran) water refinery that through consumption in 
agriculture has percolated in to the water table and caused 
such a situation. The map of fluctuations of the 
Isfahan-Borkhar plain water table and location of the sewage 
refinery, and the quality monitoring points has been 
displayed in figure 2. [4]. 

4. Qualitative Effect of Runoff on 
Groundwater and Its Monitoring 

Water quality monitoring can be defined as a planned 
program and continuous inspection (direct), study of 
potential causes, existing changes, analysis of the past 
qualitative modifications, and forecasting the future 
qualitative changes. Domain of the groundwater qualitative 
monitoring can be defined as assessment of conditions and 
trends of water quality compared with standards and 
measures at local level or basin level. This qualitative control 
should indicate specified local situation and water quality 
changing factors in that region. As a whole, local distribution 
and groundwater quality determination in the course of time 
is expensive. Therefore, in order to minimize such expenses, 
this task is performed through geological, hydrological and 
hydro chemical analyses along with guidelines and standards. 
In this directive effect of sewage runoff on groundwater of a 
section of water table of the Isfahan-Borkhar plain region, 11 
points were selected for sampling (Fig. 2). Sampling was 
performed based on the existing standards and sent for 
analysis to the Regional Water Laboratory. Based on the 
protocol proposed by the Iranian Water Sources 
Management Company (2), monitoring of groundwater 
resources is performed with the objective of determining the 
effect of runoff percolation including such parameters as 
TDS, EC, pH, and anions (carbonates, bicarbonates, 
sulphates, chlorides), cautions (calcium, magnesium, sodium, 
potassium), nitrate total phosphorous, total nitrogen, focal 
coliform, BOD and heavy metals (Chromium, Cadmium, 
mercury, lead). The measured parameters and it results are 
presented in table (3). For example pH in the samples has 
been measured to be from at least 6.9p26 to maximum 8p39 
which regarding the standards available for agricultural us is 
between 6 to 8.5. In the existing standards, the desired 
turbidity level for agricultural consumptions is determined to 
be maximum 50 ntu. In the samples, its level has been 
measured to be from 0.08 ntu/p7 to 11.9 ntu/p22. Nitrate level 
has been assessed only in two points close to the Refinery 
which fortunately the obtained results indicates this ion’s 
concentration to be even lower that standard for drinking. All 
heavy metals have been assessed in the intended region the 

most important of which include lead with a figure of less 
than 0.09 mg/l, cadmium less than 0.013 mg/l and chromium 
less than 0.05 mg/l(3). 

5. Conclusions 
In the situation of drought crisis, runoff recovery and its 

returning to the water table, in the understudied 
Isfahan-Borkhar plain is considered as a factor effective on 
balancing part of the water table and such physical and 
hydraulic conditions as existence of clay layers and high 
thickness of the unsaturated section in it has led to 
occurrence of such phenomena as surface absorption, ionic 
exchange, and discharge of polluting parameters caused by 
percolation of runoff from the urban sewage refinery to the 
underground water. Study of the performed analyses 
(physical, chemical, microbial, biochemical, and heavy 
metals) shows as a whole relatively desirable condition of 
the groundwater in the under studied Isfahan-Borkhar plain 
region and meeting standards required for consumption for 
agriculture [5, 6]. 
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