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Abstract 
 
Climate changing and associated factors combined with considerably increases in water demand have been 
accompanied by severe depletion of reservoir storage of the most groundwater supplies of Iran. Shahriar aq-
uifer in west of Tehran is a representative aquifer of these kinds. In order to meet water demand of the area 
and protecting groundwater from quantity and quality deterioration, precision recognition of geology, hy-
drologic and hydrogeologic characteristics of the aquifer is first step. The basic objective of this study is to 
develop the hydrogeological framework of the groundwater system in Shariar, Iran and to estimate ground-
water balance as a scientific database for future water resources delevopment programs. Based on this re-
search lateral groundwater inflows, direct infiltration of rainfall, stream bed infiltration, irrigation return and 
surplus drinking and industrial water are the recharging factors of the aquifer. Subsurface outflows, domestic 
and industrial pumping wells and agricultural abstraction are the main parameters discharge the aquifer sys-
tem. Water balance in the Shahriar aquifer system is in disequilibrium and a deficit of about 24.7 million cu-
bic meters exists. 
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1. Introduction 
 
Development of hydrogeological investigation with em-
phasis on recharge rate estimation is one of the basic 
steps for a suitable water management [1]. This consti-
tutes a major issue in regions with large demands for 
ground water supplies, such as in semiarid areas, where 
such resources are the key to agricultural and industrial 
development [2-4]. There are various methods for aqui-
fer recharge estimations. Physical and chemical methods 
are the two main categories for estimating aquifer re-
charge rate [5,6]. Water table fluctuation is one of the 
most applied methods in recharge estimation. This me-
thod calculates the ground water storage change with 
considering water table fluctuations and the storage pa-
rameter. This method is considered to be one of the most 
promising and attractive due to its accuracy, ease of use 
and low cost of application in semiarid area [7]. The wa-
ter table fluctuation method was first used to estimate 
ground water recharge and has since then has been used 
in numerous studies for the same purpose [8]. 

Shahriar plain, situated in west of Tehran and between 
two rivers Kan and Karaj, was someday considered as 
one of the main centers of producing sapling and seed in 
the country. In 1960, Amir Kabir multipurpose dam was 
constructed on Karaj river for flood storage and regula-
tion, supplying drinking water for Tehran, capital of Iran, 
agriculture water regulation and supplying hydroelectric 
power [9]. After several years despite of covering fore-
named aims, downstream lands including Shahriar plain 
was encountered water shortage. Lack of surface water in 
downstream and feasibility of drilling deep wells has 
deployed using of Shahriar’s groundwater, as these sup-
plies has become main water source of area [10]. 
Over-exploitation of groundwater resources as a conse-
quent of population growth and rapid development in 
agriculture and industry has caused water scarcity and 
drop in groundwater level. Semiarid climate and not re-
charging aquifer through Karaj River has exacerbated the 
condition of Shahriar aquifer. 

In view of this, there is an urgent need to reevaluate 
the status of water resources, quantity and quality moni-
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toring of groundwater and better recognition of present 
aquifer condition for optimum utilizing of water re-
sources in this area. The purpose of this study is to define 
a conceptual framework of the Shahriar aquifer, to con-
sider the present groundwater resource potential and hy-
drodynamic characteristics of geological formation of 
study area. The discharge and recharging parameters of 
aquifer and water balance of Shahriar groundwater are 
also assessed. 
 
2. Materials and Methods 
 
2.1. Study Area 
 
The Shahriar plain covers an area of 580 km2 and lies 
between longitudes 50˚ and 50˚15' east and latitudes 

35˚30' and 35˚45' north (Figure 1). The study area is 
bounded southern submontane of Central Alborz moun-
tains to the north and conglomerate hills to the south, 
Karaj River to the west and Kan River to the east. The 
main towns in the area are Shahriar, Saeid Abad, Eslam-
shahr, Ghale Hasan Khan and Robat Karim. Topographic 
elevations range from 1020 to 1200 m above sea level. 
Mean plain elevation is 1100 m above sea level. The 
slope of study area in northeastern and eastern regions is 
toward south and in northwestern and western is toward 
southeastern. The general slope is roughly 0.7%. 
 
2.2. Meteorological and Hydrologic Conditions 
 
Prevailing climate of study area has semi arid character-
istics. According to data of three meteorological stations  

 

 

Figure 1. Study area map showing the location of monitoring boreholes.  
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existing in the area, average annual precipitation re-
corded for the years 1967-2005 is about 230 mm. The 
wet season begins from November and continues till 
May. The maximum rainfall occurs in February (15% - 
18%) and winter is the most rainy season of the year. 
The average minimum temperature is 3.5˚C in January 
and the average maximum is 30˚C in August. Mean 
monthly relative humidity is about 67% in January and 
minimum relative humidity is 26% during the July-Sep- 
tember period [11]. 

The average annual pan evaporation rate measured at 
Karim Abad station is about 2270 mm. According to 
Demarton and Emberger climate classification [12], the 
study area is dry and cold. 

There are three rivers in northern mountains which in-
clude the Kan, Chitgar and Karaj from east to west. Kan 
and Karaj are perennial rivers. During wet season Kan 
joins to Jajrud river in south of Tehran, meanwhile the 
others become dry in lower part in south of the region 
due to percolation and evaporation losses as well as di-
version of the water for irrigation. All rivers in the region 
originate from northern catchments and flow toward 
south and southeast. Three gauging station on main river 
are Bileghan station on Karaj river and Kahrizak and 
Sooleghan stations both on the Kan river. The mean dis-
charges of these stations are 15.87, 0.8 and 2.46 m3 per 
second respectively (Figure 2). The mean discharge of 
Chitgar river is about 0.5 m3 per second which is calcu-
lated based on flow-duration relationships between ba-
sins with similar characterisics. 

2.3. Geological Setting 
 
Shahriar plain is located between Alborz and Central 
Iran tectonic zones. Present condition and topographic 
characteristics of study area in south of Central Alborz 
mountain has been resulted from tectonic processes and 
the three main river alluvial fans during time, as illus-
trated in the geological map (Figure 3). The study area is 
bounded between Alborz mountain and some small con-
glomerate hills to north and height of different lithology 
to the south. Central and southern smooth parts of plain 
form main aquifer and originate from the filling of a tec-
tonic depression with quaternary alluvial. The oldest 
formation in the area outcrop on the Alborz mountain 
and southern height and are represented by tuff, andesitic 
and pyroclastic rocks (Eocene) [13,14]. These rocks 
which has deposited during the Laramian (laramid) oro-
genic phase are called Karaj Formation. In the Miocene 
epoch, there was a marine regression and a change to 
continental condition, mainly lacustrine, with the deposi-
tion of high-colored marls, gypsum, conglomerate and 
sandstone.  

The sediments deposited in this area in the Pliocene 
epoch caused by Pasadenian orogeny phase are called 
Hezar Darreh formation. Due to resuming sedimentation 
till prior quaternary, these sediments are also known as 
Plio-Quaternar or Late Quaternary Alluvial [15]. Hezar 
Darreh formation, derived from the uplift of the Alborz 
Range on the north (Karaj formation tuff), consist of 
thick coarse light-colored conglomerates and sandstones  

 

 

Figure 2. Annual precipitation and runoff in the Karaj-Bileghan station. 



 
516 L. KHODAPANAH  ET  AL. 

 

Figure 3. Geological map of the Shariar plain. 1) Alluvial terraces; 2) Alluvium (including TEHRAN ALLUVIUM); 3) Ande-
site/dacite lava and pyrocalstics marl; 4) Andesitic lava and pyrocalstics; 5) Conglomerate (including HEZARDARREH 
FORMATION; Mio-Pliocene); 6) Conglomerate (including KAHRIZAK FORMATION; plio-pleistocene); 7) Mudstone, 
shale, dacite, pyroclastics; 8) Mudstone, gypsiferous; 9) Undifferentiated mudstone, shale, dacite, pyroclastics marl and ande-
site lava; 10) Upper tuff member: andesite/dacite lava and pyroclastics, shale, marl, sandstone. 
 
more than 1000 - 2000 meters thick near the mountains 
but increasing to 5000 meters in the eastern Tehran (type 
profile). This conglomerate alluvium exposed in north of 
study area (Chitgar and between Vardavard and Garm 
Darreh) and in southern part as single conglomerate hills.  

Most of the Shahriar plain is built on an alluvial fan 
complex of Recent and Quaternary age that thickens to-
wards the south and thins towards the Alborz Mountains. 
The Quaternary sediments can be divided to three groups: 
Kahrizak alluvial formation, Tehran alluvial formation 
and Recent alluvials [16]. Kahrizak deposits consist of 
silt and clay and outcrop in south of area near Kahrizak 
and Mafi Abad. Tehran alluvial, derived from Hezar 
Darreh erosion, consist of red coarse gravel, sand and silt 
with good gradation. These deposits host the main aqui-
fer system of the area. Recent Alluvial, the youngest se-
diments exposed, occur along the Karaj and Kan streams, 
consists of gravel and sand in northern plain and silt and 
clay in southern plain. 

2.4. Geoelectrical Measurements and  
Interpretations 

 
Vertical electrical soundings with a Schlumberger con-
figuration in the Tehran-Karaj plains have been con-
ducted by [17]. 144 soundings in 11 profiles were con-
ducted in Shahriar plain. The apparent resistivity data 
obtained for different values of AB/2 have been proc-
essed. These results were subsequently used to obtain a 
realistic picture of the geological and hydrogeological 
framework. 

Based on different particle size in unconsolidated ho-
rizons, electrical resistivity varies from 10 - 250 Ωm. 
Lower resistivities occur in central and southern parts of 
study area, where as clay and silt zones are predominant. 
Data derived from lithology of boreholes and drilled 
wells located in the vicinity of corresponding soundings 
were compared with geoelectrical surveys results to ob-
tain the true resistivity values, the thickness and the li-
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mitations of the alluvial aquifer. The resultant isopach 
map (Figure 5(a)) shows that aquifer thickness varies 
from a few meters to about 250 m. It increases from 25 - 
100 m in northern edge of the plain to 100 - 250 m in the 
central parts of plain. Aquifer thickness decreases toward 
south of area where it reaches to its minimum. 

 
2.5. Hydrogeologial Setting 

 
The rapid increase in the population, caused by migration 
of people from adjacent provinces to the Tehran province, 
has led to large-scale groundwater developments in the 
study area over past two decades. As a result, aquifer 
condition has been changed egregiously during these 
years. 

Based on time-drawdown and recovery data from 8 
observation wells, transmissivity is about 750 m2·d–1 in 
northern parts and up to 3000 m2·d–1 in central parts of 
the plain (Figure 5(b)). It decreases again toward south 
where it is about 500 m2·d–1 in outlet of basin. Storage 
coefficient ranges between 0.25 - 0.35. 

Drilled wells logs, water level in observing wells and 
geophysical investigations shows that main aquifer of 
Shahriar plain is an unconfined aquifer whose alluvial 
particle size varies from gravel and sand in north to silt 
and clay in south. The groundwater occurrence changes 
according to topographical and subsurface geological 
conditions. For example the water level is over 100 m 
below groundwater in the northernmost parts of the area 
and gradually gets closer to the ground surface toward 
the south of outlet of plain where it is about 10 m below 
ground level (Figure 5(c)). 

Water levels of 30 observing wells have been used to 
draw isopotential maps of groundwater level in Shahriar 
plain. Based on this map, ground water flows from the 

northern heights and recharge areas of Karaj and Kan 
rivers toward the central parts and finally discharges to 
the outlet of the plain. The hydraulic gradient in the study 
area has its maximum value (13.5% - 18%) in north. 
While in central zone, due to increasing of saturated 
thickness of aquifer, its minimum values are found. To-
wards the study area’s southern border and outlet of plain, 
hydraulic gradient increases again (3% - 8%). 

Long-term and seasonal average areal water-level 
fluctuations recorded in 30 observing wells are plotted 
during the period 1989-2002. The mean values are cal-
culated by creating Thiessen polygons for observation 
well stations. According to hydrograph analysis of ob-
serving wells it is concluded that there is an average de-
cline of about 13.2 m in the groundwater level. Figure 4 
shows the water level fluctuation of the Shahriar plain. 

According to Tehran Regional Water Authority [18], 
pumping wells are the main and only way to groundwa-
ter exploitation. All qanats and springs existing in the 
area have been dried in recent years due to intensive wa-
ter level decline. The total withdrawal from deep and 
shallow pumping wells are 223, 57 and 38 million m3/ 
year for agriculture, drinking and industrial pumping 
wells respectively.  
 
2.6. Groundwater Balance 
 
In this study, a groundwater balance has been prepared 
for the Shahriar aquifer based on available inflows, out-
flows and changes in the aquifer groundwater storage. 
The study was conducted for the period 1999 - 2000. In a 
specified period changes in volume storage of an aquifer 
depends on average flows entering and leaving the sys-
tem through the different sources and sinks. Therefore 
the groundwater balance has two components: the total  

 

 

Figure 4. Groundwater level fuctuation of the Shahriar aquifer (Data derived from 30 monitoring boreholes). 
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(a)                                                   (b) 

 

    
(c)                                                   (d) 

Figure 5. Hydrogeological maps of the study area: (a) Thichness isopack map; (b) Transmissivity; (c) Groundwater table 
depth; (d) Groundwater level. 
 
input (ΣQin) and the total output (ΣQout). The equation for 
the groundwater balance during a specified hydrological 
period can be written as [19] 

in outQ Q   V

6

             (1) 

where ΔV is the change in groundwater storage.  
In Shahriar plain the total groundwater input (ΣQin) 

consists of: lateral subsurface inflows (Q1), rainfall re-
charge (Q2), Mountain-front recharge (Q3), recharge due 
to irrigation returns (Q4), recharge due to domestic and 
industrial wells returns (Q5) and streambeds and canal 
infiltrations (Q6) 

in 1 2 3 4 5Q Q Q Q Q Q Q              (2) 

The total groundwater output (ΣQout) consists of sub-
surface outflows (Q7) and pumping groundwater (Q8) 

out 7 8Q Q Q                 (3) 

The change in groundwater storage (ΔV) can be esti-
mated as 

cV A S h                 (4) 

where: 
A = Area of aquifer 
Δh = Difference between the average water level at 

during the hydrological period and 
Sc = Average storativity of aquifer 
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3. Results and Discussion 
 

Groundwater recharge and discharge in the Shahriar aq-
uifer occurs via seven and two components respectively. 
These components are contributing in groundwater sys-
tem as explained below: 
 
3.1. Lateral Subsurface Inflows (Q1) 
 
Inflow and outflow cross sections were determined using 
equipotential groundwater level map (Figure 5(d)) for 
October 1999 (23 cross sections). Employing Darcy’s 
law and transmissivity map, an estimate of the volume of 
lateral inflows from the upstream boundary of the aquifer 
was performed: 

Inflow amount (Q1) = average transmissivity (T) × cross 
sectional length (L) × gradient (i) × water balance period 
(t).                                         (5) 

For each cross section volume of inflow was calcu-
lated using mentioned equation. The total lateral inflows 
to the aquifer system were calculated to be Q1 = 167 
Million m3·yr-1 for the hydrological year 1999-2000. 
 
3.2. Rainfall Recharge (Q2) 
 
Various parameters such as annual rainfall depth, slope 
and soil permeability affect the rainfall recharge amount. 
Accepting annual rainfall depth about 225 mm for year 
1999-2000 and the area about 580 km2 the annual rainfall 
volume equals 130 million m3. 

The infiltration ratio considering the lithology and soil 
texture is estimated 10% of the annual rainfall. Thus in 
this study the annual recharge of the aquifer system from 
rainfall was estimated to be Q2 = 13 million m3·yr–1.  

 
3.3. Mountain-Front Recharge (Q3) 

 
As mentioned in hydrology section, the annual volume of 
entering runoff to study area via three sub-basins named 
Kan-Chitgar, Chitgar, and Chitgar-Karaj are about 1.5, 
13.5 and 3 respectively and totally about 18 million m3. 
The total recharge through these runoffs is estimated 
about 15 million m3. 

 
3.4. Recharge Due to Irrigation Returns (Q4) 

 
According to FAO technical paper about irrigation yield 
and percolate water losses in farms based on irrigation 
method and soil texture [20], the irrigation returns are 
estimated to be as high as 25% of the applied irrigation 
(223 million m3·yr–1 from agricultural wells, 29 million 
m3·yr–1 through water pumping from streams and canals). 
Hence, recharge from irrigation returns is 63 million 

m3·yr–1. 
 

3.5. Recharge Due to Domestic and Industrial 
Wells Returns (Q5)  

 
Conciderably percent of water applying for drinking and 
household uses, turns to wastewater and to some extent 
percolate to the aquifer. Groundwater extracted for mu-
nicipal uses from the region aquifer is about 57 million 
m3·yr–1. The amount of return flow from these well is 
estimated about 37 million m3·yr–1 (65% of the total 
amount). 

The total amount of groundwater abstracted for indus-
trial uses is about 38 million m3·yr–1 which is estimated 
35% of this amount (13 million m3·yr–1) percolate to the 
aquifer. Therefore the recharge due to domestic and in-
dustrial wells calculated as Q5 = 37 + 13 = 50 million 
m3·yr–1. 

 
3.6. Streambed and Canals Infiltrations (Q6) 

 
The total volume of inflow to study area through Navvab 
canal is 24 million m3·yr–1. From this amount 5 million 
m3·yr–1 is being used for irrigation that 1.3 million 
m3·yr–1 (25%) participates in aquifer recharging. From 
the rest of total volume (19 million m3·yr–1), 1.9 million 
m3·yr–1 (tantamount 10%) infiltrates to aquifer system. 

Eight Streams are taking supply from Bileghan diver-
sion dam in north west of study area. The recharge to the 
aquifer system from streambed infiltration was estimated 
to be 2.1 million m3·yr–1 (10% of total streams flow). 
From the estimates made above, the annual input to the 
Shahriar alluvial aquifer is ΣQin = Q1 + Q2 + Q3 + Q4 + 
Q5 + Q6 = 328.3 million m3·yr–1

 

The output parameters of the aquifer are groundwater 
extraction and groundwater discharge across sub-basin 
boundaries. According to water table depth map of study 
area which shows minimum depth of water table is more 
than 5 meter in the region, Evaporation from groundwa- 
ter has been considered negligible. 

 
3.7. Lateral Subsurface Outflows (Q7) 

 
The total lateral subsurface outflows to the aquifer sys-
tem were calculated to be Q7 = 20 million m3·yr–1 ac-
cording to Darcy’s law as it mentioned in lateral inflows. 

 
3.8. Pumping Groundwater (Q8) 

 
Groundwater exploitations are performed via numerous 
production wells in order to cover the regional needs as 
below.  

Based on the data of pumping wells from the Tehran    
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Table 1. Groundwater balance. 

Water input (million m3·yr–1)  Water output (million m3·yr-1)  

Lateral groundwater fluxes 167 Subsurface outflows 20 

Recharge due to rainfall 13 Agricultural abstractions 223 

Mountain-front recharge 15 Domestic use 57 

Irrigation return 63 Industrial use 38 

Domestic and industrial wells returns 50    

Streambed and canal infiltration 5.3    

 313.3  338 

 
Regional Water Board inventory report, groundwater 
abstracted from the Shahriar aquifer is 223, 57 and 38 
million m3·yr-1 for agricultural, Domestic and industrial 
consumptions respectively. 

From the estimates made above, the mean annual out- 
put from the Shahriar alluvial aquifer is ΣQout = Q7 + Q8 
= 20 + 318 = 338 million m3·yr–1   

As illustrated in Table 1, a negative groundwater bal- 
ance has been calculated in the studied aquifer system for 
the year 1999-2000. Groundwater overexploitation by 
abstractions from over 3500 production wells has re- 
sulted in considerable head decline that reached 1.42 m 
during the hydrological year 1999-2000. It can be con- 
cluded that the current abstraction is not sustainable, thus 
groundwater is withdrawn from storage. The impacts of 
the overexploitation are the drying up of upper aquifer 
system wells and qanats, the land subsidence [21,22] and 
the severe deterioration of groundwater quality. 

There are some strategies in order to make the Sha-
hriar groundwater system sustainable. Groundwater ex-
ploitation controlling based on plant water demand and 
restriction the irregular pumping wells’ drilling can play 
an important role in decreasing the depletion of water 
table. Utilization of the treated wastewater and the ap- 
plication of water-saving techniques such as spray irriga- 
tion and drip irrigation can decrease the groundwater 
quantities for irrigation use [23,24]. 

Artificial recharge is another alternative as a valuable 
water management tools that effectively help to offset 
increased demands for water [25]. Availability, quality 
and quantity of source water available, resulting water 
quality (reactions with native water and aquifer materi- 
als), clogging potential, underground storage space 
available, depth to underground storage space, transmis- 
sion characteristics, and costs are some factors control- 
ling the feasibility of artificial recharge method [26]. The 
lithological studies in the study area reveals that the 
northern parts especially in Chitgar and the region be- 
tween Saeid Abad, Ghale Hasan Khan and Shariar can be 
considered as suitable recharging zones due to thick and 

permeable horizons of coarse grain deposits.  
Therefore, an appropriate set of management strategies, 

including water conservation measures, regulation of 
existing development, improvement of current legislation 
and public education should be adopted [3]. Future in- 
vestigations of the groundwater recharge in the alluvial 
aquifer system would benefit by improvement in hydro- 
logical data monitoring, the application of isotopic anal-
ysis and computer modeling to simulate the water cycle 
and groundwater flow. 
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