Tournal of Engineering and Applied Sciences 14 (3): 982-992, 2019

ISSN: 1816-949%
© Medwell Journals, 2019

Geo-Electrical Survey for Assessing Aquifer Characteristics and Groundwater
Potential in Eshtehard Plain, Iran

"Leila Khodapanah, *Alireza Dizaji, *Nasrin Khodapanah and *Masoud Saatsaz
"Department of Geosciences, Faculty of Geosciences and Petroleum Engineering,
Universiti Teknologi (Petronas), 32610 Sern Iskandar, Perak, Malaysia
*Water Resources Researches Office, Tehran Regional Water Authority, Hijab St.,
Keshavarz Blvd, Tehran, Iran
*Faculty of Engineering Technology, Universiti Malaysia Pahang (UMP), Lebuhraya Tun Razak,
26300 Gambang, Kuantan, Pahang, Malaysia
*“Institute for Advanced Studies in Basic Sciences (IASES), Prof. Yousef Sobouti Blvd,
45195-1159 Zanjan, Iran

Abstract: The Eshtehard Plain in Tehran Province, Tran has been investigated by Vertical Electrical Soundings
(VES) using the Schlumberger array in order to determine the aquifer characteristics and groundwater potential
of the subsurface layers. The main goals of this survey were to determine the aquifer parameters such as
thickness, depth, aquifer type and boundaries and high vield potential zones. For those purposes 65 VES's with
maximum 1000 m current electrode separation were conducted within the area. Four main geo-electrical layers
were identified by correlation of interpreted VES data with some existing boreholes. The results were presented
n the form of resistivity, aquifer thickness and Transverse Resistance (RT) maps. According to, the thickness
map, average thickness of the alluvial aquifer ranges between 50 and 175 m. The zones with maximum transverse
resistance {1000-2000 ohm m?) in south of Eshtehard city and west of the plain represent the areas with highest

degree of quality and quantity of groundwater.
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INTRODUCTION

The Eshtehard Plain located in south western part of
Tehran Province 1s considered as one of the promising
areas for industrial and agricultural developments in
the Tehran Province. It is sited between 35°34° and
35°47 north and 50°10” and 50°47° east (Fig. 1). Average
elevation of the plain is 1220 m above sea level and the
average annual precipitation is 227 mm. The climate of the
area 1s characterized by dry and cold winters and dry and
warm summers. The floodways from the southern highs
are in the south-north direction and supply the water for
the plain. The Shoor River intersects the north-western
edge of the area, running from west to east and leaves the
plain near Ja’far Abad village (Fig. 2). According to the
chemical analysis data of the river water in Tehran
Regional Water Authority, the average Electrical
Conductivity (EC) of the river is 21500 umhos cm™. Poor
quality of the river water causes contamination of the
sources of subterranean flows in Eshtehard Plain. The

southern elevated areas mclude Kurds, Siah Kamar, Gara
Guni, Goosh Gum, Gande Guyu mountains while Halghe
Dar crest i1s the peak of the northern part.

Clean water supply 1s one of the most mmportant key
factor of sustainable development in every country even
in  those countries with Iughest average annual
precipitation (Theeba ef al., 2015). It 1s more critical m and
and semiarid areas like Eshtehard for socio-economic
development, healthy ecosystems and human survival.
Groundwater resources play an mmportant role for the
water supply of Eshtehard Plan. Lack of sufficient
surface water had caused water consumers to rely on
groundwater for more than 93% of their needs
(Anonymous, 2006). Unbalance sequence between
demand and supply of water resources due to drought,
rapid population growth and agricultural development
coupled with pollution through human and industrial
activities are the important factors on increasing water
resources crisis in the study area. These factors are
similar to those which have affected other groundwater
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Fig. 1: Location map of study area and geo-electrical soundings
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Fig. 2. Geological map of the study area

resources m adjacent alluvial aquifer in Tehran Province
(Khodapanah et al., 2011). Hence, proper identification
and delineation of the groundwater resources is essential
for the water resources management in the study area. In
this regard, geophysical surveys and especially the
geo-electrical methods are generally considered as
practical tools to obtain more accurate information about
subsurface aquifer conditions including geometrical
characteristics, aquifer type and depth of materials
(consolidated or unconsolidated), depth of weathered or
fractured zones, depth to groundwater, depth to bedrock
and salt content of groundwater. Literature about
groundwater exploration using geophysical techniques
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have been reported throughout the world (Mbonu et af.,
1991; Ibralum et af, 1994, Nowroozi et al, 1999;
Lashkaripour, 2003; Radulescu et al., 2006). Over the past
three decades, the application of geophysical survey had
increased sigmficantly in the geological, hydrogeological
and hydrochemical studies. Since, the and of 1990°s,
several geophysical survey methods were subsequently
developed to assess the water bearing layers m the
subsurface. The majority of these studies have focused
on assessments of aquifer properties and only few
attempts have been made to assess groundwater quality
and potential pollution at the aquifer scale. However,
because of growing evidence that the quality of the
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subsurface environment is being adversely affected by
human activities and increase in public concern, the
focus point of Iramian researchers has recently shifted
from water quantity
issues (Fig. 1 and 2).
In this study, resistivity data and interpretation of
geo-electrical surveys have been used to delineate the

1ssues to qualitative studies

geometry of aquifer including boundaries, subsurface
disposition, thickness of alluvial deposits, type and the
depth to top of the bedrock and finally to assess the
quantity of groundwater based on correlation between
available data . Such studies are extremely useful for water
resource management, policy, decision-making, short and
long-term plans, programs and projects in the context
of consumption management, aquifer development,
sustamability strategies and quality control.

MATERIALS AND METHODS

Geology of the study area: The Eshtehard plamn 1s a part of
syncline formed by North Tehran Thrust and is located
between Central Alborz Unit and Central Iran Unit
(Zadeh, 2002). It 15 swrounded on both sides by the
elevated areas consisting of Miocene formation in north
and Focene formation in south (Fig. 2). The stratigraphic
sequence from base to top is outlined by Eocene to
outcrops, Quaternary and
Quaternary deposits. According to geological map
produced by Geological Survey of Tran these formations
are categorized as follows.

Miocene Pliocene to

Focene formations: The FEocene formations
widespread in the Southern Highs and generally consist

are

of volcanic and pyroclastic rock. The lithology of these
formations is regularly from andesite, basalt, ignimbrite,
tuff and dacite which 1 some parts are affected by
tectonic phenomena such as faulting.

Miocene formations: The Northemn Highs (Halghe Dar)
are made of the deposits of Miocene era. In addition,
these alluvial deposits form the Southern Highs of profiles
a-c (Fig. 1). The lithology of Miocene formations is
normally from marl, shale, sandstone, conglomerate with
mter-layers of gypsum and salt. These formations play the
role of bedrock for the alluvial deposits and act as one of
the contamination source of subterranean flows. Miocene
formations of the Northern Highs are affected by thrust
faulting i west-east direction.

Plio-quaternary formations: The Ilithology of this
formation 1s consist of uncensolidated conglomerate with
mter-layers of sandstone, silt and argillite which outcrop
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at the edges of the south-western elevated area (between
the profiles a-b; Fig. 1). This formation can contain
subterranean water flow based on mformation derived
from dugout wells in the area.

Quaternary deposits: The Quaternary deposits which
cover the plam area are composed mainly of old alluvial
terraces, alluvial fans, clay and salt flats. These deposits
constitute the main aquifer of Eshtehard.

Geoelectrical resistivity survey: The Vertical Electrical
Sounding (VES) techmque which measures the electrical
resistivity variation with depth is one of the most popular
and worldwide applied techniques for groundwater
studies. Generally, the electrical resistivity of a rock
formation varies according to the aquifer lithology,
porosity, pore size and shape, salinity and water content.
Hence, there are no sharp limits for electrical resistivity of
porous formations. The resistivity of rock and seil 1s
determmed by the amount of mineral-conducting
constituents and the content of more or less mineralized
water in the pore’s interstices. The latter item is nearly the
most dommant factor. In fact, most rocks and soils are
conductors for electric current principally due to the
presence of internally contained water. The widely
differing resistivity of the various types of impregnating
water (meteoric water, sea water) alone can cause
variations 1n the resistivity of rocks (sedimentary and
igneous). This can range from a few tenths of an ohm m to
hundreds of ohm m. This is the reason why the
geo-electric resistivity method 15 the most useful
geophysical method in groundwater prospecting.

Large variety of groundwater problems have been
resolved by using geo-electrical resistivity techmques.
Some examples include determination of depth,
thickness and boundary of aquifers (Lashkaripour, 2003;
Zohdy and Tackson, 1969), porosity, transmissivity and
hydraulic conductivity of aquifers (Chandra et al., 2008,
Ghaib, 2009), groundwater quality (Radulescu et al.,
2006), tectonic effect on groundwater occurrence
(Mohamaden et al, 2009), aquifer vulnerability
(Omosuyi et al, 2007), saline water
(Choudhwury et al, 2001) and contamination of
groundwater (Karlik and Kaya, 2001).

intrusion

Data interpretation: A total of 65 Vertical Electrical
Sounding (VES) points were measured along 17 profiles in
north-south directions. Figure 1 shows the location of
electrical profiles and sounding stations. To ensure a
penetration of up to 250 m, a maximum current electrode
separation (AB) of 1000 m was used. The standard
Schlumberger configuration was applied utilizing the
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Resistivity Meter WDDS-1 to carry out this study.
Coordinates were measured by a Global Positioning
Systemn (GPS-Garmin). Eleven of the VES pomnts were
conducted adjacent to nearby existing boreholes for
correlation purposes. The apparent resistivity values were
then plotted on transparent double log graph paper and
thus, sounding curves were produced. The field curves
were mnterpreted by the well-known method of curve
matching with the aid of TPIZWin v.2.1 Software. A reliable
meaningful interpretation can be made when additional
subsurface information preferably lithological borehole
data are available. Therefore, mitial estimates of the
resistivity and thickness of the various geo-electric layers
at each VES location were calibrated with lithological
borehole data and geological information.
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RESULTS AND DISCUSSION

Geo-electric sections, maps of 1s0-apparent resistivity
1s opach of aquifer thickness, depth to top of bedrock and
transverse resistivity contour maps were determined
based on the interpretation of sounding data. According
to, geo-electric sections (Fig. 3) interpretation m the
vicity of available boreholes, the following main
geo-electric layers were identified to be associated main
geologic layers:

*  Quaternary Alluvial deposits (in some cases more
than one layer was evident in this zone but these
cases were also treated as single layers for better
identification)
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Fig. 3: Continue
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Fig. 3: Selected geo-electric sections across Hshtehard Plain
Table 1: Correlation of resistivity and geo-electric lavers in the study area
Geo-electric layer Resistivity range (ohm m) Vertical electric sounding sample
Coarse-grained and dry alluvium 70->300 E2
Medium to coarse-grained and water bearing alluvium 30-65 E2
Medium to fine-grained and dry alluvium 10-<70 M2
Medium to fine-grained and water bearing alluvium 1030 K3
Fine-grained alluvium containing relatively saline water or clay minerals 2-<10 I3
Conglomerate, sandstone, silt and clay 10-~40 A2
Marl, shale, conglomerate and sandstone containing clay minerals <1-8 B6
5-=15
Andesite, basalt, ignimbrite, tuff and dacite 20->200 K1
* Pliocene formation consisting of conglomerate, Average resistivity values of the different
sandstone, silt and clay geo-electrical layers identified in the study area are shown

¢ Miocene formations (generally consisting of in Table 1.

marl
) Iso-apparent resistivity contours: In order to assess the

*  Focene formations (voleanic and pyroclastic) lateral apparent resistivity over a horizontal plane ata
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Fig. 4 Tso-apparent resistivity map for AB =140 m

certan depth, the i1so-apparent resistivity maps were
drawn for maximum current electrode separation (AB) of
140, 300 and 640 m. Below are the descriptions of each
map.

Iso-apparent resistivity map for AB = 140: This map
which shows the resistivity down to the depth of about
35 m, has been mostly prepared for analyzing the
granulation of the alluvial deposits (Fig. 4). The variation
in resistivity is between 5 ohm m innorthern parts to
100 ohm m m southemn heights. It shows the alluvial fans
deposition from the edge of the southern lighs to the
north. This clearly indicates the decrease of grain size and
increase of conductive mineral content from the edge of
the southern heights to the central and northern parts.
The areas with apparent resistivity below 10 ohm m are
made of fine-grain silt to clay alluviums containing
partially to totally salt waters that the ntensity of
conductive salts and saltiness increase in the zones
of 5 ohm m as below:

A zone with the resistivity of 50 ohm m in the vicinity
of the soundings: E2, F1, Fx, F2 and G2 describes the most
significant deposition zone in the study area. The
alluvium of relatively coarse-gramn with appropriate
permeability has been formed in this area. The second
noticeable deposit zone 1s in vicimty of soundings:
B3, A3-A5 with resistivity values ranging from 30 to
about 50 ohm m. The alluvium of this zone is relatively
medium-grained to coarse-grained. Volcanic and
pyroclastic rocks of Eocene formation are responsible for
the mcrease of resistivity at the sounding points of Al,
B1,11,K1, L1, M1, N1, O1, P1 and Q1. On the other hand,
the decrease of the resistivity at the sounding locations
of A2 is attributed to Marly deposits of Miocene.

Iso-apparent resistivity map for AB = 300: This map
provides the assessment of the water bearing strata and
to shows the overall apparent resistivity at a depth of
75 m shown in Fig. 5.

A zone with the resistivity of 30-50 ohm m in the
vicinity of the soundings: E2, F1, Fx, F2 and G2 are
attributed to the deposition of medium to coarse grained
alluvium at these locations. Deposition of medium-gramned
alluvium in soundings: A3 and A4 have a resistivity for
this area of up to 30 ochm m.

The two areas above have good permeability
compared to other parts of the plan. The Alluvial fan
sedimentation from edge of Southern heights toward
north 1s obvious in this map too, as the resistivity
decreases from South to North. Brackish to relatively
brackish water has caused the resistivity decreases to
<10 ohm m in some areas which are also characterized with
low permeability. Resistivity of <5 ohm m is attributed to
clay deposits with saline water and Miocene bedrock.
Increase of resistivity from 50-150 ohm m in southern
heights 1s due to volcamc and pyroclastic formations of
Eocene. Overall, the apparent resistivity values in this
map (iso-apparent resistivity map with AB = 300 m) are
lower than the previous map (1so-apparent resistivity map
with AB = 140 m) due to presence of more salts in pore
water or a decrease of grain size or both with increase in
the depth of investigation.

Iso-apparent resistivity map for AB = 640: This map
which shows the overall apparent resistivity at adepth of
160 m can be used to assess the bedrock in most areas of
the Eshtehard Plain (Fig. 6). In thus map, the resistivity
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Fig. 5: Tso-apparent resistivity map for AB =300 m
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values have sigmficantly decreased compared to other
maps in most parts of plain. Tt proves the effect of marly
formations of Miocene and Pliocene which
conductive bedrock. Areas with resistivity between 50 to
more than 200 ohm m are attributed to volcanic and
pyroclastic formations of Eocene which extend towards
the northern parts and in these areas are replaced by
Miocene and Pliocene formations which are commected to
more conductive minerals.

Comparison between the iso-resistivity maps
(Fig. 4-6) and iso-conductivity map (Fig. 7) shows some

is a

T
50°30'0"E
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T T T
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similariies. The iso-conductivity map indicates an
increasing trend from Southern parts towards the north
and eastern parts along with groundwater flow path. On
the other hand, the interpretation of iso-resistivity map
shows a decreasing trend from southern parts towards
north. This indicates an increase in salts concentrations
that is associated with a decrease in rock resistivity and
increase m conductivity. In order to interpret the aquifer
resistivity in term of water quality, the formation factor
should be assumed constant in the study area
(Tbrahim et al., 1994). Since, this assumption is not valid
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Fig. 7: A contour map showing groundwater salimty of Eshtehard aquifer

35°45’0" N

35°40'0" N+

35°35'0"N ]

Legend

S, Shoor river
100 —— SO thickness (m)

| saltflat

[ |pan

[ Highlands
T T

T T T

50°10'0"E 50°15'0"E 50°20'0"E 50°25'0"E

50°30'0"E
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in the study area, the lower resistivity in the northern
parts was probably due to both poor water quality and
finer materials of sand and silty clay.

Isopach map of alluvial deposits thickness: Based on
interpretation of VES soundings, the isopach map of
alluvial deposits thuckness was prepared (Fig. 8).
According to this map, the thickness of alluvial deposits
is highly variable across the study area and ranges
between <50 m at the periphery of the study area to more
than 175 m n southwest of Eshtehard City (in the vicmity
of sounding E2 and F2). Tectonic phenomena most
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probably had a great role on the origin of deep alluvial
deposits with thickness more than 150 m around
soundings A4, B3, B4, C2 and E2.

Isopach map of elevation of top of bedrock: This map
displays elevation contours of the upper swface of
the bedrock n the study area (Fig. 9). As the bedrock has
steep mclines (especially volecanic and pyroclastic Eocene
formations), the elevation contours have been drawn in
Based on this map, the inclination of
volecanic and pyroclastic formations are steep and extend
towards the north direction. The lowest elevation of

25 m intervals.
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bedrock is <1100 m in the central parts. Towards the north
and south, the elevation of bedrock increases until the
periphery of the plam at which the bedrock has outcrops.
The steep incline of bedrock (Eocene formation) m the
South of the present study area confirms the effect of
tectonic activities.

Isopach map of transverse resistance: In order to
determine the actual cause of the anomalies and whether
they are due to chemical changes or thickness, transverse
resistance map of the aquifer is produced. (Fig. 10). Such
maps generally reflect the change in one or a combination
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of factors such as thickness, clay content or salinity. Tt
should be noted that RT map show the potential of the
aquifer for water resources and quality in the study area
(Nejad, 2009, Toto et af., 2008). Zones with maximum
transverse resistance are the best location for future
development of the aquifer. Although, in Eshtehard Plain
RT map shows low potential of aquifer from quantitative
to qualitative point of view.

The best quality and quantity of groundwater
sources are found in vicinity of soundings of E2, F2, Fx,
G2, 12, L2, N2, O2, A4, AS, B3, B4, C2 and C3 with
transverse resistance ranges between 1000-2000 ohm m’.
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The RT values decreases towards the periphery of the
plain where it reaches a value of 1<100 ohm m®. Decrease
of the saturation zone thickness m the southern area 1is
the reason for the decrease m RT value while m the
northern parts it is due to decrease of grain size and
increase in salinity.

The areas with transverse resistance value between
500-<1000 ohm m? in varicus parts of the plain are in the
second place of significance from quantity and quality
point of view. The areas with transverse resistance about
<100 ohm m® which appeared in the edges of the northern
and the southemn elevated areas of the plain has no
hydrological significance and groundwater potential.

CONCLUSION

The results of geo-electrical mvestigation of
Eshtehard Plain were used to evaluate the subsurface
hydrogeological conditions to a depth of about 250 m.
Based on the interpretation of geo-electrical data, the
following conclusions are drawn.

Alluvial fans are deposited in the direction from the
southern elevated areas to the northern part of the plain.
The deposits have been extended more or less in the
north-south direction. In the southern to middle parts of
the plain, the alluvial deposits with medium-grained to
coarse-grained material with less salts have been
deposited while in the northern part silt and clay alluvium
containing higher conductive salts have been developed.
The bedrock of the edges m the southern elevated areas
are made of volcanic and pyroclastic formations whereas
in the central to the northern parts are made from Pliocene
and Miocene formations which have more conductivity
than the upper alluviums deposits.

Based on the geo-electrical sections, the maximum
thickness of alluvial deposits in Eshtehard Plain is
estimated to be approximately 185 m that can be explained
by the effects of tectomic activities. According to, the
thickness map, the average thickness of the alluvial
aquifer ranges between <50 m to more than 175 m.

In the map of transverse resistance, the areas with RT
values from 1000-2000 chm m’ represent the area with best
water quality and quantity of groundwater sources. A
deep zone in the central-Southern part of the plain that
expands in the west-east direction is identified As a
conclusion, the limited groundwater resources with
suitable quality and quantity are threatened by the
presence of marly deposits of Miocene and Shoor River
(with very high EC) in the northern part. In order to avoid
the mtrusion of saline water from the northemn fronts
toward the south and consequently, contammation of the
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groundwater resources, future development of the
groundwater resources needs an integrated groundwater
management policy. Restriction

abstraction within Eshtehard area 1s an urgent 1ssue.

of groundwater
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