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ABSTRACT 
 

Groundwater quality is deteriorating due to ongoing heavy pumping of 
groundwater in Punjab, Pakistan. Geoelectrical resistivity survey technique was 
used to assess the potential of fresh water layer lying over the saline 
groundwater. A field survey was conducted during 2007-08 at three sites (i.e. 
Chak No. 52 (Chaj 1), Chak No. 100 (Chaj-2) and Chak No. 101 (Chaj-3) in Chaj 
Doab (land between river Jhelum and Chenab) during 2007-08. The resistivity 
meter (ABEM Terrameter SAS 4000, Sweden) was used to collect the vertical 
electrical sounding (VES) resistivity data at these three sites. For this purpose 
the Schlumberger electrode configuration was followed with half current 
electrode spacings (AB/2) ranging from 2 to 180 m and potential electrode (MN) 
from 1 to 40 m. The collected data were interpreted in terms of resistivity and 
corresponding thickness of various sub-surface layers using “Interpex IX1D” 
computer software and the outputs were verified using borehole data. The bore 
hole data of lithological and groundwater samples were collected from ground 
surface to 30 m depth with an interval of 1.5 m at these three sites. The 
correlation between VES and borehole data was found to be in close agreement 
with each other. The combination of VES data with borehole data provided 
useful information on subsurface hydrogeologic conditions. It was observed 
that geoelectrical resistivity of the layers containing groundwater ranged 
between 2.5 to 50.4 Ωm and VES criteria of fit groundwater quality for aquifer 
resistivity values of 45 Ωm was valid for the sites. The results also showed that 
effective depth of the current penetration ranged between 1/8 to 1/2 of outer 
current electrode spacings (AB/2). The results indicate that VES survey has the 
potential to identify the layer containing water and quality of groundwater 
depth and thickness for its development. 
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INTRODUCTION 
 

Groundwater exploration has become increasingly important not only in 
Pakistan but also globally due to ever-increasing demand for irrigation water. 
Pakistan has an arid to semi-arid climate and is largely dependent on 
irrigation through a well-established irrigation network which is mainly 
confined to the Indus Basin. As a result of inadequate water supplies, the 
country has only 22 million hectares of irrigated land out of 31 million 
hectares of cultivable land available (5). However, bringing more area under 
cultivation depends on availability of water, whereas water availability is not 
evenly distributed over the years. Moreover,  seasonal variation, droughts 
and floods can create extreme situations. Canal water supplies are highly 
inequitable, variable and unreliable (7, 11, 24). Further, environmental 
problems such as waterlogging, salinity and sodicity are encountered in the 
large tracks of the irrigation system (4). In this situation, exploitation of 
groundwater resources is the only option that farmers have undertaken for 
increasing their water supplies and getting more control over irrigation water. 
This shows the importance and contribution of groundwater to meet water 
requirements for agriculture in Pakistan. 
 
The density of private tubewells per 1000 hectares in Punjab has increased 
to 46 in comparison to 3 in 1965 (17).The growth of private tubewells over the 
last decade (1991 to 2000) has increased @ 60, 10, 63, and 43 percent in 
Punjab, Sindh, NWFP and Balochistan, respectively (5). The density and 
growth rate of tubewells confirm the significant role of groundwater usage in 
the irrigated agriculture of Punjab. The area irrigated from tubewells in Punjab 
has increased from 9.4 million hectares (1996-97) to 10.83 million hectares 
(2005-2006) when compared with other provinces where it remained constant 
(5). Total number of private tubewells in the country has been estimated to be 
about 1 million including 0.85 million in Punjab (2). These figures, however, 
hide the challenges and problems currently faced by the irrigation sector in 
Pakistan. A significant percentage of irrigated area in the country is either 
totally dependent on groundwater or is irrigated in combination with the 
surface water supplies. In a number of canal command areas where surface 
water supplies are inadequate, irrigation with groundwater of marginal quality 
is resulting in the depletion of groundwater resources besides the problem of 
secondary salinization (19). 
 
Groundwater is a natural resource and is a kind of reuse of surface water lost 
during its conveyance and application phases. Groundwater quality is better if 
the recharge source is nearby such as rivers, canals, ponds or irrigated fields. 
The groundwater quality is also affected by the contact time of seepage water 
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and the soil formations. That’s why groundwater quality is relatively better 
near the canals or in shallow groundwater areas and bad in southern and 
central parts of the various Doabs. Groundwater quality is a site specific issue 
and has been reported to vary from 0.3 dS/m to 4.6 dS/m (17). The quality of 
groundwater in Chaj Doab like other Doabs in Pakistan varies both vertically 
and horizontally, ranging from fresh to extremely saline due to nature and 
concentration of salts present in the subsurface strata. A large number of 
tubewells installed and continue to be installed by farmers without 
investigation, are abstracting brackish/saline water, which in turn affects soil 
health and badly affects crop yield. A systematic and scientific approach to 
the problem is, therefore, essential. So installation of tubewell needs careful 
selection of the site and depth for availability of good quality groundwater 
within the farmer’s field using the latest techniques such as VES resistivity 
survey method.  
 
The use of electrical resistivity survey for assessing the groundwater quality 
and aquifer potential has increased over recent decades in the world due to 
rapid advances in geophysical investigations (13). The geoelectrical method 
(VES resistivity survey technique) has been used successfully for 
investigating the groundwater potential and its quality in different lithological 
settings because the instrumentation is simple, field operations are easy and 
the analysis of data is economical and less tedious than other methods (1, 9, 
10, 24, 27). VES survey technique, using resistivity meter, is effective to study 
groundwater conditions and to assess the subsurface geoelectrical layers 
(12, 13, 15, 18, 20, 23). This survey technique can also be employed for 
groundwater investigations. VES data can be analyzed using computer 
software. 
 
At present in Punjab, the drilling operations for tubewell installation are still 
performed by old hand boring plants and powered wrench machines except 
few power drilling rigs. After drilling a hole, remaining work from drilling up to 
installation of pumping machinery is undertaken mostly on the basis of guess 
work and/or practical knowledge of old drillers or that of a few engineers and 
other staff of government departments. In this context, use of electromagnetic 
devices such as electrical resistivity meters would guide the drilling 
operations more scientifically and successfully in addition to saving millions of 
rupees being spent on conducting trial bores. It would be useful for 
exploration of groundwater resources for irrigation purposes and will aid to 
convert the bore holes into productive wells using VES techniques. The 
outcome of VES data, however, needs verification especially in case of non-
homogenous and an-isotropic aquifers of Punjab.   
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In view of above stated potential of VES techniques, no study, however, has 
been conducted in Punjab, Pakistan, to verify VES survey data with the 
subsurface lithologic layers and groundwater quality in Chaj Doab using 
borehole data. Similarly, this technique has also not been used for selection 
of well site and target drilling to skim the fresh groundwater layer presumably 
lying above or below the saline groundwater layer. Therefore, this study has 
been designed to correlate VES field data interpretation with subsurface 
hydrogeologic condition and its use for the selection of well site and targeting 
fresh groundwater layer for tubewell installation at farmer’s field in Chaj Doab. 
 

MATERIALS AND METHODS 
 

This study was conducted during 2007-08 at the farmer’s field located in 
Sargodha district in Chaj Doab (land between river Jhelum and Chenab) (Fig. 
1). Three sites were selected in collaboration with Field Wing of Agriculture 
Department, Government of Punjab, according to willingness of the farmers 
and their bookings for VES surveys at their fields. The sites included Chak 
No. 52 North Bar (NB) given the name of Chaj 1, Chak No. 100 South Bar 
(SB) as Chaj 2 and Chak No. 101 SB as Chaj 3. Four VES surveys were 
carried out at these sites, including twice surveys at Chaj 1 and single VES 
survey each at Chaj 2 and Chaj 3. Double VES survey at Chaj 1 was made 
due to the reasons that farmer of this site had comparatively large and 
scattered land holdings than those of other sites. Therefore, possibility to 
select the best site was there within their landholdings for drilling and siting of 
well for irrigation purpose using VES survey technique.  
 
Hydrogeological conditions of research area 
 
The irrigation system of Sargodha zone in Chaj Doab, lies between 
longitudes 72 ْ20′ E to 73 ْ 30′ E and latitude 31 ْ 60′ to 32 ْ 60′. It covers a vast 
canal network upto distributaries and minors. The mean annual rainfall is 426 
mm (3). The mean annual temperature is 24ºC with mean maximum of 31ºC 
and mean annual minimum 180C. The monsoon rainfalls are also dominant 
and contribute major part towards annual precipitation. The chaj irrigation 
system mainly consists of Lower Jhelum Canal (LJC) and Upper Jhelum 
Canal (UJC) (Fig. 1). 
 
The sediments carried by these rivers water form the vast alluvial basin of the 
aquifer that consists of material washed down from the Himalayan Mountains. 
In general, like other aquifers in the Punjab, the aquifers of Chaj are 
unconfined. However, at sites with significant clay horizons, particularly if 
these are near the surface, confined conditions may be encountered. The 
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amount of salts in groundwater varies considerably and salinity is probably 
the major problem associated with groundwater of Sargodha regions. 
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Investigation methods  
 
The main purpose was to determine the comparatively large thickness of this 
fresh groundwater layer for target drilling. At these three sites, the drillings 
were also made with the help of hand boring plants up to depths of about 30 
meter after VES survey. Soil and water samples were taken for analysis of 
lithological and hydrogeological information and chemical analysis of the 
groundwater. For this purpose, lithological and groundwater samples were 
collected vertically starting from ground surface to 30 m depth with an interval 
of 1.5 to 3 m depending on the variability of subsurface strata at each station. 
These data were used to evaluate the subsurface hydrogeological and 
lithological conditions and to correlate/calibrate field VES survey curves at 
these sites. In addition, estimation of groundwater quality and 
recommendation for possible site selections and target drillings for productive 
wells were made depending on the depth and thickness of fresh groundwater 
layer as determined by VES data interpretation. 
 

Geoelectrical (VES) resistivity survey 
 
In geoelectrical (VES) resistivity survey, two electrodes are placed on the 
ground surface at a distance of 2, 4, 6, 8 m, and so on, from each other and 
generating a current between them causes an electrical field to spread into 
the earth around them. The electrical field penetrates more deeply into the 
subsurface when current electrodes are farther from each other rather than 
when they are relatively closer together. By measuring the difference in 
potentials between two electrodes within that induced electrical field, earth 
resistance can be measured. Successively larger spacings of current 
electrodes allow deeper penetration of the electrical field (Fig. 2). This 
practice of taking repeated measurements over a single center while moving 
the current electrodes outward by steps, is referred to vertical electric 
sounding (VES). The instrument, used to measure electrical resistivity 
measurements in the research area, was DC Terrameter SAS 4000 (ABEM, 
Sweden). The instrument is owned by the Field Wing, Department of 
Agriculture, Govt. of Punjab. The field investigations were conducted at the 
farmer’s field in collaboration with this Department. 
 
Electrode configuration 
 
Different types of spread geometries and electrodes configurations are 
available such as Wenner electrode configuration, Schlumberger electrode 
configuration, Dipole-Dipole array, pole-Dipole array, etc., which can be 
chosen depending on the acceptable accuracy and availability of the labor. 
Schlumberger Electrode Configuration was used during this study  because it  
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is less laborious and provides good resolution of horizontal layer and good 
depth sensitivity (25). The other reason to select this configuration was that it 
is also used by the Department to conduct surveys at the farmer’s field. In 
case of Schlumberger array configuration, electrodes are placed in a straight 
line symmetrically about the central point. The outer two electrodes, A and B, 
were used for the current, and resulting potential difference was measured 
across the two inner electrodes M and N (Fig. 2). 
 
The distance of current and potential electrodes from the center is referred to 
as AB/2 and MN/2, respectively, characterizes the array. MN/2 is always kept 
sufficiently small relative to AB/2. The average potential gradient measured 
between M and N is a close approximation to the potential gradient at center 
of the array (12). 
 
 

Investigation techniques 
 

VES survey, using Schlumberger electrode configuration with current 
electrode separation (AB/2), starting from 2 m to a maximum length of 180 m, 
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was carried out at the study area. The separation (AB/2) of the current 
electrodes was 2, 4, 6, 8, 10, 10, 15, 20, 25, 25, 30, 35, 40, 45, 50, 50, 60, 
70, 80, 90, 100, 100, 120, 140, 160 and 180 m. Similar spacings of 10, 25, 50 
and 100 m indicate the step at which increase in spacing of potential 
electrode was made and two readings were obtained for the same AB/2 but 
different MN/2 spacings. The Schlumberger data were mostly taken in 
overlapping segments because at each step of AB spacing, the signals of 
resistivity meter become weaker. Therefore, MN spacing was enlarged and 
two values for the same AB/2 spacing were measured, one for the short and 
one for the long MN spacing. The potential electrode separation (MN/2) was 
0.5, 2, 5, 10, and 20 m. The increase of potential electrode separation MN 
allowed that readings from the same current electrode spread AB with the 
previous and expanded MN were taken. Therefore, earth resistance at 
different spacings was measured in fields with the help of resistivity meter at 
different electrode spacings in Chaj and Rachna Doabs. Multiplying this 
resistance by the geometric constant derived from the relative positions of 
current and potential electrodes yields apparent resistivity of the material 
beneath the electrodes. 
 
Apparent resistivity (ρa) for the Schlumberger electrode configuration was 
calculated as below (22): 
 

                     ρa  ∞  V/ I or 
ρa  =  K* V/I   …………………..  (2.1) 
ρa  =  K* R     ………………….  (2.2) 

 
where: ρa = Apparent resistivity in ohm-meter (Ω-m),   

V = Voltage, potential drop, in milli-Volt (mV), 
I = Current in milli-ampere (mA) and 
K = Constant of proportionality 
 
                                  (AB/2)2 – (MN/2)2 

K = (2.3) ………………  ——————————— ת 
                                             MN 

 

where, AB = Spacing between the current electrodes (m) and  MN = Spacing 
between potential electrodes (m) 
 
The apparent resistivity values calculated from the measured data were 
plotted against half of current electrode spacing on a log-log graph to 
determine the resistivities and thicknesses of the layers. The early method of 
interpreting sounding curves used curve-matching techniques (16, 26) used 
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by many earlier workers (12, 13, 15, 20). Based on this preliminary 
interpretation, initial estimates of resistivities and thickness (layer parameters) 
of various geoelectric layers were obtained. In second analysis, the layer 
parameters derived from the graphical curve matching were then matched 
with the interpreted sounding data in terms of final layer parameters through 
1-D inversion technique software (IXID, Interpex, USA). This software 
produces the resistivity model, fitting the acquired field data with least root 
mean square (RMS) error between the synthetic data generated from model 
and the actual data themselves. The method of iteration was performed until 
the fitting errors between field data and synthetic model curve became least 
and constant. The true resistivities (or simply resistivities) values of 
subsurface layer, their thickness and depth from the ground surface after 
interpreted field curves (apparent resistivities) using 1X1D computer software, 
are presented in (Fig. 3). The electrical resistivity of sediments depends on 
lithology, water content, clay content and salinity (8, 14). It is therefore, 
important to correlate VES results with the lithological and hydrological 
information of same sites. 
 
A combination of hydrochemical and geophysical technique, however, was 
used to study the salinity of groundwater in study area. Samples of 
groundwater and soil were collected from the boreholes at these three sites, 
and were sent to Soil and Water testing Laboratory, Ayub Agricultural 
Research Institute, Faisalabad, for chemical analysis to determine total 
dissolved solids, pH level, soil formation and electrical conductivity (EC). The 
hydrochemical data and soil formation together with geoelectrical VES survey 
interpreted resistivity data, which were used in the interpretation of overall 
data. 
 
The interpreted subsurface hydrogeological conditions were classified into 
three resistivity zones based on the criteria developed by Sikandar et al. (21). 
The aquifers having different groundwater salinities were classified into fit, 
marginally fit and unfit for irrigation purpose. The groundwater quality in 
aquifer having resistivity more than 45 Ωm is safe for irrigation purpose, 
between 25 to 45 Ωm is marginally fit and resistivity less than 25 Ωm is 
unsafe for irrigation purpose (Fig. 3) (21). Therefore, on the basis of resistivity 
range, resistivity zones were classified. These data plus the borehole data 
helped to understand the subsurface hydrogeological conditions which further 
helped for well development.  
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The interpreted VES data and the borehole data were also used to develop 
the relationships among the effective current penetration depth and current 
electrode spacings.  
 

 
 

RESULTS AND DISCUSSION 
 
Interpretation of subsurface layered model 
 
The interpretation of field VES data was made based graphical output of the 
computer software (IX1D). The subsurface layering was derived based on the 
distinct resistivity values of upper layer (ρ1), second layer (ρ2), third layer (ρ3) 
and so on. Therefore, depending upon the shape of curve, different layered 
subsurface strata can be classified into Type A, B, C and D (Fig. 4a-4d). Four 
VES surveys were conducted at the three sites of study area of Chaj Doab 
and their interpreted resistivity models in terms of depths and the resistivities 
of subsurface layers of all the sites are shown in Fig. 3 (Fig. 4a to 4d). The 
distinctive characteristics features in apparent resistivity curves were 
characterized by the considerable spatial variability of groundwater quality 
and inhomogenity of subsurface aquifer conditions. These types are defined 
in terms of number of geoelectrical layers and their corresponding resistivity 
relationship (6).  
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Fig. 4 contd…..  
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Two of  field curves at Chaj 2 (VES 1) and Chaj 3 (VES 1) were classified as 
Type A which reflected the presence of four geoelectric layers. These four 
geoelectric layers gave the resistivity relationship as ρ1< ρ2> ρ3> ρ4 (Fig. 4c 
and 4d). Such a curve behavior proves the presence of a low resistivity layer 
at the bottom of section. Therefore, high salinities in groundwater are 
expected in lower section.  Similarly two of field curves at both the sites of 
Chaj 1 (VES 1 and VES 2) were classified as Type B which also showed the 
presence of four geoelectric layers where the layers resistivity relationship is 
ρ1> ρ2< ρ3> ρ4 (Fig. 4a and 4b). These types of curves behaviors indicate the 
presence of higher resistive intermediate layer lying over the low resistive 
layer. The intermediate layer may contain better groundwater quality as 
compared to lower layer in these types of curves.     
 
It was also observed that apparent resistivity values of the top layer at all the 
sites varied considerably mainly due to among the other factors, soil moisture 
content on which resistivity depended. The best fit models were derived along 
geoelectrical soundings points with the least root mean square (RMS) error 
with lower and upper bond models (1-10% error). 
 
The left portion of each Fig. 4 shows the Schlumberger apparent resistivity 
data (points) which is superimposed on the best match 1D inversion (fitted) 
line. The right portion of each Fig. 4 shows the interpreted resistivity layered 
model in terms of model resistivity (or simply resistivity) and depth of each 
geoelectric layers. 
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Correlation of VES results with drilled borehole 
[ 

The success of any geophysical survey depends on the calibration of the 
geophysical data with actual hydrogeological and geological ground truth 
information. To understand the relationship between geoelectric parameters 
(formation, thickness and resistivity) and hydrogeological characteristics of 
formations for the investigated area, the results of these soundings were 
correlated with the results of samples (soil and groundwater) collected from 
drilled boreholes at the same sites. The results of the Schlumberger electrical 
soundings interpreted using computer software 1X1D Interpex, were found to 
be in close agreement with the hydrogeological sections (Fig. 5). 
 

 
 

The results from analysis of VES data at Chaj 1 show that well log data 
corroborates perfectly with the lithology. The top soil with loam is the first 
layer, clay from 2.6 to 3.8 m is the second layer, coarse sand with alternate 
layers of clay from 3.8 to 29 m containing fresh groundwater is the third layer, 
and alternate layers of sand and clay containing poor quality water is the 
fourth layer from 29 to 90 m exhibiting resistivities of 51, 13.12, 50.38 and 
15.47 Ωm, respectively. The analysis from bore well logs at both sites of Chaj 
2 and 3 indicate that groundwater in the aquifer is unsafe to use it for 
irrigation due to high salts concentration having EC more than 3.0 dS/m. It 
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also corroborates with the soundings because the third layer which contain 
water at both the sites exhibited resistivities of 2.5 and 5.2 Ωm at Chaj 1 and 
2, respectively and indicate the presence of coarse sand and gravels with 
alternate thin layers of clay (Fig. 5). 
 
The computer software ‘1X1D’ generates two types of model for VES 
sounding, layered model and the smooth model (Fig. 3). Smooth model 
interprets VES data and gives resistivity and depth of sub layers at every 
increasing step of AB/2. The depths of interpreted subsurface layers obtained 
from the smooth model (Occam’s Inversion) of IXID software were compared 
with the outer current electrode spacings (AB/2) of the Schlumberger 
configuration as shown in (Fig. 5). From this figure, following equation was 
fitted to calculate the effective depth of current penetration in Chaj Doab. 
 

Depth = 0.002(AB/2)2 + 0.17(AB/2) - 1.584  ……… (3.1) 

Fig. 5 shows that the current penetration depth increases with the increasing 
current electrode spacings (AB/2). This relation is not linear but found to be a 
polynomial when it was drawn using spread sheet having R2 of 0.97. In all 
VES surveys, effective current penetration remained lower than AB/4. 
 
Well site selection  
 
VES survey data of all sites of Chaj Doab were found to be different from 
each other due to inhomogenity of the subsurface and mainly due to 
presence of salt concentration, which was observed at each site. With the 
help of correlation between aquifer resistivity and the groundwater salinity 
(Fig. 3) and the correlation developed between VES survey data and the 
borehole lithology (Fig. 5), overall VES interpretation were developed for VES 
sites. The estimated subsurface layers and the quality of groundwater of each 
site are summarized in Table 1. The summary of saturated layers having 
different salinity/resistivity of groundwater of all sites (4 VES surveys) are 
given in Table 2, showing suitability of the site for well installation. 
 
Chaj 1: At this site, two VES surveys were conducted because the farmer 
had 20 hectares of land. One side of this land was near to the house of 
farmer where he was interested to install the tubewell and it was selected for 
VES No.1. The other site which was selected for VES No.2 was about 200 m 
away from his farm house in the east direction near the water course outlet. 
 

The possibility was there to select the best site within land holding of farmer 
because one point was selected near to the water course outlet and the other 
point was selected at the tail end of that water course near to farmer’s house.  
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Table 1. Resistivities, thickness and lithologies of the VES data of all sites. 
 

Site 
(VES) 

Layer
s 

Depth (m) Resistivity 
(Ohm-m) 

Interpretation VES Model 

 1 0-0.73 15.54 Clay with conserved 
moisture (surficial 
material). 

 

 
 

Chaj 1 
(Ves 1) 

2 0.73-18.82 10.10 Fine sand with 
alternate layers of 
clay containing 
brackish quality of 
water 

 3 18.82-56.7 23.25 Alternate layers of 
sand and clay 
containing brackish  
quality water 

 4 56.7-80 04.99 Impervious zone of  
silty clay 

 1 0-2.64 50.97 Fine sand mixed with 
clay (surficial 
material) 

 

 

Chaj 1 
(Ves 2) 

2 2.64-3.85 13.12 Clay with conserved 
moisture 

 3 3.85-28.87 50.38 Layers of coarse 
grain sand with 
alternate thin layers 
of clay containing 
fresh water. 

 4 28.87-90 15.47 Alternate layers of 
hard clay with thin 
layers of sand or 
admixture of this 
containing 
brackish/poor quality 
water. 

 1 0-1.74 17.12 Clay with conserved 
moisture (surficial 
material) 

 
 

 
 
 
 

Table contd…… 

Chaj 2 
(VES 1) 

2 1.74-8.52 32.18 Alternate layers of 
sand and clay 
containing poor 
quality water 
 

 3 8.52-116.9 2.53 Alluvium formation of 
silt layers and coarse 
snad layers 
alternatively with 
very low quality of 
water. 
 

 4 116.9- 0.382 Impervious = one of 
silty clay 
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1 

 
0-0.716 

 
6.17 

 
Clay with conserved 
moisture contents 
(surficial material) 

 

 

Chaj 3 
(VES 1) 

2 0.716-1.33 174.9 Dry silty clay layer 

 3 1.33-28.23 5.2 Alternative laye4s of 
clay and sand 
containing very poor 
quality brakish water 

 4 28.23-70 1.83 Hard impervious type 
clay. 

 
According to the results VES 1 had four layers upto the depth of 90 m (Table 
2). The top layer was unsaturated and second and third layers had resistivity 
of 10 and 23 Ohm-m, respectively. The resistivity values of these two layers 
reflected the presence of alternate layers of sand and clay containing 
brackish quality of water upto a depth of 57 m. The fourth layer was 
impervious type hard silt clay zone and below that zone water is brackish 
because resistivity of that fourth layer was 5 Ohm-m and this layer fell under 
the category of very low resistivity zone having EC more than 3.0 dS/m. The 
site where VES 2 near outlet was conducted, had 3rd layer which contained 
water. This layer had a true resistivity of 51 Ohm-m and thickness of 25 m. 
This layer started from a depth of 4 m and extended upto the depth of 29 m 
(Table 2). This layer reflected the presence of coarse sand with alternate thin 
layers of clay having sufficient potential of good quality water which can be 
skimmed for irrigation purpose. 
 
Chaj 2 and 3: The results of site 2 (Chak No. 100 SB) and site 3 (Chak No. 
107 SB) did not differed significantly from each other (Table 2). At both these 
sites, four layers were found with the help of VES survey upto the depth of 
about 117 m. The layers containing water had resistivities values of  2.53 and  
 

Tale 2. Selection of VES site for well installation. 
 

Studied 
site 

VES 
site 

Suitable 
for well 

installatio
n 

Yes/No 

Water table 
depth 

(m) 

Thickness of 
better layer 

(m) 

Expected groundwater quality Aquifer 
resistivit

y 
(Ohm-m) 

Chai 1 1 No 5.5 18.8 to 56.7 Unfit for irrigation 23.2 
2 Yes 5.5 5.5 to 29 Fit for irrigation 50.4 

Chai 2 1 No 3 3 to 90 All layers are unfit for 
irrigation <2.5 

Chai 3 1 No 4 4 to 90 All layers are unfit for 
irrigation <5.2 

 

5.2 Ohm-m at Chaj 2 and Chaj 3, respectively. These low resistivity zones 
reflected the presence of sand and clay layers alternatively having brackish 
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water of EC more than 2.5 dS/m upto the depth of 117 m and 28.23 m at Chaj 
2 and Chaj 3, respectively. Below this depth water was more brackish 
because resistivity at both sites was less than 2 Ohm-m with EC more than 
3.5 dS/m (Fig. 4). Therefore, groundwater was available but quality was very 
poor and could not be used for irrigation purposes. 

 
CONCLUSIONS AND RECOMMENDATIONS 

 

This study revealed that surface geoelectrical measurements are effective to 
study the groundwater conditions. Based on interpretation of geoelectrical 
data, following conclusions are drawn. 
• The VES technique is a non-destructive and useful method to detect 

depth and thickness of various subsurface geological formations and 
the groundwater quality within these formations of the layers. 

• The interpreted VES data using computer software 1X1D Interpex was 
found to be in close agreement with borehole data. 

• The subsurface geoelectrical layers showed different resistivity values 
at all selected sites due to type of formation and quality of groundwater 
in Chaj Doab. 

• Study area generally consisted of unconfined aquifer with fresh/good 
quality water overlying the saline water. The thickness and depth of 
these underground fresh and saline water layers varied from site to site. 
With the help of this VES technique, these fresh water layers could be 
targeted for drilling a well upto the lower end of these layers to avoid 
unnecessary drilling. The thicknesses of these layers also guide us for 
well site selection at a point, which has bigger thickness within the land 
holding of farmers. 

 
The site 2 of Chaj 1 proved more suitable for exploring groundwater and 
tubewell may be drilled upto the depth of 29 m. Beyond this depth not only 
quality of water will be deteriorated but expenses and labor cost will also 
increase. As water table at this point was only 4.2 m, therefore sufficient 
thickness of this fresh groundwater is available to install tubewell. The sites of 
Chaj 2 and Chaj 3 are not fit for the extraction of groundwater for irrigation 
purposes because according to the estimates of VES results, there is no 
chance of even marginal quality water throughout the soil profile. The soil and 
water samples collected from bore holes at these sites also showed that EC 
of water was not less than 2 dS/m in any soil formation of these sites. 
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