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Abstract: Vertical Electrical Soundings (VES) with Schlumberger configuration were conducted in order to delineate
groundwater potential aquifer zones in Wailpally watershed area, Nalgonda district, Andhra Pradesh, India. The
entire area is underlain by granite and gneissic complex. Locating favourable groundwater zones in granitic terrain
is a very difficult task, as the secondary features developed in hard rocks like faults, fractures, lineaments and dykes
control the groundwater flow and movement. Therefore, there is always a need for locating and pinpointing the
favourable location in hard rock areas. In order to assess groundwater potential zones, 59 vertical electrical soundings
(VES) with 100 to 200 m current electrode separation were conducted in the watershed area. Interpreted VES data
were correlated with the drilled borehole logs and used to generate iso-resistivity maps like top layer resistivity,
depth to the bed rock and longitudinal unit conductance maps. Based on VES interpreted data groundwater potential
maps have been prepared showing good, moderate and poor zones.

Key words: Vertical electrical sounding (VES), groundwater potential, pinpointing.

Introduction

Groundwater exploration is becoming more and more
important now-a-days to meet the increasing demand of
water supply, especially in areas with inadequate
surfacewater supply and in rural areas. The watershed
area under study is about 80 km away from Hyderabad,
the capital city of Andhra Pradesh and falls under chronic
drought-prone area under Nalgonda district. The whole
Wailpally watershed is underlain by hard rock like granite
and gneisses complex. Due to differential weathering and
fracturing, the aquifers in the hard rock terrain show wide
variation both vertically and horizontally in their
hydraulic characteristics and very useful for its aerial
distribution for future development of groundwater
potential zones (Yadav and Lal, 1989). Many wells in
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the area drilled without proper investigation are failed or
abandoned. Therefore, a systematic and scientific
approach is essential to overcome these problems. The
hard rock areas are known for low yield due to the absence
of primary porosity; the groundwater in such areas are
controlled by the secondary features like lineament,
fractures, faults and dyke. Therefore, there is a need to
locate such features for groundwater prospective.

In order to assess location of the favourable zones in
northern part of the watershed, 59 vertical electrical
soundings (VES) have been carried out with maximum
of half current electrode separation (AB/2) 100 to
200 m, which is widely used for groundwater exploration
studies (Todd, 1959). This method is least expensive
among all the geophysical methods and easy to operate.
This method will give much more resistivity contrast
from top layer to that of water-bearing formation and
basement rock (Zohdy, 1974). This method is well suited
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for groundwater studies in hard rock terrains
(Bhimasankaram, 1970; Bhimasankaram and Gaur,
1977). Based on vertical electrical soundings and
measuring nearby water level a groundwater potential
map has been prepared.

Brief Geology of the Study Area

The Wailpally watershed area lies in the Nalgonda district
in Andhra Pradesh. In western region the area is covered
by hilly slopes. The soil types are red sandy, sandy and
loamy soils, and few patches of black cotton soils are
also found in different places. Achaeans group of rocks,
mainly consisting of granites and gneisses, underlies the
investigated area. The granites are mostly pink and grey.
The textures of rocks observed were medium to coarse
grained. The pink granites are predominantly spread over
the entire area with quartz and feldspars as essential
minerals. The dykes are observed in few places and are
exposed in some places. The geological map of the study
area is shown in Figure 1.
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Geophysical Survey

Geophysical exploration mainly comprises
measurements and interpretation of signals from natural
or induced physical phenomena generated as a result of
spatial changes in one or more physical properties of a
sub-surface formation. These signals—measured
repetitively at several points in space and time—are
appropriately interpreted, considering the available
geological information, in terms of subsurface structures/
features which may themselves have good groundwater
potential or indicative of good aquifers. Electrical
resistivity method is the most widely applied method for
groundwater prospecting. This is because of its efficacy
to detect the water-bearing layers, besides being simple
and inexpensive to carry out the field investigations
(Zohdy, 1974). In general, for measuring resistivities of
subsurface formations, four electrodes are required. A
current of electrical intensity (/) is introduced between
one pair of electrodes, called current electrodes. The
current electrodes can be identified as A and B and
sometimes +I and -1 denoting source and sink
respectively. The potential difference
produced as a result of current flow is
measured with the help of another pair
of electrodes, called potential electrodes
or probes. The potential electrodes may
be represented as M and N.

Schlumberger Array

This array also uses four collinear point
electrodes, but measures the potential
gradient at the mid-point by keeping the
measuring electrodes close to each other.
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Figure 1: Key map of the study area showing geology and vertical

electrical sounding locations.

(MN/2) 2

where AB is the distance between current
electrodes, MN is the distance between
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potential electrodes, and the apparent resistivity is

obtained with the formula
pu= G (AVID)

where (AV/]) is the potential difference between potential

electrodes to that of current flowing.

Depending upon whether the apparent resistivity value
increases or decreases with each electrode separation,
the shape of the curve is changed and this curve is helpful

for quantitative interpretation of the
electrical resistivity data. The qualita-
tive interpretation of the subsurface
layer resistivity distribution can be
observed from the shape of the curve.
A curve is drawn by plotting the
observed apparent resistivity values
against the current electrode
separation on a log-log graph sheet,
and this is interpreted by matching the
field curve with master curves of
two-, three- and four-layer cases for
various ratios of absolute resistivity
given off (Orellana and Mooney,
1966). The three-layered earth model
can be classified into A, Q, H and K
type curves based on the shape. The
resistivity distribution for three-
layered curve is as follows:

A-type: p; < P, < ps,

Q-type: p; > p, > ps,

H-type: py > p, <5,

K-type: p; <p, > p;.

Similarly, four-layer curves are AA,
QQ, HK, KH, HA, KQ, AK and QH.

Result and Discussion

Fifty-nine vertical electrical soundings
were conducted in the watershed and
their locations are shown in Figure 1.
The VES data are first interpreted
using the curve matching technique
(Orellana and Mooney, 1966) and then
by Inversion Iteration Method (Jupp,
1975) the interpreted results of VES
are given in Table 1. Three sounding
curves show A-type three-layer geo-
electrical section, while thirty three
sounding curves show AA-type curve,
fourteen sounding curves show HA-
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Figure 2: Vertical electrical sounding field curves.
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Table 2: Analysis of vertical electrical sounding

Type of Vertical electrical Total numbers
curve sounding numbers of curves
A-Type 4,6,41 3
AA-Type 1,3,5,9,10, 11, 14, 15, 16, 17,
18, 19, 21, 22, 23, 24, 25, 26, 28,
29, 30, 31, 35, 37, 39, 40, 42, 47,
50, 51, 55, 59, 32
KH-Type 2,7, 13, 33,43, 44, 45, 46, 53 9
HA-Type 8, 12,20, 27, 32, 34, 36, 48, 49, 52,
56, 57, 58 14
QH-Type 54 1
2-65 Ohm-m —  Top Soil Cover
20-100 Ohm-m —  Weathered Formation
100-300 Ohm-m —  Semi-weathered/dry fractures
>300 Ohm-m —  Hard Rock

The apparent resistivity at different depths has been
given in Table 1. Iso-resistivity contour maps at 1.5 m,
50 m and 100 m depths, as well as their 3-D maps were
prepared, and they were interpreted in terms of
resistivities and thicknesses of various subsurface layers.

Top Layer Apparent Resistivity Map

The surface layer contour map along its 3-D view is given
in Figure 3(a). The resistivity value ranges from 2-385
Q-m, while its thickness ranges from 0.4-5.9 m. The
variation in resistivity is mainly attributed to variation
in moisture content and changes in surface conditions.
The minimum resistivity of 2 -m was observed in
Yelmakana village at VES No. 5, while the maximum
resistivity of 385 Q-m is observed at Jangoan village at
VES No. 43.

Apparent Resistivity at 50 m Spacing

The apparent resistivity values for 50 m current electrode
spacing ranging from 38-998 Q-m, and the corresponding
contour map with its 3-D view is given in Figure 3(b)
with a contour interval of 50 Q-m. The lowest apparent
resistivity value of 38 Q-m was observed in Yelmakana
village at VES No. 4, while highest value of resistivity
of 998 Q-m was observed at Jangoan village at VES
No. 28.

Apparent Resistivity at 100 m Spacing

The apparent resistivity values for 100 m current electrode
spacing ranging from 66-1489 Q-m, and the correspond-
ing contour map along its 3-D view is given in Figure
3(c) with a contour interval of 50 Q-m. The lowest

apparent resistivity value of 66 -m was observed at
Jangoan village at VES No. 33, while highest value of
apparent resistivity of 1489 Q2-m was observed again at
Jangoan village at VES No. 28.

Longitudinal Conductance

The ratio of different layers to their respective resistivities
is known as the longitudinal conductance (Mailet, 1947).
The properties of a thin conducting layer can be
determined in terms of longitudinal conductance, and a
resistive layer can be determined by transverse resistance
which is the sum of product of resistivity and thickness
(Mailet, 1947). Figure 4(d) depicts the total longitudinal
conductance contour map along with its 3-D view. The
conductance values in the area vary from 0.03 to 1.45.
As the conductance value increases, the resistivity
naturally decreases which point towards groundwater
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(a) Apparent resistivity contour map with 3-D
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(b) Apparent resistivity contour map with 3-D at 50 m
current electrode spacing.
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(c) Apparent resistivity contour map with 3-D at 100 m
current electrode spacing.
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(d) Apparent resistivity contour map with 3-D for
Longitudinal Unit Conductance.

Figure 3 (a, b, c and d): Apparent resistivity contour

maps with 3-D representation.

potential aquifers. The minimum value of conductance

was observed at Jangoan village at VES No. 28, where

the apparent resistivity values at 50 m and 100 m spacing

got higher values, while the maximum value of

conductance was observed at Gullagudam village at VES

No. 47 indicating the low resistivity zone.

Depth to the Basement

Information on depth to bedrock for an area is very
necessary in order to estimate the thickness of the zone
of saturation. The depth to the basement is useful for
artificial/natural recharge to enhance the groundwater
condition in the area. Chand et al. (2004) have estimated
the natural recharge on its dependency using geoelectric

parameters in granitic terrain of Bairasagar watershed,
Kolar district. The depth to the bedrock ranges from 7.2-
48.5 bgl. The shallowest bedrock was observed at VES
No. 50 in Yelmakana village, while the deepest bedrock
is observed at VES No. 55 in Wailpally village. Using
interpreted results of VES, a depth to the bedrock map
has been prepared, and classified into three different
zones.

Correlation of Results of Soundings with Lithology

The results of three resistivity sounding data (27, 32, 58)
have been correlated with the drilled borewell logs as
shown in Figure 4. Sounding no. 27 indicates four layers
with resistivities 45, 27, 129 and 1029 Q-m, with
thickness 1.3, 9.8 and 18 m respectively. The first layer
with resistivity 45 Q-m indicates top soil; followed by
second layer resistivity 27 Q-m with thickness 9.8 m
showing highly weathered rock upto a depth of 11.1 m;
followed by a resistivity 129 Q-m of semi-weathered
nature upto a depth of 29.1 m; and the last layer resistivity
shows very high value indicating hard rock, which is well
correlating with the drilled borewell log. Similarly,
sounding No. 32 shows four layers with resistivities 45,
15, 148 and 1246 with thickness 4.3, 12.7 and 21.5 m
respectively. These layer parameters correlated with the
drilled borewell log indicate that the first two layer
resistivities i.e. 45 and 15 Q-m represent weathered
formation upto a depth of 17 m, followed by third layer
resistivity 148 showing semi-weathered nature with
thickness 21.5 m, and followed by hard rock with high
resistivity. In case of sounding number 58, it also indicates
four layer resistivities 48, 36, 77 and 1036 Q-m with

VES 32 VES 58 VES 27
H 48 Ohm-m( 4 9 273 m|44 Ohm-m{1.3 m }|::

45 Ohm-mly 3

36 Ohm-m| 3.7 m

9.8 m

27 Ohm-m

127m

15 Ohm-m

121 m

77 Ohm-m

129 Ohm-m

21.5m

1036 Ohm-m

1029 Ohm-m

148 Ohm-m

HIGHLY WEATHERED GRANITE

WEATHERED GRANITE
B35 HARD GRANITE

1247 Ohm-m

Figure 4: Comparison of resistivity results with drilled
borehole log data.
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thickness 1.9, 3.7 and 12.1 m respectively. When
correlated with borewell log, it indicates that first layer
resistivity 48 Q-m top soil is followed by resistivities 36
and 77 Q-m representing weathered formation with
thickness 15.8 m followed by a hard rock.

Groundwater Potential Aquifer Map

Considering the assumptions, the resistivity survey holds
good both vertically and horizontally. The groundwater
potential map has been prepared using the depth to
bedrock map as shown in Figure 5. This map is classified
into three areas i.e. poor, moderate and good zones. A
shallow basement upto a depth of 20 m bgl with a
minimum thickness of the saturated zone is classified as
poor zone. A moderate groundwater zone is classified as
the bedrock having a depth of 20-30 m bgl with average
saturated thickness. This part is further used for artificial
recharge to enhance the groundwater condition in the
area. A good groundwater zone is classified as a bedrock
having a depth of more than 30 m bgl and found in
southern part of the watershed and at few places in
isolated patches.

Conclusions

Based on the resistivity surveys conducted in the area,
the groundwater potential producing zones are identified.
The study reveals that a large part of the area has poor to
moderate groundwater producing potential. The

productive groundwater potential zone is only identified
in the southern part and at few places in isolated patches.
The drilled borehole logs are well correlated with
resistivity data. Good prospects of groundwater
development are in the study area where the depth to
basement rock is relatively thick and has favourable low
resistivity values and these areas can be further used for
artificial recharge to enhance the groundwater conditions.
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