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ABSTRACT : Koganti Powers Ltd. is establishing a power generation plant based on waste material near village Potanhal,
Raichur District, Karnataka. The company requires water of low Total Dissolved Solids (TDS) for running the plant. Initial
attempt to tap groundwater through deep bore well has resulted into getting water of poor quality with high TDS. Therefore, the
company has approached NGRI for selection of suitable sites for drilling of bore wells to tap good quality of water. Reconnaitory
survey was carried out around the plant area and it was proposed to study the geomorphological map and carryout geophysical
and geochemical investigations. Groundwater samples from the existing bore wells and streams were collected for detail chemical
analysis. Based on these studies, four suitable sites are recommended for drilling.

ABOUT STUDY AREA

The Koganti Power Plant lies on the southern side
of Maski halla, about 57 km from Raichur along the side of
main road to Sindhnur. It lies in Sindhnur taluk of Raichur
District. The drainage map of study area is also shown in
Figure 1.  It comprises the villages around Potanhal. The area
is characterised by moderately plain to undulating topography.

There are low hillocks and mounds found here and there.  It
lies between the altitude of 380 m above mean sea level (amsl)
in the north  to 360 m amsl in the east. The average annual
rainfall in the Raichur District varies from 555 to 770 mm.
The area is characterised by dendtritic to sub-dendritic
drainage. Most of the rainwater drains to Maski halla which
flows southeastward and finally joins river Tungabhadra. A
3-D map depicting the surface gradient is shown in Figure 2.
The details of hydrogeological conditions in the Raichur
District is described by Murthy and Gupta (1993). The chief
soil type around the study area is black cotton soil, which is
quite deep around the Koganti Power Plant site. Black and
Red mixed soil also occur in the area, particularly in the
northern part of the region.

Rocks of Dharwar and Peninsular gneisses that are
of grey and pink types chiefly occupy the study area. Basically
these rocks are devoid of primary porosity, however wherever

Figure 1: Location map of Study area. Figure 2 :  3-D view of study area
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these area highly weathered and fractured, they form potential
groundwater zones. Alluvium of recent origin occurs along
the Maski halla. Fractures in the area occur as NW-SE, NE-
SW and WNW-ESE trending. Joints and shear zones are also
developed in gneisses and granites. These fractured, jointed
and highly weathered granite and gneisses form aquifer in the
area. In the southern part of Maski halla, groundwater is found
to occur at deeper level i.e. below 25 - 30 m whereas along
the Maski halla it is found at shallow depth (less than 5-7 m).
In the northern part of Maski halla groundwater is again at
relatively deeper level. The groundwater in the area is
exploited through open wells, bore wells as well as filter wells
in the Maski halla for agriculture as well as domestic purposes.

HYDROGEOCHEMISTRY

The distribution of electrical conductivity (EC) of
groundwater, which is a measure of total dissolved solids
observed during fieldwork, is shown in Figure 3. It can be
seen that the good quality of groundwater has been observed
only along the Maski halla, where as high values are observed
in the southern part of the study area. It was observed during
the fieldwork that most of the bore wells drilled in the southern
part are of high TDS. Variation in Calcium and Magnesium
content in groundwater are shown in Figures 4 and 5. Again it
can be seen that good quality of groundwater occurs around
village Banignur.

In order to delineate groundwater favorable zone,
discussions were held with scientists of National Remote
Sensing Application Centre (NRSA), Hyderabad. Four
potential zones for further geophysical investigations were
suggested as shown in Figure 6. These areas are as follows:

Figure 3 : EC distribution map

Figure 4: Calcium distribution map

Figure 5: Magnesium distribution map

Figure 6: Location map showing profiling and sounding points
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1. Area between Ramtanhal and Banignur,
2. Northwest of Jiragnur,
3. North of Potanhal, and
4. West of Urlagaddi.

Keeping in view above findings, geophysical
profiling and geoelectrical sounding were carried out around
the above places.

GEOPHYSICAL INVESTIGATIONS

One of the widely used geophysical techniques for
groundwater exploration is DC electrical resistivity method.
Electrical resistivity method is the one of the most extensively
used method as it has a direct relevance to the groundwater
occurrence and its quality. This is also because the rock matrix
as such has a high electrical resistivity unless the formation
contains some conducting minerals like clay. It is only the
water content held in the pores, fractures or joints of formation,
which brings down the electrical resistivity considerably. The
variation in this physical parameter between the water bearing
and non-water bearing zones is very significant and can be
made use to delineate aquifer zone. In multilayer earth, a
number of these combinations can exist. Several albums of
master curves are available based on these procedures, which
include among others, Compagnie Generale de Geophysique
(1963), Orellana and Mooney (1966) and Rizkswaterstatt
(1969). In spite of the availability of a large number of
theoretical curves, it is often difficult to find a right set of
curves to fit a variety of situations present in nature. It is,
therefore, desirable that one should be able to compute a
sounding curve that best fits the field situation. Employment
of an algorithm, which directly yields the layer parameters,
would be a better choice. Besides this, computer version
software are available whereby considering observed apparent
resistivity for various spacing and initial guess value as input,
one gets best fit model and various geoelectrical parameters.

ELECTRICAL RESISTIVITY PROFILING

In resistivity profiling technique, the electrode
separation is kept constant and the electrode array as a whole
is moved with the center of the array occupying successive
points along a traverse. In profiling as in the case of soundings
different electrode configurations are used. They can be
classified into (1) symmetrical and (2) asymmetrical methods.
The Wenner, Schlumberger, dipole-dipole, two-electrode
arrays are classified under symmetrical methods and pole-
dipole, three-electrode are classified under asymmetrical
methods. The advantage of asymmetrical method is mainly

that one electrode is less and therefore, the field operation
becomes quicker. Wenner array is one of the most commonly
used arrays in electrical profiling. The apparent resistivity
value that is measured is assigned to the point of observation
(centre of the array) of the electrode array and apparent
resistivity values are plotted for various point of measurement
on a linear scale. For each electrode separation, the point of
observation being a common, apparent resistivity values are
plotted at each measuring station along the profile. The
apparent resistivity profile is used to identify lateral variations
in the subsurface formations. These anomalies/results show
well distinctive electrical resistivity signatures, if any, (in the
profile). Maximum anomaly can be obtained only across the
lateral inhomogenity such as water bearing zones. The greater
the electrode spacing, the depth of investigation is more.
Generally, a minimum of two different electrode spacing is
used for qualitative interpretation of these profiles, if necessary.

In order to delineate groundwater potential zones,
primarily the photo-geological information, hydrogeological
settings and hydrogeochemical data have been considered. On
the basis of studies of these maps, groundwater potential zones
are demarcated as shown in Fig. 6. Electrical resistivity
profilings were carried out in these demarcated zones.
Wherever consistent resistivity lows were observed in number
of electrode separation profiles, electrical resistivity soundings
were carried out.  Two profiles have been carried out in the
demarcated zones. The details of these profiles are described
as below.

PROFILE 1

Wenner configuration was adopted to carry out
geoelectric profiling. The geo-electrical profiling was carried
out in NE-SW direction between the villages Banignur and
Rantanhal. Initially the electrode separation was kept as 10m
and the station interval was kept as 5m. The profile length
was kept as  150m. The apparent resistivity has been found to
vary from 12.5 Ohm m to 38.9 Ohm m. Two low values of
12.5 and 14.1 Ohm m have been found at Station No. 6 and
20. Another geoelectrical profiling was carried out at the same
place with another electrode separation of 20m. The apparent
resistivity has been found to vary from   20.9 Ohm m to 49.9
Ohm m. The variation in apparent resistivity is shown in figure
9. The lowest apparent resistivity obtained in the profile with
electrode spacing of 20m also coincide the low value with
electrode spacing of 10m at station no. 20. At station no. 20
geoelectrical sounding with Schlumberger configuration has
been carried out to explore the possibility of potential aquifer
zone.
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PROFILE 2

Geoelectrical profiling was also carried out at
Potanhal in the direction of E-W as shown in  Figure 6. Initially
the electrode separation was kept as 20m and the station
interval was kept as 10m. The profile length was kept as 400m.
The apparent resistivity has been found to vary from 15.8 Ohm
m to 57.05 Ohm m. Another geoelectrical profiling was carried
out at the same place with another electrode separation of
40m. The apparent resistivity has been found to vary from
34.1 Ohm m to 89.1 Ohm m. The variation in apparent
resistivity is shown in figure 10. The lowest apparent resistivity
obtained in the profile with electrode spacing of 20m falls on
the lower trend of apparent resistivity variation with electrode
spacing of 40m at station no. 20. At station no. 20 geoelectrical
sounding with Schlumberger configuration has been carried
out to explore the possibility of potential aquifer zone.

GEOELECTRICAL SOUNDINGS

Figure 6 shows the location of geoelectrical
soundings carried out in the study area. The interpreted
geoelectic papemeters are shown in Table 1. The variation of
apparent resistivity with electrode separation (AB/2) are shown
in Figure 11 to 14. Initially the resistivity sounding curves
were interpreted using two layer and three layer type curves
(Orellana and Mooney, 1966). The geoelectrical parameters
arrived from this interpretation were used as initial model
parameters to interpret the geoelectrical sounding curves using
inversion model software RESIST (Vander Velpen, 1988). The
model parameters were subsequently changed to improve the
RMS and better represent the field condition. The
corresponding interpreted data points are shown in Figs. 11 to 14.

RECOMMENDATION

In order to provide drilling site to tap groundwater
of good quality, the hydrogeochemical data has been taken

Figure 9: Geo-electrical profiling showing variation in apparent
resistivity

Figure 10: Geo-electrical profiling showing variation in apparent
resistivity

Table 1. Interpreted Geo-electrical Parameters

Sound                                Geoelectrical Parameters
No.     Resistivity (in Ohm-m)       Thickness of Interpreted Layers (in m)

ρ
1

ρ
2

ρ
3

ρ
4

ρ
5

ρ
6

ρ
7

ρ
8

h
1

h
2

h
3

h
4

h
5

h
6

h
7

1 7.21 2.14 19.30 4.50 49.2 149.7 10006 0.5 0.94 2.93 5.48 10.0 10.1
2 2.52 51.29 29.67 1050 --- --- --- --- 1.85 23.6 13.7 --- --- --- ---
3 2.5 55.6 28.4 1044 --- --- --- --- 1.9 24.6 14.3 --- --- --- ---
4 2.20 15.34 200.6 9990 --- --- --- --- 1.43 9.41 20.1 --- --- --- ---
5 25.4 101.11 46.6 151. 9896 --- --- --- 0.62 3.17 16.5 10.1 --- --- ---
6 11.5 9.2 148.5 --- --- --- --- --- 1.0 6.5 --- --- --- --- ---
7 3.51 15.65 6.7 160 10888 --- --- --- 3.48 1.90 1.39 10. --- --- ---
8 5.6 8.4 14.5 129 --- --- --- --- 1.4 2.1 5.25 --- --- --- ---
9 37.3 12.66 40.9 35.5 148. 994.4 149 996 0.44 2.03 2.01 14.6 30.5 29.9
10.0
10 16.2 131.84 7.3 239 10745 --- --- --- 0.51 1.53 5.49 14.1 --- --- ---
11 3.45 23.01 18.64 158 5031 --- --- --- 0.7 8.94 8.77 19.0 --- --- ---
12 9.5 8.8 9404.0 --- --- --- --- --- 1.3 11.7 --- --- --- --- ---
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Figure 11: Plot of Field and Model Apparent Resistivity vs AB/2

Figure 12: Plot of Field and Model Apparent Resistivity vs AB/2

Figure 13: Plot of Field and Model Apparent Resistivity vs AB/2

Figure 14:  Plot of Field and Model Apparent Resistivity vs AB/2

into account. As described in previous paragraphs,
groundwater of low EC containing low calcium and
magnesium which may be best available groundwater in the
area could be located around the village Rantanhal and
Banignur. The geomorphological information also suggests
that these areas could be potential for tapping groundwater.
Further, to exactly locate the drilling sites, the geophysical
profiling and sounding interpretation has been considered. The
possible drilling sites with priority are shown in Table 2. In
case the drilling results of first drilled bore well are provided,
the reinterpretation of geoelectrical data could further enhance
the success of drilling of remaining bore wells.
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Table 2. Recommendation for drilling of bore wells

Sl. Sounding             Locations Recommended
No.  No. Drilling Depth

(in m)

1. S-5 Banignur (near the tree) Land 30
Owner: Kudiri Samayya

2. S-2 Banignur (near electric transformer) 40
3. S-9 Banignur (in the Drainage) Point in 90*

between the lands of Sharanath Swamy
and Ini Gowda

4. S-11 Banignur (in the Drainage) Point in 20
between the lands of Kumar and Lingappa

*In case sufficient water is struck in the bore well, drilling can be
terminated at 50 m.
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