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ABSTRACT
The Nalgonda district is one of the drought prone districts of Telangana and frequently being afflicted by famines. The study
area, Nakrekal basin is a part of this district and falls in the Survey of India toposheet no’s 56 O/8 and 56 0/12. It lies between
the north latitudes of 170 00’00” to 170 15’ 07” and Eastern longitudes of 790 16’ 28” to 790 34’ 15”, and covers an area of
about 409 sq.km. The present study is intended to use the remote sensing data, G.I.S. technology and spatial modelling
techniques, in the Nakrekal basin. The remote sensing data provides the synoptic view of lithology, geomorphology, structures,
and land use/land cover, type of soil etc. The field data provides the information about the depth to water table, thickness of
weathered zone and the yields of the existing wells of the groundwater. The layers generated from the satellite data (IRS ID
LISS III) and from the field data have been used for the index overlay operations for delineation of Groundwater prospective
zones. The results of the study have been presented as based on groundwater potential, the area has been classified into
Excellent, Very good, Good, Good-Moderate, Moderate-Poor, Poor-Nil and Nil.
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1. Introduction
Groundwater forms very little quantity when compared to the total surface water available. Therefore, it is
very vital for all living beings. Man is understandably most familiar with the surface water regime as this resource is
everywhere exposed to his direct observation. In contrast, water entering the ground, passes out of his direct contact
and immediately assumes an aura of mystery to the common man. Consequently, he cannot appreciate the general
conditions of occurrence of this potential resource and the technical problems associated with its location and
development. The total amount of water on the planet is about 1.4 x 109 km3
Groundwater regime is a dynamic system wherein the water absorbed at the Earth’s surface passes through
geological strata and recycled back to the surface. In this process, apart from geological framework, various elements
like relief, slope, depth of weathering, nature of weathered material, thickness of deposition and nature of deposited
material, distribution of surface water bodies, river/stream network, canal commands, the extent and intensity of
precipitation etc. Exercise significant control on the groundwater regime.
The use of GIS technology has greatly simplified the assessment of natural resources and environmental
concerns, including groundwater. In groundwater studies, GIS is commonly used for site suitability analyses,
managing site inventory data, estimation of groundwater vulnerability to contamination, groundwater flow modelling,
modelling solute transport and leaching, and integrating groundwater quality assessment models with spatial data to
create spatial decision support systems. GIS has been used in the map classification of groundwater quality, based on
geology, geomorphology or landuse and landcover. In such studies, GIS is utilized to locate groundwater quality zones
suitable for different usages such as irrigation and domestic.

2.

Location of the study area

The study area, Nakrekal basin is falls in the Survey of India toposheet no’s 56 O/8 and 56 0/12. It lies between the
north latitudes of 170 00’00” to 170 15’ 07” and Eastern longitudes of 790 16’ 28” to 790 34’ 15”, and covers an area of
about 409 sq.km. The area is 12 km NNE to the district headquarters (Nalgonda) and 110 km west to the state
headquarters (Hyderabad). The groundwater is the only source of irrigation and drinking water. The location map of
the study area is shown in Fig.1.

3. Methodology
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One of the ultimate objectives of this study is the delineation of the groundwater prospective zones, is achieved by
adopting the suitable methodology described as follows:
 Identification of different evidential themes
 Conversion of vector maps to grid maps
 Reclassification of grid maps in to different ranges
 Assigning weights to the themes
 Assigning scores to the classes in the input themes
 Integration and analysis in GIS

4. Evidential Themes used
The evidential themes considered for the analysis of groundwater prospective zones are
 Geomorphology
 Lineaments
 Lineament intersections
 Depth to geo-electrical basement
 Resistivity of the 2nd layer
 Depth to water table
 Thickness of the weathered zone
 Drainage frequency
 Land use/land cover
 Well yield map.

5. (Results and Discussion) Groundwater potential zones
5.1 Drainage
There are no perennial streams in the study area. The Paleru River, which is ephemeral in nature, drains from
northwest to southeast traversing through the basin. The length of this river is 42 km in this basin. Many 1st to 3rd
order streams are joining to the main river course. The drainage is medium to coarse textured and dendritic to
subdendritic type, which is characteristic of hard rock terrain and develops in regions of homogeneity. The drainage is
mostly structurally controlled and draining through the joints and fractures. The drainage is mainly from northwest to
southeast. The shallow valley fill material, mainly sandy in nature underlies the riverbed and hence forms very good
media for infiltration of rainwater to recharge the aquifer. The drainage frequency in the area varies from 0 to 6 per
sq.km. The drainage map and the drainage frequency map are shown in the Fig. 2.
5.2 Land Use
Land use is one of the basic requisites for land, water and vegetation resources utilization, conservation, and
management. Hence, the land use/land cover map of the area is prepared by the visual interpretation of the IRS-1D,
LISS-III image in combination with the toposheets and field checks. The entire area is broadly categorized as double
cropped agriculture area, rain-fed agriculture area, open scrub area, built-up area, water bodies and stony waste. The
land use/land cover map is shown in the Fig. 3.
5.3 Lithology
The study area forms the part of the Indian peninsula and is underlain by Peninsular Gneissic Complex (PGC)
belonging to Archaean Super group, which remained as a stable land mass. This PGC was later intruded by the
younger Dolerite dykes at some places. The PGC mainly consists of equigranular granite, alaskite granite (leucogranite) and alkali feldspar granite (pink). Among them pink granite is older, and the porphyritic grey granite is the
younger. The pink granites have intrusive relationship with the grey granites. The coarse gneissic granite is composed
of Quartz, plagioclase and potash feldspars, and mica often associated with aplites and pegmatite. The fluorapatite is
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one of the important accessory minerals associated with these rocks. At few places namely, Silarmiagudem, Sarvaram,
and Bollepally villages, it is observed that the content of biotite is predominant resulting in the dark colour biotitegranites and biotite-hornblende gneisses, which are less jointed and can be classified as Migmatites. The Peninsular
granite gneissic rocks are medium to coarse grained and hypidiomorphic to porphyritic in texture. The geology map of
the study area is shown in Fig. 4.
The weathering is more than 15 m near Perindammagudem, Mamidal, Telonigudem, and Garlabhaigudem villages.
Further, it is noticed that the depth and degree of weathering is more, where the rocks are highly jointed and traversed
by the younger intrusive rocks. The map showing the thickness of weathering is shown in Fig. 6.
5.3.1 Sub-surface Lithology
Integration of subsurface information inferred from the geo-electrical surveys with remote sensing and GIS can give
more realistic picture of groundwater potentiality of an area.
Keeping this in view, the present study attempts to
delineate suitable locations for groundwater exploration by inclusion of subsurface information obtained through the
conventional geophysical investigations. It is observed from the interpreted geo-electrical data that the first layer is
mostly red loamy soils and sandy loams characterized by resistivity ranging from 15 Ω m to 100 Ω m, depending upon
the proportion of constitutents. At few places where the alkaline, and black cotton soils are present, the resistivity
ranging from 3 Ω m to 15 Ω m. The thickness of the first layer varies from 1m to 6 m. The second layer is
weathered/semi-weathered and/or fractured granite, followed by hard massive
granite at most of the places. This is mostly characterized by resistivity range of 16 Ω m to 377 Ω m, but most of the
area is ranging between 80 to 170 Ω m. The thickness varies between 2 to 45 m. The third layer, which is identified at
few locations, is deep fractured granite followed by massive granites. The resistivity of this layer ranges from 16 Ω m
to 500 Ω m and the thickness varies between 10 to 35 m. The second layer in most cases and the 3rd layer in few cases
form the aquifer zone. The depth to geo-electrical basement, i.e., the thickness of the overburden varies between 7.6 to
52 m below ground surface. The geo-electrical sounding locations, ‘iso-resistivity’ map of the 2nd layer, and ‘depth to
geo-electrical basement’ map are shown in Fig. 7 and 8 respectively.
5.4 Geomorphology
In the study area, the remote sensing data (IRS-ID LISS-III) has been used to delineate the different geomorphological
units. Based on the visual interpretation of the satellite data in combination with the existing data eight geomorphic
units, have been mapped in the study area, which are described below. The geomorphological map is shown in Fig. 5.
5.4.1 Shallow valley fill
The unit is very important from groundwater point of view because of its high infiltration rate. In the study area, the
valley fill material is deposited along the Paleru river course. The thickness of the fill material is very less varying
from 1.0 to 5 m and it occupies around 18% of the total area. It is found near to Muthyalammagudem, Kattangur,
Perindammagudem, Mamidala and Godarigudem villages. This unit is mostly composed of sandy material. The
groundwater prospects in this zone are generally good to excellent.
5.4.2 Moderately weathered pediplain
The weathered granite gneiss zone where the depth of weathering varies between 10 to 20 m is identified as
Moderately Weathered Pediplain . Next to the valley fills, this area is very significant because the weathered zone
forms the good aquifer having the shallow water level zones. This geomorphic unit occupies around 35% of the total
area. This unit is found in and around Cheruvuannaram, Kattangur, Nakrekal, Aitipamula, Mamidal, Sarvaram,
Mandalapur, Marur,, Chandupatla, Bommakal, Devathalabaigudem, Beerelligudem and Pamulapahad.
5.4.3 Shallow weathered pediplain
The weathered granite gneiss area where the thickness of weathering is less than and around 10 m is delineated as
Shallow Weathered Pediplain. Out of the total area, this unit covers about 56% of the total area. This area forms the
aquifer wherever the fractures / joints traverse this unit. This geomorphic unit is found especially away from the
stream courses in the villages of Bandapalem, Nellibanda, Lakshmipuram and Indulur, etc.
5.4.4 Shallow buried pediplain
This geomorphic unit covers about 2% of the total area and is mainly covered with black soils. It occurs in the outer
edges of the basin area, i.e., near the drainage divides. It is mainly found in and around Cherkupalli, Indlur, Kalmera,
Kattangur, Lakshmipuram and Tatikal villages.
5.4.5 Pediment
This unit is occupies only 0.05% of the study area. It is mostly comprised of rocky exposures with a thin veneer of
soil cover at places and has gentle slopes.
5.4.6 Inselbergs
The study area is covered with the small inselbergs varying in size between 0.04 km2 to 0.17 km2. These are the
remnants of erosion and weathering of the hard granite gneisses, which stand alone as inselbergs. The inselbergs form
run-off zones and are not suitable for groundwater development
5.4.7 Pediment inselberg complex
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The Pediment Inselberg Complex is found near to Tatikal and Nellibanda villages occupying only 0.8% of the study
area. In this unit both the pediment and the inselbergs are inseparable.
5.4.8 Linear ridges
These are mainly the remains of dolerite dykes, which occur, as linear ridges because of their resistant nature. These
are the younger intrusive rocks into the older granite gneissic rock. In the study area, the linear ridges of dykes are
mainly trending in North-South and East-West directions. These are very significant from groundwater point of view.
And they act as groundwater barriers and control the movement of groundwater.
5.5 Lineaments
In the study area, a number of lineaments have been mapped and each lineament has different length and trend. The
major lineament trends are northeast to southwest, northwest to southeast and north-south. It was observed during the
field check that some of the wells falling in the influence zone of lineaments are showing high yields as compared to
the well yields of the other area (Bore wells at Chandupatla, Marrur etc.). As such based on the well yields and also on
the basis of geo-electrical data, some of the lineaments are confirmed. The map showing the lineaments is presented in
Fig. 9. It has been observed in the field that the zone of influence of the confirmed lineaments varies from 50 m to 100
m, therefore lineament buffers of 50 m and 100 m widths have been created, and have been used in the GIS analysis.
The lineament buffer has been shown in the Fig. 10. Some of the confirmed as well as inferred lineaments intersect at
places, which are very important from groundwater point of view, and both have also been used in the GIS analysis.
An attempt has also been made to correlate the relation between the lineaments and the depth to geo-electrical
basement and the resistivity of the 2nd layer.
5.6 Hydrogeology
To study the hydrogeological conditions in the area, field investigations were carried out and 130 wells were
inventoried. Groundwater occurs in the study area under water table and semi-confined conditions limited to
weathered and fractured zones. The zone of weathering ranges from 0 (near inselbergs) to 17 m. The joints and
fractures, which act as conduits for the movement of groundwater are responsible for the good yield of water from the
wells.
The well yields range from 20 m3/day to 250 m3/day. The well yield map is shown in Fig. 11. Out of the 130
inventoried wells, only bore wells (81) are considered to generate the well yield map. The yield of dug wells varies
from 20 to 100 m3/day. Dug wells are generally square and rectangular in shape and their depth ranges from 6.5 m to
17 m bgl, but mostly between 10 and 15 m bgl. Similarly, the depth of bore wells ranges from 25 to 75 m bgl, but
commonly between 25 and 50 m bgl. The depth to water table in the study area ranges from 5.25 to 18 m bgl, but
maximum area is having the water levels between 10 and 18 m bgl. The study area is having 3 observation wells at
Indlur, Aitipamula, Thurkapally and two peizometers at Kattangur, and Bommakal. The depth to water table map of
the study area is shown in the Fig. 12.

6. Index Overlay Method with Multi-Class Map
During the present study, an index overlay method is adopted for combining the multiple maps. In this model the map
classes occurring in each input map are assigned different scores, as well as the maps themselves receiving weight.
The average score is then defined by

Where S is the weighted score for an area object (polygon, pixel) Wi is the weighted score for the i-th output map Sij
is the score for the j-th class of the i-th map The weights have been assigned to the above layers and shown in the Table
1
Table 1 Weights given to input themes
S.No.

Input Maps

Weight

1

Hydrogeomorphology

8

2

Confirmed Lineaments

10

3

Confirmed Lineaments-Intersection

10

4

Inferred Lineaments

8

5

Inferred Lineaments-Intersection

7
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5

7

nd

Resistivity of the 2 layer

5

8

Depth to water level

3

9

Thickness of the weathered zone

1

10

Land use/Land cover

2

11

Drainage frequency

1

12

Well Yield

8

Further the classes in the above in put maps have also been assigned the scores as shown in the Tables 2 to 10.
Table 2 Scores of the Hydrogeomorphological units
S.NO.

Class

Score

1

Valley Fill Shallow (VFS)

10

2

Pediplain Moderate (PPM)

8

3

Pediplain Shallow (PPS)

6

4

Buried Pediment Shallow(BPS)

4

5

Pediment (PD)

2

6

Inselberg (I)

0

7

Pediment-Inselberg Complex (PIC)

2

8

Linear ridges (LR)

0

Table 3 Scores of the Lineaments
S.NO.

Class

Score

1

Confirmed Lineaments

10

2

Confirmed Lineament-Intersection

8

3

Inferred Lineaments

8

4

Inferred Lineament-Intersection

6

Table 4 Scores of the Geo-electrical basement map
S.NO.

Class

Range (m)

Scores

1

Very low

<15

2

2

Low

15-25

4

3

Medium

25-35

6

4

Deep

35-45

8

5

Very Deep

>45

10

Table 5 Scores of the Depth to water level map
S.NO.

Class

Range (m)

Scores

1

Shallow

<10

10

2

Moderate

10-12

8

3

Moderate-Deep

12-14

6

4

Deep

>14

4

Table 6 Scores of the 2nd Layer resistivity map
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Score

1

Very Low

<50

5

2

Low

50-100

10

3

Medium

100-150

3

4

High

150-200

2

5

Very High

>200

1

Table 7 Scores of the Weathered zone thickness map
S.NO.

Class

Range (m)

Score

1

Shallow

<10

4

2

Medium

10-12

6

3

Deep

12-15

8

4

More deep

>15

10

S.NO.

Table 8 Scores of the Drainage Frequency map
Class
Range (m)

Score

1

Very Low

<2

1

2

Low

2-4

2

3

Medium

4-6

3

4

High

>6

4

Table 9 Scores of the Land Use / Land cover map
S.NO.

Class

Score

1

Water Body

10

2

Groundwater Irrigated areas

8

3

Rain-fed Crop areas

6

4

Open scrub

4

5

Settlement

3

6

Stony waste

0

Table 10 Scores of the Well yield map
S.NO.

Range (m3/day)

Class

Score

1

Poor

<25

3

2

Poor-Moderate

25-50

4

3

Moderate

50-100

6

4

Good

100-150

8

5

Very good

>150

10

The groundwater prospective zone maps, one is with the known well yields and another one is without well yields is
prepared, by following the procedure explained above.
The sum is calculated and the score is normalized for Groundwater Prospective zone map without incorporating the
known well yields, as per the equations 1 & 2 shown below respectively.
SUMW=8+10+10+8+7+5+5+3+1+2+1 ..............................................................Eq-1
OUT=(M1+M2+M3+M4+M5+M6+M7+M8+M9+M10+M11)/SUMW..........Eq-2
Similarly, the sum and the normalization is obtained for the groundwater prospective zone map with the known well
yields is worked out as per the equations 3 & 4 respectively
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SUMW1=8+10+10+8+7+5+5+3+1+2+1+8.........................................................EQ-3
OUT=(M1+M2+M3+M4+M5+M6+M7+M8+M9+M10+M11+M12)/SUMW1..........Eq-4

7. Results and Discussion
The groundwater prospective zone maps thus derived with out and with the known well yields are shown in the
Figures 13 and 14 respectively. The prospective map resulted by combining the thematic layers except the well yield
map is compared with the known well yields and observed that the zones delineated are very much representing the
yields. These maps are classified in to 7 categories, which are shown below.
 Excellent
 Very Good
 Good
 Good-Moderate
 Moderate-Poor
 Poor
 Nil
Further the areas covered by the each category in both the outputs are compared and found that area of the first two
categories (Excellent and Very good) are little bit higher and the area of the Poor-Moderate zone is very less in the map
generated without the well yields. The comparative results presented in the Table 11
Table 11 Area occupied by different categories on the groundwater prospects maps
Area in %
S.NO
Name of the Category
Without well yields
With well yields
1
Excellent
14
9
2
Very Good
11
8
3
Good
21
22
4
Good-Moderate
22
16
5
Moderate-Poor
22
35
6
Poor
9
8
7
Nil
1
2
Similarly both the out put maps are validated based on the yields of the wells inv mentoried. The location of the 27
wells having yields of more than 100 m3/day have been correlated with the delineated zones in the output maps.
Among the 27 wells inventoried, 22 wells in the map without well yields and 24 wells in the map with known well
yields are located in the top two categories. The results of validation are shown in the Table 12.
Table 12 The results of validation of groundwater prospects maps.
Wells having >100 cu.m/d yield
S.NO
Name of the Category
Map Without well yields
Map With well yields
1
Excellent
20
19
2
Very Good
2
5
3
Good
2
1
4
Good-Moderate
1
1
5
Moderate-Poor
1
1
6
Poor
1
0
7
Nil
0
0
7.1 Excellent groundwater potential zones
This zone is associated with the highly fractured zones (especially areas with the confirmed lineaments), Valley
fill, deeply weathered zones, the zone having the deep geo-electrical basement depths, the areas having shallow water
levels, the areas with the low to medium resistivity of the 2nd layer and areas having the high well yields. The presence
of more lineaments plays a major role in developing the secondary porosity. The areas near to Kalmera, Kattangur,
Gollaguda, Cheruvu annaram, Chandupatla, Marrur, Mandalapur, Godavarigudem, Thungathurthy, Koyalapahad,
Gurrappagudem, Marrigudem, and Sarvaram are falling in this category.
7.2 Very Good groundwater potential zones
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This zone is mainly confined to some part of the moderately weathered pediplains and in the proximity of
confirmed / inferred lineaments. The highly weathered nature and the presence of subsurface fracturing traced by the
Geo-electrical data play role in developing the secondary porosity.
7.3 Good groundwater potential zones
This zone is found in the moderately weathered pediplain with minor lineaments and occupying around 22% of the
total area.
7.4 Good-Moderate groundwater potential zones
This zone mostly exists in the moderately weathered and shallow weathered pediplain
7.5 Moderate-Poor groundwater potential zones
This zone is associated with shallow weathered pediplain and occupying around 35% of the total area
7.6 Poor groundwater potential zones
The shallow buried pediplains and pediment inselberg complexes have been delineated as poor groundwater
potential zone. This category is occupying around 8% of the total area.
7.7 Nil groundwater potential zones
This zone is confined to the inselbergs, pediments, pediment inselberg complex, and the linear ridges, which does
not have either the primary or secondary porosity.
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