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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 covers an area of about 409 sq.km. Thematic layers of Drainage, Landuse and 
Landcover, Geology, Geomorphology, Thickness of Weathered zone, Second layer resistivity, Depth to Geo-electrical basement, 
Lineaments, Lineament buffers, Groundwater yields, Depth to water table have been generated by using toposheets (No. 56 O/8 
and 56 0/12), IRS ID LISS III satellite imagery using remote sensing and G.I.S. techniques.   In this study an attempt has been 
made to discern various geomorphological landforms in relation to understand fluviatile activity in the area and also classify 
various sub-surface lithology in the study area by field observations and on the base of satellite data.  The land use/land cover 
analysis has been carried out using ERDAS Imagine 9.1 software package.  Six types of land use/land cover categories have 
been identified in the study area.  Also the drainage pattern is observed as medium to coarse textured and dendritic to 
subdendritic type, which is characteristic of hard rock terrain and develops in regions of homogeneity.  The field data provides 
the information about the depth to water table, thickness of weathered zone, depth to geo-electrical basement, resistivity of the 
2nd layer, the yields of the existing wells and the quality of the groundwater. The best suitable areas identified were mainly in 
shallow valley fill is mostly composed of sandy material, which are generally good to excellent of groundwater prospects.  Areas 
with agricultural practice provided wide possibility for groundwater development with high lineament density and low drainage 
density.  Most of the area posed good groundwater recharge capacity.   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.  
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1. Introduction 

Water is a key driver of economic and social development and one of the fundamental elements in sustaining the 
integrity of the natural environment.  It is the major renewable resource amongst the various natural resources.  Water 
being an indispensable constituent for all life supporting processes, its  assessment, conservation,and development is of 
great concern for all those who manage, facilitate and utilize. Remote sensing based inputs have been significantly 
contributing to the water management in India, both in its conservation and control aspects.  
 
Water resources of India are quantitatively large but significantly divergent in their occurrence, distribution and 
utilization.  The annual precipitation aggregated as 4000 km3 with utilizable resource of 1122 km3 (28%).  Out of 
which utilizable surface water resources are 690 km3 and ground water resources are 432 km3.  According to National 
Commission for Integrated Water Resources Development, basins-wise average annual flow in Indian river systems is 
1953 km3 .  India is endorsed with a large network of 12 major river basins covering 256 M ha, 46 medium river basins 
covering about 25 m ha besides other water bodies like tanks and ponds covering 7 M ha, with the ultimate irrigation 
potential of 140 M ha.  In India, since its independence, sizeable financial resources (approx. Rs. 2400 billion) were 
invested to harness water resources for irrigation, domestic, industrial, and other sectors.  This constituted about 15% 
of total public sector outlay till 2001 (P.S.Roy,et.al, NRSC, 2010) 
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In a semi-arid country like India, surface water is not available throughout the year for various purposes.  Due to 
meagre surface water resource, most of the requirements for irrigation, industry and domestic purposes are being met 
from groundwater.  It is therefore essential to ensure the availability of groundwater throughout the year.  Of many 
methods available, remote sensing is one of the techniques that can be used for rapid assessment of natural resources, 
however, it requires validation by field work.  With the advances and availability of satellite images, it is possible to 
indirectly identify the ground conditions through the surface and subsurface features such as topography, land use, 
drainage, geology and geomorphology (Burrough and McDonnell, 1998) 
 
Remote sensing and geographic information system (GIS) have proved to be important tools to prepare the thematic 
maps from satellite images and is also used as a multi-criteria decision analysis tool.  Application of remote sensing 
and GIS in geology and geomorphology for quick hydrogeological evaluation has been proved to be efficient.  
Interpretation of various features has also been done by visual method, which is time-consuming and difficult in areas 
where accessibility is not possible to humans.  To overcome these constraints, integrating remote sensing and GIS 
methods gives more accuracy and reduces the risk of manual error (Asadi et. Al., 2007) 
 
Ideally, GIS is a rapid and cost-effective problem-solving platform for identifying groundwater potential zones.  If this 
method is complemented with necessary ground checks, it will be an effective technique in hydrogeological studies 
(Fetter, 1999).  This has been agreed broadly in groundwater assessment studies, and several researchers have 
identified the groundwater potential zones in various regions by the integration of remote sensing and GIS.   
 
Nalgonda district in Telangana, southern India, is intensively irrigated and groundwater (57.2 %) is the major source of 
supply for agriculture (CGWB 2007).  The groundwater quality of this area has been studied earlier.  In spite of the 
large-scale use of groundwater in this area, it has not been classified based on groundwater potential and a study of this 
nature is essential to sustainably utlise the available groundwater resources and to meet the growing needs for 
agricultural, domestic and industrial activities (Fetter, 1999). 
 
Hence, this study was carried out with an objective to map the groundwater potential zones in a part of Nalgonda 
district with the help of thematic maps prepared using remote sensing and GIS.  The results of this study were validated 
using the groundwater level monitored in these areas.   
 

2. Location 

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 0/8 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 location map of the study area is shown in Fig. 1.  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, 
depth to geo-electrical basement, resistivity of the 2nd layer, the yields of the existing wells.   The layers generated from 
the satellite data (IRS ID LISS III) and from the field data have been used for the index overlay operations.  
 
3. METHODOLOGY 
         In order to demarcate the groundwater potential zones, different thematic maps on 1:125,000 scale were prepared 
from remote sensing data, resistivity data, water level data and other field data. This was further updated by ground-
truth verification carried out by geological fieldwork along different traverses across the area in July 2016. 
         The thematic maps of hydrogeomorphology and  lineaments are prepared by using the satellite data by visual 
interpretation.  All the primary inputs (Drainage, Drainage density, lithology, geomorphology, lineaments, lineament 
density, lineament intersection density, well locations and geo-electrical sounding locations) were digitized in ERDAS 
Imagine 9.3 software package.  Using these layers some more additional thematic maps such as depth to geo-electrical 
basement map, weathered zone map and well yield maps were prepared through GIS.   
 
4. Drainage    
  Drainage in an area depends on the topography, slope and the subsurface characteristics.  Drainage density is 
calculated as the total length of all the streams and rivers in a basin divided by the total area of the drainage basin.  The 
higher the drainage density, the higher the run-off will be, and infiltration of water into the subsurface is affected.  
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 
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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 (Srivastav and 
Bhattacharya, 1999).  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.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 
(Sabin’s, 1987). The land use/land cover map is shown in the Fig. 3. 

 
 
 
6.Geology 
Geological mapping serves as a basis for the study of groundwater condition in an area.  Particular attention is to be 
paid to the geological units that affect the occurrence, movement and quality of groundwater. 
 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 (leuco-
granite) 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 (Nalgonda District 
Report).  The fluorapatite is 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 
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resulting in the dark colour biotite-granites 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 lithology map of the study area is shown in Fig. 4. The gneissosity in these granite gneissic rocks is very much 
prominent, which show three sets of jointing.  It is observed from the well sections that the joints are extended up to the 
depth of 15 to 17 m below ground level at few places.  Most of the joints are trending northwest southeast and northeast 
southeast.  These rocks are weathered and the nature and depth of weathering varies from place to place (Natarajan, 
et.al., 1979). 
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 
 
The younger intrusive rocks (dykes) consist of fine-grained dolerite and shows the ophitic and at few places porphyritic 
texture.  These dykes appear as boulder strewn linear ridges due to their characteristic resistance to weathering and act 
as groundwater barriers.  These dykes are mainly trending north-south and north-west –south-east.  One major dyke 
trending north-south traverses through the northwestern part of the study area.  Another major dyke trending northeast-
southwest traverses through the southeastern boundary of the basin.  Some of the dykes in the study area are concealed 
in nature. 
7.Geomorphology       
The geometric features of different landforms are created by the dynamic action of several geological processes such as 
temperature changes, freezing and thawing, chemical reactions, seismic shaking and moving of wind and water.  
Shallow valley fill, moderately weathered pediplain, shallow weathered pediplain, shallow buried pediplain, pediment 
inselbergs, pediment inselberg complex and linear ridges were identified from IRS-1D, LISS-III through visual 
interpretation, by which the satellite data in combination with the existing data eight geomorphic units, have been 
mapped in the study area. The area occupied by different geomorphological features in the study area is given in Fig. 5.  
 Linear ridges are identified as dark brown tone linear structures.  Pediment is the gentle sloping surface formed 
between hill and plain surface.  These appear as coarse tone and texture in FCC satellite image and have poor 
groundwater potential.   Valley fill is developed due to the deposition of transported and weathered materials in valley 
areas that are generally controlled by lineaments.  It exhibits dark red to bright red tone on FCC image.  Pediplain, 
valley fill and water bodies allow high infiltration and have good groundwater potential, hence, are assigned a higher 
rank (Harikrishna, K. Et.al., 2013) 
 
8.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.  The subsurface lithology of the study area has been evaluated by using the 
Geo-electrical sounding data (Vertical electrical sounding, VES).  Totally 124 locations have been selected among the 
total data available in such a way the location and distribution of VES sites are uniformly distributed in the area by 
covering all types of landforms and provide the information of the entire basin.  The VES was conducted by using 
Schlumberger electrode configuration.  The VES data has been interpreted by using the standard curves of Orellana 
and Mooney.  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. 
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9.Structures 
 In hard rock areas, the movement and the occurrence of the groundwater depends mainly on the secondary porosity 
and permeability resulting from structural discontinuities like faults, joints and fractures.  
 These structurally weak planes act as conduits for groundwater movement and introduce an element of directional 
variation in hydraulic conductance (Reddy, 1991).  
 
10.Lineaments 
 
The term lineament has been used with different meanings. The most obvious structural features that are important 
from the point of groundwater are lineaments (Jaisankar, 2000).  Therefore, in any study related to groundwater, 
delineation of lineaments is very important.  Lineament is a mappable, simple or composite linear feature of surface, 
whose parts are aligned in a rectilinear or slightly curvilinear relationship and which differ distinctly from the patterns 
of adjacent features and presumably reflect a subsurface phenomenon, O’Leary et al. (1976).  
 
The synoptic view of the satellite data provides more accurate information regarding the lineaments, which cannot be 
mapped during field surveys because of the scarcity of rock, outcrops, presence of soil cover, etc. 
 
Developed by the tectonic activity, lineaments reflect a general surface manifestation of underground fractures, with 
inherent characteristics of porosity and permeability of the underlying materials. These features serve as the main 
conduits for movement and storage of groundwater in impermeable rocks worldwide in the form of dykes and faults. 
They were delineated from geological map, satellite imagery and field visits. Fractures seen on the outcrops, 
excavations and well sections  were studied during the field visits. Low lineament density indicates low infiltration rate, 
whereas the high lineament density areas indicate high infiltration thus a potential zone for groundwater development. 

http://www.ijaiem.org
mailto:editor@ijaiem.org


International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 6, Issue 10, October 2017              ISSN 2319 - 4847 
 

Volume 6, Issue 10, October 2017                                                                                                                   Page 56 

The linear features can be measured and created quantitatively like measurements of other geological properties, but it 
is necessary to use formal static’s that reflect the circular nature of the directional data. These provide the path way 
for ground water movement and are hydro-geologically very important.  In the present study the lineaments are 
mapped from satellite imagery of IRS-D, LISS-III digital data, which is shown in Fig.9.   
 
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.  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.   However, no significant relationship could be established.   It is opined that, the granitic terrain is 
very heterogeneous in its nature and the trend of the lineaments is very much undetectable unless the VES observation 
is made on the lineament itself. Further, the lineaments have been confirmed with the supporting data of well yields 
and the geo-electrical sounding data. 
 
11.Hydrogeology 
 The movement of groundwater through crystalline rocks is one of the least predictable phenomena in all of 
groundwater science, because the porosity of these rocks is very low and the permeability is usually controlled by an 
irregular network of streams.   Since these Archaean group of rocks are practically devoid of primary porosity, the 
occurrence and movement of groundwater are mainly controlled by the nature, degree and depth of weathering and 
influenced by the presence of secondary structures like fractures, joints etc.   When fractures control the permeability of 
the rock, the permeability will be anisotropic, with higher conductivity parallel to prominent fracture sets.   The 
permeability of a fracture is controlled by its aperture and smoothness, properties that are near impossible to measure at 
the depth.   Many fractures are at least partially filled with precipitated minerals such as iron oxides.  Therefore, it is 
difficult to estimate the permeability of the rock masses from measurements of fractures.   In general, the density of 
fractures and the permeability of fractured rock decrease with increasing depth due to increase in the weight of the 
overlying rock and the decrease in average fracture aperture (Fitts, 2002).  
 
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 depth to water table map (Janury 2015) of the 
study area is shown in the Fig. 12. 
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12.Conclusions 
The lithology, sub-surface lithology, structures and their validation and the hydrogeology of the area are presented. The 
study area 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 (leuco-granite) and alkali feldspar granite (pink).  Among them pink 
granite is older and the porphyritic grey granite is the younger.  The field data provides the information about the depth 
to water table, thickness of weathered zone, depth to geo-electrical basement, resistivity of the 2nd layer, the yields of 
the existing wells.  
 
Geologically the area is marked by granite gneisses with local variants such as grey granites, pink granites, migmatites, 
aplites and younger basic intrusive like dolerites. 
 
Remote sensing studies revealed that geomorphologically the area is marked by features such as shallow valley fill, 
moderately weathered pediplain, shallow weathered pediplain, shallow buried pediplain, pediment, inselbergs, 
pediment inselberg complex and linear ridges. 
 
Lineament pattern is concerned 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.  
 
High groundwater potential areas are present in the agricultural areas with low slope and less drainage density.  In 
general, low slope, low drainage density, low lineament density associated with gneiss are highly promising area for 
groundwater development.  As agriculture is the main activity in this part of Nalgonda district, India, the demand for 
groundwater resource is high.  Conducive areas for groundwater occurrence and storage were identified based on 
drainage density, land use, geology lineament density and geomorphological features of this area. The best suitable 
areas identified were mainly in shallow valley fill is mostly composed of sandy material, which are generally good to 
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excellent of groundwater prospects.  Areas with agricultural practice provided wide possibility for groundwater 
development with high lineament density and low drainage density.  Most of the area posed good groundwater recharge 
capacity.  The areas identified based on integrated mapping of various features with intensive geological and 
geomorphological mapping were verified by field observation of groundwater level data which proved to be 
comparable.   
  
Acknowledgements  
The authors acknowledge the U.G.C., for funding this work (Grant No. F.MRP-4616/14 
(SERO/UGC), dated: Sept, 2014) for their support in carrying out of this work.  
 

References 
1) Asadi, S.S., Vuppala, P., Reddy, M.A. (2007), ―Remote sensing and GIS techniques for evaluation of 

groundwater quality in Municipal Corporation of Hyderabad (Zone-V), India‖,  Int. J. Environ. Res. 
Public Health, 4(1), Pp. 45–52. 

2) Burrough, P.A., Mc Donnell, R.A. (1998), ―Principles of Geographical Information Systems Oxford, 
Oxford University  Press, pp. 333. 

3) E. Orellana and H. Mooney, “Master tables and curves for vertical electrical sounding over layered structures,” 
Interciencia, Madrid, pp. 34, 1966. 

4) Fetter, C.W. (1999), ―Contaminant Hydrogeology‖, Prentice-Hall, Englewood Cliffs, NJ. 
5) Fitts. R Charles, Groundwater science, October, 2013 
6) Ground water brochure, Central groundwater board, 2013. 
7) Harikrishna, K., Venkateswara Rao, V., Appala Raju, N., Jaisankar, G. And Amminedu, E. (2013).  

Assessment of groundwater quality in and around Kolleru Lake, Andhra Pradesh, India.  International Journal 
of Current Research, Vol.5, No.6, pp. 1516-1521. 

8) Lillesand, T.M. and Kiefer, R.W. (2002) Remote Sensing and Image Interpretation. John Wiley and Sons 
(ASIA) Pvt. Ltd, Singapore. 

9) Natarajan, V., Nanda.  K, & Subrahmanyam, M.R., (1979). Geology   and its influence on physical 
environment of Visakhapatnam city and its neighbourhood. Paper presented in work shop on integrated 
resource evaluation for Visakhapatnam urban growth center, l.2, pp.1-10. 

10) O’Leary, D.W., Friedman, T.D. and H.A. (1976).  Lineament, linear, lineation, some proposed new standards 
for old terms.  Bull. Geol. Soc. Amer., Vol.87, pp.1463-1469. 

11) P.S.Roy, R.S.Dwivedi, D.Vijayan, Remote Sensing Applications, 2010 
12) Reddy, P.R. (1991).  Use of  remote sensing in groundwater studies.  Workshop- NRSA – Hyderabad 
13) Sabins Jr., F. F. 1987. Remote sensing; principles and interpretation. New York: W. H. Freeman 
14) S.P. Rajaveni, K.Brindha, L. Elango (2015) Geological and geomorphological control on groundwater 

occurrence in a hard rock region, published with open access at Springerlink.com. 
15) Srivastav, S.K. and Bhattacharya, A. (1999). Remote Sensing in Lithological and Structural Mapping. 

Presented at National Workshop on Role of Remote Sensing in Groundwater prospecting, 4-5th Sept.1991, 
NRSA, Hyderabad. 

 
 
 
 
 
 
 
 
 
 
 
 

http://www.ijaiem.org
mailto:editor@ijaiem.org

