
Australian Journal of Basic and Applied Sciences, 5(11): 2209-2218, 2011 
ISSN 1991-8178 

 
Corresponding Author: U.K. Shahwad, Scientist (Agronomy), University of Agriculture Science, Raichur 584102. 

E-mail: shanwad@gmail.com 
2209 

Generation of Water Resources Action Plan for Medak Nala Watershed in India Using 
Remote Sensing and GIS Technologies 

 
1U.K. Shanwad, 2V.C. Patil, 3H. Honne Gowda, 4G.S. Dasog and 5K.C. Shashidhar 

 
1Scientist (Agronomy), University of Agricultural Sciences, Raichur 584102. 

2Chair Professor, Precision Agriculture Research Chair, King Saud University, Riyadh 11451. 
3Former Director, Karnataka State Remote Sensing Applications Centre, Bangalore 560001. 

4Professor (Soil Science), University of Agricultural Sciences, Dharwad 580005. 
5Professor (Agril. Engineering), University of Agricultural Sciences, Bangalore 560065. 

 
Abstract: Agriculture plays an important role in the economic development of Sedam taluk of Gulbar-
ga district of northern Karnataka. Nearly 80 per cent of the total area is arable and 76 per cent of the to-
tal population is engaged in different agricultural activities. The farmers’ are harvesting two crops in a 
year. Ground water the most important natural source that is widely used in agricultural production 
amounts to nearly 80 per cent of the total irrigated area. The number of tube wells at shallow depth in 
the area has increased rapidly in the last decade resulting in steep decline in ground water availability. 
The recharge of the ground water is much less than the exploitation of ground water, causing the land 
subsidence problem in the area. The wells have become dry posing severe problem to agriculture. The 
ground water draft was much higher in the area. The water from first shallow aquifer zone has to be 
regulated properly and more emphasis is to be given for development of deeper aquifer. Detailed 
ground water studies using remote sensing and geophysical technique in the study area were underta-
ken. An action plan is proposed for water resources development and management considering hydro-
geomorphological map, drainage and surface water bodies’ map, land use/land cover map and topo-
graphical features. A total of 257 boulder checks and 62 check dams have been recommended and also 
their sites were identified. A total of 10 Nala bunds are recommended for the storage of excess water 
apart from these two minor irrigation tanks were also recommended for the development of surface ir-
rigation. There are 35 existing surface ponds out of which 26 dry ponds are recommended for expan-
sion by desiltation so that these may also be utilized as source of surface irrigation. The balance use of 
surface and ground water will improve the water availability and so the productivity in the watershed 
area. 
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INTRODUCTION 

 
 Water is primary source for life and it sustains all human activities such as agriculture, industries, energy 
generation etc. The total quantity of water on our planet earth is nearly constant and it keeps circulating through 
what is called a hydrological cycle. Water from land and sea evaporates into the atmosphere, forms clouds, falls 
back to the earth as rain or snow which flows into a ground partly and then into rivers and streams and back to 
the sea. There is a great diversity and uneven distribution of water resources in space and time resulting in de-
vastating floods in some areas whiles some areas face chronic drought. In addition to this, over exploration of 
groundwater for multiple unscientific agricultural practices is not a new phenomenon. The concept of balance 
use of groundwater is not well known with the farmers. This leads to the drying up the shallow aquifer causing 
land subsidence etc. there are a number of small streams and shallow tube wells existing in Sedam taluk of Gul-
barga district of northern Karnataka, which fulfill the agricultural demand. The over exploitation of these have 
become dried up in course of time. In this regard, quantification of various components of hydrological cycle in 
terms of quantity and quality is of utmost importance for water resources management. Extensive hydro-
geological studies have been carried out by several workers in delineating groundwater potential zones in hard 
rock terrain (Agarwal et al., 1992; Rao et al., 2001). The allocation and management of water resources is be-
coming a difficult task due to the increasing demands, decreasing supplies and diminishing quality. This calls 
for an integrated and judicious use of available water resources. Hence, there is an urgent need to have an accu-
rate, reliable, timely data on various aspects of water resources and to update the technology of data base crea-
tion and effective means of data integration to aid the decision making process. While, remote sensing technol-
ogy provides synoptic, repetitive coverage of the earth and provides useful information on water resources. For 
delineating the groundwater potential/prospective zones, Geographical information system (GIS) has been 
found to be an effective tool. In recent years, use of satellite remote sensing data along with GIS, topographical 
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maps, collecteral information and limited field checks, has made it easier to establish the base line information 
on groundwater prospective zones (Saraf and Jain, 1993; Krishanamurthy et al., 2000; Agrawal et al., 2004). 
Most of the above studies were mainly carried out to identify areas having groundwater potential, but very little 
work have been done to identify zones suitable for artificial recharge (Saraf and Choudhary, 1998; Agarwal et 
al., 2005). 
 Taking the present day importance of watershed development and capability of RS, GIS and GPS technol-
ogies in watershed management, a study was carried out on “Generation of water resources action plan for Me-
dak Nala watershed using IRS 1C/1D satellite imageries, GIS, topographical maps and other collateral data. 
 

MATERIALS AND METHODS 
 

Study Area: 
 Medak Nala watershed selected for water resources action plan preparation under Integrated Waste Land 
Development Programme (IWDP) is in Sedam taluk of Gulbarga district in northern Karnataka. The watershed 
area lies between 16052’ to 17055’ North latitude and 77022’ to 77030’ East longitude covering an area of 
12,139 ha. The watershed comprises 18 villages. Location map of the study area is shown in Fig. 1. 
 

 
Fig. 1: Location map of Medak Nala watershed, Sedam taluk, Gulbarga district. 
 
Methodology: 
 Indian remote sensing satellite imageries from IRS 1D for two seasons representing rabi (December 8 and 
10, 2000) and summer (March 15, 2001) data were used for preparing thematic maps by visual interpretation. 
For rabi season, LISS-III and PAN merged data (sharpened) was used to get the maximum possible information 
on various earth features on 1: 12,500 scale. Summer season data was basically the geo-coded LISS-III image 
as it was meant only for detecting any changes with respect to seasons. The satellite images of different seasons 
were geometrically registered to the Survey of India topographic sheet (1:50,000) with a pixel size of 24 m us-
ing nearest neighborhood resampling with second order polynomial equation. The scenes were clipped to the 
study area before they were subjected to classification process. Analysis of the multi-temporal satellite datasets 
was divided into four major steps: Applying atmospheric corrections, Delineating training areas, Classifying the 
images and thematic layer preparation. The satellite imagery of IRS 1D PAN + LISS III of Medak Nala wa-
tershed is shown in Fig. 2. 
 Basic technical guidelines provided by the integrated Mission for Sustainable Development (IMSD) and 
Indian National Committee on Hydrology (INCOH) have adopted for selecting sites for rainwater harvesting 
structures. The thematic maps depicting the geomorphology, landuse/landover, road, drainage and lineaments 
were prepared using 1:50,000 scale geocoded labelled separately. The suitable weights were assigned to each 
thematic feature after considering their characteristics upon their influence over recharge. Knowledge based 
weight assignment was carried out for each features and they were integrated and analysed by using the 
weighted aggregation method (ESRI, 1988). The different units in each theme were assigned ranking from 1 to 
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4 on the basis of their significance with reference to their site selection for installing rainwater-harvesting struc-
tures. In this ranking, ‘0’ denotes the restricted area (e.g. forest region) and no structure is proposed for that 
area, 1 denotes poorly favourable zones, 2 denotes moderately favourable, 3 denotes highly favourable and 4 
denotes excellent zone for site selection for rain water harvesting structures. The final score of a theme is equal 
to the product of the rank and weightage. From the composite layer, the delineation of site suitability analysis 
was made by grouping the polygons into different prospect zones i.e. excellent, good, moderate, poor and not 
suitable. 

 
Fig. 2: Satellite imagery of IRS 1C/1D PAN + LISS III merged image of Medak Nala watershed. 

 
Lineament Distribution: 
 A lineament is defined as a large scale linear structural feature. Such features may represent deep seated 
faults, master fractures and joints sets, drainage lines and boundary lines of different rock formations. Linea-
ments provide the pathways for groundwater movement and are hydrogeologically very important (Sankar, 
2002). Lineaments are important in rocks where secondary permeability, porosity and intergranular characteris-
tics together influence groundwater movements. The lineament intersection areas are considered as good 
groundwater potential zones. The combination of fractures and topographically low ground can also serve as the 
best aquifer horizons (Rao, 1992). Lineaments have been identified on images through visual interpretation 
(Fig. 3) by comparing spatial variation in tone, colour, texture, association, etc. 25 m area on either side of 
lineaments and intersections of lineaments are considered to be favourable for accumulation of groundwater. 

 
Fig. 3: Lineament map. 
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Land Use/Land Cover: 
 The major landuse pattern includes cropland, fallow land, forest area, built-up land, waste lands, land with 
scrubs and without scrubs. Cropland includes land for growing the Rabi and Kharif crops and have been identi-
fies by the light medium red tone, fine/medium texture varying in size, often rectangular in shape. These are ex-
cellent site for the groundwater exploration. The forest and forest plantation gives light reddish brown tone with 
white patches and fine to medium texture with irregular shape and varying size. Although, these areas have 
good ground water prospects, these have been purposefully categorized as poor, keeping in mind that these ar-
eas generally restricted and are not permitted for any ground water exploitation activity. Lands without scrub 
have been rated lower than land with scrub for recharge, since vegetation cover promotes infiltration. 
 
GIS Analysis: 
 Check dams, boulder checks, nala bunding, disiltation of tanks, recharge pits, wells and minor irrigation 
tanks provide a good measure of rainwater by arresting run-off and increasing the surface area of infiltration. 
Suitable of these structures depends on various factors, which can be integrated by GIS techniques (Novaline et 
al., 1993). To assess the groundwater prospect in an area, all the different polygons in the thematic maps were 
labelled separately. Knowledge based weightages are assigned to each thematic features after considering their 
importance with respect to groundwater. All the thematic maps are integrated in GIS environment and the poly-
gons have been regrouped into different classes. 
 

RESULTS AND DISCUSSION 
 
 The drainage network of Medak Nala watershed resembles a dendritic pattern. There are about 35 water 
bodies of various dimensions in the watershed of which, two are major, six medium and the rest are of small 
size water bodies. The distribution of water bodies denotes that there is very good scope for runoff collection 
during the precipitation period. An analysis of the stream orders in the watershed denotes that there are large 
number of 1st order streams followed by 2nd, 3rd, 4th and the 5th orders. The drainage density was also calculated, 
which is the ratio of the total length of streams (262.17 km) within a watershed to the total area of the watershed 
(121.39 sq. km). The drainage density of the watershed is 2.16 km / sq. km indicating high density of streams 
and thus has a high stream response. The drainage map of Medak Nala watershed is depicted in Fig. 4. Rock 
formations noticed in the watershed may be grouped as basalt, laterite, schist, granite and sandstone conglome-
rate. Geological units and their extent identified in Medak Nala watershed is shown in Fig. 5. The Medak Nala 
watershed has been broadly classified into various geomorphic units, which have been evaluated for their 
ground water potential. Fig. 6 shows the spatial distribution of different hydro-geomorphic units delineated in 
the study area. The soils of Medak Nala watershed occur on basaltic and lateritic landform and are characterized 
by the physiographic units such as rolling lands (10-15 %), undulating lands (5-10 %), gently sloping lands (3-
5%), very gently sloping lands (1-3 %) and valleys (0-1 %). In Medak Nala watershed, 20 soil series were iden-
tified and classified up to family level. Taxonomically soils were classified under inceptisols, alfisols, vertisols 
and entisols. Spatial distribution of soils under varied physiographic settings are mapped and shown in Fig. 7. 
The land use / land cover map of the watershed showing the spatial distribution of different land use / land cov-
er categories such as built-up land, agricultural land including kharif, rabi and double cropped land, forest, was-
telands, water bodies and other classes, was prepared on 1: 12,500 scale and is depicted in Fig. 8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Drainage map.  
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Fig. 5: Geology map. 

 
Fig. 6: Hydro-geomorphology map. 

 
Fig. 7: Soil map. 
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Fig. 8: Land use/land cover map. 
 
Water Resources Development Action Plan: 
 The water resources development plan suggested for the development of water resources of Medak Nala 
watershed is spatially depicted in Fig. 9. In this watershed, water harvesting structures like boulder checks 
(257), check dams (62), nala bunds (10), minor irrigation tanks (2), soil conservation practices like contour 
farming, strip cropping and vegetative barriers etc., were suggested. Desiltation of few tanks (26) was the 
measures recommended in water resources development plan for overall development of water resources. An 
action plan for development of soil and water resources has been suggested for Medak Nala watershed based on 
the information obtained from remote sensing and other collateral sources on land use/land cover, slope, terrain 
characteristics, drainage network, contour lines etc. Non-perennial streams can be exploited by constructing na-
la bunds, check dams, percolation tanks etc., which improves the ground water status and help to bring addi-
tional lands under assured irrigation. The ravine reclamation structures, boulder checks, rubble checks, vegeta-
tive barriers etc., helps in impounding water, arresting flow of sediments and help in conservation of water. 
These structures will recharge the aquifers down stream leading to substantial water availability for second 
crops and also result in higher yields as reported earlier by Colwell (1983). 

 
Fig. 9: Water resources action plan map of Medak Nala watershed. 
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Table 1: Criteria for suggesting soil and water conservation measures in double cropped, intensive cropping lands and plantations. 

Sl. 

No. 

Water resource conserva-

tion measures 

Land type Slope % Other factors 

1 DOUBLE CROPPED AND INTENSIVE CROPPING LANDS 

A Mechanical measures    

1. Check dam All types Upto 3 

Bed slope 

Recommended upto 3rd order streams, where water table 

fluctuation is high, stream is influent and intermittently ef-

fluent, minimum of 25 ha of catchment is desirable, the 

crest wall of the dam should be strong and well defined. 

2. Percolation pond Highly permeable 

soils 

Upto 3 -- 

3. Nala bund Relatively permeable 

soils 

< 3.5 Bed 

slope 

Recommended upto 4th order and higher streams, deeper 

nala facilitates more water-spread area, reduce the velocity 

of flow. 

4. Sub surface dykes Valleys -- Bed rock at a depth of 2-5 m.  

5. Drains    

 a) Field drains  Highly permeable 

soils  

 

< 2 

Seepage losses from unlined canals, ground water moving 

from shallow aquifer, non maintenance of natural drai-

nage, uncontrolled irrigation, surface drainage is poor 
 b) Seepage drains 

 c) Carrier drains  

B. Vegetative measures    

1. Contour farming, Strip 

Cropping – Field strip 

cropping and Contour 

strip cropping 

-- < 3 -- 

2 PLANTATIONS 

1. Bench terrace Moderately deep soils > 7 Suitable for growing fruit trees on sloping and undulating 

lands in thin strips 

2. Land leveling and grad-

ing  

Non shallow soils  Any slope Must be cost effective, undulated lands with land devel-

opment like leveling are suitable for commercial crops 

3. Check dram All types Upto 15 Same as above 

4. Nala bund Relatively permeable 

soils 

< 3.5 Same as above  

 

Table 2: Criteria for suggesting soil and water conservation measures in single crop (Kharif /Rabi) and forestlands. 

Sl. 

No. 

Water resource conserva-

tion measures 

Land type Slope % Other factors 

3 SINGLE CROP (KHARIF/RABI) 

A Mechanical measures    

1. Contour bund All soils except 

deep clayey soils  

1- 6 Perennial fodders like Styloxanthes hamata are used to stabil-

ize the bunds, where as broad based bunds are suggested in 

deep clayey soils.  

2. Farm pond All soils except in 

light textured soils 

where lining is re-

quired  

-- Areas where runoff is 10% of precipitation, lower point of 

natural depressions, diversion ditches add to supplemental 

drainage. 

3. Check bund All types Upto 3 

Bed slope 

Recommended upto 3rd order streams, where water table fluc-

tuation is high, stream is influent and intermittently effluent, 

minimum of 25 ha. of catchment is desirable, the crest wall 

of the dam should be strong and well defined. 

4. Nala bunds Relatively permea-

ble soils 

< 3.5 Bed 

slope 

Recommended upto 4th order and higher streams, deeper nala 

facilitates more water-spread area, reduce the velocity of 
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flow. 

5. Field bunds with boulders/ 

pebbles, with soil and live 

hedge fencing  

-- -- Areas where boulders and stones are available, the bund is 

sprinkled with grass seeds, planted with euphorbia, khus, 

agave, lantana plantings in the fence, non browsable plants 

are preferred. 

B. Vegetative measures    

1. Contour farming, strip 

cropping, ridges and fur-

rows  

-- < 3 Less rainfall areas 

4 FORESTS LANDS 

1. Contour trenches  Soil depth greater 

than the trench 

depth 

Any slope Scrub forest/plantations, open degraded vegetation, <700 mm 

rainfall, highly eroded areas.  

2. Staggered trenches, af-

forestation ditches like V-

notch ditches, concave 

ditches  

Shallow soils > 8 Excessive grazing areas, open degraded vegetation, scrub 

forest/plantations, bare slopes.  

3. Contour stone wall -- < 3 Where stones, boulders and pebbles are available  

 
Table 3: Hydro-geomorphic units delineated in Medak Nala watershed, their extent and groundwater prospects. 

Sl. 

No. 

Geomorphic unit Structures Ground water 

prospects 

Area in hectares % of total geo-

graphical area 

1 Denudational Hill Joints, fractures, lineaments etc. Poor to nil 349 2.88 

2 Pediment Sometimes fractures controlled Moderate to poor 435 3.58 

3 Pediment Inselberg 

Complex 

Sometimes controlled by joints, 

fracture lineaments etc. 

Moderate to poor 326 2.69 

4 Pediplain Shallow Sometimes controlled by joints, 

fracture lineaments etc. 

Moderate to poor 1750 14.41 

5 Plateau Moderately 

Dissected 

Fractures seen at places Good to moderate 5200 42.83 

6 Plateau Slightly Dis-

sected 

Fractures seen at places Good to moderate 3298 27.17 

7 Plateau Undissected Fractures seen at place Poor 226 1.86 

8 Valley ------- Good 178 1.47 

 
 Remote sensing can provide extremely important information for planning rainwater harvesting structures 
in a given region as it can furnish information on multiple aspects of terrain like geo-morphology, geology, 
physiography, vegetation cover etc. Availability of such information in a common format not only provides a 
better clue for deciding the most appropriate site for locating rainwater harvesting structures but also helps in 
assessing the area of influence and effectiveness of such structures in a spatial context. The drainage line treat-
ment is very important and most relevant aspect in rainfed areas. Checking the velocity of runoff, harnessing the 
rainwater lost through these drains and impounding them through various soil and water conservation measures 
would result in improving the water resources of an area. Hence, the soil and water conservation measures were 
suggested taking the major land use into consideration. 
 In single crop areas, construction of check dam, nala bund and boulder check helps in conserving moisture 
and preventing soil erosion. In case of double cropping / intensive cropping areas, check dam helps in harvest-
ing the runoff, which could be recycled for protective irrigation to mitigate drought. Nala bunds are constructed 
for deposition of silt carried by water, regulating excess runoff and reducing velocity of water. Drains such as 
field drains remove excess water and salts from the field. Seepage drains intercept the surface and subsurface 
flow and prevent it from recycling the adjoining fields and carrier drains link field drains to main or sub-drains. 
The detrimental effect of higher temperature regimes and evapo-transpiration rates, combined with uneven dis-
tribution of rainfall, can only be overcome through appropriate water conservation measures. In reality howev-
er, gross neglect of recharge and overexploitation of under groundwater resource has generally led to conti-
nuous lowering of water table. Increasing the number of protective irrigations for rainfed land is absolutely 
essential for achieving higher yields. The major issues to be tackled in conserving these natural resources are 
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erosion, drainage, irrigation, moisture conservation and overall water resource development of the area (George 
Joseph and Navalagund, 1991). 
 The first task in the management of water resources is to have a mechanism for regular inventory and moni-
toring of both surface and groundwater potential. The repetitive coverage of satellites facilitates in mapping sur-
face water bodies on a regular basis, to obtain reliable estimation of water storage in the tanks and their seasonal 
variations, facilitating proper scheduling of irrigation. Hence, in an integrated approach the land use, soil, slope, 
climate and other parameters were considered for suggesting the water resource development plan showing both 
mechanical and vegetative measures for soil and water conservation.  
 
Provision of Farm Pond: 
 The dug out farm ponds are also recommended to harness the excess runoff and use the same water for life 
saving or protective irrigations. The farm pond locations are proposed in the natural depressions or in valley 
portions, to facilitate storage and irrigation by gravity. Field bunds with boulders have also been recommended 
which help in reducing soil erosion along with water conservation within the field. 
 
Desiltation of Tanks: 
 One of the traditionally adopted rainwater harvesting practice is through construction of tanks and collect-
ing the runoff water for irrigation. In addition to the surface irrigation, part of the water stored in these tanks in-
directly contributes to groundwater recharge. The area under tank irrigation has reduced over a period of time 
due to reduction in tank storage capacity because of silting. Revival of these tanks through desilting is a feasible 
solution to increase the storage capacity and groundwater recharge. The studies conducted in many parts of the 
world have indicated that removal of 30 - 40 cms could enhance the infiltration from 10 - 16 mm per hour to 
300 mm per hour (Dwivedi et al., 1999).  
 It was observed from the records that most of the tanks in the watershed have been constructed about 30-40 
years back. The tanks have been silted there by causing an impervious layer, which hindered the percolation and 
permeability of water besides reducing the storage capacity. Therefore, during rainy season these tanks over-
flow in the early part of the southwest monsoon causing breaches many a times. Therefore community based 
and governmental efforts are to be made to take up massive desilting programs in these tanks in a phased man-
ner, which helps in conservation of excess rainwater and recharging shallow and deep aquifers. The desilted 
material can be rolled back to the upper catchment of the tank, which has a very good manurial value. The silt 
can also be used in the brick kiln works, which provides work to the labourers during the off-season. Thus a 
major portion of the cost of desiltation can be recouped.  
 
Conclusion: 
 The generation of water resources action plan involves careful study of thematic maps both individually 
and integrated basis as well. Keeping in view of the conservation and improvement of the available surface and 
subsurface water resources, action plan is generated in an integrated way for different land use systems based 
on systematic assessment of physical capability, economic viability and technical feasibility. The present study 
was undertaken to use the frontier technologies like remote sensing, GIS and GPS in water resources manage-
ment. It was observed that resources action plan of a watershed using remote sensing is cheap, rapid, accurate 
and realize with the repetitive coverage. Thus the remotely sensed data potentially offers a rich source of infor-
mation for planning, management and development of natural resources. 
 

REFERENCES 
 

Agarwal, A.K. and S.K.S. Yadav, 2004. An integrated approach of remote sensing, GIS and geophysical 
techniques for hydrological studies in Rajpura block, Budaun district, Uttar Pradesh. Indian JPRVD, Vol. Jan-
Feb, 2004, pp: 35-40. 

Agarwal, A.K., A.L. Haldar and R. Mohan, 2005. Application of remote sensing and GIS analysis for lo-
cating the water harvesting structures and generation of water resources action plan-A review on “Rain water 
harvesting” Walmi, LKO., 1: 59-65. 

Agarwal, A.K., R. Mohan and D. Mishara, 1992. Evaluation of groundwater potential in the environs of 
Jhansi city, Uttar Pradesh through hydrogeological assessment by satellite remote sensing technique. Journal of 
Remote Sensing, 20: 2-13. 

Colwell, R.N., 1983. Manual of Remote Sensing, Vol. I and II, American Society of Photogrammetry, Vir-
ginia. 

Dwivedi, R.S., P.R. Reddy, K. Sreenivas and G. Ravishankar, 1999. A Remote Sensing and GIS based in-
tegrated approach for sustainable development of land and water resources. Proceedings of ISRS National 
Symposium, Jan. 19-21, 1999, Bangalore, pp: 352-360. 



Aust. J. Basic & Appl. Sci., 5(11): 2209-2218, 2011 

2218 

Environmental System Research Institute, 1998. User Guide ARC INFO. The Geographical Information 
System Software (Redlands. CA.USA:ESRI Inc.). 

George Joseph and R.R. Navalagund, 1991. Remote Sensing - its Physical Basis and Evolution in India, 
Glimpses of Science in India, National Academy of Sciences Diamond Jubilee Commemoration Volume (357-
383), Malhotra Publishing House, New Delhi. 

Krishnamurthy, J. and G. Srinivas, 1995. Role of geological and gemorphological factors in ground water 
exploration; a study using IRS LISS data. International Journal of Remote Sensing, 16(14): 2595-2618. 

Krishnamurthy, J., A. Main, V. Jayaraman and M. Manivel, 2000. Groundwater resources development in 
hard rock terrain - an approach using remote sensing and GIS techniques. Journal of Applied Geology, 2(3/4): 
2004-215. 

Novaline, J.R.M., A. Sundaram and T. Natarajan, 1993. Watershed development using geographic informa-
tion system techniques. International Journal of Remote Sensing, 14: 3239-3247. 

Rao, S.N. and R. Prathap Reddy, 1992. Goundwater prospects in a Developing satellite township of Andha-
ra Pradesh, India using remote sensing techniques. Journal of Indian Society of Remote Sensing, 27(4): 193-
203. 

Rao, S.N.M., G.K.J. Chakradar and V. Srinivas, 2001. Identification of groundwater potential zones using 
Remote Sensing Techniques in around Gundtur Twon, Andhara Pradesh, India. Journal of Indian Society of 
Remote Sensing, 29(1 and 2): 69. 

Saraf, A.K. and P.R. Choudary, 1998. Integrated remote sensing and GIS for ground water exploration and 
identification of artificial recharges sites. International Journal of Remote Sensing, 19(10): 1825-1841.  

Shankar, K., 2002. Evaluation of groundwater potential zones using remote sensing data in upper Vaigai 
river basin, Tamil Nadu, India. Journal of Indian Society of Remote Sensing, 30(30): 119-129. 


