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Abstract:  W a t e r  scarcity and its degrading quality is 

one of the prime global issues in the field of hydrological 

science. In this paper the integrated approach of GIS 

(Geographic Information System) and Remote Sensing is 

used to delineate suitable sites for recharge structures over 

an area ~ 200km2 in order t o  r e p l e n i s h  a n d  

s u s t a i n  t h e  g r o u n d w a t e r  a q u i f e r .  F u r t h e r  

to validate the delineated sites, a sub-watershed basin of 

2km2 was selected for detailed recharge assessment and 

site feasibility studies through geophysical and tracer tests. 

Some of the sites selected for appropriate construction of 

recharge structures were investigated for site efficacy. The 

impact of the study over groundwater quality was 

astounding; overall groundwater fluoride concentration of 

> 3.5 mg/l was brought down to < 1.5 mg/l. Similar 

endemic hydrological problems can be resolved through 

proper understanding of site geomorphology/lithology  and 

integrating  the  same  with  GIS and remote sensing. 

 

Index Terms: GIS, Artificial Recharge, GIS, Remote 

Sening. 

 

1. INTRODUCTION 

 

In the past few decades, remote sensing has become a 

powerful source of spatial data as an input for GIS through 

which a detailed map can be generated. Remote sensing 

data outputs   have   been   widely   used   in   water   

resource management studies, especially in citing various 

artificial rainwater recharge structures through the 

preparation of thematic maps on the land use land cover, 

geomorphology, surface water bodies etc.   

 

After setting up of the Rajiv Gandhi National Drinking 

Water Mission in 1986, there has been tremendous 

progress in rural water supply infrastructure. Still the goal 

to provide safe drinking water to all is still to be achieved 

(Sharma S.K., 2003). Groundwater with excess fluoride is 

a perennial problem in most of the semi-arid hard rock 

provinces of Indian sub-continent. Also mostly every 

remote rural area in India is dependent on groundwater 

source as potable drinking water supply. 

 

Continuous decline of groundwater is another serious 

threat to the local population of the semiarid provinces of 

India. Andhra Pradesh, India in particular has more than 

7000 habitations engulfed with high groundwater fluoride 

and the worst affected districts in the state are Nalgonda, 

Ananthapur, Guntur, Prakasam and Kurnool, where 

fluoride concentration in groundwater ranges between 2 to 

11 ppm. (Rolland, 2012). In this paper the area of study is 

within Nalgonda district (Telangana State presently) 

where there are no fluoride based industries or active 

volcanoes and also the rain water analysis for fluoride has 

shown only a trace amount of 0.03mg/l (Rama Mohana 

Rao N.V. 1982). Occurrence of groundwater in crystalline 

rocks, especially alkaline granites (deficient in calcium) are 

susceptible to release of fluoride ion relatively more into 

the natural cycle (Pradeep Raj,2000). 

 

In this manuscript the author tries to highlight the 

application of GIS and remote sensing, mainly to prepare 

different maps, which were used as an input parameter in 

AHP (Analytic Hierarchy Process) for delineating suitable 

sites for constructing artificial recharge structures like 

check dams and percolation ponds in the study area.II.      

 

2. STUDY AREA 

 

The study area is located in Nalgonda district of 

presently Telangana State, India with a spatial extent of 

~200 km
2

. It is situated at a distance of about 75 kms ESE 

of Hyderabad city.  

The  area  under  study forms the  part of Krishna  

river  catchment  having  an  average  elevation, ranging 

from 635m in the NW to 128m in the SE, depicting highly 

rugged  terrain  with  hills  and  plains.  The average annual 

rainfall in the area is approximately 500 mm. 

 The rocks in general belong to the Precambrian 

granite complexwith   numerous   fractures   and   joints.   

The   study   areacomprises  a  number  of  second  and  

third  order  streams having  a  drainage  pattern  of  the  

nature  parallel  to  sub parallel in  western part and  sub-

dendritic to  dendritic in eastern part (Rolland Andrade, 

Ph.D Thesis, 2009). 

The area comprises a number of lineaments and 

structures like dykes, trending NS and EW in direction 

inferred from satellite imageries and Aerial photos. The 

entire watershed has been sub-divided into 31 sub- 

watersheds based on DEM (Digital Elevation Model) 

analysis using Arc SWAT [Soil and Water Assessment 

Tool] in GIS. Several maps like lineament/drainage, 

soil- 
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Type, Land use land cover (LULC) and Elevation map of the watershed was deduced based on the integrated application of 

GIS and remote sensing data as shown in 

Figure. 1. These maps were used as input parameter in AHP   for identifying suitable recharge sites as explained under the 

methodology

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.   1   Location   of   Watershed   area   with   different   physiographical parameters 

 

Groundwater samples (hand pump and borewell) were 

collected and analyzed for Fluoride (mg/l), pH and 

conductivity (µmhos) from all the villages within the study 

area. It was very clear from the water sample analysis data 

that fluoride enrichment had taken place in the study area 

mainly due to over exploitation of groundwater for 

drinking and agriculture usage, followed by poor rainfall. 

Hence it resulted in lowering of water level and quality 

deterioration (enrichment of fluoride) in many province of 

the watershed area. The fluoride concentration in the 

watershed area is shown in figure.2. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Groundwater Fluoride scenario in the study area. 
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3. METHODOLOGY 

 

 Computation   of   suitable   site   selection   for 

water harvesting structures: 

 

Satellite imageries of LANDSAT-7, ETM with the file 

name ELP143R048_7T20011022 Path – 143 Row – 48, 

geo referenced TOPOSHEET (SOI) 56K/16 and SRTM 

(http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp)   

for 

90m spatial resolution were used to extract the area 

encompassing the entire watershed basin (Rolland, 2012). 

Soil map and LULC (Land Use Land Cover) map was 

prepared in ERDAS software, wherein supervised 

classification method was adopted and later imported to 

Arc GIS for calculation of HSG (Hydrological Soil 

Group) as per SCS curve method (Chow et.al, 2002) 

depicted in equation 1 and 2 is shown as individual map in 

Figure.1. 

 

 
 

Where CN (II) is the curve number for normal 

condition, CN (I) is the curve number for dry condition, and 

CN (III) is the curve number for wet condition. The Soil 

Conservation Service  (SCS)  model  developed by  United  

States Department of Agriculture (USDA) computes direct 

surface runoff  through  an  empirical  equation  that  

requires  the rainfall and a watershed coefficient as inputs. 

The watershed coefficient   is   called   the   curve   number   

(CN),   which represents the runoff potential of the land 

cover soil complex. 

 

Using Arc-SWAT tool, the entire watershed area 

was classified into different sub-watershed. Rainfall data 

for five 

Successive years 2002 to 2006 was analyzed and the 

discharge calculation for individual sub-watershed basins 

was done using the formula as mentioned in equation 

(3) 

And 

(4). 

 

…………… (3) 

 

 

P ≥ 0.2S 

……………….…………..... (4) 

 

 

 

Where Q implies surface runoff, P is the precipitation 

(rainfall), Ia   is initial abstraction and S is the saturation 

index.Analytic Hierarchy Process AHP (decision making 

method) was adopted for the calculation of suitable site 

delineation for recharge structures using the specification 

as given by Rama krishnan et.al, (2008). Depending upon 

the geomorphology of the study area, individual rank 

and overall weightage in percentage was assigned to three 

major parameters namely slope (53.09%), soil type (HSG) 

(29.21%) and LULC (Land use Land cover) (17.70%) 

respectively. Further these parameters were subdivided into 

sub-categories with individual weightage. 

 

Using raster calculator in GIS, site suitable maps 

pertaining to the above mentioned criteria and weightage 

were prepared. The probable sites selected for engineering 

(artificial recharge) structures viz. Percolation Tank and 

check dam based on the suitable criteria was found to be 

sparsely distributed all over the entire watershed area. In 

order to delineate most suitable site among the probable 

locations, drainage and lineament map were taken under 

consideration. As mentioned earlier the area comprises 

second order streams controlled by lineaments. Applying 

appropriate query in raster calculator in GIS, most suitable 

sites were marked, which resulted in 8 check dams and 9 

percolation pond sites falling along the stream course as 

shown in figure.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Site delineation using GIS and AHP; Inset 

[A]sites delineated inPallagattu Tanda. 
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4. RESULTS AND DISCUSSION 

 

    Site suitability studies: 

 

Sites selected for artificial recharge structures based on 

AHP and GIS integration, were subjected for validation 

and their efficacy. A small area of 2 sqkm within the 

watershed was selected for executing different studies for 

validification. Conventional and resistivity imaging survey 

was carried out along the stream course at closer station 

and spatial interval in order to map the sub-surface 

geology of the area. Few shallow bore wells (25 – 30 mts) 

were drilled along the stream course recommended on the 

basis of resistivity survey results. The bore wells were 

cased using PVC (polymerizing vinyl chloride) pipes upto 

a depth of 6 m, in the weathered and semi-weathered 

zone to protect them from collapsing. Based on integrated 

result analysis of the geophysical studies, cadastral survey 

and drilling results, the subsurface lithological section 

corrected to mean sea level (M.S.L) along the stream 

course was mapped and showninfigure.4. 

Also in order to decipher the aquifer continuity and 

estimate the groundwater flow velocity, dye tracer 

(color dye) was injected in one of the bore hole (OB-1) on 

the upstream near to the recommended check dam site and 

monitored in OB-2 located downstream near to the 

recommended percolation tank site. The movement of 

tracer between bore wells through the fractured granite is 

conceptualized as a model and is shown in inset [A] of 

figure.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Geological section with recharge structures and 

conceptual model of tracer movement through fractures 
 

 

Numerous other investigations like double ring infiltration 

test, water level monitoring, pumping test etc were carried 

out to at GIS recommended suitable sites for artificial 

recharge structures. 

This detailed investigations carried over a small micro- 

watershed area was to validate the recharge sites (check 

dam and percolation tank) demarcated based on GIS and 

AHPMethod over an entire watershed near in Nalgonda 

district. Resistivity investigation showed that there is 

sufficient thickness o f  w e a t h e r e d  f o r m a t i o n  

b e l o w  t h e  p r o p o s e d Structures t o  

a c c o m m o d a t e  t h e  i m p o u n d i n g  wa t e r . 

TheExistence of interconnectivity through the fractures in 

the aquifer was revealed through tracer test. Finally the 

infiltration t e s t    results a n d    permeability 

m e a s u r e m e n t s  suffice that the sites proposed by 

remote sensing and GIS tool are suitable for engineering 

interventions. 

 

5  .CONCLUSION 

 

A set of specific criteria was involved to locate 

suitable sites for water harvesting structures like check 

dams and percolation ponds using the basin discharge 

calculation and spatial decision support system 

methodology. The sites delineated for check dam and 

percolation pond using the above methodology were 

reoccupied on ground for geophysical and tracer 

investigation to ascertain its site suitability in practice. 

Most of the sites investigated were feasible for 

construction of artificial recharge structures. After 

implementation of recharge structures, groundwater quality 

analysis was carried out with rainfall depicted the 

improvement in groundwater standards of the area. From 

the above results it was proved that the criteria chosen were 

comprehensive and sensitive. Application of GIS and 

AHP as a tool is very useful in integrating various 

information and deciphering suitable sites for recharge 

structures to harvest the rainwater and enhance the aquifer 

performance. 

 

ACKNOWLEDGEMENTS 

 

Author is obliged to the encouragement bestowed by Dr. 

Mukesh Kumar Sinha, Director, Central Water and Power 

Research Station for presenting and publishing this 

manuscript in the National conference on “National 

conference on Research Advancements in Civil 

Engineering [RACE – 2017]”. The author is grateful to 

Shri R S Jagtap, Joint Director for his support and 

encouragement in submitting this paper. I also extend my 

sincere thanks to Dr. R. Rangarajan, chief scientist, NGRI, 

for his constant support and guidance throughout the study. 

                                              

REFERENCES 

 

1) Chow, V.T., Maidment, D.K., and Mays, L.W. 

2002, "Applied  Hydrology",  McGraw-Hill Book  

Company, New York, USA. 



International Journal of Advanced Information Science and Technology (IJAIST) ISSN: 2319:2682 

Vol.6, No.8, August 2017                                DOI:10.15693/ijaist/2017.v6i8.25-28 

 

 

29 

 

2) Pradeep Raj. 2000, “Fluoride in groundwater – 

What the statistics reveal? A case study in 

Bogaram and Masaipet villages, Nalgonda 

District, AP”. Current Science. 

3) Rama Mohana Rao N.V. 1982, “Geochemical 

Factors Influencing the Distribution of Fluoride in 

Rocks, Soils and Water Sources of Nalgonda 

District, A.P. India. Thesis Submitted to the 

Osmania University, Pages: 1 - 

200. 

4) Ramakrishnan,D, Durgarao, H.V., 

Tiwari,K.C.(2008) Integrated approach of Remote 

sensing and GIS in delineation of sites for water 

harvesting structures, Kali watershed, Dohad, 

Gujarat, India. Geocarto International, Vol. 23(2), 

95–108. 

5) Rolland Andrade (2009) Sustainable 

Groundwater Development and Quality 

Management in Nalgonda District – Andhra 

Pradesh through Integrated Geohydrological and 

Artificial Recharge Approach, Pages: 1- 180. 

6) Rolland   Andrade   and    Rangarajan.R,   

“Runoff Estimation and Potential Recharge Site 

Delineation Using  AHP  (Analytic  Hierarchy 

Process)”, Geocarto International, pp 1-12, 

Journal, 2012. 

7) Sharma S.K., (2003). High fluoride in 

groundwater cripples life in parts of India. Diffuse 

Pollution Conference Dublin. 

 

 

AUTHOR’S PROFILE 

           

 

Dr. ROLLAND ANDRADE: 

He obtained his M.Sc. (tech) in 

Marine Geophysics from Cochin 

University in 2001. He was 

awarded with his Ph.D. in 

Hydrogeology from Osmania 

University and had been working 

in N.G.R.I since 2002 in Groundwater exploration and 

sustainable management strategies. In 2011, he joined 

Central Water & Power Research Station, Khadakwasla, 

and Pune – 24, as Research Officer (Scientist ‘B’). Dr. 

Rolland has nearly 14 years of experience in the field of 

hydrogeology, geophysical exploration and other R&D 

studies related to seepage problems through hydraulic 

structures. He has worked in several projects related to 

sustainable groundwater management strategy 

development, Earthquake precursory studies using 

hydrological parameters, Geohydrological 

characterization of nuclear waste dumping sites etc. He 

has published more than 36 research and conference 

papers and more than 17 technical reports to his credit. 

Dr. Andrade was adjudged with best technical paper and 

was awarded with Gold Medal by the Society of 

Exploration Geophysicists, for his paper presentation, in 

a technical session in SPG International Conference.  

 

 

G. A. PANVALKAR He obtained 

his Master’s Degree in Science and 

Technology (Geophysics), from 

Osmania University, Hyderabad in 

1989. He joined Central Water & 

Power Research Station, 

Khadakwasla, and Pune – 24 as 

Research Assistant in 1993. 

Presently he is working as Scientist 

‘B’. He is having 24 years of experience in the field of 

application of geophysical techniques for solving 

seepage related problems in hydraulic structures and 

foundation studies for power plants projects and other 

civil engineering structures. He is the co-author of more 

than 15 technical papers published in international, 

national conferences and journals and 3 Technical 

Memoranda. He is associated with about 20 technical 

reports of different projects. 

   

 

 N.V.DESHPANDE He completed 

his master’s degree in physics from 

Pune University in 1980. He joined 

Central Water and Power Research 

Station as Research Assistant in 1980 

and presently he is designated as 

Scientific ‘C’ in Isotopic Hydrology 

Division. Mr. Deshpande was associated in more than 

30 R&D projects in his service career of 35 years. 

 

 


