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 L ŀƳ ƘŀǇǇȅ ǘƻ ǇǊƻǾƛŘŜ ŦƻǊŜǿƻǊŘ  ǘƻ ǘƘŜ ŬǊǎǘ ǘŜŎƘƴƛŎŀƭ ǊŜǇƻǊǘ ǇǊŜǇŀǊŜŘ ōȅ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎ 5ƛǾƛǎƛƻƴ 

ƻŦ /ƛǾƛƭ 9ƴƎƛƴŜŜǊƛƴƎ 5ŜǇŀǊǘƳŜƴǘ ŀǘ LL¢ IȅŘŜǊŀōŀŘΦ ¢Ƙƛǎ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŦŜǿ ǇǳōƭƛǎƘŜŘ ǊŜǇƻǊǘǎ ƛƴ LƴŘƛŀΣ ǘƘŀǘ 

ǎǇŜŀƪǎ ŀōƻǳǘ  ƘȅŘǊƻ-ƎŜƻƭƻƎƛŎΣ ǿŀǘŜǊ ǉǳŀƭƛǘȅΣ ŀƴŘ ŀǉǳƛŦŜǊ ƛƴŦƻǊƳŀǝƻƴ ŀǘ ǾƛƭƭŀƎŜ ƭŜǾŜƭ Φ ! ǎŎƛŜƴǝŬŎ ǳƴŘŜǊπ

ǎǘŀƴŘƛƴƎ ŀƴŘ ŀƴŀƭȅǎƛǎ ƻŦ ǎǳō-ǎǳǊŦŀŎŜ ǎǘǊŀǘŀ ŀǘ ƭƻŎŀƭ ƻǊ ǾƛƭƭŀƎŜ ǎŎŀƭŜ ƛǎ ǾŜǊȅ ƳǳŎƘ ŜǎǎŜƴǝŀƭ ǘƻ ƛŘŜƴǝŦȅ ƎǊƻǳƴŘπ

ǿŀǘŜǊ ǇƻǘŜƴǝŀƭ ȊƻƴŜǎ ŀƴŘ ǇǊŀŎǝŎŜ ǿŀǘŜǊ ŎƻƴǎŜǊǾŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ǇǊƻǾƛŘŜǎ ŀƴ ƛƴǎƛƎƘǘ ƛƴǘƻ ǘƘŜ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƘȅŘǊƻ-ƎŜƻƭƻƎȅ ǳǎƛƴƎ ƎŜƻ-ǇƘȅǎƛŎŀƭ ƛƴǾŜǎǝƎŀǝƻƴǎΣ ŀǉǳƛŦŜǊ ŘŜƳŀǊŎŀǝƻƴΣ ŘŜǾŜƭƻǇƛƴƎ ƛƴŘŜȄ 

ƳŀǇǎΣ ǇǊƻǾƛŘƛƴƎ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ƛƴŦƻǊƳŀǝƻƴΣ ŀƴŘ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ŦƻǊ ƎǊƻǳƴŘǿŀǘŜǊ ŎƻƴǎŜǊǾŀǝƻƴ ǇǊŀŎǝŎŜǎΦ ! 

ǘŜŎƘƴƛŎŀƭ ǇŀǇŜǊ ƻǳǘ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘ ό5ŜƭƛƴŜŀǝƻƴ ƻŦ DǊƻǳƴŘǿŀǘŜǊ tƻǘŜƴǝŀƭ ½ƻƴŜǎ ǳǎƛƴƎ DŜƻ-9ƭŜŎǘǊƛŎ {ǳǊǾŜȅ τ 

! /ŀǎŜ {ǘǳŘȅύ ǿŀǎ ǇǊŜǎŜƴǘŜŘ ŀǘ ǘƘŜ I¸5wh-нлмн ŎƻƴŦŜǊŜƴŎŜ ƘŜƭŘ ŀǘ LL¢-.ƻƳōŀȅΦ L ŀƳ ƘŀǇǇȅ ǘƻ ǎƘŀǊŜ ǘƘŀǘΣ 

ǘƘƛǎ ǇŀǇŜǊ Ƙŀǎ ǿƻƴ ǘƘŜ ǇǊŜǎǝƎƛƻǳǎ άDΦaΦ bŀǿŀǘƘŜ tǳǊŀǎƪŀǊέ ŦƻǊ ōŜǎǘ ǇŀǇŜǊ ƛƴ I¸5wh-нлмн ŀƴŘ ǿŀǎ ŀǿŀǊŘπ

ŜŘ ŀǘ ǘƘŜ LƴŀǳƎǳǊŀƭ ƻŦ I¸5wh-нлмо ŎƻƴŦŜǊŜƴŎŜ ƘŜƭŘ ŀǘ LL¢-aŀŘǊŀǎΦ  L ŀƳ ŀƭǎƻ ƘŀǇǇȅ ǘƻ  ƛƴŦƻǊƳ ǘƘŀǘ ǘƘŜ ŘǊŀƊ 

ƻŦ ǘƘƛǎ ǘŜŎƘƴƛŎŀƭ ǊŜǇƻǊǘ ǿŀǎ ŀǇǇǊŜŎƛŀǘŜŘ ōȅ ŀŘƳƛƴƛǎǘǊŀǘƻǊǎ ŀƴŘ ǎŎƛŜƴǝǎǘǎ ƻŦ ǘƘŜ {ǘŀǘŜΣ ǿƻǊƪƛƴƎ ƛƴ ǘƘŜ ŀǊŜŀǎ 

ƻŦ ƘȅŘǊƻ-ƎŜƻƭƻƎȅ ŀƴŘ ƎǊƻǳƴŘǿŀǘŜǊΦ L ǿƛǎƘ ǘƘƛǎ ǊŜǇƻǊǘ Ŏŀƴ ƘŜƭǇ  ǿŀǘŜǊ ƳŀƴŀƎŜǊǎ ŀƴŘ ǿŀǘŜǊ ǳǎŜǊǎ ǘƻ ǘŜŎƘƴƛπ

Ŏŀƭƭȅ ŀƴǎǿŜǊ  ǉǳŜǎǝƻƴǎ ǊŜƭŀǘŜŘ ǘƻ ƘȅŘǊƻ-ƎŜƻƭƻƎȅΣ ǿŀǘŜǊ ǉǳŀƭƛǘȅ Σ ŀǉǳƛŦŜǊ ŘŜƳŀǊŎŀǝƻƴΣ ŀƴŘ  ōŀǎŜ ƳŀǇ ǇǊŜǇŀπ

Ǌŀǝƻƴ ŀǘ ǾƛƭƭŀƎŜ ƭŜǾŜƭΦ 

 

 

 

 

YΦ±Φ[Φ {ǳōǊŀƳŀƴƛŀƳΣ 

tǊƻŦŜǎǎƻǊ ŀƴŘ IŜŀŘΣ 

5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƛǾƛƭ 9ƴƎƛƴŜŜǊƛƴƎΣ 

LƴŘƛŀƴ LƴǎǝǘǳǘŜ ƻŦ ¢ŜŎƘƴƻƭƻƎȅ IȅŘŜǊŀōŀŘΦ 

мр WǳƴŜ нлмп 
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мύ tǊŜŀƳōƭŜ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧΧΧΧ   ло 

нύ !ōƻǳǘ ǘƘŜ tǊƻƧŜŎǘ ΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΦ   ло 

оύ LƴŘŜȄ aŀǇ tǊŜǇŀǊŀǝƻƴ ΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦΦ   лп 

пύ DŜƻ-tƘȅǎƛŎŀƭ LƴǾŜǎǝƎŀǝƻƴǎ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΧΧΦΦΦΧΧΦΦΦ   лр 

рύ !ǉǳƛŦŜǊ 5ŜƳŀǊŎŀǝƻƴ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΦ   лт 

сύ LŘŜƴǝŬŎŀǝƻƴ ƻŦ DǊƻǳƴŘǿŀǘŜǊ tƻǘŜƴǝŀƭ ½ƻƴŜǎ ΧΧΧΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΦΦ   лт 

тύ ²ŀǘŜǊ vǳŀƭƛǘȅ !ƴŀƭȅǎƛǎ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΦΦΧΧΦΦΧΦΦΧΦΦ   лу 

уύ {ǘǳŘȅ !ǊŜŀ І м ό±ŀƴŀǇŀǊǘƘȅ Dtύ ΧΧΧΧΧΧΧΧΧΦΧΧΧΧΦΦΦΧΧΧΧΧΦΧΦΦΧΦΦΦΧΧΧΦΧΦΦΧΦΦ   мн 

фύ {ǘǳŘȅ !ǊŜŀ І н ό²ŀŘŘƛŎƘŜǊƭŀ Dtύ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΦΦΧΧΧΧΦΦΦΧΧΧΦΦΧΦΦΧΦΦ   нм 

млύ {ǘǳŘȅ !ǊŜŀ І о όaŀŘŘƛǾŀǊƛƎƻƴŘƛ Dtύ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΦΦΧΧΧΧΦΦΧΦΦΧΦΦΧΦΦ   ол 

ммύ {ǘǳŘȅ !ǊŜŀ І п όaŀǎŀƪŀǾŀƴƪŀǇŀƭƭƛ Dtύ ΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΦΦΧΦΦΧΧΧΦΦΧΦΦΧΦΦΧΦΦ   по 

мнύ {ǘǳŘȅ !ǊŜŀ І р όYƻǘŀƴƪŀ Dtύ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΦΦΧΦΦΧΧΧΧΧΧΦΧΧΦΦΧΦΦΧΦΦ   рн 

моύ {ǘǳŘȅ !ǊŜŀ І с όtŜŘŀ aŀǘƭŀƎƻƴŘƛ Dtύ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΦΦΧΦΦΧΦΧΧΦΦΧΦΦΧΦΦ   см 

мпύ !ŎƪƴƻǿƭŜŘƎƳŜƴǘǎ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦΧΧΧΧΧΧΧΧΦΧΧΧΦΧΦΦΧ   тм 

мрύ wŜŦŜǊŜƴŎŜǎ ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦΦ    тм  

мсύ tƘƻǘƻ DŀƭƭŜǊȅ  ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΦΧΧ Χ   тп 

 

!ǇǇŜƴŘƛŎŜǎΥ L -  ±L ώLƴŘŜȄ aŀǇǎ ƻŦ {ǘǳŘȅ !ǊŜŀǎϐ  

!ǇǇŜƴŘƛŎŜǎΥ L όŀύ - ±L όŀύ ώ!ƎǊƛŎǳƭǘǳǊŀƭ ²Ŝƭƭ 5ŀǘŀōŀǎŜ ŦƻǊ {ǘǳŘȅ !ǊŜŀǎϐ 
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1.0  PREAMBLE 

 

In India,  numerous technical and non-technical reports concerning water conservation strategies are 

available. However, technical strategies lack in hydro-geologic and aquifer characterization at local 

(village) scale. Non-technical reports, though address water conservation strategies at finer scale, fail to 

provide scientific recommendations. For example, Survey of India (SoI) topo sheets, Geological survey 

of India (GSI) surface geological maps, Central Ground Water Board (CGWB) hydro-geologic, water 

quality, and depth to water maps, all are available only at a scale of 1:25,000 or smaller. These tech-

nical maps can best act as primary data sources for decision making at global to regional (district) 

scale. However, in practice most of the water conservation strategies are to be implemented at regional 

to local scale. This work bridge the gap between scientific and scale issues by analyzing topographical, 

hydro-geological, and quality parameters at village scale in a scientific manner. The objective of this 

user guide is to aid water conservation strategies at village scale through geo-physical and water quality 

investigations. The following information has been consolidated to guide  farmers, villagers, water 

managers,  government and non-government agencies. 

 

a) Index map of a village gram panchayat prepared using GPS survey, 

b) Map showing agricultural wells categorized  based on the functionality and linking to database, 

c) Delineation of drainage network and elevation contours for surface water routing,  

d) Aquifer demarcation and hydro-geologic profiling using resistivity survey, and  

e) Spatio-temporal water quality analysis for the samples collected from drinking water sources. 

 

2.0  ABOUT THE PROJECT 

 

This project was funded by European Union (EU) and Bread for the World (BfdW) to the Centre for 

World Solidarity (CWS), Hyderabad  and executed by IIT Hyderabad to support the technical actions 

made by CWS specific to the óSustainable Groundwater Management (SuGWM) Projectô. The 

SuGWM project attempted to address the inequalities in access to water for drinking and agriculture 

and promote efficient water use methods through community-based actions and sustainable methods of 

resource governance at local level in pre-selected six gram panchayats (GPs) of Andhra Pradesh and 

Telanagana, India. These six GPs include Vanaparthy and Waddicherla in Lingala Ghanpur Mandal of 

Warangal District, Telangana; Pedda/China matlagondi and Kotanka in Garladinne Mandal of 

Anantapur District, Andhra Pradesh; and Maddivarigondi and Masakavankapalli in Kadiri Mandal of 

Anantapur District, Andhra Pradesh. CWS with the help of its partner organizations including Centre 



п 

 

for Rural Operations Programmes Society (CROPS), Jana Jaagrithi (JJ), and Rural Integrated Develop-

ment Society (RIDS) aimed to develop water conservation strategies by promoting community partici-

pation in the selected six GPs of Andhra Pradesh and Telangana. This report is the outcome of the con-

tract agreement between CWS, Hyderabad and Indian Institute of Technology Hyderabad (IITH) made 

on 1st May 2012.  

 

3.0  INDEX MAP PREPARATION 

 

The objective of SuGWM project is to promote efficient water use methodologies through community-

based actions and sustainable methods of resource governance at local level. This can be achieved with  

the help of scientific understanding of terrain characteristics and regional hydrology using scaled maps, 

and capacity building of user community towards improving water use efficiency. A scaled map of 

each village detailing major land marks, bore wells and their functional status, elevation contours, drain 

lines, hydro-geologic components, water bearing strata, and quality maps assisted with detailed analy-

sis can best help in  assessing water yielding and augmenting zones. This section details on the prepara-

tion of index map of a village using satellite, GPS, and field datasets. 

 

The satellite map (Resource SAT-II with LISS-IV sensor) of the study area at 5 m resolution (where 

applicable) was procured from National Remote Sensing Center (NRSC), Hyderabad in August 2012. 

The satellite image is used in the preparation of high resolution land characterization map. Geograph-

ical coordinates of major land marks including bore wells, hand pumps, open wells, major buildings, 

and road networks along with elevation information were obtained using hand held Global Positioning 

System (GPS) and were digitized in ArcGISÉ environment. The base map was prepared in WGS 1984 

co-ordinate system with UTM - 44 N Projections (to minimize the scale errors)  for an  effective visual-

ization and analysis at village level (at 1:10,000 or smaller  scale). Geo-referencing of the index map 

was done using the ground control points considered from satellite (or) Google Earth imageries.  

 

The crop water requirement of the study area during Kharif and Rabi seasons are completely met with 

groundwater. This has resulted in the construction of a number of bore wells to tap groundwater from 

the aquifer zones to meet agricultural water needs, without following the guidelines specified by AP-

WALTA.  Also, no proper scientific analysis was made in selecting location and depth of a bore well. 

This has resulted in a number of wells with zero to insignificant yield, making them dry in short time. 

A scientific understanding of the hydro-geology of the region, capacity building  towards community 

based management of groundwater resources is very much essential for sustainability of the resource in 

these regions. A detailed representation of existing bore/open wells and associated datasets is essential 



р 

 

to initiate water conservation strategies. A classification based on functional status is essential to priori-

tize the areas for artificial recharge and identify the regions with high/low groundwater potential. Agri-

cultural bore wells were classified  in to three categories based on running status with season such as 

fully functioning, partially functioning, and dry. A fully functioning well runs throughout the year, 

where as partially functioning well dry during summer and  recuperates during/after monsoon.  Dry 

wells significantly yields low or zero water throughout the year. Geographical coordinates of all the 

agricultural bore wells and distribution transformers (DTR) were collected using GPS instrument 

(Garmin Etrex) and each well was assigned an index based on the receiving DTR and functional status. 

The open/dug wells which are completely dried and/or abandoned, can also be treated under óre-usableô 

category for possible conversion into a recharge well. 

 

Digital Elevation Model (DEM) of the region at 90 m resolution was downloaded from SRTM web 

site, clipped to the study area boundary, and re-sampled to 30 m resolution using cubic interpolation. 

Watershed analysis was performed on the DEM using ArcHydroÉ to generate stream direction, stream 

network, and sinks of the study area. Surface analysis on the DEM was performed to generate the ele-

vation contours at 2 m interval. Since, the areal extent is small and relatively flat, third and higher order 

streams were not observed specific to any of the study areas. 

 

4.0  GEO-PHYSICAL INVESTIGATIONS 

 

Geo-physical investigations are necessary to characterize sub-surface profile of the earth, delineate wa-

ter bearing regions, and aid in identifying groundwater zones of recharge/discharge. A wide range of 

geophysical surveying techniques including Electric, Electro-Magnetic, Gravity, Magnetic, Radar, and 

Seismic methods are available for investigating sub-surface geology. The method to be applied depends 

on the application, and availability of resources. Electrical and Seismic methods are widely used for 

groundwater applications, because, saturated rock can be distinguished from dry / partially dry rock by 

its higher electrical conductivity or seismic velocity.  

 

Simplicity of the instrument associated with low cost has resulted in the use of electrical resistivity 

methods for the project. Vertical Electrical Sounding (VES) measurements were carried out using 

Schlumberger electrode configuration, to minimize the field work.  Two potential electrodes (M, N) 

and two current electrodes (A, B) were configured as shown below. The apparent electric resistivity 

(ʍÁ for a known supplied current (I) and measured potential (V) is estimated using the equation given 

below, where, k is the geometric factor that depends on the electrode configuration.  



с 

 

 

 

 

 

 

 

 

For a variable current electrode spacing (2S) and a fixed potential electrode spacing (a), the geometric 

factor (k) is given by:         

 

 

Apparent resistivity values were plotted against the spacing of current electrodes on bi-logarithmic 

scale to determine the number of sub-surface layers with homogeneous medium properties. The quanti-

tative analysis of resistivity measurements was done using curve matching. The field apparent resistivi-

ty curve was interpreted with an album of master curves and evaluated in terms of root mean squared 

(RMS) error. True resistance and thickness of each layer was obtained by demarcating the origin of co-

ordinates on the master curves. Correlation of resistivity anomalies with depth allows identification of 

significant water bearing zones of the region. 

 

4.1 Procedure 

Signal stacking resistivity meter (SSRMP-1) with four electrodes placed in Schlumberger configuration 

was used for field testing.  VES stations were identified based on the field convenience and distributed 

uniformly across the study area. The current electrodes were kept at a spacing of 1.5 , 2 , 3 , 5 , 7 , 10 , 

12 , 15 , 20 , 25 , 30 , 40 , 50 , 60 , 70 , 80 , 90 , and 100 m (with respect to each VES station) with var-

ying potential electrode spacing of 0.5 , 1 , and 2 m. Care was taken to maintain the collinearity of the 

electrode positions throughout the experiment. A known current (I) was sent into the ground and the 

corresponding potential difference (V) was recorded against a given potential electrode spacing and 

were accordingly used to measure the apparent resistivity (ɟa) variation with depth. 

 

Curve matching technique was applied to select the optimal 3 layer master curve that best suits the field 

curve to obtain the true thickness and true resistivity of each sub-surface layer. Field curve and resistiv-

ity cross-sections along assumed sections were generated using IPI2Win software (Version 3.1). The 

apparent resistivity along each assumed cross-section at depths of 5 , 10 , 20 , 30 , 50  and 60 m below 

ground level were plotted and used in generating the iso-resistivity maps of the study area. MATLAB 
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software (2010a) was used to generate a mesh grid of the study area along with corresponding resistivi-

ty contours at the desired depth intervals. Iso-resistivity maps of the study area were analyzed for resis-

tivity trend, high and low resistivity anomalies to interpret the results hydro-geologically. Potential 

groundwater aquifers that can yield significant quantities of water can be identified by super imposing 

the iso-resistivity maps on to the base map of the study area. 

 

5.0 AQUIFER DEMARCATION 

 

An aquifer is an underground saturated layer of water-bearing permeable rock or unconsolidated mate-

rials (such as gravel, sand, or silt) from which groundwater can be extracted using a water well.  Aqui-

fers are classified into two categories, viz., confined and un-confined. An un-confined aquifer has the 

upper bound as groundwater table, and is close to the land surface, being under the direct influence of 

the climatic factors. A well drilled into an un-confined aquifer taps water resulting from the change in 

hydraulic head. A confined aquifer  is confined between two impervious strata, and being recharged at 

a remote location, where the aquifer meets the ground surface. A well drilled into a confined aquifer 

taps water resulting from change in piezometric head. Aquifer demarcation is the process of generating 

cross-sectional (2 dimensional) view of the sub surface strata along a defined section, from the VES 

data. Aquifer demarcation of a groundwater basin is essential to characterize sub-surface profile, delin-

eate water baring strata, identify depth to bed rock, and demarcate the groundwater storage zones.   

 

True resistivity and thickness of each sub layer was estimated using curve matching principles and ac-

cordingly represented in a tabular form for each VES station. The highest possible RMS error consid-

ered for the analysis is 15 %, which is reasonably good for low samples (size: n < 30).  

 

Geologic interpretation of the resistivity data was done in accordance with published reports. A total of 

four cross-sections were developed for each case study to generate the hydro-geologic profile of that 

region. Hydro Geo-AnalystÉ  tool was used to demarcate the boundary between two layers. Information 

from all VES stations was used to generate the hydro-geologic profiles along the assumed sections. 

Each cross-section has at most four hydro-geologic layers considering the regional hydro-geology. 

Since the cross sections were developed using linear interpolation between VES stations, uncertainty in 

the interpreted geologic layer increases with the distance from the VES station.  

 

The top two layers of the aquifer generally represent an un-saturated zone, allowing the downward pas-

sage of water and contaminants to the aquifer. The third layer (in all cases), normally represents the 

http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Permeability_(earth_sciences)
http://en.wikipedia.org/wiki/Gravel
http://en.wikipedia.org/wiki/Sand
http://en.wikipedia.org/wiki/Silt
http://en.wikipedia.org/wiki/Groundwater
http://en.wikipedia.org/wiki/Water_well
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aquifer zone which is primarily un-confined, and hence, the availability of water largely depends on its 

capacity, alignment, and the aerial recharge. Groundwater table was relatively flat (following the sur-

face profile), except at the pumping regions in all cases. Since the presence of chemically active geo-

logic formations and surface water return flows were absent, groundwater quality was mainly depend-

ent on leaching of agricultural pollutants. 

 

6.0  IDENTIFICATION OF GROUNDWATER POTENTIAL ZONES 

 

Index map, Iso-resistivity contour map, and Aquifer demarcation map are helpful in identifying 

groundwater potential recharge and discharge zones of a region. Groundwater potential zones can be 

broadly identified based on land use characteristics. Built-up (residential) areas generally not suitable 

for recharging the aquifer due to paved and compacted surface. Agricultural area can be recharged 

mainly through bore wells. However, if not managed properly, the quality of water (nitrate/

phosphorous) might have degraded due to excessive application of fertilizers. Fallow area of a region is 

mostly suitable for rain fed recharge as this can help the aquifer to rejuvenate for the next crop season. 

 

Regions suitable for sunken / recharge pits can be delineated by analyzing drainage lines and elevation 

contours (provided in the Index map) across the study area. Rainfall after meeting the initial losses, 

flows on the surface enters the 1st order streams to become channel/stream flow. 1st order stream joins 

to 2nd order stream and so on. The outlet of a stream network will empty the channel flow. If this outlet 

is surrounded by high lands/elevations, water will be stored in the depressions, slowly infiltrates into 

the soil, and recharges the aquifer.  These depressions can also naturally occur where in a low elevation 

contour is surrounded by closely spaced high elevation contours. 

 

Referring to Iso-resisitivity contour map of a region at various depths, one can correlate resistivity 

anomalies with water bearing zones. A low resistivity region represents the presence of soft and uncon-

solidated material, whereas, a high resistivity region indicates the presence of hard and consolidated 

strata. A low resistivity region surrounded by sparsely spaced higher resistivity contours, and extending 

with depth is a favorable zone to contain and yield appreciable quantities of groundwater. A simple 

flow chart for identification of groundwater potential zones is given in page 72 of the report. 

 

7.0  WATER QUALITY ANALYSIS 

 

Groundwater originates from various sources that infiltrates through the soil and is stored in aquifers. 

During infiltration the water pick up impurities such as inorganic and organic soil particles, debris from 
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plant and animal life, micro-organisms, natural or man-made fertilizers, pesticides, etc. When the 

amount of organic matter in the aquifer is high, the oxygen content may be completely depleted. Water 

containing no oxygen (anaerobic) will dissolve iron, manganese and heavy metals from the under-

ground strata. Aeration is used to remove the undesirable gases and will enhance the oxidation of iron 

and manganese to higher and more insoluble oxidation states. Also, over exploitation of groundwater 

resources can result in chemical contamination. Softening is used to remove the hardness of water. To 

destroy the pathogenic bacteria water is disinfected before the storage and distribution. Sometimes the 

resulting water is further treated by adopting some miscellaneous treatments, such as fluoridation for 

control of dental caries, liming in order to control acidity and reduce corrosive action of water, re-

carbonation to prevent deposition calcium carbonate scale and desalination to remove excess salts etc.  

 

Extreme care has to be taken while collecting the water sample for various tests. The procedure given 

in the Standard methods has to be used for the collection, handling and testing. The water quality re-

quirement varies according to the purpose. To improve public health and water quality the World 

Health Organization, Environmental Protection Agency and local boards of individual countries has 

established the standards for the drinking, domestic, agricultural, aquaculture, industrial purposes and 

disposal of domestic and industrial effluents in to water bodies and land surface. Water quality was an-

alysed as per the standard methods suggested by Environmental Protection Agency (EPA). Water sam-

ples from drinking sources such as hand-pumps and bore-wells were collected for the pre and post-

monsoon and summer seasons (April-May, 2012, November-December, 2012, and May-June, 2013).  

 

Analysis of several physical, chemical and biological parameters are essential before suggesting water 

for various needs.  However as per the suggestions of CWS  the scope of water quality analysis in the 

present project was restricted to parameters such as pH, Conductivity, Total Dissolved Solids, Turbidi-

ty, Hardness and Fluorides. The results for the above parameters were compared with the permissible 

limits specified by Bureau Indian Standards (BIS10500) and their suitability for drinking was suggest-

ed. A detailed methodology adopted for the analysis of various physical / chemical parameters is dis-

cussed below. 

 

I. pH 

pH describes the acidity or alkalinity of a solution (sample).  A low pH indicates acidic conditions and 

a high pH indicates basic conditions.  pH is the measure of amount of hydrogen ions in solution. Tech-

nically, pH is the negative logarithm of the free hydrogen activity in a solution. The range of pH of a 

sample is 0 (highly acidic) to 14 (highly basic). 
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Procedure: 

The pH of the solution was tested by using a glass or combined pH electrode by using standard buffer solution 

with pH 4.0and 7.0. Systronics water analyzer 371 instrument was used to measure pH. Initially pH of known 

solution was measured and then confirmed for the samples. 

 

II. Conductivity / TDS 

Total dissolved solid (TDS) describes the inorganic salts and small amounts of organic matter present in wa-

ter. The principal constituents are usually calcium, magnesium, sodium, potassium, hydrogen carbonate, chlo-

rides and Sulfates. High TDS levels generally indicate hard water, which can cause scaling in pipes, valves 

and filters, and finally can reduce the performance of water distribution system. These effects can be seen in 

reverse osmosis water treatment systems, aquariums, spas, and swimming-pools. 

 

Procedure 

The conductivity of unknown solution was determined by measuring the current flowing through the conduc-

tivity cell. The polarization of the cell depends upon the magnitude of the current and time for which the cur-

rent flows in one direction. The magnitude of the current was kept within a practical limit. The instrument 

óSystronics Water analyzer 371ôwas used in measuring conductivity. The instrument measures the conductivi-

ty and estimates TDS and salinity under test using a conductivity cell. Calibration was done with standard KCl 

solution. Calibration of salinity mode was done by using standard salinity solutions. The auto ranging and au-

tomatic recognition of cell-constant makes the operation of the unit very easy.  

 

III. Turbidity  

Turbidity is the measure of cloudiness of water and usually measured in terms of Nephelometric Turbidity 

Units (NTU). Turbidity usually caused by high levels of organic matter which can stimulate bacterial growth. 

Higher turbidity levels are often associated with higher levels of disease-causing microorganisms such as vi-

ruses, parasites and some bacteria. These organisms can cause nausea, cramps, diarrhea and associated head-

aches. 

 

Procedure 

The instrument óSystronics Water analyzer 371ô measures the turbidity of the solution based on the well-

known law of tyndall effect. A beam of light passing through turbid liquid under test scatters the light, which 

in turn is collected at right angles by photocell. The amount of scattered light is proportional to the turbidity 

(NTU) of the solution under test. 
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IV. Hardness 

Hardness of water can be identified by dissolved minerals/matter in them. Calcium and Magnesium are the 

major minerals which dissolve in small amounts as water moves through soil and rock. Hardness does not 

pose any health risk. In fact, Ca and Mg in our drinking water give us average daily required diet. It often 

causes aesthetic problems, such as an alkali taste to the water (bitter); build-up of scale on pipes and fixtures 

build-up of deposits on dishes, utensils, difficulty in getting soap and detergent to foam. 

 

Procedure 

In a 50ml of sample, 1 ml of ammonia buffer solution and few crystals (a pinch) of Eriochrome Black-T indi-

cator were added and titrated with standard 0.01 M EDTA solution till the colour changes from wine red to 

blue. The reading was to be noted and the procedure must be repeated taking fresh samples. 

 

V. Fluorides 

Fluorine is a common element that does not occur in the elemental state in nature because of its high reactivi-

ty. Fluoride is an essential element for animals and humans up to some extent because there is a possibility of 

adverse effects if it exceeds the permissible limits. Many studies clearly established that fluoride primarily af-

fects bones and teeth, low concentrations provide protection against dental caries, especially in children. Ele-

vated fluoride intakes can also have more serious effects on skeletal tissues. 

 

Procedure 

UV Spectrophotometer (T90+UV-VIS spectrophotometer) was used in analyzing fluoride concentration in 

samples. Reagent was prepared by dissolving 958 mg of SPADNS  in distilled water and diluted to 500 ml. 

133 mg of zirconyl chloride octahydrate (ZrCl2.8H2O) was dissolved in 25 ml distilled water and 350 ml of 

concentrated HCl is added and diluted to 500 ml with distilled water. Equal volumes of SPADNS solution and 

zirconyl acid solutions were mixed.  

 

0.221 g of anhydrous sodium fluoride is prepared by water and diluted up to one liter. This solution is further 

diluted to 10 mg per liter of fluoride. 1, 2,3,4,5 and 6 mlôs of this solution is pipetted out into 50 ml standard 

flasks. 10 ml of zirconyl-SPADNS reagent and one drop of NaAsO2 (to remove residual chlorine) were added 

to each of the solution and diluted up to 50ml and mix well. The absorbance of the solutions was measured at 

570 nm against a reagent blank and a calibration plot was constructed by plotting absorbance against concen-

trations using colorimeter. Suitable aliquot of water sample was taken and repeated the same to measure ab-

sorbance. By using the calibration curve, the concentration of Fluorides in mg/l was estimated. 
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8.0   STUDY AREA # 1  [VANAPARTHY GRAM PANCHAYAT] 

 

8.1 Study Area 

The study area encompasses the administrative boundary of Vanaparthy Gram Panchayat in the Lingala 

Ghanapur Mandal of Warangal District in Telangana. The village has a geographical area of about 16 

km2 and population of about 3,000 (in 2012). About 1% of the village area is built-up (residential), 24 

% of the area is agricultural, and 48 % of the area is fallow. Vanaparthy is surrounded by villages such 

as Nelapogula on to the East, Kompalli on to the west, Ramarajupally on to the South, and Kothapally 

on to the North. The study area exists between 17Ü35ô30ò to 17Ü38ô30ò North latitudes and 79Ü12ô25ò 

to 79Ü15ô30ò East longitudes.  Average elevation of the site is about 300 m above mean sea level 

(M.S.L.). Average annual rainfall across the study area is about 810 mm. The minimum and maximum 

temperatures range from 22 to 41ÁC (in summer season) and 15 to 30ÁC (in winter season) (CGWB, 

2007). Cotton (60 %), paddy (15 %), and chilly (10 %) are the major crops grown in the area, where 

paddy is irrigated in both seasons. The region is underlain by crystalline rock formations including 

granite and gneisses. These crystalline rocks lack primary porosity and develops secondary porosity 

through fracturing and weathering over ages and thus become water bearing. Movement of groundwa-

ter is controlled by the degree of interconnection of these secondary voids. Consequently, the prospects 

of groundwater are rather limited. Groundwater in the study area occur under unconfined conditions in 

weathered zone and under semi-confined conditions in the fractures and fissures. Figure 8.1 represents 

the residential zone of the village showing major land marks and water sampling stations. Groundwater 

is the chief source for irrigation and domestic needs of the village. The CGWB classified this entire 

mandal as over exploited with a stage of groundwater development of about 120 %. A rise in ground-

water level was observed by more than 4 m in the study area between pre and post monsoon seasons 

(CGWB, 2007).  Average annual rainfall, and their departure from normal specific to the study area are 

given in Table 8.1.  Index map of Vanaparthy GP representing administrative boundary, agricultural 

wells, elevation contours, and drainage lines is provided in Appendix-I, and the corresponding database 

on agricultural wells is given in Appendix-I(a) 
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Table 8.1. Annual rainfall and its departure from normal for the years 2000-05 
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8.2 Results of Geo-physical Investigations 

VES experimentation using Schlumberger arrangement for the study area was carried out during July 

2013. True resistivity and thickness of each sub layer were estimated using curve matching principles 

and were accordingly represented in Table 8.2 for each VES station. It can be observed that the highest 

possible RMS error considered for the analysis is 10.3 %, which is reasonably good for low samples 

(size: n < 30). Iso-resistivity maps of the study area (Figure 8.2) were analyzed for resistivity trend, 

high and low resistivity anomalies to interpret the results hydro-geologically. Potential groundwater 

aquifers  that can yield significant quantities of water can be identified by super imposing the iso-

resistivity maps on to the index map of the study area.  

 

8.3 Results of Hydro-geologic Investigations 

Geologic interpretation of the resistivity data was done in accordance with published reports. As per 

CGWB, the region is underlain by crystalline rock formations. A resistivity range of 0 to 20 ɋ-m 

represents clay layer; a range of 20 ɋ-m to 50 ɋ-m represents hard murram; a range of 50 ɋ-m to 120 

ɋ-m represents semi-weathered to fractured granite; a range of 100 ɋ-m  to 250 ɋ-m  represents frac-

tured granite; and a resistivity of more than 250 ɋ-m represents hard granite that forms the bed rock 

(source: Ramanuja chari, 2012). 

 

A total of four cross-sections (Appendix I) viz: P-P; Q-Q; R-R; and S-S were identified to generate the 

hydro-geologic profile of the study area. Hydro Geo-AnalystÉ  tool was used to demarcate the bounda-

ry between two layers. Information from a total of 11 VES stations was used to generate the hydro-

geologic profiles (Figure 8.3) along the assumed sections. Each cross-section has at most four hydro-

geologic layers namely: Top soil (consisting of clay and morrum); Un-saturated zone (consisting of 

weathered granite); Aquifer zone (consisting of fractured granite); and Bed rock zone (consisting of 

hard granite). Along with, ground surface profile was demarcated for each cross section. Since the 

cross sections were developed using linear interpolation between VES stations, uncertainty in the inter-

preted geologic layer increases with the distance from the VES station. A high thickness of layer 3 

(aquifer zone) at any location may suggest an aquifer of appreciable depth. The top two layers act as an 

un-saturated zone, allowing the downward passage of water and contaminants to the aquifer. The aqui-

fer zone is primarily un-confined, and hence, the availability of water largely depends on the aerial re-

charge. Groundwater table is relatively flat, except at the pumping regions. Referring to the aquifer de-

marcation maps, a structurally closed groundwater basin (aquifer zone) is identified along the section P

-P. However, the remaining sections are either leaking the groundwater to the adjacent regions, or, not 

containing aquifer of appreciable thickness. 
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Filled contours of depth to groundwater during June 2012-May2013 were represented in Figure 8.4. A 

óredô zone indicates greater depth to water, and a óblueô zone represents shallow water depths. Varia-

tion of groundwater levels both in space and time domain can be correlated with agricultural activities 

and hydro-geology of the region. 

 

8.4 Results of Water Quality Analysis 

Table 8.3 shows results of water quality analysis for Vanaparthy GP. Based on the analysis results, the 

following conclusions were arrived in terms of suitability of water for drinking purposes.   However it 

is essential to analyse various other chemical (Ex: Pesticides) and biological parameter before conclu-

sion, which are beyond the scope of the present study.    

¶ In summer, sample VPDWBW02 Fluoride content is more than the permissible limit,  which can 

cause fluorosis and also serious effects on skeletal tissues. 

¶ pH values of all samples in the study area are within the permissible  limits specified by BIS. 

¶ Total Dissolved Solids are in excess content in all the samples of Vanaparthy. Intense agricul-

tural practices and soil contamination through leaching would have increased TDS in water.  

¶ Hardness of sample VPDWHP32 in pre-monsoon exceeded permissible limit. The water may 

result in aesthetic problems, difficulty in getting foam to soap and detergent. 

 

8.5 Index Map of Vanaprthy GP 

Index map of Vanaparthy GP delineating land use characteristics, agricultural wells and their status, 

transformers, drainage lines, and elevation contours drawn to scale was provided in Appendix I. A total 

of 452 agricultural wells were identified across the study area, of which 6.2% are dry during 2013-14. 

A detailed information on agricultural wells containing their geographical position, well owner, con-

nected transformer, and land/crop particulars was given in Appendix I(a).  Detailed information on 

reading the index map was given in page 73 of the report. The index map for Vanaprthy GP was print-

ed (20ò x 30 ñ paper) at a scale of 1:13,000. 
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9.0  STUDY AREA # 2  [WADDICHERLA GRAM PANCHAYAT] 

 

9.1 Study Area 

The study area encompasses the administrative boundary of Waddicherla Gram Panchayat in the Lin-

gala Ghanapur Mandal of Warangal District in Telangana. The village has a geographical area of about 

13 km2 and population of about 2,300 (in 2012). Waddicherla is surrounded by villages such as Nelapo-

gula on to the East, Kothapalli on to the west, Vanaparthy on to the South, and Nawabpet on to the 

North. The study area exists between 17Ü40ô10ò to 17Ü38ô0ò North latitudes and 79Ü13ô20ò to 

79Ü15ô50ò East longitudes.  Average elevation of the site is about 300 m above mean sea level 

(M.S.L.). Average annual rainfall across the study area is about 810 mm. The minimum and maximum 

temperatures range from 22 to 41ÁC (in summer season) and 15 to 30ÁC (in winter season) (CGWB, 

2007). Cotton (60 %), paddy (15 %), and chilly (10 %) are the major crops grown in the area, where 

paddy is irrigated in both seasons. The region is underlain by crystalline rock formations including 

granite and gneisses. These crystalline rocks lack primary porosity and develops secondary porosity 

through fracturing and weathering over ages and thus become water bearing. Movement of groundwa-

ter is controlled by the degree of interconnection of these secondary voids. Consequently, the prospects 

of groundwater are rather limited. Groundwater in the study area occur under unconfined conditions in 

weathered zone and under semi-confined conditions in the fractures and fissures . Figure 9.1 represents 

the residential zone of the village showing major land marks and water sampling stations. Groundwater 

is the chief source for irrigation and domestic needs of the village. The CGWB classified this entire 

mandal as over exploited with a stage of groundwater development of about 120 %. A rise in ground-

water level was observed by more than 4 m in the study area between pre and post monsoon seasons 

(CGWB, 2007).  Average annual rainfall, and their departure from normal specific to the study area are 

given in Table 9.1.  Index map of Waddicherla GP representing administrative boundary, land use, ag-

ricultural wells, elevation contours, and drainage lines is provided in Appendix-II, and the correspond-

ing database on agricultural wells is given in Appendix-II(a) 
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Table 9.1. Annual rainfall and its departure from normal for the years 2000-05 
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