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3.1 DEVELOPMENT OF TECHNIQUES AND
METHODOLOGIES FOR EXPLORATION,
ASSESSMENT AND MANAGEMENT OF
GROUNDWATER IN HARD ROCK AREAS

Wailpally Watershed

Wailpally watershed in the granitic region was selected under
the network project on groundwater. 100 yr rainfall data collected
from the near by station, Nalgonda District head quarters shows

average annual rainfall as 758 mm (Fig.3.1). Rainfall data also
shows the general pattern of severe drought every 4th year
and surplus rainfall every 7th year. However, average rainfall

for near by station (about 10 yr data from Narayanpur) is 650
mm. During 2004, rainfall recorded at the Wailapally village

(center of the watershed) is only 344 mm. Out of 344 mm, only

220 mm is recorded during the monsoon time i.e., from July to
Dec. 2004 and the rest is during summer months, when the
evaporation is quite high and is not useful for agricultural activity.

Potential evaporation is 4 times higher than the rainfall for this
9 months period. Hence there is little scope for the groundwater
recharge. Because of this low rainfall, there is no increment in

the groundwater levels in the entire watershed during 2003-04
and 2004-05 except little rise in the discharge zone. The water

levels being monitored continuously in the watershed from 8
wells indicate the water level 35 m below ground level at
Dubbagadda Tanda, which is in the recharge zone, and 7 m

below ground level in the discharge zone. For most of the central
zone, water table is around 25 to 30 m below ground level.

100 % well inventory was completed in the Wailapally watershed

(Fig.3.2) along with the CGWB, southern region, Hyderabad.
Out of 2100 inventoried wells, around 1300 wells are in use
and 800 wells (dug wells, dug cum bore wells and bore wells)

are totally dry/failed wells. Yield of the wells that are in use is
also very poor. Few hundreds of groundwater samples collected
during this time for hydrochemical study are under processing.

The Wailapally watershed is mainly selected because of high
fluoride concentration in the groundwater. The permissible limit
of fluoride concentration in the potable water is ≤1.5 mg/l. The

fluoride concentration in the studied groundwater ranged from
0.5 – 7.7 mg/l. About 90% of the samples fall under above
permissible limit (Fig.3.3) which shows the severity of the

fluoride problem in the area.

Fig 3.1 Time series of rainfall data for the period 1901–1996 in the
Nalgonda hard rock area

Fig. 3.2. Location of wells inventoried ion the Wailpally watershed

Fig. 3.3 Histogram of fluoride concentration in the Wailpally
groundwater
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Ghatia watershed

After preliminary investigations of three watersheds in the
Basaltic region by NGRI, RRL (Bhopal) and CGWB (Central

Region), Ghatia Watershed located about 265 km west of
Bhopal and 35 km north of Ujjain was finally selected. The
watershed has an area of 75 sq km and has deep water table

and acute water scarcity problem, but does not have any fluoride
problem. An automatic weather station was installed and
commissioned at Jalwa village, centre of the watershed with

the purpose of generating meteorological data. Average annual
rainfall for the last 20 years is about 850 mm with a standard
deviation of 250 (Ghatia Thasil). However, since last 5 years

the rainfall is below normal and during 2004-05 a rainfall of
660 mm was recorded. Like many other parts of India, this
watershed receives 90% of the rainfall during SW monsoon

period but it is generally observed that 2-3 showers contribute
50 % of the total rainfall. The high intensity rainfall, black cotton
soil cover in the watershed leads to high run-off and low

recharge conditions. In order to asses the natural recharge
few sites were selected and to study the efficiency of the artificial
recharge structures in the area, a percolation pond close to

weather station was selected for the experimentation.

PALAEOSEISMOLOGY

Luminescence dating of an archaeological site in
relation to radiocarbon dating Ther, Central India

An archaeological site along the banks of Tirna river,

Osmanabad district (Maharashtra state) in Central India,
occupied by humans during prehistoric/historic periods, was
investigated. The period of human occupation at this site was

constrained between ca. 200 BC-400 AD through a series of
radiocarbon dates on organic materials. To test the validity of
the TL/OSL dating procedures for such archaeological sites,

fine grain OSL ages of sediments and TL ages of embedded
pottery at different occupational levels were determined.
Polymineral silt-sized grains were extracted through settling

and quartz grains through acid treatment of sub-samples of
polymineral fractions. A good correlation was obtained between
radiocarbon dates of organic materials from this site and the

TL/OSL ages, demonstrating that OSL dating can be a routine
tool for chronological control in pre-historic/historic human
settlements.

(DV Reddy, PJ Thomas, Devender Kumar, P Nagabhushanam,
VY Giri, Syed Hussain and  MS Bhagyavati)

3.2 ASSESSMENT OF SUSTAINABLE
GROUNDWATER   POTENTIAL AND ITS
MANAGEMENT SCHEME IN HARD ROCK AND
ISLAND ENVIRONMENT

Hydrogeological and geophysical investigations to
delineate potential fresh groundwater zone

Wailpally Watershed

In continuation of geophysical investigations, further field

experiments have been carried out with large electrode
separations and smaller increment in electrode shifting, to
delineate deeper fractured zones in the granitic terrain of

Wailpally watershed, Nalgonda District, A.P. Although, the
signature of fractured zone has not been very significantly
distinguishable, however deviation in the apparent resistivity

curve in its later part could be inferred as indication of fractured
zone. Application of 2D resistivity imaging has also been made
at same sites to delineate deeper fractured zones and its lateral

extent. Based on these studies few sites have been selected
for drilling.

Neill Island

In continuation of hydrogeological investigations, sea level has
been monitored to establish mean sea level (msl). The

measuring points of all the monitoring wells have been reduced
to mean sea level to obtain groundwater flow map. In most
part of the island, it has been found that the groundwater level

is well above msl.

Earthquake and tsunami of December 26, 2004 (have caused
vast devastation to human life and properties)  has been severe

at the Andaman and Nicobar Islands, particularly at the Nicobar
Islands. At many Islands the earthquake has caused
subsidence of land at some places and up-liftment at other

places. Groundwater, which is only source of drinking water at
some of the tiny islands, has been affected due to tsunami
waves. Neill Island is one such Island in the South Andaman.

The earthquake has caused cracks in the aquifer lying in the
south- western part of the Island which comprises of shell
limestone (Fig.3.4). The groundwater in this part has been

depleted due to fractures developed in the limestone formation.
The groundwater quality in the low lying area around Jetty (in
the centre of northern beach) has also been severely affected

due to tsunami waves (Fig.3.5). The most part of the island
which is protected either by high hills of mudstone or have
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mathematical  modeling in Kongal river basin, a hard rock region
in Nalgonda District, A.P.sponsored by INCOH, detailed
hydrogeological and geophysical investigations have been

carried out to delineate potential groundwater zones.
Application of GIS has been made to integrate geological,

Fig.3.5   Change in groundwater electrical conductivity due to tsunami

Fig.3.4   Ruptures due to earthquakes of December 26, 2004

geomorphological, slope, lineament and drainage density data
to decipher potential groundwater zones. All these maps have
been digitized and prepared in the form of thematic map using

geographical information system (GIS) software. These
thematic maps are then integrated using “Spatial Analyst” tool.
The “Spatial Analyst” tool with mathematical and Boolean

operators has been used to develop model depending on
objective of problem at hand, such as delineation of
groundwater potential zone (Fig. 3.6).

Water balance study in Talcher coal field

In order to assess the groundwater balance study in Talcher
coalfield area which belongs to Mahanadi Coalfield Limited,
NGRI, Hyderabad and Central Mining Research Institute

(CMRI), Dhanbad have jointly taken up designing of
groundwater management schemes through water balance
studies in this area. Well inventory were carried out.  Similarly

geophysical and hydrogeological investigations have also been
carried out for delineation of aquifer system and for estimation
of hydraulic parameters. In order to understand the groundwater

regime in the basin an attempt has been made to construct a
mathematical model of the groundwater regime using USGS
software MODFLOW. A physical framework of the basin has

been prepared and the aquifer characteristics have been
assigned. The boundary conditions as observed in the field
have also been assigned. The various inputs to the model have

been arrived from hydrogeological and geophysical
investigation.  The model was  calibrated against the observed
water levels and used as a tool to visualize effect of mine

seepage and pumpage on the regional groundwater regime.
Prognosis was made for the movement of pollutant which was
found to be negligible under the prevailing field conditions.

Fig.3.6   Integrated groundwater potential map of Kongal basin

relatively higher elevation of ground are not affected by

tsunami.

Geophysical, hydrogeological investigations
application of GIS to delineate groundwater potential
zones in Kongal Basin

Under the project feasibility  of  artificial  recharge  study  through
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Indo-Bulgarian inter-governmental programme of
cooperation in science & technology (Supported by
DST)

Evolving pollution free sustainable development of groundwater
resources in hard rock terrain has been initiated under this
programme. The primary objective of the project is to exchange

our expertise with the technology available with the scientists
of Bulgaria. In this context, NGRI has gifted Resistivity meter
with accessories to Bulgarian Academy of Sciences and during

the visit of  NGRI scientist, a detailed demonstration of this
equipment has been made in Bulgaria. Various applications of
this equipment in the field of groundwater have been discussed.

The details of interpretation techniques for resistivity data has
also been explained. Scientists from Geological Institute, Sofia,
Bulgaria have also visited NGRI and got acquainted with

techniques being applied in the field of groundwater studies.

Sustained yield in limestone terrain

Good groundwater potential zones were identified recently in

limestone terrain around Maratha Cement Works (MCW),
Gadchandur, Maharastra through the integrated geophysical
and hydrogeological approach. After drilling, as suggested by

NGRI, MCW has requested NGRI to estimate sustained yield
of well. Detailed pumping test has been carried out to
characterize the aquifer system. Numerical method with two

layers has been adopted to simulate aquifer response during
long duration test and characterize aquifer system. In order to
explore various pumping scheme actual field conditions

including possible recharge due to rain has been considered.
It has been found  that if the well is pumped at 350cu.m/d, it
can sustain for 240 days as well as the well is nearly recouped

with recharge during monsoon (Fig. 3.7). In case of minimal
rainfall such as in the year 2004 which may cause minimum
recharge, the recuperation will be about 3m less, which needs

augmentation effort such as rainwater harvesting in the area
to sustain above pumping rate.

Electrical conductivity logs technique to delineate
the fracture zones in hard rock terrains

Electrical Conductivity (EC) Logs Technique is evolved for

delineating water bearing fracture zones in hard rock terrains.
It is observed that EC have shown remarkable changes with
respect to depth in bore wells  suggesting the probability of

water bearing fractures in the bore wells. Further more, results
of EC logs were compared with the results of various known
geological and geophysical techniques.  The results of EC logs

are in good agreement with the results obtained by litholog
profiles, inflow measurements, g-logs, resistivity logs etc. The
EC log carried out at Sadras, Tamilnadu, in charnockite rock

formation indicates decrease of EC from 410 to 225 mS/cm in
the depth range of  23 to 25 m and further decrease of EC
from 225 to 202 mS/cm at the depth range of 29 to 31m, below

which it is constant. This suggests occurrence of fractured rock
formation at the depths of 23 to 25 m and 29 to 31 m.

(VS Singh, VK Saxena, Ramesh Chand, V Ananda Rao,
MRK Sarma, BC Negi, Ratnakar Dhakate, DP Seth,
K Krishna, MV Nandakumar, M Dhanaraju,  PT Varghese,
K Radha, NC Mondal, AK Maurya Deepak Sarwade and
MP Kesari)

3.3 ISOTOPE AND TRACER TECHNIQUES FOR
EVALUATION OF NATURAL RECHARGE AND
ARTIFICAL RECHARGE

Development of techniques and methodologies for
exploration, assessment and management of
groundwater in hard rock areas (Taskforce Project)

Recharge process-saturated and unsaturated flow

Natural recharge studies are being carried out in Wailpally
watershed (Granite terrain) in Nalgonda district of Andhra
Pradesh and in Ghatiya watershed (Basalt terrain) in Ujjain

district of Madhya Pradesh for understanding the natural
recharge process and assessing the aquifer potential. Manual
raingauges were installed at 2 more locations in Wailepalle

watershed in addition to existing 5 raingauges and at 4 locations
in Ghatiya watershed for monitoring daily rainfall. Automatic
water level logger was installed in an observation bore well atFig.3.7   Draw down in a well due to abstraction of 350 cu. m/d
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Jangaon village within Wailepally watershed for continuous

water level monitoring.   Tritium tracer was injected at 8 recharge

sites in Wailepally watershed and at 11 sites in Ghatiya

watershed for studying soil moisture movement and evaluation

of natural recharge due to 2004 monsoon. Vertical soil profiles

were collected from injected sites up to the depth of 3.0 meters

in both the watersheds and the samples were analyzed in the

laboratory for moisture content, moisture extraction and tracer

analysis. Infiltration measurements and moisture simulation

studies using tritium and bromide tracers were carried out at

all the natural recharge sites in both the watersheds. Resistivity

soundings were conducted at all natural recharge sites for

understanding the relation between changes in resistivity due

to infiltrated moisture and recharge evaluated through tracer

studies.  Permeability measurements were carried out for soil

samples of Ghatiya watershed. The data obtained on infiltration

measurements, geophysical studies and moisture simulation

studies at a site in Wailepally watershed was analysed and the

data was interpreted for understanding the process of infiltration

and delineating the pathway of infiltrated moisture front. An

exponential relationship between natural recharge and

infiltration rate was observed in basalt watershed.

An integrated study on geophysical investigations and water

level monitoring near open wells was initiated in basalt covered

Ghatiya watershed. The objective of the work is to correlate

geophysical parameters with the hydrogeological parameters.

Nine dug wells were selected for monitoring static water levels.

VES were carried out near all the selected dug well sites.

Wenner profiling with very short intervals of a=0.5 mts was

also carried out at all the 9 sites. The data was used for

preparing geophysical cross sections along two alignments.

The above integrated study can facilitate in generating detailed

hydrogeological data of the watershed using limited measured

data.

As a part of integrated hydrogeological investigations multiple

tracer test experiment was carried out at KB thanda

groundwater exploration site in Maheshwaram watershed for

determining the direction and velocity of fractured groundwater

flow. This site was selected for studying fracture delineation

through geophysical and radon emanometry technique.   Iodide,

bromide and rhodamine tracers were used. The water samples

collected from observation locations were analyzed for tracer

concentration. The tracer data indicates preferential flow of

groundwater through fractured zone. Streaming potential

survey with 2 m station intervals was carried out along two

profiles across the inferred fracture zone with the array length

of 200 mts.  The data analysis is in progress.

(R Rangarajan, GK Hodlur, NTV Prasada Rao, D
Muralidharan, SD Deshmukh, U Sathyanarayana, GBK
Shankar, Lakshmi Janakiraman, B Sattaiah and A Mohan
Reddy)

Integrated geophysical data analysis for reliable
exploration of saline and fresh water aquifers in
coastal regions

Fresh water aquifers are often contaminated by saline water

intrusion in coastal regions. This is due to the reversal of

hydraulic gradient caused by over exploitation of groundwater

in the interior coastal regions. In such situations, exploration of

fresh groundwater aquifers becomes the primary objective.

However, due to the contamination by saline water, the

resolution of aquifers by cost effective geophysical

investigations like vertical electrical sounding (VES) technique

is not appreciably satisfactory because i) non uniqueness of

VES data interpretation, ii) similarities in resistivities of saline

and fresh water aquifers.

To achieve better resolution, which is relatively free from

ambiguity and uncertainty, integrated geophysical data analysis

was carried out. Saline and fresh water zones were identified

from electrical bore hole data at four sites in the Mahanadi

basin. This was possible by visualizing the water resistivities

(Rw) regime of saline and fresh water zones in the electrically

logged bore holes. This data was integrated with the data

obtained from vertical electrical soundings at 13 sites. Rw

regime of saline and fresh water zones in the bore holes were

first demarcated. Corresponding longitudinal unit conductance

(S) for these zones is estimated. Longitudinal unit conductance

was correlated with the water resistivity. The correlation was

carried out for the sounding sites clustering around a single

bore hole, within a radius of about 15 kms. Four such clustered

correlations were attempted around 4 representative bore hole

sites in Mahanadi basin. The results of the correlation were

successful as significant relation was shown to exist between

longitudinal unit conductance and water resistivity. Hence from

the correlation studies, it is possible to estimate the water

resistivity regime of saline and fresh water zones where only



NGRI

42

vertical electrical sounding data is available. The resolution

saline/ fresh water zones by water resistivity estimated for saline
and fresh water aquifer is appreciably higher and hence reliable
compared to the resistivity regime of saline and fresh water

zones estimated from normal VES data interpretation. Such
studies facilitate considerably in reliable identification of saline
and fresh water zones in the contaminated coastal aquifers by

quicker, easier and cost effective technique.

(GK Hodlur)

Comparison of bore hole data and VES data for
reliable resolution of saline and fresh water aquifers

The data of 13 VES and 4 bore hole electrical logs acquired in
Mahanadi basin was used in the data analysis. The analysis
was based on the study of saline and fresh water zones

identified in geophysical cross sections. The geophysical cross
sections were drawn by making use of saline and fresh water
zones identified in the electrically logged bore holes based on

water resistivity (Rw) regime of saline and fresh water zone.
Each geophysical cross section begins with a site possessing
electrical bore hole data interpretation and VES data

interpretation. The geophysical cross section ends with a similar
site. The VES location between two such electrically logged
bore holes were used for drawing a geophysical cross sections.

Saline and fresh water zones were identified in the bore holes.
These zones were extrapolated in the cross section such that
they cross the subsurface resistivity logs for all the soundings

used in the cross sections. Hence the saline and fresh water
zones were demarcated for all the VES in the cross section.
Daar-Zarrouk parameter namely the longitudinal unit

conductance of the saline and fresh water zones at all the VES
sites in the cross section were estimated. It is found that the
resolution of longitudinal unit conductance is appreciably higher

and strikingly convincing compared to the resolution of saline
and fresh water aquifers as by normal VES data interpretation.
Three geophysical cross sections were analysed. It was found

that even in most critical cases, where the normal resistivity
data interpretation and resolution is very poor, negligible and
even totally fails to identify saline and fresh water zones, the

integrated analysis proved to be a far better resolution and
facilitated in reduction of ambiquities, uncertainties and risks
which cropped with VES data interpretation.

(GK Hodlur)

Water Conservation and Artificial Recharge

Wailpally Watershed in Nalgonda District
representing Granites

With the objective of creating a sustainable safe drinking water
source through appropriate rainwater harvesting and artificial

recharge measures in fluoride affected Nalgonda District of
Andhra Pradesh, monitoring of water levels at four observation
borewell sites located in Pallgattu Tanda Micro-Watershed area

in Wailpally watershed in Narayanpur Mandal revealed, the
ground water system of the study area is of isolated nature
concurring with the basement configuration mapped through

geophysical techniques.  Resistivity and VLF profiling along
the stream course exhibited a structural discontinuity between
two observation well sites.  The geological mapping of the

suspected area indicated an emplacement of dolerite dyke
along a fault plane.  The plot of  resistivity profiling, magnetic
and VLF data along the stream course is shown in Fig.3.8.  In

order to sustain the drinking water supply source well during
the lean period, a concept of ground water capturing from these

Fig.3.8 Resistivity, magnetic and VLF profile along the stream course
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isolated system was designed and a capture well of 3 m dia
with 5 m depth was developed. A check dam was constructed
on upstream of capture well to induce groundwater recharge

and the studies on effectiveness of check dam is under
progress.   The groundwater from capture well is envisaged to
be transferred through pipe bypassing the delineated hydraulic

barrier using gravity-siphon system for augmenting the main
drinking water supply well source during lean period.  A
photograph of resource well is shown in Fig.3.9.

Ghatia watershed in Ujjain District representing
Basalts

Based on recommendations of Central Ground Water Board,
North-Central Region, Bhopal, a reconnaissance survey was

conducted around the area of Ghatia village in Ujjain District
of Madhya Pradesh for selection of a watershed area for
initiating the task force Program representing the basalt hard

rock terrain. The area has been demarcated as groundwater
scarcity area. The inventories were made on dug wells,
boreholes in the watershed area to understand the groundwater

condition.  Major part of agricultural activities in the area is
dependant on groundwater and the shallow groundwater
regime is extensively used through dug wells.  In order to sustain

these dug wells, preliminary hydrogeological investigations
were carried out by selecting a stream of 5 Km. length north of
Ghatia village where nearly 30 dug wells near the stream

reported to be drying up in late post-monsoon periods.

(D Muralidharan, SD Deshmukh, R Rangarajan,
U Sathyanarayana, CM Udayakumar, GBK Shankar, Rolland
Andrade, Lakshmi Janakiraman, A Mohan Reddy and
B Sathiah)

Skimming of floating fresh water in coastal aquifer

The limited and volatile fresh water regime of shallow nature
in coastal belt is exploited traditionally through dugout conical

pits and filter-points for drinking, irrigated dry crops and
horticulture purposes.  In order to improve the efficiency of
fresh water utilization without disturbing the hydro-dynamic

condition exists between fresh and saline aquifers. Skimming
well technology using infiltration gallery principle was promoted
in coastal belt area around Bapatla Town under the All India

Co-ordinated Research Project of Indian Council of Agricultural
Research (ICAR).  The methodology of skimming the fresh
water through perforated radial collector arms of these wells

necessitated in understanding the hydro-dynamic changes
while the well under pumping.  Streaming potential survey along
several profile lines across the collector arm of a well was

conducted as part of the Task Force Program covering coastal
aquifer system. A schematic diagram of skimming well and
study profile is shown in (Fig.3.10).  The pilot scale experiment

demonstrated the utility of streaming potential in mapping the
induced changes due to groundwater flow near the radial arms
and demarcating the effective part of the radial arms in capturing

groundwater from regions beyond the area of influence of the
well.  The study results helped in re-designing of collector pipe
lines with telescopic arrangement of perforated pipes with larger

diameter near the well to smaller diameter at farthest instead
prevailing same diameter throughout the length of collector
arms.

(D Muralidharan, R Rangarajan, U Sathyanarayana, CM
Udayakumar and Raghu Babu Movva)

Fig.3.9 Resource well

Fig.3.10   A schematic diagram of Skimming well and study profile
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Groundwater potential area delineation for drinking
water source creation and aquifer sustainability
through integrated geohydrological and artificial
recharge approaches in selected grama panchayath
villages of Kerala (NGRI-KRWSA Project)

Groundwater sustainability through site-specific water

harvesting and artificial recharge measures were designed for

hard rock covered high rainfall hilly grama panchayaths  of

Kozhikode, Palakkad and Mallapuram Districts of Kerala and

submitted to Kerala Rural Water Supply and Sanitation

Agency(KRWSA) for implementation.    Selected source wells

were subjected to pump test for evaluating the aquifer conditions

before and after implementation of artificial recharge measures.

Photograph of one of the well site subjected to pump test in

Agali Grama Panchayath in Palakkad District is given as an

example where sub-surface barrier has been proposed and

constructed (Fig.3.11).  The analysis of pre- and post- specific

capacity of wells and sustenance of water levels collectively

indicated the well sustainability measures were effective of

varying degree and the root cause analysis of varying

effectiveness are analyzed for each investigated site.  Using

water conductivity as a tool, the influence of source well by the

recharge structure has been evolved.

On the basis of World Bank team recommendations KRWSA

requested NGRI to suggest well sustainability measures for all

their schemes in Kerala.

(D Muralidharan, R Rangarajan, GK  Hodlur, SD  Deshmukh,

NTV Prasada Rao, U Sathyanarayana, GBK Shankar,
Y Prabhakar Rao, JVSN  Murthy, Lakshmi Janakiraman,
B Sathaiah and A Mohan Reddy)

Development of safe drinking water source in
fluoride infested Nalgonda District, Andhra Pradesh
through water conservation measures (NGRI-
APWCM Project)

Integrated hydrogeological investigations followed by suitable

water conservation measures were implemented in
Gummalabavigudem village in Chityal Mandal, Nalgonda
District of Andhra Pradesh, where fluoride content in

groundwater is more than 3.5 mg/l. The people of the
Gummalabavigudem village are suffering from fluorosis mainly
due to consumption of high fluoride water.  The objective of

this study is to evaluate the role of water conservation measures
on reduction of fluoride in groundwater and supply of safe
drinking water to Gummalabavigudem village. The water

conservation measures implemented have reduced the fluoride
concentration of groundwater in and around the existing
percolation tank from 3.65 mg/l to less than 1.5 mg/l. A large
diameter resource cum recharge well was constructed inside

the percolation tank for village drinking water supply. The well
construction was as per the design provided by NGRI (Fig.3.12).
The well is of 8 mts in diameter, with filter bed assembly and

weep holes around the well for direct recharge of surface water
collected in the tank. In order to improve the well yield, 3 shallow
bores (6 inches diameter) were drilled by NGRI at suitable

location at the bottom of the well. The present fluoride
concentration of this well water is less than 1.0 mg/l and the

Fig.3.11 Well yield test for evaluating sub-surface barrier impact in
Agali grama panchayath in Palakkad District Fig.3.12   Resource cum recharge well within percolation tank
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people of the village are drawing water from this well for drinking

purposes. It is planned to construct a subsurface barrier with

proper design at suitable location for arresting the subsurface

outflow of fluoride less groundwater. It is envisaged that the

structure help in sustaining groundwater source of the well

during lean period.

(R Rangarajan, D Muralidharan, NTV Prasada Rao, SD
Deshmukh, U Sathyanarayana, GK Hodlur, GBK  Shankar
and B Sattaiah)

Tracer studies for the evaluation of Karnampettai
percolation pond in Coimbatore District  Tamil Nadu
(NGRI- WTC,TNAU Project)

NGRI and Water Technology Center, Tamil Nadu Agricultural

University have initiated the investigations on evaluating the

efficiency of Karnampettai percolation pond situated in

Coimbatore District, Tamil Nadu through hydrogeological,

geophysical and tracer studies. Rhodamine and bromide tracers

were injected in pond and in a bore well for determining the

velocity and direction of recharge plume. The data generated

during 2004-05 includes rainfall and weather parameters, water

levels, conductivity, natural and artificial tracer concentration.

The preliminary analysis indicated that the pond influence is

up to a distance of 300 mts in a semi-circular shape. Further

investigation at the experimental site is in progress.

(R Rangarajan, D Muralidharan, N Maheshwar Reddy,
Raghu Babu Movva and A Mohan Reddy)

Geohydrological investigations at water spurting
sites in Rangareddy, Nalgonda and Mahboobnagar
Districts, Andhra Pradesh

Instances of unusual groundwater level rise in open wells and

spurting of water near the surface in open land were reported

from certain parts of Rangareddy, Nalgonda and

Mahboobnagar Districts after the major Sumatra earthquake

followed by tsunami event. Hydrogeological investigations

comprising reconnaissance survey, water level monitoring,

water sample collection from water spurting sites and wells for

conductivity and tracer content, Geophysical investigations

using multielectrode imaging system were carried out in

Devanur and Mukundapur villages of Rangareddy District of

Andhra Pradesh for studying the phenomenon. The results of

the study points out that the emergence of spring is of localized

nature and due to pseduo-perched conditions formed during

the monsoon and post monsoon period.

(D  Muralidharan, R  Rangarajan, Rolland Andrade and
JVSN Murthy)

3.4 LONG-TERM MANAGEMENT OF
GROUNDWATER IN HARD ROCK AQUIFERS
INCLUDING RESOURCE AUGMENTATION AND
GROUNDWATER PROTECTION FROM
GEOCHEMICAL CONTAMINATION (INDO-
FRENCH CENTRE FOR GROUNDWATER
RESEARCH)

Various monitoring and experiments in
Maheshwaram watershed

To complete the database of Maheshwaram watershed, regular

monitoring of water levels on monthly basis and water quality

on seasonal basis from the prescribed network was completed.

Hydrographs of wells prepared shows consistent decline of

water table. Water samples have been analyzed for major ion

concentration including fluoride. The spatio-temporal variations

of fluoride during different seasons have been analyzed. It has

been noticed that there is significant variation in fluoride than

expected.

Several boreholes have been drilled across quartz reefs (at

two locations – one near the IFP-I site and the other in Kothur,

south of Maheswaram), syenite body to evaluate the

hydrodynamic properties in these formations. At the IFP 1 site

about 8 wells have been drilled near the contact zones of the

intrusive body and host rock. Some borewells have also been

drilled in the quartz reef itself, to decipher the vertical anisotropy

if any.  Slug tests have been conducted in some of the wells.

This information will reveal small-scale variability of the

hydrogeology (Fig.3.13).

During the pre-monsoon of 2004, several boreholes were drilled

around the recharging dug well to study the build-up of the

water level and its dissipation. The bore well existing inside the

dug well has been re-vitalized for possible recharge from the

fractured zone. But the rainfall events during 2004 could not

create enough runoff to divert into the well. However, the

monitoring of water levels is being continued along with rainfall

inputs in the area.  Three cemented pits have been constructed

along the trench so that a large portion of the silt and other
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materials may get filtered and clean water enters the dug well.

A pipe has also been provided from the pit so that the runoff

water is delivered at the bottom of the dug well. The lithologic

sections of all the bore wells have been prepared along with

the drilling rate and also the depth-wise yield.

Magnetic Resonance Sounding (MRS) is a suitable tool for

locating water productive bore-wells. In this method, one

measures the electromagnetic field produced by the oscillations

of hydrogen protons within the water molecules once they have

been excited by an electric pulse set up at their resonance

frequency. Application of this technique is well established in

sedimentary terrain and the preliminary studies in hard rocks

have identified the variations of characteristics and geometry

of the weathered zone aquifer. An attempt is being made to

see the applicability of this technique in weathered-fractured

environment in hard rock terrain and also to study the elongated,

2-D structures such as water bearing fractures. Resistivity

imaging and Magnetic Resonance Sounding have been used

along with magnetic profiling at a few places in Maheswaram

watershed. Preliminary interpretation of the MRS data show

that the method has identified water bearing zones in weathered

aquifers and has given very low signals in fractured aquifers. A

quasi 3-D interpretation was made using resistivity 2-D imaging

data at IFP-24 and this has indicated a zone of barrier for ground

water flow near a dyke (Fig.3.14). Resistivity imaging has also

been carried out across quartz veins and dykes in Maheswaram

watershed to find out the groundwater characteristics within

the structures.  The imaging has shown low resistivity zones

below some high resistivity zones and drilling at some of the

places over quartz veins has shown that these low resistive

zones are water-bearing structures.

Development of a decision support tool for a
sustainable groundwater management

In most part of the country, and particularly in South India,

groundwater levels are hazardously declining. The need of the

hour is to adapt the exploitation of groundwater to its availability.

To find sustainable solutions, it is indispensable that policy

makers be equipped with suitable predictive tools to better guide

their future actions. The Indo-French Centre for Groundwater

Research has developed a Decision Support Tool (DST)

designed for groundwater scenarios under variable agro-

climatic conditions, which focuses on the impact of changing

cropping pattern and artificial recharge on groundwater levels

(Fig.3.15) DST is based on the ‘Double Water Table Fluctuation

Method’, a well-adapted method in the hard rock and semi-

arid contexts.

Fig.3.14 3D resistivity interpretation around a bore-well by stacking
several images

Fig.3.13 Geological section showing the heterogeneity near the
intrusive in a hard rock terrain
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Fig.3.15    Decision Support Tool: showing the effect of various scenario
of groundwater utilization

The method has been implemented and tested in

Maheshwaram watershed, a representative South Indian

catchment in terms of geology, overexploitation of the aquifers,

climate (semi-arid), cropping pattern, rural socio-economic

conditions, etc. The results show that if no solution is found

quickly, the groundwater decline will entail the loss of about

50% of the pumping borewells by around 2010, with all the

accompanying serious socio-economic consequences.

However, even if the groundwater situation follows a slippery

slope, DST lets foresee that some sustainable solutions exist.

The place of the DST is between the policy makers, experts

and the end users, i.e. farmers. It has been developed under

an Excel software interface, which makes it user-friendly.

Resistivity imaging in Wailpally Watershed,
Nalgonda District, AP

Resistivity imaging and Magnetic Resonance Sounding have

been carried out in Wailapally watershed, Nalgonda district to

identify the water bearing fracture/lineament zones. These

studies have been used at Kalvakuntla, Yelmakanna and

Kompally in the eastern part of the watershed. The resistivity

imaging (Fig.3.16) and values of porosity from the MRS survey

will help in correlating the two parameters with depth.

Correlation of hydraulic and electrical properties in
unsaturated zones

Neutron probe measurement for the moisture content as well

as repeated electrical resistivity imaging in the unsaturated

zones at two sites in the NGRI campus are carried out at

frequent interval during rainy season but at larger interval during

non-rainy season establish relation between hydraulic and

electrical properties of the formation that could be used to

predict recharge due to rainfall in such formations. The

application of geostatistics is also employed to obtain the two

parameters at the same points.

Hydrogeological reconnaissance in Kabeni river
basin, Karnataka and Kerala

A reconnaissance survey was carried in two watersheds falling

under a singular river basin; (i) one with very high rainfall, without

any development and the other (ii) with moderate rainfall and

exploitation.  The IFCGR (Hyderabad) and IFCWS (Bangalore)

envisage for a joint collaborative project for studying conjunctive

use of surface and groundwater sources.

Reconnoitery investigations in uranium mining area
of UCIL Nalgonda District

A reconnaissance around the proposed excavations sites for

mining of Uranium deposits indicated the water levels in wells

varying from 15 to 17 m bgl. Further detailed studies are

proposed to estimate the groundwater potentiality, the

hydrodynamic properties of the aquifer and exact surface

drainage system to decipher its effect on the contamination, if

any, on the surrounding environment.   It appears that during

the mining, the recharge conditions may not change

Fig.3.16 Subsurface resistivity picture across a stream channel in
Wailpally watershed
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considerably and create any threat to the area but location of

processing plants. Mining operations and the type of mining

have to be carefully decided to avoid the contamination to

nearby villages and the Nagarjuna sagar reservoir.

Spurting of water on the surface in parts of Ranga
Reddy District,  AP

It was observed that water was spurting at very shallow depths

below ground level i.e. within 1 m at some places of Mukindapur

and Devunur villages near Tandur, R.R. District, A.P. (Fig.3.17).

Surface topographical mapping and geophysical studies

consisting of Mise-à-la-masse and resistivity imaging were

carried out around these areas to see any connectivity of the

oozing water with aquifer or the surface water bodies. The

chemical analyses of water samples have shown that

conductivity and TDS of the oozing water is quite less compared

to the groundwater and is very close to the rainwater.  It was

observed that there are no changes in groundwater level and

hence it can be said that there is no connectivity of this

phenomenon with deeper structure.  The geophysical studies

have given clear picture of the fracture orientations all around

the water-oozing pit.  However, it is necessary that similar

studies be carried out after the monsoon to come to a better

conclusion.

Fig.3.17 Water oozing out from the ground near Tandur areas, RR
District

(Shakeel Ahmed, NS Krishnamurthy, K Subrahmanyam,
S Manohar, AM Dayal, Subhash Chandra, Dewashish
Kumar, PD Sreedevi, Faisal K Zaidi, S Dutta, Tanvi Arora,
S Atal, K Devi,  JM Gandolfi, B Dewandel, M Jamima and
Abdul Khalil)
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