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

3.1.1. Isotope hydrology

Under CSIR Network project  an integrated study was initiated
in the hard rock terrains with well defined objectives. Under
this program  Weather Stations at Wailpally and Ghatia
watershed in granite and basaltic terrains respectively were
upgraded to on-line data acquisition using GSM technology at
Wailapally and telephone line at Ghatia. During 2005, the rainfall
conditions were quite good in Wailapally watershed (900 mm
with reference to annual average of about 600 mm) when
compared to last few years. A heavy rainfall of 240 mm was
recorded in a single day on October 28, 2005. The water levels
being monitored continuously from different wells, in the
watershed indicate considerable rise during this year.

Wailapally watershed

Chloride concentration measured in a few hundred groundwater
samples varied from about 10 to 200 mg/l except few samples
where local contamination exists. Average chloride
concentration in the western part of the study area is quite low
(17 mg/l with a standard deviation of 13), in the central part it is
about 60 mg/l with standard deviation of 50 and in the eastern
part it is 210 mg/l with standard deviation of 178. Based on the
chloride concentration in the groundwater, the watershed can
be divided as recharge, intermediate and discharge areas (Fig

3.1). Natural groundwater recharge estimated for the area using
soil chloride profile method (piston flow recharge) was very
low, about 1% of the average rainfall. However, the total
recharge computed based on groundwater and rainwater
chloride concentration showed several folds higher than the
piston flow recharge and most of the recharge takes place
through preferential pathways such as fractures.

For groundwater recharge studies the stable isotope data forms
one of the important parameters. Towards this goal a state of
the art Dual Inlet Stable Isotope Ratio Mass Spectrometer is
procured, tested, calibrated and the system is functional. The
stable isotopes of deuterium, oxygen-18 and carbon-13 can
be measured in natural waters.

Isotopic (14C, δD and δ18O) analyses of deep groundwater of
Wailapally watershed demonstrated two recharge components
in the aquifer regime. The precipitation recharge that occurred
through confining medium such as fractures was represented
by carbon-14 ages a few tens of centuries, whereas the
recharge dominated by weathered zone shows “modern” age.
The three samples from the central zone in the north-south
direction show radiocarbon ages from 2000 to 6000 yr BP.
These samples also show very distinct stable isotopic
concentrations depicting various recharge mechanisms. The
recharge component through unsaturated zone undergoes
evaporation during transit, resulting in relatively enriched stable
heavy isotope content (δD range -19 to -5‰; δ18O range: -2 to-
0.05‰), while the recharge through fractures contained
relatively depleted heavy isotope content (δD range -38 to -

Fig. 3.1 Delineation of recharge, intermediate and discharge zones in Wailpally watershed based on chloride measurements in groundwater.
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27‰, δ18O range -6 to –4‰). The recharge involving weathered
zone plus fractures has intermittent values.

To study the impact of artificial recharge structures on
groundwater system three existing percolation tanks in different
conditions are selected in the Wailapally watershed, and water
level gauges are installed to monitor the change in water level
in the tank due to percolation and evaporation. Out of these
three tanks, one is quite old and has heavy siltation at Wailapally,
second tank is just two years old with pervious soil cover where
1 to 1.5 m top soil cover is removed to construct the bund at
Gattuppal and the third is situated in the clayey soil at Wailapally.
These tanks are selected to evaluate their spatio-temporal
performance. Though the monsoon failed during 2004, during
2005 the tanks received enough water because of 24 cm rainfall
on a single day. Water level reached to its maximum level i.e.,
2.85 m in Gattuppal tank and about 2.5 m in the Wailapally
percolation tanks. Water from these two tanks was not removed
and it is subjected to only evaporation and percolation. Water
level in the Gatttuppal tank came to base level on 17-11-05
and in Wailapally tank it is 31-12-05. As the distance between
two tanks is about 4 km it can be assumed same weather
conditions for both the tanks i.e., evaporation can be assumed
same for both tanks. 2.85 m of water column disappeared in
19 days in the Gattuppal percolation tank and 2.5 m water
column in the Wailapally tank took more than 60 days. The
data indicates that by removing the topsoil and making the pits
in the percolation ponds in the Gattuppal tank, the percolation
efficiency of the tank increased by a factor of three.

(D V Reddy, P Nagabhushanam, V Y Giri, Syed Hussain and
MS Bhagyavati)

Ghatia watershed

In order to assess the over all groundwater potential and extent
of utilization, 100 percent well inventory is completed in the
Ghatia watershed, during pre-monsoon covering 12 villages in
an area of 55 sq km. About 1033 wells exist in the area, where
371 are bore wells and the rest about 662 are dug wells. 30%
of the total wells found to be dry in the watershed during pre-
monsoon period (Fig 3. 2). In general groundwater levels are
quite deep and well yields are poor. Further to assess
groundwater quality, about 190 groundwater samples were
collected from the entire watershed for hydrochemical analysis.
Though, in general, the groundwater quality in this area is good,
because of high agricultural activity nitrate concentration is high
(about >50 mg/l) in 50% of the samples than the permissible
limit (40 mg/l). It is also found that the groundwater quality is
not in permissible limits in Jalwa village limits and also few
wells in the Dabri village.

3.1.2  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 dynamic aquifer potential.
Daily rainfall and water level monitoring were continued at
selected observation locations in these watersheds. Tritium
tracer technique for estimating soil moisture influx at selected
sites was continued for third consecutive year in Wailpally
watershed and for second consecutive year in Ghatiya
watershed.

Wailpally watershed

The average soil moisture influx caused by 2005 rainfall in
Wailpally watershed is 163 mm, which is about 20 % of the
seasonal rainfall. The high soil moisture influx is due to high
intensity rainfall occurred on a day during the monsoon in the
watershed. A linear relationship was observed between average
soil moisture influx and seasonal rainfall for the watershed (Fig
3.3). Depth moisture measurements using neutron moisture
gauge was carried out at natural recharge sites at regular
interval of time in the watershed during premonsoon, monsoon,
winter and dry periods of 2005-06. The analysis of data shows
progressive moisture influx in the soil zone caused by rainfall
and efflux during the dry period of evaporation and
evapotranspiration. The data obtained is being analyzed for
understanding the recharge process and recharge
quantification in relation with rainfall and water level change.

Fig. 3.2 Total inventory of wells, indicating bore wells (dry and
working) and dug wells (dry and working) in the Ghatia
watershed. About 30% of total wells were found to be dry
indicating water scarcity conditions in the area.
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Ghatiya watershed

The moisture influx caused by 2005 rainfall at rainfed and
irrigated sites in Ghatiya watershed range from 65 mm to 300
mm for the rainfall of about 700 mm in the watershed area
during 2005. Infiltration measurements using double ring
infiltrometers with moisture simulation studies using tracers
were carried out at selected natural recharge sites. The data
obtained so far indicate that deep percolation due to irrigation
component is significant compared to rainfall component.  An
exponential relation between moisture influx and infiltration rate
is observed for the basalt watershed (Fig 3.4). 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.

An integrated study on geophysical investigations and water
level monitoring near open wells initiated at regular time interval
in basalt covered Ghatiya watershed. The objective of the work
is to correlate geophysical parameters with the hydrogeological
parameters. Repeat geophysical soundings near the selected
dug well sites and water levels were monitored during different
seasons. Pumping tests for estimating hydrogeological

parameters were carried out for few dug well sites. The
integrated study is aimed at generating detailed hydrogeological
data of the watershed using limited data base. The work is in
progress.

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

Tracer studies for the evaluation of Karnampettai
percolation pond in Coimbatore district, Tamil Nadu

NGRI and Water Technology Center, Tamil Nadu Agricultural
University have initiated the investigations on evaluating the
efficiency of Karnampettai percolation pond located in
Coimbatore district, Tamil Nadu, through hydrological,
hydrogeological, geophysical and tracer studies. Water level in

Fig.3.3 Tritium profiles at selected sites in Wailpally watershed during
2003,04,05, b) Relationship between soil moisture influx and
seasonal rainfall in red soils of Wailpally watershed for 3 years

Fig.3.4 Tritium  profiles at selected sites in Ghatiya watershed.
Relationship between soil moisture influx and infiltration  rate
in black soils of Ghatiya watershed.
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the pond and observation bore wells in the upstream and
downstream area of the pond was regularly monitored along
with generation of rainfall and weather data. Dye and chemical
tracers were injected for determining the velocity and direction
of recharge plume. Water samples collected from pond,
observation wells were analyzed for injected tracer
concentrations, natural chloride and conductivity. Tritium tracer
was injected at 9 sites for estimating natural recharge
component caused by rainfall. Multi electrode Resistivity
imaging survey was carried out at 10 sites to get information
on subsurface nature of pond storage area and to get prevailing
hydrogeological conditions in the command area. The natural
recharge data obtained through injected tracer technique shows
that natural recharge in the study area is only 5 % of the rainfall
occurred during the experimental period. The chemical and
dye tracer data indicated that the pond is influencing up to a
minimum distance of 275 mts. The induced groundwater velocity
obtained through tracer experiment in the central part of the
command area is estimated as 2 mts / day.  Resistivity imaging
survey in relation with depth moisture content and percolation
rate in the pond is used for estimating pond water requirement
for satisfying soil moisture deficit. The analysis of resistivity
imaging data with water level change in the pond and
observation wells were used for understanding artificial
recharge process and calculating velocity of subsurface flow
in the command area. The velocity of groundwater flow is
estimated as 1.28 m/day. Further analysis and interpretation
of the data is in progress.

(R Rangarajan, D Muralidharan, SD Deshmukh, U
Satyanarayana, NTV Prasada Rao, GBK. Shankar, N
Maheshwar Reddy, A Mohan Reddy)

Tracer studies in Kochi Refineries Limited, Kochin,
Kerala

Bore hole tracer experiments with chemical and dye tracers
were used for determining the direction and velocity of
groundwater flow within the premises area of KRL and Binani
Zinc Limited, Kochi, Kerala state. The studies were carried out
as part of the detailed hydrological investigations in the study
area by NGRI Environmental Hydrology group from the point
of groundwater pollution. The tracers used for the investigations
were rhodamine B, chloride, bromide, iodide and tritium. The
tracer and hydrogeological data obtained/ generated were used
for determining predominant direction of groundwater flow in
the campus and its natural velocity.

(R Rangarajan, S Sankaran, GBK Shankar N Maheshwar
Reddy, P Yadaiah and A Mohan Reddy)

3.1.3   Water harvesting 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.   In order to sustain the drinking water
supply source well during the lean period, a concept of ground
water capturing from these 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 study 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 periods.  A  capture well and check dam on upstream is
shownin figure 3.5  The development of resource well with a
diameter of 8 m to a depth of 15 m was completed and it is
proposed that the resource would be tapped for supply of safe
drinking water to the villages on the downstream of the well
site through gravity-siphon system.  It is expected that the well
would sustain in catering the drinking water needs of 10000

Fig.3.5 Capture well
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population at 10 litres per capita per day.  A community meeting
was organized in the month of October, 2005 between the
scientists & engineers with beneficiary people to explain the
objectives of the research work and expected outcome (Fig
3.6).  For achieving the source sustainability, designing for a
percolation tank for inducing recharge to the groundwater and
a sub-surface barrier to arrest the ground water outflow from
the area were made.

Ghatia watershed, 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.  As the area has been notified to be groundwater scarcity
area, the inventories on dug wells, boreholes in the watershed
area were made to understand the groundwater condition of
the area.  Major part of the watershed agricultural activities is
dependant on groundwater and the shallow groundwater
regime is extensively used through dug wells. A study micro-
watershed area was delineated within Ghatia Watershed
around the villages Ghatia and Jalwa covering an area of 12
Sq. kms.  The well inventory indicated that more than 25 dug
wells are used within the micro-watershed for agricultural
support during Rabi season.  However, due to lowering of water
table, these wells are being abandoned and the farmers are
exploring for the resource through boreholes.  As the deeper
groundwater potential is very poor in middle and upper reaches
of Ghatia watershed, rainwater harvesting and artificial recharge
measures suitable to the basaltic terrain was initiated in Chak
Micro-Watershed area.  Resistivity survey using multi-electrode
imaging system and conventional 1-D vertical electrical
sounding were conducted along the stream course at several

locations and over entire micro-watershed area respectively.
Based on the results obtained from the cadastral and resistivity
surveys, different artificial recharge measures were designed
and locations for grounding these structures were completed.
In order to monitor the influence of artificial recharge structures,
observation boreholes were drilled at five places to a depth of
40-50 m and a geological cross section (Fig 3.7) was prepared
based on lithological log obtained from drilling.

Integrated geohydrological and artificial recharge
studies in selected Grama Panchayat villages of
Kerla

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.
The analysis of pre- & 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.

A request has come from KRWSA on the basis of World Bank
Team recommendations requesting NGRI to suggest well
sustainability measures for all their schemes in Kerala.

Fig.3.6 Village level field meeting

Fig.3.7 Ghatia Watershed Ujjain Dist. Madyapradesh
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(D Muralidharan, SD Deshmukh, R Rangarajan,
U Sathyanarayana, CM Udayakumar, GBK Shankar,
Rolland Andrade, Lakshmi Janakiraman, A Mohan Reddy,
B Sathiah)

3.1.4  Analysis of aeromagnetic signatures over
Cuddapah basin for groundwater

The aeromagnetic map over a part of exposed granite – gneiss
basement complex west of Cuddapah basin (140 30' N 140 35'
N lat., and 770 40' E and 770 50' E long.) has been analyzed in
conjunction with the drainage pattern and well information to
locate potential ground water zones. Ground magnetic data
has also been collected along a North – South profile of length
2500 m with a station interval of 20m across an inferred fault /
Shear zone. Analysis of this ground magnetic data indicated a
concealed thin dyke with in the Shear zone traversing in
approximately East – West direction. This dyke seems to have
been acting as a subsurface barrier for the ground water to
flow towards north. This structural barrier appears to have been
helped for the formation of a good drainage network and aquifer
zone towards South near Battulapalle in the study area.

(Ch Rama Rao, MRK Prabhakar Rao, Durgaprasad Sinha,
D Purushotham and DS Bhaskara Rao)

3.2 ASSESSMENT OF SUSTAINABLE
GROUNDWATER  POTENTIAL AND ITS
MANAGEMENT SCHEME IN HARD ROCK AND
ISLAND ENVIRONMENT (CSIR NETWORK
PROJECT)

Hydrogeological and geophysical investigations to
delineate potential fresh groundwater zone in
Wailpally watershed
Occurrence of groundwater in hard rock terrain such as Wailpalli
is found to be restricted to weathered and densely fractured
zones. Areas of thick weathered zones, favorable for
groundwater occurrence, are deduced from geophysical
investigations. Similarly the lineament density has been derived
from geomorphological map of the watershed. Integration of
these data has been carried out to prepare groundwater
potential map of the watershed (Fig 3.8a). Such maps may be
useful for further groundwater prospecting in the watershed.

A detailed High-resolution Electrical Resistivity Tomograpy, Self
Potential (SP) and hydrogeological investigations were carried
out in the watershed.  Twenty one profiles of multi-electrode
resistivity imaging with Dipole-Dipole and Wenner-
Schlumberger configurations were carried out. Dipole-dipole

array resulted a good horizontal resolution but shallow depth.
Wenner-Schlumberger array resulted considerable depth and
moderate horizontal and vertical resolution. The acquired field
data was filtered and processed with RES2DINV software which
yielded a very effective and accurate tomographic images, and
represents the variation of resistivity along traverse as well as
with depth. The inverted 2D resistivity sections have reflected
the existence of the fractured zones along with the thick
weathered zone. These zones are the probable zones for
occurrence of groundwater. Fig 3.8b shows the Self Potential
variation in an area near Gattuppal village.  This map could
demarcate clearly the favorable groundwater potential area
indicated by its low potential.  The surface SP survey does not
have the depth control but the anomalies indicate the presence/
extension of saturated zones.

It is important to delineate precisely the depth of occurrence of
aquifer zone in the bore wells. It helps not only to determine
the sustained yield of bore wells but also makes the bore well
construction economical.  Electrical Conductivity (EC) Logs
technique, which was evolved for delineating water bearing
fractured zones in hard rock terrains, has been applied in

Fig. 3.8a Groundwater potential map of Wailpally

Fig. 3.8b SP anomaly near Ghatuppal
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Wailpalli watershed to demarcate water bearing fractures in
the bore wells. This method of identifying fractures is quick
and cost effective and can be carried out at any desired location.
Besides this, EC logging also gives other information such as
groundwater quality of bore well water.

EC-Logs have been carried out by using EC logger. This
instrument is built up of EC meter and sensor with the facilities
for continuous EC measurements with depths up to 200 m
along with temperature monitoring device-recording system (as
shown in Fig 3.9a). Sensor attached with logger is lowered

into bore wells and depths can be measured with its graduated
cable. The observations were taken at 1.0 m interval. When
sensor is in contact with water, EC meter records the electrical
conductivity and temperature. EC log profiles with depth have
been carried out in 4 bore wells in Wailpalli. At site-1 the EC
log shows a marked decrease of EC (301 mS/cm) at the depth
of 59.0 m, which may be indication of fractures. At site-2 marked
change in EC has been observed between 39 to 41m which
may be due to presence of fractured rocks formation. At another
site-3 there has been decrease in EC between 44.0 to 46.0 m
depth indicating aquifer zone. At site-4 the change is EC is
found at 31, 50 and 52m indicating water yielding zones (Fig
3.9b).

Assessment of fresh groundwater potential on Neill
Island, Andaman & Nicobar Islands

Neill is one of the islands of Andaman group of Islands. In
continuation of hydrogeological investigations, water level and
EC of groundwater on the island have been monitored. The
post monsoon water level and groundwater EC monitored on
the island have shown that the lowering in the groundwater
water levels and deterioration in its quality due to Earthquake
and Tsunami of December 26, 2004 have been recovered,

particularly in the areas which were at mean sea level (Jetty).
This may be attributed to precipitation on the island.

The aquifer on the island has been characterized through
pumping test carried out on the existing wells. These test data
have been interpreted using numerical method considering the
boundary conditions existing in the field. The transmissivity has
been found to vary between  8.5 to 118 m2/d.  Similarly, the
groundwater draft on the island has been estimated through
monitoring the discharge rate and collecting information on the
pumping schedule from individual owners of the wells.

Geophysical, hydrogeological investigations to
delineate groundwater potential zones in Kongal
River basin, Nalgonda District, A.P.

Under the project “Feasibility  of  artificial  recharge  study
through  mathematical  modeling in Kongal River basin, a hard

Fig. 3.9b Aquifer delineation through EC log

Fig.3.9a EC log operation in Wailpally
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rock region in Nalgonda District”, sponsored by INCOH, detailed
hydrogeological and geophysical investigations, have been
carried out to delineate potential groundwater zones.  In order
to delineate subsurface geo-electrical section, resistivity
imaging has been carried. Three different aquifer settings have
clearly been identified viz. paleochannel (Fig 3.10a ), typical
weathered underlain by fractured followed by massive rock (Fig
3.10b) and heterogeneous aquifer (Fig 3.10c). This helped in
conceptualization of the aquifer system in the area. Aquifer
has been characterized through pumping test on bore wells
and analyzing the data through numerical method. The aquifer
transmissivity has been found to vary from 1 to 211 m2/d.
Groundwater draft in the entire area has been estimated
considering the net area irrigated by wells. The total annual
groundwater draft has been found to vary between 20 to 27
mcm/yr over a period of last ten years. In order to assess
groundwater potential in the study area and to find out suitable
augmentation scheme, numerical modeling of the area has
been initiated.

Rainfall runoff groundwater dynamics in semi arid
region

 NGRI has undertaken above project jointly with CRIDA (Central
Research Institute for Dry Land Agriculture, Hyderabad, a ICAR
Lab.) and financed by INCID (Indian National Committee on
Irrigation and Drainage, Ministry of Water Resources).
Kurmapalli watershed covering an area of about 100 sq km in
Nalgonda district (Andhra Pradesh) has been jointly selected
for detail investigations. It is a drought prone area. This basin
is characterized by poor land soil, scarce vegetation, erratic
rainfall, and lack of soil moisture for most part of the year.
Recurring drought coupled with increase in groundwater
exploitation results in decline in the groundwater levels. The
study area is underlained by crystalline rocks. and number of
small streams, which join the river and drain the entire basin
(Fig 3.11). The groundwater occurs in the weathered portion
of aquifer and at depth in joints and fractures. The groundwater
is being exploited through dug wells tapping weathered zones
and bore wells tapping the fractured zones. The highly

Fig.3.10 a,b,c   Geo-electrical imaging in Kongal basin
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weathered part up to about 20m depth in the central valley is
the potential aquifer. The phreatic aquifer gets direct recharge
through rainfall and seepage from a number of irrigation tanks
and fields.  Most of the tanks are either got silted or could not
store water due to breach of bunds. This has resulted in to a
low seepage rate as indirect recharge. It may also be mentioned
here that not much study has been carried out in such basins
to understand the groundwater flow regime. It is therefore
proposed to characterize the groundwater flow regime through
field investigations and assess its dynamic potential through
mathematical modeling.

Hydrogeological and geophysical investigations were carried
out for

� Selecting groundwater monitoring wells and monitoring
of water levels

� Characterization of groundwater quality

� Delineation of aquifer zones

Evolving sustainable fresh groundwater
management scheme on an island (Andrott,
Lakshadweep Island) through mathematical
simulation

The above entitled project is financed by Dept. of Science and
Technology. The objective of the project is to assess the fresh
groundwater potential on the island and suggest scheme for
sustainable use of this vital resource. The islands such as
Lakshadweep group of islands are surrounded by highly saline
sea water. The only natural source of potable water is rainwater.
Although the rainfall on these islands is about 1500 mm per
year, most of it falls during the three to four months of monsoon
months. During this period the major part of this rainfall goes
as subsurface runoff to the sea, and only meager part is added

Fig. 3.11 Topographic map of Kurmapalli watershed

to the aquifer system. The aquifer system on the island is formed
of coral sand, which is about 4 to 6 m thick. This coral sand is
underlained by fractured and cavernous coral limestone. The
fresh water occurs in the form of thin floating lens due to density
contrast with seawater.  This fresh water lens is constantly
subjected to tidal effect, rainfall and withdrawal through shallow
wells. The net effect is mixing of seawater with fresh water and
creation of transition zone. The total thickness of potable water,
which is top portion of this zone, depends on the thickness of
fresh water above mean sea level. Therefore, this thickness
becomes major criteria for the sustainable development of
groundwater on the island. The project area namely Andrott
island (4.84 sq. km) is one of the islands of Lakshadweep (Fig
3.12). It is one of the biggest of all. The island is having more

than 10000 population (including floating population from
neighbouring islands). The island is inhabited mostly by
scheduled tribes and majority of the people depends on the
fragile and thin potable floating groundwater for their daily
needs. The tidal effect and indiscriminate exploitation of
groundwater makes the fragile groundwater regime further
vulnerable and prone to contamination from highly saline sea
water leading to permanent destruction of potable fresh water
lens.  Hydrogeological and geophysical investigations on the
island have been completed to characterize aquifer system.
Water levels at selected wells have been monitored during the
months of rainfall and post-monsoon period.

Indo-Bulgarian inter-governmental programme of
cooperation in science & technology  (supported by
DST)

The resistivity meter presented by NGRI earlier, have been
used by Geophysical Institute, Sofia, Bulgaria, (especially in
the Department of Hydrogeology) in a number of geophysical
investigations for the assessment of geological cross-sections

Fig. 3.12 Topographic map of Andrott Island
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and hydrogeological conditions. At the same time the instrument
helped in resolving of some practical problems. Parts of the
results concerning two specific cases are briefly described here.

Open pit “Liliache” – North -West Bulgaria

Open pit for limestone “Liliache” is located at about 450 m away
from a small dam. The water level in it reaches about 203 m
elevation (at high water), which is higher compared to the lowest
elevation of the open pit: 187 m. This difference of 16 m creates
a risk of water flowing into the valley. The resistivity meter has
been used to study the contact between limestone of
Chrepishka formation and the sediments of overlying
Liutibrodska formation. The rocks composing Liutibrodska
formation act as water impermeable screen and prevent water
penetration from the dam to the open pit. Data measurements
are done at 8 point (Fig 3.13). They were located in the area

between the dam and the open pit. The measurements at point
1 (VES 1) are performed with maximum spacing between the
current electrodes AB in order to get information about the
deep-seated layers.The obtained results unambiguously show
that the dam basin is entirely located above the rocks of
Liutibrodska formation, which in this case is a regional
waterproof shield. Another important factor is that the limestone,
building up Cherepishka formation, located directly under the
dam basin, are not karstified and are water impermeable. Water
flow could penetrate from the dam into the open pit only if the
rocks between them would be destroyed (artificially fractured).
For example, if the open pit would extend to the dam in west
direction.

Similar investigation was carried out to study the development
of a karst cavity of 3 m high (according to well data) crossed by
an exploration well at a depth of 19.6 m below the surface in
another area.

(VS Singh, VK Saxena, V Ananda Rao, Ratnakar Dhakate,
MRK Sarma, NC Mondal, BC Negi, DP Seth, K Krishna,
MV Nandakumar, PT Varghese, M Dhanaraju, K Radha,
AK Maurya, Deepak Sarwade, M P Kesari, R K Prasad,
G Jaihind, N  Ogulaiha)

3.3 LONG-TERM MANAGEMENT OF
GROUNDWATER IN HARD ROCK AQUIFERS
INCLUDING RESOURCE AUGMENTATION AND
GROUNDWATER PROTECTION FROM GEO-
CHEMICAL CONTAMINATION (INDO-FRENCH
CENTER FOR GROUNDWATER RESEARCH)

Proton Magnetic Resonance Technique in weathered-
fractured aquifers (a grant-in-aid project)

This project aims at developing an improved geophysicalFig. 3.13A   Map of studied region (Bulgaria)

Fig. 3.13B  Schematic geo-electric section along profile
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Fig.3.14 Hydro-geophysical model of the weathered granite aquifer of
the Hyderabad region. Dashed area indicates parameter range
only defined by its upper limit.

methodology for the detection and characterization of fractures
and weathered zones in hard crystalline terrain mainly based
on the application of the Magnetic Resonance Sounding (MRS)1

method.  This methodology will be a suitable tool for locating
water productive bore-wells on water bearing structures and
evaluation of water resources in such an environment.

In the MRS 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 proper resonance frequency.  This principle,
which directly involves the water molecule properties makes
MRS, a powerful tool that enable unambiguous detection and
characterization of groundwater.

Based on the integrated geophysical studies including ERT
and MRS carried out in the two Maheswaram and Wailpally
watersheds near Hyderabad, test wells were drilled in Wailpally
watershed.  Resistivity logging and Magnetic susceptibility
measurements on samples were made and all the results were
compared.  The MRS observations made on the different
studied watershed were modelled using geometrical constraints
from borehole lithology and demonstrate that MRS is able to
assess the groundwater table depletion over time or spatially,
in agreement with piezometric measurements. While the
sensitivity of the instrument is sufficient for characterizing the
water-saturated saprolite, in the Fissured Zone (FZ) where the
water content is much lower, the magnetic resonance signal is
accordingly lower and the current instrument’s sensitivity may
then not be sufficient. This formation cannot thus be fully
resolved. A geophysical model of the Hyderabad region
weathered granite aquifer is proposed (Fig 3.14), where the
different water-bearing zones can be distinguished by their
MRS, electrical and magnetic characteristics. MRS water
content estimation compared favourably with other MRS
observations obtained in Burkina Faso granite, thus suggesting

that these results could be extended to similar geological
settings around the world.

The main conclusions of these studies are:

MRS soundings make it possible to detect and characterize
the water bearing saprolite and can then reliably monitor
groundwater table variations within this aquifer.

The Fissured Zone water content, which is lower than that in
the saprolite, correspond to the sensitivity limit of the current
MRS equipment. This aquifer characteristics can’t then be
faithfully estimated using MRS, nowadays.

ERT is preferred to Time Domain Electromagnetism for
qualitatively imaging the weathered profile and map the top of
the fresh rock. The recommended methodology for studying
the weathered granite aquifer is combineation of ERT for
delineating the main structures and MRS for estimating the
aquifer hydraulic characteristics.

Maheswaram watershed, RR. Dist., AP.

Updating the hydro geological database through continuous
measurement of monthly water-levels and seasonal
measurement of water quality (mainly Fluoride) continued. Also
the pre-monsoon and post-monsoon water levels were collected
at a higher density. Groundwater balance has been prepared
for two seasons based on the high-density water-level data. A
detailed error analyses were made and it was found that the
water balance could have a maximum of 22% error in the final
result, arising from errors in estimating various components of
the groundwater balance.

The volunteers using plastic container method recorded rainfall
measurements for all the rainfall events.  A revised master curve
for the given container is prepared (Fig 3.15).

Several geophysical traverses were conducted across the
quartz-vein, to decipher the in-depth parameters. Many
borewells were drilled across and parallel to the qtz vein to
assess the lithological variations outside, in the contact and
within the qtz body (Fig 3.16). Hydraulic tests including step-
draw down tests, slug tests and short and long duration pumping
tests on newly drilled wells (approximately 15) have been
carried out. The interpretation is in progress through the
procedure based on the draw-down derivative analysis which
indicates the geometry of the aquifer, for the application of
suitable analytical technique.

Quantification of Artificial Recharge at the pilot site using the
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Fig.3.16 Disposition of the Quartz vein in the Kothur area, trending
in N-S direction.  The geophysical profiles (+++) are roughly
aligned in the E-W, and N-S directions. The newly drilled
wells (e.g. IFP-30 ) are seen situated within and outside the
Qtz vein.  The topographical elevation contours (in ‘m’ above
msl) are also shown to signify the protruding Qtz body.

defunct dug-well was carried out and after a comparative
analyses with groundwater balance it was found that more than
200 dug-wells in the entire watershed would be required if the
groundwater deficit was to be nullified. The artificial recharge
experiment is continuing for consolidating the result.

Study of water spurting sites around Hyderabad

Observations at the water spurting sites at Tandur mandal of
RR Dist were continued to evaluate the reasons for the water
oozing. Results of study so far and also other evidences
conclude that the water oozing is a hydrological phenomenon
and not related to the December 26th 2004 Tsunami event.

Wailpally watershed

More than 1500 topographical sites were connected to the
mean-sea-level (msl) with the DGPS equipment to prepare the
digital elevation map of the area. Extensive Magnetic Profiling
was carried out to identify the presence of 2D structures and
Resistivity Imaging was carried out at 3 locations.

Drilling of bore wells was done at the suitable sites and pumping
tests were done to conceptualize the aquifer parameters. The
details of the borewells drilled based on the results of MRS
and ERT studies at Yelmakanna in Wailpally watershed are
given in table 3.1.The litho-logy of the subsurface was also

Fig.3.15   A ready recokner graph for assessing actual rainfall
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Table 3.1

Table 3.2

the Ghatia Watershed covering an area of about 75 sq kms
was completed. An analysis of the data resulted in the
optimization of the monitoring network to 32 dug-wells for
monitoring the monthly water levels. In addition the selected
dug wells and bore wells were also connected to the MSL with
DGPS. Electrical resistivity Imaging is done covering the entire
watershed with about 16 profiles. The data reveals that at least
4 to 5 basaltic lava flows occurred with significant quiescence
between different flows, during which time, aquifers were formed
out of the weathered and jointed blocks. Several aquifer zones
were delineated depth-wise from the data (Fig 3.17).

Fig.3.17 Section of dug-well showing the lithological variation with
depth, Ghatiya watershed

corroborated through two-electrode resistivity logging in all the
wells and their magnetic susceptibility values were evaluated.

Pumping tests were carried out in the drilled wells and slug
tests were carried out in some private wells at Yelmakanna
and Kalvakuntla. The results are given in table 3. 2.

One drawdown step test, one long duration pumping test and
three slug tests were carried out in Yalmakanna site. Two slug
tests in abandoned private borewells were carried out in
Kalvakuntala site.

Yalmakanna site is covered by orthogneissic granite intruded
by leucocratic granite. The weathering profile is characterized
by 25-30 m of laminated saprolite and about 20 m of fissured
layer. Hydraulic behavior of the site is characterized by a double
porosity functioning (K=3.0x10-6 m/s, S=2.0-4.0x10-3). The
presence of subhorizontal and vertical fissures induces an
anisotropy of permeability (Kr/Kz=5-6). However, the relative
thickness of the highly conductive zone in the aquifer induces
a linear behavior of the drawdown, which suggests a relatively
‘limited’ aquifer that will not support high exploitation.

 Kalvakuntala site is also covered orthogneissic granite, but a
dolerite dyke appears to cross-cut the site. Only few information
on the aquifer characteristics are available, only slug test
permeabilities. Permeability of the site is fairly good, about
6.0x10-6 m/s.

Ghatiya waterhsed, Madhya Pradesh

A detailed well-inventory of 380 hydraulic structures present in
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Fig.3.18   ERT profile near Jalwa village, Ghatiya watershed

Electrical Resistivity Tomography (ERT) studies were carried
out along a few profiles in Ghatiya watershed, M.P. for identifying
borewell sites.  The data has been interpreted by RES2DINV
(Interprex) software. Massive and weathered basalts have
identified clearly. One such example is shown in Fig. 3. 18.
Few sites have been selected for drilling.

(Shakeel Ahmed, NS Krishnamurthy, K Subrahmanyam,
S Manohar, AM Dayal, Syed Ali, Subhash Chandra,
Dewashish Kumar, PD Sreedevi, Faisal K Zaidi, S Dutta,
Tanvi Arora, S Atal, K Devi, Haris H Khan, Adil Nabi Bhat,
Shazrah Owais, JM Gandolfi, B Dewandel, M Jamima and
Abdul Khalil)
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