
3.  Exploration, Assessment and
Management of Groundwater Resources



NGRI

44



Annual Report 2006-2007

45

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

Isotope hydrology

Hydrological, hydrochemical, geochemical and isotopic
signatures of the Wailpally groundwater regime are evaluated
with the purpose of elucidating various hydrological processes,
recharge characteristics of different geomorphological
segments, and unravel the likely mechanism controlling the
high fluoride at equilibrium level in groundwater. Evaluation of
the aquifer in such a manner is very useful for better
management of the aquifer.

Wailpally watershed

Geomorphic control on hydrodynamic response of
the aquifer to rainfall input.

Based on geomorphological conditions, the Wailpally
watershed is demarcated in to four zones from west to east: (i)
zone-I covers the valley fills in the western area, (ii) zone-II is
pediment, (iii) zone-III is moderately weathered pediplain, and
(iv) zone-IV is shallow weathered pediplain in the eastern part
(Fig.3.1).

Groundwater level contour map prepared based on a few
hundred water level measurements in the entire watershed
show maximum water table (~400 m a msl) in the west and the
minimum level (260 m a msl) in the east with in a distance of
~16 km with a hydraulic gradient of ~9 m/km. In general depth
to water table is quite deep (30-40 m) in the western region
and about 10 m in the eastern part.

Eight observation wells, spanning the study area right from
west to east, are selected to study the dynamic behavior of the
aquifer to rainfall input during three year observation period
from November 2003 to November 2006 and shown in figure

3.2. Table 3.1 shows the total increment in the water levels in
different wells during 2005 heavy monsoon rainfall (~937 mm)
and the time taken to reach its peak level. From figure 3.2, it is
evident that, in general, the water levels were showing a
declining trend during 2004 due to low rainfall (350 mm). The
following year 2005 witnessed bountiful rains (937 mm), which
resulted in high water level rise (23 to 37 m) (Table 3.1) in the
west, 8 to 16 m in the central area, and about 4 m rise in the
east. Though the following year 2006 registered a rainfall of
560 mm (86% of normal rainfall), water table did not show any
increase rather gradual drop from the 2005 level was observed,
which could be ascribed to excess exploitation of the
groundwater during this time.

Fig. 3.1 Location map of  the Wailpally watershed with drainage
system, hilly region and the demarcated zones I to IV

The geomorphic control on the hydrodynamic response of the
wells in the watershed to input rainfall in 2005 is vividly shown
in the following way:

wells in zone-I : show a rise of 23 to 37 m in 29 to 102 days

rise in zone-II : 7.6 to 15 m in 30 days, and

in zone -IV : only 4 m rise in 100 to 130 days.

In general, the hydrodynamic response in zones-II and IV was
very poor and tardy in comparison to zone-I.

Spatial variation in aquifer recharge

Total recharge to the aquifer in various geomorphic segments
is computed based on the ratio of average chloride
concentration (2.15 mg/l) of input rainfall and the average
groundwater chloride concentration. Chloride concentration in
the groundwater varied from 4 to 364 mg/l in the study area.
Very low chloride concentration (17.7 mg/l) is observed in
groundwater in the western part and it progressively increased
to 120 mg/l eastwards. The total recharge for zone-I, with its
average groundwater chloride concentration (17.7 mg/l), works
out to be ~12% (Table 3.2).

Fig. 3.2 Temporal response of  water levels in the selected and
instrumented bore wells to input rainfall during the period
Nov. 03 to Nov. 06.
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Zones-II, III and IV with average chloride of 60, 111 and 120
mg/l respectively record total recharge of 3.6, 1.9 and 1.8%.
On the other hand, the recharge component through piston
flow process, computed using the ratio of average chloride
concentration of input rainfall and the average chloride content
of soil depth profiles, works out to be <1% for zones-I and III,
and ~1.5% for zones-II and IV (Table 3.2). Thus, the recharge
data shows that zone-I receives 93% of total recharge through
high permeability flow paths in contrast to matrix flow. Similarly,
zones-II to IV receive substantial quantity of recharge (62, 53
and 22% of total recharge respectively) through preferential
paths. From the above recharge evaluations and comparisons,
it emerges that the studied aquifer gets relatively high total
recharge in zone-I, and the piston flow component shows
increasing trend (7 to 78% of total recharge) from zone-I to IV.
The increasing trend of piston flow recharge component from
zone-I to IV almost shows inverse relationship with the thickness
of the weathered zone. Further it emerges that the studied
aquifer has relatively high rainfall recharge area in the west,
denoted by zone-I, dominated by by-pass flow, and low
recharge area in the east denoted by zone-IV dominated by
matrix flow. Thus the geochemical data analyses substantiate
the fact that the fractured rock aquifers, in general, receive a
greater fraction of recharge from preferential and very small
fraction from piston flow.

Stable isotope finger prints of groundwater recharge
characteristics

The relationship between chloride and δ180 content of
groundwaters for which both δ180 and chloride are measured
is shown in figure.3.3. The spatial spread of data points alligned
in four distinct groups (I, II, III and IV). The first three groups
individually occupied distinct geomorphologic segments of the
watershed. Group-I groundwaters, occupy the valley fill area
located in the west of the watershed, are characterized by
predominantly low chloride content (<20 mg/l) within the δ180
spread of -5.50 to -1.35‰. Most of the isotopically lighter waters
(<-3‰ δ18O) of group-I, therefore, point to the dominant flow of
meteoric waters through high velocity conduits in the ~30 to
40 m thick regolith, thereby supporting the zone as potential
intake area. Group-II waters occupied the pediment zone of
the watershed, and contained δ180 in the range -3.90 to -0.29‰,
and chloride ~9.0 to 58 mg/l. The isotopically heavy waters
(δ18O around -2‰ and average chloride ~25 mg/l) of group-II,
thus point to the control of 20 to 30 m thick regolith on the
transmission of recharging waters through it. Group-III
groundwaters in the pediplain area of the watershed show a
spatial distribution of δ180 in the range -3.96 to -1.76‰, and
chloride 26 to 70 mg/l. Though these waters are relatively less
enriched in δ18O (around -3‰), probably influenced by
atmospheric moisture exchange phenomenon, and

Observation well Water level Low water Date of peak Peak water no. of water column Zones
rise starting date level m. water level level m. days increment m.

Dubbagadda 21/07/05 387.86 01/11/05 425.18 102 37.32 Zone-I

Radhanagar 16/10/05 372.79 15/11/05 395.52 29 22.73 Zone-I

Wachatanda 26/10/05 352.89 27/11/05 379 31 26.11 Zone-I

Wailapally 19/10/05 316.85 24/11/05 332.47 35 15.62 Zone-II

Jangaon 10/10/05 321 11/11/05 328.63 31 7.63 Zone-II

Lachammagudem 28/10/05 309.9 31/03/06 321.6 153 11.7 Zone-II

Velamakanna 12/07/05 291.4 18/10/05 295.7 97 4.3 Zone-IV

Kalwakuntla 08/07/05 276.61 08/11/05 280.59 132 3.98 Zone-IV

Table 3.1 Increment in water levels during 2005 monsoon in different wells in response to relatively high rainfall

Table 3.2 Average groundwater chloride concentration and average total groundwater recharge,  piston flow recharge
and preferential recharge in different zones of the watershed

Zones No. of groundwater Ave.Cl. conc. total recharge Piston flow recharge preferential recharge
samples (mg/l) (% rainfall) (% rainfall) (% total recharge)

Zone-I 118 17.7 12 0.8-0.9 93

Zone-II 218 60 3.6 1-1.7 62

Zone-III 35 111 1.9 0.9 53

Zone-IV 41 120 1.8 1.4 22
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Fig. 3.3 Plot of  Chloride vs δ180 of  Wailpally groundwaters

characterized by chloride non-linear enrichment process
(average chloride ~45 mg/l). Group-IV has only 4 sample
locations containing δ180 in the range -5.72 to -3.89‰, and
chloride ~50 to 60 mg/l. These are paleo-groundwaters (group-
IV) that formed ~2000 and ~6000 years ago. An important
aspect of paleo-groundwater signatures is that the fractured
granitic rock aquifers, being semi-confined in nature, do contain
groundwater formed in prehistoric times. Thus the range of
isotopic and chloride enrichment defines the heterogeneous
hydrogeologic character of the granitic regolith in the studied
watershed and various processes operating in the formation
of groundwaters.

Fluoride dynamics

One of the objectives in selecting the Wailpally watershed is
high fluoride concentration in groundwater. As the permissible
limit for human consumption is 1.5 mg/l, the average fluoride

Fig. 3.4 Location of  groundwater sampled wells with its fluoride concentration (in ranges) in the Wailpally watershed.  Inset shows the number of
samples in various F ranges

concentration in the watershed is 3.6 mg/l (range 0.5 to 7.6
mg/l). Groundwater sampling locations along with its fluoride
concentration (in ranges) are shown in figure 3.4. From the
inset of figure 3.4, it is clear that, out of about 430 groundwater
samples,  only 3% of wells show fluoride concentration < 1.5
mg/l; 30% of samples lie in the range 1.6-3 mg/l; 33% of
samples show 3-4 mg/l; 23% of samples contain 4-5 mg/l and
the rest 10% show 5-7.6 mg/l. Groundwaters with F in the range
1.5-3 mg/l are spread over the periphery of the watershed and
almost three quarters of the study area has >4 mg/l.  Fluoride
data analysis indicated progressive increase of fluoride (1.6 –
4.5 mg/l) in a small stretch of only 3.5 km (valley fill/recharge
area) in the western most part of the watershed, and thereafter
the fluoride concentration in the groundwater remained >4 mg/
l. However, no significant correlation is found between F and
other chemical constituents of the groundwaters of the
watershed. But the soluble F of depth profiles and the respective
groundwaters showed a good correlation. The relation
emphasises that higher the leachable F in the profile, higher
would be the F in the respective groundwater.

To understand the high and evenly distributed fluoride
concentration in groundwater of three fourths of the study area,
saturation indices of fluorite (SI

F), calcite (SIC) and dolomite
(SID) of the groundwaters are spatially plotted (Fig. 3.5). The
saturation index value of zero (SI=0; boundary between
saturation and under-saturation) of calcite and dolomite almost
coincides with the eastern boundary of zone-I (valley fills,
recharge area), which indicates that the groundwaters in zones-
II to IV are saturated with respect to calcite and dolomite.
However, the spatial distribution of SI

F is opposite to that of SIC

and SID. SIF in zone-I show saturation, while in zones-II to IV it
is under-saturated coinciding with the zero value of SIC and
SID. Though the fluoride concentration in zones-II to IV is in
the range 4 to 7.6 mg/l, saturated conditions of calcite and
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dolomite and under-saturated conditions of fluorite imply that
the groundwater has further scope for additional dissolution of
fluoride. Moreover, there exists enough sources of F in the
form of soluble fluoride in the unsaturated zone and leachable
fluoride from the calcite precipitates. Despite all these favorable
conditions for further dissolution of F in groundwater, equilibrium
is being maintained. The probable mechanism taking place in
the study area is removal and simultaneous addition of fluoride
to the groundwater. But, since the solution is under-saturated
with respect to fluorite, fluoride removal by precipitation is ruled
out; and supporting condition is the higher pH (8-8.9).
Alternatively, fluoride removal occurs via adsorption on the
calcite, as high F concentration in the calcite precipitates
provides the evidence. The decreasing trend of Ca from zones-
I to IV, increase of Mg in zones I and IV, and higher
concentrations of Ca and Mg in the calcrete are responsible
for fluoride equilibrium conditions in the groundwaters of the
Wailapally watershed.

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

3.2 ASSESSMENT OF SUSTAINABLE GROUND-
WATER  POTENTIAL AND ITS MANAGEMENT
SCHEME IN HARD ROCK AND ISLAND
ENVIRONMENT

Hydrogeological and geophysical investigations to
delineate potential fresh groundwater zone
Identification of buried lineament
Wailpally watershed
An underground-concealed lineament was identified in NNE-

Fig. 3.6 Geo-electrical response over concealed lineament at Ghattupal
village, Wailpally watershed, A.P.

SSW direction at depth of 12.8m with help of resistivity contours
for different depths from Electrical Resistivity Imaging (ERI) at
Ghattupal village, Wailpally watershed, Nalgonda District,
Andhra Pradesh. Resistivity value of the concealed lineament
is found to be about 100 Ωm, which can be classified as
groundwater potential zone and is also suitable site for drilling
bore well along the lineament as it allows large-scale migration
of groundwater (Fig. 3.6).  An experimental bore well was drilled
up to the depth of 50 m. Water was struck at 30 m. The depth
of water level was recorded as10.15 m bgl.  The transmissivity

Fig. 3.5 Spatial distribution of  calcite, dolomite and fluorite saturation
indices in relation  to different zones and average chemical
constituents in those zones.
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(T) and storativiy (S) of the aquifer under the concealed
lineament were found to be high indicating potential aquifer
zone.

Ghatia watershed

Jalwa village under Ghatiya watershed, M.P. is facing an acute
fresh groundwater problem since two decades. The source of
water supply is dug well, dug-cum-bore well and bore well, but
in the summer there is no fresh water for drinking purpose
within 1-2 km radius of this village. Only salty water is available
in the existing bore wells and often wells become dry during
summer season. Geo-electrical soundings (7) were carried out
to delineate favourable aquifer zones around the village. The
interpretation of resistivity data indicates four layers of basaltic
formation upto 90m depth. Considering hydrogeological
conditions and geophysical results three suitable sites have
been selected for drilling bore wells up to a depth of 60m.

Groundwater flow direction and groundwater
modeling around SIIL plant, Tuticorin

At the request of Sterlite Industries India Ltd (SIIL), Tuticorin,
Tamilnadu a task to determine groundwater flow direction and
construct groundwater flow model around SIIL has been taken
up. The study area is about about 112 km2 , west of Tuticorin.
In order to assess the groundwater regime, well inventory had
been carried out in the area. The depth of wells in the area is
found to  vary from few meters to as deep as 70 m (bgl).
Groundwater occurs in the weathered and fractured zones of
gneisses, sandstone and in the sandy aquifers of coastal beach.
The variation in the depth to water level in the month of May
2006 has been found to be in the range of 1.1 to 15.35m (bgl).
In order to delineate aquifer system in the area, geoelectrical
soundings (33) have been carried out. The resistivity
interpretations were calibrated using the available lithologs in
the area. A comparison of resistivities obtained and existing
litholog shows the resistivity of top clayey soil to be about 36
Ωm which is about 2 m deep. The subsequent layer is highly
weathered calcareous layer of 22.0 Ωm followed by semi-
weathered layer of 392.0 Ωm. These values as well as the
resistivity sounding results were considered to arrive at
descriptions of possible subsurface strata in the study area.
Monitoring of water levels through selected observation wells
have been carried out. The rainfall data has also been
collected.

Feasibility of artificial recharge study through
mathematical  modeling in Kongal River basin, a hard
rock region in Nalgonda District

(Sponsored by INCOH)

Aquifer in the area has been simulated using USGS software
MODFLOW. The aquifer parameters have been derived from

the aquifer test and used as initial input parameters. Recharge
variation in the area has been considered in proportionate to
rainfall and tritium studies carried out during past. The
groundwater draft in the area has been estimated using actual
pumpage from wells monitored in few representative villages
and data on total irrigated land. The steady state model has
been configured using earliest water level data observed in 34
observation wells over an area of 180 km2. The calibrated graph
is shown in figure.3.7. The model was then further modified to

Fig. 3.7 Steady state calibrated graph of  calculated vs observed heads

achieve transient state. In the transient condition, the well
hydrographs have been used to validate the model. Several
runs have been made to achieve a close fit with observed
hydrographs. The validated model was then used to prognose
the response of the aquifer system against various scenarios
such as deficit rainfall, excess rainfall and impact of various
artificial recharge scheme on arresting declining water level in
the area. It has been found that the depletion in the groundwater
can be arrested even with additional 5% of recharge.
Considering such an increase in recharge through the existing
tanks, the model exhibits the arrest in the depletion of water
level and at some places even rise in the water level. A detailed
scheme has been prepared for implementation.

Rainfall runoff groundwatter dynamics in semi arid
region.
(Sponsored by INCID)

Hydrogeological investigations have been continued jointly with
CRIDA (Central Research Institute for Dry Land Agriculture,
Hyderabad, a ICAR Lab.) (Indian National Committee on
Drainage, Ministry of Water Resources). The study area is
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Kurmapalli watershed covering an area of about 100 sq km in
Nalgonda District (Andhra Pradesh). Aquifer tests have been
carried out to characterize aquifer system in the area. Detailed
survey has been carried out to collect groundwater draft in the
watershed. Various maps such as geology, geomorphology,
lineament, slop and drainage density have been prepared and
these have been integrated through the application of GIS to
get groundwater potential map. Further, this map has been
validated using the well yield data collected from field. In order
to simulate aquifer system in the area above information has
been used as input to conceptualize aquifer system in the area.

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

Detail geophysical, hydrogeological and hydrogeochemical
investigations have been carried out to delineate fresh water
and saline water zone on the island. The results have been
corroborated by other investigations such as detail chemical
analysis of groundwater samples. The following conclusions
have been drawn

The various plots for chemical analysis data clearly suggest
seawater ingress during non-monsoon period in the western
as well as eastern part of the Androth island.

Groundwater is also affected due to dissolution of calcium from
the coral soil and aquifer formation in the island

The western and eastern parts of the island where groundwater
quality begins to deteriorate during the non-monsoon period,
the aquifer system becomes more vulnaerable to seawater
ingress.

It is suggested to minimize the groundwater abstraction in these
zones and implement rainwater harvasting measures to
augment groundwater resources.

Considering the size of such islands, the characterization of
the aquifer system is vital for the management of fresh
groundwater. Conventional pumping test may not be possible
due to disturbance from the tidal waves. Further, withdrawal of
water may ignite sea water ingress. As an alternative, analysis
of tidal response (Fig.3.8) offers cost effective and
environmental friendly approach to aquifer characterization.
The analysis of tidal response on coral atoll has resulted into
aquifer parameters which have compared well with the results
obtained from pumping test data.

(VS Singh, V Ananda Rao, Ratnakar Dhakate, MRK Sarma,
NC Mondal, BC Negi, DP Seth, K Krishna, MV Nandakumar,
PT Varghese, M Dhanaraju, K Radha, Deepak Sarwade,
MP Kesari, R K Prasad, Somvir Singh, Pallavi Banerjee
and G Jaihind)

3.3 ISOTOPE AND TRACER TECHNIQUES FOR
EVALUATION OF NATURAL  RECHARGE

Natural recharge studies in Wailpally and Ghatiya
watersheds

Natural recharge studies were carried out in fluoride affected
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, mechanism and assessing the aquifer
potential. Integrated hydrological studies such as daily rainfall
monitoring, groundwater level monitoring through automatic
data logger, natural recharge measurements using tritium
injection technique, depth moisture measurements using
neutron moisture probe, water quality analysis, permeability
measurements, infiltration measurements using ring
infiltrometers were continued at selected recharge sites located
in different geomorphological unit in both the watersheds. The
studies were carried out in detail in Jangaon sub watershed in
Wailpally watershed and in Chak sub watershed in Ghatiya
watershed for 2006 monsoon. The interpretation of generated
data in Wailpally watershed located in semi arid granite terrain
region characterized by low to moderate rainfall for successive
years (2003-05) indicate that the natural recharge is low (less
than 5 % of rainfall) in areas of deep water table condition.
High recharge rate observed in valley fill and outcrop areas of
the catchment during normal rainfall years and significantly
high during excess rainfall years. High recharge in these years
also improves the quality of groundwater (reducing fluoride).
Secondary recharge due to surface storage structures and
stream flow is significant compared to recharge through soil
and unsaturated zone. The interpretation of generated data in
Ghatiya watershed  characterized by moderate rainfall and
having moderate water table condition during the period (2004-
05) indicates that the natural recharge is about 10 % of the
rainfall. The tritium profiles observed for 2005 monsoon season
are shown in figure 3.9.  Return flow due to groundwater applied
irrigation is significantly higher compared to natural recharge
takes place due to rainfall alone. Recharge due to rainfall and

Fig. 3.8 Tidal response to a well
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Fig. 3.9 Injected tritium profiles in Ghatiya watershed (rainfed, partially irrigated and fully irrigated sites) for 2005 monsoon

Fig. 3.10 Rainfall with respect to water level change at Dablagori site
in Ghatiya  watershed during 2004,05 and 06 monsoon seasons

applied irrigation is about 20 to 25 % of the total input. Rainfall
with respect to groundwater level change was observed at a
site in boundary of the Ghatiya watershed where significant
subsurface flow is possible is shown in figure 3.10. The natural
recharge due to 2006 monsoon was low (less than 5 %) in
Jangaon subwatershed in granite terrain due to sub normal
rainfall and very high in Chak subwatershed in basalt terrain
(> 25 %) due to above normal rainfall.

The studies indicate that water conservation and artificial
recharge measures can improve recharge to groundwater and
its quality improvement in low rainfall granite terrain. The recharge
structures suitable in granite areas are cascading check dams
across streams and percolation ponds in outcrop areas.
Innovative water conservation strategies and artificial recharge
measures is required for arresting the fast decline of water level
during dry period in moderate rainfall basalt terrain areas.

(R Rangarajan, D Muralidharan, NTV Prasada Rao, GBK
Shankar, SD Deshmukh, U Sathyanarayana, Rolland
Andrade, B Sattaiah, A Mohan Reddy and Khaja
Moinuddin)

Tracer studies in Sterlite Industries India Limited,
Tuticorin, Tamil Nadu

Injected tritium tracer technique for natural recharge

measurements and bore hole tracer experiments with chemical
tracers for determining the velocity of groundwater flow within
the premises area of Sterlite Industries India Limited, Tuticorin,
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Tamil Nadu. The studies were carried out as part of the detailed
hydrological investigations in the study area for understanding
groundwater flow direction and groundwater modeling around
SIIL plant. The tracer experiments involve evaluation of rainfall
recharge (natural primary recharge) in the study area and
groundwater velocity measurement at a selected site inside
the complex using Bromide as tracer. The tracer and
hydrogeological data obtained/ generated were used for
determining predominant direction of groundwater flow in the
campus and its natural velocity. Natural recharge caused by
seasonal (northeast monsoon) rainfall in the SIIL watershed
area varies from 15.5 mm to 107.2 mm with the average value
of 64 mm. This is equivalent to 10.9 % of the rainfall occurred
during the period of tracer injection and soil sample collection.

Bore hole tracer experiment was conducted at a site inside the
SIIL campus for determining groundwater flow velocity. The
experiment carried out in a bore hole located near SLF indicates
that the natural velocity of shallow groundwater flow in SIIL
complex near SLF during the experimental period is estimated
as about 0.037 m/d considering effective porosity of weathered
gneiss and charnockite formation as 5.8 % obtained using
tracer method.

(R  Rangarajan, VS  Singh, GBK Shankar, GK Hodlur and
A Mohan Reddy)

Hydrogeological and geophysical studies

Vertical electrical soundings carried out at eight sites near dug
wells in Ghatiya watershed, Ujjain district, Madhya Pradesh
and pumping tests carried out at the same sites was analyzed.
The data collected for six times within period of three years
(pre monsoon and post monsoon periods of every year). The
objective of the investigations is to find out a geophysical
anomaly to locate water table. Such an anomaly can facilitate
location of water table in areas, which do not have a hydro
geological observation point (dug well or borehole), to monitor
the fluctuation of water table. This becomes an important input,
which can improve and update the hydro geological data
interpretation. The investigation is attempted to find out a
reliable quantitative relation between the interpreted
geophysical parameters and the aquifer parameters.

Vertical electrical sounding data acquired at 55 sites and
interpreted electrical borehole log data acquired at four sites
for a study area was analyzed. The objective of the analyses
was to improve the interpretation technique for the resolution
of coastal aquifers, which often are eclipsed by ambiguities
and uncertainties particularly with the widely used resistivity
data interpretation.

Geophysical data (vertical electrical sounding) acquired at
thirteen sites and electrical borehole log data acquired at four
sites in Mahanadi basin was analyzed to develop reliable data
analyses system, which can resolve the fresh and the saline
aquifers more reliably compared to the present status of
resolution exclusively by interpretation of vertical electrical
sounding data. Data of natural recharge estimated by injected
tritium technique in two areas 1) Lower Manner basin located
in Andhra pradesh (exposed by sedimentary and igneous
formations) and 2) Godavari Purna basin located in the state
of Maharashtra (exposed by Basalts) at about 40 sites in total
was compared with the geophysical parameters namely the
longitudinal unit conductance obtained by carrying out
resistively data interpretation. Existence of a significant
qualitative relation between the geophysical and the most
important hydro geological parameter of natural recharge has
been demonstrated.

(GK Hodlur, GBK Shankar and Ratnakar Dhakate)

3.3.1WATER HARVESTING AND ARTIFICIAL
RECHARGE

Wailpally watershed, Nalgonda District, AP

The source created through rainwater harvesting and artificial
recharge for supply of safe drinking water to more than 10000
people in Wailpally watershed is found to be sustainable in
quality with a fluoride level of 0.7 ppm in summer months and
less than 0.3 ppm in rainy and post-monsoon months.  The
Panchayath Raj Engineering Department,  Government of A.P.
proposed to utilize the source created during 2007.  In order to
sustain the quantity of safe groundwater, a sub-surface barrier
(Fig.3.11) was constructed downstream of source well at a
distance of 120 m to retard the groundwater outflow from the
source well region.  The water level monitoring has shown that

Fig. 3.11 Sub-surface barrier constructed at artificial recharge site in
Wailpally  watershed
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the trend in decline of water level was significantly reduced
after the construction of sub-surface barrier showing
effectiveness of the barrier.

Dr.Anil Kakodakar, Chairman and members of Research
Council of National Geophysical Research Institute visited
Pallagattu Tanda artificial recharge site on September 7, 2006
and had discussions with the team members and beneficiary
villagers.

Ghatia watershed, Ujjain District, MP

An area of 12 Sq. Kms. covering Chak and Jalwa villages within
Ghatia watershed was studied in detail for its hydrogeological
and agricultural practices.  Based on the studies, three
rainwater harvesting structures and artificial recharge strategies
were designed and implemented with the help of local
Panchayath Office for evaluation.  Among the three strategies
grounded, two of them are the conventional check dam and
in-tank borehole recharge method (Fig 3.12) and the third was
‘Levee’ which is check the runoff  in a stream during monsoon
months so that the draining of surface water from the area is
delayed (Fig 3.13). The effectiveness of these structures is
monitored in 36 agriculture dug wells in the study area. The
dug well performance analysis indicated that the well in the
influence area of artificial recharge structure requires 1140
minutes of pumping to make a drawdown of 1 meter in the well
when compared to a dug well pumping outside the recharge
influence area requires only 45 minutes for the same drawdown.
Similarly, the recuperation also indicated greater benefit due
to artificial recharge structures. The analysis on drawdown and
recovery relation with time is schematically presented in figure
3.14. After the implementation of artificial recharge structures
during 2006, the net area sown with wheat and pulses is about
260 hectares which is double of the previous years of cultivation.
The opinion of beneficiary farmers on the impact of artificial
recharge in their cultivation was received.

Fig. 3.12 In-tank borehole recharge for recharging deeper aquifers at
Ghatia watershed

Based on infiltration studies conducted at the artificial recharge
sites, it has been found that the infiltration rate increases by
ten folds if the top clay is removed for about 60-90 cm.
Sedimentation in ponding area of water harvesting structure is
unavoidable and the long term studies indicated that the
percolation rate decreases over the time due to settling of silt
in storage area of these structures.  This is more significant in
basaltic terrain where the clayey soils are being eroded from
the catchment and getting accumulated in the storage area.
Process of periodical de-silting to revive the percolation
efficiency is however found to be difficult in rural areas. In order
to overcome this known constrain of poor permeable clayey
soil getting accumulated, new design of check dam was evolved
and being implemented in Ghatiya watershed for the first time
in International Hydrological Programs. After evaluation and
validation, the design will be patented.

Fig. 3.14 Dug well performance analysis showing the influence of
artificial recharge in Ghatia watershed

Fig. 3.13 ‘Levees’ in retardation of  surface runoff  at Ghatia watershed

(D Muralidharan, SD Deshmukh, U Sathyanarayana,
Rolland Andrade, Lakshmi Janakiraman, A Mohan Reddy
and B Sathiah)
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3.4 LONG-TERM MANAGEMENT OF GROUND-
WATER IN HARD ROCK AQUIFERS INCLUDING
RESOURCE AUGMENTATION AND
GROUNDWATER PROTECTION FROM
GEOCHEMICAL CONTAMINATION

Maheshwaram watershed

Real time kinematics survey was carried out using differential
GPS (Trimble R7) at IFP-1 quartz reef at Maheshwaram
watershed covering the sufficient area to represent topographic
elevation. Data was used to prepare the topographic contour
maps of sites which are found varying from 593 m to 609 m
amsl (Fig.3.15). Site is quite complex because of near by
parallel traverses of dolerite dyke. Electrical resistivity
tomography (ERT) has been carried out to understand the
association of reef with the granite host medium. The ERT
profile MN crosses at the tapering portion of quartz reef.
However, quartz reef impression can be seen as high resistivity
(at 120 m of MN profile) surrounded by low resistivity. Further
right side a high resistivity vertical anomaly can be seen at 180
m of ERT profile, which is the impression of resistive dolerite

dyke. Study reveals that  although dolerite dyke and quartz
reef both are intrusive but have different characteristics for
groundwater occurrences. Quartz reef is found potential for
groundwater occurrences probably due to its crystallographic
structures and being more susceptible for fissuring, which
facilitated to percolate water and hence further creates
weathering and fissuring.

Electrical resistivity logging was carried out in the borewells
over and around the quart reef near Kothur using electrical
logger fabricated at IFCGR in association with Indo-French
Centre at I.I.Sc., Bangalore. The unit uses the Pole-Pole
configuration. Resistivity logging has shown deepening of the
basement towards the contact (Fig.3.16a) of the quartz reef.
The logs IFP-30/2 and IFP-30/5 have shown basement at 35m
and 38m respectively and IFP-30/3 and IFP-30/4 had shown
34m and 30.5m respectively indicating deeper levels of
basement towards the quartz reef. Though IFP-30/1, falling
just at the center of the quartz vein was drilled up to ~ 90m
deep, could not touch the basement that can be seen in the
litho log and also was confirmed by resistivity log. Although,
resistivity of quartz basement is expected to be more than 4000

Fig. 3.15 Topographical contour map of  IFP-1 Quartz reef  site (above) and ERT image across MN running across the reef  (below)



Annual Report 2006-2007

55

Ωm because of its mineralogy, hardly around 300 Ωm resistivity
was measured even up to the bottom of IFP-30/1 well.
Resistivity of 300 Ωm is the indication of weathered-fissured
formation. Same result has been reflected in the litholog too.
Yields of the bore wells were found well corroborating with the
above results, however yield was found more towards north
as aquifer thickness is comparatively higher as well as resistivity
is low that is the indication of more degree of weathering and
fissuring (Fig.3.16b). Wells IFP-30/5 and IFP-30/9 have shown
the basement depth at 38m and 52.5m respectively. Few wells
at the contact zones like IFP-30/11, 30/9 and 30/5 have
confirmed deepening of weathering-fissuring front on either
side of the quartz reef intrusion. The bore wells IFP-30/4, 30/5
and 30/11 falling on the contact zone have shown yield 7.5, 8,
and 10.85 m3/h respectively. The bore well IFP-30/10 lying

over the quartz reef has shown highest yield (i.e.18 m3/h)
among all because of its cutting through highly weak zone.

Ghatiya watershed

Based on the resistivity studies, borewells were drilled at 15
locations. Results of resistivity imaging indicate that the
subsurface consist of 6 to 7 geoelctric layers up to a depth of
about 100 m and gave good correlation with drilling data. The
drilling of bore wells was carried out up to a maximum depth of
285 feet and the drilling results indicate that there exist 2 to 3
lava flows in this area. Clay beds are (Malagar in local language)
encountered at a number of places and is the major hindrance
in deep drilling because the clay beds increase the chances of
collapsing. The groundwater potential of the area appeared to
be very low. The yield of most of the wells varied from 0.25
inch to 1 inch when measured with a 90° V-notch during airlift.
Big difference between the pre-monsoon and post-monsoon
water levels exists which can be explained by a multilayered
aquifer system. Dug wells are tapping the groundwater of the
first aquifer, which gets dried up in the summer season due to
limited storage. Bore wells are tapping the deeper aquifers but
are not very productive due to limited rainfall recharge.
Resistivity ranges could be ascertained to different layers such
weathered, fractured and massive basalts. Magnetic
susceptibility measurements were carried out on the cutting
samples collected while drilling using Kappameter KT6. These
measurements clearly demarcated the weathered basalts from
the massive ones showing high susceptibility values over hard
basalts (Fig.3.17). The litholog, resistivity and magnetic

Fig.3.16  Resistivity logs of  wells (a)IFP 30/2, 30/5, 30/1, 30/3 and
30/4 running across the quartz reef  and (b) IFP 30/5 and
30/9 running along the quartz reef  along with the ERT

Fig. 3.17 Comparison of  resistivity, magnetic susceptibility with
lithology at DB1
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that is not visible but may occur as the groundwater at places
have Fluoride beyond the permissible limits.

Water spurting sites near Tandur, RR District AP

ERT and IP surveys were carried out in two water-oozing areas
to see the phenomenon in this period. Results of the earlier
and present studies conclude that the water oozing
phenomenon is a hydrological activity and not related to the
December 26th 2004 tsunami event.

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

3.5 DELINEATION OF GROUNDWATER POTENTIAL
ZONE IN DECCAN TRAP COVERED PRANHITA–
GODAVARI RIFT ZONE AND DEVELOPMENT OF
GROUNDWATER FLOW MODELS

Reconnaisssance Survey

The Pranhita-Godavari Rift (PGR) is located on a paleo-suture
between the Dharwar and Baster proto - cratons. The PGR
extends from the present eastern coast of India towards north-
west beyond Wardha beneath Deccan traps. Delineation of
sub-trappean sedimentary formations and tectonic features
favourable for groundwater occurence is required for
development and management of groundwater resources in
trap covered regions.  Reconnaissance survey has been carried
out in the region bounded by Kalmeshwar-Dorli in north and
Bazargoan – Ketapar in south.  The sites have been identified
to carry out electrical survey for above said purpose.

Fig. 3.18 Correlation of  magnetic susceptibility with litho log of
borewell DB1, Ghatiya watershed

susceptibility logs have been corroborating with each other and
reveals that even magnetic susceptibility also could be used
to map the magnetic body as well as weathered portion
particularly the zone between different flows. Or in other words,
it is a very useful tool to map the different flows. Figure 3.18
shows the magnetic susceptibility profile corresponding to the
litholog at well no L9.

A survey was also carried out to analyze the cropping pattern
and estimate the total withdrawal using the crop requirement.
Based on the above information, a conceptual model of the
aquifer system was prepared for this area.

Under the project SUSTWATER that was started from April 1,
2006 a new watershed in the Gajwel Mandal is taken for the
study. The Decision Support Tool for Groundwater
Management developed and applied in Maheshwaram has
been the result of extensive research and data collection. It
was therefore thought firstly to transfer the technologies
developed to the user organization and secondly to develop
the DST for a new area and in a practical way viz., without
extensive and additional data collection. Gajwel watershed has
an area of about 75 Km2 and is lying at the boundary of the
Krishna and Godavari basins in the Medak District (Fig. 3.19).
Monitoring wells for water levels are selected (a network of 40
wells from the abandoned wells) for water level measurements.
DEM and basic geological as well as socio-economic survey
is completed. A special drive was made to collect the health
history of the local people to assess the chances of Fluorosis

Fig. 3.19 Gajwel watershed, DEM, villages and location of  the
monitoring wells
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Development of groundwater flow model

Irrigation is applied intermittently in many parts of the arid and
semi-arid regions to increase the production of food grains. In
regions having water table at shallower depth, recharging of
aquifer due to return flow from irrigation leads to the growth of
water table near to the ground surface. This causes problems
like water logging, soil salinity etc. These problems can be
alleviated or at least minimized to a certain extent by the
implementation of proper drainage schemes for which a better
understanding of the spatio-temporal variation of the water table
in response to intermittently applied recharge is very essential.
The rate of recharge is known to vary with time due to several
factors such as dispersion and swelling of the soil particles,
displacement of entrapped air from soil pores, and sediment
and biological clogging of the soil’s pores. A mathematical
model has been developed to predict the variation of the water
table due to intermittently applied transient recharge to a sloping
aquifer which is subjected to drainage along two parallel
ditches.  The rate of recharge is approximated by a number of
linear elements of different lengths and slopes.  The advantage
of this scheme of recharge approximation is that any type of
variation in the recharge rate for any number of cycles of
recharge can be approximated with the help of the required
number of linear elements of different lengths and slopes
depending on the nature of variation in the recharge rates.
This reduces uncertainty in the approximation of recharge rates
which in turn reduces uncertainty in water table prediction.
Application of this model for the prediction of water table
fluctuations is demonstrated with the help of a numerical
example. Numerical results reveal that variation in the rate of
recharge has significant effect on water table variation and
should be taken into account in modeling of groundwater
response.

(SN  Rai, V Ananda Rao, A  Manglik, S Thiagarajan
and P  Banerjee)

3.6 EXPLORATION OF GROUND WATER IN HARD
ROCK USING MASW AND GPR TECHNIQUES

Generally in hard rock areas ground water is controlled by
secondary porosity i.e. vertical and horizontal joints, fractures,
and cavities. Identification of these zones in the subsurface
will be helpful to augment the drinking water supply. To identify
the structures favorable for ground water accumlation
Multichannel Analysis of Surface Waves (MASW) and Ground
Penetrating Radar (GPR) techniques were employed in hard
rock terrains. Based on the surface geological features, nine
sites in Wailpally and seven sites in Ghatia area were selected,
to delineate soil zones, weathered zones and massive basalt /
granite and fracture, shear zones.

MASW is a one of the new seismic prospecting method, which
generates a shear wave velocity image verses depth, by
analyzing surface waves (Raleigh waves) on a multi-channel
record.

GPR is a relatively new electromagnetic method used to detect
shallow sub-surface structure and buried objects. A radar
system transmits electromagnetic impulse energy into the
ground via an antenna that also receives reflections from
subsurface targets. In real time, while the antenna is being
towed across the earths surface (either manually or by a
vehicle), data indicating the presence of both man-made and
natural subsurface features and it is processed and presented
in form of image. In this survey 100MHz and 400MHz antennae
are utilized.

Wailpally watershed situated in granite terrain is located ~75-
km ESE of Hyderabad city. Shear wave velocity section of the
Wailpally watershed area shown in figure 3.20. It can be inferred
from this section that, the unaltered granite basement, its
weathering cap and soil cover of varying consolidation are
characterized by S-wave velocity of >750 m s-1, 750-350 m s-1

Fig. 3.20 Shear wave velocity field showing the locations of  shear zone/fracture in the shallow granite basement



NGRI

58

and 350-200 m s-1 respectively. The soil cover, weathering cap
and hard rocks occur successively from the top to bottom. Shear
zones and fractures are characterized by low velocity vertical
zones cutting across the high velocity hard rocks. It is inferred
from the radar image as shown in figure 3.21. The depth of
topsoil is up to the depth of ~7 m, the thickness of weathered
zone is ~5 m from the top soil and the depth of bed rock is 15
m from the surface.

Ghatia watershed in basaltic terrain is located ~40-km
NE of Ujjain of MP State. The shear wave image (Fig 3.22) in
Ghatia watershed area reveals; ~250 m/s shear wave velocity
at a depth of 5m from the surface, corresponding to top soil.

The velocity range from 400-450 m/s, between 5 m to 13m
depth indicates the weathered basalt. The depth of massive
basalt is 15 m from the surface with velocity ranges of 700-
800m/sec and more. Low velocity zones of 2D shear wave
image are expected to be the expressions of fractures/joints in
the sub surface. The radar data after processing is presented
in the form of depth section (Fig 3.23). The subsurface strata
can be inferred from the radar section. The thickness of the
topsoil is ~2m from the surface. The depth of weathered basalt
is ~5m.

(T Seshunarayana, Y Ramamohana Rao, P Senthil Kumar,
K Stish Kumar, M Sri Hari Rao  and S Deenanath)

Fig. 3.21 Radar image showing weathered  granite in Wailpally watershed area

Fig. 3.23 Radar image showing weathered and massive basalt in Ghatia watershed area

Fig. 3.22 Shear wave velocity image showing the fracture in the shallow basaltic basement
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