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4.0 ELECTRICAL RESISTIVITY IMAGING AND
ELECTRICAL LOGGING AT GAJWEL WATERSHED

In the present study (Sangapur Tank area, Gajwel watershed,
Medak district AP), Electrical Resistivity Imaging (ERI) was
carried out at 5 sites and covered 8 profiles using Wenner-
Schlumberger (W-S) and Dipole-Dipole configurations
employing 48 electrodes with 10 m inter-electrode spacing  It
was carried out from upstream to downstream side in order to
map the possible signature of dyke within the host rock granite.
At one site the results of ERT (Fig.4.1) and resistivity logging
(Fig.4.2) is presented below :

Fig.4.1  Resistivity Imaging L2 W-S 2D section near SP1

Fig.4.2 Resistivity log at Borewell site SP-1 along with their corresponding litholog

This W-S profile was laid in N-S direction (Fig.4.1). The 2D
true resistivity section shows a typical oval structure at a depth
of 32 m at X= 210 m and is intruding towards surface from
the deeper depth with a resistivity of ∼1500 Ohm-m (Fig.4.1).
The oval structure is clearly indicating the dolerite dyke as is

seen in the XZ plane. 2D resistivity section shows the dyke is
penetrating from deeper depth with a resistivity of about
1500-2500 Ohm-m. Near the surface, the weathered dyke
presents a lower resistivity than the surrounding granite. The
indication of dyke in ERT result was latter confirmed by logging.

At Borewell SP1, the resistivity logging was carried out from a
depth of 3 m to 40.5 m at an interval of 0.5 m as shown in fig
4.2. At 14 m the log shows a rapid decrease in resistivity,
which corresponds to the first water bearing fracture hit at the
time of drilling (Fig 4.2). Further decrease in resistivity from
700 Ohm-m to 220 Ohm-m at a depth of 15.5 m to 16.0 m
indicates the major change in formation which corresponds to
the highly weathered dolerite dyke observed from drill cuttings.
The log shows a variation in resistivity of the order of 300
Ohm-m to 800 Ohm-m from a depth of 17.5 m to 30 m, which
is the same dolerite dyke but comparatively more compact.
Further an increase in resistivity from 700 Ohm-m to about
2470 Ohm-m corresponding to a depth of 30.5 m to 36 m.
Deeper a small kink observed with a fall in resistivity value
reflecting another major change of formation and from 39 m
downward the resistivity is almost constant (i.e., 1000
Ohm-m) till the bottom end of the log, which confirms the
basement rock.

4.1 DEEP RESISTIVITY SOUNDING (DRS) AND
CONTROLLED SOURCE AUDIO MAGNETO-
TELLURIC (CSAMT) STUDIES IN SIKAR
DIST,RAJASTHAN FOR GROUND WATER
EXPLORATION

Deep Resistivity Sounding (DRS) & Controlled Source Audio
Magnetotelluric (CSAMT) surveys were conducted to explore
possible groundwater resources in four selected blocks in and
around Khandela area, Sikar District, Rajasthan to meet the
requirement for miming/milling activities at Rohil Uranium
Deposit. A total of 42 Deep Resistivity soundings were
conducted at selected locations covering the four said blocks
Z1, Z2, Z3, and Z5 (Fig.4.3).

Fig.4.3 Location map of Z1, Z2, Z3, and Z5 blocks in and around Khandela
area, Rajasthan.
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The observed apparent resistivity sounding curves were
analyzed both qualitatively and quantitatively. Q-factor analysis
of each block along selected traverses remarkably brought
out the nature of deep basement fractures and fault zones
(Fig. 4.4).

Inversion code that yields a continuous true resistivity-depth
profile is used to optimize the apparent resistivity data (Fig.4.5).
The integration of both qualitative and quantitative analyses
results in the identification of deep-seated basement fractures
at Z2-11 and Z3-09. Boreholes are recommended at these

locations up to a depth of 400 m bgl.

Fig.4.4  Q-factors along the traverse connecting DRS stations 11-2-6-8-10,
Z2 Block

Thick column of river alluvium of about 20 m is found at Z1-10
on the upstream of a dolerite dyke that runs across the
Kanawat River. A ring well of 10-12 m dia is recommended at
Z1-10 up to a depth of 20 m to tap the base flow of groundwater.
As the mining activity at Rohil deposit is likely to continue for
about 13-15 years and also it is likely that the yield of
groundwater in river alluvium along the river course may be
more due to considerable recharge during monsoon times.

(V. Chakravarthi, G. Ashok babu, B. Veeraiah,
A. Ramakonda Reddy)

Fig. 4.5   Interpretation of resistivity sounding data at DRS 11, Z2 Block

4.2 STUDY OF GRAVITY ANOMALY TRENDS OF
SAURASHTRA WITH REFERENCE TO THEIR
GROUNDWATER POTENTIAL

The Bouguer anomaly map of Saurashtra reveals a number
of significant linear trends among which N-S gradient is
conspicuous.(Fig 4.6) Study of land sat imageries of this region
revealed four major structural trends coinciding with
Precambrian Aravali trend (NE-SW), Precambrian Narmada
Son trend (roughly E-W), trend parallel to west coast (NW-
SE) and parallel to Cambay graben (N-S).  It is interesting to
note that N-S trends usually occur in pairs indicating fracture
zones while the E-W trends coincide with a number of dykes
and intrusives.It is further observed that  after removing the
contribution the deeper features, the residual gravity anomaly
map reveals a number of gradients showing a better correlation
with lineaments on imageries than the Bouguer anomaly map.
Similar to the lineament trends on the remote sensing maps,
the drainage pattern of Saurashtra shows predominantly
NE-SW, E-W and N-S trends. The N-S trending lineaments
which appear to be controlled by Cambay rift and trends
associated with the gravity gradients have revealed zones of
relatively higher ground water yield of 300-580 Cu.m/day
coinciding with the layers of 10-30 Ùm resistivity for the aquifer
in the trap terrain as revealed by the resistivity soundings
around the existing wells. These potential aquifer zones were
struck at a depth of more than 100 meters in the close proximity
of the lineaments, which suggests that these are fracture
lineaments. The area occupied by dykes showed lesser yields
(25 to 150 Cu.m/day) at majority of locations even though the
wells were drilled upto a depth of 360 to 450 meters suggesting
that these dykes act as barriers to ground water flow. Taking a
clue from the above studies, gravity anomaly maps are utilized
to narrow down the areas for further investigation using resistivity
methods for delineating ground water potential zones.  These
studies clearly reveal that the N-S lineaments show higher
prospects of groundwater potential. Based on the above studies,
a few more pockets are identified for future exploration.

Fig. 4.6 Residual gravity anomaly map of Saurashtra, gravity gradients marked
with the white dotted lines show good correlation with lineaments
L4, L8 and L9 revealed on the remote sensing maps.

(M.R.K. Prabhakara Rao, B.Singh)
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4.3 ISOTOPIC AND GEOCHEMICAL INVESTIGATIONS IN
THE COASTAL AQUIFERS

Dune field along the coast of Ongole district is selected as the
study area. The coastal sand dunes cover about 4 X 12 sq km
with a maximum dune height of 6 m above sea level. Rainfall
in the area is about 500 - 700 mm/yr. Groundwater level in the
central part of the dunes is higher and decreases towards
east and west. However, the information collected from the
farmers regarding the groundwater history of the area indicates
that farmers used to collect the water for growing the
vegetables by making small trenches before the bore well
culture. However, since last 10 -15 years several filter points
were made and groundwater being pumped using the
centrifugal pumps. Exploitation of groundwater increased
enormously for agricultural activity.

Groundwater samples were collected in traverses (Fig. 4.7)
for chemical and isotopic measurements. Traverses were
made along and across the dunes. The chemical quality of
the water indicates the fresh water conditions (TDS <500
mg/l) exists in almost the entire area with fresh rainfall
recharge. However, in the eastern and western margins of
the dunes the TDS increased to >1000 mg/l. The high salinity
patches (>2000 mg/l TDS) shows marginal seawater
ingression either from sea in the east or saline zone in west.

Fig. 4.7 The areas coastal sand dunes along the coast in Prakasham dist.
A.P. The quality of groundwater (TDS mg/l) in the across the Sand
dunes shown in three traverses

(D.V. Reddy, P. Nagabhushanam, Devender Kumar, Syed
Hussain, M.S. Bhagyavati)

4.4 SUSTAINABLE DEVELOPMENT AND MANAGEMENT
OF WATER RESOURCES IN DIFFERENT
PROBLEMATIC TERRAIN.

Strategy Develo-pment for Revival of Defunct Minor
Irrigation Tanks

Baseline geohydrological studies were conducted over a
defunct minor irrigation tank of more than 150 years old near
Mallireddivandlapalle village in Anantapur district of Andhra
Pradesh State to develop strategies for revival of minor
irrigation tank based irrigation practices.  As part of base line
studies, ground magnetic survey along several profile lines
within the tank bed area was conducted and an integrated
magnetic susceptibility image of the tank bed and its
surrounding areas was generated (Fig.4.8). The image
explicitly depicted linear features of high and low magnetic
intensity in the direction of NE-SW passing through the
irrigation tank.

The magnetic low lying in the middle of the irrigation tank
probably represents a structurally weak zone through which
groundwater movement may be taking place.  In order to
ascertain the inference, a borehole to a depth of 40 m was
drilled and the drilling operation encountered three distinct
fracture zones at different depths and the yield from these
aquifer zones is about 6000 litres per hour.  The occurrence
of two magnetic highs on northern and southern boundaries
of the tank with a depleted magnetic zone occupying the central

Fig.4.8 Total Magnetic Intensity Image of minor irrigation tank and surrounding
areas
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part of the tank supports the rejuvenating strategy of the
irrigation tank efficiency by restricting the water spread area
to minimize the evaporation loss. However, the percolation
efficiency of the magnetically depleted zone is yet to be
ascertained by injected tritium studies and presence of fracture
zones demanded measures for dovetailing the surface &
groundwater utilization for supporting irrigation in  the
command area agricultural activities.

Silt accumulation in tanks has been one of the main causes
attributable to the decline in the function of irrigation system.
Since the tank under study is silted and the study area is
influenced with high fluoride, a study was initiated to determine
the leachable fluoride content of the silt before developing a
strategy for disposal of excavated silts.  Four sites were
selected within the irrigation tank bed area and soil core at
every 10 cm depth interval were collected at each site.  The
depth of soil core collection at each site varied on the silt
thickness available. The total leachable fluoride content of silt
to the depth collected at each site amount to 100 to 300 ppm
indicating enormous amount of trapped fluoride in the tank
soil.  High order of leachable fluoride is found to be associated
with the soil core sections between 20-50 cms.  Safe disposal
of silt through manufacturing of brick using the excavated silts
with the help of local people is being planned.

(D.Muralidharan, S.D.Deshmukh, U.Sathyanarayana,
Rolland Andrade, Kamle Anand, B.Karunakar Gowd,
T.Sirisha and A.Mohan Reddy)

4.4.1 Integrated approach for hydrogeological
management at Tummalapalle Uranium  Project are
in Cuddapah district, Andhra Pradesh

Integrated geohydrological studies carried out for
characterizing the proposed tailings pond and its surrounding
areas of Tummalapalle Uranium Mining activity suggested that
the tailings pond is confined by concealed basic dykes of
considerable width on either side facilitating a condition for a
long term storage of mining waste over the area without
endangering the environment. (Fig 4.9)

The application of various geophysical methods and test drilling
over the tailings pond area enabled in suggesting suitable
location for the tailings pond dam axis and its design
consideration.  In order to understand the influence of tailings
stored in the pond on the environment, a study proposal has
been suggested to create a compartmental storage within the
tailings pond.  In order to prevent the seepage of tailings above
the surface through bedding planes and structurally weaker
zones on the boundary hillocks, clay blanketing was suggested
with creative design.

The tailings pond watershed studies through regional magnetic
survey and exploratory borehole drillings further ascertained
that the areas downstream of tailings pond are more complex
in nature and the aquifer systems are mostly of independent
in nature.  Dating of groundwater and its isotopic nature are
being studied to further confirm its independency.  Resistivity
imaging studies were carried out facilitating the mine decline
construction. (Fig 4.10).

Fig 4.9 Total Magnetic Intensity Image of Tummalapalle Tailings Pond and
southern part

(D.Muralidharan, S.D.Deshmukh, U.Sathyanarayana,
Rolland Andrade, Kamle Anand, R.Sathish, D.N.V.Lakshmi
Devi, Lakshmi Janakiraman and B.Sathiah)

Fig 4.10. Total Magnetic profile across Lower Cuddapah group of rocks
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4.4.2 Water and solute movement studies for sustainable
agriculture

Integrated studies comprising hydrological, hydrogeological,
hydrochemical, geophysical and tracer studies are undertaken
in overexploited alluvial formations  in Ludhiana district, Punjab,
for evaluating and understanding the process of irrigation
return flow. Six experimental sites were selected within Punjab
Agricultural University campus (1200 acres area), having
different hydrogeological conditions, crop types and irrigation
practices. At each of these sites i) bore holes were made up
to maximum depth of 200 ft, slim holes were made up to

maximum depths of 100 ft and access tubes were installed,
ii) water level loggers were installed for monitoring water level
and conductivity change,  iii) depth soil moisture were
measured using neutron moisture probe at different time
interval, iv) Tritium tracer was injected at different depths for
evaluating change in shallow moisture influx and v) Resistivity

Fig 4.11. Field monitoring for generating hydrogeological parameters at the
experimental site in PAU, Ludhiana, Punjab

images were taken for knowing vadoze zone and aquifer
characteristics, using Resistivity imaging system, vi) water
samples collected at selected well locations for stable isotope
and chemical analysis, vii) grain size analysis of depth
samples. The initial analysis shows small change in
groundwater level, change in depth moisture content and
tritium tracer movement in the unsaturated zone during the
period of monsoon and irrigation. Initial analysis of collected
data shows that the vertical movement is significant at sites
having sandy soil in the shallow zone compared to silty soils
up to the depth of 10 mts. Fig. 4.11 shows field monitoring for
generating saturated and unsaturated hydrogeological
parameters and Fig. 4.12 shows Tritium, depth moisture
profiles, litholog and water level change observed at one of
the experimental site.

Fig 4.12. Litholog, water level, depth moisture and tritium profiles at the
experimental site

(R.Rangarajan,  D. Muralidharan, G.B.K. Shankar,
U. Satyanarayana, K. Rajeshwar, Deepak, A. Mohan Reddy
and Khaja Moinuddin)

4.4.3 Tracer studies at Kakrapar Atomic Power Station,
Surat district, Gujarat

Tracer studies involving natural recharge rate, velocity and
direction of groundwater flow, hydrogeological monitoring such
as water level change, bore hole litho log analysis and soil
hydraulic properties measurements such as saturated
permeability of shallow soil zone, grain size analysis were
undertaken within the campus area of KAPS as part of the
project studies for evaluation of saturated and unsaturated
hydrogeological parameters. The studies were carried out
under the project on “Groundwater data generation at
Kakrapar” financially supported by BARC, Mumbai. The data
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Fig.4.13 Location map of study area SIPCOT, Cuddalore, Tamilnadu

4.4.7 Relation between natural recharge, displacement
and volume moisture content

Natural recharge data at 12 sites in Lower Maner Basin, A.P.
and 12 sites at Shahdol district, M.P. were analysed. The
relation between displacement and recharge and displacement
and volume moisture content were worked out. Empirical
relations existing between above said parameters were
illustrated through correlation. Significant of such relation in
updating the computation of natural recharge in watersheds,
groundwater basins etc are illustrated.

(G.K. Hodlur, Ratnaker Dakate)

4.5 MICRO LEVEL GROUNDWATER QUALITY/
GROUNDWATER MOVEMENT IN SIPCOT
CUDDALORE, TAMILNADU

To understand the Micro-level groundwater quality and extent
of pollution and subsurface conditions in and around SIPCOT
industrial area, NGRI has carried out Hydrological,
Geophysical and Geochemical studies.Topographically, the
area is sloping from West to East with the surface elevation
varying from 0.5 to 8 m above ground level. The study area is
drained by Uppanar River flowing to the North along the sea
coast(Fig4.13). Good quality water that was earlier available
at 30 feet or less is now difficult to find even at 800 feet,
according to SIPCOT residents.

generated will be used for development of predictive surface
and groundwater model at the plant site with the objective of
determining the site safety and environment impact.

(R. Rangarajan, V.S. Singh, G.B.K. Shankar, K. Rajeshwar
and Deepak)

4.4.4  Tracer studies in NGRI rain garden area

Static water level monitoring in bore holes and depth moisture
measurements in slim holes are being done at regular interval
of time to study the impact of rain garden system on
groundwater recharge and soil moisture increment during 2008
monsoon. Daily rainfall was continuously monitored using
normal and automatic raingauges. Soil hydraulic properties
such as saturated permeability and grain size analysis are
carried out.

(R. Rangarajan, G.B.K. Shankar, K. Rajeshwar and Deepak)

4.4.5 Natural recharge studies in Madharam watershed,
Mahboobnagar district, A.P.

Natural recharge studies using tracer techniques are being
carried out in Madharam watershed in Mahboobnagar district,
A.P. situated in granite terrain. The studies undertaken by NGRI
and CGWB, Hyderabad is a part of research activity in refining
hydrogeological parameters for proper assessment of ground
water reserves in over exploited hard rock granite terrain.
Tritium tracer was injected at 6 experimental sites with different
crop types. Soil samples were collected from the tritium sites
for estimation of irrigation return flow in different crop types.

(R. Rangarajan, G.B.K. Shankar, K. Rajeshwar, Deepak and
A. Mohan Reddy)

4.4.6 Bore hole tracer studies at Ranipettai, Vellore
district, Tamil Nadu

The tracer data obtained from effluent flow experiment and
bore hole tracer experiments carried out at selected sites in
and around TCCL factory near Ranipettai were analysed and
interpreted for determining velocity of groundwater flow and
hydraulic connectivity across natural barrier. This is a part of
the integrated hydrogeological studies carried out in the area
for understanding chromium pollution migration in aquifer zone
from the dump site within the factory premises and measures
for its control. Actual velocity of groundwater flow was
estimated at the experimental sites using tracer data and
effective porosity of aquifer formations. A technical report was
brought out based on the tracer studies carried out.

(R. Rangarajan and S. Sankaran ) To decipher the subsurface geology and delineate the
structural features if any, demarcate high conductive/
contaminated zones, a total of 24 Vertical Electrical Soundings
(VES), 8 Multi-Electrode Resistivity Imaging (MERI) and Self
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Potential (SP) at 3 locations were carried out in and around
the existing industries of SIPCOT Cuddalore.

The SP profiles carried out west side opposite to Tagros clearly
indicate the high conductive zones with negative SP
anomalies. In general the shallow subsurface may reflect saline
nature in the SP survey, these areas reflected higher
conductivities which can be attributed to subsurface pollution.
The SP anomalies are shown in (Fig. 4.14a) which are verified
with VES profiling and Multi electrode resistivity imagings
(Fig.4.14b & 4.14c)

Fig.4.14  (a)  Contours of SP west of Tagros

4.14 (b) Resistivity Section East of Road along the SIPCOT Units, Cuddalore

4.14(c)  MERI at north of Tagros

In general the slope is towards the coast in the East and down
Stream of Uppannar River. The maximum elevation in the study
area is 8m and Uppannar is 4m (AMSL) in the south and 1m
(AMSL) in the north.

NGRI established a total of 125 monitoring wells in the study
area for monitoring pre and post monsoon water level and
topographic elevation were measured at these locations.
Based on the water levels monitored during January and June
2008, the depth to water level in the area is around 1-10m
below ground level. In general the groundwater flow direction
is from West to East and follows the topography. The chemistry
of the water samples, pre and post monsoon, shows that TDS
of all the water samples is exceeded the maximum permissible
limit (WHO stds.). However the concentration of post monsoon
water samples is diluted compare to pre monsoon water
sample, but exceeds the WHO limit.

( S. Sankaran, S. Saheb Rao, K.Krishnakumar, H. Smita)

4.5.1 Development of technique and Instrumentation for
detection and characterization of rock fractures:

In order to develop a technique to trace sub surface fractures,
instrumentation  capable of acquiring accurate data, analysis
and presenting the data is necessary.

In this technique an AC current is pumped into the known
fracture region of a bore well at different frequencies while
measuring potentials developed around the bore well on the
surface as a result of currents flowing in the fracture.

In this regard, the rudimentary tool developed earlier has now
been transformed into a more sophisticated virtual instrument
featuring a LabVIEW Application Software running under
windows XP environment in any portable computer. (Fig 4.15)
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The instrumentation focuses on laptop PC resources, USB
Data Acquisition Hardware under LabVIEW development
software featuring various software analysis too ls such as
Analog waveform generation, Peak and zero crossing
detection of waveforms, DC/RMS Calculation, Signal
processing and Analysis etc.

Data Acquisition Hardware can be programmed to generate
low frequency sine wave via one of the analog outputs in the
frequency range of 1 to 20 Hz for feeding it to a 80W Sine
Wave Power Amplifier for injecting current into the fracture
via C1, C2 Current Electrodes. Transmitted current and voltage
waveforms are also displayed in the front panel screen by
sampling transmitted signal via isolation amplifier circuitry.

Fig 4.15 Instrumentation for detection and characterization of rock fractures

Potential electrodes P1, P2 on the surface of the ground pick
up potentials as a result of currents flowing in the fracture of
the sub surface. These are fed to DAQ hard ware for
processing and resolving the magnitude into respective IP and
OP components.

When the application is run in windows environment of a
portable computer the front panel of the instrument (Virtual
Instrument or VI) opens up with all the controls and displays
showing magnitude of in- phase component, out of phase
component of the received signal in correlation with the
transmitted wave form, their ratio, as also transmitted voltage
and current.

Laboratory tests were done by simulating field conditions and
signals were captured after a known phase delay insertion.
The in-phase and out-of- phase component of the received
signals in correlation with the transmitted waveform were
captured at the instants of zero and peak crossing points into
a suitable array. IP / OP ratios were computed and it was
observed that phase information was in unison with the
introduced phase delay. The equipment has only been tested
in the Laboratory as of now. It is a state of the art technology
instrument designed with minimal hardware, catering to 16 bit
accuracy in measurements, with increased reliability and faster
data acquisition in the field. Sample of a test record is shown
below.(Fig 4.16)

Fig 4.16
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Conclusion: By carrying out a grid survey near the wells in
question and contouring the IP, OP data values it should be
possible to obtain contrast between wells that are connected
through a fracture and the ones that are not connected through
a fracture, thus paving way for tracing a known fracture i:e it’s
direction and extent. The virtual instrument developed in this
project is only a modern tool for establishing the technique.
This tool is developed based on the results of an encouraging
field survey conducted at  Maheswaram last year with a very
rudimentary equipment.

4.6 DEVELOPMENT OF A TOOL FOR WATER LEVEL
MEASUREMENTS IN FIELD WELLS EMPLOYING
NON CONTACT MEASUREMENT TECHNIQUES:

The project aims in implementing new ideas in Geophysical
measurement techniques that incorporate the state of art
technology to provide a portable tool employing non-contact
measuring technique for the measurement of ground water
levels in the bore wells employing virtual instrumentation
techniques.

Use of ultrasonic level transmitters / receivers is being explored
to detect the target that reflects the acoustic pulse back to the
sensor. Knowing the speed of sound in air and allowing for
ambient temperature the system then measures accurately
the time taken by the pulse to return to the sensor and
computes the distance to the target after data acquisition and
careful signal processing.

The instrumentation focuses on laptop PC resources, USB Data
Acquisition Hardware and a Labview application running in
Windows XP Environment incorporating, Signal processing,
analysis etc to capture the right echo. Field experiments with
locally available ultrasonic transmitter and receivers have been
carried out and clean echoes were observed from depths around
10 meters and beyond in the bore wells. Sample of a received
echo from water level in a test pipe is shown below. (Fig4.17)

4.7 DELINEATION OF GROUNDWATER POTENTIAL
ZONE IN DECCAN TRAP COVERED PRAHITA –
GODAVARI RIFT ZONE UNDER KATOL AND
KALMESHWAR TALUKAS OF MAHARASTRA

A 50 sq.km area near Nagpur city was identified for delineation
of aquifers for development and better management of
groundwater resources. This region is characterised by
groundwater of limited quantity  under unconfined conditions
in weathered mantle at shallower depth. Decaan traps in this
region are underlain by Gondwana Kamathi Sedimentary
formation (sandstone) which is also considered to be a
potential aquifer. Groundwater withdrawal for irrigation and
domestic use is mostly from dug wells of 10 to 15 m depths
penetrating up to the bottom of weathered / fractured
formations overlying traps. To identify potential sites, thirty nine
Vertical Electrical Soundings (VES) were carried out in the
entire region (Fig 4.18). The sounding results suggest the
presence of aquifers at shallower depths in the form of
weathered formation, at deeper depths within the traps in the
form of intertrappean sedimentary formations and
vesicular/fracture basalts. At few places, Gondwana
sedimentary formations occur below the trap.  To verify the
interpreted results of VES, two bore wells were drilled in the
vicinity of two sounding points falling under Raulgaon and
Kotwalbardi villages of Katol Taluk. Stratigraphic sequences
obtained from interpretation of VES data are found in close
agreement with the lithology of the bore wells.

Fig. 4.17 Design planning and methodologies are being worked out to process
reflections from deeper levels.

(M.P.Sarma, B.D.Ramayya, G.Vasudevan,T Anjaiah and
Md Ganee)

Fig.4.18 Location map of study area and the sites of VES with sounding
numbers

4.8 MATHEMATICAL MODELS TO PREDICT WATER
TABLE FLUCTUATIONS DUE TO TIME VARYING
RECHARGE AND/OR WITHDRAWAL

Two analytical mathematical models have been developed
to predict water table fluctuation induced by time varying
recharge and/or withdrawal intermittently applied for any
number of cycles of these operations from any numbers of
recharge basins and/or wells of different size.  The first  model
deals with the development of an analytical solution of the
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2-D Boussinnesq equation to predict water table fluctuation
in a homogeneous and isotropic aquifer in the presence of
artificial recharging, pumping and leakages from any number
of recharge basins, wells and leakage sites, respectively. The
rates of recharge and/or withdrawal are approximated by a
set of linear elements of different slopes and lengths. The
number, size and slope of line elements depend on the nature
of variation and duration of recharge and pumping rates. In
order to demonstrate the application of the analytical model
in prediction of the water table height, we consider a numerical
example in which the aquifer parameters are: A=B= 5000 m,
h0= 20 m, K = 5 m/d and S = 0.28.  For demonstration
purposes, we consider one recharge basin, two wells and
one leakage site. Recharge is applied through a rectangular
basin of 60 m x 40 m dimension with center at (2500m, 2500
m). Two cycles of recharge of 20days duration with 20 days
gap is applied. In each cycle the rate of recharge decreases
from 0.8 m/d to 0.7 m/d during first two days and again
reaches to its maximum value of 0.9 m/d during the next two
day period.  Thereafter, it continuously decreases to zero.
Leakage is considered through an area of 200m x 100m
dimension with center at (2700m, 2740 m).  The leakage
rate is 0.02 m/d. Two wells of 10cm x 10cm dimensions with
centers at (2400m, 2500m) and (2500m, 2400m) are
considered.  Two cycles of pumping each of 10 days duration
with a gap of 20 days is carried out at a rate of 80 m3/d. The
first cycle of pumping begins after 10 th day from the beginning
of the first cycle of recharge and continue till 20th days, i.e.
the last day of the first cycle of recharging. After a gap of 20
days, the second cycle of pumping starts at 40th day and
continues till 50th day. The nature of time varying recharge
rate and pumping rate are shown in(Fig. 4.19 a&b).

Fig. 4.19 (a) Time varying recharge rate from basin, and (b) time varying
pumping rate from the well.

Fig 4.20

For these values of controlling parameters, water table heights
at 20 th day for different positions within the area of
investigations are computed and plotted in top of Fig. 4.20.

This figure clearly shows the growth of ground water   mound
below the recharge basin and decline of the water table in
conical shape at wells and leakage sites. A plan view of water
table at 20th day is shown in bottom of Fig. 4.20.

The second model is developed to predict water table
fluctuation in anisotropic aquifer in response to time varying
recharge from any number of basins of different size and for
any number of recharge operations.  The rate of recharge is
approximated by a set of linear elements of different lengths
and slope similar to the first model. In order to demonstrate
the application of the model, we consider a numerical example
for which the numerical values of the controlling parameters
are given below ( Fig 4.21 and 4.22 ) :
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Length of aquifer 1000 m

Width of aquifer 1000 m

Number of Fourier coefficients 100

Hydraulic conductivity in X direction 4.0 m/d

Specific yield 0.2

Initial water table height 10 m

Anisotropy coefficient 3.0

Lower left corner of recharge basin (480,480)

Upper right corner of recharge basin (520,520)

Fig.4.22 A comparison of water table contours of isotropic aquifer (Figs. a and c) with the water table contours of anisotropic aquifers (Figs.b and d) at t=10days and t=30 days.

(SN  Rai, V Ananda Rao, A  Manglik, S Thiagarajan and  Y. Ratna Kumari)

The nature of recharge rate is shown in figure 4.21.  Two cycles
of artificial recharge each of 20 days duration are applied at
an interval of 20 day.   In order to demonstrate the effect of
anisotropic property of the aquifer on the growth of water table
height, water table contours for isotropic case and for
anisotropic case are computed for the controlling parameters
given in the table and for  t=10 days and t=20days  and are
compared in Fig. 4.22. Water table contours shown in Fig.4.22a

Fig. 4.21: Time varying recharge rate

and Fig 4.22c are for the isotropic aquifer for t=10 days and
30days, respectively. Water table contours shown in Fig. 4.22b
and Fig.4.22d are for anisotropic aquifer.  A comparison of the
water table contours for isotropic aquifer and anisotropic
aquifer suggests that the spatial extension of the water table
growth in the direction of higher conductivity is faster than in
the direction of lower conductivity.
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