
Annual Report 2009 - 2010 
63
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Sustainable development and management of water 
resources in different problematic terrains.

Water and solute movement studies for sustainable 
agriculture.

Integrated hydrogeological studies are being carried out 
within 

• Punjab Agricultural University campus, Ludhiana 
(1200 acres area), having different hydrogeological 
conditions, crop types and irrigation practices,

• C.S.S.R.I campus in Karnal district, Haryana for 
understanding moisture transport and evaluation of 
natural recharge.

• In Madharam watershed in Mahboobnagar district, 
Andhra Pradesh, the studies in experimental sites  
involve  rainfall and weather data monitoring, conti-
nuous static water level monitoring and conductivity 
measurments, Depth moisture measurements using 
neutron moisture probe, Tritium tracer injections 
and vertical depth collection of soil core samples 
for understanding soil moisture movement and flux 
calculation, infiltration measurements, soil and water 
sample analysis etc. The important findings are

• Based on two years data, water level decline of 0.5-
0.8 mts is observed in Punjab Agricultural University 
campus, Ludhiana (Fig. 4.1). The soil moisture flux 
obtained using tritium technique is about 55 mm in 
the non irrigated field. The recharge flux due to the 
combined effect of rainfall and irrigation in irrigated 
fields is about 6 times to that of rain fed field. 

Fig.  4.1 Continuous water level monitoring at two bore hole 
sites in PAU campus, Ludhiana.

• Study carried out in Madharam watershed indicates that the 
natural recharge caused by rainfall is about 98.7 mm (15%) 
in recharge area (upper reaches) and about 10.6 mm (2%) 
in discharge area (lower reaches) with a mean of 55.1 mm 
(8.4%). The watershed map with tritium and moisture profiles 
in rainfed and paddy irrigated field is shown in Fig. 4.2. The 
recharge from irrigation return and effective rainfall together 

Fig. 4.2  Madharam watershed with tracer injected sites with 
tritium and moisture profiles in rainfed and paddy field. 
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Fig. 4.3 Check Dam at Mallereddy Vandlapalle Village in 
Nallacheruvu Mandal, Anantapur district. 

(D. Muralidharan, R. Rangarajan, U. Sathyanarayana, 
Rolland Andrade, Kamle Anand, Karunakar Gowd, Sakam-
bari Padhi, D.N.V. Lakshmi Devi)

Integrated approach for hydrogeological management 
at Tummalapalle Uranium project area in Cuddapah 
district, A.P.

The intensive geophysical studies in selected site for 
development of tailings pond at Tummalapalle revealed 
that the proposed site is bounded by two regional dykes 
on southern and northern sides favoring a safe storage of 
mine tailings preventing the groundwater flow along the 
dip direction of north (Fig. 4.4). However, the movement of 
groundwater along the strike direction of E-W is envisaged 
and investigations are planned to monitor the groundwater 
movement. The tailings pond watershed monitoring on 
water level and quality indicated that the aquifer system is 
of dissected in nature and a regional hydraulic connectivity 
is to be validated through further studies. The studies using 
Stable Isotopes of groundwater of different formations of 
the area revealed that the water level behavior of watershed 
wells and groundwater isotopic ratios are similar enabling us 
to establish the hydraulic discontinuity of the aquifer system. 
Further investigations in the structurally disturbed area 
within the tailings pond helped in designing the alignment of 
proposed tank axis. Hydrogeological and Hydro-geochemical 
studies are continued for creating base line information 
before activation of tailings pond.

Strategy development for revival of defunct minor 
irrigation tanks.

The scientific investigations enabled in understanding the 
present efficacy of water harvesting by minor irrigation tanks 
in hard rock covered regions of southern peninsular India is 
attributable to the development intercepted catchments.  Due 
to construction of number of water harvesting structures 
over the years in the catchment areas of minor irrigation 
tanks, the surface runoff is being shared and none of these 
structures gets filled up to its capacity even during normal 
monsoon year. The desaturation of shallow aquifer of 
catchment area through land modification and cultivation 
using groundwater, resulted in increase in high infiltration 
conditions during the rainfall leading to lesser surface runoff 
generation to the minor-irrigation tanks in downstream. The 
command area of studied minor irrigation tank at Mallereddy 
Vandlapalle Village in Nallacheruvu Mandal of Anantapur 
district is shrinking due to non-availability of dependable 
irrigation water from the tank. The tank bed area silt is found 
to be enriched with trace elements and fluoride. As a strategy 
development to increase the storage capacity of the tank, 
the removal of tank silts with safe disposal of fluoride and 
toxic trace elements laden silts are planned by converting 
them into brick for trapping these toxic elements. As the 
dependency of surface water source from the irrigation tank 
is diminishing, developing community irrigation wells for 
encouraging the agriculture activities in the command area 
is being considered. In order to increase the groundwater 
potential of the command area, a check dam was constructed 
to harvest the runoff from the stream (Fig. 4.3).

The continuous monitoring of water levels and fluoride over 
the watershed area brought out a picture on movement of 
groundwater from the catchment area to the downstream 
and the fluoride level is found to be increasing in summer 
months in groundwater of the command area of the study 
tank. The people are found to be consuming more fluoride 
from drinking water tapped through hand pumps.

is about 127.8 mm (19.4%) in recharge area and 256.2 mm 
(39%) in transient area with a mean of 107.25 mm (26.8%) 
The net average recharge by groundwater irrigation return is 
about 18.4% of applied 5750 m3 of ground water/acre.

(R. Rangarajan, D. Muralidharan, G.B.K. Shankar,  
U. Satyanarayana, K. Rajeshwar, T. Mathews, Ashraf Ali, 
A. Mohan Reddy)
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Fig. 4.4 Magnetic Image of Tummalapalle Tailings Pond 
area

(D. Muralidharan, R. Rangarajan, U. Sathyanarayana, 
Rolland Andrade, Kamle Anand, Karunakar Gowd, 
Sakambari Padhi, D.N.V. Lakshmi Devi  and T. Sirisha)

Geohydrological parameter generation around active 
and closed tailing ponds associated with Uranium mining 
at Jaduguda and Turamdih in Jharkhand state.

Geophysical and hydrogeological investigations were 
carried out in active tailings pond and closed tailings pond 
for generating the data base for the modeling of pollutant 
migration studies. In-situ measurement of Coefficient of 
adsorption of radio-nuclides of Uranium is designed and 
experimented. Monitoring wells on the downstream area of 
tailings pond were developed in Jaduguda Watershed area.  
Geochemical analysis of soil, rock and groundwater samples 
are in progress.  Various hydro-geomorphological maps have 
been prepared for interpretation. 

(D. Muralidharan, R. Rangarajan, U. Sathyanarayana, 
Kamle Anand, Rolland Andrade,  Parveen Kumar, Mahavir 
Mann, Hima Rekha, Sakambari Padhi, D.N.V. Lakshmi 
Devi  and T. Sirisha).

Groundwater data generation at N.P.P sites

Hydrogeological data (both saturated and unsaturated zone) 
are being generated at Madras Atomic Power Station (MAPS) 

area for development of predictive surface and groundwater 
model at the plant site with the objective of determining 
the site safety and environment impact. Under the project 
studies, rainfall and water level monitoring, water sample 
analysis, tritium tracer studies, resistivity surveys were 
completed at the experimental site. Drilling of bore holes for 
hydrogeological monitoring and tests will be initiated.

(R. Rangarajan, D. Muralidharan, Rolland Andrade, 
G.B.K. Shankar, Ajay Kumar, Vamshi Krishna and Ashraf 
Ali).

Tracer studies in Union Carbide India Limited, Bhopal.

A research project study entitled “Groundwater studies 
in and around Union Carbide India Limited (U.C.I.L), 
Bhopal”, supported financially by Bhopal Gas Relief and 
Rehabilitation Department was undertaken by N.G.R.I. 
The studies were carried out to evaluate the status of 
groundwater regime in U.C.I.L campus with the ultimate 
objective of controlling pollution. The investigations carried 
out under the project are hydrogeological, geophysical 
and tracer studies to understand the subsurface geological 
characteristics, hydrodynamics, and groundwater recharge 
etc. The tracer experiment was carried out as part of the 
project studies for estimating the rainfall-recharge rate at 
selected sites during 2009 monsoon season for quantifying 
the dynamic recharge to the shallow groundwater aquifer. 
The tracer migration measurements made at 5 sites in 2009 
shows natural recharge varying between 14.5 mm to 75.1 
mm for the effective rainfall of 456 mm. The computed 
recharge using seasonal rainfall and through rainfall-
recharge regression equation indicates average recharge of 
117 mm during 2009 which is equivalent to 0.0126 million 
cubic meters over the effective infiltration area of 0.108 
km2. The average water level change observed due to 2009 
monsoon is of 1.93 to 9.44 m with the mean value of 6.97 
m. The high water level change observed also indicates that 
significant groundwater recharge and groundwater outflow 
is taking place from the area. The saturated permeability of 
shallow soil zone was evaluated at each site. The relationship 
between saturated permeability with natural recharge rate 
shows linear correlation, indicating recharge as a function of 
hydraulic conductivity of shallow soil zone.

(R. Rangarajan, G.B.K. Shankar, K. Rajeshwar and  
V.S. Singh).
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Fig. 4.5b

Fig. 4.5 (a) Location map of study area and the sites of VES 
with sounding numbers (b) Comparison between layer’s 
thickness obtained from computation (hc) and bore well for 
S41 
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Fig. 4.5a

Hydrogeological monitoring 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, Vamshi 
Krishna).

Delineation of groundwater resources in the Deccan 
trap region of Chandrabhaga river basin.

Vertical Electrical Soundings (VES) have been carried out at 
7 sites in a part of  Chandrabhaga river basin encompassing 
Khapri, Ghorad and Ubali villages of  Kalmeshwar Taluk, 
Nagpur District, Maharashtra (Fig. 4.5a). Interpretation of 
sounding data indicates presence of groundwater potential 
zones at deeper level within the Deccan Trap in the form 
of intertrappeans and vesicular basalts and also in the 
Gondwana formations (sandstone/sand) below traps. The 
interpreted subsurface sequence at VES site S41 has been 
found to be in close agreement with that obtained from bore 
hole (Fig. 4.5b). At this site, depth to Gondwana formation 
which is a potential source of groundwater is 80 m. From 
interpretation of resistivity data at other sites, depth of 

Electrical Resistivity Tomography (ERT) survey for 
delineation of geothermal resources. 
Western Ghats of India are well known for hot springs. 
Electrical Resistivity Tomography was carried out along 
8 profiles  near four hot springs, located near Unhavare, 
Tural, Rajwadi and Aravali villages in the Chiplun taluk of 
Ratnagiri District, Maharashtra (Fig. 4.6). The present study 
is aimed to delineate the subsurface reservoirs of hot water 
and associated geological features like faults and fractures 
responsible for vertical movement of hot water with the sole 
purpose of harnessing geothermal energy. Additionally this 
study is also aimed to delineate the ground water potential 
zones with normal temperature for exploration of ground 
water to meet the local water supply demand. An example 
of 2-D subsurface resistivity model at Unhavare is shown in 
Fig. 4.7. Interpretation of measured resistivity data indicates 
the presence of potential source of hot water near Unhavare 
and Aravali which can be explored for commercial purposes. 
Interpretation of subsurface resistivity model along a profile 
near Tural suggests a potential groundwater reservoir overlain 
by Deccan Traps which can be explored for water supply.

Gondwana formation was found to be in the range of 52 
to 80 m. Intertrappeans / vesicular basalts have been also 
delineated at the remaining six sites which can be used for 
groundwater exploration to meet the increasing demand of 
water supply, mainly for irrigation purposes.
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Fig. 4.7 2-D subsurface resistivity image at Unhavare

Mathematical model for prediction of water table 
fluctuation due to canal seepage.

Rising of water table near to the ground surface due to canal 
scepage has been reported from a number of heavily irrigated 
areas in India. This causes water logging and increase in soil 
salinity leading to degradation of soil fertility. Therefore, a 
prior knowledge of water table rise due to canal seepage is 
essential to avoid this environmental problem. The present 
work deals with the development of a mathematical model 
to predict the water table rise in a homogeneous anisotropic 
aquifer in the presence of seepage due to intermittently 
applied canal irrigations. Shape of the canal along its length 
is approximated by joining a number of strip basins with 
different orientation as shown in Fig 4.8a. Intermittently 
applied time varying recharge due to canal seepage has been 
approximated by using linear elements of different lengths 
and slopes depending on the nature of variation of recharge 
rate. An example of approximation of one cycle of time 
varying recharge using 4 line segments has been shown in 
Fig. 4.8b. In this case, the rate of recharge increased upto 5th 
day and there after started decaying to a value of 0.2 m/day 

Fig. 4.6 Location of hot springs and ERI profiles in the study 
area

Fig. 4.8 (a) Schematic diagram of Groundwater flow model, 
and (b) One cycle of time varying recharge. B1, B2 & B3 are 
recharge basins.

(SN. Rai, S. Thiagarajan, D. Kumar, A. Manglik and  
Y. Ratna Kumari)

Isotopic and geochemical investigations in the 
coastal dune aquifer.

Coastal sand dune fields located east of Ongole town in 
Andhra Pradesh are the only fresh water source for the 
villages situated over the dunes and few km west of the 
dunes. Though maximum topographic elevation of dune field 
is about 6 m, the sand thickness extends several tens of m 
below mean sea level in an area of about 15×3 km2. The area 
west to the dunes is overlain by silty clay and contains saline 
water. The sudden transformation of silty clay formation into 
thick sand deposits indicates the geological disturbance. 
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at 15th day. Thereafter, the recharge rate decreased to zero 
at the end of one month. Application of the model in the 
prediction of water table fluctuation has been demonstrated 
by using a numerical example. The model may be useful 
for appropriate planning of conjunctive use of surface and 
ground water in order to prevent or at least minimize the 
effect of water logging and soil salinity.  
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Fig. 4.10 Location of the groundwater sampled wells around 
Jaisalmir, and uncorrected radiocarbon ages of well waters. 
Inset shows the discharge of 500 m deep well drilled by 
ONGC.

Forecast of M ≥ 5 earthquake in Koyna region using 
hydrochemical and isotopic precursors comes true on 
12th December, 2009.

Earthquake precursory investigation using hydrochemical/
isotopic changes in the groundwater has been going on in 
active seismic zone of Koyna since January 2005. Based on 
changes observed in hydrochemical parameters (Cl, SO4, 
and F) and δ18O during the M 5.1 earthquake of 14th March 
2005 and subsequently till March 2009 in the water from a 
well located at Goware, recurrence period of the earthquakes 
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Carbon-14 (14C) dating of groundwater from Jaisalmir 
area, Rajasthan (Paleo recharge studies). 

Exploration of potential aquifers in deserts is immensely 
useful for meeting the potable water needs of people and 
livestock. The Great Indian Thar Desert in Rajasthan state 
receives average annual rainfall of 100 -500 mm, whereas the 
evapo-transpiration is about 10 times (3500 mm per annum)  
more than rainfall, thus depriving the area of contemporary 
groundwater recharge. 

With a societal mission of providing water to needy, the 
ONGC drilled exploratory bore well up to a depth of 555 m 

Fig. 4.9  Hourly groundwater level and its electrical conductivity 
(EC) changes recorded in well (T3-1) in sand dune aquifer 
show 20-40 cm water level fluctuation and reduction in EC 
from ~5 ms/cm to 3.5 ms/cm during pumping. Reduction of 
EC indicates freshwater inflow into the well during pumping.

To monitor the weather data, an Automatic weather station is 
installed at the Kottapatnam Forest Nursery. Annual rainfall 
during the current year (2009-10) is only 500 mm against the 
mean annual of ~ 700 mm. Eleven piezometers were drilled 
in three profiles across the dunes (coastline) up to a depth of 
6-15 m and water levels are being monitored continuously 
on hourly basis. Though the maximum ground elevation (a 
msl) is only 6 m at the central part of the dune field, depth to 
water level varies between 2.5 and 10 m below ground level. 
It indicates that the water levels have reached below mean 
sea level and still producing water of good quality (TDS < 
500 mg/l). The observed water level rise (0.5 to 1.2 m) in 
different piezometers was due to recharge against the 500 mm 
of rainfall. However, preliminary results are quite interesting. 
The observation well along the western boundary, where the 
groundwater exploitation is very high, recorded prominent 
decrease in salinity during pumping (Fig. 4.9) against the 
static levels. This process needs to be further investigated.

near Jaisalmir in 2006 (Fig. 4.10). Aquifer performance test on 
this well showed 14.75 m/day lateral hydraulic conductivity 
and sustainable yield of 75 m3/h for 16 hrs of pumping per 
day. Pumping from this well has been continuing since 
2008 for about 8 hrs/day. Despite this huge withdrawal of 
groundwater from this well, the quality (TDS = 2700 mg/l) 
and its yield remains the same. These two parameters point 
to the potential and vastness of the deep aquifer.
14C dating of the water from the above well yielded an age 
of > 40,000 yr BP (14C age dating limit is ~ 40,000 yr), while 
14C ages of waters from other wells around (depth up to 200 
m) range from 10,000 to 20,000 yr BP. So far this has been 
the oldest 14C groundwater age available from India. Such 
a potential aquifer in the Thar desert might have formed 
when the hydro-geological and climatic conditions were 
conducive for groundwater recharge. The stable isotope 
and hydrochemical data with 14C chronology show that the 
deep and medium depth aquifers are not interconnected. The 
observed TDS in the deep well is 2700 mg/l whereas in the 
medium depth wells it is 745-2500 mg/l. The deep aquifer 
water is useful for all purposes except drinking.



Annual Report 2009 - 2010 
71

Fig. 4.11 Temporal variation in hydrochemistry (Cl, SO4 and F) 
and Oxygen-18 during 5 years period. First three data sets are 
influenced by M 5.1 earthquake of March 2005 and the last 4 
data sets influenced by December 2009 (M 5.1) earthquake.

Fig. 4.12 Change in groundwater level and electrical conductivity 
in Govare well in response to M 5.1 earthquake on 12/12/09.

Evidences of Paleo-seismic events in the Kopili lineament 
zone, Assam, NE India.

For the first time, the seismogenic liquefaction signatures 
observed in the Kopili lineament zone, Upper Assam, NE 
India are reported. The zone is located in the middle of the 
meizo-seismal areas of the 1897 Great Assam earthquake and 
the 1950 Upper Assam Earthquake. As it forms a seismic-gap, 
it could be a potential source for large to great earthquake in 
future. This area has been experiencing several tremors >4.5 
M apart from the major earthquake (M 7.2) on 23rd October 
1943. The increased seismicity along the Kopili lineament 
warrants looking into the past seismic history of the area. 
With this objective, we initiated the paleo-seismic studies 
in this region mainly concentrating on the seismogenic 
liquefaction features. The observed liquefaction features 
signify the occurrence of historical/pre- historical seismic 
events frequenting the area. We have attempted to constrain 
their chronology through optically stimulated luminescence 
(OSL) and 14C dating. The OSL and 14C chronology of 
liquefaction features constrain the timing of these features to 
be spanning 100 to 270 yr BP and 400 to 970 yr BP. These 
results indicate that this area experienced at least 2 major 
earthquakes during last 1000 yrs.

(D.V. Reddy, P. Nagabhushanam, Devender Kumar, Kiran 
Kumar, Bhagyavati)

Groundwater management in hardrock aquifer 
including resource augmentation and protection 
from geochemicical contamination.

Impact Assessment of Land Use changes on Groundwater 
Quality using GIS in Maheshwaram Watershed.

This project aims at  assessing  the influence of changing 
land-use patterns on the groundwater quality of the hard 
rock aquifer system in this watershed. To study the impact 
of this rapid urbanization and overall land-use transition, a 
Groundwater Quality Index (GQI) was prepared within GIS 
environment. The GQI integrates the different water quality 
parameters to give a final index value that can be used for 
spatio-temporal comparisons. The land-use transitions were 
closely monitored from 2003 to 2008 using multispectral 
satellite images. The land use pattern has changed drastically 
with an increase in the built-up area at the expense of other 
land uses. The analysis reveals a rapid deterioration of 
groundwater quality related mainly to the increase in built-up 
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(M ≥5) in this region was estimated. Assuming that the 
changes in the hydrochemical parameters (different ionic 
concentrations) are linear from August 2006 datum, it needs 
6.4±0.2 yrs and if exponential at a later stage, it requires 
4.9±0.7 yrs to attain the levels of Jan/Mar 2005. Thus, these 
4 chemical parameters are concurrent in this estimation. The 
forecast came true with the occurrence of M 5.1 earthquake 
on 12th December 2009 as the respective concentrations of 
the hydrochemical parameters increased exponentially few 
months earlier than the earthquake and reached to the levels 
of March 2005 at the time of earthquake (Fig. 4.11). Further, 
the electrical conductivity of the groundwater (monitored 
continuously with one hour interval) indicated considerable 
decrease 40 hours before the earthquake (Fig. 4.12). Such 
a precursory time span is sufficient to raise an earthquake 
alarm.

Present results indicate that earthquake forecasting is possible 
based on the hydrochemical precursor studies in such areas 
like Koyna.
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land with unsewered sanitation and poultry farms. Seasonal 
variability of the groundwater quality was also assessed. 
Mean GQI decreased from 84.16 to 83.26 over a period of 
three years from 2004 to 2007, while seasonal variability 
of water quality increased. Groundwater Quality Index and 
Seasonal Variability of water quality were integrated in GIS 
to yield a Groundwater Sustainability Map, in terms of water 
quality. Zones of sustainable and unsustainable groundwater 
use were demarcated for better decision making related to 
municipal land allotment in this rapidly urbanizing region 
(Fig. 4.13).

Fig. 4.13 Sustainability of Water use and map for water 
allocation

Contribution of percolation tanks to total aquifer 
recharge: the example of Gajwel watershed, southern 
India.

The objective of the present study is to determine the 
contribution of percolation tanks to the total aquifer recharge 
in a typical semi-arid hard rock watershed of southern India 
(Gajwel, 84 km2) and develop a simulation tool to test the 
impact of various climatic scenarios / tank management 
strategies on tank percolation fluxes and overall groundwater 
balance. The modelling approach computes  a first component 
which simulates runoff from daily rainfall as well as 
volumetric storage in tanks. A second component computes 
deep percolation from tanks based on a tank water balance 
approach. The model is validated by field observations in 
part of the watershed (temporal variations of tank volumetric 
storage). 

Estimation of the recharge with the water table fluctuation 
method is about 12% of the monsoon rainfall whilst 
estimations of the additional artificial recharge, inferred from 
the water balance of the reservoirs and the runoff model, 
range from 5 to 8%.

Geophysical exploration for lithologic control of arsenic 
contamination in groundwater in Middle Ganga Plains, 
India.

An integrated study consisting of hydrogeochemical analysis, 
Electrical Resistivity Tomography (ERT) and Transient 
Electromagnetic Measurement (TEM) was carried out to 
understand the hydrogeological set up of arsenic affected 
region in Middle Ganga Plains (MGP) of India as well as 
to unravel the lithologic control of arsenic contamination in 
groundwater regime. Water samples analysed from 61 hand 
pumps of varying depths (i.e. 10-60 m) revealed the arsenic 
content to be  in the range of 0-1000 ppb, whereas the water 
dugwells is free from arsenic contamination. Arsenic is not 
spread all along the MGP, but found in patches. 

The ERT was carried out with Wenner-Schlumberger 
configuration in resistivity and Induced Polarization (IP) mode 
with varying inter-electrode spacing to investigate precisely 
the lateral heterogeneities in arsenic affected horizons. TEM 
was also carried out to validate the ERT results as well as to 
investigate multi layered aquifer system in these areas. The  
resistivity & IP from ERT and resistivity from TEM were   
found to  corroborate with  each other, the IP measurements 
were found to be more effective in identifying the clay 
bodies. A low resistivity (~20 Ωm) and high chargeability 
(~40 mV/V) sub-vertical structure of thickness  around 5-15 
m has been detected by geophysical investigations. The 
hydrogeochemical and geophysical studies have helped in 
defining the boundary of lithological barrier controlling the 
arsenic contamination in the groundwater regime. From the 
geophysical parameters, the lithological barrier seems to be 
of clayey nature, having low permeability.

The integrated study in the arsenic affected region of Balia-
Patna sector in middle Ganga have led to an important 
finding that the lithological set up plays an important role 
for spreading of arsenic contamination in groundwater. In 
the study area  the alluvium is found to be  heterogeneously 
stratified with varying thickness. The high resolution of 
electrical resistivity tomography has provided subsurface 
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Fig. 4.14 ERT sections and clay-silt boundary vis-à-vis As 
distribution in the upper aquifer

(Shakeel Ahmed, V. Ananda Rao, VK Somvanshi, MRK 
Sarma, Syed Ali, Subash Chandra, D. Kumar, NV 
Seshamma, Abdul Khalil, E. Nagaiah, PD. Sreedevi, 
Farooq Ahmad Dar, Sarah, Visahono Zaphu, Mehnaz 
Rashid, Kissa Fatima, P. Raghavendra, J. Lavanya, M. 
Ahmaduddin, Jerome Perrin, L. Dinis, Wajiduddin and 
Fazel Taras).
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Development of a tool for water level measurements 
in field wells employing non contact measurement 
techniques.

Use of ultrasonic transceivers in detecting ground water 
table from surface has been tried out using signal processing 
techniques on the reflected echo from air - water interface in 
bore wells.

A controllable burst of 25 KHz square wave is fed to an 
ultrasonic transducer near the mouth of the well while the 
receiving transducer captures the response reflected from the 
water surface. 

A cross correlation is run between the transmitted sequence 
and the acquired echo in order to obtain the correlation peak 
and a set of threshold values are determined based on the 
status of the reflected energy. The system also employs a 
temperature sensor to compensate for the speed of sound 
in the medium. Knowing the speed of sound in air, the 
program computes the distance to the target after careful data 
acquisition and signal processing. 

It is a Labview Software application coupled with USB Data 
Acquisition Hardware that can be deployed on any available 
laptop computer to function as an Instrument by itself.

An attempt has been made in this direction to avoid cable 
insertion etc in the well and with a different approach to 
detect the depth to water table in bore wells. A sample of 
reflected echo from water surface 40 feet below is shown 
along with the depth indicated in a 6 inch diameter bore well 
in NGRI Campus. 

Snapshot of Virtual Instrument screen on running the 
application in the laptop is shown in Fig. 4.15.

The instrumentation focused on laptop PC resources, USB 
Data Acquisition Hardware and a Labview application 
running in Windows XP Environment incorporating, Signal 
processing, Data Analysis etc to capture the right echo.

However it was observed that depths beyond 15 Meters have 
to be obtained from much narrower beam angle sensors, high 
power transducers to enhance the reflected energy.

Apart from the above activity Instrumentation group is also 
engaged in the Calibration of In-house Test and measuring 
electrical instruments and equipment.

lithological discontinuities even from surface to deeper level 
(say 90 m). Thus, the discontinuity of the layer may create 
leakage from upper aquifer to lower and contaminate the 
safe zone.  

The study region is characterised by clay layers of  localized 
mount type, which act as barrier to the groundwater 
flow and indirectly behave as a controlling factor to the 
groundwater contamination. Mounting of the clay deposits 
may be the results of river meandering. Geophysics has 
helped in demarcating the clay barrier and found very well 
corroborating/coinciding with the zero contours of arsenic 
concentration level obtained from the krigged contours of 
arsenic values analyzed from the existing hand pump water 
of 10-12 m depth. At present, the shallow  aquifer is found 
contaminated with arsenic and spread in patches, whereas 
the second (deeper) aquifer at Balawant Tola is still free 
from arsenic contamination. However, excessive pumping 
may cause the contamination of the safe zones. Hence the 
knowledge of the clay barrier is very important parameters 
for policy maker to plan habitation of the people in order to 
avoid the arsenic contaminated water for drinking purposes, 
etc (Fig 4.14).
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Fig. 4.15 Echo signal from water table after cross correlation

(M.P. Sarma, G. Vasudevan)

Grace Satellite Traces a Large Water Mass Loss 
from Northern India.

The Gravity Recovery and Climate Experiment (GRACE) 
satellite mission is mapping earth’s gravity field with 
unprecedented accuracy every month. This provides a 
new means of studying hydrological, climatic and tectonic 
processes that redistribute mass, producing temporal gravity 
changes of a few micro-Gals (10-8m/sec2). Hydrological 
changes contribute the strongest signal in the GRACE 
gravity field on seasonal, annual and inter-annual time scales. 
Temporal changes in the earth’s gravity field as recorded by 
GRACE Satellite Mission reveals large scale mass loss that 
is  attributed to excessive extraction of groundwater leading 
to significant depletion of groundwater in water northern 
India and the surrounding region (Fig. 4.16). These studies 
will provide future direction  of research and planning on 
water management.

Fig. 4.16  Rate of change of terrestrial water Loss, in cm/yr 
of water thickness

(V.M. Tiwari)




