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Isotopic and geochemical investigations in the coastal aquifers
Estimation of subsurface fresh water discharge to sea 
Coastal sand dunes are important source of fresh water in the coastal areas. 
Though these dunes have good groundwater potential, due to its proximity 
to sea, its management is quite crucial. Due to presence of paleo-channels 
or pervious strata, it is possible that the precious freshwater may escape 
into the sea. It order to identify the fresh water out flow zones and to devise 
possible strategy to make use of the fresh water that flows into the sea, an 
area between two rivers (Musi and Paleru, east of Ongole town) Prakasam 
dist AP (Fig. 4.1), was selected where thick sand dunes exist and the only 
source of fresh water in the region. Fig. 4.1: Location map of the study area

The study area received very high rainfall (1376 mm) during 2010 in comparison to average annual rainfall (990 
mm) of this area. Due to the drought conditions during 2009, the groundwater levels in the study area dropped down 
by more than 10 m in the ridge area and about 3 m in the coastal area. A sudden burst of cyclone during May 2010 
and the subsequent monsoon rainfall raised the groundwater levels to almost ground level in the entire eastern belt. 
According to the locals, such ground level water conditions existed before the bore well culture, and the people used 
to fetch the groundwater in pots from pits to grow the vegetables in small plots. 11 observation wells monitored 
on hourly basis indicate that the water levels rose by 1 to 5 m in different wells just with in 4-5 days during the 
May 2010 cyclone (Fig. 4.2). Water levels in one well located along the coast, rose by 2.55 m with in 4 hrs. Such 
high increases in groundwater levels show drought induced high recharge conditions during 2010. This increase in 
groundwater level is more than two to four times of complete seasonal recharge of previous year (2009). 

Along with the rise in water levels, the groundwater conductivity also increased considerably in almost all the 
wells (Fig. 4.3) temporarily. This indicates that, due to high permeability of soils (sands) and intense agriculture 
activity in the area, the nutrients (mainly nitrogen compounds) and other pollutants are being carried out into the 
groundwater.

There is not much change in the groundwater quality from pre-monsoon (when the water levels are below mean sea 
level) to post-monsoon (rise in water levels to almost ground surface or above mean sea level). That means there is 
no groundwater flow into the sand dune fresh water aquifer either from western and/or eastern saline areas. There 
could be impermeable sub-surface boundaries in both western and eastern margins of the freshwater aquifer that 
prevent the (saline) groundwater flow into the sand dune aquifer. As a result, the fresh water aquifer contained 
relatively good quality water at depths. Therefore, the groundwater quality is observed to improve with pumping. 
The groundwater quality improvement is more pronounced in the north due to intense agricultural activity coupled 
with high pumping, than the southern side. 

Fig. 4.2: Induced groundwater recharge due to cyclonic storm 
during May 2010

Fig. 4.3: Increase in groundwater conductivity during the 
rainy days indicates the movement of pollutants along with 
percolating rainwater.

(D.V. Reddy, P. Nagabhushanam, Devender Kumar, B. Kiran Kumar, M.S. Bhagyavati, T. Madhavi, G. Ramesh)
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Groundwater management in hard rock aquifers including resource augmentation and protection 
from geochemical contamination Indo-French Centre for Groundwater Research.
High Resolution Electrical Resistivity Tomography to Map Zeolites in Deccan Traps
Integrated geophysical approach comprising of electrical resistivity tomography (ERT), ground magnetic and 
self-potential (SP) techniques in conjunction with geochemical and geohydrological studies was deployed to 
delineate isolated and interconnected zeolite cavities filled with water in Rahuri Tehasil of Ahmednagar District 
of Maharashtra. These cavities are potential sources of zeolite minerals and water. During the earlier geophysical 
studies, difficulties were encountered in delineation of cavities by ERT alone due to small size of the cavities and 
less contrast of resistivity with the host rock (vesicular basalt). Thus, the samples of different types of zeolite 
were analysed for their geochemical compositions by ICP-MS. Results obtained from ICP-MS indicate adequate 
difference in concentrations of iron and other magnetic minerals and this facilitated the application of magnetic 
method as the potential tool in delineation of cavities. Preliminary results suggested that low magnetic, low SP and 
variable resistivity contrast depends on the degree of saturation of cavities. The knowledge obtained by conducting 
geophysical surveys at known cavities was utilized to delineate new cavities. Thus, new possible sites were delineated 
which could be filled with water and precious form of zeolite (green Apophyllite) which is used as gem. However, 
confirmation of cavities by drilling is yet to be taken up.

Groundwater Systems and their Functioning through the Study of Stable Water Isotopes in a  Hard-
Rock Aquifer
Groundwater degradation due to abstraction,  and contamination, is increasing day by day and causing concern  
during the last few decades. In this context, the stable isotopes of the water molecule (δ18O and δ2H) from a hard-
rock aquifer in the Maheshwaram watershed (Andhra Pradesh, India) were studied. This small watershed (53 km2) 
underlain by granite, is endorheic and representative of agricultural land use in India, with more than 700 bore 
wells in use. In such a watershed, the effect of overpumping can be severe and the environmental effects of water 
abstraction and contamination are of vital importance. A detailed and dynamic understanding of groundwater 
sources and flow paths in this watershed thus, is a major issue for both researchers and water managers, especially 
with regards to water quality as well as the delimitation of resources and long-term sustainability. To this end, 
the input from monsoon-precipitation was monitored over two cycles, as well as measuring spatial and temporal 
variations in δ18O and δ2H in the groundwater and in precipitation. Individual recharge from the two monsoon 
periods was identified, leading to identification of periods during which evaporation affects groundwater quality 
through a higher concentration of salts and stable isotopes in the return flow. Such evaporation is further affected by 
land-use, rice paddies having the strongest evapotranspiration.

Delineation of Subsurface Lithology - Case Studies From Gajwel and Ananthapur of A.P. and 
Gundlupet, Karnataka 
Delineation of subsurface lithology by using geophysical logging in complex hard rock terrain is a challenging 
task. Resistivity well logging was carried out in 36 bore wells located in  Gajwel, Medak district, 10 at Ananthapur, 
A.P. and 9 bore wells located in Gundlupet, Karnataka in different watersheds underlain by different geological 
formations, to identify the fracture zones, subsurface lithology and depth to the bed rock. 

The present study at Gajwel revealed that the study area has multi aquifer system from shallow to deeper levels 
and also identified depth ranges of various zones. Depth to the basement is found  to vary  from 30-50m and also 
observed formation resistivities are varying with wide range from place to place due to the heterogeneity. Well 
logging survey clearly delineated weathered/fractured zones and the contact zones of bed rock. In Ananthapur area, 
the weathered layer and fissured layer thickness are increasing from north to south of the watershed. The depth to 
the basement also varies  from 9m to 56m towards south. In Gundlupet area, the weathered layer thickness gradually 
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increases from south to north of the watershed while the fissured layer and depth 
to the basement increases from NW to SE of the watershed. The studies delineated  
shallow and deeper fracture zones at a few places in the study area. The results of 
the well logging show that the fracture zones and different subsurface layers in 
granites and granite gneisses can be identified clearly.

Mise-a-la-Masse Survey at Experimental Hydrogeological Park, 
Choutuppal Observatory, Nalgonda, A.P.
Mise-a-la-masse technique was originally developed to map zones with conducting 
mineralization and successfully applied  to map lateral extent of water filled fractures 
struck in bore wells. Mise-a-la-masse survey was carried out in a grid pattern around 
the CH

3
 well at Choutuppal, NGRI observatory, for the delineation of the lateral 

extent of the fractures by analyzing the iso-potentials. A number of traverses were 
laid  with  the well at the center of the area with 4m station interval. 

Mise-a-la-masse results show a clear indication of the high fracture density with 
the fractures mainly in NW-SE and NE-SW directions (Fig. 4.4). Thus, correlating 
these anomalies  with the data of bore well  drilled upto 54 m, it was suggested to 
drill a bore well at east side 4-8 m away from the existing well (CH

3
). 

Fig. 4.4: Mise-a-la-masse Equi-potential lines around the 
CH3 well with two fractures

Biogeophysical Study - A Laboratory Model 
(R&D)
Biogeophysics is an emerging research discipline 
in near surface geophysics which is sensitive to 
physicochemical alterations associated with microbial 
processes. Thus, it may be easier to apply geophysical 
techniques such as Electrodic potential, self potential 
and induced polarisation to engineered biological 
systems where there is a degree of control over 
the design of the physical and chemical domain. A 
column experiment that was designed to anaerobically 
biodegrade dissolved organic matter in landfill leachate 
was taken up. The column utilises a recycled porous 
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Mise-a-la-masse results 
show a clear indication of 
the high fracture density 
with the fractures mainly 
in NW-SE and NE-SW 
directions (Fig. 4.4). 
Thus correlating these 
anomalies with the data 
of bore well  drilled upto 
54 m, it was suggested to 
drill a bore well at east 
side 4-8 m away from the 
existing well.

media to help sequester organic carbon. Electrodic potential, self potential and induced polarisation are used in 
conjunction with geochemical, microbiological and isotopic techniques to monitor the effectiveness of this approach. 
Results obtained in supportive studies including X-ray diffraction (XRD), metal analysis by inductively coupled 
plasma-atomic emission spectroscopy (ICP-AES) and energy dispersive X-ray (EDX) support bioprecipitation of 
metals and variations in time-lapse biogeophysical measurements. Further, micrographs obtained from scanning 
electron microscopy (SEM) of column sediments support the presence of biofilm and biomineralization. Strong 
biogeophysical signatures associated with anaerobic microbial sulphate reduction and biofilm growth facilitate the 
possibility that the biogeophysics could be a cost-effective, fast and non-invasive potential tool for monitoring the 
performance of bioreactors and designing bioremediation strategies.

Delineation and Regionalization of Arsenic Contaminated Groundwater Zones and Management of 
Groundwater Resources In Middle and Lower Ganga Plains
The integrated hydrogeophysical studies in the arsenic(As) affected region of Balia–Patna sector in Middle Ganga 
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Plain (MGP) of the states of Uttar Pradesh and Bihar in India, led to an important finding 
that the lithological setup plays a major role in understanding the arsenic contamination 
in groundwater. Although alluvial deposits are known for their hydrogeological 
homogeneity and stratification, the heterogeneities found in stratification close to the 
river are the probable reason of arsenic contaminations in patches. The thickness of 
clay pockets varies in the study region. The high resolution Electrical Resistivity Tomo-
graphy (ERT) has provided subsurface lithological discontinuities from the surface 
to even deeper level (say 90 m). The discontinuity of the layer may create leakage 
from upper polluted 
aquifer to lower aquifer 
and contaminate the safe 
zones.

The clay layers are found 
at localized pockets, 
acting as barrier to 
the groundwater flow 

and indirectly behave as a controlling factor to the 
groundwater contamination. The spatial variations 
in clay deposits are the result of river meandering. 
Geophysics has helped demarcating the clay barriers, 
which coincides with the contour line demarcating the 
arsenic contaminated and safe zones (Fig. 4.5).

Fig. 4.5: Geophysical mapping vs As distribution showing 
control of lithology

(Shakeel Ahmed, VK Somvanshi, KP Singh, Subash Chandra, Tanvi Arora, Syed Ali, NV Sehshamma,  
D. Purshotham, E. Nagaiah, Abdul Khalil, PD Sreedevi, Haris H. Khan, Farooq Ahmad Dar, Sarah, Mehnaz 
Rashid, Visahono Zaphu, P. Raghvendra, Tarun Kumar Gaur, J Lavanya, M. Ahmeduddin, Jerome Perrin, 
Amelie Dausse, Wajiduddin)  

Recharge and Evaporation Process, Its Evaluation and Quantification
Sustainable development and management of water resources in different problematic terrain 
Water and solute movement studies for sustainable agriculture
The scope of the project is to understand mechanism and quantification of the irrigation return flow in groundwater 
overexploited alluvial area of north western India and hard rock Granitic terrain of southern India through integrated 
hydrological, hydrogeological, hydrogeochemical, geophysical, isotope and tracer techniques. The investigations   
are being carried out in alluvial areas i) Punjab Agricultural University (PAU) campus, Ludhiana, Punjab and  Central 
Soil Salinity Research Institute (CSSRI campus), Karnal, Haryana and hard rock area in Madharam watershed, 

At present the top aquifer is found contaminated with arsenic spread in patches. A non-judicious pumping may cause 
contamination of the deep safe aquifers also. The knowledge of the distribution of clay barrier is very important 
for the policy makers to plan habitation of the people in order to avoid arsenic contaminated water for drinking 
purposes. The results provided an insight into the process of Arsenic contamination, on one hand and on the other 
hand the study depicted the aquifer setup that helps separating and safeguarding the zones free from contamination 
in the multi-aquifer system existing in the MGP, India. ERT and Time domain Electro Magnetic results were found 
corroborating well with each other and proved their combined applicability in identifying small scale variations 
in aquifer geometry in alluvial areas. Along with ERT, application of induced polarisation method is more useful 
particularly in identifying the clay layers.

The results provided 
an insight into the 
process of Arsenic 
contamination, on 
one hand and on the 
other hand the study 
depicted the aquifer 
setup safeguarding 
the zones free from 
contamination in the 
multi-aquifer system.
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Midjil mandal in Mahboobnagar district of Andhra Pradesh. All these areas are groundwater overexploited regions 
and experiencing declining groundwater table conditions.

PAU campus and adjoining areas, Ludhiana, Punjab
Hydrogeological, isotope and tracer techniques were employed at selected experimental sites for evaluating shallow 
moisture flux, soil moisture movement mechanism in irrigated fields, irrigation return flow quantum and aquifer 
characteristics. The area has multi aquifer system comprising sand, silt and clay and receives an average annual 
rainfall of  about 740 mm. Daily rainfall and water level monitoring in observation wells were continuously carried 
out at the experimental sites for three years. The data at a selected bore hole site indicates that ground water level is 
declining at steady rates and it is about 0.5-0.8 m/year within the PAU campus area.

Environmental Tritium, Oxygen 18O/16O, Hydrogen (D/H) and Chloride measurements were undertaken from shallow, 
moderate and deep bore wells of Ludhiana area with an aim to determine the general recharge condition mainly 
from the point of irrigation return flow process and quantification, aquifer characteristics and their interconnection. 
The 18O and chloride value of ground waters varies from -6 to -11.5 parts per mil (‰) and 8-60 mg/l respectively. 
The 18O content of the ground waters in the study area depict two sources of recharge. One source contains 18O 
in the range of -8 to -6 parts per mil (‰), while the other contains -11.5 to -8 parts per mil (‰). The variation in 
chloride concentration of ground waters can be attributed to both  the processes of evaporation during recharge and 
contribution from the sub strata. Environmental tritium measurements indicate most of the values are in the range 
of 2-15 TU, indicating modern precipitation values.  

CSSRI campus, Karnal, Haryana
An experimental hydrogeological study was carried out at selected sites in the campus area of Central Soil Salinity 
Research Institute (CSSRI), Karnal, Haryana to understand process and mechanism of water movement and its 
quantification in agricultural lands covered by reclaimed alkali soils. Alkaline soils covering large part of the state 
of Haryana including Karnal district have high pH (>9), poor soil structure, low infiltration capacity, unfavorable 
physico-chemical properties and limited agriculture dependence. 

The rainfall data analysis for the last 30 years of the study area shows that the average annual rainfall is 735 mm 
with the coefficient of variation of 35%. The groundwater level monitoring since 2003 indicates that the is water 
level is declining at a steady rate.The alkaline soils within the campus area were reclaimed by CSSRI through 
gypsum application technique. The improvement in the soil condition as indicated by reduction of pH is clearly 
seen at shallow depth soils. The average pH of the shallow soil zone (0-40 cm) is 8.1, while it is 10.0 for deeper 
zone up to the depth of 4 m. The analysis of  samples indicates that the soil zones up to the depth of 4 m contain  
mainly loamy sand and sandy loam  having clay content less than 6 %. The shallow resistivity investigations reveal 
that the moisture at intermediate zones within the vadoze zone seems to be with depleted moisture and the inference 
is supported by neutron moisture measurements over time domain. The chemical analysis of groundwater sample 
indicates that though the water is alkaline in nature (pH: 9), the total dissolved solids and the ionic concentrations 
are within the permissible limit for drinking water itself. 

The depth tritium and moisture data obtained at tritium injected sites were used for calculation of moisture influx 
caused by rainfall and/or irrigation. The moisture influx caused by seasonal rainfall (445 mm) at rain fed site is 
calculated  to be  6.3 mm, which is equivalent to 1.4 % of rainfall. The moisture influx caused by rainfall + irrigation 
at irrigated site is calculated as 203.3 mm. This is equivalent to 5.9 % of irrigation plus rainfall input of about 3445 
mm. The low recharge rate is mainly due to subnormal rainfall and high soil pH condition (avg. pH:10) below 40 
cm depth. The depth moisture data at two irrigated fields for various time intervals indicates migration of moisture 
through the unsaturated zone. Moisture potential measurements using water mark sensors taken for different depths 
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Fig. 4.6: Hourly moisture potential at different sensors for the rainfall event during 2010 at CSSRI campus

up to 4 m indicates soil attaining the state of saturation immediately after a high intensity rainfall event. The 
saturation period varies from a few to several days for shallow depths (1-3 m) to a few hours only for depth at 4 
m. Moisture potential data after the moderate intensity rainfall event of 90 mm in 2010 monsoon indicates that 
moisture change was observed up to the depth of 3 m. The sensors kept at 3.5 m and 4 m did not show any change 
in moisture potential (Fig. 4.6). 
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Madharam watershed, Mahboobnagar district, A.P.
Vertical soil profiles were collected along a 10 cm section at the injected tritium sites and analysed in the laboratory 
for moisture content and tracer concentration. The experimental study indicates that the average natural recharge 
caused by rainfall at fallow and dry crop sites is 55.1 mm, equivalent to 8% of the rainfall. The average recharge 
from applied irrigation and effective rainfall together at paddy field sites is estimated as 176.7 mm. The repeated 
depth moisture measurements up to water table depth using neutron moisture probe clearly shows greater change in 
moisture content at paddy field site as compared to rainfed site. The ground water level change observed during the 
monsoon in irrigated ground water field site is 3 times that of rainfed site. This indicates significant moisture flux 
transfer and recharge in paddy fields. The moisture flux transfer observed at slim hole sites in the top 4 m vadoze 
zone during the peak monsoon months of August and September (40 days) is 60 mm in rainfed agricultural land as 
compared to 144 mm in  irrigated agricultural paddy field.

(R. Rangarajan G.B.K. Shankar, K. Rajeshwar, Vamshi Krishna, T. Mathews, A. Mohan Reddy,  
D. Muralidharan)

Fig. 4.7a : Tank filled with water Fig. 4.7b : Check Dam with water

Strategy development for revival of defunct minor irrigation tanks
The geohydrological studies enabled in characterizing the defunct minor 
irrigation tank and identify the strategies required for rejuvenating the tank 
benefit function for agriculture. Some of the strategies such as construction of 
a check dam on downstream of tank waste weir to harness the surplus overflow 
completed in the year of 2009-2010 was filled by the over flow from the tank in 
the year 2010 and the groundwater was augmented by induced recharge (Fig. 
4.7a). Another rejuvenation strategy of plugging the seepage below the waste 
weir was carried out which resulted the tank getting filled up to its full capacity 
(Fig. 4.7b) even due to a sub-normal rainfall year of 2010. The effectiveness of 
strategies grounded in 2009 has shown a clear change in groundwater condition 
on downstream area. The pre & post water level behavior in the downstream area 
is shown in the figure (Fig. 4.7c). Due to availability of surface & groundwater, 
nearly 5 acres of land area on downstream was cultivated with paddy in 2010-11 
after a gap of six years period.

The effectiveness of strate-
gies grounded in 2009 has 
shown a clear change in 
groundwater condition on 
downstream area. Due to 
availability of surface & 
groundwater, nearly 5 acres 
of land area on downstream 
was cultivated with paddy in 
2010-11 after a gap of six 
years period.
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Geohydrological parameter generation around active and closed Tailings Pond associated with 
Uranium mining at Jaduguda and Turamdih in Jharkhand State, India  
Integrated geohydrological studies carried out in Jaduguda Tailings Pond Watershed characterized the closed 
tailings ponds and downstream of active tailings pond area in terms of soil physical & hydraulic properties; sub-
surface hydrogeological conditions; surface and groundwater hydrochemistry; delineation of plausible palaeo 
stream channel pathway of pollutant migration; etc. Using the resistivity tomography, the tailings thickness and 
disposition was mapped clearly in one of the closed tailings pond. The resistivity image obtained on the tailings 

pond is presented as Fig. 4.8. The effluent nature of the stream carrying the polluted 
groundwater was identified and remedial measures for arresting the migration of 
pollutants through groundwater were evolved. Using the soil-moisture tension, a new 
way of estimating the permeability of soils at different depths without disturbing 
the conditions was evolved and compared with the lab permeability measurements 
under disturbed conditions. In-situ Kd (adsorption coefficient) of Uranium and its 
nuclides with respect to soil conditions was designed and tested. An Interim Report 
was brought out and submitted.

(D. Muralidharan, R. Rangarajan, Kamle Anand, Rolland Andrade, K. Hima 
Rekha, Sakambri Padhi, E. Sireesha and D.N.V. Lakshmi Devi)

Fig. 4.7c: Hydrographs of Pre - (2009 - 10) & Post - (2010 - 11) depicting the impact of tank rejuvenation 
strategies at Downstream observation well

(R. Rangarajan, Rolland Andrade, Kamle Anand, K. Sakambri Padhi, D.N.V. Lakshmi Devi,  
T. Sirisha, D. Muralidharan and B. Sathiah)

Fig. 4.8: Transverse Resistivity Image Section at Closed Tailings Pond

The effluent nature of the 
stream carrying the polluted 
groundwater was identified 
and remedial measures for 
arresting the migration of 
pollutants through ground-
water were evolved. Using 
the soil-moisture tension, a 
new way of estimating the 
permeability of soils at dif-
ferent depths without dis-
turbing the conditions was 
evolved and compared with 
the lab permeability mea-
surements under disturbed 
conditions.
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Integrated approach for hydrogeological management 
at Tummalapalle Uranium project area in Cuddapah 
district, Andhra Pradesh  
Micro-level resistivity imaging coupled with ground magnetic 
survey was carried out to map the buried dyke intrusive 
delineated through earlier macro-level survey inside the 
proposed tailings pond associated with Tummalapalle uranium 
mining activity (Fig. 4.9). The coupling of two geophysical 
methods clearly yielded the disposition of sub-surface intrusive 
body which enabled in realigning of the pond bund axis. 
Further to understand the hydraulic nature of the intrusive, two 
exploratory boreholes drilled on either side of the delineated 
body proved that at deeper depths it will act as a barrier to 
deep water table and by absence of hydrologic response to the 
hydrological cycle on the downstream of the dyke body. 

(D. Muralidharan, R. Rangarajan, Rolland Andrade, Kamle 
Anand, A. Mohan Reddy and B. Sathiah) Fig. 4.9: Micro-level resistivity images with ground 

magnetic image inside the tailings pond area

Groundwater Data Generation at Nuclear Power Plant sites at M.A.P.S. (Madras Atomic Power 
Station) and T.A.P.S. (Tarapur Atomic Power Station)
Hydrological data (both saturated and unsaturated zone) are generated at Madras Atomic Power Station (MAPS) 
area and in Tarapur Atomic Power Station (TAPS) area for development of predictive surface and groundwater 
model at the plant site with an objective of determining the site’s safety and environment impact. Both the atomic 
station sites are located near to the coast and experience semi arid tropical climate. The average annual rainfall at 
MAPS is about 1350mm, which is located in granite terrain. The average annual rainfall in TAPS is about 2900 mm  
which is located in basalt terrain. Both the sites are covered by alluvium formation comprising coastal sand.  

The natural recharge rate estimated at the MAPS site area is calculated as 103.5 mm for the seasonal rainfall of 1263 
mm (8.2%) in 2009. Geophysical investigations were carried out at both the site areas to understand subsurface 
lithological variations and to map subsurface geometry. Based on lithology and geophysical results, two aquifers 
were delinated in the MAPS area. The top sandy aquifer is followed by weathered–fractured aquifer. In the TAPS 
area weathered – fractured aquifer was delinated. The continuous water level data obtained from logger indicated 
significant recharge during high intensity rainfall events and outflow from MAPS area. 

(R. Rangarajan, Rolland Andrade, G.B.K. Shankar, Vamshi Krishna, T. Mathews, K. Rajeshwar and  
D. Muralidharan)

Delineation of groundwater potential zones in Chandrabhaga river basin, Nagpur district
Chandrabhaga river basin is occupied by Deccan traps below a thin cover of soil. Exploration of ground water in 
this region is mostly confined to weathered zones at shallower depths and hence inadequate to meet the increasing 
demands of water supply. Therefore, twenty three Electrical Resisitvity Imaging (ERI) surveys were carried out  
for delineation of ground water potential zones at deeper levels in the form of intertrappeans, faults and fracture 
zones within the Deccan traps and Gondwana formations below the traps (Fig. 4.10). The basin consists of two 
water sheds. The northern water shed lies north of 21o15’ latitude while the southern watershed lies south of this 
latitude.
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Fig. 4.10: Location map of the investigated area with VES sites (S1-S45) 
and ERI sites (P1-P23)

The southern watershed is occupied by dense 
network of small channels which join two 
major channels. One major channel passes 
through Sonegaon while the second one 
emerges from the Kondhali reserve forest 
area and passes through Linga, Khairi and 
Uparwadhi. Both channels join together to 
form a single major channel before Ghogali. 
The same channel is named as Saptadhara 
river beyond Ghorad within the northern 
watershed. Out of 23 ERI sites, nine sites, 
namely, P1, P2, P4, P9, P10, P19, P20, P21 and 
P22 fall within this watershed. 2-D resistivity 
images obtained from inverse modelling of 
measured apparent resisitivity data indicated 
potential groundwater zones in the form of 
intertrappeans and fracture zones within the 
traps and Gondwana formations below traps. 
An example of the 2-D resisitivity image 
for P1 site under Ghogali village and it’s 
comparison with the sequence of lithological 
units of a  bore well is presented in Fig. 4.11. 
Both results are found in good agreement. 
Geological formation with <30 Ohm m resisitivity value represents aquifers of good yield and formations with 
resistivity values between 30 to 40 Ohm m represent aquifer of moderate yield. Formations with >70 Ohm m 
resisitvity value represent massive basalts. 

Fig. 4.11: Comparison of lithological sequences obtained by inverse modeling and bore well drilling at P1 site (78o52’9.6” E,  21o 
14’ 19.2”N ) under Goghali village.

The northern watershed is also occupied by dense network of small channels. Majority of which join Chandrbhaga 
river which flows in west to east direction. The central part is traversed by a medium size channel which passes 
through Ubali village and joins Chandrabhaga river east of Dhapewara Khurd. The southern part of this watershed 
is traversed by Saptdhara river which is also a tributary of Chandrabhaga river. Within the area of this watershed 
ERI surveys were conducted along 13 profiles. Their centers are marked by P3, P5, P6, P7, P8, P11, P12, P13, P14, 
P15, P16, P17 and P18  in Fig. 4.10. Inverse modeling of the measured apparent resisitivity values was carried 
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out to create 2-D true resisitivity images for 
each sites. For example, resisitvity images for 
sites P5, P6, P7 and P8 are presented in Fig. 
4.12. Based on the earlier VES surveys and 
present ERI surveys, the trap thickness within 
the investigated area is found to vary between 
45 m and  117 m suggesting highly undulating 
paeleo topography.

Fig. 4.12: Inverse resistivity models for P5, P6, P7 and P8 sites

Hydrogeological investigation in Tadke-
shwar Lignite mine of GMDC, District 
Surat, Gujarat 
Land slide in mining area due to ground water 
movement is a common phenomenon. It not 
only disturbs the mining activity but also incur 
heavy financial losses to the management to 
the tune of several lakhs. This project is aimed 
to delineate ground water bearing formation in 
order to design ground water pumping scheme 
to prevent mine collapse. For this purpose 2-D  
ERI surveys were carried out along 27 profiles. 
From computed 2-D resisitivity images, zones 
of groundwater bearing formations have been 
identified at several locations. A few suitable 
sites are recommended for bore well drilling 
for the purpose of dewatering the mining area  
to avoid land sliding.

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

Development of methodology for protection & conservation of soil and groundwater in dryland 
environs
For developing methodology for protection and conservation of soil and groundwater in dryland environment, an 
integrated approach was applied in a part of Hayathnagar Research Farm, Hyderabad, India.

Geologically, the area is grey to dark-grey, pink, medium-grained granite of Archean age with structural features like 
weathered pegmatite veins, dolerite dykes, and out crops of granite (see Fig. 4.13). The thickness of semi-weathered 
and fractured granite which forms the aquifer varies from less than a meter to about 23 m. The piezometric surface 
varies from 486.895 to 515.532 m (amsl, measured in October 2010).

Infiltration test and groundwater monitoring were carried out to characterize soil properties, response of aquifers, 
estimate of natural recharge and evaluate of water level monitoring strategies. The results show that the bore wells 
were responding due to rainfall with a one-month lag except well nos. 11 & 13. But the dug wells (4 & 14) were 
responding with zero-lag. The dug well (14) which is located in the middle of the area has a strong relationship 
with the precipitation. The water level responses were relatively high in sandy soil compared to  clay and clay loam 
soils. It was low to moderate infiltration rate (0.40–1.66 cm/hr) in loam and clay loam with relatively low degrees 

This project is aimed to delineate ground water bearing 
formation in order to design ground water pumping scheme to 
prevent mine collapse. A few suitable sites are recommended 
for bore well drilling for the purpose of dewatering the mining 
area  to avoid land sliding.
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of cross-correlation coefficients (r: 0.46-0.64) in 
between rainfall and shallow groundwater response, 
whereas higher infiltration rate (5.23 - 11.97 cm/hr) 
with higher correlation coefficients (r: 0.66 - 0.87) 
were observed for medium to coarse sandy soils. 

Preliminary entropy-based approach was also applied 
for assessment of the groundwater monitoring well 
network and evaluation of natural recharge. It is 
shown that the well area having the lowest marginal 
entropy gives the lowest transinformation with the 
rainfall. The well area which has the lowest marginal 
entropy (new information) should be considered 
as a first priority area (i.e., 4-8, 12, 13, 14 & 15 
well areas). The well that has the highest marginal 
entropy gives the highest transinformation with 
the rainfall. The area which has highest marginal 
entropy should be considered as a second priority 
area for water level monitoring. The marginal 
entropy and transinformation of rainfall and depth 
to water table at NGRI observation wells (Fig. 4.13) 
were calculated and a ratio of transinformation to 
marginal entropy of rainfall was used as a measure 
for assessing natural recharge. The estimated natural 
recharge of local average seasonal rainfall varies 
from 5.42 to 28.98% with an average 12.32% in this 
area.

Fig. 4.13: Geological map of Hayathnagar Research Farm with 
NGRI observation wells

Identification the pathways of saline water intrusion in Uppanar and Cauvery river systems of 
Southern India using Remote Sensing and GIS techniques
A comprehensive picture on saline water pathways in coastal aquifers located in Uppanar and Cauvery river 
systems of Tamil Nadu state, India was drawn using RS and GIS techniques with the help of ground fact studies 
like geophysical and in-situ groundwater quality measurements (Fig. 4.14). Topographically the area is flat and 

slopping towards the Bay of Bengal. 
The elevation of Uppanar river 
system varies from 0 to 14.33 m 
(amsl) and in low topography (<3.00 
m) areas, development of Uppanar 
river back water system was seen to 
a distance of 20 km towards in land. 
But, in Cauvery river system, the 
topography varies from 0 to 17.37 m 
(amsl) and the back water inundation 
was within 5 km from the coast 
where the topography is  low (< 3.00 
m, amsl). Fig. 4.14: Showing DEM wrapped FCC map in Uppanar and Cauvery River systems
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Fig. 4.15: True resistivity contour maps at the depths of 3, 5, 15 and 20 m

The results of this study show that three major geomorphic units like fluvial, fluviomarine and marine land forms; 
and lineaments are available in this area. Lineament L1 NNE-SSW trending (in Fig. 4.14) indicated that the both 
Uppanar and Cauvery rivers are being shifted sinisterly towards the north and it extended up to the confluence 
point of Coleroon River at the Bay of Bengal. Uppanar back waters diverse through this lineament and influence 
the inland aquifers. The land in between the parallel lineaments (L2 & L3) trending ENE-WSW direction are being 

subjected to land subsidence. The lineament L4 falling in this area is acting 
as the pathways for saline water ingression. Geomorphological anomalies 
of disseminated beach ridges, paleo-channel meandering and its migration, 
back water inundation, creek development and tidal flats and its aerial 
extent are observed on the geoelectrical anomalies which show relatively 
low resistances values. True-isoresistivity contours at different depths (in 
Fig. 4.15) indicate the anomalous signatures in the structural controlled area 
where groundwater levels are shallow compared to other areas which means  
that the land lying in between lineaments L2 & L3 is being subsided. Due 
to this land subsidence, groundwater quality is also deteriorated and saline 
water intrusion takes place when fresh water recharge conditions are poor. 
The above study reveals that the Uppanar river system is more valunerable 
for saline water intrusion than the Cauvery river system. The obtained 
information represents a base for future groundwater study that will help 
in the planning, protection and decision-making regarding the groundwater 
management of Uppanar and Cauvery river systems, Southern India.

The study reveals that the Up-
panar river system is more 
valunerable for saline water in-
trusion than the Cauvery river 
system. The obtained informa-
tion represents a base for fu-
ture groundwater study that will 
help in the planning, protection 
and decision-making regarding 
the groundwater management 
of Uppanar and Cauvery river 
systems, Southern India.
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Development of a Ground Water Information System (GWIS) for assessment & management of 
groundwater resources
Present study deals with generation of baseline data by integrated hydrogeological, geophysical, hydrochemical 
and aquifer modeling studies on watershed approach. To create a Groundwater Information system in a micro 
level scale of 1:12,500 by generating base line data on Groundwater Potential and quality for an optimal resource 
management and increasing the agriculture output. This will be achieved through the following objectives

	Hydrogeological and Geophysical Investigations to decipher the subsurface geometry

	Establishing Observation wells for periodic monitoring of water level and water quality to evolve necessary 
decision support system with regard to groundwater fluctuation and water quality

	 Influence of varying degrees of certain primary practices in rice cultivation like land preparation and puddling 
on the water infiltration, percolation and ground water recharge.

	 Impact of rice-based cropping sequences on soil characteristics, return flow and ground water recharge 

	Chemical analysis of groundwater samples to assess the  groundwater quality  

	Development of hydrogeological data base using GIS

	Development of a mathematical model to simulate groundwater flow and mass transport for assessment of 
groundwater potential and contamination

Pudunagaram watershed, Palaghat district, Kerala
The generated base line data shows that, the elevation varies from 78 to 122 m (amsl) and the general slope is from 
east to west. The groundwater level is shallow which varies from 2 to 8 m at open wells and up to 18 m at bore wells. 
It’s flow direction is from east to west which fallows the topography. 4 Infiltration tests were carried and it’s rate 
varies from 7.0 to 15.8 cm/hour. Pumping tests performed at four locations reveal that the Hydraulic conductivity 
(K) varies between 8 and 176 m/d and transmitivity (T) between 38 and  241 m2/d. 

Fig. 4.16: Location map of geophysical and hydrogeological studies of Pudunagaram watershed, Palaghat district, Kerala
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Fig. 4.17: MERI and VES at Vadavannur village showing suitability for drilling in Pudunagaram, Palaghat district Kerala

Based on geophysical surveys comprising 25 VES and the Multi-electrode Resistivity Imaging at 21 locations, 
suitable sites for drilling were identified. One typical site (Fig. 4.17) at Vadavannur village shows suitability for 
drilling. This study reveals shallow basement in Pudunagaram watershed and the weathered-fractured zones vary 
from 15-30 meters. Groundwater level is being monitored monthly thro observation wells since October 2009 
to April 2011. The annual average rainfall (2003-2011) is 1928 mm. A positive correlation of 0.322 is observed 
between rainfall and groundwater level rise.

(S. Sankaran, N.C. Mondal, D.P. Seth, S. Saheb Rao, Purushottam Dhunde, Harikumar Pamisetty, Amarendar 
Botla, V. Satish Kumar, G. Chandana, K. Rajkumar and G. Shankar)

High resolution multiparameter airborne geophysical survey for mineral, oil & ground water 
exploration an development of interpretational techniques for airborne data.
Ground water prospects in the regions of positive magnetic anomaly zone
The aeromagnetic/ground magnetic anomalies are caused due to the presence/absence of magnetic minerals in 
the sub surface rocks. Process of the metamorphism and associated development of fault/fracture/shearing either 
enriches or depletes the magnetic minerals and thus cause magnetic anomalies. Under conditions of ambient 
magnetic field induction, in the present survey area, a positive magnetic anomaly closure can be inferred due to 
the presence an intensely sheared rock matrix from where magnetic minerals might have been depleted. And the 
positive magnetic anomaly can be inferred to be associated with a fault/fracture system in this low latitude region. 
Positive magnetic anomalies in the present study area can also caused due to reversely/remnant magnetized dyke 
like body below the surface.

Fig. 4.18. is a part of the aeromagnetic anomaly field taken from an area of Porphyritic Monzo granite region of 
Closepet granite south of Kalyandurg. The positive anomaly closure is trending in WNW-ESE direction with an 
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amplitude of 250 nT. No surface exposures are seen in this region except soil cover. 
Generally granite bodies  produce anomalies of about  60 nT under induction in the 
present survey area with total field of 41100 nT with maximum k=0.0015 cgs units. 
Thus the moderately high amplitude positive anomaly of 250 nT closure can be  
attributed either  to a revelry magnetized dyke at depth or shear/fault fracture zone 
with in the Porphyritic Monzo granite in this area.

Analysis of log normalized radially averaged spectrum computed for the 
aeromagnetic field (Fig. 4.18) indicated an average depth of 80 m to a discernible 
magnetic horizon. Super position of the drainage network on this aeromagnetic map 
clearly shown a prominent drainage channel running along the positive magnetic 
anomaly. If the positive anomaly zone is considered to be a fault/shear zone caused 
due to intrusion of dyke like structure there will be a possibility for considerable 
ground water accumulation which can be exploited from an average depth of 80m.

If the positive anomaly 
zone is considered to be a 
fault / shear zone caused 
due to intrusion of dyke 
like structure, there will 
be a possibility for con-
siderable ground water 
accumulation which can 
be exploited from an av-
erage depth of 80m.

Fig. 4.18: Total intensity aeromagnetic anomaly image/map south of Kalyandurg area.

Superposition of drainage pattern on the analytical signal map (Fig. 4.19) clearly shows that the positive peaks of 
the analytical signal computed for the aeromagnetic anomaly field (Fig. 4.18) indicate the top of the sheared / faulted 
zone associated with the drainage channel.

(H.V. Ram Babu, Ch. Rama Rao, B. Vijay Gopal, R. Rajkumar, M. Prasanti Lakshmi, R.K. Kishore, N. Srikanth, 
M.A. Gaffar, G.D.P.S. Sinha, G. Ramachandra Rao, D. Praveen, V. Pradeep Kumar)

Fig. 4.19: Analytical signal image/map computed for the region south of Kalyandurg area (Fig.4.18). 
Observe the drainage channel passing through the positive peaks of the analytical signal.
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Geological studies for ground water depletion at Gandikota tunnel alignment
Geological observations were carried out inside and above the tunnel from Ch 52.400 to Ch 54.500 (2.1km length) 
to know the effect of tunneling on depletion of ground water. The orientation of fractures in Quartzite exposures 
on surface is N-S and E-W along the tunnel alignment and width varies 
from 0.1cm to 3.0cm. The orientation of the fracture/joints inside the tunnel 
alignment is also N-S and E-W (Fig. 4.20) and width varies from 0.1cm to 
0.2cm. The joints along the left tunnel are tight to slightly open, persistent 
to discontinuous, closely to moderately closely spaced and vertical to sub-
vertical. Joint planes are rough, undulating and irregular with ripple marks. 
The seepage of the water is noticed at observed shear zone / fault zones only. 
The depletion of the ground water may be due to the puncture of the water 
table at weak zones during excavations. The fracture measurements were 
made to understand the depletion of the ground water through the structural 
weak zones/shear zones. The shear zone is a weak zone and is associated with 
closely spaced sympathetic fractures in the near vicinity. The intersection of 
the beds with this vertical shear zone is the possible reason for the rock to get 
fragmented and to tumble down during scaling operations. It is suggested 
that the depletion of ground water can be reduced by restricting the seepage 
of water in the tunnel by fully grouting the boreholes above the tunnel as it 
is clearly understood that the fractures in Quartzite surface exposures help 
in recharging the ground water. The geometry of fractures observed and 
measured on the surface of the tunnel indicates that the tunneling may effect 
the depletion of the ground water. 

It is suggested that the deple-
tion of ground water can be 
reduced by restricting the seep-
age of water in the tunnel by 
fully grouting the boreholes 
above the tunnel as it is clearly 
understood that the fractures 
in Quartzite surface exposures 
help in recharging the ground 
water. The geometry of frac-
tures observed and measured 
on the surface of the tunnel 
indicates that the tunneling 
may effect the depletion of the 
ground water. 

Fig. 4.20: Vertical Fractures at Ch 54.200 (A) and Horizontal Fractures at Ch 54.200 (B) in Quartzite in the Gandikota Tunnel 
area. 

(T. Seshunarayana, P. Prabhakara Prasad, Dr. P. Senthil Kumar, N. Kalyan, V.V. Ramana Murthy, G.S. 
Srinivas, K. Ratnamala, K. Satish Kumar, D. Mysaiah, KNSSS Srinivas, P. Pavan Kishore, M. Sri Hari Rao 
and Dr. M. Suresh)
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Deep Resistivity Studies
Deep Resistivity Soundings (DRS) studies for probing deep fresh aquifers in coastal area of Orissa, 
India
Mahanadi basin in Orissa state in eastern coast of India has the acute problem of salinity of groundwater. The 
problem  is very challenging  particularly when fresh water zones are not extensive and are entrapped between 
saline aquifers. It has been possible to locate deep horizons of fresh aquifer entrapped between two saline aquifers 
in the southwestern part of Mahanadi delta, with the help of Deep Resistivity Soundings (DRS). This finding has 
been validated through drill holes and checked with electrical logs of this region. Three fresh aquifers has been 
detected out of which the most potential one is in the depth range of 90 to 160 m having thickness of 30 to 40 m 
could be exploited in this problematic salinity infected area. In general the depth to bedrock is variable, deepening 
towards sea side.   

(S.B. Singh and B. Veeraiah)




