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Project summary  

 
 

CSIR-National Geophysical Research Institute has carried out advanced 
geophysical investigation including high resolution state of the art helicopter borne 
time domain electromagnetic (HTEM) and magnetic (HMAG) surveys under the 
aegis of the Ministry of Water Resources, Government of India to delineate principal 
aquifers in six hydrogeologically divergent areas with the objective to establish the 
suitability of heliborne surveys for countrywide up-scaling of aquifer mapping. 
 
The study includes point measurements by ground and borehole geophysical 
investigations viz., vertical electrical sounding (VES) at 305 sites, ground transient 
electromagnetic method (GTEM) at 384 sites, electrical resistivity tomography (ERT) 
at 92.78 line km, electrical and natural gamma logging at 27 sites. The continuous 
measurement were made along 13,800 line km roughly at every 2.5 m interval by 
heliborne geophysical surveys; the globally acclaimed state-of-the-art geophysical 
technique- on an experimental basis in six hydrogeologically representative pilot 
areas in the states of Rajasthan, Bihar, Maharashtra, Karnataka and Tamil Nadu. It 
was aimed at delineating the principal aquifers at 1:50,000 scale and establishing 
the suitability of heliborne surveys for countrywide up-scaling of aquifer mapping. 
 
For this purpose, the SkyTEM system that incorporates the unique feature of using 
low and high moments for the transmitter was employed. While the low moment 
provided the critical information on near surface features to assess the recharge 
potential, the measurements at high moment yielded deeper information up to ~300 
m in alluvial areas and ~200 m in hard rock areas. The survey also included 
measurement of magnetic field that was found to be particularly useful in areas 
where the occurrence of groundwater was structurally controlled. The data recorded 
by the SkyTEM system in different areas were found to be of very good to excellent 
quality. After applying various corrections resistivity depth sections were obtained 
using laterally constrained inversion (LCI) along various profiles and spatially 
constrained inversion (SCI) considering all the profiles in a particular region.  The 
SCI inversion provides a 3D volume of the resistivity in the survey area so that it is 
possible to create horizontal slices or vertical sections along any arbitrarily chosen 
profile to correlate with available geological, geophysical, or borehole information. 
Resistivity structure associated with interesting geological features can also be 
examined.     
 
To validate the results of the heliborne surveys additional ground geophysical 
surveys were carried out in promising areas. Efficacy of the SkyTEM surveys in 
mapping the shallow and deep aquifers is evaluated in conjunction with the 
geological, geophysical and borehole data. It is found that the SkyTEM surveys, 
along with the magnetic measurements, provided reliable images of the subsurface 
resistivity distribution clearly defining the 3D geometrical and electrical attributes of 
aquifers in different areas. Critical evaluation of the results obtained by the airborne 
and various ground surveys have helped in establishing the efficacy of various 
techniques under different hydrogeological settings. Thus it has been possible to 
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design the protocol prescribing the approach and exploration strategy that needs to 
be followed for the national aquifer mapping program. 

 
The heliborne geophysical surveys are fast (~2000 measurements/hour), highly data 
dense (~1000 depth-wise information points per sq.km of aquifer), precise, cost-
economic (~300 INR per point), and can be conducted in remote, inaccessible 
areas. 
 
Results of the HTEM and HMAG surveys helped identify the principal aquifers in 
select hydrogeological provinces of India, viz., in Gangetic alluvium, Tertiary-
sediments underlying the Desert, Deccan basalts and Gondwana sediments, 
weathered and fractured granite gneisses and schists and the Coastal alluvium and 
Tertiary sediments. It helped identify the subsurface structures controlling the 
groundwater conditions, the regional continuity of principal aquifers, the variations in 
lithological character of aquifers and the quality of water in terms of salinity.  
 
The results can be used to generate database from convenient grid size, as small as 
50m x 50 m to the proposed National Aquifer Grid (NAG) of 2 km x 2km for the 
desired aquifer based groundwater management plan.  
 
The heliborne geophysical surveys have proved to be of immense use in aquifer 
mapping and have been successful in achieving the objective. It is strongly 
recommended for the countrywide aquifer mapping program. 
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1 INTRODUCTION  

With the growing dependency on groundwater, escalating demand and increasing 

drying up of aquifer, Ministry of Water Resources (MoWR), Government of India 

accorded top priority to aquifer based sustainable groundwater management with 

two major components i.e. (i) high-resolution National Aquifer Mapping and (ii) 

Groundwater Modeling programs in India. The knowledge base of aquifer disposition 

and characteristics forms input to the groundwater modeling to evolve an effective 

and sustainable plan to manage groundwater resources.  

 

 

 

 

 

 

 

 

 

 

 

Figure1.  AQUIM pilot project areas; six areas in five states 

 

The existing knowledge base on groundwater resources and aquifer system is 

mostly at a regional scale of 1:250,000 for the entire country. However, the 

interpolation of this sparse database on coarse grid yields information on aquifers 

suitable only for first hand general assessment. To have more precise information 

suitable for aquifer management it was decided to generate aquifer maps at 

1:50,000 scale for the entire country.  

 India being a country with vast geographical area and varied hydrogeological 

setup, it was decided to take up a pilot aquifer mapping programme (AQUIM) initially 

in six pilot areas representing typical hydrogeological set up to establish the efficacy 

of tools and techniques to be up scaled effectively on regional scale. 

Reliable quantification of aquifer geometry that has large spatial variability has 

become an imperative task which forms basic input for simulating the aquifer 

behavior with space and time using stochastic simulation techniques for developing 

an effective groundwater management plan. Reliability of suchgroundwater models 

depend onaccuracy of the quantitative data inputs assigned to different nodes linked 

with space and time.Such input parameter are essentially needed to be generated 

adequate dense and fast enough. Geophysics is a mature discipline that has made 
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fundamental contributions to a range of scientific disciplines and has been 

extensively used to conceptualize and develop the hydrologic models through 

mapping the subsurface structures and improving estimates of the spatial distribution 

ofhydrologic properties(Kelley, 1977; Sri Niwas, and Singhal, 1981; Urish, 1981; 

Mazac  et al., 1985; Kelly and Frohlich, 1985; Yadav, Abolfazli, 1998; Singhal et al., 

1998; Sri Niwas and Lima, 2003;Chandra, 2006; Descloitres 2008; Chandra et al, 

2008 and 2010; Chandra et al., 2011). The electronic advancement made the fast 

data acquisition and processing.Therefore, the rapid data collection by geophysical 

methodhelps in generating dense data network to improve the aquifer disposition 

model to the great extent.Thus realistic data input will improve the groundwater 

simulation and hence a realistic and effective groundwater management plans.  

 Keeping in view the vast area to be covered for countrywide aquifer mapping, 

the CSIR-NGRI proposed helicopter borne geophysical surveys, which provide very 

high data density with precision, fast coverage, accessibility to remote areas in a 

cost effective manner. Accordingly an extensive helicopter borne geophysical 

surveys and the ground geophysical surveys using modern techniques have been 

carried out in six pilot areas (Fig. 1). Use of modern state-of the-art geophysical 

techniques and establishing their efficacy in aquifer mapping was one of the 

objectives of the pilot program. The initiation of use of heliborne geophysical surveys 

for groundwater in India puts Indian hydrogeology at par with any country in the 

world.It has several advantages and a few disadvantages. 

 The report presents significant results of pilot project with special emphasis on 

typical results, performance matrix of techniques used and established cost effective 

and fast geophysical method to be used for regional and national aquifer mapping,  

aimed to cover the entire country. The aim of preparing this report is to provide 

relevant information, which could help planning the aquifer mapping programme on 

country scale being taken-up by the MoWR, RD-GR. Detailed area wise reports on 

geophysical investigations including heliborne surveys have been prepared 

separately. They contain various maps on aquifers on a GIS platform, cross-

sections, integration with ground surveys and the heliborne survey based aquifer 

database on 2 km x 2 km grid ï the 'National Aquifer Grid (NAG)ô proposed by the 

CSIR-NGRI. This local scale area could be representative of a set of villages or a 

mondal/taluk; a comparatively smaller where the groundwater could be managed by 

the locals. 
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2 OBJECTIVES 

 

The objectives of the geophysical investigations carried out by the CSIR-NGRI in 

AQUIM project have been as follows: 

i. Application of advanced geophysical methods and techniques to provide 

information: 

a. on shallow and deep aquifers within 200 m depth in hard rocks and 

b. within 300 m in alluvial/ sedimentary areas  

at a reasonable scale of 1:50,000  

ii. Establishing the efficacy of various geophysical techniques under different 

hydrogeological conditions and a protocol for geophysical investigations to be 

taken up as an aid to aquifer mapping to be up-scaled for the entire country.   

iii. Strengthening the capacity of the CGWB, State agencies and stakeholders in 

advance geophysical techniques and modeling through outreach program 

 

 With these objectives, the heliborne geophysical surveys using Time Domain 

Electromagnetic (TEM) and Magnetic (MAG) methods and other ground-based 

surveys were conducted in the pilot areas. Heliborne geophysical survey forms the 

major component of the AQUIM project. 
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3 METHODOLOGY 

Geophysical methods/techniques applied in study including their applications are 
given in Table 1. The interpretations of geophysical data based on the 
hydrogeological inputs are being used to delineate the extent of aquifer both 
vertically and laterally as well as quality in terms of salinity wherever it exists.  
 
Table1. Geophsyical methods/Techniques applied in pilot project 

Methods Techniques 
Geophysical 
parameters 

Applications 

Air-borne 
Electromagnetic 
(Time Domain) 

layer conductivity 
(inverse of 

resistivity) and 
thickness 

Almost 
continuous 

information on 
Aquifer geometry 

S
u

rf
a
c
e

 1
-D

 G
e

o
p
h

y
s
ic

s
 

Resistivity, 
Vertical 

electrical 
soundings 

layer resistivity and 
thickness 

Aquifer/aquitard 
characteristics 
and thickness 

Transient 
Electromag

netic 
 

Sounding 
layer conductivity 

and thickness 

Aquifer/aquitard 
characteristics 
and thickness 

2
-D

 G
e

o
p
h

y
s
ic

s
 

GRP Profiling layer Resistivity 
 

Pin pointing the 
sites 

Resistivity 
Electrical 
resistivity 

tomography 

Spatial distribution 
of resistivity and 

thickness 

Aquifer geometry 
 
 

Sub-surface 
Borehole 
Logging 

Electrical (Self 
Potential, short 
Normal, Long 
Normal, and 

Lateral) 

In-situ physical 
property 

measurements 
Precise 

delineation of 
aquifer and well 

design 
Caliper Diameter/Geometry 

Natural Gamma 
In-situ physical 

property 
measurements 
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Figure 2.Heliborne system (SkyTEM) used in the project and diagram of working principle shows primary 

field, eddy currents and secondary field. 

 

The helicopter borne geophysical investigation comprises two components viz., 

electromagnetic and magnetic methods. The electromagnetic field is generated by a 

large hexagonal loop carrying current known as transmitter. It is towed below the 

helicopter by a rope and is kept about 30 m above the ground(Fig.2).The 

electromagnetic field is induced in the ground by transient pulses i.e. turned off and 

on at repetition certain frequency. The transient pulse induces the ground, 

generating eddy current in the subsurface conductor that further generates 

secondary EM fields, which are recorded in the receiver loop and converted into 

subsurface resistivity distributions. The presence of groundwater and variation in the 

groundwater quality within the aquifer result in variation in electrical conductivity 

within the ground. The electromagnetic induction in the ground is dependent on 

these conductivity variations and hence the secondary field generated and measured 

at different time scale varying from micro second to millisecond gives an idea of 

conductivity distribution with depth and thus the aquifers are delineated. 
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Similarly the variations in magnetic susceptibility in the ground to the presence of 

geological structures (folds, faults and fractured zones, etc.), intrusive (dykes, quartz 

reef and pegmatite veins) in hard rock areas, basements in alluvial are mapped by 

heliborne magnetic surveys. The magnetic field and other relevant parameters for an 

area is prepared to identify these structures which are favorable as groundwater 

repository. 

 

 The heliborne TEM data were processed on Aarhus Workbench program 

developed on a GIS platform. It is a complete package for data processing and 

visualization. The processing primarily includes filtering and averaging of data as 

well as culling and discarding of distorted or noisy data. The data is stored in a 

database. The settings for the different four- step processing are also stored. The 

processing steps are 

 

1. Import of raw data into a fixed database structure. The raw data contain the 

actual transient data from the receiver, GPS positions, tilts, altitudes, transmitter 

currents etc. and the geo-file that contains system parameters, low-pass filters, 

calibration parameters, etc.  

 

2. Data is processed for: 

 

a. Positions that are measured with two independent GPS receivers recorded 

continuously 

b. Tilt data measured and used to correct the altitude and voltage data. 

c. Altitude measured with two independent lasers for distance between the 

transmitter coil and the ground. The aim of the altitude data processing is to 

remove reflections from treetops that do not come from the ground. Finally the 

representative measurement points are assigned the correct elevation.  

d. Voltage data are corrected for the transmitter/receiver tilt, and a number of 

filters designed to cull coupled or noise influenced data are deployed. 

Furthermore, data are averaged to increase the signal-to-noise ratio using a 

trapezoidal averaging cone, where the averaging width of late-time data is 

larger than that of early-time data. 

e. A group of measurement points represented by a sounding typically taken at 

every 20-30 m spacing along a flight line depending on flight speed. 

f. For interpretation, the data residuals are analyzed after the first Laterally 

Constrained Inversion (LCI) results are obtained. The data are relooked at the 

places of high residualsfor rechecking the data coupled with noise, etc.and 

then rerun the LCI. This takes a few iterations till the acceptable data residual 

is obtained. Then the final step is to run the Spatially Constrained Inversion 

(SCI) that ensures a smooth spatial variation of the physical parameters and 

the resultant resistivity/conductivity distribution is ready for 

geological/hydrogeological interpretations (Figure 5).  
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 HeliMAG data has been processed for all the basic corrections viz., diurnal, 

drift, IGRF, etc. to get the total magnetic data. The data are also processed for 

residual, reduced to pole anomaly and horizontal gradients, etc. 

4 QUATUM OF WORK DONE  

Details of data acquired by CSIR-NGRI are given below 
 

Table 2 Table showing the various activiti es and the quantum of work done.  

AQRAJ AQDRT AQMAH AQBHR AQKAR AQTND

1 Size (Sq.km) 642 755 400 572 378 517

2

Geological, Geophysical and 

hydrogeological data 

Compilation, their analyses and 

Integration

100% 100% 100% 100% 100% 100%

3

Reconnaissance of the area, 

conceptualization of the aquifer 

system and planning the 

geophysical investigations

100% 100% 100% 100% 100% 100%

4

Forward Modeling to design 

survey parameter for heliborne 

geophysical surveys

100% 100% 100% 100% 100% 100%

5

Vertical Electrical soundings 

(VES)  in nos.
68 0 21 72 60 38

6

Gradianet Resistivity Profiling 

(GRP) in Line km
0 0 0 0 37 0

7

Groundbased Transient 

Elecrtromagnetic (GTEM) in nos.

73 70 99 101 26 15

8

Electrical Resistivity 

Tomography (ERT) in Line km
35.74 0 18 8.32 15.6 10.8

9

Flight Line /Tie Lines spacing 

(m)
200/2000 250/2000 250/2000 250/2000 145/2000 250/2000

Heliborne Transient 

Electromagnetic Method 

(HTEM) in line km

3467 3400 954 770 2843 2272

Heliborne Magnetic Method 

(HMAG) in line km
3467 3400 954 770 2843 2272

10

Borehole geophysical  Logging 

(Nos.)
14 1 0 3 0 9

11

Processing, data integration and 

interpretation and preparing 2D 

& 3D models

100% 100% 100% 100% 100% 100%

12

Recommendation of borehole 

sites for exploratory wells
100% 100% 100% 100% 100% 100%

AQUIM Plot Areas

# Activity
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 The six pilot areas covering about 3264 sq.km in total were planned for the 

HTEM and HMAG surveys through 13800 line-km of flight lines (Table 1). The flight-

line spacing was kept judiciously between 145 to 250 m depending on the scale of 

major geological units in a particular area. The transmitter was flown with a ground 

clearance of 30 m with different speed ranging from 60 - 80 km/hr depending on the 

geological and hydrogeological complexities. The helicopter was flown at an average 

height of 60 m. In AQBHR and AQMAH the entire area could not be covered by the 

heliborne surveys due the presence of defense establishment in parts of the area. 

The quantum of surveys for each area is given in a tabular form (Table 2) and also in 

pi chart describing actual and comparative field data acquisition (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Geophysical data acquisition, actual and comparative acquisition time in field 

 

 Most of the ground based geophysical data have been imported to Aarhus 

Workbench, a GIS platform with advanced processing program for inversion and 

data integration. Data locations and SkyTEM flight lines after initial QC. The SkyTEM 

survey was done through Aarhus University, Denmark and the data processing and 

interpretation is being done entirely at CSIR-NGRI, Hyderabad. 
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259   
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9200 (i.e. 92 lkm)
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VES

G-TEM

ERT

Multi -parameter 

Heliborne

Geophysics

Quantity factor (Nos.)) Time (Acquisition Days)
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5 BRIEF SUMMARY OF PILOT STUDY AREA  

5.1 AQRAJ: ALLUVIUM COVERED HARD ROCK, DAUSA DISTRICT, 
RAJASTHAN 

5.1.1 ABOUT STUDY AREA 
 

AQRAJ area of 642 sqkm (between latitude 26 5̄6¡ 36ô± N and 27 1̄0¡ 36± N and 

longitude 76 2̄5¡00± E and 76 4̄9¡ 31± E)in parts of Dausa district, Rajasthan 

represents the combined condition of alluvial and hard rock within 200 m depth. The 

35-70 m thick alluvium consisting of sand and clay rests over quartzite hard rock. 

The area suffers from fluoride, iron, nitrate contaminations, salinity and 

overexploitation. 

 

 

 

Figure 5.1.1The survey area with the processed flight lines (grey colour) and surface and borehole 

geophysical (ƶ:VES, Ƶ:ERT, Ƭ: GTEM, ɡRT: borehole geophysical logs) locations 

 

 The Heliborne geophysical survey was carried out duringSeptember27th to 

October13th, 2013 with theflightline spacing of 200m, flight speed of approximately 

17 m/s and flight altitude of ~30 m (frame height). The full survey holds 3525 LKM as 
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shown in figure 5.1.1. Out of 3525 line km a total 3467 line km SkyTEM data were 

accepted. The gaps seen in SkyTEM flight lines are either no flow or filtered out data 

due to the structures such as power lines, roads, fences, village, towns, etc 

 Ground geophysical data (i.e. VES, ERT, GTEM, SkyTEM, HMAG, and 

borehole) acquisition was done during pre and post SkyTEM phases.  

5.1.2 BRIEF SUMMARY AND MAJOR FINDINGS 
 

The integrated study consisting of heliborne, surface and borehole geophysical 

investigations helped meeting the objective of principal aquifer mapping and 

establishing the efficacy of geophysical methodology in up scaling at regional scale.  

 The 1D ground geophysics, i.e. VES and GTEM are found responsive in 

characterizing the hydrogeological set up. TEM is intrinsically more sensitive to small 

variations in the conductivity than the conventional dc resistivity method and hence is 

capable of resolving considerably thin conductive layers such as clays and saline 

water saturated formations, because of high electromagnetic induction effect. In 

contrast VES resolves the resistive layers better. Both the methods are 

supplementary to each. Joint inversion of TEM and VES is useful in deriving a 

realistic hydrogeological model with reduced uncertainties. Also, TEM is better 

responsive over a heterogeneous body compared to VES, where larger ground 

coverage is under excitation/influence.  

 A comparative resistivity image of VES and TEM are shown in figure 5. 

Resistivity image is sliced after 3D gridding of the VES data along the line AAô using 

Aarhus workbench. Whereas GTEM data is processed using TEMRes program. 

Figure 5.1.2a exhibit VES and TEM resistivity bar models superimposed over 

resistivity image generated by kriging interpolation of VES inverted models. In 

general high resistivity ~ 1000 ohm.m indicative of compact bedrock is dipping 

towards east (i.e. Aô) or in other wards thickening of alluvial in the east. Figure 

5.1.2b is image of apparent resistivity of GTEM and figure 5.1.2c inverted image. 

Both the sections exhibits clearly a very prominent conductive layer, which was not 

seen in the VES section. This layer with resistivity 10 ï 30 ohm.m is attributed as 

silty and or clay layer that acts as confining layer to the aquifer lying below. 

 In general the resistivity bar models are found corroborating with resistivity 

image except a few anomalies viz., first bar model in west that belong to TEM 

response revealing compact bed rock depth at around 100 m. Whereas the 

background resistivity image indicates the bed rock depth at around 40 m over there. 

Thus there is a significant difference of about 60 m. It is important to note there are 

hardly any VES measurements done in the NW. Thus the background resistivity 

image in extreme NW valley is nothing but the extrapolated resistivity image. Such 

interpolation works well in a subsurface with gentle variations but may mislead with 

insufficient data density over a heterogeneous ground or a ground with abrupt 

changes. Therefore such anomaly is an indicator of abrupt changes linked with 

tectonic disturbances, lineaments, intrusive, contacts of contrast lithology, etc.  In 

other words high density data is required to have realistic subsurface model. 
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Figure 5.1.2. Vertical resistivity sections sliced along: (a) NW-SE line from mean VES resistivity 

superimposed over VES and TEM 1D models; (b) apparent resistivity section from GTEM measurement 

ÓÖÕÎɯÓÐÕÌɯ  ɀɯÈÕËɯȹÊȺɯ3$,ɯÐÕÝÌÙÛÌËɯÙÌÚÐÚÛÐÝÐÛàɯÔÖËÌÓ 

 

 ERT gives 2D (i.e. vertical and horizontal) subsurface resistivity image, which 

is found effective in characterizing the subsurface in terms of sand or clay or their 

intermixing. Laterally constrained inversion of ERT gives better realistic layered 

model than the normal 2D inversion where sharp boundaries are smeared out 

(Figure 5.1.3). It is also used to validate the SkyTEM result in indentifying the 

lineaments and its hydrogeological characteristics.  The SkyTEM, though collected in 

fast mode using helicopter, 2D resistivity image is found comparable. 
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Agawali

Rockfragmentswith clay: light paleto pinkishbrown

fragments of quartzite, quartz and some ferro-magnesium

mineralswith little clay.

clayey sand  
Siltyclay

Quartzite Bed Rock: light pale to dark brown 
colourchips of micaceousquartzite.

 

 The HMAG results were used to prepared lineaments map. Response of folds 

and fault were clearly seen. Broadly three sets of faults running NS and NE-SW were 

identified. Out two faults running in NE-SW direction near Baswa and Lilog, the 

Baswa fault has shown a prominent HMAG anomaly. The Baswa fault was subject to 

folding. Signature of palaeo channel controlled by underlying structure is also seen in 

the SE part of the area. Figure 6 shows ERT LCI image processed using Res2Dinv 

(upper)  and LCI. Resistivity attributes reveals that surface soil at the center seems 

to be silty clay, whereas clayey sand is interpreted on either sides. It is important to 

note that top soil is the first check to infiltration process and hence it greatly 

influences the recharge, which is the major input to the groundwater reserves. Such 

information will be very useful in estimating the groundwater balance. 

            
             
 
 
 
 
 
 
  
 
   

 
 

 
 
 
 
 
 
 

 

 

 

 

 

Figure 5.1.3. ERT at Agawali vill age and its processing using 2D inversion with Res2Dinv (upper) LCI 

smooth layered model at aarhusworkbench. 

    
 The SkyTEM data gave a new and comprehensive three-dimensional picture 
of the subsurface. The low moment data ensured the high resolution mapping of 
near surface and high moment data for the deeper level. Thus the dual moment 



20 

 

provided high resolution mapping of the subsurface from top to ~ 200 m depths.  The 
results revealed a clear contrast between the ranges of resistivity of alluvial (i.e. up 

to 100 Wm) and quartzite/granite hard rock (80 ï 1000 Wm).  The sandy layers are 

found with resistivity ranging from 15-35 Wm. The sand layers that form the porous 
horizon for groundwater occurrences in the top alluvial were clearly mapped.  

 A comparative analysis of ground and heliborne geophysical measurements 
revealed that SkyTEM survey with dense and high quality data has added great 
value in mapping the subsurface that revealed several features of high significance 
in terms of groundwater occurrence and dynamics and hence aquifer mapping. The 
cross-sections based on VES and TEM present generalized average sub surface 
conditions based on, of course, the sparse data. The SkyTEM yields much improved 
and high resolution image to be used for quantitative purpose. Even the SkyTEM 
result revealed that it was more effective in identifying the hydrological lineaments 
than the HMAG data.  

 Both the Heliborne TEM as well as HMAG are found effective in mapping 
aquifers in the alluvial cover and the underlying bedrock with high degree of folding 
and faulting in the western and northwestern parts. The results revealed a strong 
bearing of structural features on the groundwater dynamics.  

 The efficacy of the dual moment SkyTEM surveys in delineating the 3D 
configuration of aquifers is clearly established.  Results of the heliborne surveys 
correlated well with the available geological, hydrogeological and borehole 
information logs. Combining all the borehole logs, surface and heliborne data have 
been put together with the drilling log and integrated lithologs are prepared at point 
scale, which were used to calibrate and interpolate the SkyTEM data of the entire 
area to demarcate the principal litho interfaces and finally convert them into aquifer 
maps including the groundwater quality. Lithological and hydrogeological sections 
are prepared demarcating clearly the tectonic features and disposition of principal 
aquifer and aquitard.  
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Figure 5.1.4 .SkyTEM SCI resistivity image along line WE07 along with translated lithology and 

hydrogeological model
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This has been demonstrated by converting geophysical results into hydrogeological 

models at four alternate profiles i.e. WE03, 05, 07 and 09, running from west to east 

direction. The hydrogeological 2D profiles showed the followings: (i) upper desaturated 

aquifer made of sand of different texture varying from fine to coarse with the inclusion of 

kankar at places; (ii) semi confining layer composed of silt and clay mixed with kankar at 

places; (iii) aquifer-I (alluvial) composed of sand mainly inclusive of very thin clayey and 

silty lenses as well as kankar at places; (iv) aquifer-II composed of weathered-fractured 

quartzite with inclusion of thin micaceous schist at places; (v) compact bedrock 

composed of quartzite, granite gneisses and schists, etc; (vi) lineaments; and (vii) water 

tables. See  the figure 5.1.4 for SCI resistivity and translated litho and hydrogeological 

model along WE07 line running from west (left side) to east. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1.5.Grid map with 2km x 2 km lines running in WE and NS directions in anticipation of national 

aquifer grid. 

 

A national aquifer grid has been prepared with 2 km x 2 km grid (Figure 5.1.5). 
Hydrogeological models are given on all the grid nodes as well as on the boundaries 
prone to have interaction with the surroundings. This is very important from the point of 
groundwater modeling. Aquifer maps are presented in terms of:  

(i) upper surface of the desaturated aquifer; 

(ii) upper surface of semi-confining layer; 

(iii) upper surface of aquifer-I , 

(iv) upper surface of aquifer-II; 

(v)  bed rock topography; 

(vi) slope of aquifer-I. 
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Figure 20.Grid map with 2km x 2 km lines running in WE and NS directions in anticipation of national aquifer grid. 
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 The results have gone beyond the project objectives by mapping the bedrock 
fractures up to 300 m depths, which is very important for groundwater management. The 
aquifer maps generated can be used for multiple purposes such as siting of well site, 
construction of recharge structures in suitable areas and carry our advanced groundwater 
modeling of the fracture network that will results into an effective groundwater budgeting 
and hence an effective aquifer management plan.  

 

 

Figure 5.1.6. Maps of (a) HMAG; (b) Mean resistivity at 40-45 m depth; (c) generalized depth of investigation 

(GDI); (d) GDI clusters beyond 100 m depths revealing spots of deep tectonic features such as bedrock fractures, 

weak zone associated with fold, faults, etc; (e) aquifer ɬI within alluvium and aquifer-II within hardrock below 

alluvium of AQRAJ, Rajasthan 

 
The salient outputs delivered for the area are: 

 Sand and clay beds within the alluvium overlying the bedrock and their lateral 

continuity,  

 Soil texture in terms of sand (high resistivity), clay (low resistivity) and inter mixed 

(sand and clay) map. 

 Desaturated, alluvial aquifer (aquifer-I) and hard rock aquifer (aquifer-II) 

 Bed rock topography throughout the area, 












































































































