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INTRODUCTION

India is a vast country with a total geographical area of about 3.28 × 106

km2. Due to diversified geological, climatological and physiographic setup,
groundwater situations in different parts of the country are divergent. Uneven
distribution of surface water in space and time, man’s interference, and over-
exploitation of groundwater have caused regional imbalances in the supply
and demand of water both in the alluvial tract of north India and in the hard
rock formations of Peninsular India. The total annual water resources of
India are about 1960 km3. The utilizable water resource is 1140 km3 (690
km3 from surface water and 450 km3 from groundwater). The present
utilization is 750 km3 (500 km3 from surface water and 250 km3 from
groundwater). The projected demand for the year 2025 is 1050 km3 indicating
that by that point of time the total available water resources have to be put
to use.

Groundwater has to fulfill about 33% of the water demand by the year
2025. Availability of groundwater varies from free flowing wells in parts of
Indo-Gangetic plains to deep aquifers (>100 m) in Rajasthan depending on
the hydrogeological conditions. Also, availability of groundwater in hard
rock areas depends on the thickness of weathered material and fractures and
fissures.

In view of the above, there is a need to understand the distribution and
occurrence of groundwater in different hydrogeological situations. In this
article, the hydrogeological setup of the country and occurrence of
groundwater in different geological formations have been presented. Also,
the research carried out in the areas of groundwater recharge, water quality
and remote sensing and GIS have also been included.
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WATER RESOURCES OF INDIA—AVAILABILITY
AND DEMANDS

The present population of India is about 105 billion. It has mainly tropical
climate but certain parts of the country in the west and in the peninsular
region have semi-arid to arid climate.

India is bestowed with large resources of surface water and groundwater.
However, their distribution both in space and time is highly variable due to
the monsoon type of climate. The average annual rainfall is of the order of
1170 mm which brings about 4000 km3 of water and about 200 km3 flows
in from the neighbouring countries. Evapotranspiration rates are high causing
a total loss of about 1820 km3 of water to the atmosphere. A water balance
prepared by the National Commission of Agriculture is given in Fig. 1. The
total water resources of all the river basins in the country are about 1869
km3. Due to topographic limitations, only about 690 km3 of water is considered
as utilizable flow, out of which at present only about 500 km3 is being used.
The rest presently flows down unused either through surface flow or via
groundwater to the oceans.

The maximum utilization of surface water is in Indus, Krishna, Kaveri,
Sabarmati and Mahi river basins, while that in Ganga, Brahmaputa, Mahanadi
and Narmada is low. Out of 1869 km3 annual surface water potential, as
much as 585.6 km3 or 31.1% is in Brahmaputra Basin where due to non-
availability of sufficient irrigable land only 24 km3 is considered utilizable.

Figure 1. Approximate annual water resources of India in 2000 and
2025 AD (in km3). The values in brackets are those anticipated

for 2025 AD (Singh, 1997).
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The river Brahmaputra carries more water per unit area of the basin than any
other river in the world and is also one of the major sediment transporting
rivers of the world, second only to the Yellow River of China.

The utilizable annual water resources of India are about 1140 km3 out of
which 690 km3 is from surface water and 450 km3 from groundwater sources.
The utilization for the year 2000 and the projected annual demands of water
for the year 2025 are given in Table 1.

Table 1: Estimates of Annual Water Demand and Water
Distribution in India (in km3)

Sl. No. Purpose Year 2000 Year 2025
Annual Water Demand

1. Domestic use 33 52
2. Industrial 30 120
3. Energy 27 71
4. Irrigation 630 770
5. Other uses 30 37

Total 750 1050

Annual Water Distribution

Surface water 500 700
Groundwater 250 350

(Source: Singh, 1997)

Table 1 indicates that out of total water utilized in the country, 84% is
used for irrigation, about 4.4% for drinking and municipal use, 4% for
industry, 3.6% for energy development and the remaining 4% for other
purposes. Table 2 also shows that nearly the entire utilizable water resources
of the country would be required to be put to use by the year 2025.This is
mainly on account of increased demand of water for irrigation required to
grow more food grain for the increasing population which is estimated to
reach about 1.25 billion by the year 2025. Even at present there are indications
of over-exploitation of groundwater as manifested by the lowering of water
table in several areas. Therefore, there is an urgent need for chalking out
suitable strategies for planning, development, conservation and management
of available water resources in an optimal way.

GROUNDWATER RESOURCES

The assessment of water resources of the country dates back to 1949,
Dr. A.N. Khosla (1949) estimated the total average annual run-off of all the
river systems in India as 1674 km3 (167.4 million hectare meter [Mham]),
based on empirical formula which included both the surface and groundwaters.
Since then various Working Groups/Committees/Task Force, constituted by
Government of India, have made attempts to estimate the groundwater
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resources of the country. But, due to paucity of scientific data and incomplete
understanding of the parameters involved in recharge and discharge processes,
all these estimations were tentative and at best approximation.

The National Commission on Agriculture (1976) assessed the total
groundwater resources of the country as a whole, taking into account the
total precipitation, its distribution, evaporation from the soil, and sub-soil
percolation. The groundwater recharge was worked out from the total quantity
of water that percolated into the soil. The Commission assessed the
groundwater resources as 670 km3 (67 Mham), excluding soil moisture. The
usable groundwater resource was assessed as 350 km3 (35 Mham), of which
260 km3 (26 Mham) was considered as available for irrigation. It further
worked out the ultimate irrigation potential from groundwater as 400,000
km2 (40 Mha) based on utilizable groundwater resource of 260 km3 (26
Mham) and an average requirement of 0.65 hectare meter depth of
groundwater to irrigate a cropped hectare, in contrast to 0.90 hectare meter
of surface water, as conveyance losses are higher in the latter case.

This was the first exercise for conversion of the volume of groundwater
to the area to be irrigated. The water requirement of crops was based on the
average depth of gross irrigation application at the source per crop hectare.

The first attempt to estimate the groundwater resources on scientific basis
was made in 1979. Agriculture Refinance and Development Corporation
constituted a High Level Committee, Ground Water Over Exploitation
Committee to recommend definite norms, for groundwater resources
computations. Based on these norms the State Governments and the Central
Ground Water Board computed the gross groundwater recharge as 467.90
km3 (46.79 Mham) and the net recharge (70% of the gross) as 324.9 km3

(32.49 Mham). This committee had, however, recommended that the
methodology be revised with increasing availability of data.

Subsequently, Government of India constituted another committee to go
into various aspects of the problems of the groundwater development. This
committee examined in depth a large volume of hydrogeological and related
data generated by the Central Ground Water Board through nation-wide
surveys, exploration and 12 water balance projects, completed till then, and
area oriented studies carried out by the State Ground Water Organizations.
The Ground Water Estimation Committee came up with a revised methodology
for assessment of groundwater potential and evolved new norms in 1984.
Based on these norms the annual replenishable groundwater resources of the
country were worked out to be 453.30 km3 (45.33 Mham). Keeping a
provision of 15% (69.8 km3) for drinking, industrial and other uses the
utilizable groundwater resource for irrigation was computed 383.40 km3

(38.34 Mham) per year. The ultimate irrigation potential in terms of area
based on the state-wise assessment was estimated as 80.38 Mha. In this
assessment, the irrigation requirement varies from 0.36 m/ha in Uttar Pradesh
to 1.20 m/ha in Assam. Even in individual states, a range of values of
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irrigation requirement was considered viz. 0.36 to 0.937 m for Tamilnadu,
0.4 to 0.75 m for Maharashtra, etc.

Ministry of Water Resources, Government of India, revised the groundwater
resources in 1995. According to the report, the total rechargeable groundwater
resources in the country are computed as 43.19 m.ha.m. The available
groundwater resource for irrigation is 36.08 m.ha.m, of which the utilizable
quantity is 32.47 m.ha.m. The utilizable irrigation potential of the country
has been estimated as 64.05 m.ha., based on crop water requirement and
availability of cultivable land. The stage of groundwater development is
estimated as 55.23% based on irrigation potential created in the country
(35.38 m.ha.). Basin wise groundwater potential is given in Table 2.

Table 2: Basin-wise Ground Water Potential of India

Sl. No. Name of Basin Total Replenishable Ground
Water Resources (km3)

1. Brahmai with Baitarni 4.05
2. Brahmaputra 26.55
3. Cambai Composite 7.19
4. Cauvery 12.30
5. Ganga 170.99
6. Godavari 40.65
7. Indus 26.49
8. Krishna 26.41
9. Kutch and Saurashtra Composite 11.23

10. Madras and South Tamil Nadu 18.22
11. Mahanadi 16.46
12. Meghna 8.52
13. Narmada 10.83
14. Northeast Composite 18.84
15. Pennar 4.93
16. Subarnarekha 1.82
17. Tapi 8.27
18. Western Ghat 17.69

Total 431.42

In order to establish changes in groundwater levels, Central Ground Water
Board has established a network of about 15,000 stations covering various
parts on the country. In addition to these, State Ground Water departments
are also monitoring the water levels in their respective States. The observations
for the year 1980-2000 indicate a decline of about 4 m during this period
covering almost all the States. In the capital city of Delhi, a decline of more
than 5 m has been reported. The overall decline in water table is due to
greater demand of water for irrigation, domestic and industrial uses as well
as decreasing groundwater recharge as a result of urbanization. As the pace
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of development is not uniform, there are areas, which are greatly affected
while in other parts the problem is not so severe.

In view of the recurring problems of drought, Government of India has
launched an Accelerated Programme of Groundwater Exploration and
development. Under this programme, tube wells are being drilled as “sanctuary
wells”, which will be used only during the drought period, as a crisis
management measure exclusively for drinking water needs.

HYDROGEOLOGICAL SETUP

India is a vast country having diversified geological, climatological and
physiographic setup, giving rise to divergent groundwater situations in
different parts of the country. The rocks, which control the movement of
groundwater, vary in age from Archean to Recent and also vary widely in
composition and structure. The landforms vary from rugged mountains of
the Himalayas to flat alluvial plains of rivers and coastal tracts, and the
aeolian deserts of Rajasthan. The rainfall also varies from <100 mm in parts
of Rajasthan to >10,000 mm in Meghalaya. The topography and rainfall
virtually control the surface runoff and consequently the groundwater recharge.
Fig. 2 shows the major aquifers in India.

Figure 2. Distribution of major aquifers in India

(Source: Raju, 2003).
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The large alluvial tract in the Sindhu-Ganga-Brahmaputra plains, extending
over a distance of 2000 kms from Punjab in the west to Assam in the East,
constitute one of the largest and most potential groundwater reservoirs in the
world. These aquifer systems are extensive, thick, hydraulically interconnected
and moderate to high yielding. To the north of this tract all along the
Himalayan foot hills, lies the linear belt of Bhabar piedmont deposits, and
the Tarai belt down slope with characteristic auto flowing conditions.

Hydrogeologically alluvial formation consists of unconsolidated sand, silt
and clay with occasional beds of gravel extending to a depth of more than
one km at some places. In a narrow belt in the north, at the foot of the
Himalayas, artesian aquifers, under free flowing conditions exist at a depth
of 50 to 100 m. Possibilities of deep confined aquifers as a potential source
of water is indicated from deep drilling carried out for oil exploration at
some places (Jones, 1987). The area is also bestowed with good rainfall and
recharge conditions. Ground water is mainly used for irrigation in addition
to domestic and other uses. Tube well irrigation is being practiced in this
area from the last more than one hundred years.

The next older formation of Cenozoic age consisting of unconsolidated to
semi-consolidated sandstone and shale occupy parts of coastal areas and also
in the northeast. Under favourable conditions these formations form artesian
aquifers as in parts of Cambay basin in the west and Neyveli in Tamilnadu
in South India.

The main volcanic suite of rocks is represented by Deccan Traps occupying
an area of more than 500,000 km2 in the western and central parts of the
country. A number of basaltic flow units are identified of age varying from
Upper Cretaceous to Lower Eocene. Main source of groundwater is from the
weathered, fractured and vesicular horizons. At places different layers of
basalt form a multi-aquifer system. Parts of this area has semi-arid climate
due to which recharge is limited and availability of groundwater is poor.

The Gondwanas are represented by semi-consolidated sandstone, shale
and coal beds, which were deposited in the structurally controlled faulted
basins. They are fresh water deposits of age varying from Permo-
Carboniferous to Late Jurassic. They also form multi-aquifer system.
Uncontrolled mining has resulted in the flooding of mines causing great loss
of life of miners.

Most part of Peninsular India is occupied by a variety of hard and fissured
formations, including Crystalline, trappean basalt and consolidated
sedimentaries (including carbonate rocks), with patches of semi-consolidated
sediments in narrow intracratonic basins. Rugged topography and compact
and fissured nature of the rock formations combine to give rise to
discontinuous aquifers, with limited to moderate yield potentials. The near
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surface weathered mantle forms the all important groundwater reservoir, and
the source for circulation of groundwater through the underlying fracture
systems. In the hard rock terrain, deep weathered pediments, low-lying valleys
and abandoned river channels generally contain adequate thickness of porous
material, to sustain groundwater development under favourable
hydrometeorological conditions. Generally, the potential water saturated
fracture systems occur down to 100 m depth, and in cases yield even up to
30 litres per second (Ips). The friable semi consolidated sandstones also
form moderate yielding aquifers, and auto flowing zones in these formations
are not uncommon. Shallow large diameter dug-wells and small diameter
bore-well s are the main source of water supply for domestic and irrigation
purposes. The yield characteristic of wells varies widely. Over exploitation
of groundwater has caused considerable lowering of water table. Recent
studies have indicated the presence of potential aquifers at deeper levels due
to the presence of deep-seated fractures along lineaments. These lineament
zones are found to be highly productive for construction of bore-well s
(Singhal and Gupta, 1999).

Consolidated sedimentary formations viz., sandstone, shale and limestone
of Pre-Cambrian age occur as isolated basins in different parts of the country.
The permeability of the rocks is usually poor. Limestone is usually massive
and lack in the development of secondary porosity due to the lack of solution
activity except in some parts of western and Peninsular India.

The coastal and deltaic tracts in the country form a narrow linear strip
around the peninsula. The eastern coastal and deltaic tract and the estuarine
areas of Gujarat are receptacles of thick alluvial sediments. Though highly
productive aquifers occur in these tracts, salinity hazards impose quality
constraints for groundwater development. In this terrain, groundwater
withdrawal requires to be regulated so as not to exceed annual recharge and
not to disturb hydro-chemical balance leading to seawater ingress.

The high relief areas of the northern and northeastern regions occupied by
the Himalayan ranges, the hilly tracts of Rajasthan and peninsular regions
with steep topographic slope, and characteristic geological set-up offer high
run-off and little scope for rainwater infiltration. The groundwater potential
in these terrains are limited to intermontane valleys. Distribution of
hydrogeological units in India is given in Table 3.
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GROUNDWATER RECHARGE STUDIES

Groundwater recharge has been measured at many locations in India by the
tritium tagging or tritium injection method. The method is based on the
assumption that the soil water in the unsaturated zone moves vertically
downward as discrete layers. Water added on the surface either as precipitation
or irrigation will move downwards by pushing the older water beneath and
this in turn will push the still older water further below, thereby the water
from the unsaturated zone is added to the groundwater reservoir. This flow
mechanism is known as the piston flow. Therefore, the vertical movement
of the injected tritium can be monitored in the soil column. The position of
the tracer is indicated by a peak or a maximum in the tritium activity versus
depth plot. However, molecular diffusion, dispersion and aquifer
heterogeneties may cause broadening of the peak. The methodology provides
spot measurements of natural recharge.

This method has been used by a number of workers in different
hydrogeological environments in India. Measurements have been carried out
for the last more than 25 years in 35 watersheds, water basins and
administrative blocks by various research workers (Table 3).

Natural recharge rates obtained from the tritium injection method were
compared with other methods e.g. water level fluctuation and groundwater
modelling. The recharge rates calculated from tritium injection method range
from 24 to 198 mm/yr. or 4.1 to 19.7% of the local average seasonal rainfall
depending upon the hydrogeological and climatic conditions (Table 4). The
replenishable groundwater potential of India, for normal monsoon years
based on tritium injection method, is calculated as 476 × 109 m3 per year.

Table 4: Rainfall recharge measurements in India
using tritium injection method

SI.. Basin/watershed/ Main rock Rainfall Natural recharge derived
No. Blocks  types (mm yr-1

) Median Mean Rainfall
(mm yr-1) (mm yr-1) (%)

1. Punjab Alluvium 460 35 56 12.2
2. Haryana Alluvium 470 43 70 14.9
3. Western Uttar Pradesh Alluvium 174 195 19.7
4. Churu district, Rajasthan Alluvium 491 67 62 12.6
5. Godavari-Puma basin,

Maharashtra Basalt 652 50 56 8.6
6. Lower Maner basin,

Warangal and Karimnagar Sandstone
dists. Andhra Pradesh and shale 1250 103 117 9.4

7. Neyveli basin, Tamilnadu Sandstone 1398 150 181 12.9
8. Neyveli basin, Tamilnadu Alluvium 1004 50 161 16.0
9. Noyil basin, Tamilnadu Granite,

Gneiss 715 35 69 9.6

(after Rangarajan and Athavale, 2000)
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Studies in the hard rock terrains covered with black cotton soil in basaltic
terrain and red lateritic soil in granitic areas indicate that a minimal rainfall
of about 246 mm and 412 mm are required for initiation of deep percolation
in red and black cotton soils respectively. However all of this will not be
available for utilization as part of it will be lost to base flow and effluent
seepage to surface drainage system. This also does not include other sources
of recharge such as return flow from irrigation.

WATER QUALITY

In addition to the problem of inland salinity, overexploitation of groundwater
has resulted in seawater intrusion in coastal areas. This problem is more
severe in the coastal parts of Gujarat, Orissa, Tamilnadu and Kerala. Further,
higher concentration of fluoride, iron and arsenic is reported from some
areas. Higher concentration of fluoride (more than the permissible limit of
1.5 mg/lit) is reported from parts of Andhra Pradesh, Tamilnadu, Rajasthan
and Uttar Pradesh. The cause of high fluoride in these areas is geogenic i.e.
due to the dissolution of fluoride bearing minerals. At some places,
deflouridation plants are installed to remove high concentration of fluoride.

The occurrence of arsenic in groundwater, reported in recent years from
parts of West Bengal, has caused great concern. In West Bengal, life of more
than five million people is at risk due to high As in groundwater and already
about half a million people suffer from various arsenic related diseases.
Similar problem is reported from the neighbouring country of Bangladesh
where high concentration of arsenic (0.3 to 1.1 mg/lit) is reported from
shallow alluvial and deltaic aquifers in the depth range of 15 to 75 m below
the ground surface. The permissible limit of arsenic in drinking water in
India is 0.05 mg/lit, while the WHO has put a limit of 0.01 mg/lit.

Studies in West Bengal by the scientists of the Bhaba Atomic Research
Center (BARC) and CGWB show that groundwater from shallow unconfined
aquifers (depth 20 to 80 m) has low dissolved oxygen, negligible SO4 and
higher concentration of As (0.5 to 1.0 mg/lit or more), and bicarbonate; pH
being above 7. In most of the areas the arsenic concentration is localized.
Higher concentration of As is in areas where clay pockets predominate.
Isotope data indicate modern recharge to the shallow aquifer. Groundwater
in deeper semi-confined to confined aquifers (>100 m) contains negligible
amount of As and is much older in age (5000 to 13,000 years) indicating that
these are palaeowaters. Surface water in these areas does not have any
arsenic.

The cause of high arsenic in groundwater of both India and Bangladesh
is somewhat controversial. Some workers attribute it to the presence of
arsenic bearing pyrite in the clay, silt and peat formations interbedded with
alluvial aquifers. Lowering of water table, due to excessive withdrawal of
groundwater, has resulted in the oxidation and leaching of As from the
sediments.
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According to other scientists, arsenic, which is adsorbed on the iron
hydroxide surface, is released to groundwater under reducing conditions
(Mukherje et al., 2001). They have also argued that detrital pyrite or
arsenopyrite is absent from the aquifer in these areas.

Studies by the CGWB in West Bengal have indicated the presence of
arsenic-free aquifers in the depth range of 200 to 250 m below ground level
which can be tapped by constructing deep tube wells. Mitigation is difficult
given the scale of the problem as well as social and economic factors.
Options include use of deep groundwater (>150 m), use of disinfected
groundwater from dug-wells, rainwater harvesting, and treatment of
contaminated groundwater and surface water.

Groundwater having more than the maximum permissible limit of 1.0 mg/
lit of iron is reported from high rainfall areas in eastern states and northeastern
states. It is attributed to the dissolution of iron oxides in laterites and other
iron bearing minerals. Iron-removal plants are installed at some places to
provide safe drinking water in these areas.

The problem of acid mine drainage especially from high sulphur Tertiary
coals of Assam in northeastern India is quite acute. In this area the problem
is aggravated due to high rainfall of the order of 400 cm/yr. The mine
drainage water is highly acidic (pH = 2.3 to 4.0) and contains more than
3000 mg/lit of sulphate and about 300 mg/lit iron.

Dumping of industrial waste and sewage into surface water-courses cause
widespread pollution resulting in large number of deaths due to water-borne
diseases.

GROUNDWATER AUGMENTATION THROUGH
ARTIFICIAL RECHARGE

The artificial recharge is being practiced for augmentation of groundwater
reservoir and to provide sustainability to groundwater development in India.
The schemes for artificial recharge are being implemented in different
hydrogeological situations by CGWB and many State Groundwater
Departments. A few case studies from different hydrogeological setups are
given herein under:

Basaltic Terrain—Maharashtra

Over-exploitation of groundwater for orange cultivation has depleted the
groundwater resources in parts of Amravati district, Maharashtra.
Hydrogeological studies have brought out that the watershed WR-2 covering
488 km2 area has surplus monsoon runoff of about 98.9 million cubic metres
(MCM) which can be conserved through simple artificial recharge structures
like percolation tanks and check dams (cement plugs). The efficiency of
these structures constructed at suitable locations with appropriate design in
case of percolation tanks is 91% and for cement plugs 94%. The benefited
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area in case of percolation tanks with gross storage capacity varying from
71 to 220 thousand cubic metres (TCM) varied from 60 to 120 hectares (ha)
during 1997-98 and benefits extended up to 1.5 km down stream of percolation
tanks. In case of cement plugs with storage capacity varying from 2.10 TCM
to 7.42 TCM varied from 3 to 15 ha during 1997-98.

Alluvial Aquifers Bordering Mountain Front—Maharashtra

The prominent regional aquifer system for Tapi Alluvial basin paralleling
Saturn Mountain front is being extensively developed to meet the water
requirement of cash crops like banana and sugarcane. This has led to decline
of water levels by more than 8-10 metres during last 10-15 years. Large
number of wells have either gone dry or their yields have declined. The
Central Ground Water Board carried out artificial recharge studies in TE-17
watershed in Jalgaon district. The sub-surface storage potential of watershed
five metres below ground level was assessed as 85 million cubic metres
(MCM) compared to surplus monsoon runoff of 29.7 MCM. Artificial
recharge techniques like recharge through percolation tanks, recharge through
existing dug-wells, recharge shafts and through injection tubewells were
experimented. Percolation tanks in Bazada formation of Saturn foothills were
found to be highly efficient with efficiency as high as 97% and capacity
utilization going up to 400%. The zone of benefit extended to 5 km with
benefited area up to 400 ha.

Percolation Tanks in Hard Rocks in South India

Artificial recharge by percolation tanks is an ancient practice of water
conservation especially in the hard rock terrains of India. Hundreds of such
tanks are constructed every year in drought prone areas to augment
groundwater recharge from permeable river beds by constructing check dams/
dykes. Rate of infiltration from these tanks depend on local hydrogeological
conditions, topography and storage characteristics of the tank. Studies in
granites and basaltic terrains of South India indicate that the rate of recharge
from percolation tanks vary from 9 to 12 mm/day. The rate of infiltration
decreases with time due to silting. In ephemeral and seasonal streambeds,
recharge rates are comparatively high due to the reworking/removal of silt
during the dry period. Evaporation losses from the tanks are also high, being
about 4 to 6 mm/day (Muralidharan and Rangarajan, 2001).

Coastal Area—Saurashtra, Gujarat

After detailed hydrogeological surveys and groundwater draft estimation,
artificial recharge through pressure injection and surface spreading methods
was experimented in the alluvial area around Kamliwara in the Central
Mehsana. Source water for the test was drawn from the phreatic aquifer



Hydrogeological Research in India in Managing Water Resources 17

below the Saraswati riverbed. Since groundwater was used for artificial
recharge, the injection water was devoid of silts and other impurities and
chemically compatible with the water in aquifer getting recharged. The
pressure injection experiment was conducted continuously for about 250
days with an average injection quantity of 225 cubic metres per day. During
the recharge cycle, a rise in water level of five metres in the injection well
(apparent built up of 11 m) and 0.6 to 1.0 m in wells 150 metres away from
the injection well were observed.

In Mehsana area, artificial recharge experiments through spreading method
were also conducted using canal water. A spreading channel of 3.3 metres
width, 400 m length with 1 in 1 side slope was constructed and in which the
canal water was fed for 46 days. The recorded build up in water level of 1.4
to 2 m was observed up to 15 m from the recharge channel and about 20 cm
at distance of 200 m. The recharge rate of 260 cubic metres per day was
estimated using an infiltration rate of 17 cm/day. Dissipation in recharge
mound (1.42 m) was observed in 15 days.

Studies on control of salinity in the coastal Saurashtra using spreading
and injection method have indicated that the recharge pit and the injection
shaft can effect recharge at the rate of 192 and 2600 cubic metres per day
respectively. Canal water was used for recharge studies.

Alluvial Areas of Ghaggar River Basin—Haryana
Central Ground Water Board, with the assistance of UNDP, carried out

artificial recharge studies involving recharge through injection well in
Kurukshetra District along Ghaggar river in Haryana. After construction and
development of injection well, recharge experiment was conducted with a
recharge rate of 40 LPS for 389 hours and with 22 LPS for another 24 hours.
The experiment demonstrated that the hydrogeological conditions of the area
are favourable for artificial recharge through injection method. The canal
water quality was found to be suitable for injection.

REMOTE SENSING AND GIS APPLICATIONS

Since late 60’s many attempts have been made to explain spatial variability
of groundwater occurrence in different terrain conditions using aerial
photography and remote sensing. Ghosh and Singh (1975) have identified
the control of palaeochannels on the occurrence and movement of groundwater
in Rajasthan. Under National Drinking Water Mission, ISRO has identified
and mapped favourable zones for groundwater exploration (ISRO, 1988).

Groundwater cannot be seen directly from the remote sensing data; hence
its presence is inferred from identification of surface features, which act as
an indicator of groundwater (Das et al., 1997; Ravindran and Jeyram, 1997).

Many researchers have used remote sensing and GIS techniques
successfully for demarcating the groundwater potential zones in diverse
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geological setup (Raj and Sinha, 1989; Champati et al., 1993; Krishnamurththy
et al., 1996; Saraf and Chaudhary, 1998; Shahid et al., 2000).

Department of Space have recently completed a project under drinking
water mission in five states of the country (NRSA, 2000). Under this project
different thematic maps—viz., geology, geological structures, geomorphology
and recharge conditions have been prepared and the said maps have been
integrated in GIS for demarcation of potential groundwater zones.

Jaiswal (2003) has developed an approach for identifying groundwater
prospect zones in hard rock areas. The approach is based on information
extracted on lithology, geological structures, landforms, landuse map prepared
from remotely sensed data and drainage network, soil characteristics slope
of terrain from conventional methods and studying all these data in GIS
environment.

CONCLUDING REMARKS

India is a vast country with diverse hydrogeological conditions. Distribution
and availability of groundwater depends on the type of aquifers. A lot of
work has been done on exploration of groundwater and understanding the
hydrogeological setup of the country. Modern techniques like isotopic tracers
are being used to study the groundwater recharge and groundwater movement
in different conditions. Remote sensing and GIS is also being used to identify
the groundwater prospect zones.
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