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Can environmental isoté?pes be effective

‘\assessment tools?
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The Ggspgetic Plains, occupying the central part of the 1.1 million km* spread Ganga Basin, holds some of the rich

recharged hundreds/thousands of years ago. This confponent, lying below the replenishable resource rechargeds,

aquifer systems of the world. At places, the aquifers ire-w\(ery deep and hold immense groundwater resources

every year, is termed as a static groundwater resource.

static resource can be used in a planned and coordinated manner. Application of environmental isotopes of water (2H

e of emergency such as successive drought years, the

-

&180)and radioisotopes (3H & 14C) can play a critical role in understanding and assessing this static resource.
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The Ganga Basin, with catchment spread over 1.1
million km?® , is the most populated and intensively
Lultivated area in the world. The basin spreads across

Qndia, Nepal, Bangladesh and China. The major part of
the basin lies in India, receiving good rainfall and
drained by perennial rivers, fed both by the glaciers in
higher Himalayas as well as by the rainfall. In a
hydrological year, the basin receives about 1200
Billion Cubic Meter (BCM) of precipitation of which

"maboyt 500 BCM is stream flow. A part of the remaining
1000~BCM infiltrates to recharge groundwater, while( _
the remaining returns to atmosphere through

« evaperation or evapotranspiration (Jain et al 2016)C

TheMhydrology of the basin is monsoon driven where™

85% of the rainfall occurs during May to September,

causing excess water in monsoon and scarcity in dry

season. The potential of the hilly area in terms of water

resources utilization has not developed fully. The

mwater infrastructure to store runoff during monsoon is
yettorbe fully developed. On the other hand, the Plair*('

ar are marked with considerable groundwater
resource development. The Ganga basin may bec
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divided into three major groups based upon the broad
hydrogeological characters (Fig.1):

aj Himalayan terrain: hilly and rugged terrain,
rocks are consolidated to semi-consolidated in Nepal,
India and China. Low groundwater potential

b] Gangetic Plains: underlain by unconsolidated
sediments of variable thickness. Moderate to high
groundwater potential. This unit may be further
subdivided into the following units;

i) Bhabar belt-along the base of Himalaya, 10-30 km
wide in general

ii) Terai belt-along the southern part of the Bhabar beL:,
10-50 km wide

iii) Central Alluvial Plain- vast stretches along the both
side of the Ganga River.

",

iv) Marginal Alluvial Plain- along the base of the hard
rock upland of peninsular India.

v) Deltaic Region- at the southern part of the basin,
where the Ganga River meets the Bay of Bengal.

C] Southern Peninsular region: hilly and
undulating terrain underlain by consolidated to semi ™
consolidated variety of rocks with moderate to low
groundwater potential.
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The Central Alluvial Plain covers the major part Qﬁthe
Ganga Basin in India, that spans over 2,50,000 km
(Singh, 1996). Unconsolidated thick Quaternary
deposits (even more than 2000 m at places) hold rich
aquifers at various depths. Immense groundwater
resource has made this unit as one of the most
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extensively exploited regions of the world. The
Quaternary alluvial deposits grade to
semiconsolidated Upper Tertiary deposits at depth.
The sand layers, with occasional mix of pebble &
gravel, form highly potential multi-layered aquifer
systems. The detailed aquifer configurations could be
made available up to 300 m below ground, through
National Aquifer Mapping (NAQUIM) Programme,
carried out by Central Ground Water Board (CGWB). In
the Middle Ganga Plain, lying between the Munger-
Saharsa ridge in the east & the Faizabad ridge in the
west, is particularly rich with multi-tiered aquifer
systems. Very high transmissivity(5163-6974 m* /day)
was reported from these aquifers (Saha et al., 2010).
The replenishable groundwater resource, which is
rejuvenated every year is estimated in 2011 as 164.4
BCM for the Indian part of the Ganga Basin (Saha et al
2016). No accurate data is available for the Gangetic
Plains underlain by unconsolidated deposits holding
good aquifers. However, safely it can be assumed that
about 80% of the resource, i.e., 132 BCM is confined
in this part. The overall stage of exploitation of
groundwater resource for the Indian part of the Ganga
Basin is around 66%. However, considering large
scale exploitation of the groundwater in the Plains
through millions of borewells, we can assume that the
stage of exploitation would be much high. In fact, in
the western part of the Gangetic Plains, falling in the
state of Uttar Pradesh, significant number of blocks
are classified as over-exploited, indicates
groundwater extraction exceeds the recharge in an
annual scale. The replenishable resource represents
volume lying between the pre- and post-monsoon

ITH AN annual extraction

around 240 billion cubic
meters, India is the largest extractor of
groundwater in the world. Because of
various reasons, including the
uncertainty imposed on availability of
surface water due to climate change,
dependence on groundwater
resources will rise in the future.

groundwater levels and it is only a small fraction of the
total groundwater resource trapped in the entire
column of the sediments. The resource available
below the premonsoon water level, till the hard rock
basement, is termed as Static Resource. This resource
remains untapped if the stage of groundwater
exploitation is <100%. No estimation is available on
the static resource available in the Gangetic Plains.
However, it can be safely assumed that volumetrically
this component of groundwater resources would
exceed even 50 times of the replenishable resource. It
can be even more in the Central Alluvial Plains, where
aquifers are thicker and the basement lies at greater
depths.

There are two major concerns on sustainable
groundwater management of the Gangetic Plains:

a) Rising exploitation to meet up the drinking and
irrigation demands
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Fig.1: The figure showing the River Alluvium which holds all the five sub units. The Himalayan Terrain is-located. in the north and the Peninsular Region
borders the south. In both the regions the major rock types viz., consolidated sediments, basaltic flows and laterites are also shown.
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confirmed by age vs.depth profiles. Sikdar and Sahu
(2009) reported high tritium content in shallow
groundwater in the shallow aquifers in the Gangetic
Plains of West Bengal, suggesting local recharge.
While the deep groundwater was found to contain very
low tritium implying distant recharge. Authors also
observed mixing of groundwater of between shallow
and deep aquifers at places. Khanna (1992) has
reported four-tiered aquifer system within 425 m
depth in the region made up of western part of the
Middle Ganga Plain and eastern part of the the Upper
Ganga Plain in the state of Uttar Pradesh.

Conclusions

As per the policy adapted in India, groundwater
utilization should not exceed the replenishable
resource available so that the stage of
overexploitation is not reached. However, the factors
like rising water demand and the adverse impact of
climate change are gravitating the society to rely more
on groundwater resources. This is particularly true for
the Gangetic Plains, particularly the Central Alluvial
Plain - a thickly populated and intensively cultivated
region underlain by thick alluvial and deltaic deposits.
The replenishable groundwater resource, which is
recharged every year is only a fraction of the total
groundwater resource available within the thick
unconsolidated sediments. At present the
groundwater wells are mostly confined within 150 m
depth and the average extraction is within the safe
limit, though number of overexploited blocks is
emerging in the western part because of
unsustainable groundwater extraction. In future
groundwater extraction is likely to increase further in
the central and eastern parts also, which is presently
marked with lower stage of development, to meet up
rising demand from irrigation. As the groundwater
demand increases in the Gangetic Plains, the Static
resource, occurring at deeper levels, can be used in a
limited scale and under a planned manner, if the
replenishable resource is under pressure. In-case of

emergency like, successive years of drought or rain
failure Static resource can be a huge support. This
component of resource can be used strategically with
proper planning and supporting interventions for its
recharge and replenishment. Given the importance of
this resource, and expected future demand, all-out
precaution should be taken to avoid vertical leakage of
contaminated shallow groundwater to deeper zones
due to leakage through intervening aquitards or faulty
well construction. Applications of environmental
isotopes can play a pivotal role in understanding the
recharge paths and mechanisms and also estimating
the volume of Static resource, trapped within a
complex web of multi-tired aquifer system in the
Gangetic Plains.
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