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Aligarh is a prominent district of the Ganga-Yamuna Doab of the central
Ganga basin and is divisible into three physiographic units: the eastern and
western uplands and the central depression. The Bijauli block forms a part of
the eastern upland which stretches between the right bank of the Ganga and
the left bank of the Nim rivers, covering an area of 432sq km. The paper
aims to present a comprehensive hydrogeological framework of the Bijauli
Block in Aligarh district. The study is based on intensive field work and col-
lection of detailed hydrogeological data. The block is underlain by Quater-
nary alluvium comprising sand, silt and clay with occasional interbeds of kan-
kar. The thickness of the alluvium increases from the west to the east whereas
the granular zones attain a greater thickness in the central and south-eastern
portions of the area. A three to four tier-aquifer system, down to depth of
143m.b.gl,, occurs in the area. Fine through medium to coarse grey mica-
ceous sand with gravel generally forms the aquifer material.

The groundwater occurs under water table condition in the shallow aqui-
fers and semi-confined to confined conditions in the deeper aquifers. The
depth to water in the area varies between less than 2 m. and 12 m.b.gl The
average annual fluctuation ranges between 0.2 and 0.8 m. The general flow of
the groundwater in the block is southeasterly with some variations at places
caused by local factors. The discharges of the shallow and deep tubewells are
30m’/hour and 227m?/hour respectively for reasonable drawdowns. The
quality of the groundwater in the block is potable, hard, alkaline in reaction,
moderately mineralised and alkali-bicarbonate type. The utilisable ground-
water resource of the Bijauli block is evaluated as 64.5 M.CM,, net draft as
27.07 M.CM,, thus leaving a balance of 37.4 M.CM. for future groundwater
development and utilization.
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Introduction

Water resources research must aid planning and development of our country.
With the advent of micro-level planning at district-level, the block-level water
resources data have attained a special significance. Moreover, if such studies
are carried out at block-levels, they will help evolve a harmonious hydrogeo-
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logical framework of regional aquifer systems. The present investigation is an
attempt in this direction.

The Bijauli block lies between latitudes 27°50" and 28°05" N and longi-
tudes 78°20" and 78°35" E and falls in the Survey of India Toposheet Nos.
53L/8,53L/12 and 541/5 (Fig 1).
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Fig 1 Map showing the area of study and also the physiographic units of Aligarh district

Physiography

Physiographically, the district is divisible into the eastern and western up-
lands and the central depression. The study area forms a part of the eastern
upland which is further divisible into four prominent physiographic units, viz.,
(i) Ganga-Khadir or low valleys of the Ganga (ii) Nim-Ganga Doab, (iii) Nim-
Chhoiya lowland and (iv) Nim-Kali Doab. The area is drained by the Ganga,
Kali, Nim, and Chhoiya rivers which flow due southeast.

Geology

Stratigraphically, the Quaternary alluvium is built up of alternate layers of sand
and clay with occasional interbeds of kankar which were deposited on the
eroded and upturned surfaces of the Bhander limestone of the Upper Vindhy-
an Group of Upper Proterozoic age. Extensive geophysical surveys, deep oil
and water wells drilled in the Ganga basin by the ON.G.C. and the C.G.WB.
have helped delineate the subsurface topography of the Ganga basin which
consists of alternate ridges and depressions!2.
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The study area lies on the western flank of the Aligarh-Kasganj-Tanakpur
spur, south of the Ram-Ganga depression. The general geology of the area as
revealed by the subsurface lithological cross-section is shown in Fig. 2. The
bedrock encountered at 620m and 967m.b.g.l. at Kasganj and Ujhani respect-
ively is a reddish brown Bhander limestone of the Upper Vindhyan group.
Further, in a deep well drilled at Ujhani (Badun arch of the ON.G.C.), the
rock encountered at 2062m.b.gl. is a sericite quartzite which is considered to
be the weathered mantle or palaecosol of the Bundelkhand granitic complex.
The geological sequence in a part of the Central Ganga basin is as follows'.
Quaternary Alluvium-alternate layers of sand and clay with occasional interbeds of kankar
.............. UnconfOTmity ...t

Upper Vindhyan  Greenish grey dolomitic limestone, reddish brown quartz arenite, greyish brown
shale, reddish brown argillaceous limestone, quartz-wacke and quartz arenite.

.............. Unconformity . ........on it
Archean Metaquartzite with sericite schist
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Fig 2 Subsurface geological cross-section along Saleempur, Aligarh, Kasganj and Ujhani in parts
of the Central Ganga plain'
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The study area is situated about 30km north of Kasganj and about 10km
northwest of Ujhani. The probable depth to bedrock (brown limestone) at
Bijauli is around 650m.b.gl. Moreover, the brown coloured Bhander limestone
encountered at 620m.b.gl. at Kasganj is met about 10km northeast at Ujhani
at a depth of 967m.b.gl. This difference in depth to bedrock between Kasganj
and Ujhani may be attributed to some structural control>* morphotectonically
expressed by the course of the river Ganga.

Hydrogeology

The coarser clastics in the alluvial sequence form the major repository of
groundwater and occurs under phreatic as well as semi-confined to confined
conditions depending on the presence or absence of confining layers as aqui-
tard and aquiclude respectively. Rainfall forms the major source of ground-
water recharge. The average annual rainfall for the past 86 years is 771mm.
Seepage from canal networks and irrigation return flow are the other sources
of recharge to the shallow aquifers.
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Fig.3 Fence diagram showing the subsurface geology and aquifer disposition in the Bijauli Block
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Aquifer Geometry

The fence diagram (Fig. 3) reveals the presence of three-to-four-tier aqui-
fer system in the area. These aquifers merge with one another and behave as a
single-body aquifer system. The granular zones, comprising sand and gravel,
form 30% to 40% of the total formations encountered down to a depth of
143m.b.gl. in the northwestern portion of the area. The clay beds gradually
pinch out in the central part and the granular zones start attaining thicknesses
which reach a maximum of 90m in the southeastern part of the block. In the
northeastern section, the granular zones predominate over the impervious
beds. Here, the sand constitutes 60% of the total lithounits. In the south-
western part of the block, the clay predominates over the sand and the aquif-
ers occur there as lenticular bodies of sand intercalated within the thick clay
beds which comprise about 15 to 20% of the total strata encountered. The
aquifers in the area can conveniently be described as follows:-

Shallow Aquifers

Shallow aquifers usually occur within a depth of 50m below the land sur-
face and comprise mainly fine to medium sand. The groundwater in this aqui-
fer zones occurs under water table condition but due to the excessive with-
drawal of water from these aquifers, they are moderately strained. The dis-
charge of these wells varies from 30 to 50m?/hour at a nominal drawdown of
3to4.5m.

Deep Aquifers

Deep aquifers lie 50m.b.gl. to 150m.b.g.l. The pumping test data analyses
reveal that the deep aquifers are semi-confined to confined in nature®-S.

The tubewells tapping the deep aquifers yield 50 to 227m’/hour with
drawdowns varying from 1.97 to 11.72m.?

Depth of Water

The depth of water in the area ranges between 1.7 and 12m.b.gl. In the
western upland, the water table is generally deep and ranges between 8 and
10m.b.gl. reaching a maximum of 12m during June, 1986. Shallow water table
leading to swampy conditions during and after the monsoon is a characteristic
feature of Ganga Khadir and along the lower and upper Ganga canal com-
mand areas. In the canal command area of the Ganga-Nim Doab, the water
level during June, 1986 generally ranged between 2 and 4m.b.gl. It is because
of influent seepage from the above-mentioned canal system and the irrigation
return flow.

Water Level Fluctuation

The area is demarcated by four water level fluctuation zones which range
between <0.2m and 0.8m with an average ranging between 0.4 and 0.6m. Pri-
or to 1986, during a normal monsoon year, the average annual fluctuation
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ranged between 1.4 and 1.6m. This little change in fluctuation during the 1986
monsoon season is attributed to the scanty and sporadic rainfall. The upland
shows higher water level fluctuations than the Ganga Khadir.

Movement of Groundwater

The water table contour map (Fig 4) shows that the altitude of the water
table in the block varies from 179m in northwest to 169m above the mean sea
level in the southeast. The general slope of water table is due southeast with
small vaniations at places caused by local factors. The groundwater flows due
south to the Kali river in the western part and due east from the eastern up-
land to the river Ganga showing thereby the effluent nature of the Kali and the
Ganga rivers respectively. The hydraulic gradient generally varies from 0.4m/
km to 0.6m/km with a maximum of 2m/km close to the right bank of the river
Ganga. The steep hydraulic gradient (2m/km) may be attributed either to the
heavy withdrawal of groundwater or low permeability of the aquifer material.
The field survey shows that concentration of wells in this tract is relatively
quite low and that steep gradient in this tract is simply due to poor hydraulic
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Fig 4 Water table contour map of the Bijauli Block
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conductivity of the geological formations. The groundwater mound (Fig 4),
proximal to the lower Ganga canal, is formed due to the seepage from the un-
lined canal into the shallow aquifers. The aquifer system in this part is very re-
ceptive to massive seepage from the canal beds leading to the formation of the
mound.

Groundwater Resource Potential of the Block

The groundwater recharge estimation in the Bijauli block has been done by the
water level fluctuation and specific yield methods; the gross groundwater re-
charge in the block has been evaluated as 92.15M.C.M. The gross groundwater
recharge also includes recharge through irrigation return flow and seepage loss
from the canal into the shallow aquifers. About 70% of the gross recharge is
taken as net recharge which is 64.5M.C.M. Similarly, the groundwater draft
has been computed taking into account the various groundwater structures like
dugwells and shallow and deep tubewells. The net draft thus evaluated is
27.07M.C. M. Subtracting the draft from the net recharge gives the net utilis-
able groundwater resource in the block as 37.7M.C.M. The study shows that
only 42% of the groundwater resources of the block have been utilized so far.
As per NABARDS’ norm, it falls under the ‘white’ category leaving ample
scope for large-scale groundwater development through shallow and deep
tubewells keeping 150 and 350m well spacing between the shallow and deep
tubewells respectively.

Conclusion

The ever-increasing demand for the groundwater has necessitated its manage-
ment, but no management is possible without proper evaluation of the ground-
water resources. A refined quantification of the resource is possible only
through a detailed study of the geology and hydrogeology of an area. As India
is divided into blocks, such studies (at block level) will help evolve a harmoni-
ous hydrogeological framework of regional aquifer systems and their utilizable
groundwater potentials. The Bijauli block forms part of the central Ganga ba-
sin. There occurs a three-to four-tier aquifer system down to the depth of
143m.b.gl. Fine through medium to coarse grey micaceous sand mixed with
gravel generally comprises the aquifer material which forms nearly 40 to 60%
of the total lithounits encountered. These aquifers attain a maximum thickness
of 90m in the southeastern part of the block which is considered to be a chan-
nel deposit of the nver Ganga.

Shallow aquifers down to 50m.b.g.l. are observed to be very much strained
and have started showing a declining trend of the water table due to the exces-
sive withdrawal and improper well-spacing. However, the status of ground-
water development in the block is 42% only which leaves a balance of
37.7M.CM. of utilizable groundwater resources for further development.
Moreover, the probable depth to bedrock may be around 650m.b.gl. and
hence, there can possibly be 6 to 8 more aquifers down to the bedrock. Deve-
lopment of these aquifers through deep tubewells will suffice to meet any de-
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mand of groundwater for years to come. The quality of the groundwater in the
block is potable, hard, alkaline in reaction, moderately mineralised and alkali-
bicarbonate type’.
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