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"HYDROGEOLOGICAL STUDIES IN MUZAFFARNAGAR AND
PARTS OF MEERUT DISTRICT, U.P. INDIA,"

ABSBTRACT

A systematic gtudy of the ground water conditions in the
aistricts of Muzaffarnagar and parts of lMeerut district was taken
up in Mugust, 1964 for determining quantitative and qualitative
characters of the ground water reservoir of the area, Thls was
of importance from the point of view of further ground water
development in the area.

The investigated area (approximately 7,265,238 sd.
Jms, ) is located within the Ganga-Yaruna Doab which is character-
ised by the alluvial deposits comprised of sand, silt, clay
and kankar,

In order to determine the sub-surface geology of the
nn;, the lithologieal logs of the wells bored in the area were
enlioetod and the data were plotted to delineate the various
aquifers and muicludes, The sand samples were gubjected to
mechanical analysis and the grain size parameters were deternined
mmmdmmmmm-wummntm These
data were also utilised to plot the C.i., pattemms which are of
help in determining the conditions of sedimentation,

The drainage characteristics W z: bifurcation ratio
and drainage density for the areq were determined from one inch
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survey of India topo shests, These data are of help in getting
a quantitative picture of drainage and are also of help in getting
an idea of the permeability of the surface furmations.

Based on the lithologieal logs, well assembly and water
level, two types of aquifers have been delineatsd in this region.
tne of these is the shallow aquifer which extends wpto a depth
of 80 feet vhich is under water table conditions, The other
ars the confined aquifers which are located frem 100 - 3850
foet below the grourd surface. The two types of aquifers are
seperated by aguitard comprised of clay and lankqr. However,
the water table for the shallow aquifer is more or less at
the same level as the plesometeric suzfsce for the deeper coniined
aquifers (upto & depth of 350 feat.).

The periodie Tluctuations of the water level im the
shallow dug wells and the deep tubewolls were observed, The observed
data are used in preparing the water table and lsoplestic mips
for the different soasons, These dats alongwith rainfall,
and river discharge data have been uswd for statistical correlatlon
purposes, The correlation fastor betwesn various variables
have been determined and their significance has been explained,
The rainfall penetration has also been worked cut on the basgis
of statistical analysis of rainfall and water level data,

Long range pump tests were carried out from 15 tubewells
and both the drawdown and the recovery phases were studied. The
data are used to determine the aguifer constants by various
methods, The aquifer characteristics have given a complex and
interesting ploture., This information was utilised for further
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detailed analysis and 1t 1s concluded that the deeper aquifers
in the area are under leaky confined conditions.

The quantitative asgsessment for both the shallow
and the confined ground water reservoirs was made and based
on this the possibility fof further ground water developnent
in the area has been oxpressed,

A good emphagisg during this work was also given to the
chemical characters of ground waters. The water samples were
collected from both the shallow and the deeper aquifers for
the chemical analysis. Samples were collected twice in a year
i.es iIn June and again in October so that seasonal variation,
if any, in the quality may also be determined. The data have been
utilised in classifying the water for determining their suitability
for irrigational purposes. It has been found that there are
differences in the chemical guality of water from shallow to
deep aquifers. There are geasonal variations in the chemical
quality and also a lateral variation in the direction of flow.
These differences and variations have been explained.



CHAPTER 1

INTRODUCTION

Use of ground water is almost as old as human
civilisation. Wells uncarthed among the ruins of Mohenjodaro
bear testimony of the already advanced state of kmowledge
of ground vater in Indian sube-continent some 5,000 years
agoe But in a country like India with vagaries of monsoons,
many towns and villages have to depend on ground water supplies.
In the present condition of acute food shortage and the stress
on more extensive and intensive agriculture, India's prime need
is for more water for irrigation. In India the total irri-
gated area is approximataly 19 # of the total land under
cultivation, This underlines the extent of the country's
continued dependence on rainfall and the wide spread fallure
of crops which inevitably follows when the "gamble in rain®
does not pay off, A rocﬁt example has been provided by the
umprecedented drought and near famine conditions which had
prevailed in Bihar and Fastermn parts of Uttar Pradesh and
affected the lives of milliens of people in the rural parts
of Uttar Pradesh and Bihar, The solution of such a problem
lleg in %2 Nation's determined exploitation and management
of ground ntcr-u the country can not depend on surface water
resources only. The problem is not only to find ground water
but alse to lmow as how best it could be used for agricultural,
indqustrial and drinking purposes.
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The ever increasing demand of ground water and the
authors assoclation with the Ground Water Division of the U.P.
Irrigation Research Institute+, inspired to take up a systematic
study of the ground water conditions in parts of the Indo-
Gangetie Alluvium of Muzaffarnager and Meerut dlstricts of
Uttar Pradesh (Plate 1..1).

LOCATION OF THE AREA

The area lies in the quarter inch topo sheet Nos.53 G,
53 Hy 53 X end 53 L of the survey of India. It is in betweem
the longitudes E 77°4' to 78°6'41" and latitudes N 28°45' to
29°45', The area 1s bounded by the river Ganga on the east
and the Yamna on the west and therefore, forms a part of
the GCanga-Yamma Doab#+ within the Indo-Gangetic plain of
India. Towards the north the area is limited by the district
boundary of Muzaffarnagar with Saharanpur, In the south 1%
is partly bounded by the river Kali and partly by the Hapur-
carhmkteshwar road and the Bagpat-Meerut Road.
Gimate

The area has a moderate type of climate, The winter
season begins by the middle of October and extends upto March.
The hottest summer months are May and June. The rainy season
extends from the middle of June to the middle of October.
The maximum temperature of the region varies from 40°C to 48°C
and the minimm temperature, experienced during extreme cold
1.2, the months of January or February reaches as low as -2°C,

* at present with the Rajasthan Oround Water Board, Jodhpur.
#+ Alluvial area lying between two major river courses.
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Lainfall

The nommal annual rainfall of the area varies from
" « 35" nost of vhich falls during the months of June -
Octobers However, there ave also occasional rains ( 2% to 3%
during the months of December and Januarys A detailed account
of yearly wainfall is given in Table Be18s

Lloxa and Fauna

The plains of Mizaffarnagar and Meerut are parts of
Indo-Gongetic Plain and forms one of the most culturable lande
Both these dlstricts are very important from agricultural point
of viey as the irrigation facilitiesy both by canal and tubewells,
are avallablee wheat and gram are the two important crops
sown during winters while maixe 18 another cash crop of the
rainy seasons Besides, these sigarcen® forms the most
important cash crop of the area to feed the battery of sugar
factories almost at every 10 milese

The area i also rich in the production of fruits as
there are numerdus pig gardens in vhich mangoes and lichi
are grown on a large scales The cholcest varieties of
mangoes from Mecrut and Mugaffanagar digtriots are also
exported to foreign oountriess The area ia however, not
Wﬂntﬂ-hwntetnwofwm&, but Sisham,
Babul and laega are the important type of tress met within
the areas

The wild 1ife in the area is represmted by barking
dder (Muntiacus mutgak), spotted deer (Axis axis), peacock
IPenaunicolour) end fouls (Gallus gallus)e
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Communication in the area.

The area under investigation 1s one of the best developed
areas of western Uttar Pradesh. Meerut and Mugaffamagar are the
two most important district headquarter-towns of the area which
lie on the main highway from Delhli to Dehradun. Begides thege,
there are a number of important small towns such as Dauralas,
Sakauti, Khatauli, Shamli, Budhana, Bagpat and Garhmuktesghwar ete.
The area 1s wvell connected by railways and also by the numerous
metalled and unmetalled roads across the country side. Almost
all the villages are connected either by a falr-veather road
or a cart track.

PREVIOUS WORK

In the alluvial tracts of North Indla, systematic studies
of ground vater dates back as long as to the early thirties, when
8ir william stmpo]' started large scale tubewell scheme for the
irrigation purposes in tho Ganges~Valley of Uttar Pradesh.

auden? g1go formulated a scheme for the development of
ground wvater by means of tubewells in Uttar Pradesh. In 1938
Machenzie Tarlﬂra sug.ested sinking of 1.5 cusecs tubewells in
parts of Indo-Gangetic alluvium of Uttgr Pradesh without any
depletion of ground water table, lsutiyo.l‘ carried out investi-
gations on the ground water supplies in the Tarai-Bhabar belt
lying in the district of Nainital, Bhattacharye et al® approached
the protlem of depletion of water table in the Western parts

of Ganga-Yamuna Doab and derived an empirical formula for the rain-
fall penetration.
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Mathur® carried out ground water investigations in the
district of Meerut, This work was submitted for the award of
Ph.D, degree of Banaras Hindu University in the year 1957-58.
The main emphasis of his work was on the behaviour of regicnal
water table and he did not study the hydrologic properties of
the aquifers or the quality of the ground water, In 1938,
pathal’ carried out field investigations iy the Indo-Gangetic
alluvium of Uttar Pradesh for the selection of sultable sites
for ground vater development, G.C. Taylor® has attempted the
delineation of various ground water provinces of India and
according to this the area under study forms the northem
fringes of the 'axial belt' of the Ganges Brahmaputra Alluvial
province. pathak’ also carried out work on the ground water
conditions in Azamgarh-Ballia districts of eastern Uttar Pradesh
and later submitted the same for the award of Ph.D. degree of
Banaras findu University, |

Amod1® nas carried out certain short term investigations
in saharanpur district which lie to the north of the area under
gtudy. The officers of the U,?, Irrigation Research Institute,
Roorkee viz. Dwivedi and Ouptall and Daya Prakash et al'’. have
also carried out studies of the behaviour of ground water table
in parts of the Ganga-Yamna Doabs The chemical quality
investigations of ground water from the district Bijnor were
carried out by Chaturvedi and Mithall®,

In 1965 Raghava mll gubmitted a thesis entitled
' Hydrogeological Studies of alluvial areas in parts of Saharanpur
district, U.P.' for the award of the Ph,D. Degree of the
University of Roorkee. On the bagis of the pump test data from



Mugaffarnagar district, Singhal and Guptal® have concluded
that the deeper aquifers of the area are under leaky confined
conditions, Similar conclusions were derived by Chaturvedi
and Pathak’® for the district of Aligarh and Mathura but for
Mugaffarnagar and Meerut districtstheir conclusions wore
different (Chaturvedi and Pathek),

In 1966 Paul Jones?® mbmitted a programmg of ground
vater development and assessment in parts of Uttar Pradesh
to the Covernment of India.

In recent years, systematic ground water investigations,
in some selected regions of Uttar Pradegh, have been taken up
by the U,N.DsPs, Exploratory Tubewells Organisation, Geological
survey of India and U,P, Irrigation Resgearch Institute.

METHODS OF INVESTIGATIONS

The field work was started during the year 1963 and
continued till the end of 1965, which conslsted of the obser-
vation and collectionof water level data in open wells and
tubecwells for the months of May and October each year. During
October 1964 end June 1965, about 100 water samples from
tubecwells which tap the confined agquifers were chemically
analysed to determine the geochemistry of the water and also
thelir suitabdbility for agriculturel purposes. In addition %o
these 20 water samples were also collected from the dug wells
which tap the shallov ground water reservolr which is under
water table conditions and these were also analysed. About 80
gand samples for the various tubewells located in Meerut and
Mugaffarnagar districts were collected and mechanically analysed
to defermine the various grain size parameters, Long duration
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Aquifer Performance Tests were carried out from 15 tubewells
in order to determine the hydrological properties i,e.
Coefficient of Transmissibility and Coefficient of storage of
the aquifers.

Besides the above fisld work, data about the rainfall,
river discharge, pumping hours and lithological logs of
the bore holes of the State tubewells were collected and a
ground water inventory has been prepared.

one inch survey of India topo sheets were utilised for
the study of drainage characteristics of the area which could
not be sabmitted alongwith this work as the samo are restri-
cted.

SCOPE OF THE PRESENT WORK

. 8o far detalled ground water investigations have not
been earried out in the country, In recent years the Indo-
Gangetic alluvium of India, which is one of the most promising
areas for the ground water development, has attracted the
attention of various geologists and hydrologists. The Indo-
Gangetic Plain consists of unconsolidated fluviatile formations
and can be divided into three roughly parallel belts which
are lnown from north to south as the Bhabar, Taral and the
Axial belts mccording to Taylor®. The present area of study
i.e. the districts of H\Inthm and parts of Meerut form
the Northern fringes of the Axial belt, The author has
selected the area in order to svaluate the gechydrological
characters of the aquifer and also to determine
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quantitatively the ground water potential of the area and the
quality of water. The above study has been divided into various
chapters from 1 to 8.

The present chapter 1 deals mainly with the introductory
amoﬁtl such as location of the area, commumnication, previous
work,methods of investigations and the scope of the present
study, The second chapter gives an account of geomorphology
and subsurface geology of the area, The agquifer material (sand)
has been mechanically analysed and an attempt has been made
to determine the conditions of deposition. On the bagis of
geological and hydrological characters, two kind of aquifers
have been demarcated 1.e. the shallow aquifers and the deeper
aquifers which are separated from each other by confining
layers of clay and 'lpapkar' ( a nodular formation rich in
Cac0y)e The third chapter deals with the ground water conditions.
The dfposition of ground water table in the shallow ground water
regervolr and of the pleszometric surface for desper aguifers
have been shown in Dh‘.lwlt hag been further shown that
the shallow aquifer ig under water table condition and the deeper
ones are under confined conditions, With the help of water
table contours, seepage pattern has been described,

Chapter 4 deals with the various geohydrological parameters
such as coefficient of transmissibdility, coefficient of permea-
bility and the storage coefficlent of the aquifers. These were
computed from the test data uging the Thelsy; Theis-Jacob and
Hantush-methods, Taking into consideration the various
possibilities it has been concluded that the deeper aquifers are
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of leaky confined character.

Chapter 5 deals with the analysis of shallov ground
vater reservoir levels with those of the other factors controll-
ing the ground water regime in the area. The water level data
have been subjected to analysis by meansof statistical methods
vhich are in vogue to establigh the relationship between the

Varioug dependencies controlling the ground water regime,

The chemical quality of ground waters has been dealt
in Chapter 6 under the two broad head viz. (1) the chemiecal
quality of shallew ground water reservoir and that (11) of
deeper aguifers. It has been establisghed in this chapter
that gll waters from the deeper aquifers are sulitable for
agricultural uge. The author has used the various graphical
methods to show the chemicalbharacteristics Ly means of dia-
grams such as Plper's dlagram, ratio maps ete. In this chapter
the seasonal variation in the cheemical quality of water from
deeper aquifers has also been estatlighed. It has also been
eéstablighed that the quality of grouad water does nogixltmt
in the direction of flow.

In Chapter 7 quantitative assessment for ground
vater has been carried out for the shallow agquifers for the
Year 1958, 1962 gnd 19656 and for the deeper aquifers an attempt
has been made to find out the total draft due to pumpage and
the fluctuations of the piezometric surface.

Lastly, in Chapter 8 a summary of the work carried out
by the suthor during the course of these investigations has been

given,



CHAPTER @2

GEOMORPHOLOGY & GEOLOGY OF THE AREA

PHYSIOGRAPHY

The districet of Mugzaffarnagar and Meerut is a part of
the great Indo-Gangetic Plain which occupies roughly an area
of 3,00,000 sq.miles. ZThis plain is almost devoid of any
significant relief features and is composed of unconsolidated
alluvial deposits. The alluvium is composed of the materials
derived from the Himalayan ranges by fluviatile agction, and
wvhich have becn gubsequently deposited southwards in a
depression called the Indo-Gangetic Trough.

The districts of Muzaffamagar and Meerut present an
appearance of a featureless plain. The erosional processes
could not, carve out distinet relief features out of the
unconsolidated glluvium of the plain. The area slopes down
gently from north to souath. The average elevation above
mean sea level of any point along the northern boundary is
about 815.0 feet, while the average elevetion along the
southem boundary is about 716.0 feet, whereas the distance
between the northern and the southern boundary is approximately
80 miles. Thisg gives an average gradient of less than 2,0 ft.
per mile for the plain, which, as mentioned above, slopes down
in g north tosouth direetion, The physiography of the area
is marked by the following units vhich are characteristic of
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a river flood plain

1. The River Channel
2, Oxbow lakes
3. Point Bars

At few places in the area, the ocourrence of slightly
raised mounds of sand, locally known as Zuicta, are seen
(Plate 2,1)s They vary in heiplit from 20«30 ft. above the
ground surface and are composed nf brownish soloured sand., In the
tovosheets these are shown with b¥own dots. At some places such as
Jaialpur, Mundati, Kamatpur, Piplikhera and Ajrara etc, they are
found on the convex side of the river curves thereby resambling
point bars. However, they are much modified in their shape and
alignment by the winds which bhlow especially during the summers,
They are very well seen near Nera-nala on fuzaffarnagar-leerut
Road.

Droipage

The two most important rivers of the area are the Ganga
and the Yamna whiech flow from north to south, The river
ganga and the Yamuna forms the eastern and the western boundaries
of the area regpectively. In addition to these othar important
rivers flowing in the area are the Krisimi, the Hindon, the
Kali<Nadi (east) and the Kali Madi west, The Kali Nadi {(west)
and the Krighni Nadi are the two Bajor tributeries of the
Hindon river. The river Kali (west) Jjoins the river [tindon
in the Muzaffarnagar district at a place known as Atall while
the river Krisinli joins the river Hindon in the distrint of
Meorut at Barmawa wherefrom it attains the shape of a major
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river of the area, A few of the important palag worth
mentioning in the area are Chiplya Nala, lara-liala and
Alm-ligla which brings at times a great == calamity %o
the towns of Muzaffarnagar and Meerut. All these streams
are of perennial character,

The discharge of these rivers varies in different
months, The discharge of the river Ganga. at Raiwala near
Hardwar, which is about 20 miles north the present area,
varies from 50,000 cusecs during the month of Jamuary to
90,000 cusecs in August while that of river Yammna varies
from about, 4,000 cugecs to about 50,000 at Tajewala, The
discharge of the Hindon, the Krisimi, the Kali Nadi and the
Kali east varies from about 300-2,000, 200-3,000, 200-800
and 300-3,000 cusecs respectively.

The river Ganga emerges out into plains at a place
Inown as Hardwar and thereafter flows almost in a plain country,
The river Yamuna emerges out into plains at a place known
as Haripur in Dehradun., In the western half the drainage of
the arca is almost parallel to the Yamuna while in the
eastern half it runs parallel to the river Ganga. Although it
is very difficult to infer as what could have bean the drainage
pattern at the time wvhen the alluvial sediments were deposited
in the area, but it is certain that thse two major rivers
had frequently changed their courses in the past. The important
rivers of the area are effluent in nature i.e., the ground
wvater is discharged into the riversin the area. The river
Ganga and Yamuna are of braided character as 1s indicated by
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the presence of bars of silt and fine sand at the time of
low flowe These charmels are in the process of aggrading,
According to Leopold et al®y¢ is true that brading is a
pattern often agsociated with aggradation, but braided
channels may represent equilibrium pattern in the transport
of the available discharge and load, These two rivers also
show wide meandering belts and at places oxbow lakeg are formed.
One such lake is seen by the side of the Canga near Tughlakpur
while the other is seen by the side of river Yamma near the
town of Kairana, These have boen filled upithe finer sediments
and have formed swampy regions which occupy at least an area
of 30 = 40 sq.miles at Tughlalpur and about 2 sd.miles near
Kairana - (Plate 2,2),

The Bast-West shift of the river Ganga is indicated
wmmm'xamﬁaadmummcn
1s loeally mown as Burhi Ganga (014 Ganga), The Burhi Ganga
meets the present course of river Ganga near Garhmktesghvar,

Ozbow lakes represent the cut off portions of meander
bands and they represent therefore the areas through which
the rivers in past had flowed. These type of oxbow lakes are
quite common in this area both along the rivers Ganga and
Yamna, The largest one occupies an area of 30 - 40 sq.miles
and is seen in north castern region, These lakes are often
separated from the present day river courses by marshy lands
in which thick deposits of clay and fine silt were made, They
usually support luxuriant vegetation,
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A view of Oxbow Lake on
Yasuna near the
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Besldes the above natural drainage courses, the
important irrigation gystems in the area are formed by the
Upper Ganga Canal, the Eastern Yamuna canal and the Anupshahr
Branch, The Zastern Yamuna ecanal was constructed during the
Mughal period and the same Was remodelled in the year 1332,
while the CGanga canal is more than a hundred year old, This
system was completed in the year 1354,

DRAINAGE BASIN ANALYSIS

Untill recently the geomorphologists only worked on
the deseriptive basis and were concerned only with the higtory
of evolution of land forms as geological features, In the
year 1945 Horton®° gave great emphasis and realised that enly
the deseriptive analysis has very little value in the
practical field and therefore some geomornhologists have
attempted the quantit4fication of land forms deseription,

The first step in the drainage basin analysis is the
designation of stream orders, on & charmel net work map
ineluding all intermittent and permanent flow lines located
in clearly defined valleys (Strshler®l), The smallest fingertip
tributaries are designated order 1j where two first two order
channels join, a channel segment of order 2 is formedj where
two of order 2 join, a segment of order 3 4s formed; and o0
on and so forth, The trunk stream through wvhich all discharge
of water and sediment passes is therefore, the stream of
highest order.
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DRAINAGE DENSITY

Drainage dengity of a basin may be defined as the sum
of the channel lengths divided by basgin area and may be
expressed in miles/sq.miles 1.,

Dy = W en ve (201)

In general, as the dralnage denslty number increases,
the sigze of individual drainage units, such as the first-order
drainage basin, decreases proportionately.

Measurenent of drainage density is made from & map
with the help of planimeter and chartometer, According to
Leopold et al'® the detail of a drainage net is dependent on
the gcale of the mep as in a large scale map the shortest channel
would also be seen,

The drainage dengity values varying from 1 to 1000 miles/
sq.mile have been determined from idifferent geological, topo
graphical and climatie regions (Leopuldm s m.n‘m has
quoted values of Dg from less than 1 mile/sd.mile for a poorly
drained basin to about 5 miles/sd.mile for well drained basins.

In the present study, survey of Indid one inch topo-
sheets (52 6/2, 53 /3, 0/4, 0/6, G/7, G/8, 0/10, G/11, G/12,
K/2, K/3 and K/4 ) were used to determine the drainage
characterigtic i.e, drainage densgity and bifurcation ratio.
The value of drainage density in the area works out to be of the
order of 0,77 mile/sq.mile, This value is low in comparison to
those given by Leopeld et af'¥



The low values of dralnage density are usually indicative
of high permeability of sub-soil material (strahler®t), However,
another factor which has %o be taken into pccount is the gmall
scale of the mep which was used in the present study. Unfortu~- -
nately serial photographs of the area were not available and
therefora, it is doubbful vhether all those greams which exists
in nature are taken into congideration for the above
calcoulations.

BIFURCATION RATIO
The ratio of the number of gegnents of a given order
Ku to the mumber of mtsntthomﬂrwm-t 1 1s kmown
as bifurcation ratio( By) which is expressed by the following
" equation:

Rﬁaﬁén—r- i en on T EN -2

pifurcation ratlio characteristically ranges between
3,0 and 5,0 for water sheds in which the geologicay structures
do not dlstort the drainage pattem (Stranler™), The minimm
possitle value of 2,0 is rarely obtained under natural conditlons.
ginee the bifurcation ratio is a dinensionless property, and
because drainage systems in homogeneous material tend to shov
geometrical similarity, and as gach the ratio will show only &
1ittle variation from region %o region,.

mrmmmmmamhunm
pmﬁmsMﬁMuwum‘muuotordu u

have been plotted against log T, Aﬂnlghtlinanlﬂttd
through these plottings (Plate 2,3) and the bifurfation ratlo
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vas deternined which comes to be 2,6 . This value of bifurcation
ratio may be taken to be quite representative of the drainage
basgin under study,

GENERAL GEOLOGY

The area forms a part of the great Indo-Gangetic Plain
which separates the Peninsular India from the extra-Penfinsular
region of the Himalayan ranges. The entire area of this plain
is composed of the Pleistocene and the sub-recent alluvium
which has been deposited south of the Himalayan ranges by the
various rivers emergning out of them, The dsposition of the
alluvium began after the final upheaval of the mountains and
it has continmed all through the Pleistocens upto the present
time. The past geological records of this reglon lie completely
buried underneath the thick mantle of the alluvium, Therefore,
the geology of this region is not fully knowm,

According to Krishnan®® the deposition in the Indo-
Gangetic alluvium belongs to the last chapter of the earths
history and conceals beneath it the northern fringes of the Penin-
sular formations and the southern fringes of the extra peninsular
formations.

Bdward Suess (1953) hasg put forward the view that
the  dopression in which the deposition of the alluvium occured
vas a "Fore deep” which developed as a downwarp in front of the

high crust waves of the Himalayan ranges as these waves were
checked in their southward advance by the stable land mass of
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Peninsular India., Thus, the formation of this depression was
intimately connected with the elevation of the Himalayas. In the
opinion of sir Sydney Burrard the Indo-Gangetic Plain is belleved
to have occupied a deep "Rift valley". This view has, however,
not found much gupport amongs the geologists, A third and a
more recent view regards this region as a 'Sag' in the crust
which was formed between the northward drifting Indian continent
and the extra-peninsular region when the latter was elevated
into a mountain system,

As pointed out above, the alluvial deposits of the
Indo-Gengetic Plain have been derived from the Himalayen
ranges by the numerous rivers emerging from these ranges during
a period of great gradotional activity, The continuous
upheaving of the mountains must have rejuvenated the streams
again and again thms multiplying their eroding and transporting
capacities. The enormous thickness of the alluvial deposits
hag been accounted for by assuming that the deposition of the
gediments occured in a slowly sinking region so that the
deposition kept pace with the subsidence.

Taylor® has divided the Indo-Gangetic Plain into
three belts which are named as Shabar, Taral and the Axial
Belt from north to south,

The HBhabar forms a belt of 6 - 8 miles wide along the
foot hill slopes of the Himalayan front, The alluvium of
Bhabar is made up of unconsolidated sand-boulder and clay-
boulder bed, The northern boundary of this belt 1s in
contact with giwalk hill ranges and the southern limit is
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generally the spring line which demarcates the northern
boundary of the Jaral belt. The Jaral 1is a belt some

5 = 10 miles wide parellel to the Bhabar and is chiefly composed
of clays, sandy clays, sands and occassional thin lenses of
gravels,

The lover slopes of Taral merge imperceptibly with
the Axial belt, which comprises the bulk of the alluvium laid
by the larger streams of the Ganga and Brahmaputra system. The
present area forms the northern fringes of the Axial belt.

The total thickness of the alluvium is not definitely
kmown, However, the thickness of the alluvium is variable, with
a maximum exceeding a,onm 9,000{6.

There are nc distincly marked stages in the
deposition of the alluvium, The whole of the alluvium is,
in fact, one continuous and conformable series of rlufhulc
and sub-aerial deposits whose accumilation is, to some
extent, still in progress. The alluvium consists chiefly of
beds of clay either sandy or calcareous - corresponding
to the silts, mud and sand of the modern rivers, Besldes
these, beds of gravel, compact sand, Jankar ( a nodular
formation rich in CaCOy) ete. are also met with. The
clagsification of the alluvium of the Indo-Gangetic Plain
(Table 2,1) is based on the presence of extinet or living
species of mammals in these dcpndtl('hdhm )



1. Older Alluviums

2+ Newer Alluviumg m dg;{g 5% Bing ke

3., Deltaic deposits of the Indus, the Ganges ete., Recent,

=== Unconformity —--

Rocks of unimown age: Possibly the extension of Archaean,
Purana and Gondwanas of the
Paninsula and of Nummilitic, Murree
and sivalik of the ayas.

Sub-murface geology of the ares

An idea of the mub-gurface geology can ba obtained
either by a well log or from other excavations, elther artificial
or natural, for instance, mine shafts, rall road cuttings or
gorges cut by streams, IHowever, no deep excavations of these
types ocour in Muzzafarnagar-leerut districts. Therefore,
under these circumstances the well logs remain the only source to
obtain an idea of sub-surface geology, and as such six cross
sections based on bore logs have been prepared, Four of these
profiles are in E « W direction 1,0, more or less at right angles
to the principal river courses which are responsible for the
deposition of the alluvium inthis area, The remaining two
profiles are in NE -« §W direction. The lines of these
profiles are shown in (Plate 2.4).
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The important lithological units are clay, sand and
kankar, The other minor constitutents of these sediments are
gravel (Bajrl) and Lehel. For the purpose of correlation of
the sub=surface geology of the area minor bands of sand or clay,
or sand and clay have not been shown separately in the present
discussion, With the emception of one or two wells most of the
tubewells in the area are more than 300 ft. deep andas such
the formations encountered upto that level are discussed in
this Chapter.

The clays of the area are generally grey to brown in
colour, mymhlrdmaphﬂm. These clays are generally
associated with Xankar,

The term Xankar is given to a nodular formation rich
in CaCOys The individual nodules vary in diameter from half
an inch to three inch, It is commonly met in the bore holes
of the Muzaffarnagar-Meerut area associated with clay, The
Kankar horizons, perhaps, represent the 'B' horison of the
aneient soil profiles. This formation along with the associated
clays form the aquicludes or aquitards.

Gravel or Jajrl encountered in the bore holes at places
are nothing but sobrounded small-pebbles in various colours of
pink, grey and white, These are quite hard and compact and
are usually, composed of quartzite, The term Lehel is commonly
used by the driller for the clay mixed with silt. It varies in
colour from grey to dark grey.

The sands are mostly grey to white in colour, The
grain size parameters of these sands, were also determined and a
detalled description of the same isg given in the latter



part of this chapter,

Assocliated with the above lithological units at
certain places in the area, the ground surface is covered with
a whitish powdery material which is locally mown as Jgh.
such an occurence is seen aleong the mzaffarnagar-iiecerut
road. The average chemical composition of Beh is given in
Table 2,2,

Table 2.2 Chemical composition of Reh (after Srowm and D.y“)

constituents Percentage
Sodium Carbonate - 4,68
sodium sulphate - 1,19
sodium chloride we 3.88

- proeme — p——

mmmﬂmmmtofm“mﬂm
origin of Zgh soils in India, Agh is formed due to effloresence
and is characteristic of those areas which have a high water table
and a low hydraulic gradient, with a corresponding sluggish
responsive movement of both ground and gurface water., iWhen
these exist in a monsoon climate which permits intensive evapo-
ration during the dry season, eapillary action soon brings the
gtagnant solutions to the surface, where their contents
erystallize and reh is formed,
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CORRELATION OF SUBSURFACE FORMATIONS & PATTERN OF SEDIMENTATION

The different lithological cross sections (Plate 2.5
to 2.10) indicate that in general the top layer consists
of clay which is as thick as 20 - 25 feet and thereafter
sand 1s encountered which forms the shallow ground water
reservoir of the area. Thereafter again a thick layer of clay
or clay vith Xankar 4s encountered which forms a major
Mulclude or aquitard, These cross-sections further indicate
that this layer of kapkar aend clay is underlain by various
sandy horizons which are usually tapped by the tubewells.
The various horizang are variable in lateral extent
and thiciness. Cut-ocuts and interfingering between different
units is a common feature whioch imparts an anisotropic
character to both the aquifers and the confining formations.

A comparison of the east-west and north-west-south-east
or north-south sections indicates certain characteristic:
differences in the arrangement of various lithologleal units,
The E = W gection show invariably a lenticular character of
both the sands and the clays, indicating theredby a cut-out
feature, On the other hand the other two sections which are
in roughly Il - § direction indicate more or less uniform
extension of a particular horizon, This difference provides
an insgight in the pattern of sedimentation in the area,

It has been mentioned earlier that the alluvial deposits are a
result of the activity of the various rivers. These rivers
in the area under study, flow in a roughly N - 5 direction,



- 24 -

However, there has been in the past a lateral shift

in the courses of thege rivers but the N - § alighnaent
remained more or less the same, The pattern of sedimentation
can be correlated with the orientation of these rivers. The
N « 8 continuation of the various units indicates that

they are deposited by the rivers which is also supported

by the lateral heterogenity of the lithological units at
right angles to the direction of the river courses. The
pinching out and the lensold character of the formations

in the E « ¥ direction are indicative of a lateral shift

in the river courses.

GRAIN SIZE PARAMETERS OF BANDS

The sand samples representing different depths
between 115 to 250 ft. were collected from 35 tubewells.
TheSe were subjected to mechanical analysis in order to
determin the important grain size parameters i.e., Median (Md),
Sorting coefficient (So), Uniformity coefficient and
Bffective size (de). The last two parameters are of
importance from the point of view of ground water movement
and design of well screens. The data of analysls are
plotted as percent passing (Plates 2,11 to 2,20) and the
above statistical parametoers are determined from these
curves which are given in( Table 2.9 .
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Table 2.3 Grain size Parameters of the Aquifer sands from
Mugaffarna

different Bore-Holes in gar -« Meerut
Area.

Tubewell 91:: So Effec- Unifor-

No. and (m dm (Haﬁm)(mrﬂu ti utr

Location feot. £fi-

in microns licm n. cicnt.
"~ 2 2 @’t
3 Forth Lol 112-127 = 210 0,956 2,42

155-1656 = 190 2.00 0.86 2,44
180-195 25 320 2,64 0,17 2,23
195-225 100 - = 0. 26 -
225-245 - 220 .76 0,09 2,88
245=250 - 280 3,70 0.15 2.00
286-296 20 320 .20 0.21 1,60
206-316 20 - - 0s 26 -
324-336 20 280 3.0 0,17 1..60

19 North Loi 126-140 110 340 L7 0. 17 2,10
180-218 = 360 1.7 0. 16 2,40
216-220 150 500 2.0 0.26 2,10

20 North Loi 105112 110 260 L8 0e 17 .70
118-138 120 340 - 0.19 2,10
160-190 115 230 1.8 0,26 1. 50
210-270 120 320 1.4 0.18 1,80

2 south Loi 98-112 100 540 1.4 0. 26 2, 10

118130 75 190 1.6 0¢ 10 210
175-1080 80 300 - 020 1,70
190-230 180 380 1,6 0. 21 2,30
230-270 150 500 = 0e23 2,30

34 Bhiki 701086 85 230 1.4 0. 12 2,3
105-170 78 210 1.6 0. 11 2,0
207«245 - 280 1.7 0.11 2.7




a—. 2 2 A 5. (<1 2
10A Kakvra 90-110 100 380 1.8 0,20 3.3
130-140 100 300 L2 0,19 16
140-168 78 ' 210 L8 011 28
175-220 78 300 - 0:18 2.0
220-240 140 260 - 0:18 L6
23 Lohara 85125 - 110 1.4 - -
140-170 - 250 L. 0,14 L8
222284 = 210 1.8 0,00 2.4
254-264 90 340 .. 0,17 821
264269 - 170 8.3 0,08 a8
300311 150 3.1 0,00 =
30 Daha 165-200 105 290 1.3 017 L9
250-280 140 320 1.3 0,20 1.6
326-335 - 230 2,0 0,008 3,0
335-361 150 340 1.7 OB 1.9
25 Daha 45-152 = 140 1.8 0,08 2,0
' 152-170 - 300 1.9 0,18 2,6
170-202 - 290 0,00 0,14 2,0
245-270 - 270 Li 61U S
270208 70 250 .7 013 2,1
6 Daha 135-150 - 150 2,0 0,08 2,1
180-188 75 300 .7 0¥ 21
196+-218 120 300 L8 0,17 L6
260-297 - 310 1«9 0,12 2,8
1 sardhana  180-200 - 320 2,00 0,18 2,1
218-230 80 340 2,10 0,186 21
275-280 - 180 2:,10 0,08 2,6
280-318 75 320 81 O0O7 3,00
315-8268 120 340 1.9 0.1 2.3
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3
§

_— 2 2 ¥ Vu—" pw— | Z
10 sardhana 160-162 - 210 2.0 0,08 2.4
165-130 - 180 l.4 0,08 2,2
200-230 = 380 2.1 0. 18 2.7
233-244 - 190 1.7 0,09 3.1
260-262 - 210 242 - -
268-312 20 540 - 0.23 2,7
12 Sardhana 115-145 - 230 1.8 0. 12 2.6
160-165 = 190 2,00 - -
165-190 - 260 1.7 0.15 1.8
190-218 110 310 1.6 0,19 1.7
202273 - 140 1.8 0.08 1.8
273-302 70 410 1.6 Ce21 1.8
A 6 Daurala 115+166 150 320 1.8 0. 20 1.8
210-270 110 360 L9 0. 20 L9
A 7 pamurala 62«115 20 280 1.2 0.16 1.7
120-166 4 360 1.4 017 2.2
184-195 80 340 1.7 0,15 2.5
195-200 s £250 .2 0,11 2.4
203-216 - 230 l.2 0. 16 1.7
E 2 paurala 100-120 70 280 1.6 0s 10 1.4
170-200 - 290 1.5 015 p P
200-227 110 320 L2 0 10 L1
227-252 =l 230 2.1 0:13 1.6
8 2A Meerut 83137 120 400 200 0,19 2.5
158-226 150 430 1.5 0. 26 1.9
21 Meerut 80-131 75 320 1.9 0,15 2,2
195-260 140 330 1.5 0. 18 1.8
272-282 85 340 2.1 0:15 2.5
23 Meerut T70«140 - 290 1.4 0,13 2,3
170-200 75 300 l.1 0,15 1.8
200-218 95 230 0.® 0.21 1.2
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o 55 . Xy A 4 8 A3
26 A Bhati- 207-238 - 180 1.9 0.9 3,1
pura. psg.oud - 160 LY &8 N
244-255 - 170 2.3 0,18 L?

255-300 80 320 L6 0,15 &1

29 A Bhati- 120-188 = 200 2,6 0,00 2.8
pura.  190.212 70 260 L5 013 207
218224 = 290 .4 015 186

224-282 10 260 L3 017 L5
232.282 " 250 2.6 0,11 2,48

3 Bhatipura 110-120 95 280 M 638 i
220230 = 340 - 0,18 2.0

250-260 75 210 L8 O11 21

260-265 130 360 L8 0,21 18

276-286 75 380 W Y &l

330-342 - 340 - - -
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In order to keep the number of plates to a minimum enly the
percent passing curves for sands from 10 wells are given.

Median (Md)

It is the diameter corresponding to the 80 percentile
value of the cumulative curve and is expressed here in mm,
Half of the particles by weight are coarser than the medlan,
and half are finer., The median values for the sands under
study vary from 0,31 to 0,17 mn and therefore, these can be
clagsified as medium to fine sands acfording to the
Wentworth's classification, (Pettijomn™>),

Iragkly gsorting coefficlent (8o)

Trasks sorting coefficient is defined as the ratio of
25 percentile value to 75 percentile value, A parfectly
sorted sediment hag a coefficient of L.0 . According to
Tragk & value of less than 2,5 indicates a well sorted

sedinent, whereas a value of 3,0 1s normal, and a value
greater than 4,5 indicates a poorly sorted sediment:.

The sorting coefficient for the sands from the area
varies from 3,00 to 1.25 and therefore, these can be regarded
as normal to well sorted sediments.

Yariation in median snd sorting coefficient

An attempt has been made to determine the variation,
if any, in the median value from north to south because the
principal streams (the Canga and the Yamuna)which are
respongible for the deposition of these sediments, flow
from north to south, The variationfin the median and sorting
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coefficient are given in Table 2,3 , A perusal of this
table would indicate that the median decreases, within
narrov limits i.e. from 0,31 to 0,17 mm from north to south.
Raghava Rao'*® has also given values of median (0,50 ~

0.25 mn) for the aguifer sands from Roorkee area which lies
to the north of the area under study., Therefore it can be
concluded that there is more or less a general decrease in
the grain gize of sands (within depth of 112-360 ft) from
north to south, This is natural to expect because the
coarger sediments in a channel are deposited first while the
finer ones are transported further down,

There is, however, no definite variation in the
sorting coefficiant from north to south (Taeble 2.3). Fo
definite variation in either median or sorting coefficient
with depth could also be seen.

Lffective glze

Effective size represents a size in mm so that if
all the grains were of that diameter the sand would transmit
the same amount of water that it actually does. laszen
determined it as the diameter of sand grains such that 10%
of the material is of smaller grains and 00f is of larger
gmans, The value of effective size for the sands varies
from 0,075 to 0,32 in the present area of study,

Uniformity coefficlont

The uniformity coefficient of a sand is the ratio of
(1) the size of grain which hag 60f of the sample finer than
itself to (2) the size which hag 10 pereent finder than
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itself (venzel®®), The uniformity coefficient is a measure

of sorting, The uniformity coefficient for the sand samples
from the area under description varies from 1.1 - 3.3, The
above two parameters i.e. effhetive size and uniformity
coefficient can be used for determining the permeability of

the formations by using the various semi- empérical formilae given
by Hagen, Slichter and others (Wenzel®®),

Cs M, PATTERN

During the last few decades there has been a tendency
among the geologists to analyse and characterise depositional
features of clastic sediments, In modern research the trend
hag been towqrds a definition of individual samples of a
deposit by parameters of their texture and to define the
deposits as & whole by the variation of these parameters.

Passega’® has uged the texture of clastic sediments
for determining the environments of their deposition, He
guggested the construction of C M pattemn after determining
the values of 1 percentile grain gize (¢) and median i,e. 50
percentile grain size (M) from the grain size distribution
curves, Values of C and M are expressed in microns and for
each sample thelr values are plotted on a logarithmie paper.
The resulting sample point pattemm is called the C M pattern.
Pnnpsl has given many patterns indicative of different
depositional environments,

Thare are variocus nodes of transportation of sediments.
Bottom currents which are capable of transporiing sediments
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are of two types (1) Tractive currents and (2) Turbidity
currents. Tractive currents are capable of transporting their
load either by rolling or in suspension., Turbidity currents
nornally flow during a limited time and are so rapid that
they can not be followed by rolling grains. Their load

is entirely 2 suspension load, Rivers, marine currents

and waves touching bottom are the examples of tractive
currants.

The values of C and M were t determined from the grain
sige cumulstive curves of the subsurface sandy horiszon from
the area under study, The values of C and M are given in
Table 2.7 and QM pattemn is shown in Plate 2.g1 The resultant
M pattern is characteristic of tractive current deposits
(Passega ),

CONCLUSIONS

The Y pattem for the sands from the area under
study is comparable to that which is characteristic of
tractive current deposits, Therefore, it can be concluded
that the sandy horizons were deposited by the tractive
currents which were agsociated by the activity of rivers in
this area.
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PLATE 2.21

CcM PATTERN FOR 35 SAND
SAMPLE S.
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CHAPTER 23

GROUND WATER CONDITIONS

It has been mentioned earlier in Chapter 2 that
the sandy horizons which form aquifers are found at two
different depths in this area. The first horizon 1s
comparatively shallow and occurs at * a depth of 15'-50' from
the ground surface, This has been named as the 'Shallow
ground water reservoir'. The other occurrence of water bearing
horizon (sand) is at a depth of 100' to 350' with thin
bands of clay and kgnkar. This forms the 'deeper aquifer'
of the ares and it 1s separated from the shallow aquifer
by a thick, more or less continuous, layer of clay intermixed
vith Jankar (Plate 2,5) which behaves =s a semi-confining
layer or agquitard, According to Davis and nowteltaa the
torm aquitard is used to describe natural materials that
stores water and transmits enough water to be significant in
the study of the regional migration of ground water but not
enough water to supply individual wells. |

The water in the shallow aquifer is under water table
conditions while in the deeper aquifers it is under confined
or semi-confined conditions. The water table is at a depth
of 15-20 feet below the ground surface while the cumlative
plezometric surface for the confined aquifers is also more
or less at the same level, However, the water level in the
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wells, which tap the deeper aquifer, is always above the
bage of the overlying confining layer,

In order to determine the benaviour of the vater
table and the plesometric surface, periodic data of the
vater levels in the shallow dug wells and the deeper tubewells
were collected. The ground water distribution in the areca
has been described separately for the shallow water table
aquifer and for the deeper confined aquifer, It may also
be mentioned here that the hydraulic parameters, specially
the storage coefficlent, as will be discussed in Chapter 4,
also point towards the confined character of the deeper
aquifers, liowever, as pumping from decper aquifers takes
places, leakage from 67:1'131.!1; aquifers becomes significant.

WATER TABLE AQUIFERS

The shallov ground water resérvoir met within 80 feet
depth below the surface represents the water table aquifer
of the area, The average thiclmess of the water table
aquifers is of the order of 25 feet.

WATER TABLE CONTOUR MAPS

The water table maps have been prepared on the bagis
of the fileld observations of sgtatic water levels in the shallow
vellss Location of these shallow(Observation) wells is marked
on Plate 3,1 to 3,8, The alignment of the observation
vells is more or less at right angles to the major drainage
courses of the area, Two set of water table maps have been

’



PLATE 3.1

WATER TABLE CONTOUR MAP oF
MUZAFFARNAGAR- MEERUT AREA
FOR THE MONTH OF MAY 1958.
(HEIGHT ABOVE MEAN SEA LEVEL)
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WATER TABLE CONTOUR MAP OF
MUZAFFARNAGAR- MEERUT AREA
FOR THE MONTH OF OCT. 1958 .

(HEIGHT ABOVE MEAN SEA LEVEL)
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WATER TABLE CONTOUR MAP OF

MUZAFFARNAGAR-MEERUT ARE A
FOR THE MONTH OF MAY. 1962.

( HEIGHT ABOVE MEAN SEA LEVEL)
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WATER TABLE CONTOUR MAP OF
MUZAFFARNAGAR-MEERUT AREA
FOR THE MONTH OF MAY 1964.
( HEIGHT ABOVE MEAN SEA LEVEL)
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WATER TABLE CONTOUR MAP OF
MUZAFFARNAGAR-MEERUT AREA

FOR THE MONTH OF OCT. 1964
(HEIGHT ABOVE MEAN SEA LEVEL)
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WATER TABLE CONTOUR MAP OF
MUZAFFARNAGAR- MEERUT AREA

FOR THE MONTH OF OCT.1962.
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prepared for the year 1988, 1962, 1964 and 1965 one for /.
premongoon (May) and m;%mm periods (October) for
(Plate 3,1 to 3,8), From these plates it can be seen that

the configuration of water table contours remainsmore or

less, the same during the premonsoon and the postmonsoon periods
but the values of various contours differ indicating thereby
the effect of recharge., These maps not only indicate the
distribution of ground water in the shallow reservoir but alse

indicate the dlrection of ground water flow.

A study of these water table maps indicates that
the geeral ground water movement in the area is from north
to south except aff few places near the main rivers vhere it is
north to southwest or north to southeast, The flow lines also
indicate that, in general, the ground wvater moves tovards
the rivers indicating thereby the effluent nature of these
gtreams, Trom the shape of the water table contours it is
seen that wherever the contours cross a padi (Stream) there
is a bend of the contour in the upstreanm direction indicating
effluent charactor of the Streams (Tolman°>, pavis and
DeWlest®2),

It may further be added here that due % accumlation
of gilt in the canals there is no appreciable amount of
seepage from the canals into the shallow ground water
reservolr,

Hear the northern boundary of the area, the water
table contours are closely spaced, This feature is again
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noticed from the town of Khandla in the west upto the
confluence of river Hindon and Erishni and also in between the

town of Mugmaffarnagar and river Ganga,

Ag there is a relation between the slone of water
table and the permeability of the formations, the closeness
of the water table contours would indicate a low permeability
and therefore the finer grain size of the aguifer material,
On the other hand the widely spaced water table contours
are indicetive of the presence of coarser sediments in
the shallow aquifer,

The hydraulie gradient, as worked out from the water
table maps, ranges from 2,8 to 3,0 ft. per mile,

The main source of recharge to the shallow aquifers
is from the atmospheric precipitation (rainfall). This is
also indicated by the statistical correlation of water
level and rainfall date as will be discussed in Chapter 5.

DEEPER AGUIFERS

It has been pointed out earlier in this Chapter
that the deeper semi-confined aquifers occur between the
depth zone of 100-350 feet, The mumber of confined beds met
wvithin this zone are usually two to three. Generally these
confined aquifers are met within the depth zones of 110175,
200-270 and 280-350 feet, These are inter-connected with
each other and therefore represent one single hydraulic unit
of the area under study., Practically all the tubewells in the
area tap this unit,
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PIBZOMETRIC MAPS OF THE CONFINED
AQUIFERS

A plezometric map (Plate 3,9) for the month of
May 1965 hag been prepared vased on the cumlative
pressure head of the aguifers lying within the depth of
100 to 300 feet. On the pilesometric map a few flow lines
have also been drawn to indicate the direction of ground
water flow in the deeper aquilfers of the area.

The pieszcmetric mep (Plate 3.9) indicates that
isopiestic curves for the S5-E portion of Muzaffarnagar
area have wide spacings which is indicative of higher
permeabilities. In contrast to this the contours are
closely spaced in the S.8.W. part of the town. Therefore,
it may be inferred that the prospects for further yleld of
ground water development are better in the area S-E of
Muzaffarnagar in comparison to the one lying towards SSW.

The hydraulic gradient as worked out from the
plogometric map ranges from 3,0 to 4,0 ft. per mile,

A comparison of the water table contour map (Plate 3.7)
and Plezometric surface map (Plate 3,9) for May 1965 indicates
that the configuration and the shape of the contours in two
plates are quite different which indicates that the shallow

and the degper aquifers do not form a single hydraulic
unit, The deeper confined aquifers are separated from
the overlying water table aquifer by a thick layer of clay
and kankgr which is relatively impermeable. Therefore,
the confined aquifers are not directly recharged from the
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atmospheric precipitation which takes place in

this area, It appears that these agquifers are interconnected
towards north with subesurface formation of the Iapai

and the Zhabar belts and these represent the most important
source of recharge to the decper aquifers, However, at
places there are also interconnections between the desper
aquifers and the shallow water table aquifer in the Axial
belt 1teelf. In addition to this, during pumping from
the desper aquifers, good amount of water is also added
locally due to leakage from the overlying water table
aquifer, In conclusion, therefore, it mist be mentioned
that the recharge to deeper aquifers takes place

both by lateral subsurface percolation from north and also
due to vertical leaekage from the overlying aquifers,



CHAPTER 4

HYDRAULIC CHARACTERISTICSOF
THE AQUIFERS,
oco

INTRODUCTION

mmnonrwmrorunmudwolopdmat
vater depends mainly on two inherent characteristics i,o,
(2) its ability to store and (b) its ability to transmit water,
The first is expressed in terms of soefficient of storage or
storavity and the gecond in terms of coefficient of Transe
migsibility or transmissivity (Dewlest®®), These provide the
very basis on which quantitative studies are baged, In this
Chapter the various aquifer characteristics are deseribed
as determined from the pump te-ts carried out from a number
nttnbmns;nthnﬂu. It will be necessary to define the
various aquifer characteristics and describe methods which have
bean used before giving the actual application of the methods
and the evaluation of the varions hydrological characteristics
of alluvial aquifers, Fifteen pump tests were conducted during
the present investigations and both the drawdown data and the
Pecovery data were collected from the observation wells, These
vere analysed by (1) Theis-type curve method, (2) Theig-Jacob
straight line method, (3) Hantush - Jacoh Llealy-artesian type
curve method and (4) Hantush leaky - artesian aguifer straight
line method. The methods employed and the interpretations
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made are deseribed in the following pages.

DEFINITION OF HYDRAULIC CHARACTERISTS

1, COEFFICIENT OF TRANSMISSIBILITY (T) 4s defined as the rate
of flow of water, at the prevailing water temperature, in
gallons per day, through a vertical strip of the aquifer

one foot wide and having the height a equal to the thicimess
of the aquifers, under a hydraulic gradient of 100 percent

or one foot per foot, It is expressed in gallons per day per
foot (gpd/ft.) or cubic metres per day per metre (Iaf'/l}t

2, COEFFICIENT OF STORAGE (S) is defined as the volume of water
that an aquifer releases or takes into storage per unit
gurfece area of the aguifer per unit change in the component of
head normal to that surface., Generally it 1s expressed as a
decimal fraction, For artesian conditions the value ranges
from about 0,00001 to 0,001 and for the unconfined aquifers
the value varies from about 0,05 to 0,30 (Ferris et a1%%),
For phreatie ground water (water table conditions) 1t is
equal to the specific yleld.

8, FIELD COEFFICIENT OF PERMEABILITY (P,) is expressed as the
rate of flov of water at the preovailing field temperature in
gallong per day through a cross section of aquifer ocne foot
thick and one mile wide under a hydraulic gradient of one foot
per mile twm“). It 1s expressed in gallons per day per
square foot (gpd/ft.2),
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METHODS OF AQUIFER PERFORMANCE TESTS

In order to determine the aquifer constants, 15 pump tests
were conducted in Muzaffarnagar-lieerut districts. The individual
tests were run for varying periods but the maximm duration was
not more than 40 hours, The abondoned tubewells in the neigh-
bourhood of the newly consgtructed tubewells (Pumped well) were
used as observation wells. The pumping was carrled out by a
deep well turbine pump. Location of these pumped wells is shown
in (Plate 4.1),

The wells were pumped at a constant rate of discharge
varying from 377 U.S. gpm to 667 U,8, gpme In all the hydrological
tests, measurements for the quantity of water pumped at a constant
discharge from the pumped wells were made with the standard
Venoteh fixed tc the tubewells, The water level measurements
vere made by a steel tape lowered along with a copper electrode
comnected to the battery, Wherever available the obsgervations
of wvater level in the shallow dug-wells were also made,

The obgervations of drawdown were taken in the
obgervation wells which almost tap the same aquifers. The
lithological log and position of the strainers in the pumped
walls and the observation wells of only 7 bore holes have been
shown in Plates 4.2 to 4,8, From the lithological logs it
can be seen that both the pumping wells and the observation
vells are tapping water from the aquifers which are overlain
by comparatively impermeable ¢lay formations intercalated with

L ]
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PLATE 4.2
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PLATE 4.5
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PLATE 4.6
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mooram and lkapkar in a few cases. These comparail vely
impermeable units represent the formations through which leakage
oceurs during pumping and therefore these can be clagsified as
amitards (Dewlestd. The regional nature of the lithological
formations have already been discussed in chapter 2 which
clearly indicates that the overlying confining layers are
laterally quite extensive, In each test, the drawdown

and recovery data were collected from one observation

well, Data from only one such pump test are given in

Table 4.1 while the data from other 14 tests are not given

in the tabular form, This is to keep the number of pages

to a minimm, However, data from all these tests have

been plotted and analysed by various methods, The drawdown
date have boen analysed by (1) Theis = type curve method,

(2) Theis-Jacob straight-line method, (3) Hantush-Jacob

leaky artesian type curve method and (4) Hantush lealky-
artesian aguifer straight line method.

(Table 4,1 on page 44)
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Table 4,1 PUMP TEST DATA OF OBSERVATION WELL NEAR TUBEWELL
No. 20 NORTH LOI IN MUZAFFARNAGAR DISTRICT

8l. 'Loca- 'Dist- !
lo. 'tion ‘'ance '
‘of ‘of '
tegt+ 'obger- !
‘ed ‘vation !
‘well., 'well '
’ 'from '
(] 1

1

]

1

e

Date of'Hour 'water

test !

- A e W .

iﬂ'"--“.-d

M A W e R A N W = =W

. e e o

4 TK

ol

@l » = mm . -

' Residual
' drawdown

t
& 't/ ' (in £%.)

q&-ﬂﬂ“‘

E

Jol

1. Tubewell 80
Nos 20
North-Loi

7.3.1965 5:50 27,0

51656 27.0
6:00 Pump

started
constant

discha

408 (Us

6:11.0 27,92
6:11.5 28,17
6:12,0 28,88
622,65 28,33
6170.,0 28,42
613,5 28,46
614,00 283,50
614,5 28,54
6:15.0 28,58
635,5 23,62
636,0 28,67
616.,5 28,71
637,00 28,75
617.5 28,79
618,0 28.83
6:8,5 28,83
619,00 28,87
619,5 28,92
6110 28,92
63111 23,98




- 45 =

s SR SUCARIIE DO SBHSG VISRISN GBOI. NG DL 05 A

6112 29,00
6:13 20,04
6114 29,08
6:15 290,13
6116 29; 17
6:17 29,21
6:18 29,25
619 29,33
63120 29,37
6)21 mtﬂ
6322 20,46
6123 29,50
6:24 29,54
6325 29,58
6130 29,67
6335 _29.71
6340 29,75
63145 29,79
6:50 20,83
6155 29,92
7:00 29,96
7110 30,04
7120 30,08
7130 30,13
7140 30.17
7145 30,17
8310 30.17
8340 30,21
8365 30,21
9100 30,26
93115 30.29
9130 30,33
10:00 30,33
10¢30 30,33
11;00 30,33
11:30 30,33

12:00 30,32 Pump stopped




| U SEMM S At WU MG A WA
12:01 29,76 3961 1L.O 361 2,75
125015 20.67 361.5 1.5 241 2,67
12:02 29,88 362 2,0 181 2,58
12:02,5 29,50 362.5 2,6 145 2,50
12:08 29,42 363 3,0 121 2,42
12:08,5 29,37 8363.,5 3.5 108 2,37
12;04 29,33 364 4.0 91 2,33
12:04,5 29,201 364.5 4.5 81 2,291
12:05 20,26 365 6,0 73 2,25
12;06,5 29,21 365,58 5,56 66 2,21
12306 29,17 366 6.0 61 2,17
12:06,5 29,13 366,56 6.5 56 2,13
12:07 20,13 367 7.0 52 2,13
12307,5 29,083 367,5 7.5 49 2,083
12:08 20,042 368 8,0 46 2,042
12:08,5 20,04 368.5 8.5 43 2,04
12;090 20,00 369 9,0 41 2,00
12111 28,92 371 11,0 33 192
12512 23,87 372 12,0 31 1,87
12;13 28,88 373 13,0 28 1,83
12514 28,79 374 14.0 26 179
12:15 238,76 3756 150 25 L78
12:16 28,71 376 16,0 25,5 L71
12:17 28,67 377 17,0 22 L.67
12:18 23,67 378 18,0 21 1.67
12:19 23,62 379 19,0 19,5 L.62
12:20 28,68 380 20.0 19 1,58
12:21 28,654 381 2L0 18 L4
12:22 28,50 382 22,0 17 150
12:23 28,46 383 23,0 16,6 1.46
12;24 28,42 384 24,0 16 1,42
12525 28,37 385 25 15,4 L37
12130 28,33 390 30 13,0 133




% aﬂ-

W WS wE W MR W AN AR W R NS WME B Ep eE R AR A R A We A R W ey W e O

SR SR WS ISR SRS SPAED. SRSS UERS T
12:356 28,25 295 35 1,3 1.25
12;40 28,21 400 40 10,0 21
12:45 23,17 405 45 9,0 L17
12:50 23.08 410 80 8.0 1.08
12:66 28,00 415 55 7.5 1..00
13;:00 27,92 420 €0 7.0 0,92
13:10 27,87 430 70 6.0 0,87
15320 27,83 440 80 5.5 0,83
13:30 27,76 480 90 8,0 0,76
13:40 27,67 460 100 4.6 0,67
13:56 27.88 476 115 - 4,1 0,58
14:10 27.46 490 130 3,8 0.46
14: 25 mtﬂ 5056 145 3.4 0,42
14340 27,37 820 160 Se2 0,37
14155 2".33 535 175 3.0 0,33
15:00 27,28 540 180 2,9 0,28
15s30 27,17 570 210 2,7 0,17
16:00 27,08 600 240 2,5 0,08
16130 27.04 630 270 2,33 0,04
17:00 27.04 660 300 2,20 0,04
17:30 27,00 690 2320 2,00 0
18: 00 27.00 720 360 20 0

(Table 4,1 contd.)



Tubewell Hour Time since in
— g = e
Minutes Day s.

: ) o iaimiidin 4 3 £

20 North Loi .0 6,94x10™ 0,02 9.2x 1o°
1.6 104 x 10™ L17 6.2 x 10°
2,0 1.39 x 107 .25 4.6 x m‘
2.5 174 x 1070 .38 3,7 z 10°
3,0 2,00 x 10 .42 3.0 x 10°
3,5 2,44 x 107 .46 2,6 x 10°
4,0 2,78 x 1070 .50 2,3 x 10°
45 3,12x10° 1,84 2,0x 20°
5.0 3,47 x 10™° .58 1.8 x 10°
5.6 38,81 x 10 1,62 1.6 x 10°
6.0 4,17 x 10~ .67 1.5 x 10°
6.5 4,61 x 10™° L71 1.4 x 10°

7.0 4,86 x 10™° L75 L°2x

7.5 5,20 x 10 .79 1. 2x 1o°
8.0 5,51 x 10 .83 1.1x10°
8,6 5,9 x10° 1,8 1.1z 10°
9,0 6,25 x 107 .87 1.0 x 10°
9.5 6,80 x 10 .92 9,9 x 10°
10,0 6,98 x 10™° .92 9,1x 10°
1.0 7,60 x 10™° .96 8,3 x 10°
12,0 8,88 x 10 2,0 7.6 x 10°
1.0 9,10 x 10~ 2,042 7.0 x 10°
14,0 9.72 x 10"3 2,083 6.5 x 1.05
15,0 1.04x 102 2,13 6,1x 10°
16,0 L1x10"® 2,17 57zx10°
17,0 1,19 x 10 2,21 5,3 x 10°
18,0 1.25 x 10™° 2,25 5.1 x 10°
19,0 1L81x 10" 2,33 4,8 x 10°
20,0 1,40 x 1072 2,37 4.6 z 10°
21,0  1.45 x 10 2,42 4,4 x 10°
22,0 152 x 1072 2,46 4.2 x 10°
23,0 1L59=x10"9 2,5 4,0zx 10°




1 ' w3 =y
24,0 1,67 x10°% 2,84 3,8 x 10°
25,0 L73x10"® 2,88 3,6 x 10°
30,0 2,00 x10°% 267 2,0 x 10°
35,0 2,42x10"° 271 2,6x 10°
0.0 2,77x10°° 275 23z 10°
450 3,12x10°° 27 2.0zx 10°
50,0 3,47 x 1072 2,83 1.8 x 10°
55,0 3,82 x 1072 2,02 1.6 x 10°
60,0 4,17 x10°° 2,06 1.5 zx 10°
70,0 4,86 x 10" 3,042 1.3 x 10°
80.0 885z 10" 3,083 1.1 x 10°
90,0 6.,25x10°% 3,13 10z 10°
100, 0 6.80 x 10™2 3,17 9.2 x 10*
1150 7,98 x 10 3,17 8.8 x 10%
180,0 9,02 x 10°° 3,17 7.1 x 10%
60,0 L1xW* a21 87 x10°
175.0 L22x10"' 3,21 8&.2x 10°
180,0 1.25=x 10°* 3,25 6.0 x 10°
195,0 1,36 x 10" 3,20 4,7 x 10%
210,0 1,46 x10™* 3,35 4,4 x 10°
240,0 .67 x 10°* 3,33 23,8 x 10*
270,0 1.L,80x 10°! 3,33 3,4 x 10%
300.0 2,8=x10"°* 3,38 3,0x 10%
380,0 2,22x10°* 3,33 2,8 x 10*
260,0 2,80x10"* 3,38 2.5x10°
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ANALYSES OF DATA

Lenequilibrium Fommilg

In 1935 a major advancement was made in well hydramlics
by Thels (Ferris et al®%), who derived the non-equilibeiunm
formila introduecing the time factor and the storage. He derived
the non-guilibriwm formula by analogy between the flovw of ground
wvater and the flow of heat by conduction,

Based on the noneequilibrium theory, it is possible to
predict future performance of the well and to determine the
Coefficient of Transmissibility (T) and the Coefficient of
storage (s5) which are also lmown as formation congtants. Another
distinet advantage of the M-mﬂibutm method over the
equilibrium method is that it enables the deternination of
hydrological boundaries.

The non-equilibriunm formula is

s= A0 "&T .. @)
vhere u--hﬂ-i‘—

s = drawdown in ¢ at pointcrrobmﬂn
the vlninlty.“’ '“51 amnmt

rate,
Q@ = discharge of a wall in gallons per minute,
= transmissibility, in gallons per day per foot,

= distance in f rmmumnmmltom
point of observat

8 = (Coefficient of Sy reogssed as a decimal
. storage, exp

t = time in days since pumping started,
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The non-equilibrium formula is baged on the following
agsump tiong;

1. The aquifur is homogeneous and isotropie,

2 The aquifer is of infinite areal extent,

3. That its transmissibility is constant,

4. That it is confined between impermeable beds.
5. The coefficient of storage is constant and

6. The water is released frop m:ac. instantaneou
ﬂthammolnm ad

The integral expression in equation (1) cannot be
integrated directly, but its value is given by the series,

S -l__.._au-\l(u)--.m - loge W"'&!‘l"!‘ﬂ' fru.z
.87 r°s/Tt

vhereas given earlier u *hg'ﬁ'ﬂ s a» ss (4,3)

and W (u) 4s Imown as well funetion of u or well function of
non-leaky aquifers,

Hence equation (4.1) can be re-written as

s =-MAB L ) o ws we (4e4)

It 1s not possible, however, to determine T and §
directly from the above equations, Two methods are used in the
application of this formula i.es (1) The type curve method and
(2) The straight line method,

Lme curve method
First a plot of W(u) versus u 4s made on a logarithmic

paper, This plot is lmown as the type curve. On another
logarithmic paper of the same seale r-/t is plotted against s



to obtain the data curve. The data curve is superposed on the
type ecurve and a mateh point is obtained for wvhich values

of ¥°/t and s are read from the data curve sheet and W(u)

and u from the type curve sheet. Tranemissibility coefficient
(T) and gtorage coefficient (8) are calculated from these

data by rewriting equation (4.,4) and (4.3) as

T = -JJI;L-‘Lu(u) e se Bk

and 8 = —r%n se s» as (446)

The non-equilibrium formula is theoritically applicable
from the very start of the pumping testy however, the earlier data
may not be reliable due to the assumptions of instantaneous
release of water from storage and constant value of 5 . It is
therefore, desired that pumping should be allowed as long as
possible so that & becomes fairly coustant,

For the tests carried out In the present area, the data
curves do not match completely with the type curves but parts
of the two curves match for varicus tests. For each test, three
mateh points have been determined as 1, 2 and 3 (Plate 4.9
to 4.23), Point 1 4is for the earlier part of pumping and point
3 for tho later part while point 2 1s for the intermediate
period, T and 5 have been calculated for the various matech
points and their values are given in Plates 4.2 to 4,23, In
Table 4,2 1s shown the variation in the computed values of T
and § with time of pumping,



FEEN

DRAWDOWN

-iN

80 — T T e e T = ] T T 1 T T fey M R ) i
70 .
6ol : 1
5-ol NONEQUILIBRIUM Trpes CURVE TRACET———— .
40'0 CJ i
o)
Ooo
S \(L%eem |
mewm”fp‘%eom 0o @ como
2-0F 4
o
— MRICH POINT 3 +- FIELD DATA
e
.9_ 2
B -
i MATCH POINT 1. MATCH POINT. 2. MATCH POINT. 3. y!
6 ; wu) - 35 wdu) = 50 -
= R . = F7TN.E ?.pm. cu) E -2 i
51 e e S u = 139x10 L = 3.0%I0 1
3 4 2 = £ ) £ ek BT
4 U = 117x10 a 4 a2 3
_ 5 = 1LBFT r’t = 7-0x10 I = TANRIO -
2/, _ 5 T =70,332 gpd/fi. T - = 86,408 9pd/ft
146 Q S = 0007 S = 0-033 -
pi TRy
S
2k = 80,408 pd[ft. =
Tu %
5= T81vik ;
= 00073 ?
0w
| 2‘ : 4;, 5. 6| B é éto I i b i i, S e i I I R .
03 o4 21 L SR SR Y © ¢ 2 3 4 § 6 74858 :go‘o
Lo Y/t (FeeT)? /pays.
TIME DRAWDOWN GRAPH WELL No. Il N.E




—

(N

DRAW ©C 2wn

ue

—

f 1 NONEQUILIBRIUM TYPE CURVE TRA=T
e z ¥
O m'\ﬂr =
4‘""(?;_‘_‘_

ors ‘%‘

-MATCH POINT D v

B3
MATCH POINT 2 ] %

oy
MATCH P INT MATCH POINT 2 R
2 =24 U5 4/m w) = 3.2
w) = e g W = 20x102 e g, =:~'.aﬁ' y
PR I 3 A = B5FT.
A5 O FT vt = Il x10% DN S
¥t oz 4.2 %108
s L skl
= 5 =
= 14 AT 3Pdl-l'-'t.
TUWw
S 1-82?_1'-7?
= 0-:-00]
] 1 | | SRS R M ) | i [T 1 | i e~ TS | L
2 3 4 5 6 7 8 9o =i 3 & Bl % -2 Bs o
|o® 19

log %Yt LFEET)]'/DAV;
TIME DR AWDOWN GRAPH FOR WELL

MATCH POINT 3

0t 3 Lvd

wu) =49
L = 3*4)‘-1.’-3
= = 2-3FT.
r?/t = 34x10°
15 = 1,52,348 9pd/ft.
S = 00008
O
| L I 1
Y &4 5 [ 18

Na, I2.N, L.




FEET

IN

DRAWDOWN

80

DRAW DOWN

GR APH FOR WELL No.I3 N.L,

I I I I (] | I [ 1 T T [ T S ] T I I T T T T T T
o, & | -
60} =
50 =
4.0 [ WATCHR PIINY B MATCH POINT 2 I MATCH POiINT L = ]
30} o =]
OM@ o
00
— O0b @ oo oy
Bl i . 30 0o o
lololo]
L rieLD paTa . OOf
e T
l (o]
] 2 NONEQUILIBRIUM TYPE CURVE TRACE ——_~——J_ | .J
"9r~— e - ' [ o
8 MATCH POINT 1 | MATCH POINT 2 | MATCH POINT 3 2
| | i
2 Q S G624 Us. . 4pm. ; Wil = %6 . Wlu) = 56
6 wWwz 1:99 Y | W = 1-4x 10 % | w = k7 o2 =
u = TEXIC | A wrim, ‘ -
sk o g 225FT5 | = 27 FI. E
o) = I'59FT. r’/t = 5.5%10 | 2, 4
x ! ' r/t =2-8xIlo
4k r/t = 37xI10 T  =1,14,416 9pd/ft. | -
- | T =1,48,318 3pd/ft.
1 4 e Q S :-o0-0c0IS5
3 g rRSReR. WLL) | 5 zo.co4 -
= 89,500 gpd/ft.
TLL s
5 o e ket
2 187 r%/t. .
- =
- .0 001 »
=g
m
o
o L L 1 TR s L LR 1 el L I TN A e i Al 1) I U L F
"-1. 2 z 4 5 &6 7 B 9 (0 2 3 4 5 6 7 8 910 2 ] 4 S & 7 B 9ijcas
10 v
io 2 5 o€ io?
Los T/t  CreETY: [pAYS
TIME




4 0
C

FEET
LS ] 4 o
L&) D B

N

® < ow O

DR AWDOWN
n

[¥]

N"‘.

!"i

(_”

I];
L
>
|
o«
1)
n
e
1
m
|
L} ]
:
N
m

000 000 e o (e ol
o@L,
OGOoo o
o

FIELD DATA- |
|
L_ MATCH POINT 3

~-
™
| ®»
)
[ o
! L~ MATCH BEOINT 2 MATCH POINTS 1 A
I NV =4, , 2 e W ey e, At BTl LETRERE
MATCH POINT 1. MATCH POINT 2 . |r MATCH POINT 3.
Q = 471 us gpm i |
wlw) - I8 [ w) = 26 w(w) = 4-4
w = roxio! ! u = w710 % ' th: | 20 Be5 XIS
A = LS FT; A % e BT ] S TR S SR LY oS
*/t = z0xi10® ; Y = 55x 05 : r oz 7.6 x 104
T :_'i“j;_"‘i_ W (L) | T = 58,474 gpd/ft. | T = 71,969 gpd/ft
= ©4,774 9pd [ft s = o002 .' S - o0.00z2
5o anel
% I'B?HI/t
k . -~
SR ity < i L | -
| pg
| -
| m
| +
| r N
e el [ S W ol AT | o S p A gt RG] 1 i e O e (e
2 S 4 ss?sgqas 2 3 4 55759t‘ 2 3 4 5 & 7 8rE
10 o

2
Loa Y/t (FeeT)/DAYs

T!ME ‘DRAWDO\NN GRADH FOR WE.LL Ne, IT.N.L

-0" o
e
o




FEET

IN

DRAWDOWN

L 1 I I i I 1 T | I | I T | e ] I ¥ T | T _‘:"‘
!
. [~ +- NONEQUILIBRIUM TYPE CURVE - 1
| TRACE - _
B % | ""
P OP-00 o, |
I : o0y o0¢g
. (oloTo Mo
O " 0OF
| o€ 00 pe
Wm_m-u. _
2.0l [ L_ FIELD Dara "-\75‘“*(.‘1? -
O
— MATCH poiNT 1 7 !
L — MATCH PO | N
~ MRTCH POINT 2 a
“MAICHPONT LD o
ol
|~ Q £ o = i T__ = b o) o)
.9__ al
'BL. MATCH POINT 1 MATCH PO INT 2 MATCH POINT .3
i & = &7u.5 9/m W(ul = 2-8 E weuw) = 54
‘6l w(u) = 21 W o= Byxio 2 U = ZE5usa
W =7.0x 16% A = 2A4FT T Y E B )
< o 2/ 5 2 . ) 4
5 =I'8FT r‘/t = 4.4x10 ¥/t = 2:5xi0
r =i 6
¥ 5 lllixG:oQ 5 T =82,3183pd/ft. T = 1,201,402 9Pd /ft
e 2 (w(uw) 5 = 0.003 S = 0006
= 89,178 gpd/ft.
(i e - =
i F87 v/t -' f;
= O.00% =1
, m
| »
| e
| I 1 1 1 | S ) L 1 ot il I 1 LG S | | | | 1 [
2 5 4 5 &€ 7 86 9 10 2 3 4 ] & 7 89 o 2 . 4 5 e 7 8
104’ |r_)5 Ine
2,
Lo "/t (Feet)*/oAYs
TIME DRAWDOWN GRAPH FOR WELL No. I9 N.L et _]



80 - 3 = 3 i
= I I s | B T ==y . T S T [ | I = = T T=Tr st
Jof- 3
60
S0 =t NONEQUILIBRIUM  TYPE. CURVE— = =
TRACE
o Q0 i
3ol 2. © °© %g o |
) (€ o) O® | =
O Be
MATCH POINT 3 %%b .
2.0 | 1&%] - =
¥ OOOOQQK l
) —FIELD DATA 0 ORI §
= . _
)
i LMATCH PAINT 2
2 Q =
4 S MATCH POINT 1
- g 5
o sl el
S 7L MATCH POINT . 4. MATcH POINT.2. MATCH POINT .3. i
v tH S QR =408 us.gpm. WEuY = 2.2 wlu) = 4.7 2 i
et wlu) = 2-4 u =59xi0°> v = 4-2%lo 3
0w B0 K 4 = 245 FT 4. = 34FT.
=5 . = =
5 = 1.4 Fi r%/t = s.8%10 r2/t = 2.8 x10*
- 1/t = 3.0 % 10¢ T = 47,844 %—Pd/ﬁt_ T = 64,5633 3pJ/Ft.
Z T ,”i_'__sﬁi‘}_ w (u) S = o0-0027 S - g-005] 3
= 80,154 gpd [fi
o gE ,3 / -
a2 L 571 ri/t Bl
= 0. 0007 r
_{
m
>
=
| | I | O | UL (| 1 fea ] Nl T 1 l | l . SR e
l|°4_ 2 3 4 B Tog fegtion llgs 12 3 4 5 8 7 Rg ll%‘ 2 > 4 F &6 89 i&o?n
Ltoe "7+ (reer)?/pays.
TIME DR AW DOWN GRAPH FOR WELL No. 20.N.L l



[P

N

RAW D0 wN

™~
=

= T i T ! i i ' Ry e e et
NONEGQUILIBR oM TYPE CURVE TAL.4 - > i
2 TN )
o¥e ) (m% '
Ly Sl
“-(....-\‘ |
Yo MAYCH poiny 3 ey ™
= LVE S < DATA
L —maTcH PainT2 S
"L“-c
‘Q“GJ
|3 \ T, i
i o S
MATCH POINT & Q
MATCH Poir” 1 MATCH POINT 2 MATCH POINTS .
R @25 us. F[m wlu) = 2:9 w(u) = 49 ¥
Wlu) = 2.2 1 . = 249 Rfol = W' = #.ExiaE
U = co0xi1o A =21 ET A = B3FT 1
(0= S s, ri/t = 4.8x12° r’/t = s5.exi0* -'
L - (Yol T = 95.910 gpd/ft ! T = 106,352 gpdfit. ~ ]
el 1|4«=Q_ wlu) 3 = . Q0% ' S = D-003%
> -d
= 1,57,575 Gpe [rb L
iy g i
(BT T m
.= 0. coa7 g
*h 1
l a |
i I ' . :
x 3 4 o TR ) Gs S 3 a -y A S e 2 3 a 5 € 7 8 9 oo
jo a€ 107

oy 2/t (FEET)? 'pays .
TIME DRAWDOWN GRAPH BEOR - ANEL L "Nig. RN J




RE.& DOWN

£1

(8 S

-
& Lo

~NONEQUILIBRIVM TYPE CURVE TRACE : - —

= MATCH POINT 3

% QQ h (—O‘Fh‘

™~ MATCR PoiNT 2

e
f}r_'
f-.’_lQ)
FIELD DATA — %ny
(\;}'(‘»“;it
' 515 -
MATCH POINT 1. MATCH POINT .2.. o LN N
e b ot
R =471 Us gpm. wlu) =25 e
W) = o8 Uu =4s5x107 : ol
k y 3 =] 3 ¥ {_Pamjl.
Ui s = 38 R D Fatr e SRR SEY MATe ]+ %
L = CA5 ET, r':./t ” 4_3)(]05 TCH POIMT.3. ;
L/t - 5.7 '3 T
\a /t = SN Ne T . 82,824— j’Pdlﬁ- WLU\ = 39 .
14 -6 Q 2ip) W o= aX to
o= - wWu S W = s a7 A)=2
/5 ) .5 = 2':1'1 FT \
= 94180 gp-[it. r2/4 = bis%i10%
=g B T =.92,328 “opd/ft. &
O = TR T2
1'B7 %[t S = 0004 v
= 0-003% f;
-
!"’-
i
i : 1 i e A e i I | 1 AT L | } i LA
z T - L ZRIT- 3 3 4 5 & - i 3 4 5 £ % RS
‘05 af 1o
og nHe FEET)"/ DAYS.
TiME DR AW DOWN GRAPH FOR "WELL Np. 2 S.L.,



| BB
g0 ¥ T T T T 0 T T T L) = = I T T F == I T 1 [} F =¥ 0ar —1
yanis -
60k -
5 ol NONE GUILIR RiumM T PE =
CURVE| TRACE
“®Ho —
°°°q.,
3oL ' =
MATCH POINT 3 Poo |
20}k \Q\9« N
’—..
Q
(M}
w —FELD DATA 0
i 9
| °°
Z 1o MBTCH POINT O.n
QL : L
z gl o -
g * MATCH POINT. 1. MATCH POINT 2. MATCH POINT 3. |
e Q= 51 UsS. gpm wu) = 3 W(u) = 54 e
= wlu) = o-g ; B T ARNOTT U = 2RI
. o |
e u =3:1%lo A =18 EN S5 = 33FT.
= @67 FT. -
= ;.S/t 4 5 T3t = 1-4 x10% Y/t = 21 x16*
r = 9+ %lo
> T = 1,00,845 ) T =95,526?pol/{t,
b haeQ 4y MATCH POINT 4 A\ -
T = —=g— < 5 = 0009 \ D = 0-005
0]
= 85,007 gpd/[ft.
o S = 00I5 : \ c
»
_1
m
&
P I 1 L = S [ ]| [ = | I N g e | | I R
I 2 ] 4 5 & 7 8B 90 2 3 4 B 6 7 & 9o 2 3 4 5 e 7 &9 loe9
104 10° 3 . 10® 1a®
LoG " TZ% (FEET Y/ DaAys.
T IME PRLA WDOowW N GR APH FOR WELL No. 7 S.L.
ESE _

——ee



o0 FIELD DATA —
000 Iy, L
f T OPgo )

NONE QUILIRRIUM TYPE CURVE TRALCE

) A
}??"‘f‘\, Fan ]
— MATCH PoINT 3 3 3 S S0
WMATCH POINT 2
MATCH POINT 1. MATCH POINT. 2
xR =5 Ww.s qpm w(u) = 34
wiu\) =25 U = [65%10°
4 247 %0 > 0L BT
A = |2 FT. ’Yq/t = |-8)(|'D4
r2/+ = |95 XA0S T =82,921 ajF\"llln',_
e TP e Wil S - 0-04
-5
iy 22,00 g-r‘AHt.
TU
5 e
1-87 v/t
- ool
[} ] I ] - I i ] i ;_ 1¢ | ' (] o
i b 4 5 <189:a4 z bl L] 1;‘!‘"5
log 2%t (FEET)*/DAYS.
TIME DR AWDOWN GRAPH FOR

WELL No. 10 S5.L

OOO <
¥2a
O @)
L_Mh-"{crq point 1
MATCH POINT. 3. O
w({u) =50

Uy =45x167° ©)

A = A FT.

v2/t = 4 5 X (0>

T = 97, &0 9p2 /ft.

A e o R
d
o
>
_‘
m
&
™

I | | i I |

s 3 4 S 4



FEET

N

DRAWDOWN

80, T T T AT T = T T T S B T T T g
r A 2
60} i
5-0'__ -
T NONEQUI\LIBRIUM TYPE CURVE TRALCE — —
4-0f 5
0] © o] © 0 (0]
50 OO 00 o m = _
FiEeT DAT A =
2.0 T MATOH POINT & g
MATIA FEINT 2
MATCH Pa.NT 1
) ! ) l
-9__ : |
‘8 MATCH POINT 1 MAT< POINT 2. MATCH POINT, 3. 1 '
. Q = 51l uUsS.gpm w(u) = 34 ' WUy AT
- w(u)= 3.3 u = Le5%10" % U = lixig % .
o U = 1g8xio~* A = 2'5 £1. &) e TR N
=l S = L9 FT. r’/t = 8-45x10° T = 14 %105
a ’ . -
r’/t = 3.4%10° T = 79,642 %pd/Ft. T = 69,572 Gpd/Ft..
114G - o & ’
Wl T = W) 5 0- 0008 S 0882 .
A
= 1,092,710 gpd[tt.
2 = = =
e = il
1-87r%/t 2
T 0o-0c003 ~
m
%
; @
'l___ i [ ] IS (o B i Jo=df 1 e iy wpevgly | i L ] Yo iy
3 4 6 7 B 9o 2 3 5 5 & 7 B 9 |0 2 3 4 5 6 7 B 9 1000
0% 10° jo & 107
v? 2
LOG /t (FEET)™ DAYS.
TIME DRAWDOW N GR APH FOR WELL TNo. 17 s.L




DR AW DOWN

&o T T E Tl T | I | T T T T T T T == 1 T T 1 T i it
7-0pF NONEGQUILIBRIUM TYPE CyURVE: -
TRACE
sol 2
5.0 FIELD DATA i §
40 Gi ol oo LN ! “"'*--..\_‘_‘__ = li
S CN e G'DQQQ “E)- |
|
30 [ \\m%' —
: . @
s .
2:0} = pr- foatl
|
\ |
MATCH PoiNT 3 ——— MATCH POIMNT 2 — —MATCH POINY {, |
®
1-0
‘oL oA
f‘ MATCH POINT 1. MATCH POINT. 2. M AT CH POINT.3. ]
e xR =585 U0.S. 9pm wlu) = 4:5 s w (u) = 5.9 - i
wlu)= 2.9 U = 48 %10 u = 5.0x%x10°3
= - : =
: u = 2.¢x(0° % X = RBTET. 5 = 4-0FT.
=y -5 = 2.9FT. Y%t = 4.6 x 104 et 5 & ¥ 1o® A
Y2/t = 2-6% (07 T = 8,537 3Pd/¥t. T = 9,88,885 7}9&/&
g 2 T -Mw(u) S = o-o00s5 L QU o 57 T o
= =
= &7 O d ;
7,041 gpd[ft =
2 S = __'IL_',_-.. » P
1-87r 2%/t r-“-l
z 0-00 2
it EN
»
(=]
: i i 1 i L b i 1 i =1 1 I 1 5, | 1 { | 1 E e}
| 3 4 IR T A S 2 3 4 5 &-7T 8 3ip 2 E 4 5575910?],0
o 108 . = 108 lo
Lo Y/t (rFeeT)"/PAYS.

T=IvE

DRAWDOWN GR APH

FOR. WELL No. 20 §.L.




IN  FEET

DR AwWDOWN

Bo

T | : T T T (=l T T  [TRER [P T
Toe - NONEQUILIBRIUM TYPE CURVE TRACED -
E'O— -
e o0 ge—gy 7
A% ) D0 ) B%’
0 FIELD DATA
3ol *Rag i
201 ; . o) u
—— MATCH POINT 3 — MATCH POINT 2 | MATCH POINT 1 5
|
|
l'O ! | ===
9k 4]
o[~ MATCH POINT 1 . MATCH POINT 2 ! MATCH POINT 5 -
S R = 471 us g|m. ' wiu) =57 wu) =59 3
6 k- W u) = 44 4 =175%16 > j W : S k107D -
s ua = 8~coxlo'!' ‘ A = Z9FT. | 4 = 4.BFT. N
4 = 3.5 FT. | ¥/t = 2.95 x10% ¥/t = 1-8 x10% |
Wl P/t = o x10° T = 78,825 gpd/ft. , T = 79,615 gpd/ft N
: <G | = .00 = .
T=”4 QWLLL) | S G.000 2 5 0:003
w1 G d/ | -
I = &£3,224 ft. |
' TP J
Tk |
5 il r
= 0000l ! .
| > i
| -
,' 7
| -
: )
-l i 1 i 1 LR ¥ | Lecf | L fo! Wiy ay [ 1 L | | [ B £
I s 3 4 5 6 7 8§ 9 1O 2 ) 4 5 e 7 8 9 lo 2 3 4 - [ 7 8 9 looo
'04 ios 5 -1 iD7
Loe */1 CFEET)*DAYS
TIME DRAWDOWN GRAPH FOR WELL No. 3 KAIRANA




FEET

IN

DRAW DOWN

8-0 i e Rt B o T I J g—p——y | 1 i R R (e v

70} 1

e 0oL A

5-0L /,— MATCH PAINT 3 ]

40f - 4

- ]—- MATAH PO INT 2

30f o { ' 4
_j i i 2folc o) |
FIELD DATA ' %0 oo 0- '

- 2 {0%
20 G$@ Q — MATCH POINT 4 -
°d o ,
-6
J ‘-‘H\ O

0 l-—-NDNEt\\?\L\bRIUM TYPE CURE TRACE - '*-\\1

» | BRI r

8 MATCH POINT 1§ MATCH POINT 2 M ATCH POINT3 i
7 /R = A7) U5 3/m. wlu) = 3. wiu) = 4.2 -

& wu)z 2.7 g | u = 25x519°2 U BRI

U = 3:-&6XI0 -5 = 25 FT. Ay a 27 BT
Sk S = L4 PT. : rt/t = G-4xi10° ¥/t = Loxio® 3
.2 - . T = 83,963 d/ft
4l h; /i = 2.8 X i0° < - 00,93’ 3Pd/’ft s i o,ch %P / ok
T 4. €Q  \y (uy 5 = 0-001 i
]
3L = 1,04,097 gpd/ # 2
8§ = _Tu
1-87 ri/¢
= 00007 -
>
-
m
>
S
»

ol 1] S o | 1 1 | pie s 1 ol T | ! L ] - i U |
| 2 3 B B9 8T B e la 2 BN 4 £ & 7 8 9%lo0 Pl 3 4 5 @@ 7 B 9 18eno
|ﬁ'4' 0% - 1o® |o-’

Loc "/t Creer)*/pAavs
TIME DRAWDOWIN SRAPH FOR WELL No.I0 A KAKARA.
. Bl SR - _ R



—
(=]

Th @ ~ D W

. S iy T

FIELD DATA -J

| Sl oloye Q)
L,‘_
MATCH POINT. 3 g - TQ\D\&

L— MATCH POINT.Z L— MATCH POINT. 1
|
|
1'
MATCH POINT. 1 ‘ MATCH POINT 2 | MATCH POINT 3.
Q =478 u.s.gpm, ' W (u) =5-3 W (U) = 4.
w(u): 4.3 . u = 227x10° u = B8x103
U = gxie> 5 = 3.1 FT A « 3.8 FT.
5. =%0 ke B, r¥t = a.sx10% r*t = re¢xi0*
v/t= ¢ xi06 T = 93654 gpd/fL. T < 147758 gpdffi.
=i :_i4'6Q W(u) S = Q0-0003 S = 00008
=98228 C)pd/f’i_
- Tu -
1-87 Pn/{
= 000006 .
| ! | | | | 1 | | | | 1 | L 1
2 3 4 5 .6 T 849 o 2 Y 4 5 6 7 8 3

LOG v¥+ (FEET)?/DAVYS.
TIME DRAWDOWN GRAPH FOR WELL No. 9 DAHA

EZ'P'3LVId



3e

Se

7e

-m-

Table 4,2 = VARIATION IN T & 8 AS DETERMINED BY THE
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MODIFIED NON-EQUILIBRIUM FORMULA (STMGH'! LINE METHOD)

In 1950 Jacob (rFerris et al>*) ogtablished that in
the series of efuation (4,2) the sum of the terms beyond
1n.“ is imdgnificant if u Dbecomes small, The value of
u decreases as T increases and r decreases., Therefore,
for large values of t and small values of r , the tems
beyond mg.'l in equation 4,2 can be neglected and then the
Theis forrmla can be written as

¢ = 264 Q ( log,, t3/t1 )
S

there Q = discharge of a well; in gallons per minute,

T = transmissibility in gallons per day per ft,

t, and t, = are two solected times in any convenient
units, since pumping began or stopped and

llndla-mmrmamndmww.n
at the noted times in feet.

se oo (47)

The above equation (Jacob - Thels formula) is applied
by plotting the obgerved data for each well on a semi-logrithmic
graph paper, viere “Bhl values df t are plbttnd on the
logaritimic scale and the vnlm;.n of s on the arithmetic scale.
If the value of u becomes small say less then 0,01, the
obgerved data sghould fall on a straight line. From this
straight line t, and t, are arbitrarily chosen for which the
corresponding values of llnnd 8, are read from the graph,
Hence equation 4.7 can be solved for T. For convenience
tlmdtam chosen over one log cycle apart so that



log,, __:g_ s 3
1

and equation 4.7 is reduced to
T = m * s s (4-8)

AS
wvhere s 1g the change, in feet, in the drawdown or recovery
t
over one log cycle of time, The sbrage coefficient is also
determined with the help of equatiom 4.9.

0:.37T¢%
8 = s a8 w& @8 (“’)
vhere 8, T and r mmuhﬁnﬁuﬂ.&umﬂ% is
time intercept, in days, where the plotted straight line
(time drawdown curve) intersects to zero drawdown axis,

The time drawdown curves for the observed data were
plotted on semi-logsheets as shown in (Plates 4.24 to 4,38).
The computed values of T and S by the above method are
also given in these plates.

A perugal of these figures would indfigate that the
slope of the time-drawdown curves does not remain constant.
Such a change can indicate different conditions. A decrease
in the slope of the time drawdown curve can indicate
either recharge boundary conditions or leaky confined conditions
(valtan®®), simiiar effects i1l be seen if the well has
partial penetration (Hantush® singha1™), This leads to
to the question as which part of the tiwdm curve should
be used for determining tho aquifer constants If there
is a effect of recharge boundary conditions or leaky conditions
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the first slope should be used to compute the aquifer
properties but if it is due to partial pemetration then
the later glope should be considered.

The valueg of T and 8 for the various slopes
of the time drawdown curves have been given in Table 4.3 .
This table Indicates that for the later slopes, which are
flatten, the values of T are large and S 1is very suall,
The small value of S can be due to the fact that the zero
drawdown intercept is poorly defined where the slope of the
seml log plot 1s small, Intercepts often oceur at points
where the values of time are very small and minor deviations
in extrapolating the straight line will result in large
variations in computed values of the coefficient of storage.
Therefore only those values of & which are determined
from the earlier glopes are reliable.

(Table 4.2 on page 58)



Table 4,3 « VALUES OF T AND S BY JACOB-THEIS

METHOD
e S—— .
S.Nos Well No. flope T(g/day/ft) 8
L 13 NL 1 200897 « 0001
2 633600 « 0000008
e 20 TL 1 82855 « 0007
2 287232 » 00001
O 3 Kairana 1 103620 » 0001
2 194287 « 000004
Lo 17 NL 1 976524 « 00064
2 184213 « 0003
Se 7 8L 1 95677 011
2 65014 «02
Ge 11 XL i 134497 « 00076
2 414700 » 000000004
3 33230 03
7. 10 1 99929 .02
2 110916 «016
8. 22 NL 1l 143475 001
9, 12 NL 1 115611 « 00000001
: 2, 138269 » 000000002
10. 19 L 1 135482 «001
2 163803 » 0008
1. 10A Kakra 1 146287 « 00029
12. 17 L 1 103772 « 0004
2 168630 « 0003
13. 20 sL 1 131218 « 0005
2 62685 + 008
14, 2 8L 1 87258 » 002
| P 113422 » 001
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THEIS RECOVERY FORMULA

In the year 1935 Theis (Ferris ot a1%%) ovolved a formila for
the analyesis of data obtained from the recovery of a pumped
welly If a well is pumped, or allowed to flow, for a known
period of time and then shut down and allowed to recover,
the residual drawdown at any instant will be the sam agfif
the discharge of the well had been contimued but a recharge well
with the same flow had been introduced at the same point at the
instant the discharge stopped. The residual drawdown at any
time during the recovery period will be the difference between the
o‘bm wvater level and the non-pumping water level extrapolated
from the observed trend before the pumping period, Therefore
the residual drawdown, s' ;, at any ingtant will be

@ -1
= da -
g = -llaS 0 Uz.m rgnfn{.w’g:m' .:n h]

se o (4,10)

where Q; T, s and r are same as defined earlier, %t 1s the
time gince pumping started and t' is the time since pumping
stopped. The quantity 1,87 r° 8/Tt' will be small when &'
ceages to be mmall becamse r 1is very small and therefore the
value of the integral will be given closely by the first two
terms of the infinite series of equuhion (4.2) « The above

equation therefore, can be re-written in modified form as

T .-*—L mm -!T es oo (4.,11)
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Equation 4,11 is similar in form to, and is based on the same
assumptions as, the modified formula developed by Jacob.

The recovery formila is applied in the same mammer as
the modified non-@quilibrium formula. The convenient procedure
is to plot the residual drawdown, s', against t/t' on a
semilogritimic paper, s' being plotted on the arithmetic secale
and t/t'on the log scale, Vhen the value of t' Dbecomes
gufficiently large, the observed data fall on a straight line.
The slope of this line gives the value of the quantity lo:m
(t/t')/s' in equetion 4,11, For convenience, the value of t/t'
is generally chosai over one log cycle because 1ts logarithm
is then unity and then equation 4,11 can be writtem as

T = '%ls“ es e » (‘012)

Where 8' ig the change in residual drawdown in feet, per

log cycle of time, It is not possible to determine the
coefficient of storage from the observation of the rate of recovery
of a pumped well urless the effective radius rv is known,

The recovery data for the various tests were plotted
on semi-logarithmic paper and the values of T were caleulated,
Only one such plotting is shown in Plate 4,30 and the others are
not given here, However, values of T calculated on this
bagls from tests on different wells are given in Table 4.4,

(Table 4,4 on pageéd )
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Table 4.4 - VALUES OF T AS CALCULATED FROM RECOVERY
DATA

g Well o, T in Gal/per day/ft
3 2 a3
1 20 NL 134640
2 3 Kairana 98685
) 17 WL 108125
4 7 & 114812
5 11 NL 134640
6 10 SL 108772
7 22 NL 146667
8 12 NL 205920
9 19 L 117392
10 16 A Kakra 146827
1 17 sL 107923
12 13 NL 3885670
13 20 oL 131218
14 2 &L 155430
15 9 Daha 112671
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EVALUATION OF TiE AQUIFER
CONSTANTS
The above methods have indicated that the deeper
aquifer in this area mmmﬁ a complex condition and therefore,
the conventional methods of analysis carmot be used directly.
The reason 1s that the various assumptions which have been
considered in the derivation of these formulae do not hold
good in nature, The aquifers are usually anisotropic and
there can also be possibilities of leakage from the overlying
water table aguifer.

The values of 8 determined by the above methods
show variation with time of pumping, However, all these values
are indicative of ths confined conditions of the aquifers.
The time~drawdown curves for the tests under discussion have
indicated flatteming of the slope with increase in time of
pumping., As mentioned earlier this would indicate either a
recharge boundary condition or partial pemetration of the well
or water table condition or leaky condition.

Variation in the computed values of 5 with time of
pumping indicates deviation from the assumption that groundwater
is removed instanteneocusly from storage with decline in head.
Ineson®® has reported variation in T and 8 with time and
space from confined aquifers, He has shown an increase in 38
vith increase in time of pumping, Walten® , Boulton®® ana
wenzal®® have shown that variation in the computed values of
8 4s indicative of slow draining of formmations in the vicinity
of a pumped well, In confined aquifers variation in & with
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time of pumping can be explained due to changes in the elastlelty
of the porous medium and of the overlying relatively impermeable
beds. Therefore, it can be concluded at this place that a
variation in the cogputed value of & can indicate both water
table and confined conditions,

The deeper aquifers in the area under investigations
do not show water table conditions., This has been concluded
on the basgis of the following obgervations:-

1. It hag been observed that there is practically
no effect of pumping from deeper aquifers on
the adjacent shellow dug-wells, This indicates
that the ghallow and the deeper aquifers are not
directly inter connected.

2. The test data were also analysed by Pricketts®l
method for water table aguifers and it was
concluded that the tested aquifers have
confined character (Appendix - I) ,

Ag the tested wells are not near to any surface source
of recharge, possibilities of recharge boundary conditions
aro also rejected. The well agssembly and the lithological
loge have also shown that the wells have full penetration,
Therefore, the test data are further analysed by Leaky
Aquifer Methods as given below.

LEAKY AQUIFERS

In nature aquifers are not always perfectly confined
between completely inperviocus strata, This becomes evident
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when the recharge conditions are studied for those aquifers
which have larger ylelds than are available from the reple-
nishment in the outerop area, This percolation of water into and
eway - from the mainm aquifer through the semiconfining strate
is lmown as leakage, This phenomenon was analysed for the first
time by Dutch hydrologists and engineers and later Jacob and
Hantush worked on this problem (DeWiest®2), From the year
1054 to 1064, Hantush in collaboretion with Jacob and later by
hinself developed the theory of the leaky aguifer. Walton®®
has applied the theory of the lealy aguifer to some regional
conditions in Illinods.

For the analysis of drawdown data from leaky confined
aquifer conditions, both the type curve method of walton®®
and the straight line method of Hantush® have been used as
described below.

Hantush and Jacobd (Welten®®) nave given the following
smation for non-steady state drawdown in a leaky artesian
aquifers

o = T (W) e (PP &y o b (4B
o gy Lax.tvm-jéwawt#nﬁ;}quw
= ( Q/‘F T)w (" rfa) e e e e ae ‘*”)

The integral expression in equation 4,15 was written
by Hantugh®® (mm’“) gymbolically ag W (u, #/B) and was
termed the "iell funetion for leaky artesian aquifers",
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B = t%r W (‘ll. rB ) - e on (‘Om)

vhere u = s/4Tt

Bquation (4,16) can be written in the gallons/foot system
of units as

s = -ﬂﬁ!ﬂ:—w(u, P/B) es as (41T)
where u = -EF—E— e os oe (4.18)

and /B = m o ink a2 I

vhere ¢t = %time in minutes

P' = vertical permeability of confining bed,
in gallons/day/sq.ft.

m' = thickmess of the confining bed through
vhich leakage oceurs, in feet.

P'/m'= loakage coefficient of 'Leakance’.

NON-STEADY TIME DRAWDOWN TYPE
CURVE METHOD

Emtunh‘a has given values of W(u, r/B) in terms of
u and 2/8, valton®® has plotted value of (u, r/B) against
values of 1/u on logarithmic paper and a family of leaky
artesian type curvds were constructed.

For the tests under discusslon, values of s are
plotted on logarithmic paper againgt values of t in minutes
go that the time-drawdown field curves are obtained, These
data curves are matched with one of the leaky-artesian type
curves and a mateh point 1s selected for which values of
W(u, ¥/8) and 1/u are read from the type curve sheet and the
corregponding values of ¢ and s are read from the data
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curve gheets (Plates 4,40 to 4.54) T has been calculated
using equation (4,17) and 8 by equation (4.18) and P' by
equation (4.,19). Their values are given in Plates 4,40 to
4,54,

STRAIGHT LINE METHOD (HANTUSH'S METHOD)

Zheory

Hantush® has shown that if the drawdown s 1s
plotted againgt time t on semi~logarithmic paper, with ¢
plotted in the logarithmic scale, then the slope m at any
point is given by

m= 58/ Al0gy gt = (2430/4 7 TIexp(-u-r"/45%u).. (4,20)

The curves have an inflection point at vhich the following
relation holds

'ﬂ.l = 'a 8}‘“1 = r/2B ws »s s¢ L&B8l)

where the subgeript 1 relatés to values of the variables
at the inflection point.

The slope of the curve my at the inflection point

is given by
m = (2,304 ~ 1P L L . (422)

mmmm..tmmmhtliilﬁmw
l«l = (Q/4 ~ Tmo (I/B) = (*) S se os (423)

The relation betueen the drawdown and the slope of the curve
at the inflection point is given by

£ (2/8) = @ BR(2/3) = 23 8y /By se oo (4:24)
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In that part of the curve vhere it approaches asymptotically
the maximum drawdown, the slope m at any point can be given
by

m = (2,3 Q/‘W!)O'q e o5 sw os (4.28)
where q = ﬂ/ lna s es @®s e (ﬁﬁ)

and the drawdown by
8 = .." (W‘W’)H (Q) A% &% as ea (‘027)

vhere W(q) 1s the exponential integral -8, ( =), which is
imown as the 'well function' in ground water hydrology. From
equations (4,22), (4.,23) and (4,24) the following relation
is obtained.

£ (@) =0W(q) =23 (8, ~8)/m .. . (428)

Rantush® has tabulated the values of the functions
uged in the above equations.

This method also involves the measurement of drawdown
in an observation well and plotting of a time-drawdown curve
on a semilog graph so that the maximum drawdown (sw) is found,
The time drawdown curves (Plates 4,24 to 4.38) were utilised
to determine the veiues of s, 8;y ¥; and m. One such example
is given in Plate 4,855,

Mmmmmlivmwmmﬁ.m
formation constants have been calculated. Following is the
example of one such ealculation for the data from well No.20
North Loi.
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A perusal of Table 4.5° would indicate that the values
of T and 8 as determined by assuming lealage are more or
less similar to those determined from the earlier drawdown
data by Theis and Jacob-Thels methods, This has further
supported the concept of leaky confined conditions for the
degper aquifers in the area.



o -
DATA FROM WELL No, 20 NORTH LOI

Q = Discharge of well
= 408 U, 5, gpm or 0.91 efs,
sm = 3,33 f%,
si = } (s,) = 1..665 ft,
ti = 6 minutes,

The slope of the inflection point = 1,3 ft, then
o*/8 K, (2/5) = 2,8 x ~Ma885.
= 2,9458
for this value of the function from the table Hantush
/8=  LOSY

r/B = 0.048
Hence B = Qp = 1008 ft.
” X 22 X %

= 0,119 .2 / sec or say 0,12 £t%/s8c.

wiieh is also oqual to = 77887 gal/day/ft.
and Leakance B/b = 1/8% = ppaleRe— = 100000000

a5 = ATy (9/29) . 42L326x60x.005

= +00099
or 1 x 1077
On similar lines the data from other wells were also
analysed and the values are given in Table 4.5 . In this table
comparative values of T, 5 and k'/D' or p'/m' calculated by
non steady time drawdown type curve method and straight line method
(Hantush mathod) are given,




Table 4.5 VALUES OF T, s AND P'/m' BY LEAKY TYPE CURVE AND STRAIGHT LINE METHOD

Well No. od / 1% s P/ or E'/b

k- 2 2 4 a
20 Forth Loi 71933 / 75887 5.0 x 107°/1.0 x 1072 2.8 x 10"%gpa/ert /1.0 x 2078 4
19 North Lol 145506 /108450 1.8 x 10°/1.4 x 10°% 2,3 x 10°%gpd/eft /1.0 x 107 -
10 A Kakra 107953 /116380 00x 107950 x10° 29x 10"%gpd/eft /5.0 x 1072 ~
12 North Lol 71510 /193967 1.0 x 10%/3,0 x10°® 6.0z 10°%pa/ert /2.0 x 10°°
3 Kairana 53977 /103450 2,0 x 107%/5.0 x 10™%*  1.0x 10"%gpasert /L0 x 10°°
17 Vorth Lol 28227 / 90435 45x107%7.0 x10™* 3.0x 10°%pasert /7.0 x 1078 ~
7 south Lol 61306 / 84036 1.2 x 10°%/2,2 x 1072 1.05 gpd/eft /1.7 x 107 *




3 3 3 Z

10 South Lol 102738 /778870 1.8 x 1072/ 2,7 x 1070 9.4 x 10"Ogpd/eft /2.7 x 10°54e
22 North Loi 113690 /135277 1.0 x 107/ 3,0 x 10™° 1,0 x 10" lgpd/eft / 5.0 x 107> ~
12 North Lol 114927 / 90435 2.0 x 10"/ 1.0z 10°° 6,0 x 10"%gpd/eft /4.0 x 10°7 ~
11 North Lol 43204/ 34936 5.0 x 10°°/ 1.7 x 10 9,0 x 10™%gpd/eft /3.6 x 10°° ~

2 South Lol = 94959 / 58190 1.0x 107/ 3,4x 10 5,9 x 10"lgpd/eft /7.8 x 107 ., .

17 South Lol 9264 /88347 2.0x WY 7.0x0°  21x10%paen  /2.0x 1078 -?
20 South Lol 75421 / 77587 2.0 x 10°/3.0 x 10> 8,0 x 10" 'gpaseft /5.0 x 1077 “
9 Daha 96668 / 90887 1.5 x 1070/2,0 z 10°° 5.0 x 10" 'gpd/eft /8.7 x 207

NeB. First values in each column is obtained by type curve method and the
second value by the straight line method,
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CONCLUSIGES

The hydrological character of the deeper aquifers in
the Indo-Gangetic alluvium has been a matter of controversy.
TayloP while deseribing the ground water provinces of India
has mentioned that in the Axial belt the deeper aquifers are
under confined conditions, although the flowing well conditions
are very rare, mmmmntmﬂ. on the bagis of pump
test data from lMugaffarnagar-Meerut regions have sacun that
the tubewells in this area tap water from water table
aquifers. These conclusions were based on large values of 8
determined by these authors, Later, Chaturvedi and Pathak'®
wvhile analysing data from Aligarh-Mathura district, which are
also located in the Axial belt and are to the gouth of
the present ares, have shown that the deeper aquifers in the
rogion are under leaky-confined conditions, They concluded
that thore are varying geohydrologiecal conditions in the
different parts of Uttar Pradesh,

Raghava Rao'? had earried out the analysis of pump-test
data from Roorkee area which lies about 20 miles to the north
of Mugaffar-nagartown and he concluded that the deeper aquifers ir
Roorkee area ghow an average value of 8 which is of the
order of 3,70 x 10~ thereby indicating that the decper aquifers
in the area are under confined conditions,

Singhal and Ouptal® have analysed pump test data from
a well in Mugaffarnagar area (Appendix I), They also analysed
the test data by Prickett's method and concluded that the
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deeper aquifers in the area are not under water table conditions
but they show leaky confined characters.

The values of S5 have been taken to be indicative of
the hydraulic characters of the aquifer by many workers., As
mtioned earlier, Perris et al® have indicated that for
econfined aquifers S wvaries from 0,00001 to 0.001 and for water
table aquifers it varies from about 0,05 to 0.30.

‘ A perusal of Table 4,2 and 4,3 would show that the value
of 8 as determined by various methods comes to be well within
the confined aquifer range and therefore, it indicates that
the deeper aquifers in the area of investigation are under
confined conditions, It does not mean that the overlying clayey
formetions have complete sealing effect, tut as pumping from the
deeper aquifer proceeds, water from the overlying water table
aquifer leaks to the confined aquifers.

A perusal of Tables (4.2, 4.3 and 4,5) indicates that the
values of T and 8§ ghow variation with time of pumping,
However, in mogt of the cases the valuegs of T and s deter-
nined from the earlier parts of the time-drawdown curve, either
by Theis - type ocurve method or by Jacob - Thels straight line
method, are comparable with those determined by the leaky aquifer
formilae, The later parts of the time-drawdown curves, which
shov flatter slope, cannot be utilised for determining the
aquifer constants by the Jacob-Thels straight line method because
the valueof T and S are very different as compared with
those which are determined by the leaky confined formlae, All
these findings indicate that the aquifer under discussion bshave
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during pumping as leaky confined aquifers.

The present study also indicates that for leaky
aquifers the Thels and Theis-Jacob nethods give dependable
results enly for the earlier data when there is practically
no leakage to the tested aguifers from other horizons.

It ghould also be mentioned that during the above pump
tests the water levels were above the top of the aquifer and
the drewdown data were not measured in the pumping well itself.
If drawdown is measured in the pumping well itself, the
caleulations for leaky aquifer conditions would be erroneous.

There 1s of course  a possibility of interference
between the various aquifers also because the wells tap more
than one aquifer, However, their effect, if any, is difficult
to determine quantitatively unless observation holes are put
at every horizon.

It has been stated earlier in Chapter 2 that the
aquifers in the area at places are of isolated character and

there ig interfingering of the formations which indicates that

the aguifers are no h#"gmm and isotropic. BSuch a hetrogenity
vill also be responsible for putting limitations on the application:
of the above methods (Bruin and Madson®S),

The effect of draining of the semi-confining layer is also
of importance in the interpretation of pump test data under such
geological conditions. (Maxey’®), However, as the saturated
thicimess of the tapped aquifer remained constant, there shouldnot
beéffect of draining on the pump test data under discussions,
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Although in the present gtudy it was not possible
to determine the effect of either mutual interference of
aquifers or their hetrogeneous character, however, it can be
concluded that the deeper aquifers are under leaky confined
conditions. The leakage becomes more as the drawdown becomes
large and the cone of depression expands,

The average values of the various hydraulic parameters
of the deeper aquifers in the area are:

T = 47,000 - 2,00,897 gallons per day per ft.
§ = 1,0x 10

Pf = 800 gallons per day per sq.ft.

P'/m' or K'/B' = 5,0 x 10°0 gee™l



CHAPTER S

ANALYSIS OF HYDROLOGICAL DATA BY
STATISTICAL MOTHODS

INTRODUCTION

Application of statistical methods to ground water
hydrology helps in solving many complicated problems and as
such their use to this field is many fold., Although these
have not been used videly in this country but a start has
been made by various workers to apply statistical methods
in solving problems of ground water regime as is deseribed
in the following paragraph. The possible ways and parameters
involved in statistical methods have been discussed in this
chapter. The application of the correlation method of
statistical analysis of the water level data helps in the
determination of dependencies between the following variables:
(1) Ground water levels in the preceding and in the following
months (2) Water levels in rivers and the ground water levels
(3) Atmospherie precipitation and shallow ground water lavels.
In the present area an attempt has been made to analyse the
hydrologieal data collected for the shallow ground water
reservolr during the year 1960-61 as well as for the period
1965-66. 411 the sites for which data have been used are
shown in (Plate S5.1)



PLATE 5.1
* LOCATION OF VARIOUS GEOHYDROLOGICAL STATIONS
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Altovsly® has deseribad the methods of statistical
correlation coefficient and applied the same to ground water
regime data. He emphasised the importance of various artificial
factors affecting one or the other element of underground water
rogime. Bhattacharya et al®haye evolved an empirieal formila
for the infiltration of rain water to the ground water table
for a few doabg of Western Uttar Pradesh lying in the main
Ganga~-Yarmune Dogb « In (1962) Raghava Rao and Raju®® attempted
guch studies along the upper Ganga Canal in Roorkee area. lLater,
naghav Rao'? established relationship between the various
parameters affecting the ground water regime in parts of District
saharanpur, U.P.

In the present study, the data obtained for the various
hydrological stations along the river Hindon, Krishni and
Hindon-Kali have been tabulated in Table 5.1 to 5.,8. This
comprises of the water level c_.hta of shallow ground water
reservoir observed by means of pleszometric tubes installed
transverse to these rivers. These data have been subjected to
analysis by two linear correlation methods.



Table 5,1 HEIGHT OF THE WATER TABLE IN FEET ABOVE
MEAN SEA LEVIL ALONG RIVERS HINDON & KRISHNI FOR
THE PERIOD 1960-1961

GEO-
HYDRO=-
LOCI- NQV. DEC, JAN. FEB, MARCH APRIL MAY JUNE
gg-m 1960 1960 1961 1961 18961 1961 1961 1961
TIONS,

Ha/2 725,71 726400 785,15 725,33 724.84 724,44 723,80 723,13
(DATANA)

%- 718.50 717,93 718,10 718,22 717,67 717.36 717.01 716,49

K14
éRAJP’(;‘Pu- 744,66 744,55 743,81 743,47 734.08 742,67 742,35 742,06

K2/4
gwgu-maa 740,43 739,92 739,93 739,04 738,57 738,25 738,00

JULY AUG. SEPT. OCT, NOV.
L1961 196) 1961 1961 1961

naz/2
(DATANA) 724,07 725,88 729,05 727,08 726,46

Ha/2 717,40 719,12 420,97 720,38 718,70
(KHAPRANA)

-t 742,71 743,60 744,29 745,52 745,57

GARHI )

K2/4 739,850 740,76 740,32 740,35 740,60
éﬁ%wﬁ*

Notes H2/2 = Plezometric pipe at a distance of 500 feet
from the River Bank,
H4/2 = Plezometric pipe at a distance of 500 feet
from the River Banlk,
K1/4 = Plezonetric pine at a distance of 2400 feet
from the River Bank,
K2/4 = Pilegometzic pipe at a distance of 2400 feet
from the River Dani,
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Table 5,2 HEIGHT OF TiE WATER TABLE IN FEET ABOVE
MEAN SEA LEVEL ALONG HINDON RIVER FOR THE PERIOD

1960 - 1961
LOGI- NOV, DEC, JAN, FEB, MARCH APRIL MAY  JUNE
:ﬁ 1960 1960 1961 1961 1861 1961 1961 1961
TIONS,
H1/1 734410 734,92 735,23 735,38 734,60 734,39 734,02 733,57
( BUDHANA)
H2/2 725,71 725,00 725,15 725,33 724,94 724,44 723,80 723,13
(DATANA)
H3/1 738,25 738,04 738,14 738,77 733,10 737,72 737,31 736,76
(NAGWA) .
Ha/2 718,80 717,93 718,10 718,23 717.67 717,36 717,01 716,49
(KHAPRANA )

JULY AUG, SEPT. OCT. NOV.
1961 1961 1961 1961 1961

H1/1
(BUDHANA) 734,38 736.36 736,37 735,75 735,00

Ha/2 724,07 725,88 720,05 727,08 726,46

{DATANA)

H3/1 738,01 739.41 739,27 738.23 737.81

(NWAGHWA)

Ha/e 717.40 719,12 720,97 720,38 719,70

(KHAPRANA) :

liotes All these stations are along river Hinden in
Muzaffarnagar-Merrut district,

H/1 = Plezometric pipe at a distance of 100 feet
from the river bank,

H/2 = Piezometric pipe at a distance of 500 feet
from the river bank,



Table 5,3 HEIGHT OF THE WATER TABLE IN FSET ABOVE
MEAN SEA LEVEL ALONG RIVER HINDON FOR DECLINING

PERIOD (1966)

- - e -
-y g JANUARY FEBRUARY MARCH APRIL MAY  JUNE
GAT 1966 1966 1966 1966 1966 1966
STA-
TIONS.

H1 77030 770.85 770.50 770,40 770,00 770,00
(TATAVI)

77117 T71.20 T771.26 77187 T70.97 771,02
(TATAVI)

H1 750, 10 760,00 749,95 749,10 748.85 749.00
( DAN DHULI )

H2 761,562 761.30 760,10 750,12 749,95 750,12
( DANDAULI )

H1 736,58 736,50 736,858 736.48 736,18 736,58
( BUDHANA )

Ha «88 737.80 737,86 737.83 737.48 737,83
(BUDHANA)
NOTE:s HY/ 1 = Plozometric pipe at a distance of

100 feet from the river bank,
H2/2 = Priezometric p!.go at a digstance of
500 feet from the river bank,
y e 05248

ROORKEE,
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Table 5.4 HEIGHT OF WATER TABLE IN FEET
ABOVE MEAN SEA LEVEL ALONG KALI RIVER
FOR THE RESING PERIOD
1065-1966.

81, GEOHYDROLOGICAL JULY AUG, BSEPT, OCT, NOV. DBC. JAN.

NQ. STATIONS
L K1/1
(MUZAFFARNAGAR

2 (mmam)

: X1/1
. (PURBALIAN)

% (Pmm 3
K1/1
5. (PURBALIAN)

6. c-:ﬂ‘%ﬂn

o 761,97 962,47 762,27 762,18 762,37 762,22 761. 97

763,21 764,11 763,61 763,48 763,66 763,54 763,21
751.02 761.62 750,32 781,20 751,32 761,24 761.12
761.51 752,81 761,31 7561.69 751.76 756172 751.31
724,16 724,98 724,068 724,84 724,58 724,88 724,33

726,23 726,13 725,79 725,67 728.77 725.82 728,57

.  FEB,

L[ To—
761,90
763,70
750, 00
751420
724,30
725,60

o PP PPy

MARCH APRIL MAY JUNE JULY AUG, S2PT,
1966___ 1966 _
761,50 761,47 761.32 761,47 762,47 763,47 763,22
763,00 762,84 762,66 762.81 762,84 765, 17 766, 19
750,90 750,92 750,80 780,92 751,90 752,52 752,52
751,61 751,41 751,33 751,46 751.80 753,21 753,26
723,90 723,83 723,63 723,78 723,00 725,88 725,98
726,00 724,44 724,77 724,92 723, 12 727,00 727, 14

Note:

K1/1 Pleszometeric pz: at a distance of
100 feot from ver bank,

K2/2 Piezometeriec e at a distance of
mrmm&nmm
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Table 5,5 - HEIGIT OF THE WATER TADLE IN FEET
ABOVE MBEAN SEA LEVEL ALONG RIVER KALI F 0 R

RISING PERIOD(1965)

s, QEOHYDAO-
e JULY  AUG, SEPT. OCT, NOV,  DEG.
No. LOGICAL _
LOGIGAL, 1966 1965 1965 1968 1965 1985
o o 761,97 762,47 762,27 762,18 762.37 762.22
(M. NAGAR, )
oyl 763,21 764,11 763,61 763,48 763,66 763,54
(M NAGAR, )
Be(punsiaay) 75102 75162 750,32 75L,20 75L32 75L24
b punitsyyy  75LSL 752,81 75L31 7560 75L76 75L72
B (oabiiay 72416 724,96 724,03 724,54 724,53 724,88
ol v 725,23 726,13 725,79 726,67 725,77 725,82
* (BANBANA)
NOTE:
1. K1 ‘.pim‘kﬂn pipe at a distance of
100 feet from the river Bank,
2, K/2 plezometric p

500 feet from the

ver

e at a distance of
banlk,



Table 5,6 - HEIGHT OF THE WATER TABLE IN PFEST
ABOVE MEAN SBA LEVEL ALONG RIVER KALI FOR
DECLINING PEAIOD(I966)

S

g1, GEOHYDROLOGI- JAN, FEB, MARCH APRIL MAY JUNB
lo.mma.i‘n!mmm 1966 1966

. SR .

L ubiiin)  7OLO7 76190 761,80 76L4&7 76138 76147
8 NS, 763,21 763,70 763.00 762,84 762,66 762.81

761,12 751,00 780,00 780,92 750,80 750,02
&(Wl)&MMMMTﬂ-

4 Ka/2 701.31 781,20 7TSLE1L 75141 75137 75146

(PURBALIAN)
5o (M%A) 784,33 724,30 723,00 720,83 723,63 720,78
Ge (m%” 788,57 735,80 725,00 724.94 724,77 724,92

4 r“:h_lm n!”. m distance of




Table S.,7 HEIGHT OF THE WATER TABLE IN FSET
ABOVE MEAN SBA LEVEL ALONG RIVER HINDON FOR
RISING PERIOD ( 1965 )

770,50
77157
750,35
751,70
737,00

-

No. OTGL stamions, JULY  MJG  SET.
.. 0/ 770,60 771.20

2, H2/2 TnL72 T72.27

3. m/ 750,10 750,90

4 nz/2 751,07 752,07

5 mA 737.48 733,.@8

6. Ha/2 788,73 738,98

738,29

Nov,

DEC

m:mm..

770,40
G
750,22
76160
736, 90
738,24

770450
771.62
780, 45
751.85
736,98
728,33

770,60
77162
750,35
761.70
736,88
738.23

H/1 piezometric pipe at a distance of

100 feot from the River bank,

Hz/2 piczometric pipe at a distance of

500 feet from the Hiver bank.
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Table 5,8 HEIGHT OF THE WATER TABLE IN FEET ABOVES

MEAN SBALEVEL IN THS PRECEDING MONTHS & HEIGHT OF

RIVER WATER LEVEL IN THE FOLLOWING MONTHS ALONG

HINDON RIVER IN MUZAFFARNAGAR DISTRICT FOR THE
PERIOD - 1965 - 1966,

g1, EORYDROLOGI- JULY AUG,  GEPT, OC?, NOV,  DSC,
No,CAL STATIONS, 10656 1965 1965 1965 1965 1965

1, Tatavi cite 770,82 772,27 770.52 T71.47 770.52 771,62
2, Dandauli site 748,06 752,07 747,66 751.60 747,66 75170

2. Budhana Slte 736,06 730,08 735,66 738,24 73,66 738,23

- ma S MR ER W WD WE W W AR R Sk MW WR SR A W W D P A W B N A A W W W W e -

JAN, FEB, MARCH APR, g‘ JUNE JULY  AUG, SEPT.
1966 1966 1966 1966 1966 1966 1966 1966

W A A N G B AR R N N TE WS oR R A SR MR O A W M SR W S e R AR R B R W A

1. 770,12 771,20 770,12 771,27 769,98 771,02 771,00 772,72 771.60
2, 747.16 751.25 747,15 750,12 746,66 750,12 747,32 782, 07 747,43

3. 735,66 737,80 736,35 737,83 734,86 737,83 735,92 739,28 727,30
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The bagle formula for the linear correlation coefficient
(r) which has been used in this study was given by Pearson
(Kapur and sm“).

Correlation coefficient 'r' DbDetween the two variables
X and y hag been defined as

N
Y = ié—l (Z;—-Xm] (Vz,'-“,tm) es ss (541)

f ,_-;%—,r O =2mY f z;___é: (e =4m)?

The squation (5.1) can be written as

N
zZ %Y

7" = L J . .. (&2)
f 5"2 f yz)
) = Xl-Xm
L= Yo—Ym

The Bqueation (5.2) is changed te the following form
in the case of bilvariate frequency distributions i.e., in the
case in which two varlables say xy , y; occur with frequency
where 1 = 1, 2 .eeenea N

2 Moy -Xidy
2= Xiti v,V
V- - T . a M '

e 2
ffxicﬂx-xz'>__ u,:y Z % (Y- ) — 2
N ~

Y =

Where %q and ¥, are the two variables changed to arbitrary
origin,

n s Ny are the frequencies of points contained in the
intervals of x and y respectively,
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Ny is the frequency in cell at the interseection of
2 rov and column represented by veriables x and ¥y
respectively

. n’
= ‘____r__zn/\x{,%, ol e S ORE)

Where X = X, xy- - % Wy':‘g”"y‘“”'”—;m
NE
... = '
cnd  Xom= Lo N 17 4 Ym/: 1=/ %
=1 N N

ANALYSIS BY THE PEARSON'S LINEAR CORRELATION
METHOD

The Pearson's Linear correclation coefficient, given
earlier, hag been widely used by various workers, In the
present study, the analysis has been carried out under two
broad heads viz, (1) nalysis of regional data and (2) of
individual stations.

Anglyslg of Weglonal bgta

This method allows to determine the level of ground water
in a forth coming month on the basis of its average position
during a preceding month., Altoveky™ writes that this problem
may not be solved for all the 12 months of the year. For the
reglons in USSR, which are devoid of a stable snow cover, recharge
is achieved during the auturn and winter period by atmospheric
precipitation, Under such circumstances the rise in the level
of ground waters during this period assumes a more or less gradual
character. As such the year, in these parts of USSR, may be
gplitted up into two periods, correspending to a drop and a rige in
level. Therefore, it is possible to compile two correlated



dependenciesy One for the period of decline and the other for
the period of rise in the ground water level.

In the present area of study the year may be divided
into two parts viz, summers and the winters and for the sake of
ground water levels it can be divided into pre-monsoon and pogte
monsoon i.e. periocd upto May can be clasgsified as pre-monseon
and that of October and beyond as post-monsoon, As such the
month of May indicates the lowest ground water levels while
that of October the maxirmum ground water levels because the main
recharge is obtained by rainfall during the month of July to
October, The variable X and Y 4in the preseant problem are
represented by the ground water level data for preceding and the
following months,

In order to analyse the data on a regicnal basis, the
same have been groured in the form of bivariate frequency
distribution, Heneca formula (5,3) vhich has also been used by
Altovsiy™, has been utiliged in the presmt case.

The above method of correlation not only makes it possible
to arrive at a correlated dependency, but is helpful in deter-
mining the basle factor influencing any given element of the
water regime, Correlated dependencies may tims be found betwean
the level of undorground waters and any other natural or artifieial
factors, Tor example, a relation may be established between
amount of precipitation, water levels in rivers, reservoirs and
canals, evaporation losses eto,

In the present study, data collected for 1960-61 and
1965-66 have been subjected to analysis for the following
dependencies:



(1) Shallow ground water level for the preceding
and the following months,

(2) nise and decline of water levals in preceding
and the following months separately,

(2) Shallow ground water levels and the river water
level se

Shallow ground water levels for the
preceding & the following montha:

In order to evaluate the accuracy of the relation
between the levels of a preceding and following months and to
establish a correlated dependency between themy x denotes
the levels of ground waters for a preceding month and y for the
following month, The values of x and ¥ have bean determined
from the datz in (Table 6,1 %o 5,8) and their relation is shown
grephieally in (Plates 5.2 %o 8.7)« The construction of such
a line graph involves mariking off levels intervals on the
axis of abselgsa for the preceding month and on the axis of
the ordinate, the ground water levels for the forthcoming
month,

The relation between x and y has been calculated by
dviding the line graph into vertical bends which inciude equal
intervals of the value of x, and into horizontal bands which
include equel intervals of the value of y.

onth'hdtdthoa:;unmvnuoor %, andy,
separately for each vertical horigontal band,as an arithmetical
mean of all values for the level of ground water included in
any particular band, has been determined in Table 5,9 and these
points have been plotted in (Plates 5.2 to 85.7) .
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Table 5,9 MEAN VALUES OF x, AND Yo FOR THE GEOHYDROLOGICAL
STATIONS IN FEET ABOVE MEAN SEA LEVEL

Mean value of Mean wvalue of Mean value of Mean value of
the interval x Yy, in the given  the interval y =xp in the given

(lovel for the interval x (Mean glnl.for interval y
proceding month)value of level 1lowing month Xlevel for the
for the following preceding month
month, )

I (S T O Y 5 ) 4

1, CEQHYDROLOGICAL STATIONS HR/2, H4/2, K1/4 AND K2/4,
746,00 744,86 718,00 718.14
742,00 742,18 722,00 722,07
738,00 739,22 726,00 725,36
728,00 725, 45 738,00 733,96
722,00 721,82 742,00 742,08
718,00 717,98 746,00 744,98

2, ALONG HINDON RIVER FOR HY/1, H2/2, H3/1 AND H4/2
728,00 727.8 T740,0 738,56
74,0 734.8 726,0 735,7
730,0 727.1 732,0 733,6
726,0 725,82 728,0 727.5
722,0 7218 724,0 725,8
718,0 718.0 720,0 719,4

- - 7!5.0 717-3

3, FOR HINDON RIVER DECLINING PERIOD,
737.5 737.1 737.5 736,585
747.5 749,2 747,56 749,6
782,85 750.7 752,5 750,7
T72,86 T70.7 772,56 T70.7

4., GEOHYDROLOGICAL STATIONS ALONG KALI RIVER AT MUZAFFARNAGAR
PUHBALIAN AND BANBAWA FOR 1965-1966,

725,0 724,58 725.0 724,8
729,0 727,1 729,0 725, 1
749,0 751 749,0 750, 9
763,0 752,9 753, 0 751.5
761.0 762, 4 7610 762,3

768,0 763,8 765,0 763.5

nl.-l--l_‘----w--ﬂ-‘n-.m----n‘"ﬂﬂ.--ﬂn



(Table 5.9 contd, )

s 1 2 ] 4
5. FOR KALI RIVER RISING PRBRIOD,
72640 725,4 726, 0 7252
750,0 751.4 75040 7514
754,0 751.8 754,0 751.6
762,0 762,9 762,0 762, 9
766,0 763,6 766,0 763,.2
6, FOR mwm, K1/1 AND ¥2/2 ALONG RIVER KALY FOR DECLINING
PEAIOD
725,0 724,8 725,0 724,86
749,0 750,8 749,0 7510
763,0 751.3 783,0 751.4
7610 761.9 761, 0 762,1
765.0 763, 2 765, 0 763, 5
7. ALONG HINDON RIVER FOR RISING PERIOD 1965
737.0 737.9 737.0 736, 9
7410 738,3 741,0 738.7
749,0 7504 74,0 | 780,4
763, 0 751.8 753, 0 751.7
760, C 770e? 769,0 770.7
773.0 7715 772,0 771.6
8. ALONG HINDON RIVER FOR Tip AVI, DANDULI & BUDHANA SITE.
723, 0 727.6 733,0 737.9
'?37.0 73'7»2 mﬂa MII
7410 T06. 4 7410 736.,0
745.0 750,28 745,0 750,2
T749,0 750,6 748,0 780, 4
783,0 747.2 753,0 ' as
769,0 771.5 769,0 771.6

773.0 770.8 773,0 T70.7




- 92 =

Through these points straight lines are drawm, Such a diagram
is mown a scatter diagram which is based on the principle that
the graphical fitted straight line minimizes deviations on both
the sides, Thus two linear relations y, from x and xbtnl
y have been obtained i.e,, mean wvalues for the leval of ground
wvaters for the forthconing month obtained from its given values
in the proceding month and mean valuss of the preceding months
from the given values in the following months,

Most of the scatter diagrams, thus obtained, reveal that
the points are digtributed regularly along a definite diagonal
band and that a definite value of y f{luetnating in the
proximity of a certain mean value corresponds to each wvalue of x.
ginece both the straight lines are more or less parallel to cach
other (Plate 8.,3) 1t 1s indicative of an almost exact dependency
between the various factors governing the ground weter regiue
i.0, in the present case betwean the water lovels in the
preceding and the following months.

The correlation coefficient 'r' for the above data
has been caleulated in the marmer given as below {07 their
data in (Platos 5.2 to 5.13).

P EXae®
'1::* é)): ¢ = ‘B = -o.w
and vy = 2%2, = ﬂ = 40,458
SN =N = 48 ( 1,0 the sum of colum I).
Ery-4, = 422 (1., the sum of column III l1line 3)
ERx-X = 0 (i.e. the smm of row 3)

2y,(2¢4)= +324 (i.e. the sum of column IV)
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-%w
EXi (X)) = 4825 ( 4.0, the sm of row IV)

ENRxy XY, = 204 ( 4.0, the sum of colmm 6 = sum of row 6)
S Ny XY, [sn — 242

r = ngy .e aa . (al“)
vhere CY?C ff%,(ﬂxx,) ZQ/ ss o+ we (G8)
and Scy jizg ()233/) ae,’.z se s» oe CHE)

subgtituting the above values in the above formuluoe (5,5 & 5.8)

S = [BE < ol

= 2,62

mnmy%-m — ¢ 0.4m)°
= 2,56
c.or = 5B - (-0.563) ( 0,488)
x
- S
- &8

= « 0,089

The above is only one such calculation: and to keep the
gize of the Chapter to a minfmum i results of other ealenlations
have been tabulated iy Tableg, 10),

On the basis of the correlation coefficlient being
posgitive and almost approaching to unity in value, it is inferred
that there is a direct and definite relation between the water
levels in the preceding and the following months. As such, an
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attempt hag been made to predict the water levels by computing
the linear correlated dependencies, Since the prediction of
vater levalejn the following month depending en the preceding
month (yx) is desirable, the linear correlated dependency for
the same has been calculated as follows

(a) For a dependence of the mean value ¥ upon =z

Y=y = hy (x=-X) se o8 -4 (57)
(b) For a dependence of the mean value £ wpon ¥y
X=X = b’ (,*9) es sa o (8.8)

In these equations b, and b, represent angular
coefficient of straight lines drawn to the axis of the coordi-
nates and is computed according to the following formilae.

. & o __':‘S:t ss ss ss (Be9)
P y

i Ll
by =2 I:: T T . (&10)

vhere » = the correlation coefficient equal to
+ 0,989 as calculated above,

Sx = rpootemean square deviation of the
variable xj

54 = rvootemean square deviation of the
mm' Vs

In computing Sx, Jy and bx and by the values found from

the correlation table in conventional limits for % , § should
be converted so as to acquire their true values.

The true value of S 4s equal to its conventional
value (in this case 2,56 ) multiplied by the capacity of the
interval (K - 4) of value &y .

6}. 2,86 x 4
= 10.24
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The true mean value of x 1s equal to the mean value
%, of the interval of values x, which later is equal to
gero (in this case the zero interval of the values for =x
lies vithin a renge mm’aumnmmmmumn
to 734) plus the product of tho espacity of the interval (4 ft,)
by the value 71.

X = x + K v ss s oo (811)
= 734 + 4 x (- 0,53)
= 734 - 2,252
= 731,748

simflarly, the mean value ¥ 1is equal to the mean value A
orthei.nurnlotthoyl values accepted as zero (in this
case equal to the zero interval of the value for y which lies
within a range of from 728-732 and at a mean value equal to
730) plus the product of the interval (4 ft.) by the value
Vo

y=y + Kk v es  se  »e (5.22)

Hence

By = a080.X 10,24 = 1.004
Consequently, the desired linear correlated dependencies

will be as follows:
X - X = bx (Y"?) e e eo  (5,13)
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By substituting the values of X 4 b, and § as
given above in the equation(5.13).

( = - 73,748 ) = 0,073 ( y-731.832)
or X = 731,748 + 0,973 ( y-731.832 )
or x = 10,68 + 0,9 y e os s (6,34
Sinilarly
y = 791832 = 1,004 ( x = 731.748 )
= 1,004 x - 2,863
= = 2,863 + 1,004 x

In the forescasting of ground water levels, only the
gecond of these two dependencies will be of intersst since it
villm?hto&uhnlmth.mvdmofmolwaorpmm
vaters for a forthcoming month (Y) depending upon its position
in the preceding month (X).

For checking the accuracy of this method, assume that in
December tholevel of ground waters was at a height of 732 £,
above sea level, Then according to the obtained correlated
depandency, in Jammary it should be at a height of

Y = « 2,805 + 1004 x 732
= 732,065 ft.

During the following months, possible deviations of the
ecaleulated mean values of ground water level from actual deviations
vill be equal to

Ay:" gymf' ee s+ as (B5:15)
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and for the dependance of x yupon ¥y

Aok o Bn gl (5.18)

LA LR ] se

In this comnection it should be noted that a single
value of &yevax will ensure a 63§ probability or reliability of
the value of Y obtained in accordance with the correlated
dependencys in other words, 32F of the levels of ground waters
might have other values from that of v+, a double value of
4oy ensures a 957 probability, i.e. the levels of ground waters
will be within the limits of Y::2v and finally, a triple value
will make reliabllity certain in 99 cases out of hundred.

In our example Ay 1is equal to

ay- HSTTF ™= 10,2¢/TT0,00)F 21,4396 4. (6.17)
Hence the level of ground waters will be found within
the linits of 732,065 & 11,4336, that is, from 733.4986 to
780,6314 ft. in 68 cages out of a hundred. Accuracy of calculations
baged on the correlated dependency will be congiderably increased
if the forecast will be givem not only for one, but for a group
of wells according to the following formuilas

A a2
o —%’o: ve .e *e (&lﬂ)

vhere n - mumber of wells.

For example, if there are 4 wells the value of a possible
deviation will be equal to

Ihy3e = &R

Ay, = # es e s ‘&]’}

Hence the level of ground water, found here has a 68§



probability and equal to 732,085 £t. for 4 wells will actually
be vithin the limits of 732,065 # 0,71 ft., those with a
probability of 95f will be within the limits of 732,085 £ 1.42
and those with a 29f probabllity will be within the limits of
732,086 * 2,12 f%.

The results of correlation coefficient 'r' for the various
geohydrologlical stations as obtained by the above method have
been given in (Table 5,10).
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Table 5,10 - SUMMARISED RESULTS OF CORRELATION COSFFICNENT
'r' BETWEEN THE WATER LEVELS FOR THE PRECEDING AND FOLLOW
ING MONTHS FOR VARIOUS GEOHYDROLOGICAL STATIONS .

Se Name of Ceohydrological Correlation
No. stations God‘%?hnt

Llﬁa’v'lﬁl"ﬁa + 0,989

(For Hindon & Krighni river)

" %’*’#'* + 0,98

(For Hindon River)

3. Period for -+ 0,092
Hindon Ver,
Along Kali ”iver at + 0,999
“Haluu', Purbalian and
Banpana.
S5 M period for + 0,99
Kali River. :

Ge ?,*g&lm;_@f& + 0,996

(For Kali River)

7. Rising for + 0.05
* Hindon Rives 1965,

o« Along Hindon RIm for + 0,97
Tatavi, Dandauli
m

SasZessseseEErsangesaeann ey oOERTNn SN aEEE RN O N T
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Analysis of Data from individnal gtations

The method described earlicr is useful for determining
the correlation coefficient only when there is luge group data,
Ag the correlation coefficient for the water levels versus
rainfall or river flow and between the water level of preceding
and following months have to be established with a set of limited
data for each hydrological station, the following linear
correlation method has also been adopted:

L £xi Yt ss w8 o8 8s {&m)
J—LT‘%N )L.'_I/NJ (%_:lﬂix/r«l)

or it may be written as

Y = F,'L?:{“ a8 we es ws <5031)

where X and Y are the two variables between which the
correlation is sought

X, = the average obtained from the values of =x
Y, = the average obtained from the values of ¥y

where x and y are deviation values i.e. (from msan values)
as shown in the following(Tables 5.11 to 5.14).
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Table 5.11 - TOTAL RAINFALL AND WATER LEVEL DATA FOR
A FEW GEOHYDROLOGICAL STATIONS

lo=- X Y
sieal Rainfall Vater leval *—m Y=Im
stations  4n ft. 4n the follo= = ¥ xy
wing months (x)= (y)= ‘
(in £t.) XXM YW
below ground
surface.
: | 2 -3 r ] (1 Bsiadh
H 3/1 0s 200 8,30 «0,081 0,115 0,001 0,013 «0,004
(NAGWA) 0. 000 7.57 «0,231 -0,615 0,083 0,378 +0,142
0,025 8.62 -0,206 0,536 0,042 0,286 -0,110
0310 693 +0,079 -1,256 0,006 1.575 -0.009
0. 000 8.11 «0,231 -0,076 0,083 0,008 +0,017
H3/2 0,06 8,42 «0,85 +0,88 0,062 0,774 =022
(NAGWA) 0.00 12,09 «0,30 4,656 0,000 0,302 «1,37
0,00 G.89 «0,30 «0,65 0,090 0,422 0,20
1.50 7.85 1,20 0,31 1.444 0,106 0,10
0. 26 6.11 0,04 «-2,43 0,002 5,904 0,10
0,00 5,09 =0,30 ~8.,450 0,000 5,002 0,74
K1/1 0.08 11,94 ~0:17 =0,087 0,020 0,004 +0,011
(RAJPUR- 0,22 12,54 «0,08 0,833 0,001 0,284 -0,016
GARHI ) 0s00 - 12,82 «0.28 0,813 0,083 0,661 =0,203
011 13,68 -0,14 1,643 0,020 2,609 -0,230
1.20 12,49 +0,806 0,483 0,903 0,233 +0,459
0,07 10,18 =0.18 -3,827 0,082 3,338 +0,329
0,06 10, 43 «0s19 =1,877 0,036 2,487 +0,300
H1/1 0.14 6 .08 «0,076 0,18 0,006 0,032 «0,014
(BUDHANA) 0,00 5.66 -0,216 0,32 0,048 0,010 =0,089
0.00 6,55 -0.215 0,67 0,046 0,449 -0,143
0, 90 7.37 0,685 1.49 0,469 2,120 +0,920
0.30 4,58 0,086 1,30 0,007 1.690 +0,110
0. 00 5.19 -0,215 G.69 0,046 0,476 ~0,148
HY/2 6. 91 -0, 183 =0,466 0,054 0,217 +0,085
(BUDHANA) 0,00 6.52 «0,183 «0,866 0,034 0,733 +0, 156
0. 09 7.34 «0,003 «0,036 0,000 0,001 +0,0038
090 8,39 +0,717 1014 0,514 1.028 +0,727
0.11 5. 47 «0,073 «1,906 0,005 3,673 +0,139
0,00 9.63 -0, 183 2,254 0,034 5,080 -0,413
KOTE: HA or plezonetric pipe at a digtance of 100 feet
H871 from the bank of river Hindon, :
H/2 or plezometric pipe at a distance of 500 feet

H 8/3 from the bank of river.

plezometric pipe at a distance of 100 feet
H 3/2 frox the bank of river Krisimi,

K/1 or
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Correlation coefficient for hydrological station H3/1

W@ a——

xna-f-*- - ’lF = 0,231
R e o = 8.8
P-_ffx -m = 0,136
z-fiig </ cusapsay = 0,299

y [ 2 f - saz0g080 = 0,837
Poe Ty CTEEELRTT t 08

say = + 0,54

Table §,12 RELATION EETWEEN DISCHARGE OF RIVER KALI
AND SHALLOW GROUND WATER LEVEL IN FEET BELOW GROUND
SURFACE FOR MUZAFFARNAGAR DISTRICT FOR THE YEAR 1965

" o W W AR A6 e A R A R o S @R W AR SR R S W e W G Al e A A e W a A Al W @

S posdres wher 1, vr

:tg-lv--ﬁodnr--n-t“&-(rxj-——(r)wﬂ‘-f-—-‘q-qn—wn-n
K1 222 7,50 9.5 0,20 90,25 0,0841 2,755
(WUZAFEAR- 292 7,70 89,8 0,49 8010,30 0,2401 43,856

240 6.70 27.8 -0.51 756,25 0,8601-14,025
212 7.86 = 0,8 0,04 0.25 0,0016= 0,020
169 7.12 «43,86 =-0,09 1802,30 0,0081 3,115
140 7.00 «72,5 <=0.21 5256,30 0,0441 15.225

Correlation coefficient
K + - .J?.ﬁ- = 212.5
heof— M.



ro= EF - o
"E‘E!Lﬂm"'z
= 4+ 0,86

Table 5,13 RELATION BETWESN THS GROUND WATER LEVEL
IN THE PRECEDING AND IN THE FOLLOWING MONTHS FOR
THE PERIOD 1960-1961

fadoa ua-uﬁ- ‘c;n; h;iuzl‘ evel x:x. r-x; s o
r- ﬁ” in the in follow- =
1-::‘%1@ mﬁ"m #un x) ()

(mﬂgﬁ“ 725,71 728,00 +0.29 =0,14 0,08 0,02 0,04
726, 15 725,32 «0,27 +0,19 0,07 0,04 0,06
724.84 724,44 0,58 <=0,70 0.34 0,49 +0.41

?23.80 ?23.13 "1033 -&01 2.‘3 4.0‘ mum
724,07 725,88 «1.356 0.74 1..82 0,85 -0,99
729,05 727,08 3,62 1.94 13,18 3,76 +7.04

Note ¢ HZ/2 giemtrio pipe at a d.tatnnoo of 500
eet from tho of river iindon,

Corralation coefficient r = p/ R Iy
L =i - SRE . e
Thoo=Ef - 220080 . 7R84
P =58 - 2818 . 60
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1.737

P = giy— coiTer - W

= 4 0,0

Baged on this method the correlation coefficlent for
establishing the relationship between (I) rain-fall and water levels
and (1I) River flow and water levels have been computed for all the
geohydrological stations and the summarised results are glven
below in (Table 5.14).

Table 5,14 CORARELATION COBFIICIENTS BASED ON LINEAR
CORRELATION FOR MUZAFFARNAGAR AND MEERUT A RE A .

Geohydro- Rainfall Shallow ground  Shallow water level

HEL EE | SRER ESEREL
ble.

~Edmacua)  + 0.5¢ é *
K=1(M.NAGAR) - + 0.8 -
B2parana) - v +0,6
BBouen) +a40 ‘ .
EA(ragpuncanax) + 0,43 - ¢
El(aupaava) + 0,43 - &

Bd(supaana) . 0,20 A L
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CONCLUSIONS

on the basls of correlation coefficient using Linear
Correlation Method of Altovsky the following results have
been derived,

From the various scatter diagrams drawn for the geohydro-
logieal data of shallow ground water body it can be definitely
inferred that they have a definite dependency on one another
i.e.

1) The ghallow ground water is closely related with
river water level. |

2) The shallow ground water level for the preceding and
the following months are inter-related 1.e., one is
dependent on the other,

The coeffiecient of correlation obtained between the
various factorsit shallow ground water level for the preceding
and the following months, risec and decline of water levels in
preceding and following months and the shallow ground water
levels and the river water levels varies from + 0,95 to 0,999
which 1s almost equal to + 1.0 and hence the relationship is
fexact' and definite.

According to the second method i.,e. by the analysis of
data from individual stations, the following results have been
obtained,

1) Although there is a relationship between the rainfall
and the lovel of shallow ground water body, 1t is not very high
(eorrelation ructo:& 0.53 or 0,54)
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2) simllarly, the relation between the river discharge
and ghallow ground water reservoir is also low (correlation factor
+ 0s5)e

3) A third relation attempted by this method was between
the leval of shallow ground water reservoir for preceding
and following monthes for a2 particular station. The correlation
factor 'r' comes to be + 0.6,

The above results (correclation factors) obtained by the
above statistical methods are not very similar., The differonce
is due to the nmature of the data which have been subjected to
analysis, As mentioned earlier in the Altovskys method huge
group data have been analysed while in the other method data -
from individual stations have been considered,

JACOB' g METHOD OF STATISTICAL ANALYSIS

Introduction

In the earlier part a correlation was attempted between
the various hydrological faetors such as spring level, river
wvater level and precipitation affecting the ground water regime,
Here an attempt has been made to determine the relation of
precipitation with that of shallow ground water table by means
of Jacob's® method, This study is based on the data collected
from the various Irrigation Divisions of Meerut and Muzaffarnagar
Districts in regpects of precipitation and wvater level in the shallow
ground water reservoir,

In the correlation of precipitation data with records
of ground wvater level the usual procedure has been to cumilate
departures of the precipitation from the normal or mean peesini-
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. precipitation, In recent years progressive averages have also
been used. In this the aim has been to use the cumilative
departure from progressive averages for correlating precipitation
wvith ground water levels.

Jagob™ hag shown that by miltiplying the cumlative
departures from progressive averages by a pre-determined
coefficient and adding each in turn to a constant, the value of
| the "effective average rate of precipitation” may be determined,
By the "effective average rate of precipitation” at any given
tire 1s meant that "the rate of precipitation which had it been
maintained uniterrupted throughout the past, would have been
effective in producing the same water profile as actually existed
at that particular time".

Two agssumpbions have been made by Jacod®r i.e,
1) Uniform recharge over the area by means of rainfall and
2) the total saturated thiclmess to be constant so that the
eQuation for steady state profile of water level can be expanded
in the simplest form,

Mugaffamagar and Meerut districts vhich are parts of
the Canga Yamuna Doab represen?; an important field area for such
investigations, This area is an infinite strip of land with
uniform width and also satisfies the above two assumptions.

The following emations as derived by Jacob®° have been
used to compute various tables invelved in this method:
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R, = M neke1) + (x-:g:(,i..,,,nm_,ﬂ,«nm_“ ) e ss iE0)

ooty ® 121E=2(1-1)] 7 (K(x+1) . (82)

% . lgt R(n-1+1)2(x-1+1)/x(x+1).. (5.24)

<

o= £ M-1+D%(Kat+1/KK+1) .. (5.25)

Y-

Wor Bzexs1d) cwx) \xw, - %, Rme3)) +p(size
where:
R = Precipitation rate in a particular year
R = The effective average rate of precipitation in a
particular year,
K = Perdod in years = 10 years -
1 = A mumber having values as 0,1,2,3,4,5,6,7,8,9
Hp = Initial value of effective average rate of precipitation,

The computed values of the effective average rate of
precipltation for Meerut-Muzaffaragar are given in (Table 5,15
and 6,16), A value of 10 has been agsigned to K. Table (5.15)
gives two equivalent methods of computing the ten year aeffective
average rate of precipitation at the end of the year 19g5. First
the long method has been given usging equation (5.22) in which
Infinite increment in the rate of precipitation have been multi-
plied by the appropriate coefficients;

et =f10ic i (1-1)/2 |/ 55 and then sumed and
added to the value of R for the (n9)th year(the year 1956),
The short method, following equation (5.22) is nearly summing up
products of rates of preeipitation and appropriate differences
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between successive coefficiaents:

Unet)®(n-isl)=(11=-4)/85 .. (527

' Table 5,16 gives the 10 years effective average rates
of precipitatisn at the end of the year, 1928, By the help of

above equations values of the ten year effective average rate

of precipitation at the end of succeeding years have been

computed. First values of ten<year progressive average precipl-

pation have been determined and thereafter the departures

of the actual annual rates of precipitation from the progressive

average have been determined, The cumulated departures have

thereafter been miltiplied by  [2/(k+1)]s (2/11) and added

to the effective average for 1928 ( R oo ) and these are

given in (Table 5,16).

It 43 seen that the effective average rate of preci-
pitation at the end of 1965 determined by different procedures,
is 23,60 inches per year (Tables 5.15 and 5,16) vhich has been
caleulated, from the past records of preecipitation.



Table 5,15 - TEN YEAR EFFECTIVE AVERAGE RATE OF PRECIPITATION

AT THE END THE YBAR COMPUTED BY MBANS OF EQUATION(5.22)

AND THEN BY MEANS OF EQUATION (8§,23) BASED ON RECORDS OF PRECI-
PITATION AT MUZAPFARNAGER AND MEERUT,

Year Rnel
S.Nos (n"l) (1’ w”

Long method using short -Tod using
equation(8, 22 equation (5,23
(m-m..-éu-u?u-m (Anei+l) u»i;/u.

W=K == -_— 36,60(1/585) = 0,67
36,60 =12 (54/585)=(=)1.18 356.40(2/55) = 1.28
35,40 -6,90(52/66)=(~)8,52 28,50(3/85) = 1.56
83,60 1.20(49/85)= 1.07 20,70(4/55) = 2,16
29,70 2,70(45/86)= 2,21 32,40(5/56) = 2,98
82,40 -1.80(40/55)=(~)1.32 30,60(6/65) = 3,34
30,60 ~1.80(34/586)=(-)1.11 28.80(7/88) = 3,66

EERRERRREE

9. 80,30 =3,50(19/55)=(=)1.21 26,80(9/86) = 4,37
10. 26,80 «3,70(10/556)=(=)0.67 23,10(10/56 )=4,30
1. 2.10 o J—

2 N __l!"-m.oo wmaee = 28,60

fo 9 = 36,60 - 8,00 = 28,60 = fo ®

AR MRS MMEE APEE RER EAEE Sk SEeE A SReE AR YRNR TRAR WA WAl SRR A R SR e R R



Table 5,16 - TEN YEAR EFFECTIVE AVERAGE RATE OF PRECIPITATION

AT THE END OF THE YEAR COMPUEED BY MEANS OF EQUATION(5.25)

AND AT THE END OF BACH G YEAR UPTO COMPUTED BY

MEANS OF EQUATION Hé&ﬂﬂ) SED ON RECOADS OF PRECIPITATION AT
ZAFFARNAGAR-MEERUT AREA.

o) 1) k}" X g:-‘-ﬁu etyse )
1913 10(=K) = 28,70 (1/66) = 0,62
1919 9 23,70 29,30 (2/55) = 1,07
1920 3 29,30 31.66 (3/585) = 1.73
1921 7 31.66 30,80 (4/68) = 2,24
1922 G 30,80 84,82 (5/56) = 3,17
1923 5 34,82 40,10 (6/55) = 4,37
1024 4 40,10 38,76 (7/55) = 4,93
1925 3 38,76 32,51 (8/65) = 4.723
1926 2 32, 51 33,16 (9/85) = 5,42
1927 1l

33. 15 28, 20(10/55) = 5,12
e - Too = 33,30

=

‘%u);r (1) m:ioi-plo Yr. Depar- W. m.m.mmnm

n precipi-progre- ture ative =.2/11 average rate
tation. ssive from depar- of pl-

average. prog. ture. u:%)
aver-
age.

i VEAGE T SRS ERRERS SRS e S
1928 28,20 2 «s == == == 33,80
1929
1930

38,83 32,68 4,73 4,73 0,86 34,16
34,24 33,68 0.56 5.20 0,96 34,26
1931 20,61 34,18 (=) 4.57 (+) 0.72(+) 0,13 33,43
1032 28,70 33,97 (=) 5.27 (=) 4.55(~) 0,83 32,47
1933 33, 50 83,76 (=) 0,26 (=) 4,81 - 0.88 32,42
1934 80,34 33,63 (=) 3,20 - 84,10 = L.47 31,83
935 31.98 82,658 « 0,70 - 8,80 - 1,60 31,70
1936 36,50 31.98 4,52 - 4,28 - 0,78 32,562
937 85.22 32,37 2,856 - 1,43 - 0,26 33,04
T e e e - w w CoNbd, = = = =



(Table 6,15 contd.)

s, G 4 2 6. Z A
19088 20,70 92,88 2,88 -« 4,31 - 0,78 32,52
1939 30,80 32,73 2,28 - 6,84 - 119 32,11
1940 38,68 32,08 1.62 4,92 - 0,80 32,41
1941 23,85 31,97 3,12 « 8,04 =~ 146 31,84
1942 39,66 3189 7.77 - 0,27 = 0,08 33,25
1043 34,24 32,00 1,28 0,98 4 0,18 33,43
1944 32,10 33,08 0,96 0,02 0. 004 33,30
1948 40,40 33,24 7.16 7.18 1,31 34,61
1946 96.32 54,08 2,24 9,42 L.71 35,01
1047 34,76 34,08 0,70 10,12 1,84 35,14
1948 32,84 234,02 1.08 9, 04 1.64 34,94
1949 30,76 34,34 3,58 5,46 0,99 34,20
1950 92,88 94,37 1.79 3,67 0,67 33,97
1951 20,76 34,28 4,80 = 0,83 = 0,15 33,15
1952 81.28 94,35 8,10 « 3,98 - 0,71 32,59
1963 20,37 83,81 414 = 8,07 = 1,47 31,83
1964 30,90 33,02 ~ 21,12 - 10,19 - 1,85 = 3145
1956 38,40 32,90 B.80 = 4,60 = 0,85 82,45
1986 96,60 32,70 3,90 - 0,79 = 0,14 33,16
1087 35,40 32,73 2,67 1.88 0s34 32, 96
1068 28,50 32,80 4,30 = 2,42 - 0.44 32,86
1069 20,70 32,35 2,65 - 8,07 - 0,92 32,38
1960 32,40 32,25 0,15 = 4,02 = 0,89 32,41
1061 30,60 32,23 1,63 - 6,86 - 1L20 82,10
1982 28,80 82,31 3,51 - 10,08 - 1,83 31,47
1963 90,30 92,07 1.77 - 11,83 « 2,18 31,15
1964 26,80 232,16 5.36 - 17,19 = 3,13 30,17
1965 23,10 9175 8,658 - 25,84 - 4,70 23,60




- 113 -

Water level data for the open wells which are being
analysed in this study have been chosen on account of their
availability for fairly long period and also because the shallow
wells from which the data is analysed have a more or less uniform
distribution in the area, Table 5,17 gives pertinent data of
such 20 wells and thelr location 1s given in (Plates 2.1 to 3.8),

All these observation wells on whose records the presat
study is baged are all sufficiently digtant from the caxtre
of pumpage s0 that the effect of pumping on their water levels
ean be neglected, It has also been shown earlier that the
shallow ground water reserveir is not interconnected with the
decper acuifer's, except when pumping is large and leakage
takes place.
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Table 5.17 - DATA REGARDING 20 SHALLOW (OPEN) WELLS IN
GANGA - YAMUNA DOAB IN MEERUTSMUZAFFARNAGAR DISTRICTS

(1954 - 1983)
e W VAL Tyrrolaate —Elevetisa
Well average to ele- 612 to mean water
Nos, Locality vation water- n level 1level for Remarks
afm in vc}l .tt.h;!.g: %4
rarl ace in (1964)
- A ! 4 5
9 B Morna,Muzaffar-
nagar, 0, 9578 86,78 = 37 775,32
6 B Jat - 09241 Ged? = 6 803,73
Lt
2 Queanmddin :“:: 0.9402 10,20 = 10 789,92
6 ma 0496 1,80 = 12 781,98
11 Panjit, 0,98 10,51 = 11  785.72
arnagor.
P - PN 16,82 = 17 786,18
2 Kan .
m-s}:h.u 0.95 9.82= 9 77190
18
Mzatfammagar 10008 32,88 » 33 708,14
5 satheri 0,96 4,76 = 8 770,04
wcbmh
10 M 0,98 28,30 = 23 758,08
e b,
17 Daha -
Sy  Jo08 46,05=46 719.01
L s - TR 26,44 = 26 725,48
1 Binauli
“.‘.’N‘ hm ‘3001 = ﬂ MIm



(Table 5,17 contd..)

. 2 - T T s -
20/4Meorut-Prlchhat
ﬁub n;:a, 1. 04 14,18 =14 712,13

Y i Ted, 1008 11,06 = 11 729,00

® Baghpaty © 1,007 28,56 = 20 702,04

P R MW 14,78 = 15 694,97

12 mt"Wth 8.80 = 9 723,89
23/%eerut-Parichhat
mﬂm 1. 061 23,43 = 706,35
27/18 lrmm
at garh »
Meerut, i.m 16,19 = 16 711.47
Agerage for all 20 23.#9 '74.;8;?2
m‘
22 743.

(0)® = Average of the ratios (for the year 1954 to 1964)
of ( e altitude of mean anmial water-levels
in 20 8) %o (altitude of mean anmual water-
lovel in the given well).
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Tables (5,18 to 5.22) give the "composite average
vater levels” and effective average rate of precipitation”
for ths years 19551964, The yearly values of composite
average water level have been computed from anmmal mean water-
lovels, The muuber of wellg for which there is sufficient
record to determmine an armual mean water level for a given
year is as in colum 3 of (Table 5,18 to 5,22). If the
nunber of wells (for which complete records ove available)ars
ny, then the composite average water level for a given year
can be calculated by

um m-m. in 20 wells for 1955-64) um
(mam-mmnmumrM) }::’:mvm
given yoars.)

Values of 26 years effective average rate of
precipitation have been computed and are given in (Table §,13).
Effective average rates of precipitation have also been
determined on the basis of 10, 15; 20 and 27 year periods of
adjustnent from the same rainfall data, It has been found that
the values of the effective average rate of precipitation can be
correlated with composite average water levels. The best corre-
lation has been obtained with the 25 year effective average which
shows a falr agreement with mean annual water level. This has
been shown in (Plate 5.14)in which values of average relative emor is



AVERAGE RELATIVE ERROR
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PLATE-5-14

to =5 KAL :2%23 : 1I'5 YEARS
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o’ 5 \o i5 20 2s 30
PERIOD , KAt YEARS

GRAPH OF AVERAGE RELATIVE ERBROR OF LINEAR
CORRELATION BETWEEN EFFECTIVE AVERAGE
RATES OF PRECIPITATION AT MUZAFFARMNAGAR
AND MEERUT AREA AND COMPOSITE AVERAGE
WATER ~LEVEL OF THE SAME AREA.
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Table 5,18 - COMPARISON BETWEEN COMPOSITE AVERAGE
WATER LEVEL AND EFFECTIVE AVERAGE RATS OF PRECI -
PITATION IN MUZAFFARNAGAR-MEERUT

DISTRICTS,
-~ ov o ho. o¢  [ffective rate of proeipitation
Year m.“ 'v:il:. e
T“ gax in/yr
(in £¢) in/yr
1955 727,80 9 33,03 9,43
1958 727,95 9 33,08 9,08
1957 730,08 9 33, 04 7.42
1958 74194 1 33, 06 - 4,04
1989 740,80 11 33,08 - 2,45
160 739,94 1 38,10 2 - LM
1961 740,45 1 33,09 - 1.88
1962 740,18 1 33,03 - 292
1963 741,03 1 32.97 - 5,13
1964 742,72 20 32,89 - 9,62
Mean 737,28 33,03 - 54309

.‘"ﬁﬂﬂ“-’-'ﬂ-‘-"“-‘*‘-‘--*d--.

Average Relative Error = ,0072
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Table 5.19 « COMPARISON BETWEEN COMPOSITE AVERAGE
WATER LEVEL AND EFFECTIVE AVERAGE OF PRECIPITATION

- e R e we wm e o W

Year

- (R)

W WS ME NP R W W WS M S W AR W AR s A A e

Effective rate of precipitation

-

a
in/ye.

W MR W R AR R AR AR A SR GR B R B R G AR MR R AR W O W AR W A e S e W B B e -

S EEEEEERER

Mean

727.80

727,95

730,96

742,94

740480

739, 94

740,45

740, 18

741.03

742,72

737.28

wie O Yer

in/year
9 32,45
0 33,16
ol 32,90
1 32,86
1 22,38
1 32,41
1 82,10
1 81,47
11 3. 15
20 30,17
32,11

27.25

20. 065

A N W ER AR A B W N S W W R R MR R e R S W W R A W e NS R M e R W e e e

Average relative error = ,027
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Table 5,20 - COMPARISON BETWEEN COMPOSITE AVERAGE
WATER LEVEL & EFFECTIVE AVERAGE RATE OF PRECIPITATION,

”“ﬂ‘ﬂ—ﬂ-ﬂ‘ﬂ‘ﬂﬂﬂﬂ‘ﬂﬂﬂ‘ﬂ”-‘-ﬂ--“‘--

No. of Effective rate of preecipitation

— ’ vells: 15 yeur (8°) a

1955 727.80 % 33.42 16.13
1956 727,95 9 33,861 17.98
1987 730,03 9 33,49 15.46
1953 741.94 11l 33,46 - 4,02
1969 740,80 11 33,38 L.24

1960 739, 94 11 33, 24 - 0,02
1961 740,45 11 33,04 - 4-08
1962 740,18 n 32,80 - 10.08
1963 741,03 11 32, 55 - 16,47
1964 742,72 20 32,27 - 24,39
Mean 737.23 E 33.12 11,074

M OGS WS e MR MR N I MR AR N MR W A MR B WE R SN R e G AR AR R R AR AN W e e W w

Average relative error = ,015
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Table 5,21 - COMPARISON BETWEEN COMPOSITE AVERAGE
WATER LEVEL AND EFFECTIVE AVERAGE RATE OF PRECI -
PITATION,

AR Al W W W W W W W W W e R W W R W W e .

e " No. of Effective rate of precipitation

. walls, ‘51‘5;'117 ahain
1965 727,80 9 23, 20 9,90
1986 727,95 | o 33,23 10,42
19657 730,08 9 33,22 8.12
1958 741,94 1 33,26 -~ 8,87
1950 740,80 1 33,26 - .98
1960 739,94 1n 33,28 - L12
1961 740,45 11 33,27 - .19
1962 740,18 1 a3, 18 - 2,92
1968 741,03 1 33,06 - 6,44
1964 742,72 20 32,90 - 11,68
Mean  737.28 - 33,18 8,734

W MR @ AR A W W AR AR S AR AR R R W W AR B G W e B B S A W T R W A e W

Average relative error = ,0078
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Table 5,22 - COMPARISON BSTWEEN COMPOSITE AVERAGE
WATER LEVEL AND EFFECTIVE AVERAGE RATE OF PRECI =

PITATION,
e BEARE Il g
ey . BRI ok PR s
1965 727.80 9 38,48 28,82
1956 727.95 9 33,81 30,07
1987 730,03 8} 33.53 22,83
10868 741,94 11 32,90 - 2431
1959 740,80 11 32,686 - 8,56
1960 732,94 11 32,45 - 12,41
1“1. 740,45 11 32,21 - 18.30
1962 740, 18 11 32, 92 - 13,32
1963 741,03 11 32,84 - 4,78
1964 742,72 20 32,51 - 13,88
Mean 737.28 32,89 Mean 14,923

W MR WN e N M W AR WP AN W AR U W A TR W AR A A6 AR R R AR R W R AR W e o e

Aelative average error = ,0202
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is plotted against the period of adjustment, k At, The
average alevation of the composite average water level ( h )
for the 10 years of record in 737.28 ft. The average value
of the 25 years effective average rate of precipitation ( R )
for the same 10 years is 23,80 inchcs per year. On the basis
of the above assumptions there should be direet proportion of
B and R of constant vplue 737,28 £t/28.60 in/ye. The average
abgolute values of the residuals in this case is 5,309 in/yr.
and the average relative error in this case has been deter-
mined to be (5.309/737.28) = 0,0072.

If ve take effective average precipitation rate to
be about 28,6 in/year or R = 0,0085 feet/day. Then the rate
of aceretion to the water table is about 21.5 % of the aversge
rate of precipitation,

This value of 21.5 % 1s very ruch comparable with
those obtained by using the empirical formula earlier evolved
by Bhattacharya at al® according to which

R, =1.9 (R~ 10} ve oo (5.28)
vhere l’ = Rain penetration in inches
R = Rainfall in inches

By substituting the value of R obtained from Table 5.18 in
the above equation (5.28) we get the rate of pocretion to
ground vater as 18.1% or say 18%. This is comparable to the
value of 21.5 £ as determined by Jacod's method.



COI CLUSION 8

1. The results obtained by the application of the above

method can be very useful in computing the ground water
recharge of the area, i

2. The results obtained for the accreation of water table

by Jacob's Method are comparable to those obtained emperically
by Bhattacharya et n" .

3. This method may bridge the gap betwemn the present
understanding of infiltration and of run-off,



CHAPTER 6

CHEMICAL QUALITY OF GROUND WATERS

INTRODUCTION

During the past few decades ground water studies were only
aimed towards establishment of subsurface water resources but at
present these are considered incomplete unless the chemical quality
of vater 1s assured to be satisfactory. Besides this, wvater is
never found in its pure state in nature, as essentially all waters
contain substances derived fromlngtural environments or from the
vaste products of human boin;s: These constituents are basie
eriteria in the determination of water quality., In view of this,
the geochemistry of ground water is very important and has to be
studiey with special reference to the need for which the water 1s
put to maxiumum use in any region. As the present area of study
is very important from agricultural point of view it becomes ever
more significant to study the suitability of water for irrigational
purposes.

As already discussed in Chapter 4 the deeper aquifers in
the area are under confined conditions while the shallow aquifers
are under vater table conditions. It, therefore, becomes essential
to eclearly bring out the differences, if any, between the chemical
quality of waters from these two geohydrological units. However,



~ a greater emphascis given to the vater from deeper aquifers. Thus
the chemical quality of ground water has been dealt under two broad
heads 1.e. (1) the chemical quality of ground water from shallow
reservoir and (11) from deeper aquifers. Such a division is regarded
desiradble because the geochemical evolution of water under these
different hydrological conditions may differ to some extent.

COLLECTION OF WATER SAMPLES

Water samples from the deeper aquifers were collected from
the state tubewells directly from the discharge pipe while they
were being runf®’ watering the fields: These samples were collected
in the year 1964 and 1965 during the months of October and June
respectively, so that seasonal variation, if any, may also be
determined. Twenty water samples from dug-wells, which tap the
shallow water table aquifer, were collected during the month of
October 1965. One hundred water samples were collected from
tubewells which tap the deeper confined aquifers. The water
sanples from the deeper aquifers have been chosen in such a manner

that they represent the entire area on a reglonal basis.,
METHOD OF ANALYSIS

The commonly determined constituents in water analysis
are expressed as ions and include the cations (positively charged
ions) 1.e. Caleium, Magnesium, Sodium and Potassium and the anions
(negatively charged ions) i.e. Sulphate, Chloride, Carbonate and

Bi-carbonate.
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There are variocus methods in vogus for the water analysis
vhich ineclude gravimetrie, volumetric, apectrophotemetric and Flame
photometric procedures (Rainwater and Thateher®2). The gravimetric
technique in vater analysis is tedivus and time consuming becaunse
of usual necessity for precipitation, filtraticn, wvashing, ignition
and weighing, whereas the volumetric analysis is more rapid and
sensitive, Recent developments have made available precision
instruments such as Spectrophotometer and Flame Photometer which are
very useful in water analysis. |

The water sample coldscted during Octobsr 1964, June 1965
and Oetober 19656 verc analysed in the Chemical Laboratory of U.P.
Irrigation Researech Institute, Foorkee, and the Chemistry Department
of the University of Roorkee, Roorkee. l|l+ and k1* vere deternmined
by Flame Photometer while the other cations as c.a" 9 il;m and anions
c1l” " aoi' . cog" and nco%’ vere determined by gravimetric or
volumetric methods., pH was determined by a pH meter and electrical
conductivity by econductivity meter bridge. Total dissolved solids
(ID5) have been scaloulated from the electrical sonduetivity measure-

ments of the water samples.

METHOD OF EXPRESSING ANALYSIS

As the total amount of dissolved sonstituents form only a
small fraction of the total wiight of water samples, the analyses
ars expressed in parts per million (ppm). Parts per million and
miligrams per litre are numbriecally almost the same 1if the
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concentration of disolved solids is low and the specific gravity of
vater is nearly 1.0.

A better unit useful for geochemical studies is equivalents
per miliion (epm), or more exactly milligram equivalents per Kile-
gram. Equivalents per miilion are calculated by dividing Wts per
million by the gquivalent weight of the ion under consideration.
Inasmuch da the total equivalent weights of eations and anions in a
solution must be the same, the sum of the equivalents per million
can be used to check the accuraey and completeness of chemical
analyses (Davis and DeWiest °2),

CHEIICAL QUALITY OF WATER FPROM SHALLOW AQUIFERS

The chemical characteristies of water from shallow aquifers
are not discussed in detall because the water from this horizon 1is
mainly used locally for drinking purposes only. The range of the
important constituents have been given in Table 6.1.

- TABLE 6.1 RANGE OF CHEMICAL COMPUSITION OF GROUND WATER IN THE
SHALLOW AQUIFERS IN MUZAFFARNAGAR = ME'RUT DISTRICT

SleWe._ _ _ .. Constituents = _ _ _ _ _ _ Comeentration A _ _ _ _
1l Bicarbonates oe 140 - 260 ppm

2 sulphate oo 100 - 300 ppm

3 Chloride o 6 - 25 ppm

4 Total dissolved solids., 140 - 400 ppm

5 ’E se 6.8 - 7.6

6 Electricgl Conductivity. 176 - 600

(lel ).



The sbove table indicates that the water is of good
quality from drinking standards which is also indicated from
the basterial analysis data which were made available by the
Munieipal Boards of Meerut and Muzaffarnagar distriets. The
chemical data from shallowv ground water reservoir indicate
that primarily, the water is of bicarbonate-sulphate type.

The higher concentration of 50, in these waters can be explained
due to the presence of organic material, and also due to the
presence of 804 in the soil in the form of 'reh' as has been
stated in chapter 2,

CHEMICAL QUALITY OF WATER FROM DEFPER AQUIFERS

The results of chemical analysis of waters from deeper
(econfined) aquifers for the month of October 1964 are: given
in Table 6.2 and for June 19656 in Table 6,3, The concentration
of various constitutents 1s expresed in parts per million (ppm)
and for principal cations and anions concentration in equivalents
per million (epm) is also given.



TABLE 6.2 CHEMICAL ANALYSIS DATA OF GRUNND WATER FROM
MEERUT-MUZAFFARNAGAR DISTRICTS - OCTOBER, 19 6 4

Tubewell Nos. 10A 63 54 154

Constituents ppm epm ppm epm ppm  epm ppm epm

Sllica 6,5 - 4.6 - 18,6 - 9.3 »

Iron - = - - = - - -

Caleium(Ca) 74,3 3,707 40,0 1,996 74,2 3,707 35,7 1.781

Magnesium(Mg) 9.6 0,789 24,0 1,973 16.8 1,386 30.0 2,280

Sodium(Na) 17.7 0,769 13.3 0.578 6,0 0,261 7.8 0,339
+

Potassium(K)

Carbonate(C0,) 18,0 0,509 12.0 0,399 = - 12,0 0,399

Bicarbonnte(ﬁcoa) 202.8 4,798 170,.8 2,799 146.4 2.399 219.6 3.599

Sulphnto(so‘) é6.5 0.34 48,6 1,001 48,8 1.016 20,6 0.428
Chloride(Cl1) 14,0 0.40 42,6 1.213 79,9 2,263 7.1 0,200
Dissolved solids 330 - 310 - 300 - 200 -
calculated

Sreecific ceonduct-

ance (Micromhos ' 504,0 - 441,.0 - 504,0 - 409,56 -
at 257¢)

pH 7.8 7.2 7.3 7.8
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Tubewell Nos. 43 48 59_ =X g A g
Constituents ppm epm ppm epm ppa epm ppm epm
3ilica 7.0 - 14,0 - 13.0 - 18.2 =
Iron w = - - - - - -
Caleium(Ca) 53 1427 T4.3 3,707 85.7 4.276 170.0 8,483
Magnesium(Mg.) 2.6 0.789 9.6 0,789 7.2 0,592 75.6 6,217
Sodiuk(Na) :

+ 6,3 0,274 19,7 0,856 26.2 1,096 38,6 1.679
Potassaium(K)
Carbonate(C0,) - - 36,0 1,199 = - 60,0 1,999
Bicubomtt(ﬂcoa) 195..2 3.199 39ﬁ.8 4,798 146.4 2,390 536,8 8,792
Sulphlto(so‘) 14.8 0.308 1B,]l 0,376 86.5 1.800 169.3 3.524
Chloride(Cl) 9.9 0,279 8.5 0,239 66,7 1.880 161.9 4.565
ST e - 272 - 384 - 1020 -
Speeific conduct-
::éc;s s;:)lorunhm) 315.0 - B35.5 - 588.5 o 1701.1 &

pH 7.7 7.9 7.7 8.0
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Tubewell Nos. 12 21 22 29
Constituents pPpm epm Ppm epm Ppm  epm ppm epm
3ilica 5.2 = e = 13,6 = 8.86 =
Iron 4,2 = - - - - - -
Calcium(Ca) 127.1 6.344 44.282.,70 107.1 5.34 44,3 2,21
Magnesium(Mg.) 34,8 2,861 43,0 3,52 114.0 9.37 27.6 2.26
Sodium(Na)

+ 20.4 0.887 22,0 0,800 95.6 4,15 16.5 0.71
Potassium(K)
Carbonate(C0,) - - 12.0 0,389 = = -

Bionrbonlti(ﬂcos) 439.2 7,192 264.2 4.179 683.2 11.19 341.6 5.89

Sulphato(sﬂ4) 79,56 1,686 70,0 1,45 210.5 4.38 37.5 0.78
Chloride(Cl) 78.1 2.202 43,0 1,21 225.8 6,36 7.1 0,20
Dissolved solids 6656 - l412.,0 =~ 1246,0 - 374.,0 =
calculated.

Specific conduct-
ance sncrouhos) 1071
at 25°C)

2268 - 1963.,0 - 835,0 -

ok 7.6 7.8 7.6 7.2
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Tubewell Nos. 1e 18 22 30
Constituents pPpR epm ppm epm ppm @&pm ppm epm
81110‘ 6.06 - 22.4 - 9.3 - 4.66 -
Iron = - 2.8 - - - - -
Cllcitll(cl.) 35.7 1,78 42.86 2.13 30.0 1.49 51.4 2.56
Magnesium(Mg.) 9.6 0,78 48,0 3.4 39,6 3,26 33,6 2.76
Sodium(Na)
+ 22.0 0095 16.5 Oo 71 38.6 1067 40.8 1.77

Potassiun(K)
Cnrbonato(coa) - - - - = - = =
Bicarbon;to(ncoa) 2190.6 3.59 219.6 3,50 268.4 4,39 414.8 6,79
Sulphatc(804) 21.8 0.45 70,6 1.12 21. 6 0.46 27.0 0,56
Chloride(Cl) g8.520,24 41,1 1.16 42,6 1,21 17.64 0,49
Dissolved solids 250.0 - 414,0 - 332,0 - 456,0 -
caleulated.
apoclfig'conduet-

8‘01‘@0.) 378,0 - 630,0 - 504,0 - 693,0 -
ait 25°C

pH 7.1 7.6 8.2 7.5
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Tubewell Nos. 10 26 32 36
Constituents PPR  epR pPpm  epm ppa epm ppm epa
811103& 9.33 - 2.33 - 506 - 208 b
Irm - - 5.6 - - - 2.8 -
Cllcilm(Ca) 42,85 2,13 80,0 3,99 74.7 3.73 102.8 5,13
Magnesium(iMg.) 19.2 1.57 45.86 3.76 43,2 3.66 19.20 1,57
sodium(Na)

+ 7.86 0,34 9,04 0,39 11.79 0,50 2.36 0,10
Potassium(K)
Garbonata(coa) 36,0 1,19 = - 12,0 0,33 60,0 1.89
Biaarbonntc(ﬂcoa)lﬁs.i 2.39 488,0 7,99 365.0 5.98 268.4 4.39
Bulmt.( 80‘) 37.08 0,77 32,9 0,68 42,856 0,89 36:43 0,73
Chloride(Cl) a6.56 1.06 26.9 C,76 34,08 0,96 15,62 0,44
Dissolved solids 260.0 - 540.,0 = 480,0 - 368,0 -
calculated,
Speeific conduet-
ance yiﬂrmﬁ.) 441,.0 - 819,0 - 7566,0 - 567,0 -
at 25°C)

pH 8.0 7.9 8.0 7.8




(Table 6.2 Contd.)

Tabewell Nos. 37 38 80 863
Constituents ppm epR ppR epm ppm epm pPpm epm
Si1lieca 18.8 = 1.87 = 12,6 - = =
Iron - - 4,2 - 4,2 = 2.8 -
Cllci\ll(Cl) 08.57 3.43 45‘7 2.“ 41.“ 2.56 47014 2.”

llagnutu(ll.) 31.2 2,56 10.8 0,88

Sodlum(Na)

+ 40,87 1,77 - =
Potassium(K)
Glrbonato(cos) - " - -

Bicarhonato(ﬂcoa)440-2 7.36 146.4 2,39
Sulphlto(so‘) 300490.63 24,72 0,51
Chlorids(Cl) 24.14 0,68 14.2 0,40

Dissolved solids 478.0 - 2000 =
calculated.

Speecifis conduct-
n:oa ;?oronhos) 724.8 - 283,686 =~
a

pli 7.9 8.4

15,6 2,28 34,8 2.86

38,6 1.67 10.8 0.88

36,0 1l.19

268.4 4.39 341.6 5.59

18,64 0,38 20,18 0.42

2.23 0,26 14,91 0O.42

300.,0 =

472.0

7.6

364.0 -
567.0 ®
7.4
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Tubewell Nos. 24A 36A 39 50 <

Coastituents ppm epm ppm epm ppm epm ppm epm

Silica 4.7 - 5.0 - 12,2 = 5.6 ©

Iron - = 16.5 - Bl - = -

Cnl&iun(Cl) 61.4 3.08 189.7 4.47 35.8 1,78 38,3 1.91

Magnesium(Mg.) 26.4 2,17 14.6 1,20 14.2 1,16 16,6 1.36

Sodium(Na) . 20.1 1.26 7.6 0,32 1.6 0.66 2.4 0,10
&

Potassium(X)

C;bonate(coa) - - - - - - - -

Bicarbonatg(ﬂCOs) 390,4 6.39 390.4 €.39 268.4 4,38 219.6 3.56

Sulphlto(so‘) 27.2 0,56 14 .3 0.29 9.6 0,17 10.2 0.21
Chloride{Cl) 7.8 0,21 18,5 0.52 8,6 0,23 12,8 0,30
Dissolved solids 418.0 - 490 - 276,00 - 338,0 -
claculated. !

Speecific conduct- 661,50 - 756.9 - 409,86 - 520.56 -
ance Snicrunhos)
at 25°C)

pH 6.95 8.5 8.8 8.5
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Tubewell Nos. 30 59 80 5
donstituents PP epm ppm epm Ppm  epm ppm  epm
Silica 2.5 o l.O - 15,86 -~ 31.7 -
Iron - - - - - - - -
cllﬁi“n(Cl) 95.9 4.7‘ 120.0 5.99 87.1‘ 4034 100.0 4099
Magnesium(Mg.) 8.4 0,690 20.6 1.69 22,80 1.87 34,80 2,86
sodium(Na)

& 1.6 0,07 3.6 0.15 3.14 0.13 9.4 0,40
Potassium(K)
Carbonatc(cea) - - - - - - - -
Bionrbonlta(ﬂcos) 292.,8 4,79 180,0 65,99 366.,0 6,99 414,8 6.86
8ulphat.(804) 18,2 0,37 20,6 0.42 14,0 0,29 49,4 1,02
Chlorid‘(CI) 7.2 0.20 9.8 0.26 7.1 0.20 24,14 0.68
Dissclved sclids 340,0 = 445,00 = 314,0 - 418,0 =
calculated,
Specifie conduct-
ance Snioronhos) 526,0 =~ 883,0 = 504,0 - 693,0 =~
at 256°C)

7.2
pH : 7.6 8.4 8.5
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Tubewell Nos, 13 12 36
Constituents PpR epm ppm epm ppm epm ppR  epm
Silica 1.4 - 0.8 » 7.83 - 2.8 -
Iron - = 6.2 - 12,32 = = -
Caleiun(Ca) 28,6 1.42 64.0 3,19 24,0 1.69 80.0 3.99
Hlmaiﬂl(ﬁg.) 12.0 0,908 23.8 1.95 25.2 2.07 14,0 1,36
Sodlum(Na)
% 62,9 2,73 17.3 0,75 7.0 0,30 1.2 0.52

Potassium(K) |
Carbonato(coa) - - - - 24,0 0,79 - -
B.torbmto(HCOa) 336.,0 5,50 292.8 4,78 219.6 3,509 202,8 4,78
3“1phats(304) 8.3 0,17 35,8 0.74 16.16 0.31 16.0 0,33
Chlorid.(Cl) 5.7 0.16 9.9 0.27 B.62 0.24 7.2 0.20
Dissolved solids 350.0 = 310.0 = 2340,0 < 336,90 =
caloulated., 1
Spooifie cenduot-

Bieronhos 567.0 == 504.0 - 459,90 - 536,0 =
nt 26°C

pH 5,7 73 8.4 7.3
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Tubewell Nos, 9 CA 2 28
Constituents ppm  epm ppm epm ppm epm ppm  epm
silica - - 4,2 - 1.9 = 5.6 -
Iron 2.8 - - - 700 - 1216 -
Calciul(Cl) 80,0 4,49 92,8 4.61 54,3 G470 32,8 1.63
ngnOItlil(Hg.) 8.6 0.69 10.0 0.82 28,8 236 19.2 1.57
Sodium(Na)

4 2.4 0.14 2.8 0,12 2.3 0.10 26.9 1l1l.12
Potassium(K)
Carbonatl(CUa) 12,0 0,390 24,0 0,79 - - o -
Bialrbonth(BCO3J 202,0 4,788 256,00 4,19 244,0 3,99 244,0 3,992
ﬁulphlt.( 504) 2.4 0.06 8.0 0.16 32.6 0.67 10.0 0.20
Chloride(Cl) 4,1 0.1l1l1 6.8 0.19 34,1 0.96 7.1 0.20
Dissolved solids 350,0 - 370,0 - 408,0 = 356,0 =~
calculated
Specific conduct-
ance 8niorolhoa) 520,0 - 560,00 = 630,0 - 567,0 =
at 25'2)

pH 8.5 8.4 8.8 9.1
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Tubewell Nos. 14 10 11 1 "
Constituents pom epm ppr  epm ppm epm ppm epm
Silieca 4.1 = - - 4,2 = 7.5 =
Iron = = = - 15.4 = 9.8 -
Calcium(Ca) 29.7 1l.48 57.1 2,84 41.4 2.06 30.0 1l.49
MagnesiumiMg.) 23.7 1l.94 3.4 0.27 42,0 3.456 20.4 1.69
Sodium(Na)

+ 13.7 0.59 21.9 1l.26 14.9 0,64 8.6 0.37
Potassium(K)
Cubonatn(cos) - - - - - - 12,0 0,39

Biclrbonatl(ﬁcos) 266.2 4.19 158.,7 2.60 244.0 3.99 1l46.4 2.39
Sulphlt0(304) 10.2 0021 17.3 0.36 58,1 1l.20 12,8 0.26
Chlorid.((:l) 8.5 0.23 8.8 0,24 39 .8 l.12 8.5 0,23

Dissolved solids 264.0 - 195.0 - 472,0 - 304,0 =
calculated.

Upecific conduaet-
ance slioro-hos) 390,6 - 304.1 - 693-0 - 472,85 -
at 25°C)

]IH 8.6 : 703 9.1 9.0
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Tubevell Nos. 2 15
Constituents prm  epm ppm  epm ppm epm ppm  epm
S5ilica 5.6 = 11.567 -
Iron 5.6 » - +
Caleium(Ca) 41.4 2,08 26.43 1.26
Magnesium(Mg.) 25.2 2,07 10.56 0.87
Sodium(Na)

+ 1.0 0,47 7.0 0.29
Potassium(K)
cnrbonatc(coa) - - - -
Bicubmt.(ﬂcoa) 244,0 3.99 146.4 2.39
Sulphate(s0 ) 18.5 0.38  9.39 0,19
Chloride(Cl) 11.4 0.34 .94 0.28
Dissolved solids 359,0 =~ 220.0 =
calculated.
Specific conduct-
ance Snioronhoi) 535.0 - 434,70 =
at 25%C)

pH 9.1 8.1




TABLE 6,3 CHEMICAL ANALYSIS DATA OF GROUND WATER FROM
MEERUT- MUZAFFARNAGAR DISTRICIS « JUNE, 1968

Tubewell Nos. 10 53 64 4
Constituents ppm  epm ppm epm ppm epm ppm epm
S8ilieca - - 6v36 = 13,6 = - =
Iron - - - - - - 1.8 <
Caleium(ca) 28,57 1l.42 40,0 1.99 69.3 3.45 80.0 4.0
Hl.gnlli\ll(l'lg . ) 28.0 2.30 32.4 2.66 14.4 1.18 13.2 1.06
Sodium (Na) : -

+ 0023 0010 5053 OQM - - 9.90 0012
Potassium(K)
cnrbonato(coa) ; ‘- - - 15,0 0.49 24.0 0.8
Bicarbonuta(ncoa) 195.20 3.19 219.6 3,59 185.8 3.04 317.2 6.2
8u1phuto(804) 7.42 0,156 14.8 0.30 17,0 0,36 17.0 0.35
Chloride(Cl) 14,2 0,40 14.2 0,40 14.2 0.40 14.2 0.42
Dissolved solids 198.0 - 236.0 - 301.0 - 460.0 -
calculated.,
Specific conduct-
ance gnicruhhos) as59.1 - 409,50 « = 456,0 - 120.9 -
at 25°C)

pH 8,0 7.8 73 7.1
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Tubevell Nos. 48 | 59 30 22
Constituent$ Ppm  epm ppm epm Ppm epm ppm epm
silica = = - - - - 20,583 =
Iron 2.5 = - - 10.6 - 19,6 -
Caleium(Ca) 128,0 6.4 66.0 3.2 38,57 1.82 37.1 1.85
Magnesium(Mg.) 15,7 1l.26 7.2 0,58 28.8 2,36 18,0 1.48
Sodiun (Na) :

> 1.95 0,08 0.48 0.02 0.22 0,009 3.37 0,006
Potassium(K)
Carbonate( _‘.03) 24.1 0.80 36.0 1.19 - - - -

Biearbomto(ﬂcoa) 439,2 7.08
Sulphatc(S!u) 22.56 0.47

Chloride(Cl) 2l.4 0.63

Dissolved solids 480,0 =
calculated.

dpecific conduct-
ance snorﬂho:) 811.3 =
at 25°C)

pH 7.4

122.0 2.00 268.4 4.399 195.2 3.19

14.6 0.30 18,56 0.38 5.68 0,1€

25,56 0.76 8.6 0.24 17,30 0.36

290.0 - 27000 - 358.0 -

‘15'.230; - 396,80 =

7.7 ' 8.2 8.2
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Tubewell Nos. 21 13 29 22
Constituents PpPE  epm ppm epm ppm epm PR epm
Silieca 8.40 - 8.4 - 10,26 ; - 21.0 -
Iron - - - - - = 12.6 =
Caleium(Ca) 60,0 3.0 50,0 2.49 38,5 1.92 34.2 1l.91
Magnesium(Mg.) 38.4 3.07 31.2 2,56 286.4 2,17 8l.6 6.71
Sodium(Na)

+ 0.25 0,01 P.87 0.42 9.0 0.39 0.22 0,009
Potassium(K)
Carbonntc(coa) - - - - - = & -
Bicarbonatn(ncoa) 341.6 £.6 268.,4 4.39 244.0 3.99 439.20 7.19
Snlphato(so‘) .99 0,20 74.2 0,15 10,71 0.22 34,61 0,72
Chloride(Cl) 12.86 0.,38 14.2 0,40 11l1.36 0,32 12,78 0.36
Dissolved solids 260.0 - 244,0 - 276.0 - 448,00
calculated.
Specific conduct-
ance Snicrauhos) 459.9 - 441.0 - 422.1 - 693,0 -
at 25°C)

pH 8.8 7.8 7.8 8.3




(Table 6.3 Contd.)

144 -~

Tubewell Nos. 20 10 26 a8
Constituents PPR epm ppm epm ppm epm Ppm epm
3ilica 18.1 = 29.8 - 1l1.2 - 39.2 =
IrOn - - 11.2 - 12.6 - 2502 =
Calcium(ca) 34,28 1,91 37.1 1.85 314 1.56 102.,8 5.13
Magnesium(Mg.) 61.6 4.24 64.8 5.32 45.6 3,75 45,6 3.75
. Sodium(Na) |

+ L - 209 0012 0.4 0001 0013 OQW
Potassium(K)
Carbcnato(coa) - = - - - i - =
Qiearbonato(ncoa) 317.2 65.19 366.0 65.99 317.2 65.19 463.60 7.57
Sulphl.tO(BO4) 28.8 0,60 73.3 1l.62 6.59 0.13 71.692 1.69
Chloride(@l) 15,6 0.44 21,3 0.60 15.62 0.44 25.6 0.72
Dissolved Solids 384.0 - 490,0 - 394,0 - 488,0 -
calculated,
Specific condust-
ance 8‘10?@1}0’) 567 .0 - 75600 = 60400 - 756 0 -
at 25°C)

pH 8.5 8.8 8.4 9.0
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Tubevwell Nos, 32 2 11 D
Constituents PPm epm PPm epm pPpm  epm  ppm  epm
81110. ‘06 =3 21.0 - 15.' - 15.“ -
iron - - B.4 - 19.6 - 23 -
cdﬂiﬂ(::‘) 80,0 4,0 17.71 3.84 60,0 2.99 80,0 2.49

Klﬂllhﬂ(l‘.) 40.8 3.27 43,2 3,55 43,2 3.58 21.6 1.77

Sodium(Na)

+ 0,39 0,02 0.3 0,13 0,36 0,01 8.8 0.38
Potassium(K) '
c‘rbomt.(cos) - - - o - - - -

B’.C“bﬂ"l“(xcos) 366.0 6.0 341.6 5,50 268.4 4,39 244,00 3,99
mulphlt.(ﬂo‘) 3643 0,74 24,72 0,61 43.6 0,90 15.66 0,32
Chlorld.(cl) 25,56 0,76 28.2 0,79 710 0.20 8,52 0,36

Dissolved solids 408.0 w 450.,0 - 208,0 - 265.0 =
caloulated,

Speoific conducte /
%sﬁﬂrﬂ“) 612.0 - 693.0 - 459,90 - 409,850 -
a

pH 9.0 g.1 7.8 8.3
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fubewell Nos. D D 63 ]
Constituents ppm  epm ppm epm ppm 2 epm  ppm  epm
Siliea 4.24 - - - 11.2 - 15.8 -
Tron 14,0 » - - - - & -
c&lﬁim(CI) 42.85 2.13 31.4 1.56 11.42 0,57 75.7 3077
Magnesium(Mg,) 45,6 3.75 33.6 2,76 24,0 1.97 21_.6 1.77
Sodium(Na)

+ 0.35 0,01 0.65 0,02 11.8 0.51 - -
Potassium(K)
Garbonato(cos) - - - - - - & 3
Bianrbomto(ﬂws) 202,3 4.79 244,0 3.99 146.4 2,39 317.2 65,19
.iulphltl(soi) 14.42 0,30 8.24 0,17 23,07 0.48 27.2 0,56
Chloride(Cl) 19.88 0.56 12.78 0036 11.36 0,32 15,6 0,44
Dissolved solids 335.0 = 280,0 - 206,90 = 300,0 =
ﬂllﬂ“l‘t‘do
Specific sonduct-
ance Scuiuronhos) 541,80 - 415,80 - 189,0 - 504,0 -
at 25°C)

pH 7.7 7.6 7.7 7.6
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Tubewell Nos. 14 23 52 50

Constituents ppa epm ppm  epm PpPR  epm ppm epn

Silica 11:18 - 25.66 - 24,26 = 4,06 -

Iron - - 2.8 - = - - -

calﬁl“N(c‘) 35.7 1.78 7.1 1.85 57.14 2.85 54,28 2,70

ngm31“(us-) 16.8 1.38 25.2 1l.89 19.2 1.67 14.4 1,18

Sodium(Na)

* = - 347 0,008 11.0 0.47 = =

Potassium(K)

Garbomtc(coa) - - - - = T n. &

Bioarbomtu(ﬂcoa) 195.7 3.18 195.2 3.19 244.,0 3,99 219.,6 3.59

Sulphltu(SO‘) - - 14,01 0.20 16.5 0.46 7.88 0,20
l Chloride(Cl) 14.2 0,40 7.10 0.20 14,2 0.40 11.36 0,32

Dissolved solids 240,0 - 280,0 - 310.0 - 3056,0 -

caloulated,

Specific ennducte-

ange suarcuhos) 378.0 - 428,.,4 - 472,5 - 434,8 -

at 25Y¢)

]IH 816 8‘7 8.0 8.2




(Table 6.3 Contd.)

Tubewell Nos. 36A 19 1 8
Constituents ppm epm ppm  epm pm  epm ppm  epm
silieca 7.40 = 22.8 - - - - -
Iron 2,12 - 16.8 - 2.8 - 2.8 -
Gllci\ll(Cl) 45,7 2.28 105,71 65.27 116.0 5,78 115,00 5.73
Magnesium(Mg.) l14.4 1,18 60.4 4.11 3l.2 2.56 36,0 2.96
Sodium(Na)

+ - - 37.04 1.61 2.0 0,08 2.4 0.104
Potassium(K)
Carbonato(coa) - - - - 12,0 0,79 - -
Bicarbonlto(BCGa) 196,0 3,19 366,0 5,090 388.2 6.30 414.8 6.86
5u1phato(804) 6.5 0.13 230.7 4,80 21,2 0,44 226,66 0,47
Chloride(Cl) 7.1 0.20 1.3 0,32 17.04 0.48 17.0 0.48
Dissolved solids 235,0 - 414,C - 510,0 - 520,0 -
ealculsated,
Specific conduot-~
ance gnierudhoa) 3656,0 - 567.0 = 634.7 - 662.9 o
at 25°C)

pH 8.8 7.8 7.2 7.6




(Table 6.2 Contd.)

fubewell Nos, 9 12 16 6
Constituents ppm  epm ppm  epm ppm  epm ppm epm
S5ilica l.4 = 1.4 - - - 18.46 -
iron - o - - 2.0 = 5.6 =
Caleium(Ca) 108,0 5,38 115.0 5.73 80.0 3,99 41.4 2.08
Hl‘m.i“‘u‘o) 30,0 2.48 25,0 2.05 40,00 3.238 25,2 2,01
Sodium(Na) ‘

+ 2,6 0,11 4,2 0,20 2,6 0,11 = =
Potassium(K)
Cnrbonat.(cos) - - - - - b - .
Bioarbonato(ﬂcoa) 414.8 6.86 390.4 6.39 366.0 5,99 146.40 3.39
Sulph..tre(so4) 1e.8 0‘41 20'6 °043 2205 0.47 m.? 0.54
Chloride(Cl1) 21.3 0,60 15.02 0.42 11,36 0.32 19.8 0.56
Dissolved solids 490,0 = 495,0 - 464,00 - 426,0 -
calculated,
£pecific conduct- '
ance Snioro-hes) 608,2 - 608,2 - 584,0 - 630,0 -
at 25°D)

‘pn 7.0 8.2 7'3 805




(Table 6.3 Contd.)

Tubewell Nos. 24 3l 42 20
Constituents ppm  epm ppm  epm ppm epm prm  epm
31110a - - 3.26 - 406 - 4.6 -
Im 8,4 - - - 2.8 - - -
Caleium(Ca) 12.8 0,64 28,5 1l.42 54,3 2,71 31.4 1.563
Hm.’Si‘u(H‘-) 30,0 2,45 3.8 0.22 24.0 1.97 26.4 2,17
Sodimm(Na)

+ 4,35 0.1B 10.6 0.856 9.4 0.41 l11.4 0,49
Fotassium(K)
csr‘bonate(coa) - - - - - - - -
Bicarbonato(nco;j) 219,8 3,89 146.,4 2,29 317.2 5.19 268.4 4,39
bulphat.(ﬂo‘l) 6.59 0,13 33,1 0,68 37.8 0.78 11.5 0,24
Chloride(Cl) 8.82 0,24 8.5 0.22 4,3 0,12 §.7 0,13
Dissolved solids 198,0 - 186.0 - 360.0 > S -
calculated.
Specific conduct-
ance wcrmhoal 340.0 - 270.9 - 587.0 - 453,0 -
at 257C)

pH 8.9 8.2 7.5 7.7




(Table 6.3 Contd,.)

Tubewell Nos. 14

20

13

B AR A W e e W B W W W e a Y e W W R R R T W R %W WA W e

epm  ppm  epm

Constituents ppm epm
8ilica 8.4 =
Iren - -
Caleium(Ca) 28,8 1l.47
Vagnesivm(Mg.) 33.6 2.69
Sodium(Ng)

+ - -
Fotassium(K)
Carbonate(C0,4) - -

bical‘bomto(ﬂcfva) 195.8 3.20
6u1phatl(804) 23,07 0.48
Chloride(Cl) 8.9 0.27

Pissolved solids 256.0 =
caleculated,

specific conduct~-
ance( micromhos) 441.0 -
at 25%)

pit 8.4

0.33 0,01

366,0 85.79

9,90 0.28

- 11.‘ -

- - -

2.26 35.7 1l.28

1.38 10,8 0,88

0.006 6,290 0.29

2.20 146.4 2.39
0.49 9,47 0.19
0.16 29.94 0.28

- 290.0 -

- 352.8 =

8.1 8.3




(Table 6.3 Contd.)

Tubewell Nos, 18 29 :
Constituents prm epm Pp™  epm pPpm  epm ppm epm
Siliea 6;63 - 12,6 - - - - -
Iron - - - - - - - -
Caleium(Ca) 22,8 1l.14 57.1 2.85 - - - -
Magnesiuc(Mg.) 12,0 0.98 19,2 1.57 - = - -
Sodium(Na)

» - - 11,0 0.47 - - - -
Potassium(K)
Carbonate{Cd,) = . - - - - - -
Bicnrbonato(ﬂcos) 146,0 2,39 268.4 4.39 - - - -
Su}phate(30,) 2,47 0.05 14.4 0.29 " - . .
Chloride(Cl) 2.84 0,08 7.1 0.20 - & - -
Dissolved solids 136.0 - 40040 = - - - -
calculated.
Specifie conduct-

384,30 = - - - -

ance Snicromhos) 264,68 -
at 25°C)

PH 7.2

8.2




GRAPHICAL REPRESENTATION OF WATER ANALYSIS DATA

There are many methods of graphie representation of water
analysis vhich are very useful in the study of the chemical
quality of wvater. In this chapter the following graphical methods

of representation are used:

BAR PATTERN OR PERCENTAGE COMPOSITION DIAGRAM

Collins 8 first introduced the graphical presentation

of analysis data in the form of bar diagrams. Under this system,

the analysis is represented by a vertical bar graph vhose total
height 1s proportional to the total concentration of anions or
ocations. The bar is divided into segments to show the concentrations
of the ecatlons and anions which make up the total. Usmually these
are divided into six sub-divisions. Cations are plotited on the

left half of the vertical bar and anions on the right,

The bar dlagrams inplate 6,1 show the chemical data for
the ground water from a few of the representative wells tapping
the deeper aquifers of the area.

A comparison of the water analysis data for the months
of June and October indicates that the econcentration of lul* and
X" 1s more in October than in June while Mg2* and HCO1™ are less
in June as compared with October, These seasonal changes in the
quality of wvater can be explained either due to cation exchange
or changes in ground water regime. It is difrfiecult to establish
the influence of cation exchange as the schemical changes in the



sediments are not known. However, exee:sive recharge due to rain,
which falls from June to Oetober, will influence the chemical
character of ground water, Greater concentration of ll* & 11’ and
HCOL™ indiecate that it 1s due to the leaching of the overlying

3
alluvial formations in the recharge area,

PIPER'S DIAGRAM

This system of plotting was suggested by Pip.ra‘ and
represents a trilinear plotting system. The relative concentra-
tions of constitutents is expressed as a percentage of total
reacting value and the essential chemical character of water is
indicated graphiecally by a single point plotting of catlons and
anions on trilinear coordinates. For sonvenience, the sub-total
of all cations and anions reacting values is taken as 100 percent
for computing seperately perosntage reacting values of the several
ecation and anion variables. This procedure balances analytical

arrors automatically.

Piper's diagram combines three distinet fields for
plotting, two triangular fields at the lower left and lower right
respectively, and an intervening diamond-shaped field. All the
three fields have scales reading in 100 parts (Plate 6.2 and 6.3).
In the triangular field at the lover left, the percentage reacting
2+ 1+ l1+) abe

plotted as a single point according to conventional trilinear

value of the three cation groups (Gaa*, Mg® 4, Na

coordinates, Likewise the three anion groups (HGO%' + 00:" 802',

€11" ) are plotted in the triangular field at the lower right,
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Thus, two points on the diagrem, one in each of the two triangular
fields, indicate the relative concentrations of the several

dissolved constituents of a naturzl water.

The Central diamond shaped field is nused to represent the
overall chemical character of water by a third single-point plotting.
A few features of the ckhemieul quality of natural waksrs can not be
explained by the Piper diagram, e.g. waters having different total
80114 contents but the same percentage of cations and anions fall
at the sime point within the diagram., The plottings in these
diagrams show the chemigal character of vater according to the
relative eoneentration of its econstituents but not ascording to
the abaolute concentration. Piper sugigested that the ablolutnl
congentration can be indicated by drawving cirele around the plotting
in the sentral field so that the area of this eirecle is proportional
to the total conecentration. 8uch a method is not convenient in the
present study because the plottings ars so close to each other, that
one cirele will overlap the other and hence the total solid contents
have been tabulted separately (Table 6.200d 6.3).

The digmond shaped field has been divided into several
zones, according to which it becomes sasy to diseriminate quality
of vater by their plottings in sertain sube-areas of the diamond
shaped field.

The plots of ground water samples for the months of Ostober
and June are shown in Plate 6.2 and 6,3, Each vater sample is repre-
sented by a point in the central diamcnd shaped fisld. The plottings

May

(both for Ogtober and\June) indicate that the water sample are



PLATE 6.2

o

Ve ,m
SYAVAVAVANV
.%v‘%vnmv

AVAvQV VO‘VQVA o

NNNNNN

PLOTTINGS OF WATER ANALYSIS DATA FOR
OCTOBLER 1964 W P\PERS DIAGRAM




PLATE 6.3

5
: 0’3':3‘:’3‘:‘ .
MO
ok,
A’A‘A’%

PLOTTINGS OF WATER ANALYSIS DATA FOR
SUMMER (1965 \N P\PLRS DIAGRAM.




dominated by alkaline earths and weak acids. Such a type will be
included under the "Segondary alkalinity" elass of Palmorss.

DUROV'S DIAGRAM

burov's g1azram (Chillingarss) is a double triangular diagrame
In one triangle the composition of water is expressed in terms of
HCO3", 805~ and 1" anions and in the other in terms of CaZ*, Mg2*
and H;+ caticns. The amount of these ions are expressed in percent

milligram équivalents as in Piper's diagram. In this plctting cog'

is added with HCO™ and K'* with Nal*,

In order to obtain points inside the square, perpendiculars
are drawn from the corresponding points plotted in the triangles and
extended until they intersect.

In Plate 6.4 the waters from the investizated area fall in
the upper right corner, representing, Durov's Class I (Primary
waters). These are classified as simple waters and formed as a
result of the action of atmospherie precipitation falling on the

Earth's surface.

WATER QUALITY MAPS

A useful procedure in the study of water quality data 1is to
plot the results on the map. Such maps are mostly utilized, in the
study of ground water in a single aquifer,

Generally a water quality map 1s prepared by entering mumbers

or symbols at well loecations to represent the concentration of total
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dissolved solids or of individual constituents in absolute values,

or as ratios. The areal distribution of the water of variocus kinds
can thus be observed on the map in a general way (Hem®"), It has
been indicated earlier that the deeper aquifers in the area form one
single hydraulic unit and they in turn are distinguished from the
shallov aquifer. The Chemical data from the deeper aquifer have been
used for the preparation of such maps. These types of maps extrae
polate data between sampling points and show the areal characteri-

sties more clearly than any other procedure,

I5GCUHE HAPS

The technique of mapping water quality characteristies by
draving lines of equal concentration of dissolved solids or siagle
ions in ppm has been used in the present discussion. On this basis
lines showing egual chloride concentrations (Isochlors) have been
dravn as show™in Plates 6.5, 6.6 and Isosulphate maps are given in
Plates €.7 and 6.8,

RATIO MaPS

The study of the variation in the values of r30,/rCl,
riig/rCa ete. gives a clear pieture of the chemisal charasteristies
of a ground water reservoir (Schoeller °°), Such maps are of help
for the study of variation in the chemiocal quality of water in the
direetion of flow (The symbol r indicates that the elements before
vhich it 1s placed are expressed in milliequivalents). Keeping this
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in view, r80, /rCl and rMg /rCa ratios are determined for the water
samples and these are plotted in the ratic maps (Plates 6.9 to
6.12). Based on these values, contours of squal ratioc values were
dreawn. These ratio maps indiecate that the rS0, /rCl and rdg/rCa ratio
deasreases in general from north to south.i.e. in the direction of
ground water flow., This is in confirmity with the views of

Schoeller °® ageording to whom, "the chemical compesition of water
in a ground water reservoir does not remain constant from the point
of entry to the point of exit., Broadly speaking, the ratio rsS0,
/rCl and rMg/rCa decreases from the area of recharge to the area of

discharge.”
SUITABILITY OF WATER FROM DI'EPER AQUIFER; FOR DRIRKING PURPOSES

This study 1s of importance because in the investigated
area, water is mainly used for domestle and irrigational

purposes.

In Table 624 given the Permlssible j14,4¢s of various
gonstituents with respect to the use of water for different

purposes.
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PLATE 612
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TABLE 6.4 QUALITY CRITERIA POR VARIOUS USES, NUMBERS ARE MAXIMUM
RECOMMENDED CONCENTRATIONS 1IN .gsﬂﬂ PER MILLION
(AFTER Davis AND DeWies

Drinking Ceneral house- Irrigation ;oal Bioler
roce-

cor Uoocd Poor ssing

pre= pre-
- TV 0T
Mm 0,086 o - - - 0,08 - -
Arsenie 0,06* - - « « 0,08 =
Barium 1,00" o - - - 1,00 = -
Bicarbonate 800 150 500 200 600 300 & 50
Boren 20 - = 0,3 3.0 - -
Cadnium 0.01* - - - - 0,01 = -
Caleium 200 49 100 @ w 80 1 40
Chloride 280 - « 100 300 300 e -
Chromium  ©,08% - - - 0,086 - Y
Copper 1.0 0.8 3.0 = - 3.0 - &
Cyanide 0.2* - - = - 0.2 - -
Fluoride 1.8 . - = - 1.8 o -
3%‘1?1!:" 1.0 0,05 2.0 = w 0.8 ¢ s
Im 100 0.2 0.5 - - 0.3 - -
Lead 0,08 = - - - 0,08 = =
Magnesiua:x 1285 20 100 - - 40 1 20
Henganese 0,08 0.06 043 - - 0.1 - -
Fitrate 20 - - - - 20 - o
Phenol 0.001 - - -~ © 0.001 B -
Selinium  0,01% = < . - 001 -
silica - 10 80 = ® 1 30
Silver 0.08% - - - = 008 = -
Sodium 200 100 300 80 300 300 = 80
Sulphate 250 100 300 200 800 - - o
Synthetie=
detergents 0.6 0.2 1.0 = = 0.8 0 0
Total solid 1500 300 2000 800 3000 1009 100 2000
8ine 6 - = - o 8 = -

Note: ® Mendatory limits of the U.B. Public Health Service for water
used in Inter-state Publie transportation fasilities,
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SUITABILITY OF WATER FROM DEEPER AQUIFERS FOR IRRIGATIONAL PURPOSES

The suitability of ground water for irrigation 1s
econtingent upon the effects of the mineral constituents of water
of both the plant and soil. Wilecox “'hu classified the
suitability of irrigation waters on the basis of electtical
eonductivity, sodium percentage and boron concentration in ppm
(Table 6.5). Sodium pergentage (also known as percent sodium) is

(Na+K) 100
defined by % Na = Tasligiiaik where all ionie concentrations are

expressed in milliequivalents per litre.

TABLE 6.6 QUALITY CLASSIFICATION OF WATER FOR IRRIGATION
(AFTER WILCOX 99)

Water class Percent Electrical Boron

sodium, omduggidty . ppm,

EC x

Excellent < 20 £ 280 < 0,67
Good 20 - 40 250 = 750 0,67 - 1,33
Permissible 40 - @60 780 « 2000 1.33 - 2,00
Doubtful 60 - 80 2000 - 3000 2,00 - 2,50
Unsuitable > 80 > 3000 > 8,80

The sodium percentage and electrical econduetivity of the
water samples from the area under study are given in Tables 6.6
and 6.7. On the basis of the percentage sodium and eleetrical
conduetivity, the author is of the opinion that almost all wvater
from the deeper aquifewss fall under the olass of "Good waters"
vhich can be used for irrigation purposes without any harm.



- 161 -

TABLE 6,6 SODIUM PERCENTAGE AND ELECTRICAL CONDUCTIIVITY IN
WATER SAMPLES FOR OCTOBFR - 1964

: TUBEWELL NUMBERS
CHemmisl 3 ® & WA S8 B8 >
Sodium
Percentage. 14.6 12,1 4.8 7.7 10.8 16.3 19.3 12.3
Electricdl)
conducti- ) 804,0 441.,0 6504,0 409.5 315,0 635.5 5908,5 1701.0
(EC x 107))

A I I T T I s I T T N T N T NS s ST T R
T TUBEWELL NUMBERS
°°”““‘“‘““! 21 22 20 19 18 22 30 10

sodium

Per“ntu.o 12,70 22,10 12,9 27.1 10.6 26.1 25,01 8.4
Electrical)

condueti- ) 2268,0 1963.0 535,0 378.0 630.0 504.0 €93.0 441.0

vitye g )

(EC x 107))
lll'::r.‘z-:::u::===sa=====ma==:::l:rx::::nz:::na:a:::z:naz:xx:u:=====:==:==an

! TUBEWELL WUMBERS
Constituents] 32 36 37 38 8 63 240 36A
Sodium
Pﬂrcmtu.o 7.6 1.5 22,90 o 30.32 14,0 19.5 6.6
Electrical)

conducti- ) 756,56 867.0 724.5 283.6 482.5 567.0 661.50 756,0
vity. 6 )
(EC x 10V))

L i P b Pt s P B R PR R T P R e P P

T ~ TUBEWELL. NUMBERS
4 %
Sodium
P.roontqo. 3.0 l.26 2,0 2.14 4.94 53.1 12,74 7.53
Electrical)

c::duoti- ) 520.51 526,0 663.0 504.0 693,0 567.0 504.,0 459.90
YitYe.
(8¢ x 10%))

A T T N T T T T T T T S S T T T e T e e e e e
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(Table 6.6 Contd.)

' TUBEWELL NUMBERS
Constituents; 4 2 39 36 9 3A 4 8

‘----.L~‘-‘--------.-------n---‘.

Sodium
Percentage. 8.7 8.0 2.28 0,93 1.97 2.18 1,93 25.94

Eloetriaalg
Conducti-

ity.
(50 x 105)3

RERSITRSINERATS RS I I I I I T I I T NS EE S

1071.0 819.0 409.50 526.0 580.0 560.0 630,0 567,0

H TUBEWELL NUMBERS
Sodium
P‘rc‘ntﬂsﬁl 14,86 28,86 10,30 10.49 10.23 12.1
Eleotrieal)
econdugti- ) 390.6 “1.50 693.0 ‘7205 536,86 315.8
ﬁ.ty. 6
(EC x 107))
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TABLE 6.7 SHOWING SODIUM PERCENTAGE AND ELECTRICAL CONDUCTIVITY
IN WATER SAMPLES FOR JUNE - 1965,

1 "TUBEWELL NUMBERS

]
Sodium »
P.ro‘nt‘g.o 0.30 4.9 - 8.4 1.2 0.8 0.8 0.8
Eleotrical)
Conducti- ) 369.10 409.850 486.0 729.9 811,3 486.6 415,80 396,90
(EC x 107))

R R N T N T T T T SNSRI SEEINEmaSIIITI?

; TUBEWELL NUMBERS
Gonstitutntli 21 13 29 g2 ) 10 2¢ 38

Sodium
Percentage. 0.2 7.8 8.7 0.1 - 1,6 0.3 0.1

Eleotrical)

c::;ueti- ; 459.90 441.00 422,10 €93.0 567.0 756.0 604,80 756.0
V. .

(EC x 10%))

-'.“SEBBIESHI,ES'!!Il!lEﬂ’“!Iﬂ'“,‘.ullﬂﬂnllﬂﬂﬂﬂn- =T TmmaTTaoss

k|
;
conntituontsl 29 2 11 D1

-’------*--‘-- - & =

Sodium
p.ro.nt“.o 0.2 1.7 0.3 8.2 0.3 0.7 16.5 -

Elegtriecal)

ﬂﬁg\mti- 3 612,20 693.0 459,90 409.5 841.8 415.8 189.0 6504.0
v s

(E¢ x 10%))

b -4+ R I RSN ISR T TS TSNS SISUNSEISRIARAREN

7 " TUBEWELL WUMBERS
Gunltitucntsi 23 14 52 80 36A 19 1 8

o e W 9 an 9 -------‘----------‘-------.

Sodium
P.rﬂ.nt‘g.o 0.1 L 9.6 - - 14.8 1.2 1.3

Eleetrieal)
condueti- ) 428.4 378.0 384.3 434.6 368.0 567.0 634.7 662.9
vidy, ¢ )
(EC x 107))
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(lel. 6.7 cmtdo)

! “TUBEWELL NUMBERS
Constituents! o 12 !‘-

Sodiunm

p.r.mt“'. 1.5 2.7 1.7 e 4.8 33.2 7.5 11.7
Electrical)

oonducti- ) 608,.2 608.2 0584.0 630,0 340.2 270,90 667.0 ‘5306
ﬂt’o & )

(EC x 10))

T T I S T T T T IgES ISR IR ERNERT

! TUBEWELL NUMBERS

CGnstitu.nta' 14 9

Sodium

Percentage. - 0.14 0.3 11.2 v 9.6
llcetricalg

condueti- 441.0 403.2 2658,3 asz2.8 264.,6 384.30
(EC x 107))
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According to the classification by the U.S. Salinity
Laboratory (Todd‘o), the suitability of water for irrigation
purposes is based on Sodium Adsorption Ratio (SAR) and electrical
econductivity. The Sodium Adsorption Ratio (SAR) is defined by

Na -
/(Ca + Mg)/ 2

SAR =

vhere the concentrations of the constituents are expressed in

milliequivalents per litre,

Direot indication of the salinity and alkalinity hasards
wan be obtained by losating the points for a particular irrigation
wvater in the classification diagram vith electrical condustivity
and SAR as coordinates (Plate 6,13, 6.14). The figure is binomial
and Cy 5 Cg 4 C3 4y C, and Cg represent vater classes with increasing
hazards from total salt concentrations and 81 ’ 8g ’ l3 pnd Se
represent water classes for increasing hazards of exchangeable
sodium accumulation 4p irrigated solils.

.r‘fh. SAR values are determined from the chemical data and
theseltabulated along with elestrical condugtivity in Tadle 8.8
and 6.9, These data are plotted in the Salinity Diagram
kPlates 6.13 and 6.14).

8uch a plotting indicates that almost all waters from

the area fall within ca - 81 elass and, therefore, are suitable

for irrigational purposes.
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TABLE 6.8 SODIUM ADSORPTION RATIO (SAR) AND ELECTRICAL
CONDUCTIVITY FOR WATER SAMPLES - WINTER -
1964

: “TUBEWELL NUMBERS
]
Gmltimntak S !9& " 53 64 12‘.. 43 48 50

- W W W W W W s W N W W o s W A W W AT et e e .

SAR 0.80 0.,41 0,08 0.27 .281 0.6 0.7 0.61
Elcetriotlg ‘ :
condueti- 504,00 441.0 804,0 409.8 3158.0 635.5 898.5 1701.0

vitye o )
(E¢ x 10%))

B N R T N T s T I I R T NN ST TS e NSRS

y TUBEWELL NUMBERS
i
Constituentsy 13 21 _ 22 __20__29 _218 _22 _320

SAR ' .41 4.27 1.63 0,47 0488 0.5 0.28 1,08

Elcetrienlg

&?mti- 1071.0 8268.0 1963.0 8535.,0 378.0 630,0 504.0 693,.0
Y

(EC x 106))

e b Pt RS P e L R PR R R S L P R T R T PR L L T L R

B "TUBEWELL NUMBERS
COnstitunntsl T ey 26_ _ 32_ _36__ 37 ag

w Ay W W W W W O W W W W We Y WW Y Y w

SAR 0.2 0.,19 0.22 0,08 1.0 1.6 1.2 0.585
Eloctrioalg
gggguoti- 3 441,0 819,0 766.0 567,0 724.5 283,85 472,56 567,0
(B¢ x 10%))
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“TUBEMELL NUMBERS

'
EAR 0078 0.11 0.08 0.08 0001 0008 0.08 -

Electrical)
sonducti- ) é61.5 756.,0 409.5 520,51 526,0 éél, O 504,00 893,0

wity.
Tac o 10‘);
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j " TUBEWELL NUMBERS
Gnu:titnont:' 1 12 3¢ ® 3A 4

W A e W W Ty W W W W YW G W W - A ST R W B O W Ay

SAR 2.48 0.47 0,08 0.01 0.066 0,075 0.06 0.89
 Eleaotrical) :
3;:dnoti- ) 567.0 §04,0 459,90 828.0 620.0 560.0 630,0 567.0
s O :
(Ec x 10%))

B T e T N R Y S N I NS N T T NSRS NS S IR IR

v TUBEWELL NUMBERS
Conltitnontsi 4 10 11 1 ) 16

SAR 0.456 1.01 0.,39 0.88 0.33 0.856
Eloetriunlg '
condueti- 390,6 304,14 693.0 472,858 833,56 318,0
(EC x 107))
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TABLE 6,9 SODIUM ADSORPTION RATIO (SAR) AND ELECTRICAL
CONDUCTIVITY FOR WATER SAMPLES JUNE -~ 1964

TUBBMBLIL NUMBERS

Gonltltnnntci _s
-ﬁ----i------.-----w“;---n--------
SAR 0,083 1,16 0.8 0.4 0.01 0.006 0,003
Elootrionlg

Conducti- 359.10 409.50 729.99 811,3 486,6 415,80 396,90
vity, 8g

(EC x 10™)

R N I N T T e SIS ST

T "TUBEWELL NUWDERS _
Constituents! o 13 _go _ s _ 10_ 88 ___38__
BAR 00005 00“2 O.m- 0'03 0.068 0001 0.002
Eleetrical)
econdugti- 459.90 441,0 422,10 693,0 756,0 604,.8 756.0
vity. 6
(EC x 10%))
m“ﬂ'.“'"ﬂ“““=ﬂmmnﬂ=:ﬂ“=“3“ﬂﬂ=m'”ﬂmm'

TUSEVELL WONEE -
Constdtuents!
SAR 0.004 0,008 0,019 0.40 0,003 0,315 0,766
Elestrical )
Conducti- ) €93,0 541.8 415.8 189.0 438.4 384.3 567,0
vity,
(EC x 107)

A s I T T T I T T N ST NSNS NI NR

' TUBEWELL NUMBERS
consutmntsl _
SAR 0.042 0,047 0,055 0.106 0,087 0.08 0.90
Eleectrical)
condueti- 634,7 662.9 6€CB.,2 608.2 584,0 340-2 270.9
vity. 6
(EC x 10%))
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(Table 6.9 Contd.)

¥ ~TUBEWELL NUMBLRS
Constituents} 42 29 14 ® 20 13 829 D-6

S8AR 0.27 0.37 0.014 ©€.008 0,004 Q.12 0,318 0.50

Elestrical

wu- ; 867,0 463,66 440.0 403.2 268.3 §82.8 384.3 400.5
Yo

(EC 2 10.);

SEssram s oIS I e T I I R T N R TS T eSS T NI I T I I ST eI I



CONCLUSIONS

1. The chemical analysis of vater samples from dug wells and
from deeper tubewells has bhown that these waters are of somewhat
different chemical quality. The waters in the shzllew aquifers
are comparatively rich in sulshate while those from confined
squifers are rich in bicarbomate. This difference has again
indicated that the shallow and the deep aquifers in this area
are not hydraulically interconnected.

2, There are some seasonal differences in the chemiecal
character of waters from decper aquifers. In Octodber the water

is relatively riwh in Sodium, Potassium and Biearbonate while in
June it gets rich in Magnessium, BSuch a difference in the quality
of water can be explained by either the effeot of leaching of
alkaline soils during the recharge or by cation exschange.

3. The vater from deceper aquifers can be classified as
"SeeondarY alkaline”™ water aceording te Palmer's elassification
(Palmer 55), It can also be classified as 'Prinmary’ wvater
ageording to Durov's e¢lassification and therzfore is regarded to
be of metewwic origin.

According to Piper's ¢lassification it is characteriged
by the predominance of alkaline earths and weak asids.

4, The study of the variation in the quality of water by
the help of ratioc maps has indicated that the r80, /rCl and
rMg /rCa ratios decrease from north to sourth wvhich 4% also the
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direction of groundwater flow. 'uch a variation can be
explained by the groater solubility of C1 and Ca in water,

8. The water from deeper aquifers is found suitable for
irrigational purnoses as has been coneluded by the study of
eleatrical conductivity, SAR and percent sodim valuess

64 Althoigh it haes been shown from puup test data in
chapter 4 that ninor amount of leakage from shallowamifer
to the deeper confined acuifer takes place durine pumping,
however, no appreciable difference in the chemical quality
of water with pumpine from deeper aquifers was observed.



CHAPTER 7

QUANTITATIVE ASSESSMENT OF GROUND
WATER

introduction

Water 1s a renewable resource., In this respect it is like
soil apd plant and animal lifes Rain periodically replanighes the
nataral supply of water on the earth's surface and in the
subgsurface formations which are tapped by wells and gprings., This
natural supply of water, like that of other remewalls resources,
is usually limited in time and space. In recent years, the use
from this limited source, about which we lnow very little has
grown enormously, This lack of lmowledge has hampered ° ils
effective development as well u"tln and congervation.

The imperative need in ground water development, past
and future, 1s to kmow what we are doing, This imcovledge comes
from probing into the methods by which nature puts water into the
ground and takes it out agein, as well as the changee that nan
makee by his activities.

The ultimate goal of quantitative hydrologic assessuent
is to determine addition of water to the ground water reservoir
of the areas under investigation from all sources (ground water
irverement ) and discharge of every kind from the ground water
body (ground water decrement). The balancing of the one againgt
the other 1s Imown as the ground water inventory. The general
equation of hydrologic equilibrium provides a quantitative statement
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of this balance,

The aim of such investigations will be (a) to determine
the amount of recharge and its fluctuations (b) to determine
the amount of storage in the aquifers (e¢) to determine the rate
of present ground water withdrawal and its effect on the
available supply, (4) to determine the amount of natural drainage
and (@) to estimate the amount of salvage from such inflows and
out-flows for optimum development of the ground water basin,

Precise establisiment of such relationghips is very
time consuming and more so for ground water basins which have
bpmm to uge by way of development for short period. The maln
ain in the presant study is to formilate a bagls for evaluating
quantitatively such relationships. From the observations of shallow
wells in the area it 1s concluded that the dug-wells ars sonstructed
only down to a maxirum depth of 80 ft. (24,4 metres) below ground
surfeeo and drav water from the water bearing sand horisons
ancountered within this depth only, From the sub-gurface correla-
tion charts it has been observed that in this reglon the clay beds
separating the shallow aquifers with that of the dseper aquifers
below 100 £t. denth(30.5 metres) are of considerable thiclkmess.
Ag mentioned earlier in Chapter 4 the deeper aquifers are under
semi-confined or leaky confined conditions and as such it will
be reagonable to believe that the effect of rainfall and
gubgurface drainage to the rivers are more effective on the shallow
ground wator reservoir rather than en deeper aguifers. wlth ,
this in view it would be reasonable to deal ground water assessment
in the present area under the two broad heads viz: (1) shallow
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ground water reservoir and (ii) of semi-confined ground water
reservolr, The shallow ground water reservoir is defined as a
group of aquifers met above the first effective and well defined
aquiclude in the depth zone between 80-100 ft. (24,4 - 30,5 metres).
The quantitative estimates have been made for the years 1962 and
1965, suehstudy invelves, an sccurate quantitative analysis of the
sroumd water storage based on the ground water equation,

Exevions york

Barlier attempts on the quantitative ground water
studies in Gangetic alluvium dates back to the early thirties
vhen lackenzie-Taylor® initiated such studies before starting
the Ganges valley state-tubewell scheme, These investigations
were again revived in the year 1987 vhen the lesearch Committee
of the Central Board of Irrigation and Power accepted the
necessity of undertairing systematic observations of water table
conditions in the country., Barlier attemptls in this direction
were msde by Dwivedi snd Cupta'l and Daya Prekash et a1l® ,
simflar studies have also been attempted in parts of Aligarh,
Stah and Bulandghahar by Raghava Rao ot a1l and in parts of
Ssharanpur district in western Uttar Pradesh by laghava Rao X,

For the area under description thsre hag been no attemt
in the past to earry out such studies,
COLLECTION OF DATA

Aainfall data for more than 30 rain-gauge stations of
Mearut and Mugaffarnagar rogion for the years 18968 to 1985 were
collected from the various departments, Ustimates of pumpage hour
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were available for each state tubewell for the entire period of
study from the various Tubewcll divisions of the Irrigation
Department. Water levels (for May and October) in the open wells
were partly measured and partly collected from the Irrigation
Pivisions, Information regarding the discharges of rivers were
also made avalilable by the various Irrigation Divisions.

GROUND WATER BTOME IN THE SHALLOW MMOIB

A study of the various lithologleal charts indicates
that the average thiclkness of the clay bed within 100 feet
(30,5 metres) depth of shallow aquifers works out to be approxi-
mately 35 ft. (10.70 metres). Therefore the thickness of the
group of atuifers in the shallow reservolr is approximately
45 feot (13,71 metres) whereas the average water level in the
ghallov aquifers is about 20 feet ( 6,00 metres ), Hence the
average saturated thiclkness of aquifer will be (45-20 ft
= 25 ft. 1i.e. 7.62 metres)
«'« The area under study is = 2333 sq.miles
Volume of the saturated aquifer
= 2838 x 640 x 25 Acre ft.
= 45408,000 Acre ft,
= 45408 thousand Acres ft.

Bhattacharya et a1%2 nag inferred that, on an average,
the speecific yleld of the alluvial aquifer in this part of Gangetic
Valley is 17 #%.

Hence
oround water storage = 888 ;v

= 7T7719,36
= say 7710 thousand acre ft.
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Leaving 80f of the ground water storage as permanent
reserve and other contingencies for drought seasons

Ground water storage = 3859,8
available for use

or say = 3860 thousand acre ft.

An accurate method for the determination of ground water balance
depends on the general hydrological equation (Wisler and
Prater® ) which may be written ass

F+Ry+Ry+R +Ry -E+DE+DU+DL+DW3 8 ¢ (7:1)
vhere F = recharge from infiltration

R, = Pecharge from surfaco bodies of water

Ry = recharge from lateral underflow

nn = rocharge by leakage through an aquiclude
Ry, = recharge by wells, trenches, or other infiltration

E = discharge by evapo-transpiration

Dy = discharge to surface bodies of water

Dy = discharge by lateral underflow

D, = discharge by loakage through an aguiclude

n, = discharge by wells

1A8 = increase or decrease in storage volume

Zach of the above mentioned factors have been evaluated separa-
taly as below, before they could be balanced out to give the
value of A 8.

Secharge from Infiltration F
The precipitation reaching ground surface becomes either
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surface run off or ﬁmmtim accordingly as rain intensity
exceods or falls short of infiltration capacity. The latter term,
infiltration capacity, 1s defined as the maximum rate at which a
goil in any given condition ig capable of absorbing water.
Bhattacharya ot al® on the basls of study from the western districts
of Canga-Yamma Doab have given the following empirical formula

for computing the rainfall penetration:

% = 1.35 (R-M)* clu on oe (Tna)

where B.p = Rainfall penetration, in inches.
!® = Anmal Rainfall in inches.

Therefore the total amount of rain water infiltered into
the area 1s ;a A x 640 sq acres ft. ¢ oo wa (7s9)

Where A is the area in sd.miles,

However, part of this water will be lost through
evapotrangpiration and subsurface drainage. Such losses are
considered as 507 of the total rainfall infiltration,

Rainfall infiltration figures for the period under study
1.0, (1958-65) as computed from equations (7.2) and &(7.3) have
been tabulated in Table (7.1)

Table 7,1 RAINFALL INFILTRATION FIGURES FOR MUZAFFARNAGAR
AND MEERUT AREA

Yoar HAIfall R Amount of  lecharge que to Rain
(inches) rainfall fall infiltration
(inches) 3, ¢47tration after deducting 507

£t/ e:gom iration
s ’ :;d( mzrrag flow.
Acre foet/yr.) .

1958 23, 50 5. 14 777384, 96 388692, 43
1960 32,40 5¢79 868200, 96 434100, 48
1962 28,30 5.19 735638, 40 392779, 20
1964 26,80 4,83 731068, 80 3656534, 40

4, Q7 $16089, 74 308044, 87

330
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The amount of recharge to ground water varies from year
to year which depends on the anmual precipitation and as such
an average value has been incorporated while compiling the
ground water balance,

8

Thig includes (a) recharge from such bodles of water
as reservoirs, lakes, ponds, irrigation channels and irrigation
areas and (b) recharge from bounding rivers. However the class
(a) has been dealt under the factor R, and the class (b) alone
under the factor R, .

The main drainage courses in the area are of effluent
nature and ag such the amount of influent drainage is taken

as negligible.
Recharge from lateral Under Fow - Ry
The water table contour map for the shallow aquifer

(Plate 3.1 to 3.8) depicts a hydraulic gradient of about 3,0 ft.
per mile in the northern and southern regions.

As mentioned earlier the saturated thiclmess of the
ghallow aquifer within 80 ft. thiclmess of the alluvium is
25 ft. in the northern part of the area. The average permeability
of the shallow aquifer can be taken to be the same as that of
the deeper aquifer because the grain size parameters of the
two are more or less the same, Therefore, for computational
purposes the permeability of the shallow aquifer is taken to
be 800 gallens per day per sq, ft.

'« T = B00x25 = 20,000 gpd/ft,
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The inflow to the area = T4 L

wvhere T = Tranmmissibllity of shallow aquifer
4 = mHydreulic gradient
L = width of the cross section through which

water enters the area i.,e. about
niles.

»« By = 20000 x 85=x3 gallons/day

= 3300000 gallons/day

= 36097.82 Acre ft./ year

= or say 5700 Acre ft/year
Becharge by Lealage . - &y

The water level in the dug-wells which tap the shallow
aquifer is usially the same as in the deeper confined aquifers.

Therefore there will be no recharge of the shallow aquifer due
to the upward leakage from the confined aquifers.

Under this factor direct feed to ground water reservoir
from lakes, ponds trenches, irrigation channels and irrigated
areas have been accounted for. There are threec major canals
pagsing through the area namely Caenga Canal, Lower Eastern
Yamma Conal and Amipshshar Branch, Matiur®® has shown that
influent seepage from these canals is insignificant and as such
this assumption holds good for the present area of study also.
The totel infiltration F 1s computed as

F = £ At
where f 4s the infiltration capacity, A 1s the area
under these surface bodies of water and t 1s the duration for
for which water stande over the area A, Thus n.,,uuvonw
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Irrigated areas do not materially add anything to the
ground water reservoir as the water mostly evaporates or is
consumed in replenishing soll ndsture defficiency.

Discharge by Gvapotrangpiration - &
All wnter losses are classified as
1. Interception
2, Evapobation from water surfaces.
3. Plant tmmmum‘
4, foil or land evaporation and
8. Water shed leakage.

As it 1= Aiffiet to determine these loses accurately,
they are taken to be 507 of the total recharge by imfiltration.

Here are included losses to surface water bodies e.g.
rivers etc. There are many drainage courses in the area such
as the Yamma, the Ganga, the Hindon, the Krighni and the
Kali Nadi (sast and West). Their effluent character in the
are, has been uﬁlbulhn_ﬂ by the study of water table maps
(Plates 2.1 to 3,8) and the profiles accress the river courscs.
The profiles are also used to determine the amount of hydraulic
grodient (Table 7.2). The water level data have been given
in ft. above M, S.L. '
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Table 7.2 DATA OF GROUND WATER GRADIENT ALONG
THE VARIOUS CROSS SECTIONS

Yomuna jiver
Section 1

Covers well lo, 12 and 11
Digtance between well No, 12 and 11 = 2,80 miles

Average Average
Your level level of water difference hydraulic
in in level, 1in in wvater gradient
well well £, level in in
RN : (- 1%+ (7% & § X, Lo /ulle
1958 740,67 761.60 20,
1962 750.00 770,00 20,00 (+)20,83 (+) 7.44
1965 75180 773,46 21,60
gctobax
1858 749,67 766.05 16,33
1062 31 770.05 8.74 (+)12,92 (+) 4,61
1965 761,66 774,30 64
section 2
Covers well Nos 9 and 8
pDistance between Vell No, © and 8 = 1,00 nlle
Water Vater Difforence Average Average
Year level level of water difference hydraulle
in in level in 4in water gradient
well well £, level in in
_Jo.9_ No.8 L5, Lt.alle
1958 707,19 714,16 6,97
18962 701,77 718,92 15.15 (+)10.82 {(+)10.82
1965 702,07 712,42 10,36
s i Joctobex
1988 708,32 719,17 15.85
1962 700,27 717.82 17.56 (*‘ )17.30 (+)17,30
19656 700,02 718,52 18,50

Average hydraulic gradient = (+) 10,04 ft/mile



Ganga River
gsection 1
Covers well No., 10 and ©
Digtance between 10 and 9 - 3.60 miles.
h'd

Vater Water Diiference Average

Year level 1level of water difference bmlrmuo
in in level in in wvater gn.enmt
well well . ft. level in

:r.n..mu.__

1958 761,05 778,34 27.29

1962 745,33 772,34 27.01 (+) 27,46 {+) 7.63
19658 748,20 T36.30 28,10
OgctoboalX
1958 756,33 782,84 26, 51
1962 747.32 772.84 25,51 (+) 26,27  (+) 7.20
1965 748,58 775,33 20,80
Section 2

Covers well No., 21/16 and 19/12
Distance between well No,21/16 & 19/12 = 2,08 milew.

| Y
ater Water m&:.rmen Aversge Average
level lavel inf water difference hydraullc

Year in in level 4in in water gradient
well well £t. level in in
B & R Lt /mile.

1958 642,12 686,18 44,06

1962 642.22 687,33 29,11 (+) 44,19  (+) 2L.24
1965 647,60 685,00 37,40

Ocktobor

1058 649,72 691.48 41,76

1962 649.22 687.33 ag, 21 (+) 39,09  (+) 18,79
1965 648,80 694,10 37,30

Average hydraulic gradient = (+) 13,74 f£t/mile



Exlghpd ver

section 1
Covers well Wo, 4 and 5
Distance between well No, 4 and 5§ = 1.6 miles

Water Water %uem Average Average
10;:1 level in vater difference hydraulic

Year _ in level in in water gradient

well well ft. level in in ,

Lte Li/mile
M m& ﬂ&?’ + 61“
1962 776,22  770.91 +i 5,31 (+) 6,03 (+) 3,77
1968 776.32  T70.20 (+) 6,12
Qctobaxr,
B Pt T B3 (+) B2 (s) 328
1965 770.61 780,00 9. 42 " .
Seetion 2

Covers well No, 4 and 1
pistance between well No., 4 and 1 = 1,6 niles

i
“Vater Water erence Average  Average
level level of water difference hydraulic
Year in in level in in water gradient

well wall it. level in in

Jio.4. Hos 1l . Lt Lhe/nlle
1968 752,65 771.28 - 18,61
1962 751,42 770.20 18,78 {+) 18,76 (+) 1L72
1966 751.54 770,44 = 18,90

Octobar

1968 788.85 - -
1962 774.21 778,08 3,82 (+) 3,82 (+) 238
166 773.21 777,08 . 3,82




Section 3
Covers well No, 7 and 1
Distance between well No, 7 and 1 = 1.6 miles

Y
Water |VWater erence Average Average

Year 10:;1 level of water difference hydraulie

in levael in in wvater gradient
well  well ft. level in in
BT P A (7% R e £. /nile
1958 718,56 723,50 4,94
1962 713,08 720.83 2.77 (+) 2,98 (+) 1.88
1965 718.78 720,00 1.25 |
Setobalr
B MU mE i
1965 720,00 724,74 aa (+) 474  (+) 2.96

Average hydraulic graedient = 4,33 ft./mile

Hindon River
Section '1
Covers well No, 2 and 3
pisgtance between well No, 2 and 3 = 1,6 miles.

Water Vater Mﬂmen Average Average

Year level level of water difference hydraulie
in in level in in vater gradiet
well wall Ite. level in in
0eZ  No.S Ll fe./olle

1958 789,59 813,02 22,43
1062 812,87 814,02 i:g (+) 8.82 (+) 5, M4

1965 812,51 813,61
Octobar
1958 813,10 815,34 2, 24
- (+) 2,07 (+) 1,29

1965 815,91 817.81  1.90
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Section 2

Covers well Yo. 1 and 2
Distance between well Vol 1 and 2 = 1,6 miles

water Vater ﬁ#emu Average Average
level level of water difference hydrauliec
Yaar in in level in in water gmdicnt

wall wall £t. level in

Fo. 1 Fo.2 . tt.lanh
1068 706,72 719,22 12,80
1962 706,14 718.00 86 (+) 12,38 (+) 7.72
1965 708,10 717.80 11,70

Dctobelr
19588 714,18 785,18 9,00
1962 706,72 718,72 12,00 (+)11,06 (+) 6,91
1965 707,72 718,92 12,20
Section 3

Covars well No, 5 and 1
mistance between well Wo, 5 and 1 = 1,00 miles.

i Haxy
Water Vater Difference Average Average
Yoar leval level in water differance hydraulie
m in level in in wvater md.lnt
wall g level in
M lo. 1 . J:hmﬂ.a__
1968 692,080 692,28 125
1962 601,90 693,65 1.76 (+) 2,18 («) 2,16
1965 890.94 698,72 3.48
ooatobax
1958 mm 695,97 0, 13
1962 694,72 2,98 (+) 1.83 (+) L83
1065 897.00 695,47 1.58

Average hydraulic gradient = 4,13 ft, /uile



Kall Rlver ‘est

Section 1
Covers wall Fo, @ and 4
mMstance between well No, 3 and 4 = 1,6 miles.

Veter level vater ecanice A Average
Year in \nu ¥o. in well Yo, of water d&tf. ltrdmuc
A level in gradien
£t. 10"1 in in
Lta
1252 ™8a,30 798,00 9,70 :
1962 736,09 792,81 = 3472 (+) 4.96 (+) 3,10
1965 790,34 791,81 1. 47
" . Ockobex
1968 790,59 800,71 10, 12
1962 729,09 797.81 8,72 (+)7.25 (+) 4,88
1965 789, 54 792,46 2,92
Section 2
Covers well No, 3 and 4
mestance betwean well Noe3 and 4 = 2,20 miles.
Water loval wamcmeo Averaga Average
in un flo. in Well We, of water diff, hydraulic
Year % level in water gredient
L. level in in
—-&_ m—
1968 725,02 760,35 25,33
1062 724,52 761-20 36,63 (+#)33,00 (+)15,00
1965 723,93 760, 94 37.01
als _ : |
1953 724, 762, 19 37.67
1962 725, 761,00 35, 44 (+)36,43 (+)16.51
1866 725,00 761. 19 36,19




Xall Nadl Zagt

Section 1

Covers well lio, 13 and 7

Distance betveen well No., 12 and 7 = 0,8 miles

Water Water erance Average Average
level level of water difference ¢
Year in in level in in vater gradiant
well well £t. level in in
—diRe 12 10,7 Lt F o 7,5 s U —
1058 T08.20 7T713.00 4,80
1965 712,00 716,40 4,40
Ogctober
1068 714,10 719,81 8. 71
1962 713,81 717.20 3.39 (+) 65,08 (+) 6,29
1966 716,24 722,24 6,00
flection 2

Covers well No, 1 and 2
Distance between well No. 1 and 2 = 0,60 miles.

Weter water  Diiference Average

Average
Year level level of water difference hydraulile
in in level in in water gradient
well well £t. levdl in in
1968 720,83 724,20 3,37
1962 716,91 720,91 4,00 (+) 38,81 (+) 6.36
1965 716.42 720,50 4,08
Octobaer

1958 728,08 754,45 . 37
1962 725,74 727,52 .78 (+) 4,74 (+)7.9
1965 724.75 730,81 .

Average hydraulic gradient = 6,58 ft./mile
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Taking into account that the thiclmess of the strata
through which percolation takes place is 20 ft, and the
average permeability of the formations is 800 spd/ﬂ-.e
anount of effluent drainage wrka out to be as given in
Table (7.3).

Table 7,3 STATEMENT OF EFFLUENT DRAINAGE DUE TO
NATURAL HYDRAULIC GRADIENT IN MUZAFFARNAGAR AND

MEERUT AREA
Length of Coefficient of _ Effluent
Name of the the River transmissibility hwdmn!.c dnd.m’:n
River in T=pf xm ent (L T I
Miles. = gp t. /miles. gpd.
1, Yamuna 60 16,000 10, 04 96,38,400
River | _ ‘
2, Ganga 68 16,000 13,74 1,49,49,120
River
3. Hindon 64 16,000 4,13 42,29,120 x 2
Rdver
4, Krishni 43 ]5,000 4,33 33,33,440 x 2
River
S5.Kali
Riv.r(\hlt) 44 15.000 9.79 GB.N,ISO x 2
6. Kall |
adver(Bast) 36 16,000 6.58 37,87,200 x 2
Total Effluent
e due to
na hydraulic
gradient. =  6410,55,360 Gal/day
=22,28,52,06,400 Galfgqy
= 58'411 Acre ft/”-

Notes As the Rivers Hindon m-hni, =
Kali (West) and KalilEast
flow through the central arts
of the area, effluent ge
to these rivers hag been taken
to be twice.



From the water table map for the shallow aquifer (Plate
8.1 to 3.8) it is inferred that the hydraulic gradient on an
average is about 32 feet per mile in the north to about 2.8 feet
per mile in the South, The saturated part of the aquifer material
within 80 feet thiclkness of the alluvium in the southern portion
of the area ig of the order of 45 feet. The average permeability
1s 800 gpd/ft.”

The out flow from the area due to continucus ground
water movement will be equal to the product of tronsmissibility,
hydraulic gradient, and the width of the cross section through
which flow takes place.

Hence

Dy = T IL
vhere T = transmissibility , 36,000 gpd/ft.
I = hydraulic gradient 3 ft./mile.
L = width of cross section through
which flow take place i.e,
55 miles.
= 36,000 x 3 x 55 gallmn/w'.
= 2,16,81,00,000 gallons/year
= 6656,087 Acre ft/year
= 6660 Acre ft./year.

In the present area for the shallow aquifers the leakage
can be caleulated by the following formila given by Hantugh®o,
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Q = amount of leakage through a
mtmmmotmmrm
bed of area A

-l!- Leakance

Ai.-'uu difference between the water levels
in the confined and shallow aquifer
in the area.

On the basis of the actual pump-test the average
leakanco for the area works out to be 1.66 x 10=° scre ft/day,
vhile the walue of A% been computed by substracting the
altitude of the water levels in the shallow aquifer from the
altitudes of the water levels in the semi-confined aquifer which
is approximately 2 feet., Therefore, the loss due to leakage
is equal to

2 = 1662107 1ore ft./day.

A = 2838 gq.miles

Ah = 2 £

Q = L“xld"xﬂtdﬂxakmﬂ/dw
= 6,03 acre ft./day
= 2200,96 Acre ft/year

Digcharge by Opon Wellg - D,
There are many open wells which have not been put to

full use as wvas noticed from the various tramsverses taken in
the area. However, on the basgls of data taken from various



=19l

sgencies such as Revenue records, Irrigation records and others,
the draft by means of open wells may safely be taken as 60,000

Acre ft.
BALANCE SHEET OF SHALLOW GROUND WATER RESERVOIR
FOR THE YEAR 19@8.
l. Recharge from infiltration ¥ 6,116,100 Acre ft.
2. Recharge from surface bodies : Nil
of water.
3. Recharge from lateral underflow t 38,700 Acre ft.
4. Recharge by leakage through g Nil
aquiclude.
6. Recharge vells trenches and 3 Nil

other in tration devices.

6. Total Recharge for the shallow t 6,19,800 Acre ft,
tnmd vater reservoir

1+2v 3+ 4¢5)
7+ Dischurge by evapotranspiration 1 3,77,830 Acre ft,
8. Discharge to surface s 68,411 Acre ft.
bodies of water.
9. Digcharge by lateral ' 8,880 Acre ft.
underflow ’
10. Discharge by leakage through g 2,000 Acre 't
aquiclude " d f
1l. Discharge by openewells 3 60,000 Acre ft.
12. 7Total discharge from the t  4,48,32] Acre ft.

area in the shallow ground
vater regservoir (7+5+9+10+11)

18. Ground water balance i.e. ¥ 1,74,479 Acre ft.
increment, (6 - 12)
After the balance of ground water equation it is inferred
that the net increase in the shallow groundwater reservoir is



1,74,479 Acre., Ft. which can be further utilized for various
irrigation and allied purposes without depleting the permanent
ground water storage which 1s calculated as 3,860,000 Acre ft.

Computations on n!.milai- lines have been nade for the
year 1958 and 1962 and the results are given in Table 7.4
and 7.8 .

Table 7.4 NET CHANGE IN THE GROUND WATER STORAGE

OF THE SHALLOW GROUND WATER RESERVOIR FOR THE
INVESTIGATED AREA

Sle R (Rocharging fastors) D|jpth D(Pischarging  Depth

No. fmrs) in
dnghes
1. Recharge from Infiltration ., 22,64 Discharge 1400
motunsp tm
2o W‘Q fron m"a“ «s Nil Dis e to .. 0.28
W surface bodles of
wvater.
3. R e from lateral es 0.08 MMO s 0,027
under flow. lateral nnzrﬁm.
4. Re by leakage ++« Ni1 Discharge .s 0,012
t.h:g:gg an aquiclude, 1 th;uh
an aquiclude.
5. Recharge by wells and «« Ni1 Discharge well
tmehgu. trenches. w 8.20
ml &lw ﬂ.&lﬂ

let chm!o in ghallow ground water
storage the area for the year :
s o= m” - 17,51’

= 5,151 inches.
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TABLE 7.5 SHOWING NET CHANGE IN

IN SHALLOW GROUND WATER RESERVOI
. XEAR

196

THE AREA FOR THE

GROUND WATER STORAGSE
R IN
Ze

S.No,  R(Recharging factor) faopat

ol

depth. depth.
1. Recharge from Discharge
infiltration: 25,47 ovlpctl':nlp ration 15,20
2. noehauo from Discharge from
gurface bodies of waters. Nil surface bodiu of 0.26
water
3. from lateral Discharge from
ﬁ..mm 0,18 lateral underflow 0.16
4 R leakage Discharge leakage
m .E'mu.. nil  through aquiclude 0,02
5. “.uhu‘n by wells nil Discharge by wells 3,40
and trenches,
Totals 25,65 19,04
evoniater samge i
er
olmtnrm?‘. = 26,65 - 19,04
year 1962,

= 6,61 inches depth of
water.



494
CONFINED GROUND WATER RESERVOIR

There are many difficulties in preparing a ground vater
budget for the confined group of aquifers in this region which is
due to the complex geohydrological conditions. The recharge
which takes place due to rainfall is difficult to assess as the
recharge area is not vel. demarcated. However, 1t has been
shown earlier in this chapter that approximate recharge due to
leakage from the overlying water table aquifer is of the order
of 2,000 acre feet per year.

In the following paragraphs sn attempt has been made
to find out the total draft due to pumpage from the deeper
aquifers and the fluctuations of the observed water levels in
vells vhich tap these aquifers.

(1) . Reaft due to Puspgge through Tubevells.

The total amount of withdrawal of ground water from
the area by means ot-tutmull- wag caleulated by summing up the
total discharge figures after multiplying with their running
hours for each year. The total draft due to pumpage from
1968-60 to 1964-85 13 given in Table 7.8.

Table 7.6 TOTAL ANNUAL DRAFT FROM TUBEWELLS
IN THE AREA UNDER STUDY

“Year No. of tubewells Annual draft in
commiggioned,
1968-59 462 137102
1989-60 469 101463
1960-61 482 150913
1961-82 498 1272083
1982-63 5456 188430
1963-64 800 196850

1964-65 643 203991
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The draft for the year 1984-65 for gtate tubewells works
‘ou$ to be of the order of 2,04,000 Acre ft. Taking an assumption
of 1,000 private tubewells in the present area of study the total
draft due to pumpage can léroly be taken as 4,00,000 Acre ft/year.

(11). Chanzes in the Plezometric Heads
According to the piezometriec observations in the tubevells
of the Muzaffarnagar District it has been determined that for the
year 1964-85, at an average, there is a rise of 1.5 ft (Table 7,7).
However, for partes of Meerut Digtrict which are also
included in the present work, for the same period i,e. 1964-65,
it has been determined, according to piezometric observations,
that there is a net decline of 2,31 ft in the plezometric surface.
From the above it can be concluded that more tubewvells
can be constructed in the Muzaffarmagar area vhile in the Meerut
area additional tubewells would further lowver the piezometric

surface.



Table 7.7 PIRZOMETRIC OBSERVATIONS IN MUZZAFARNAGAR

DISTRICT,

vater 1evdl. above mean sea level

gl.No, Tubewell abe Rise or fall
I (W’ (1964. )
1. 10 South Lol 41 38 + 3
2, 16 " 39 38 + 1
3. 18 » 46 42 + 4
4. 25 " 37 36 + 1
5. 27 o a5 R% + 1
6. 30 . 49 38 + 2
7. 32 " 20 38 iR
8. 10 Kairsma 35 34 + 1
9. 11 " 22 24,5 - 245
10, 14 - 24 24 00
1L 21 » 19 18 +1
12, 26 " 23 23 00
13. 27 . 21 20 +1
14, 28 " 23 20 + 2
15. 31 . 20 22 -2
6. § " 26 24 + 2
17. 2 North Lol 39 38 + 1
18, 4 . 28 b2 + 2
19, § » 32 a0 + 2
20. 6 " 33 32 + 1
8, 12A " 220 35 - 2
28, 14 » 29 23 +» 1
23, 17 Kafrana 25 20 + 5
24, 14 A North Loi 30 25 + 5
25. 15 - a6 26 + 1
26, 27 . 32 28 + 4
27’&89 . 25 25 o0
28, 31 - 27 29 + 8

Net change 42,5 ft.
Therefore average rise = 1.5 ft.



CONCLUSIOIS

An gttempt has been made in this Chapter to assess
quantitatively the ground water potential in ' an area of about
2,83 sq.miles in shallow as well as in deep confined aquifers.
i11). The net ground water storage for the shallow aguifers
comes out to be 38,680,000 Acre feet. This excess of ground water
for the reservoir indicate an excess water source of the order
of 1,74,479 dcre ft., due to recharge. This potentisl could be
further utiliged.

111). The ground water budget for the confined aquifers could
not be prepared due to complex geohrdrological econditions.
However, the fluctuations in the piezometric surface has shown
the possibilities of further ground water development in
Muzaffamagar area.



SUMMARY

Systematic studies of the ground water conditions in the
Indo-GCangetic alluvium covering approximately 7265 sq.lm. in
Mugaffarnagar and parts of lMeerut districts were started by the
author in the month of August 1964, The importance of such
investigations were felt when the author was agsociated with the
U.P, Irrigation Research Institute, Roorkee,

In Chapter 1 of the thesis a review of the previous
work carried out by several workers hag been given, It may be
vorth mentioning at this place that although large seale tubewell
irrigation is practised in this part of the country sinece long,
no systematie hydrogeological studios were carried out by the
earlier workers.

In Chapter 2 an attempt has been made to deseribe the
geomorphology and the geology of the area, The area under
description represents parts of Ganga-Yaruna Doab, It 4s also
drained by a number of other rivers all of which are of peresnial
character, The drainage characteristics of the area in terms
of quantitative parameters i.e, drainage densgity and bifurcation
ratio have been given, The computed drainage density comes to
be 0,77 miles/sl.miles which is indicative of high permeability
of the surface formations. The changes in the courses of the
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river Canga and Yamuna, as evidenced by the presence of ox-bow
lakes and point bars, have also been deseribed. The ground surface
is more or less flat with a gentle slope of 1t-2f¢ per mile from
north to south,

Geologically the area is comprised of alluvial
formations i.e. gravel, sand, clay and Jankar, The complote
thicimess of the alluvial f1l1l ig not known but it may be of
the order of 7000-8000 ft, or even more, In the present work,
however, an attempt has been made to describe the geology of the
area upto a depth of 300 to 350 ft. as has been observed from
the lithologieal logs, In alluvial formations the various
1lithologieal units, usually, do not extend laterally %o long
distances. The various formations may show interfingering or
lenpoid characters. The sand samples from various horizons within
the depth range of 115-350 ft. woere subjected to mechanical
gralyals and the various grain size parameters have been determined
i.e. Median, sorting Coefficient, Effective size and Uniformity
Coeffieients. It Ras been observed that the sands which form the
aquifers are well sorted and the grain size decreases from north
to south, In order to determine the sedimentation conditions
CM pattern was also drawn and 1t is concluded that most of the
sand was deposited by the activity of tractive currents.

In Chapter 3 ground water conditions of the area have
been deseribed. Broadly speaking two types of aguifers have been
delineated i.e, the shallow aquifer (with depth range of 80 ft.)
and deeper aquifers (100-350 ft.). The second hydraulie unit
(Deeper aquifers) is not composed of one single aquifer but of
a number of aquifers interconnected with each other. The above
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two hydraulic units are separated by a thick clay layers
intermixed with silt and Kankar which behaves as an aquitard.
The shallow aquifer is under water table conditions while the
deeper aquifers have been identified as of leaky confined
character.

Periodic meagurements of depth to wvater level in shallow
wells which tap the shallow aquifers and the tubewslls which
tap the deeper aquifers were carried out. This was necessary
in order to establish the ground water movement in the two
hydraulic units and also to deplet seasonal f{luctuations of
vater level, It is inferred that the main source of recharge
for the aquifers is the rainfall.

In Chapter 4, hydraulic characteristics, of the aquifers
1.0, Coefficlent of Transmiseibility and Coefficient of Storage,
ag determined by the pump tests, have been given, It was qulte
interesting to find that the conventional ~ Theis-nonequilibrium
method could not be applied as such under the hydrogsological
eonditien= vhich exists in this part of the country. In this
chapter a thorough analysis of the aquifer characteristics have
been made baged on recent development in ground water hydrology
and it hag been con-iuded that in 21l probability the deeper
aquifers of the area represent leaky confined character. 1In
establishing this the vertical permeability and the leakence of
aquitard have algo been determined, There are of course still
some querries which have to be answered one of these ig the
effect of vertical draining of the aquifers, It is worth
suggesting that in alluvial areas in general it is necessary to



~-201-

have a number of obsgervation holes tapping different horiszons
in order tw determine the interconnections between different
aquifers, The author feels that this will be a correct approach
to distinguish betwean the water gable conditions and leaky
conditions in such reglons,

In Chapter 5 some of the important statistical correlation
methods have been utilised to describe the ground water regime
of the area, Use has been made of the methods suggested by
Altovsky, Jacob and others.

These analyses were necessary to detemmine the bagie
factors vhich influence the ground water conditions in the present
area, In order to do thig rainfall and ground water level data
from the year 1961-1965 have been used and the correlation
coefficients by the Lincar Correlation Method between the various
variables have been determined, Jacobs' method has been utiliged
to detemine the amount of accretion to tha ground water reservoir
by rainfall, In doing so rainfall data from 1918 to 1965 have
been taken into consideration and it has been concluded that the
rainfall penetration is 21,5 £,

In Chaptes 6 chemical characteristics of the ground water
have been described both form the shallow aguifers and also from
the deeper aquifers, However, a greater empbagis has been laid
on the chemical characteristics of ground water from the deeper
aquifers as this horison is tapned by all the tubewells and is
nost developeds The water hag been classified as of calciun
bi-carbonate type which is suitable for irrigationgl and domestic
purposes. Variation in the chemical quality of water in the
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direction of flov has been indicated by preparing r 30‘/1- Cl
and r Mg/r Ca ratio Maps.

Iﬁ Chapter 7 aquantitative ground water assessment has
been made. The aim of such studies is to determine the total
quantity of ground water which can be put to use without deplet-
ing the ground water reservoir permanently. Ground water
asgessment of the shallow aquifer and the deeper aquifers have
been made separately by determining the various factors of the
general ground vater equation, Quantititive assessment of the
shallov aquifers have been made for the year 1958, 1962 and
1965. From this analysis it has been concluded that for the
Year 1965 there was an additional agmount of 174479 acre ft. of
vater vhich could have been further utilised without depleting
the permanent storage of the shallov ground water reservoir
vihlch 1s 3860000 acre ft,

Due to complex geolydrological conditions, ground
vater budget for the deeper aquifers could not be finaliged.
Hovever possibilities of furth-r ground vater development in
Wuzaffarnagar area have been indicated.
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ANALYSIS OF PUMPING TEST DATA FROM A WELL IN THE
INDO-GANGETIC ALLUVIUM OF INDIA AND ITS
BEARING ON THE AQUIFER CHARACTERISTICS

B. B. S. SINGHAL
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and
B. L. GUPTA

U.P. Irrigation Research Institute, Roorkee, India

Abstract: Draw-down data collected during a pumping test on a well in the Indo-Gangetic
alluvium of India are subjected to detailed analysis in order to determine the hydrologic
properties of the aquifer and the aquiclude. The coefficient of transmissibility 7 and the
coefficient of storage .S were determined by assuming that the aquifer fulfils all the as-
sumptions for the application of the Theis and Theis-Jacob non-steady state methods, but
it was found that the values of 7 and .S did not remain constant with the time of pumping.
Thi. result led to the conclusion that there were deviations from the conditions which are
assumed in the derivation and application of the Theis non-equilibrium equation. By
taking into consideration the various possibilities it was concluded that the aquifer be-
haved as a leaky confined aquifer.

1. Previous work on the geology and hydrology of the area

The well investigated is situated within the Indo-Gangetic alluvium, which
forms a wide tract extending in an E-W direction south of the Himalayas
(Fig. 1). Thickness of the alluvium is variable, with a maximum exceeding
8 000 or even 9 000 ft. The Indo-Gangetic plain is divided into three roughly
parallel belts which are known from north to south as the Bhabar, Tarai
and Axial Belts (Taylor?!). The well tested lies in the district of Muzaffarnagar,
Uttar Pradesh, within the Axial Belt and between the two well-known rivers
of India i.e. the Ganges and the Yamuna.

Some earlier investigations have been carried out on the ground-water
conditions of the Indo-Gangetic plains. B. D. Pathak?) has described the
ground-water conditions in the alluvium and he is of the opinion that
shallow aquifers are under water-table conditions while the deeper aquifers
are under confined conditions. Mehta and Adyalkar3) have described the
potentialities of ground-water reservoirs from the Tarai and Bhabar zones.
Chaturvedi and Pathak*) after analysing pump-test data from certain areas
of the Indo-Gangetic plains have suggested varying geohydrological con-
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122 B. B. S. SINGHAL AND B. L. GUPTA

ditions, and such a conclusion is also drawn by Pandey et al.%) from inde-
pendent studies in the Indo-Gangetic plains.

The Indo-Gangetic plains are made up of unconsolidated fluviatile for-
mations comprising sand, silt, clay and Kankar (a nodular formation high
in CaCQ,), with occasional beds of gravel. The beds are variable in lateral
extent and in thickness. Cut-outs and interfingering between different units
is a common feature which imparts an anisotropic character to both the
aquifers and the confining formations.

LEGEND =
[Z]  ALLUVIUM AND ®BLOWN $AND

O TESTED weiLlL

scale In mlles

! =
5> 5o 1ee 200 200

Fig. 1. Map of India showing alluvium and the location of tested well.
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2. Description of the tested well and local geology

The lithological log and the position of the strainers in the pumped well
and the observation well are shown in Fig. 2. The observation well is situated
at a distance of 103 ft from the pumped well.

From the lithological log it can be seen that both the pumping well and
the observation well are tapping water from the aquifers which are overlain
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Fig. 2. Lithoogical logs of the pumped well and the observation well. Observation well
is 103 ft from pumped well.
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by comparatively impermeable clay formations intercalated with mooram*
and kankar. These comparatively impermeable units represent the formations
through which leakage occurs during pumping as shown by the analysis of
pump-test data in the following text.

Fig. 3 (pp. 128/129) shows the nature of the lithological formations on a
regional scale which indicates that the overlying confining layers are laterally
extensive.

3. Analysis of pump test data

The well was pumped at a constant rate of 424 gpm for a period of 16
hours 38 minutes. Observations of drawdown were made in a well situated
at a distance of 103 ft from the pumped well. The drawdown data collected
from the observation well were analyzed by (1) Theis-type curve method,
(2) Theis-Jacob straight-line method, (3) Hantush-Jacob leaky-artesian type-
curve method, (4) Hantush leaky-artesian aquifer straight line method and
(5) Prickett type-curve method for water-table aquifers. The methods em-
ployed, the data obtained, and the interpretations made are described below.

For a correct appraisal of ground-water conditions in an area it is im-
portant to analyse the pump-test data both by Theis type curve and also by
the modified Jacob-Theis (Semilog plot) methods and to compare the values
of coefficient of transmissibility 7 and coefficient of storage S obtained by
these methods. Too much reliance should not be placed on the values of T
and S determined only by the straight-line method, for this is not applicable
in all cases and it supplements rather than supersedes the more complicated
type-curve method®). Also under water-table conditions the Theis non-
equilibrium formula does not describe completely the drawdown in wells
during short periods of pumping$). The coefficient of storage is not constant
as is assumed in the derivation of the Theis non-equilibrium formula.

3.1. THEIS NON-EQUILIBRIUM FORMULA

This formula is widely used for determining the hydraulic properties T and
S of an aquifer.
The non-equilibrium formula is

@0

114.16 e
s=———Q—je~—du (1
I u

u

* Local term for red gravelly soil.
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where

1.87 %S @
u =
Tt

s =drawdown in feet, at any point of observation in the vicinity of a well
discharging at a constant rate
Q=discharge of a well in gallons per minute
T =Transmissibility, in gallons per day per ft
r =distance in feet from the discharging well to the point of observation
S =coefficient of storage, expressed as a decimal fraction
t =time in days since pumping started.
The integral expression in Eq. (1) cannot be integrated directly, but its
value is given by the series.

a0

e “du u?
= W(u)=—0.577216 — log.u + u — —
u 221
1.87 r2§/Tt u3 u4
+——— 3
3.3! 44! (3)
where
1.87 S
u= :
Tt
Hence Eq. (1) can be written as
114.6
STe= Q W (u). @)

Two methods are used in the applications of this formula i.e. (1) The type
curve method and (2) The straight line method.

3.1.1. Type curve method

In this method a type curve is plotted on logarithmic coordinate paper
from the values of W (u) and u given in Ferris ef al.7). On another logarithmic
paper r?/t is plotted against s to obtain the data curve. The two are super-
posed and a match point is obtained for which values of r?/t and s are read
from the data curve sheet and W () and u from the type curve sheet.

T and S can be determined from these data by rewriting Eqs. (4) and (2) as

T e W) (5)
A

and

(6)
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In the present case (Fig. 4) the field data do not match completely with
the type curve, but parts of the two curves match. Three match points are
determined as 1, 2 and 3 (Fig. 4). Point 1 is for the earlier part of the pumping
and point 3 for the later part while point 2 is for the intermediate time.
Values of T and S are determined from these three match points as given
below:

For match point 1,

W(u)y=3.3
u=18x10"2
r¥/t=3.4 x 10°
s=1.9

Substituting these values in Egs. (5) and (6):

T = 84 394 gallons/day/ft
and
S=2 x 1074,

Similarly for match point 2

T = 66 083 gallons/day/ft
S=6x10"*
and for match point 3
T =57 701 gallons/day/ft
and
5=2 %1077

TABLE 1

Variation in 7 and § with time

1 S
Earlier 84 394 gpd/ft 2. 1074
Middle 66 083 gpd/ft 6 X 10~
Later 57 701 gpd/ft 2 x 102

These values of T and S indicate that they are not consistent but they
change with time of pumping. The question arises as to which part of the
time-draw-down data should be given more emphasis and can be regarded
as representative of the aquifer. If we assume that this decrease is due to
some boundary conditions, then the early draw-down data have to be
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accepted but if this variation is due to water-table conditions then the later
data should be taken into account. Even if the later data are used from
which the value of Sis 2 x 1073, the aquifer can be regarded as under con-
fined aquifer conditions.

3.1.2. Straight line method

Jacob (in Ferris et al.7)) has shown that for values of u less than 0.01, i.e.
when r is small and ¢ is large, the Theis non-equilibrium formula can be
written as

264 Q
Jig— 7
5 (7
where 4s is the change in drawdown (ft) over one log cycle of time,
and
0.3Tt,
S=—5 (8)

e
where
t, = time in days when the drawdown is zero.

In this method time-draw-down data are plotted on semilog coordinate
paper (¢ on the log scale and s on the arithmetic scale). If the observations
fulfil the conditions i.e. u<0.01, then the data plot should lie on a straight
line. It is often found that all the data do not lie on a straight line and this
is sometimes interpreted as representing boundary conditions or leaky
aquifer conditions, although it may also be due to large values of u. Walton %)
has shown that the time that must elapse before the straight line method can
be applied to pumping-test data is determined from the equation:

135 10° %S

t.sl -
T

©)

where

f,=time in minutes, after pumping starts before a semilog time-draw-down
plot will yield a straight line graph.

Substituting the data obtained from the type curve method (Table 1), it is

found that if we take T=284 394 gpd/ft and S=2x 107* and r=103 ft then

t, = 3 minutes

and for
T =57701, §=2x 10" and r =103 ft
t, = 49 minutes.
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It indicates for the test under discussion that part of the semilog time-
draw-down plot can be taken to be correct for the application of Egs. 7 and
8, when values of ¢ are more than 3 minutes or at the most more than 49
minutes. The determination of the storage coefficient by the straight line
method may involve some error because the zero-draw-down intercept is
poorly defined where the slope of the semilog plot is small ).

The time-draw-down plot from the observation well shows two slopes (Fig.
5). After 25 minutes of pumping the time-draw-down plot shows a decreased
slope and a third decrease in slope is seen after 300 minutes of pumping.

Values of T and S are determined for the first two slopes. For the first
slope 4s=1.3" and t,=0.18 minutes and hence 7=86 105 gpd/ft and S=
3x107*. For the second slope 4s=0.8" and #,=0.6x10~> minutes and
hence T=1 38 670 gpd/ft and S=2 x 10>, The extremely low value of S for
the second part of the straight line plot can be due to minor deviations in
extrapolating the straight line for determining the value of ¢,.

There seems however to be some discrepancy here. By the type curve
method later data show a decrease in T and an increase in S, but by the
straight-line method later data show an increase in 7 and a decrease in S.

However, by analysing the data on the assumption that later draw-down
data are affected by leakage fairly consistent values of 7" and S (Table 2) are
given, This means that earlier time-draw-down data can be used to determine
T and S by the Theis and Theis-Jacob method, but for later data these
methods would give erroneous values; hence leaky-aquifer formulas should
be employed for determining the aquifer properties from the later data.

The decrease in the slope of the time-draw-down plot (Fig. 5) can be
interpreted as due to recharge boundary conditions, to partial penetration
of the well, or to leakage through the overlying aquiclude. The first two
possibilities can be rejected as there is no near-surface water body or any
other source of recharge and the wells have full penetration. It is therefore
considered to be due to leakage through the overlying confining layers. This

TABLE 2
Sl. No. Type of method /4 S K'|b" or P’'[m’
1 Non-steady time-draw-down type 76 706 29 x 104 1.8 x 10-3
curve method gpd/ft gpd/cft or
2.6 x 10710 gec—1
2 Extrapolation of maximum draw- 0.12 ft?/sec 3 x 104 2 % 108 sect
down by constructing a time-draw- or

down curve from the observational 77 587 gpd/ft
data on semi-logarithmic paper
(Hantush’s method)
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is confirmed as shown below because the value of 7 and S determined by the
leaky-aquifer formula from the Jater part of the draw-down data tally with
those determined by the Theis formula from the earlier parts of the draw-
down data.

4. Analysis of data by assuming leaky confined aquifer conditions

For the analysis of draw-down data from leaky confined aquifer con-
ditions, both the type curve method (Walton8)) and the straight line method
(Hantush?)) can be used as described below.

4.1. THEORY

Hantush and Jacob (Walton8)) have given the following equation for non-
steady state drawdown in a leaky artesian aquifer
i T e 242
§=— — —y —r /4B y)dy 10
=17 || 7 ) exp (= y —r"[4B%y)d) (10)

u

- [zKo (r/B) - j(l/y) exp (— y - 7-2/482y)]d.v (1

=(Q/4nT)W (u, r/B). (12)

The integral expression was written by Hantush (Walton8)) symbolically
as W (u, r/B) and was termed the “Well function for leaky artesian aquifers”.
Hence,

0
s=——W(u,rB 13
5= g W (w.rB) (13)
where

u=rS/4Tt.

Eq. (13) can be written in the gallons/foot system of units as

114.6 .
= ¢ W (u, r/B) (14)
where
2693 r%S
u= (15)
Tt
and
"
PB=——— (16)
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where ¢ = time in minutes
P’ = vertical permeability of confining bed, in gallons/day/sq.ft
m’ = thickness of confining bed through which leakage occurs, in
feet.

P’'/m' = leakage coefficient or ‘“‘leakance”.

4.1.1. Non-Steady time-draw-down type curve method

Hantush?) has given values of W (u, r/B) in terms of u and r/B. Walton$)
has plotted values of W (u, r/B) against values of 1/u on logarithmic paper
and a family of leaky artesian type curves was constructed.

From the test under discussion values of s are plotted on logarithmic paper
against values of 7 in minutes so that a time-draw-down field curve is ob-
tained. This data curve is matched with one of the leaky-artesian type curves
and a match point is selected for which values of W (u, r/B) and 1/u are read
from the type curve sheet and corresponding values of 7 and s are read from
the data curve sheet (Fig. 6).

In Fig. 6 is shown the trace of the type curve of value r/B=0.05 with
which the data from the test under discussion show the best matching, and
the coordinates of the match point are also given in this figure. T'is calculated
using Eq. (14), S by Eq. (15) and P’ by Eq. (16). Their values are given in
Fig. 6 and Table 2.

4.1.2. Straight-line method ( Hantush method)

In this method the drawdown measured in feet in an observation well
during pumping is plotted versus time in minutes on semi-logarithmic paper
and the data is extrapolated until the maximum drawdown (s,,) is found. The
inflection point (s;) is located on the draw-down curve by taking s;=% s,
where s, is the drawdown at the inflection point. The slope m; of the draw-
down curve at the inflection point is determined graphically and ¢; is read
corresponding to the inflection point.

Hantush?) has shown that if the drawdown s is plotted against the time ¢
on semi-logarithmic paper, with ¢ plotted in the logarithmic scale, then the
slope m at any point is given by

m = As/A log, ot = (2.3Q/4nT) exp (— u — r*/4B*u). a7
The curve has an inflection point at which the following relations hold
u, = r2S/ATt, = r/2B (18)

where the subscript i relates to values of the variables at the inflection
point.
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The slope of the curve m; at the inflection point is given by

m; =(2.3Q/4nT) e "/® (19)
and the drawdown at the inflection point s; is given by
5; = (Q/4nT) Ko(r/B) = (1) 5 - (20)

The relation between the drawdown and the slope of the curve at the in-
flection point is given by

flr/By=e"Ky(r/By=2.35]m,. 2n

In that part of the curve where it approaches asymptotically the maximum
drawdown, the slope m at any point can be given by

m=(2.3Q0/4nT)e™? (22)
where
g =Tt/sB? (23)
and the drawdown by
s=s,—(Q/4nT) W (q) (24)

where W(q) is the exponential integral — E;(—g), which is known as the
‘well function’ in ground-water hydrology. From Egs. (19), (20) and (21) the
following relation is obtained:

f(@)=e"W(q)=23(sm = 5)/m. (25)

Values of the functions used in the above equations are tabulated by
Hantush?).

The following procedure of extrapolation of maximum drawdown is
adopted to determine the formation constants based on the above theory.

In Fig. 7 is given the time-draw-down plot based on the drawdown in the
observation well. Discharge of the well was 424 gpm=1 cfs (approximately)
and r (distance of observation well from pumping well)=103 ft

Sn=3.75ft
5; =3%(s,) =1.87 ft
t; = 6 minutes.

If the slope of the inflection point=1.3 then from Eq. (21)
KL ri) =23 x 1.87/1.3 = 3.3.

For this value of the function from the table (Hantush?)) e"/?=1.0492 and
r/B=0.048.
Hence B=103/0.048 =2148 ft. From Eq. (19)

T=23x1/4n x 1.3 x 1.049
=0.12 ft?/sec = 77 587 gallons/day/ft.

Ve
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Leakance or K'/b'=T/B*=0.12/(2148)*=2x 10" ® sec” '. From Eq. (18)

ATt (r[2B) 4 x 0.12 %60 x 0.02 sl
g = - s o,

T "I
Comparison of values of T, S and K'/b" or (P'/m’) determined by type curve
and straight line methods by assuming leaky confined conditions are given
in Table 2.

5. Possibilities of water table conditions

In the preceding discussion it was shown that the aquifer does not possess
the characters of a non-leaky confined aquifer and that probably it is a leaky
artesian aquifer. The pump-test data are analyzed further for determining
the possibilities of water-table conditions. Prickett1?) has suggested a type
curve solution to aquifer tests under water-table conditions based on
Boulton’s non-equilibrium equation1!) for water-table conditions. In
Prickett’s method, on logarithmic co-ordinate paper, drawdown is plotted
against time since pumping started and this data curve is matched with a
family of non-steady state water-table type curves.

For the test under discussion the data curve was matched with non-steady
state water-table type curves and it was found that the data curve deviates
from practically all the water-table type curves and shows maximum super-
position with the non-equilibrium type curve for confined conditions. This
indicates that during the test the aquifer did not behave as a water-table
aquifer.

6. Conclusions

The aquifer characteristics (7 and S) can suggest various geohydrological
conditions (Singhal12)). The manner in which T and S vary with respect to
time since pumping started (Table 1) indicates that the aquifer is either under
leaky artesian or water-table aquifer condition.

The decrease in the time-rate of drawdown (Fig. 5) can be attributed to
any one of the three following causes:

(1) Partial penetration of well
(2) Recharge boundary
(3) Effects of leakage through the confining bed.

From Fig. 2, it is seen that neither the pumped well nor the observation
well shows partial penetration. Furthermore there is no surface source of
recharge in the vicinity of the tested well, and hence the only possibility is
that there is leakage from the confining beds.

From Table 2 it is seen that the values of 7, P’/m’ or K'[/b" and S are
comparable if the two leaky-artesian aquifer methods are applied to the

- ‘*‘*H" .
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present case. Furthermore, the values of 7 and S determined by these
methods are similar to those determined for the earlier data by the Theis
and Theis-Jacob methods. All these findings indicate that the aquifer under
discussion is a leaky artesian aquifer,

The present study also indicates that for leaky aquifers the Theis and
Theis-Jacob methods give dependable results only for earlier data when there
is practically no leakage to the tested aquifer from other horizons. It should
also be mentioned that during the test the water levels were above the top
of the aquifer and the draw-down data were not measured in the pumping
well itself. If draw-down data are measured in the pumping well itself, the
calculations for leaky aquifer conditions would be erroneous. The lowest
pumping piezometric surface was 105.7 ft above the top of the aquifer.

Hence it may be concluded that the tested aquifer has behaved as a leaky
artesian aquifer, and possibly this is a common characteristic of the deeper
aquifers in the Indo-Gangetic alluvial plains.
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