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A systematic study of the ground water conditions in th©

districts of itazaffarnagar ®n& parts of Meerut district was taken

up in August, 1964 for determining quantitative and qualitative
characters of th© ground water reservoir of the ar«a. This was

of iraportanc© fron the point of view of further ground water

developmoit in the area.

Th© investigated area (approxinately 7,265.28 sq.

kms.) Is located within the Gajnga-Yamuna Doab which is character

ised by th© alluvial deposits comprised of sand, silt, clay

and ksnkar.

In order to determine the sub-surfae© g«ology of the

area, the lithologioal logs of to wells bored in th© area were
collected and th© data were plotted to delineate th© various

aquifers and sauicludes. The sand samples were subjected to
mechanical analysis and the grain sis© parameters were determined
which are of help in defining the aquif©r characteristics. These

data wer© also utilised to plot the C.;i. patterns which are of

help in determining the conditions of sedimentation.

The drainage characteristics \i at bifurcation ratio

and drainage density for the area were determined from one inch
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survey of India topo sheets. Thai© data a*© of help in getting

a quantitativ© picture of drainage and are also of help in getting

an idea of the permeability of the surface formations.

Based on th© lithologioal logs, well aasembly and vat©r

level, two types of aquifers have bean delineated in this region.

One of th©s© It th© ©hallow aquifer which extends upto a depth

of 80 f«©t which is under watar table conditions. The other

ar« th© confined aquifer© which are located from 100 - 350

feet below th© ground surface. Th© two types of aquifare are

©©porated by aquitard comprised of clay and jsan&ar.. However,

tha ¥at«r table for the shallow aquif«r i© mor© or l«ss at

the ©am© level as th© pieaometeri© surface for th© d©«p©r confined

aquifers (upto a depth of 350 feat. )•

Th© periodic fluctuations of the water lev©! in th©

shallow dug wells and th© d©ep tobewolls were observed. The ©bs»rv©d

data are us©4 in preparing th© water table and isoplestic maps

for the different seasons, these data alengwlth rainfall,

and river discharge data have ©©•» ua*d for statistical correlation

purposos. Th© correlation factor between various variables

have bo©n determined and their significance has been explained.

The rainfall penetration has also been worked out on the basis

of statistical analysis of rainfall and water level data.

Long range pump tests were carried out from 16 tubewells

and both the drawdown and th© recovery phases were studied. Th©

data are used to determine the aquifer constants by various

methods. The aquifer characteristics have given a complex and

interesting picture. This information was utilised for further
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detailed analysis and it is concluded that the deeper aquifers

in the area are under leaky confined conditions.

The quantitative assessment for both the shallow

and the confined ground water reservoirs was made and based

on this the possibility fof further ground water development

in the area has been expressed.

A good ©E^iiaais during this work was also given to the

chemical characters of ground waters. The water samples war©

collected from both the shallow and the deeper aquifers for

the chemical analysis. Sas^les were collected twice in a year

i.e. In June and again in October so that seasonal variation,

if any, in th© quality nay also be determined. The data have b©©m

utilised in classifying th© water for determining their suitability

for irrigational purposes. It has been found that there are

differences in the chemical quality of water from shallow to

deep aquifers. There are seasonal variations in the chemical

quality and also a lateral variation in th© direction of flow.

These differences and variations have been explained.
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BITiiODUCTIOR

Use of ground water is almost as old as human

Civilisation. Wells unearthed among the ruins of Mohenjodaro

bear testimony of the already advanced state of knowledge

of ground wator in Indian sub-continent some 5,000 years

ago. But in a country like India wita vagaries of monsoons,

many towns and villages have to depend on ground water supplies.

In th© present condition of acute food shortage and the stress

on more extensive and intensive agriculture, India's prime need

is for more wat«r for irrigation. In India the total irri

gated area is approximately 19 %of the total land under

cultivation. This underlines the extent of the country* s

continued dependence on rainfall and the wide spread failur©

of crops which inevitably follows when the "gamble in rain**

does not pay off. I recent example has been provided by the

unprecedented drought and near famine conditions which had

provailod in Bihar and eastern parts of Utter Pradesh and

affected the live© of millions of people in the rural parts

of Uttar Pradesh and Bihar. The solution of such a problem

lies in the nation's determined exploitation and management

of ground water as the country can not depend on surface wat©r

resources only. The problem is not only to find ground wat©r

but also to know as how bast it could be us©d for agricultural,

industrial and drinking purposos.
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Th© ever increasing demand of ground water and the

authors association with the Ground water Division of the U.P.

Irrigation Research Institute*, inspired to take up a systematic

study of the ground wat©r conditions in parts of the Indo-

Gangetic Alluvium of Musaffarnagar and Meerut districts of

Uttar Pradesh (Plate 1*1)*

LOCATION OF TBS ABBA

The area lies in the quarter inch topo shoot Kos.53 G,

53 H, 53 K and 53 L of th© survey of India. It is in between

the longitudes E 77»4» to 78«6»41« and latitudes H 28«45» to

29°45*. The area is bounded by the river Ganga on the east

and the Yamuna on the west and therefore, forms a part of

the Ganga-Yamuna Doab** within the Indo-Gangetlc plain of

India. Towards the north th© area is limited by the district

boundary of Musaffarnagar with Saharanpur. In the south it

is partly bounded by the river Kali and partly by the Hapur-

Garhmuktoshwar road and the Bagpat-He©rut Road.

Th© ar«a 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 minimum temperature, experienced during extreme cold

i.e. the months of January or February reaches as low as -2»C.

* at n re sent with the Rajasthan Ground Water Board, Jodhpur.

** Alluvial area lying between two major river courses.
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The normal annual rainfall of the area varies from

30" - 35" most of Which falls during the months of Jane -

October* However, there are alao occasional rains < 8* to S")

during the months of December and January* A detailed account

of yearly rainfall is given in Table 5*19*

the plains of Hiaaffamagar and Meerut are parts of

Xndo-Oangatio plai» && *°m* •nt of **• mo,|t o^^rable land.
Both these districts are very important from agricultural $<>*&%
cf view as the irrigation fadlitica, both by canal and tubewella,

are available* l&eat and gram are the two important oropa

town during winters while maiae is another oaah crop of the

rainy aeaeon* Boaidaa, theae sugarcane fbrms the most
important caah crop of the area to feed ttoe battery of augar
factoriaa almost at every 10 miles.

tha area ia alao rich in the production of fruits aa

there are numeraua big gardena in which mangoea and lichi

arc grown on a largo acale. She cholceat varieties of

mangoes from Meerut and Musaffarnagar districts are also

exported to foreign countries* She area ia however, not
important from the point of view of fOraat wealth, but glabra,
i^hnT and Ugl are the important type of trace mat within

the area*

The wild lifo in the area ia repreaantad by barking

daer (MunUacua rnutgak), apottad dear Uada aada), peacock

XPanaunicolour) and fowla (Gallus gallus)*
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The area under investigation is one of the best developed

areas of western Uttar Pradesh* Meerut and Musaffarnagar are the

two most Important district headquarter-tovns of the area which

lie on the main highway from Delhi to Dehradun. Besides these*

there are a number of Important small tovns such as Daurala*

Sakautl, Khataull, Shamli, Budhana, Bagpat and Garhmukteshvar ate*

The area is veil 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 fair-weather road

or a cart track.

PRfWIOUS WOSK

In the alluvial tracts of Morth India, systematic studies

of ground vater dates back as long as to the early thirties, vhen
i

Sir William Stampe* started large scale tubevell scheme for the

irrigation purposes In the Ganges-Valley of Uttar Pradesh*

Auden*" also formulated a scheme for the development of

ground vater by means of tubewells in Uttar Pradesh. In 1936

Mackenzie Taylor3 suggested sinking of 1.5 cusecs tubevells in

parts of Indo-Gangetic alluvium of Uttar Pradesh vlthout any

depletion of ground vater table* Nautiyal carried out Investi

gations on the ground vater supplies In the Tarai-Bhabar belt

lying in the district of Halnital* Bhattaoharya et al approached

the problem of depletion of vater table In the Western parts

of Ganga-?amuna Doab and derived an empirical formula for the rain

fall penetration.
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Mathur6 carried out ground water investigations in the

district of Meerut*, This work was submitted for the award of

Ph.B. degree of aanaras Hindu University in the year 3357-58.

The main enphasis of his work was on the behaviour of regional

water table and he did not study the hydrologic properties of

tha aquifers or the quality of the ground water* In 1953,

pathak7 carried out field investigations i*$ the Indo-Gangetlc

alluvium of Uttar Pradesh for the selection of suitable sites

for ground water development, O.C. Taylor has attempted the

delineation of various ground water province* of India and

according to this the area under study forms the northern

fringes of the «axial belt* of the Ganges Brahmaputra Alluvial

province. Pathak9 also carried out work on the ground water
conditions in Aaamgarh-Ballia districts of eastern Uttar Pradesh

and later submitted the same for the award of Ph*D* degree of

Banaras Hindu University.

Ahmed2^ has carried out certain short term investigations

in fjaharanpur district which lie to the north of the area under

study. The officers of the U.r>. Irrigation aeseareh Institute,

Roorkee via. Dwivedi end Gupta11 and Daya Prakash et al12 have
also carried out studies of the behaviour of ground water table

in parts of the Gaisga^Yawuna Doab. The chemical quality

investigations of ground water from the district aijnor were
13

carried out by Ghaturvedi and Mithal .

In 1965 Itaghava aao14 submitted 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 basis of the pump test data from
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***•!»»*• «*M, Sinehal »d Gupta* hav. concluded
that the deeper aquifers of the area are under leaky confined

conditions, nimilar conclusions were derived by Chaturvedi

and Fathak36 for the district of Allgarh and Mathura but for

Ifuzaffamagar and Meerut districts their conclusions were
17

different (chaturvedi and PathakXf )♦

In 1966 Paul Jones38 submitted a programme of ground

water development and assessment in parts of Uttar Pradesh

to the Government of India.

In recent years, systematic ground water investigations,

in some selected regions of Uttar Pradesh, have been taken up

by the U.B.D.P., Exploratory Tubewells Organisation, Geological

Survey of India and 1I.P* Irrigation Research Institute.

METHODS OF IBVSSTIGATIOKS

The field work was started during the year 1963 and

continued till the end of 1965, which consisted of the obser

vation and collectlonof water level data in open wells and

fcube=wells for the months of May and October each year. During

October 1964 and June 1965, about 100 water samples from

tubccwells which tap the confined aquifers were chemically

analysed to determine the geochemistry of the water and also

their suitability for agricultural purposes. In addition to

these 20 water samples were also collected from the dug wells

which tap the shallow ground water reservoir which is under

water table conditions and these were also analysed. About 30

sand samples for the various tubewells located in Meerut and

Muaaffarnagar districts were collected and mechanically analysed

to determine the various grain also 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 tfre above field work, data about the rainfall,

river discharge, pumping hours and lithologioal 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 submitted alongwith this work as the same are restri

cted.

SCOP! OF THB FRESHET W3K

• So far detailed ground water investigations have not

been carried 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-

Gengetic Plain consists of unconsolidated fluviatile formations

and can be divided into three roughly parallel belts which

are known from north to south as the ahabar, Tarai and the

Axial belts according to Taylor8. The present area of study
i.e. the districts of Muaaffamagar and parts of Meerut form

the northern fringes of the Axial belt. The author has

selected the area in order to evaluate the geohydrologieal

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 laainly with the Introductory

aspects such as location of the area, communication, previous

work,methods of Investigations and the scop® of the present

study. The second chapter gives an account of geoiaorphology

and subsurface geology of the area. The aquifer material (sand)

has been mechanically analysed and an attempt has been made

to determine the conditions of deposition, on the basis of

geological and hydrological characters, two kind of aquifers

have been demarcated i.e. the shallow aquifers and the deeper

aquifers which are separated from each other by confining

layers Of day and ♦ Hanker' ( a nodular formation rich In

CacOg). The third chapter deals with the ground water conditions.

The disposition of ground water table in the shallow ground water
reservoir and of the pieaometric surface for deeper aquifers

have been shown in Plates^j^glt has been further shown that

the shallow aquifer is under water table condition and the deeper

ones are under confined conditions, with th© help of water

table contours, seepage pattern has been described.

Chapter 4 deals with the various geohydrological parameters

such as coefficient of tranamisslbility, coefficient of permea

bility and tha storage coefficient of the aquifers. These were

eoaputed from the test data using the Theis, Thels-Jacob and

Hantush-methoda, Taking Into consideration the various

possibilities it has bam concluded that the deeper aquifers are



*>9*»

of leaky confined character*

Chapter 5 deals vith 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 meaasof statistical methods

which are in vogue to establish the relationship between the

Various dependencies controlling the ground vater regime.

The chemical quality of ground waters has been dealt

in Chapter 6 under the two broad head vis. (1) the cher leal

quality of shallov groond water reservoir and that (11) of

deeper aquifers. It has been established in this chapter

that all waters from the deeper aquifers are suitable for

agricultural use* The author has used the various graphical

methods to shov the chemlcalfeharacterlsties by means of dia

grams such as Piper's diagram, ratio maps etc. In this chapter

the seasonal variation in the checmieal quality of water from

deeper aquifers has also been established. It has also been

established that the quality of ground water does not^eonstant

in the direction of How.

In Chapter 7 quantitative assessment for ground

water has been carried out for the shallow aquifers for the

year 196S, 1962 and 1965 and for the deeper aquifers an attempt

has bam made to find out the total draft due to pumpage and

the fluctuations of the piezometrio surface.

Lastly, in Chapter 6 a summary of the vork carried out

by the author during the course of these investigations has been

Ilva*.



CHAPTER 2

GEOMORPHOLOOt & GEOLOGY OF THE AREA

PHYSIOGRAPHY.

The district of Musaffarnagar and Meerut is a part of

the great Indo-Gangetic Plain vhich occupies roughly an area

of 3,00,000 sq.mlles. This plain is almost devoid of nny

significant relief features and is composed of unconsolidated

alluvial deposite. The alluvium Is composed of the materials

derived from the Himalayan ranges by fluviatile action, and

vhich have b* n subsequently deposited southvards in a

depression called the Indo-Gangetic Trough.

The districts of Musaffarnagar and Meerut present an

appearance of a featureless plain. The erosional processes

could not, carve out distinct relief features out of the

unconsolidated alluvium of the plain. The area slopes dovn

gently from north to south* The average elevation above

mean sea level of any point along the northern boundary is

about 315*0 feet, vhile the average elevation along the

southern boundary is about 716*0 feet, vhereas the distance

betveen the northern and the southern boundary is approximately

60 miles* This gives an average gradient of less than 2.0 ft*

per mile for the plain, vhich, as mentioned above, slopes dovn

in a north tosouth direction* The physiography of the area

is marked by the following units vhich are characteristic of



a river flood plain,

1. The iUver Channel

2. Oxbow lakes

3. Point Bars

At few places in the area, the occurrence of slightly

raised mounds of sand, locally known aa Bfcurs. are seen

(Plate 2.1). They vary in height from 20-30 ft. above the

ground surface and are composed of brownish coloured sand. In the

topoaheets these are shown with brown dots. At some places such aa

Jalalpur, Mundati, Kamatpur, Pipliahera and Ajrara etc. they are

found on the convex aide of the river curves thereby resembling

point bars. However, they are much modified in their shape and

alignment by the winds which blow especially during the summers.

They are very well seen near Nera-nala on liusaffarnagar-Moerut

Road*

The two most important rivers of the area are the Ganga

and the Yamuna which flow from north to south. The river

Ganga and the Yamuna forms the eastern and the western boundariaa

of the area respectively. In addition to these other important

rivers flowing in the area are the Krlshni, the Hindon, the

Kali-Kadi (east) and the Kali Nadi vest. The Sail Nadi (west)

and the Kriahnl Hadi are the two fcajor tributaries of the

Hindon river* The river Kali (west) Joins the river iiindon

in the Muaaffarnagar district at a place known as Atali while

the river Krishni Joins the river Hindon in the district of

Meerut at Bamawa wherefrom it attains the shape of a major



A view of the sandy mounds 'filial * on the crossing of
8era-fcala and Muaaffarnagar - Meerut Road
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river of the area. A few of the important nalas worth

mentioning in the area are cnolva Rala. jajjsjajaj and

".bu-Iiala which brings at tines a great — calamity to

the towns of Muaaffarnagar 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 30,000 cusecs during the month of January to

90,000 cusecs In August while that of river Yamuna varies

from about, 4,000 cusecs to about 50,000 at Tajewala. The

discharge of the Hindon, the Krishnl, the Kali Kadi and the

Kali east varies from about 300-2,000, 200-5,000, 200-800

and 300-8,000 cusecs respectively.

The river Ganga emerges out into plains at a place

known 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

tha area 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 been the drainage

pattern at the time when 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

water Is discharged into the riversin the area. The river

Ganga and Yamuna are of braided character as is indicated by
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the presence of bars of silt and fine sand at the time of

low flow. These channels are in the process of aggrading.
According to Leopold etaPit is true that bracing is a
pattern often associated 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 lakes are formed.
One euch lake is seen by the side of the Ganga near Tughlakpur
while the other is seen by the side of river Yamuna near the

town of Kairana. These have been filled u»AYthe finer sediments
and have formed swampy regions which occupy at least an area

of 30 - 40 sq.miles at Tughlakpur and about 2 eq.miles near
Kairana - (Plate 2.2).

The Eaet-weit shift of the river Ganga is indicated

by the numerous oxbow lakes and old abondoned channel which

is locally known as airhi Ganga (Old Ganga). The Durhi Ganga
meets the present course of river Ganga near (Jarhmukteshwar.

Oxbow lakes represent the cut off portions of meander

bands and they represent therefor© 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
Yamuna. The largest one occupies an area of 30 - 40 sq.miles
and is seen in north eastern region. These lakes are often

separated from the present day river courses by marshy lands

in which thick deposits of day and fine silt were made. They
usually support luxuriant vegetation.



a view of Oxbow Lake an tha loft baa* of river
Yamuna near the town of Kairana
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Besides the above natural drainage courses, the

iE?)ortant irrigation systems in the area are formed by the

Upper Ganga Canal, the Eastern Yamuna canal and the Anupshahr

Branch. The Eastern Yamuna eanal was constructed during the

Mughal period and the same fees remodelled in the year 1332,

while the Ganga canal is more than a hundred year old. This

system waa completed in the year IBM*

DRAIHAQB BASIS ANALYSIS

Untill recently the geomorphologists only worked on

the descriptive basis and were concerned only with the history

of evolution of land forms ae geological features. In the

year 1945 Horton J gave great emphasis and realised that only

the descriptive analysis has vary little value in the

practical field and therefore some geoaorrihologists have

attempted the quantifefcfication of land forms description.

The first step in the drainage basin analysis is the

designation of stream orders, on a channel net work map

including all intermittent and permanent flow lines located

in clearly defined «ai*ra (Strehle*21). The KflMI fine.rtlp
tributaries are designated order 1| where two first two order

channels Join, a channel segment of order 2 is formed} where

two of order 2 Join, a segment of order 3 is forraedf and so

on and so forth. The trunk stream through which all discharge

of water and sediment passes is therefore, the stream of

highest order*
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DRAINAGE B&ISITY.

Drainage density of a basin may be defined as the sum

of the channel lengths divided by basin area and may be

expressed in miles/sq.miles i.e.

Bd
. * .. (2* 1)

In general, as the drainage density number increases,

the siae of individual drainage units, such as the first-order

drainage basin, decreases proportionately.

Measurement of drainage density is mad© from a map

with the help of planimeter and chartometer. According to

Leopold et al19 the detail of a drainage net is dependent on
the scale of the map as in a large scale map the shortest channel

would also be seen.

The drainage density values varying from 1 to 1000 miles/

sq.mile have been determined from idifferent geological, topo

graphical and climatic regions (Leopold4* ). ftaWiest ' has

quoted values of Bd from less than 1 mile/sq.mile for a poorly

drained basin to about 5 miles/sq.mile for well drained basins.

In the present study, survey of Indid one inch topo-

sheets (53 G/2, 53 G/3, G/4, G/6, G/7, G/3, G/10, G/ll, G/12,

K/2, K/3 and K/4 ) were used to determine the drainage

characteristic i.e. drainage density and bifurcation ratio.

The value of drainage density in the area works out to be of the

order of 0.77 mil©/sq.mile. This value is low in comparison to

those given by Leopold et a$?
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The low values of drainage density are usually indicative
of high permeability of sub-soil material (Strahler21). However,
another factor which has to be taken into account is the small
scale of the map which was used in the present study. Unfortu
nately aerial photographs of the area were not available and
therefore, it is doubtful whether all those streams which exists j
in nature are taken into consideration for the above
calculations.

BIFURCATION HATIO

The ratio of the number of segments of a given order
ru to the number of segments of the higher order * +1** ••*»
as bifurcation ratio( L*I which is expressed by the following
aquation.

*« itfhr C2'2)
Bifurcation ratio characteristically ranges between

3.0 and 5.0 for water sheds in which the ****** structures
do not distort the drainage pattern (strahler23). The minimum
possible value of 2.0 ia rarely obtained under natural conditions.
Since the bifurcation ratio is a dimenaionless property, and
because drainage systems in homogeneous material tend to show
geometrical aimilarity, and as such the ratio will show only a
little variation from region to region.

For determining the birfucation ratio, a graph has been
prepared on a semilograrithmic paper where values of order u
have been plotted against log ft* Astraight line was fitted
through these plottlngs (Plate 2.3) and the bifurcation ratio
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was determined vhich comes to be 2.6 , This value of bifurcation

ratio may be taken to be quite representative of the drainage

basin under study.

GBKSRAX. GEOLOGY.

The area forms a part of the great Indo-Gangetic Plain

which separates the Peninsular India from the extra-Peninsular

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 emergnlng out of them. The deposition of the

alluvium began after the final upheaval of the mountains and

it has continued all through the Pleistocene upto the present

time. Th© past geological records of this region lie completely

buried underneath the thick mantle of the alluvium. Therefore,

the geology of this region is not fully known.

According to Krishnan24 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.

Bdvard Suess (1953) has put forward the view that

the depression in which the deposition of the alluvium occured

was a *fore &q&$" 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 believed

to have occupied a deep "Rift valley". This view has, however,

not found much support amongs the geologists. A third and a

more recent view regards this region as a 'Sag* In the crust

which was formed between th© northward drifting Indian continent

and the extra-peninsular region when the latter was elevated

into a mountain system.

Aa pointed out above, the alluvial deposits of the

Indo-Gangetic Plain have been derived from the Himalayan

ranges by the numerous rivers ©merging from these ranges during

a period of great grado-tional activity. The continuous

upheaving of the mountains must have rejuvenated the streams

again and again thus multiplying their eroding and transporting

capacities. The enormous thickness of the alluvial deposits

has been accounted for by assuming that the deposition of the

sediments occured in a slowly sinking region so that the

deposition kept pace with the subsidence.

Taylor8 has divided the Indo-Gangetic Plain into
three belts which are named as Bhabar. Tarai and the Axial

Belt from north to south.

•Eh® Bhabar 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 is in

contact with slwalk hill ranges and the southern limit is
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generally the spring line which demarcates the northern

boundary of the laxal belt. The ffaral is a belt some

5-10 miles wide parallel to the Bhabar and is chiefly composed

of clays, sandy clays, sands and occassional thin lenses of

gravels.

The lower slopes of Tarai 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

known. However, the thickness of the alluvium is variable, with
or „

a ntayjmnnt exceeding 8,000^even 9,000ft.

Geological classification of tha alluvial deposita

There are no distindy marked stages in the

deposition of the alluvium. The whole of the alluvium is,
L

in fact, on© continuous and conformable series of fluv^tile

and sub-aerial deposits whose accumulation 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. Besides

these, beds of gravel, compact sand, kankar ( a nodular

formation rich in CaC03) etc* are also met with. The

classification of the alluvium of the Indo-Gangetic Plain

(Table 2.1) is based on the presence of extinct or living

species of mammals In these deposits (Madia ).
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TABLE g^

1* Older Alluviumi Bhangar of tho Ganges valley.
Fossilof SjLnhaa antiques. jjjSnus
naaidicus. Hainla ginantea. extinct
species of fftftaoeffoa. Hlupopotami etc.

2. Hewer Alluviumi ffiadar of the Punjab.
Fossils, chiefly living spocics,
including relics of Han.

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

flhconformity —-

Stocks of unknown aget Possibly the extension of Archaean,
Purana and Gondwanas of the
Peninsula and of Kummulitie, Murree
and siwalik of the sub-Himalayas.

.fiMb-gflrfftce, figQlOKY of the ajaaj

An idea of the sub*surface geology can be obtained

either If a well log or from other excavations, ©ither artificial

or natural, for instance, mine shafts, rail road cuttings or

gorges cut by streams. However, no deep excavations of these

types occur in Huaaafamagar-Meerut 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 3 - w direction i.e. more or less at right angles

to the principal river courses which are responsible for the

deposition of the alluvium inthls area. The remaining two

profiles are in KS - SW 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 constituents of these sediments are

gravel (Ba.lrl) and Loliel. For the purpose of eorrelation of

the sub-surfaee geology of the area minor bands of sand or clay.

or sand and clay have not been shown separately in the present

discussion, :1th the exception of one or two wells most of the

tubewells in the area are more than 300 ft. ^Q9^ ends* such

the formations encountered upto that level are discussed in

this Chapter.

The clays of tfee area are generally grey to browi in

colour* They are hard and plastic. These clays are generally

associated with aftnfcar*

The term Ranker is given to a nodular formation rich

in CaCOj. the individual nodules vary in diameter from half

an inch to three inch. It is commonly met in the bore holes

of the Hoaaffarnagar-Heerut area associated with clay. The

Kankar horizons* perhaps, represent the *B» horiaon of the

ancient soil profiles. This formation along with the associated

clays form the aquicludes or aquitards.

Bravel or Ife.lrl 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 cospact and

are usually, composed of quartzite. The term Lehel is commonly

used by tha 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 else parameters of these sands, were also determined and a

detailed description of the same is given in the latter
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part of thla chapter.

Associated with the above llthological units at

certain places in the area, the ground surface is covered with
a whitish powdery material which is locally known as Mb
Such an occurence is seen along the Moaaffarnagar-Mearut

road. The average chemical composition of Mi is given in

Table 2.2.

Table 2.2 Chemical composition of Reh (after 3rown and Dey )

Constituents Percentage
i**a*******WHMM<M**

sodium carbonate — ^•68

Sodium Bicarbonate ** 3*^

Sodium sulphate — W"

sodium chloride — S*88

Attden27 has given an eceount of the occurrence and

origin of ie^ soils in India. Ml *« •*»* *» to effloreeence
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 surface water. When
these exist in a monsoon climate which permits intensive evapo

ration during the dry season, capillary action eocc brings the
stagnant solutions to the surface, where their contents

crystallise and reh is formed.



- 23 -

CORRELATION OF SUBSURFACE FORMATIONS &PATTERN OF SKDB4EKTATI0K

Hie different lithologioal cross sections (Plate 2.5

to 2.10) indicate that in general the top layer consists

of clay which is as thick as 20 - 2S feet and thereafter

sand is encountered which forms the shallow ground water

reservoir of the area. Thereafter again a thick layer of clay
or clay with Kankar is encountered which forms a major

ajuiclude or aquitard. These cross-sections further indicate

that tails layer of ^nj»£ and clay is underlain by various

sandy horiaons which are usually tapped by the tubewells*

The various horisons are variable in lateral extent

and 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.

A comparison of the east-west and north-west-south-east

or north-south sections indicates certain characteristic

differences in the arrangement of various lithologioal units*

The S - V section show invariably a lenticular character of

both the sands and the clays, indicating thereby a cut-out

feature* On the other hand the other two sections which are

in roughly V - s direction indicate more or less uniform

extension of a particular horizon. This difference provides

an insight 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 I - | direction.
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However, there has been in the past a lateral shift

in the courses of these rivers but the I - 1 alighnaant

remained more or less the same* The pattern of sedimentation

can be correlated with the orientation of these rivers* The

H * S continuation of the various units indicates that

they are deposited by th© rivers which is also supported

by the lateral heterogenity of the lithologioal units at

right angles to the direction of the river courses. The

pinching out and the 1 ensold character of the formations

in the E - W direction are Indicative of a lateral shift

In the river courses.

GRAIN SI2E PARAMETERS OF SANDS

The sand samples representing different depths

between 115 to 350 ft* were colleoted from 35 tubewells*

TheSe were subjected to mechanical analysis in order to

determin the important grain siae parameters i.e. Median (Md),

Sorting coefficient (So), Uniformity coefficient and

Effective siae (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 analysis are

plotted as percent passing (Plates 2.11 to 2.20) and the

above statistical parameters are determined from these

curves which are given in( Table 2,3) .
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tabid 2.3 Grain siae Parameters of the Aquifer sands from
different Bore-Holes in Musaffarnagar - Meerut
Area*

Tubewell
Ho. and
Location

Depth
in

feet.

C M So Bffec-
(one per- (Median)(sorting tive
eentile) in Coeffl- size
in microns microns. cienU in mm.

Unifor
mity
Gooffi-
clent.

""" I 4 ' 5 6 7

3 Korth Loi 112-127 «* 210 3*73 0.95

155-165 <•> 190 2*90 0.86 2.44

180-105 95 320 2,64 0.17 2.23

195-225 100 — - 0.26 •m

225-245 41 220 1.75 0.09 2.83

245-250 «* 230 3.70 0.15 2.00

286-296 90 320 1.20 0.21 1.60

298-31*5 90 • — 0.26 m

324-336 90 280 3.0 0.17 1.60

19 Korth Loi 126-140 110 340 1.7 0.17 2.10

180-23JS • 360 1.7 0.36 2.40

216-220 150 500 2*0 0.26 2.10

29 North Loi 105-112 110 260 1*8 0*37 1.70

118-138 120 w4w *• 0.19 2.10

160-190 115 230 1.8 0.26 1.50

210-370 120 320 1.4 0.13 1*80

2 South Loi 98-112 100 540 1*4 0.26 2.10

118-130 75 190 3*6 0.10 2.10

175-190 80 300 4. 0.20 1.70

190-230 150 380 1.6 0.21 2.30

230-270 150 500 -
0.23 2.30

84 HhUd. 70-106 85 230 1.4 0.12 2.3

105-170 78 210 1.6 0.11 2.0

207-245 * 230 1.7 0.11 2.7

m tm. contd. ,,
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T i 2 3 4 5 6 7

10A Kakra 90-130 100 380 1*5 0.20 3.3

3J30-140 100 300 1*2 0.19 3*6

140-165 75 210 1.8 0.11 2*3

175-220 75 300 - 0.15 2.0
•* .

220-840 140 260 «* 0.3S 3*6

23 Lohara 85-125 «* 110 3*4 m -

140-170 «• 250 1.5 0.14 3*3

222-254 — 810 1*8 0.09 2.4

254-264 90 340 1.9 0.17 2.1

264-269 «* 170 2.3 0.08 2*2

300-311 •» 150 3.1 0.09 «•

30 Daha 165-200 105 290 3*3 0.17 3*9

250-280 X**w 320 3*3 0.20 3*6

326-335 mm 230 2.0 0.09 3.0

335-361 350 340 3*7 0.20 3*9

23 Daha 45-152 — 140 3*8 0.08 2.0

152-170 m 300 3*9 0.13 2.5

170-202 m 290 0.09 0*14 2.0

245-270 m 270 3*4 0.11 2.1

270-295 70 250 1.7 0.33 2.1

6 Daha 135-150 «• ISO 2.0 0.03 2.1

130-388 75 300 3*7 0.13 2.1

195-218 120 300 1.5 0.17 3*6

260-297 m 330 3*9 0.12 2.8

1 Sardhana 380-200 m 320 2.09 0.16 2.1

233-230 80 340 2,10 0.16 2.1

275^280 - 180 2.10 0.08 2.6

280-315 75 320 3.1 0.07 3,09

315-325 120 340 1*9 0.19 2.3

^.contd.
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A hMh JL

10 Sardhana 360-363 «• 210 2.0 0.08 2.4

165-330 <m 380 3*4 0.08 2.2

200-230 m 380 2.1 0.13 2.7

233-244 e 190 3*7 0.09 3.1

260-268 «p 230 2*2 -
*»

268-312 90 540
-

0.23 2.7

13 Sardhana 115-145 e 280 1*8 0.3J2 2.6

160-165 m, 390 2.09 mm e

165-190 — 260 1*7 0.15 3*8

190-215 110 310 1.6 0.19 3*7

• 262-273 e 140 1*8 0.08 3*8

273-302 70 410 1*6 0.21 3*9

A 6 Daurala 115-166 150 320 1.5 0.20 3*3

210-270 110 360 1*9 0.20 3*9

A 7 Daurala 62-115 90 280 3*2 0.36 3*7

120-166 97 360 3*4 0.17 2.2

384-195 80 340 1*7 0.15 2.5

195-203 m 250 3*2 0.11 2,4

203-236 <m 880 1*2 0.16 1*7

S 2 Daurala 100-120 70 880*mmm*m 1*6 0.10 3*4

170-200 a* 290 3*5 0.15 3*3

200-227 110 320 3*2 0.19 3*1

227-252 • 230 2.1 0.33 3*6

3 2A Meerut 83-337 120 *3&MJ 2*0 0,19 2*5

158-225 150 480 3*5 0.26 1*9

21 Meerut 80-131 75 320 3*9 0.15 2.2

395-260 340 330 3*6 0.38 3*3

272-282 35 340 2.1 0.15 2.5

23 Meerut 70-140 •» 290 3*4 0.33 2.3

170-200 75 300 1*1 0.15 3*8

200-233 95 280 0.9 0.21 3*2

B-1j3ontd. m
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In order to keep th© number of slates to a minimum only the

percent passing curves for sands from 10 wells are given.

It is the diameter corresponding to the 50 percentile

value of th© cumulative curve and is expressed here In mm.

Half of the particles by weight are coarser than the median,

and half are finer. The median values for th© sands under

study vary from 0.31 to 0.17 turn and therefor©, these can be

classified as medium to fine sands according to the

Wentworth*s classification. (Pettljohn ).

Trasks sorting coefficient is defined as the ratio of

25 percentile value to 75 percentile value, A perfectly

sorted sediment has a coefficient of 3.0 . According to

Trask So value of less than 2,5 indicates a veil sorted

sediment, whereas a value of 3.0 Is normal, and a value

greater than 4.5 indicates a poorly sorted sediment .

The sorting coefficient for the sands from tha area

varies from 3.00 to 1.25 and therefore, these can be regarded

as normal to well sorted sediments.

Variation ia j9jJUs1 Wi 9/*%%%%% wtXflU&flnt

An attempt has been made to determine the variation,

if any, in the median value from north to south because the

principal streams (the Oanga and the Yamuna)which are

responsible for the deposition of these sediments, flow

from north to south. The variation/in the median end sorting
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coefficient are given In Table 2.3 . A perusal of this

table would indicate that the median decreases, within

narrow limits i*e. fcom 0.31 to 0.17 ma from north to south,

Haghava ftao2,4 has also given values of median (0.50 -
0.25 ram) for tile aquifer sands from ftoorkee area which lies

to the north of the area under study. Therefor© it can be

concluded that there is more or less a general decrease in

the grain size of sands (within depth of 112-360 ft) from

north to south. This is natural to expect because the

coarser sediments in a channel are deposited first while the

finer ones are transported further down.

There is, howeverf no definite variation in the

sorting coefficient from north to south (Table 2.3). »©

definite variation in either median or sorting ©©efficient

with depth could also be seen.

Jj^f/.QftMlY.ft .ulliffiil

Effective sis© represents a else 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. Hasen

determined it as the diameter of sand grains such that 10£

of the material is of smaller grains and 90$ is of larger

grains. The value of effective sise for the sands varies

from 0.075 to 0.32 in the present area of study.

Uniformly coefficient

Th© uniformity coefficient of a sand is the ratio of

(1) the size of grain which has 60$ of th® sample finer than

itself to (2) the size which has 10 percent finder than
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itself (wenael )# The uniformity coefficient is a measure

of sorting. The uniformity coefficient for th© sand samples

from the area under description varies from 1.1 - 3.3, The

above two parameters i.e. effective else and uniformity

coefficient can be used for determining the permeability of

the formations 89 using th© various semi- eraperical formulae given

by Hasen, J&ichter and others (Wens©!29).

C. M. PATT8HI

During the last few decades there has been a tendency

aaot&g tile geologists to analyse and characterise deposltional

features of c lastic sediments. In modern research the trend

has been towards a definition of Individual samples of a

deposit by parameters of their texture and to define the

deposits as a whole by the variation of these parameters.

Passega30 has used the texture of clastic sediments
for determining the environments of their deposition. He

suggested the construction of G M pattern after determining

the values of 1 percentile grain size (c) 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 their values are plotted on a logarithmic paper.

The resulting sample point pattern is called the C M pattern.

Passage31 has given many patterns indicative of different
deposltional environments.

There are various mode© of transportation of sediments.

Bottom currents which are capable of transporting 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

normally flow during a limited tia© and are so rapid that

they can not be followed by rolling grains. Their load

is entirely a suspension load. 01vers, marine currents

and waves touching bottom are th© examples of tractive

currents.

The values of C and M were t determined from the grain

size cumulative curves of th© subsurface sandy horizon from

the area und©r study. Th© values of C and K are given in

Tab!© 2.3 and CM pattern is shown in Plat© 2. ei The resultant

CM pattern is characteristic of tractive currant deposits

31
(Passage x),

CCECLUSIQK8

The CM pattern 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 If the tractiv©

currents which were ©tsociated by the activity of rivers in

this area.
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CHAPTER 3

OaOUKD WATEa COII DITTOES

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 is

comparatively shallow and occurs at a depth of 15*-50* from

the ground surface. This has been named as th© '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 foankar. This forms the *deeper aquifer*

of the area and it is separated from Dm shallov; aquifer

by a thick, more or less continuous, layer of clay intermixed

with kankar (Plate 2.5) which behaves 8 a semi-confining
32layer or aquitard. According to Davis and Dewiest" th©

term 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 35-30 feet below th© ground surface while the cumulative

piezometric surface for th© confined aquifers Is also mor©

or less at th© sam© level. However, the water level in the
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wells, which tap th© deeper aquifer, is always above the

base of th© overlying confining layer.

In order to determine the behaviour of the water

table and the piezometric surface, periodic data of the

water levels in the shallow dug wells and the deeper tubewells

were collected. Th© ground water distribution in th© aroa

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 coefficient, as will be discussed in Chapter 4,

also point towards th© confined character of the deeper

aquifers. However, as pumping from deeper aquifers takes

places, leakage from overlying aquifers becomes significant.

WATER TABLE AQUIFERS

The shallow ground water reservoir mot within 30 feet

depth below th© surface represents the water table aquifer

of the area. The average thickness of th© water table

aquifers is of the order of 25 feet.

WATER TABLE CORTOUR MAPS

The water table maps have b©en prepared on th© basis

of th© field observations of static water levels in the shallow

wells. Location of these si :aiow(Observation) wells is marked

on Plate 3.1 to 3.8. The alignment of the observation

wells is more or less at right angles to the major drainage

courses of th© area. Two set of water table maps have been



WATERTABLE CONTOUR MAP OF

MUZAFFARNAGAR- MEERUT AREA

FOR THE MONTH OF MAY 1958-

(HEIGHT ABOVE MEAN SEA LEVEL)

PLM-E. 3.1



TO SONIP

WATER TABLE CONTOUR MAP OF

MUZAFFARNAGAR-MEERUT AREA

FOR THE MONTH OF OCT. 1958 .

(HEIGHT A60VE MEAN SEA LEVEL)

LEGENDS "lMTER

1. DISTRICT BOUNDARY

2. ROADS

3. OBSERVATION WELLS WITH NOS. o1
«. CONTOUR INTERVAL 10 FT V )
SCALE t S-t-.? f t MILES.

PLATE 3.2.



WATER TABLE CONTOUR MAP OF
MUZAFFARNA6AR-AAEERUT AREA
FOR THE MONTH OF AAAV. 1962.

f HEIGHT ABOVE MfcfcN SE.A, V-&VE.U1

5. DIRECTION OF G*00*ilD<:r*,.
W«rER FLOW — *•• i)C«Lt.

•••^•••••••HHI

PLMt 3.2



WATER TAbLL COMTOLR MAP OF

MUZAFFARNAfiAR-MEERUT AREA

FOR THE MONTH OF JAM \%A.

(HEIGHT ABOVE MEAN SEA LEVEL)

LEGEND

I. DISTRICT BOUNDARY

Z. ROADS

3.OBSERVATION- WELLS WITH NOS.

4.CONTOURINTERVAL 10 FT.
5 UlRtCTION OF GROUND

WATtR FLOW >- SCALE t
O 3 4 £
-I 1- - . J MILES



TO SONIPAT

M E E K U T

LEGEM)

DISTRICT BOUNDARY.

X. ROADS

3 • 0 B SERVAT I ON WE LL 5 WITH IMS.

4 . C ONTOUR INTER VAL
5. DIRECTION Or GPOUNP-

WATFR FLOW >- SULL te=

WATER TABLE CONTOUR MAP OF

MUZAFFARNAGAR-MEERUT AREA

POk THE MONTH OF OCT 1964.
{height above mean sea level*)

PLATE 2>.<o



WATER TABLE CONTOUR MAP OF

MUZAFFARNA6AR-MEERUT AREA

FOR THE MOHTH OF OCT. 1962.
(HEIGHT ABOVE MEAN SEA LE.VEL)

PLATE 3.4-



Water table contour map of

muzaffarnagar-meerut area

FOR THE.MONTh OF MAY. 1965.
(HEIGHT ABOVE MEAN SEA LEVEL)

PLATE



TO SON!

WATER TABLE CONTOUR MAP OF

MUZAFFARNAGAR-MEERUT AREA

FOR THE MONTH OF OCT. 1965.
(height above mean sea level)

_ r DlRECTIOtvj OF GKOVNXi

LEGEND. * ~*TE" *-»* ,
i. DISTRICT BOUNDARY

2. ROADS

i OBSERVATION WELLS WITH NOS . . . . . .O

A. CONTOUR INTERVAL 10 FT. QJ) '

PLATE 3.a



prepared for the year 1988f 3£62f 1964 end 1S65,one for tte
olUer/ov the.

premonsoon (Hey) and the^postmensoon periods (October) for

(Plate 3*1 to 3,3). From these plates it can he seen that

the configuration of water table eontours remains more 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 naps net only Indicate the

distribution of ground water in the shallow reservoir but also

indicate the direction of ground water flow*

a study of these water table maps indicates that

the general ground water movement in the area Is from north

to south except sf few places near the main rivers where it Is

north to southwest or north to southeast. The flow lines also

indicate that, in general* the ground water moves towards

this rivers Indicating thereby the effluent nature of these

streams* from the shape of the water table contours it is

seen that wherever the contours cross a nadi (stream) there

is a bend of the contour in the upstream direction indicating

effluent character of the streams (Tolman • Davis and

Dealest38).

It may further be added here that due to accumulation

of silt In the canals there is no appreciable amount of

seepage from the canals Into the shallow ground water

reservoir*

Bear 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 Krishni and also in between the

town of Musaffarnagar and river Ganga*

As there is a relation between the slope 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 aquif*r material.

On the other hand the widely spaced water table contours

are indicative of the presence of coarser sediments in

the shallow aquifer.

The hydraulic 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.

DSiSPSH AQUIFERS

It has been pointed out earlier In this Chapter

that the deeper s©mi~confined aquifers occur between the

depth aone of l00-»350 feet. The number of confined beds met

within this zone are usually two to three. Generally these

confined aquifers are met within the depth zones of 110-175,

200-270 and 280-360 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.



PIEZOMETRIC MAPS OF THE GCKPlKaD
AQUIFERS

A piezometrio map (Plate 3.9) for the month of

May 190S has been prepared oased on the cumulative

pressure head of the aquifers lying within the depth of

100 to 300 feet* On the piezometric map a few flow lines

have also been drawn to indicate the direction of ground

water flow in the deeper aquifers of the area*

The piezometric map (Plate 3*9) Indicates that

isoplestic curves for the S-E portion of Musaffarnagar

area have wide spacings which is indicative of higher

permeabilities. In contrast to this the contours are

closely spaced in the S*s«W* part of the town. Therefore,

it may be inferred that the prospects for further yield of

ground water development are better in the area S-E of

Mnzaffarnagar in comparison to the one lying towards SSW.

The hydraulic gradient as worked out from the

piezometrio map ranges from 3.0 to 4*0 ft. per mile.

A comparison of the water table contour map (Plate 3,7)

and Piezometric surface map (Plate 3.9) for my 1965 Indicates

that the configuration and the shape of the contours in two

plates are quite different which indicates that the shallow

and the deeper 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 kankar 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 aquifers are interconnected

towards north with sub-surface formation of the Taral

•nd the JB&abjsr. holts and these represent toe most important

source of recharge to th© deeper aquifers. However, at

places there are also interconnections between the deeper

aquifers and the shallow water table aquifer in the Axial

*olt itself. In addition to this, during pusping from

the deeper aquifers, good amount of water is also added

locally due to leakage from the overlying water table

aquifer. In conclusion, therefore, it must be mentioned

that the recharge to deeper aquifers takes place

both by lateral subsurface percolation from north and also

due to vertical leakage from the overlying aquifers.



CHAPTER 4

HYDRAULIC CHARACTERISTICSOF

THE AQUIFERS,

• e»

IKTRODUCTIOH

The value of any aquifer as a fully developed source of
water depends mainly on two inherent characteristics i.e.

(a) its ability to store and (b) its ability to transmit water.
The first is expressed in terms of coefficient of storage or
storavity and the second in terms of coefficient of Trans-

misslbility or transmisslvity (De /lest32). These provide the
very basis on which quantitative studies are based. In this

Chapter the various aquifer characteristics are described

as determined from the pump to ts carried out from a number

of tubewells in the area. It will be necessary to define the
various aquifer characteristics and describe methods which have
been used before giving the actual application of the methods
and the evaluation of the various hydrologlcal characteristics
of alluvial aquifers. Fifteen pump tests were conducted during
the present investigations and both the drawdown data and the
recovery data were collected from the observation wells. These
were analysed by (i) Theis-type curve method, (2) Theis-Jacob
straight line method, (3) Hantush - Jacob leaky-artesian typo
curve method and (4) Hantush leaky - artesian aquifer straight
line method. The methods employed and the interpretations
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made are described in the following pages*

DSrailllOK OF HYDRAULIC CHARACTER!STS

1. COKFFICIIsKT OF TEAKSMISSIDILITY (T) is defined as the rate

of flow of water, at the prevailing water tenperature, in

gallons per day, through a vertical strip of the aquifer

one foot wide and having the height a equal to the thickness

of th© 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 (mw/d/m).

2. COEFFICIENT OF STORAGE (S) is defined as the volume of water

that an aquifer releases or takes into storage per unit

surface area of the aquifer per unit change In the component of

head normal to that surface. Generally it is 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 air4)*

For phreatic ground water (water table conditions) it is

equal to the specific yield*

3. FIELD COEFFICIENT OF PERMEABILITY (Pf) is expressed as the

rate of flow of water at the prevailing field temperature in

gallons per day through a cross section of aquifer one foot

thick and one mile wide under a hydraulic gradient of one foot

per mile Cienael29)* It is expressed In gallons por day per
square foot (gpd/ft. 2)#
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METHODS OF AQUIFER PERFORMS CS TESTS

In order to determine the aquifer constants, 15 pttmp tests

were conducted in Muzaffarnagsr-Meerut districts. The individual

tests were run for varying periods but the zaaximum duration was

not more than 40 hours. The abandoned tubewells in the neigh

bourhood of th© newly constructed tubewells (Pumped well) were

used as observation wells. The pumping was carried 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* s* gpm. In all the hydrologlcal

tests, measurements for the quantity of water pumped at a constant

discharge from the pumped wells were made with the standard

v-noteh fixed tc tha tubewells* The water level measurements

were made by a steel tape lowered along with a copper electrode

connected to the battery. 'Jherever available the observations

of water level in the shallow dug-wells were also made.

The observations of drawdown were taken in the

observation wells which almost tap the same aquifers. The

llthological log and position of the strainers in the pumped

wells and the observation wells of only 7 bore holes have been

shown in Plates 4.2 to 4.B. From the llthological log3 it

can be seen that both the pumping walls and the observation

wells are tapping water from th© aquifers which are overlain

by comparatively impermeable clay formations intercalated with

1
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mooram and kankar in a few cases. Those comparatt vely

impermeable units represent th© formations through which leakage

occurs during pumping and therefore these can be classified as

aquitarda (DeMesSJ. The regional nature of the lithologioal
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 pismp 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 minimum. However, data from all these tests have

been plotted and analysed by various methods. The drawdown

data 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 leaky-

artesian aquifer straight line method.

(Table 4.1 on page 44)
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fable 4.1 P014P TEST DATA OF OBSERVATION WSLL NBAR TOHBWSLL

Ko. 20 NOaTH LOI IN HUZAFFAHNAGAR DISTRICT

SI.•Loca» •Dist- ' •Depth Residual
Ho. 'tion 1ance ' 1 to I drawdown

•of •of 1Date of* Hour »water ' t 1 t* ' t/V ' (in ft.)
•test- 'obser- ' test * •level '
•ed 'vation ' ' (in ' s»
•well. 'well ' • ft.)
t •fro© '
i

i

'pumped
•well '

i !.ttft,£t) „ i

',.,.. .a — ! 131 * • 1 1I,..k £ ! 10

1. Tubewell 80
Ho. 20
North-Lot

7,3,1985 St SO

6*00

itl»o
6il*5

6i2*0

6* 2.5

diCO

6*3.5

6*4,0

6t4.5

6t5«0

Sf5,5

G»6.0

Gi6.5

6*7,0

6*7.5

618.O

6t8. 5

6»9.0

G*9.5

6tl0

6111

27,0

27.0

Pump
started
constant
discharge
408 (USX5PM

27.92

28.17

28.25

23,33

23,42

23*46

28,50

23.54

23.58

23,62

28.67

28.71

23,75

23.79

28.83

23.33

23.87

23.92

28.92

23,'96
contd.
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6*12 29.00

6*13 29,04

6*14 29.08

6*15 29.33

6*16 29,17

6*17 29.21

6tlS 29.25

6*19 29.33

6*20 29.37

6*21 29,42

6*22 29.46

6*23 29.50

6*24 29.54

6*25 29, 58

6*30 29.67

6*35 29.71

6*40 29.75

6*45 29.79

6*50 29.33

6*55 29.92

7*00 29.96

7*10 30.04

7*20 30.08

7*30 30,13

7*40 30,17

7*45 30,17

8*10 30.17

8*40 30.21

3*55 30.21

9*00 30,25

9*15 30.29

9*30 30.33

10*00 30.33

10*30 30.33

11*00 30,33

11*30 30.33
12*00 30.33 Pump stopped



£ • S "• i 5 6 •• 71-- -• 8 9 10

12*01 29,75 361 1.0 361 2.75

12*01,5 29.67 361.5 1.5 241 2.67

12*02 29.58 362 2.0 131 2.58

12*02,5 29.50 362.5 2. 5 145 2,50

12*03 29.42 363 3.0 121 2.42

12*03. 5 i&y• Or 363.5 3.5 103 2.37

12*04 29.33 364 4.0 91 2.33

12*04.5 29.291 364.5 4.5 81 2.291

12*05 29.25 365 5.0 73 2.25

12*05. 5 29.21 OOO.D 5.5 66 2.21

12*06 29.17 366 6.0 61 2.17

12*06. 5 29.13 366.5 6,5 56 2.13

la* 07 29.13 367 7.0 52 2.13

12*07. 5 29.033 367.5 7.5 49 2.033

12*03 29.042 363 8.0 46 2.042

121 OB. 5 29.04 368.5 8.5 43 2,04

12*09 29.00 369 9.0 41 2.00

12*10 23.96 370 10.0 37 1.96

12*11 23.92 371 11,0 33 1.92

12*12 28.87 372 12.0 31 1.87

12*13 28.33 373 13.0 23 1.83

12*14 28.79 374 14.0 26 1.79

12*15 23.75 375 15.0 25 1.75

12*16 28.71 376 16.0 23.5 1.71

12*17 28.67 377 17.0 22 1.67

12*13 28.67 378 13.0 21 1.67

12*19 23.62 379 19.0 19.5 1.62

12*20 23.58 380 20.0 19 1.53

12*21 28.54 381 21.0 IB 1.54

12*22 23.50 382 22.0 17 1.50

12*23 23.46 383 23.0 16.6 1.46

12*24 23.42 334 24.0 16 1.42

12*25 28.37 385 25 15.4 1.37

12*30 23*83 390 30 12,0 1.33

contd.
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12*35 28.25 395 35 11.3 1.25

12*40 28.21 400 40 10.0 1.21

12*45 23.17 405 45 9.0 1*17

12*50 23.08 410 50 3.0 1.08

12*55 28.00 415 55 7.5 1.00

13*00 27. 92 420 60 7.0 0.92

13*10 27.87 430 70 6.0 0.87

13*20 27.83 440 30 o, o 0.83

13*30 27.75 450 90 5,0 0.75

13*40 27.67 460 100 4,6 0.67

13(55 27.53 475 115 "4.1 0.53

14*10 27.46 490 130 3,3 0.46

14*25 27.42 505 145 3,4 0.42

14*40 27.37 520 100 3, 2 0.37

14*55 27.33 535 175 3*0 0.33

15*00 27.25 540 130 2.9 0.25

15*30 27.17 570 210 2.7 0.17

16*00 27.08 600 240 2.5 0.08

13*30 27.04 630 270 2,33 0.04

17*00 27.04 660 300 2,20 0.04

17*30 27.00 690 330 2.09 0

13*00 27.00 720 360 2,0 0

(Table 4.1 contd.)
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Hour Time since pumping
fteflfltt

Minutes Days.

mmmjmm

Drawdown
in ft. T

S

.2

m )day

20 North Loi 1.0 6.94 X 10"* 0,92 9.2 X yf
1.5 1.04 X 10"3 1.17 6.2 X 106
2.0 1*39 X 10*3 1*25 4.6 X 106

*

2.5 1.74 X 10"3 1.33 3.7 X 106
3.0 2.09 X 10"3 1.42 3.0 X 106
3,5 2.44 X 10"3 1.46 2.6 X 106
4.0 2.78 X ID"3 1*50 2.3 X 106
4.5 3,12 X 10"3 1*54 2.0 X 106
5.0 3.47 X 10*3 1*58 1*8 X 106
5.5 3.81 X 10"3 1*62 1.6 X 106
6.0 4.17 X 10"3 1.67 ui X 106
6.5 4.51 X 10"3 1.71 1.4 X 106
7.0 4.86 X 10"3 1*75 1* X 106
7.5 5.20 X 10"t 1*79 1* 2 X 10€
8.0 5.51 X 10"3 1.83 1*1 X 10Q
8.5 5.90 X 10"3 1.83 1.1 X 106

. 9.0 6,25 X 10"3 1.87 wo X 106
9.3 6.50 X 10"3 1*92 9.9 X 105

10.0 6.96 X 10"3 1.92 9.1 X 106
11.0 7.60 X 10"3 1.96 8.3 X 106
12.0 8.33 X 10"3 2.0 7.6 X 10S
13.0 9.10 X 10"3 2*042 7.0 X 105
14.0 9.72 X 10"3 2.083 6.5 X 105
15.0 1.04 X 10"2 2.13 6.1 X 105
16.0 1. 11 X 10": 2.17 5.7 X 105
17.0 1*19 X

1 /"I***** 2.21 5.3 X 10S
13.0 1*25 X 10"2 2.25 5.1 X 105
19.0 1*31 X 10"2 2.33 4.8 X 106
20.0 1.40 X 10"2 2.37 4.6 .: 105
21.0 1*45 X 10"2 2.42 4.4 X 105
22.0 1*52 X 10 ^ 2.46 4.2 X 105
23.0 1.59 X 10"2 2. 50 4.0 X 105

contd.
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24.0 1*67 X 10"2

S

2.54

"" ' J

3.8 x 106
25.0 1.73 X 10"2 2.53 3,6 x 10S
30.0 2.09 x ID"2 2.67 3.0 x 105
35.0 2.43 x 10"2 2.71 2,6 X 103
40.0 2.77 x 10"2 2.75 2.3 x lO5
45.0 3.12 x 10"2 2.79 2.0 x 105
50.0 3.47 x 10"2 2.83 1*8 X 105
55.0 3.82 x 10*2 2. 92 1*6 x 106
60.0 4,17 x 10"2 2.96 1.5 x 105
70,0 4.86 x 10*2 3.042 1.3 X 105
80,0 5.55 x 10"2 3.083 1.1 x 105
90,0 6.25 x 10"2 3.13 1.0 x 105

100,0 6.80 x 10*2 3.17 9.2 x 104
115,0 7.98 x 10"2 3.17 8.3 X 104
130.0 9.02 x 10"2 3.17 7.1 x 104
160.0 1* 11 x 10"1 3.21 5.7 X 104
175.0 1.22 x 10"1 3.21 5.2 x 104
130.0 1.25 X 10"1 3*25 5.0 x 104
195.0 1*36 X 10"1 3.29 4*7 X 104
210.0 1.46 X 10"1 3*35 4*4 x 104
240,0 1.67 x 10"1 3.33 3.8 x 104
270.0 1*80 x 10*1 3*33 3.4 x 104
300.0 2.08 x 10"1 3.33 3.0 x 104
330.0 2,22 x 10"1 3,33 2.8 x 104
360.0 2,50 x 10"1 3,33 2.5 X 104
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ANALYSES OF DATA

In 1935 a ma^or advancement was made in well hydraulics

by Thais (Ferris et al34), w&o derived the non-oquilibriuo
formula introducing the time factor and the storage. He derived

the non^uilibrius formula by analogy between the flow of ground

water and the flow of heat by conduction*

3asod on the non-oquilibrium theory, it is possible to

predict future performance of the well and to determine the

Coefficient of Transmissibility (T) and the Coefficient of

Storage (s) which are also known as formation constants, /mother

distinct advantage of the non-equilibrium method over the

equilibrium method is that it enables the determination of

hydrologlcal boundaries.

The non-equilibrium formula is

8a 13/fjSQ j^° £2 aa M N (4wl)
whore u a ^*87 f 9 •

s « drawdown in feet, at any point of observation in
the vicinity of a well discharging at a constant
rate,

Q « discharge of a woll in gallons per Minute,

f a transmissibility, in gallons per day p©r foot,

3 distance in feet, from tho discharging well to tha
point of observation,

r

S » Coefficient of storage, expressed as a decimal
fraction,

t a time in days since pumping started.
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The non-equilibrium formula is based on the following

assumptions*

1* The aquifer is homogeneous and isotropic.

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 fro$ storage instantaneously
with a decline in artesian head .

The integral expression in equation (1) cannot be

integrated directly, but its value is given by the series.
'CO

—U 2 *^ A*S~ du a W(u)a...577210 - loge U4U -~§^r 4*^ . ^ (^2
1.87 r2S/Tt

vjhereas given earlier u • "^§7 g| S ## ,. M (4,3)
and V (u) is known as well function of u or well function of

non-leaky aquifers.

Hence equation (4.1) can be re-written as

« • ll\® ** W(u) .. .. .. (4.4)
It is not possible, however, to determine T and S

directly from the above equations. Two methods are used in the

application of this formula i.e. (1) The type curve method and

(2) The straight line method.

Iy»q WT* fflftWl

First a plot of W(u) versus u is made on a logarithmic

paper. This plot is known as the type curve. On another

Lthmte paper of the same scale r2/t Is plotted against s
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to obtain the data curve. The data curve is superposed on the

type curve and a match point is obtained for which values

of rVt and s art* read from the data curve sheet and W(u)

and u from the type curve sheet. Transmissibility coefficient

(T) and storage coefficient (s) are calculated from these

data by rewriting equation (4m4) and (4.3) as

and S a '- »» j!2/* •• •• •• (4.6)

The non-equilibrium formula is theorltically applicable

from the very start of the pumping testf however, the earlier data

may not be reliable duo to the assumptions of instantaneous

release of water from storage and constant value of S . It is

therefore, desired that pumping should be allowed as long as

possible so that s becomes fairly constant.

For the tests carried out in the present area, the data

curves do not match completely with the tyge curves but parts

of the two curves match for various tests. For each test, three

match points have been determined as 1, 2 and 3 (Plate 4.9

to 4.23). Point 1 is for the earlier part of pumping and point

3 for the later part while point 2 is for the intermediate

period. T and I have been calculated for th© various match

points and their values are given in Plates 4.9 to 4.23. In

Table 4,2 is shown the variation in the computed values of T

and S with time of pumping.
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Table 4.2 - VARIATION IK T A 8 AS DBTSaHJHSD BY THE

THEIS TYPE CURVE MSTHOD FOE DIFFSR3iT

KATCH POINTS

SI.
No.

{Tube J
jwoll J

Hatch
point

i

J
-

. m

2

j - -•.i

• T

I

' i f ' a1

•

ct ! S
i

. .. . i

1 T £ i f 4 1 """&" u —^ H 9
1. 1'2b ''"

North
Loi

1 .-'.'<

2 2.2

5.0

5.9

X

X

iS2
lO2

3.0

5.3

x icr
X 105

1.4 30154

i.15 47844

.0007

.0027

3 4.7 4.2 X 153 2.3 x IO4 3.4 64633 .0051

2. 3 1 4.1
K&irariao ~«

8.6

1.75 X

IS3
lO3

1*6

2.95

X IO6
x IO5

3.5 63224

78825

.0001

• 0002

3 (3.9 1.5 X 10s 1.3 X IO4 4.3 79615 .003

3. 17 NL 1 1.8 1.0 X 151 3.0 X IO6 1*5 64774 .001

<3 2.6 3.7 X lO2 5.5 X IO5 2.4 58474 • 002

G -4.4 5.5 X 1?T 7.6 X IO4 - a • 71969 .002

4. 7 SL 1 (3.9 3.1 X IS1 9.1 x IO5 0.62 85007 .015

2 :3.1 2.4 X lO2 1*4 X IO5 1.3 100854 .009

3 1M 2.2 X lO3 2.1 x IO4 ti.O 95826 • 005

S. 11 EL i i3.35 3*7 X l52 2.3 X 10S 1.3 80408 .003

2 3.5

3 5.0

1*39

3.0

X

X

lO"

l33
7.0

4.1

x IO4
X IO3

2.15

2,5

70332

36408

.007

.033

6. 10 PL 1 i2.5 4.7 X lO2 1.95 X 10° 1.2 122001 1.01

2 3.4 1*65 X lO2 1,8 x IO4 2.4 82961 0.04

3 5.0 4.5 X 1?33 4.5 X IO3 3.0 97601 0.052

7. 22 NL 6.0 X IS2 7.0 x IO6 M 157575 ,0007

2 2.9 2.9 X l32 4.8 x 10S 2.12 98910 • 003

3 4.9 3.5 • 153 5.6 X IO4 • •-- 106352 • 003

8. 12 NL 1 1.6 1*26 X US1 <... x IO6 1.0 114417 .001

2 3.3 2.0 X IS2 1.1 X IO6 1.85 127559 .001

3 4.9 -- * ' 1 ID3 3.4 X IO5 2.3 152348 • 0003

contd.
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3L

9.

1TI1

19 NL 1

4,

2.1 7.0 x IB3 1.2 X IO6

„ .7.,,..

Ii 1

8 ,,

89178 •008
2 2, g 2. 1 x ltr

m%
^3£# ^» X IO5 2.4 823 IS .003

3 5.4 a *5
... •' X Iff 2.5 x IO4 3.4 121402 .006

10. 10A
kakra

1

2

".7

3.1

3.6

2.5

x i52
x l82

2.8

6.4

x 10°
x IO5

1*4

2.5

104097

66931

.0007

.001
3 4.2 7.1 x l83 1.0 x 10s 2.7 83963 .003

11. 17 SL 1 3.3 1*8 x l(32 3.4 x IO6 1.9 102710 • 0003
2 3.4 1*65 x IS2 3.45 X IO5 2.5 79642 • 0008
3 3.3 1*1 x 1?32 1.4 X IO5 3.2 69572 • 002

12. 13 NL 1 1.99 7.3 x lO2 3.7 X IO6 1*59 89500 0.001
2 3.6 1.4 x 1$2 5.6 X 10S 2.25 114416 0.0015
3 5.6 1*7 x xtJ3 =;,' i X 10* 2.7 148318 0.004

13. 20 SL 1 2. 9 2.6 x lO2
mm

2.G x IO5 2.9 67041 0.004

2 4.5 4.8 x ivr 4.6 X IO4 3.7 81537 0.005
3 5,9 5.0 x irr 1.6 x IO4 4.0 938885 0.06

14. 2 HL 1 0.8 3.5 x 151 5.7 x IO6 0.45 94180 0.003

2 2.5 4.5 x llr
j*%

4.3 X IO5 1.75 82824 0.004

3 3.9 1.0 x IS2 1.15 x IO5 tC#A £a*(S 92328 0.004

15. ©Daha 1 4.3 7.0 x ltT3 6.0 X IO6 2.4 98228 0.00006
2 5.3 2.7 x lO3 3.5 X 10S 3.1 93656 0.0003

3 4.1 3.0 x IO*3 7.6 X IO4 3.8 147758 0.008
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MODIFIED NON-EQ/JILlUaiUM FGlMJLA (STRAIGHT LINE MSTHOD)

In 1950 Jacob (Ferris et al34) established that in

the series of equation (4.2) the sum of the terms beyond

log0u is indlgnifleant if u becomes small. The value of
u decreases as t increases and r decreases. Therefore,

for large values of t and small values of r , the terms

beyond log0u in equation 4.2 can be neglected and then the
Theis formula can be written as

I » aw q <ioeio ta/u ) M H (4U7)
So "* s*

v&ere Q • discharge of a well, in gallons per minute,

T • transmissibility in gallons per day per ft,

t- and t2 » are two selected times in any convenient
x units, since pumping began or stopped and

a, and s0 » are the respective drawdown or recoveries
x at the noted times in feet.

The above equation (Jacob - Theis formula) is applied

by plotting the observed data for each well on a semi-logrithmic

graph paper, where the values of t are plotted on the

logarithmic scale and the values of • on the arithmetic scale.

If the value of u becomes small say less then 0.01, the

observed data should fall on a straight line. From this

straight line t^ and t2 are arbitrarily chosen for which the

corresponding values of s1 and sa are read from the graph.

Hence equation 4.7 can be solved for T. For convenience

tx and tg are chosen over one log cycle apart so that
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and equation 4.7 is reduoed to

•? - ,JjJSH ..SL- •• •• •• (4.8)
AS

where s Is the change, in feet, in the drawdown or recovery

over one log cycle of time. The sbrage coefficient is also

determined with the help of equation 4.9.

• n •*, ,.» m (4»9)
r2

where s, T and r are same as defined earlier and t is
o

time intercept, in days, where the plotted straight line

(time drawdown curve) intersects to sero drawdown axis.

The time drawdown curves for tb/s observed data were

plotted on semilogsheets 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 perusal of these figures would lndioate that the

slope of the tlmo-drawdown curves does not remain constant,

such a change ean indicate different conditions. A decrease

in the slope of the time drawdown curve ean indicate

either recharge boundary conditions or leaky confined conditions

(Walton35). Similar effects will be seen if the well has
partial penetration (Hantush36 singhal37). This leads to
to the question as which part of the tiae^drawdown curve should

be used for determining the aquifer constants! If there

is a effect of recharge boundary conditions or leaky conditions



~
s

D
O

2
r
-

Oest
IS

.

o

in
Z_

J
1

J

+
uJ5

t
o

&oU
.

h
i

rv
l

z





7?.

o
a

2
<

PC
o

IKFJUtQTIOr* fJo»N^
FOR THE. FIRSTS LOPE A&=. 1-275FT.

T =97,524 Jpd/ft.
5 = 0.000&4

FOR THE. SECOND SLOPE ^5=0-675FT

T = 1,8 4,2 13 fpd./ft.
S = 0-0003

J I I L J 1 1 L
6 7 6 9 IO1 2 3 456789 IO2- 2

TIME IN MINUTES AF1ESL PUMPING STARTED

SEMILOG PLOT OF DRAWDOWN VER.SES TIME FOR WELL No. 17 N. L

i—7 1 1—i 1 1—i—r~]Ao

J I I L L.

>

H
pi

e*

J I 1 L

-3 0

5 fe 7 8 9 io3



IX
UJ

o

O

<

O

Q

O

o

J I L J I L
5- « 7 S 9 10'

i • i t r t i rt"~js\ t t i

>V
oy

~v

^

x^&&°o

FOR THE FIRST SLOPE ^5-0-82FT.

T = 2,Oo, 89 7 ^pdjf-L,
5. z. O- 0070015

FOR THE SECOND SLOPE A5=0-26 FT,

T = 6,33, <2>O0 <jp-;/-ft,.
S - O- 0000008

J L I ' 1

s 6 t a 9 |0'

i i t—•

^s = o-is FEET

1

3-CL

J-JX

>

-1

f"

-» iO
, -—I—I—1—1 ,

5- 6 T 8 9 10*

TIME \N M\NUTES AflER PUMPING 51AWTED.

SEMILOG PLOT OF DRAWDOWN VERSUS TIME. FOK WELL No.l3N.L



o

I I I 1

4 5 6 7 8 9 IO

i—i—i—i r ' ')

?v

As =145 ft

FOeTHE FIRST SLOPE ^s-1-45 FT.

T = 1,13,618 %P<*l*t-
- O* 000000014

FOR THE SECOND SLOPE As-0-975FT.

T s 1T«8,2 6^ fpdjft.
S = OOOOODOOO23

i

2

i i

4

I l i I I i l

3 4 5 G 7 S 9 iOZ

TIME. IN MINUTLS AFTEZ PUMPING STAZT LD

SEMILOG PLOT OF DHAWDOWN VERSUS TIME. FOR WELL UoAZH.L

pv^

i

2

Cy\>

T 1 III 1 1 I I -4

^

i

3

i i i i

4 5

-b c

•6
r

> -

I I I

6 7 8 9



F
L

A
T

E
.4

.5
.1

-
O

D
_

1

?
:

-
vS

o

l/>
Z

.

JJ
-U

U
l

_l
z

-
-
n

o
f

oL
L

—

"jrj
2

D
Y

~

a
J

t
-

c
/

4
i/i

i—iA

o
a

u
l

z
>

-
o

>
£

-
<

0

-
r
-

a
2$

-
<

*
O

a
o

-
i
n

u
J

£
r
-

<
u

-
rV

-
<

*
<

D

—

i
n

u
.

rO
a

J
0

1
-

3

'
Z



I T

TIME IN MINUTES AFTER. PUMPING STARTED

SEMILOG PLOT OF DEAWDOWNi VERSUS TIME FOK WELL No. 2 S.L



2. i 4 5 fc T g 9 IC'

IN MINUTES AFTER PUMPING STARTED

PLOT OF DRAWDOWN VE R. S Ub TIME. FOR WELL No. 7 S-L



3 0

w
US

o

4 5 6

-t—i—r T 1 1—r

Oi^Q

H. SLOPE.

As= 1-3 FT

r SLOPE

FOR THE FIRSTSLOPE ^s=l*3FT.

03,772 fpd/ft.
5 - O- OOO A

FOR. THE SECOND SLOP *s = O-Q0FT.

T- l,S0,63O $pti/ft.
S = o•000 3

7 6 9 IO1

TIME

SEMtLOG

_l 1 I 1 L J 1 L

2 i 4 5 6 7 S 9 lo2- 2 3

NJ MINUTES AFTEH PUMPING STARTED

PLOT OF CIR.AWDOWN VEE.SU5 TIME- FOR WELL No.l7S.L

"i—r

Q

"i 1 1 1—!*••

G)

-S-l

t '

TJ
r
>

-1

4 5 6 7 8 9 lo5



©
\

o

»
~

IXOC
D

6ll

4a0-
i

»/)

az0V
J

a
l

vnu
l

II-d0u
.

O
.

O

P
L

A
T

E
.4

.3
3

<
+

.

7
1X
L<*>

0VS
Q

COV9•
s

ii

006•I

vA

i
nK
>

r
4O<
r>

vfl

i
n

a<ozD
.

•J</>

t*-
4OZ-
J-Ja
c

ou
.

Ji
n

3c
Ju
J

>

a
l

u
.

<

zoD<a
/

in

u
i

y
-

ZizuJ

U
.

OO_
i

aOOj£u
l

0
*

-
c
ov9to



5 9 ,c' 2. 3 4 5 6 7 8 9 IO1

TIME IM MINUTES AFTER PUMPING STARTED

SEMILOG PLOT OF DC AW DOWN VERSUS TIME FOR WELL No, 2.0 &.L





TIME IN MINUTES AFTER PUMPING STARTED

SEMILOG PLOT OF DRAWDOWN VERSUS TIME FOR WELL No. 3 DAHA

8 3 10s



J 4 5 6 7 8 3 10' 2 3 AS- 6 7 8 9 10* 2 3 4 56789 lo 5

TIME IN MINUTES AFTER PUMPING STARTED

SEMILOG PLOT OF DRAWDOWN VERSUS TIME FOR WELL No. 3 K/WRANA



5-0

40

h
ui

ul

u

53-0

z

o

p

s-
«r

or
P

2-0

„t

i r i tin 1—i—rr

FOR THE FIRST SLOPE As= -74 FT.
T = 134497 opd"/ft.
S = 0.000 76

THE SECOND SLOPE As = -24FT.
Ts 4/470O tjpd/fi.
S- O.000000004

THE THIRD SLOPE A 8 =%> (, FT.
T =38X80 gpd/fi.
S = 0-3

1

SEMILOG PLOT OF DRAWDOW

TIME IN MINUTES AFTER
___ . J i t i

5 1. 189(1)1 4S<>7ao>,0»

7 1—I—I—rTT

VERSUS TIME FOR WELL No> 11 N LOI

PUMPING STARTED
1 _i L - 1 I L XJ_

C 7 8 5 10

-i

©6



- 57 -

the first slope should be used to compute the aquifer

properties tut If it is due to partial penetration then

the later slope should be considered.

The values of T and S for the various slopes

of tlie 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 Is very small.

The small value of s can be due to the fact that the zero

drawdown intercept is poorly defined -where th© slope of the

semi log plot is small* Intercepts often occur 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 s which are determined

from the earlier slopes are reliable.

(Table 4.3 on page 53)
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Tabla 4.3 • VALUES OP I AW D S BY JACOB-THSIS

' METHOD

S.Ko. Wall Ho. 'tLope T(g/day/ft) S

Ik 33 HL 1

2

mm 20 NL 1

2

3* 3 Kairana 1

2

4. 17 NL 1

2

5. 7 fill 1

2

i. 11 KL 1
<•>
•

3

7. 10 SL 1

2

8* 22 KL 1

9. 12 HL 1

**#

10. 19 NL 1

2

a. 10A Kakra 1

12. 17 SL 1

2

13. 20 SL 1

8

IA. 2 SL 1

2

15. 9 Daha
—•—

200897 .0001

633600 .0000008

32855 .0007

287232 .00001

103620 .0001

194287 .000004

97524 .00064

134213 .0003

95677 • Oil

65014 .02

134497 .00076

414700 .000000004

38280 • 03

.02

119915 .016

143475 .001

113611 .00000001

138269 .000000002

135452 .001

133803 .0008

146287 .00029

103772 .0004

163630 .0003

131213 .0005

62685 .003

87258 .003

110422 .001

117388 .0009
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IS aSCOVSH* FOHHDLA

In the year 1935 Theis (Ferris at al34) evolved a formula for
the analysis of data obtained from tha recovery of a pumped

well. 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 earns aojif

the discharge of the well had bean continued but a recharge well

with the tame 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

observed water level and the non-pumping water level extrapolated

from the observed trend before the pumping period. Therefore

the residual drawdown, a* , at any instant will be

mint*" i f
CO

1.8

• u
, ,a «*n -

7 r2s/Tt/~ 2tt a-* a.11.87 **" s/Tt' —»£— •

.. .. (4.10)

where Q, T, s and r are same as defined earlier, t is the

time since pumping started and t» is the time since pumping

stopped. The quantity 3*87 r2 S/Tt» will be small whan t*
ceases to be amall because r is vary small and therefore the

value of the integral will be given closely by the first two

terms of the infinite series of equation (4.2) . The above

equation therefore, can be rewritten in modified form aa

T miMjl !ogi0 -I,. •• •* <4.1l)
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Equation 4.11 is similar in form to, and is based on the

assumptions as, the modified formula developed by Jacob.

The recovery formula is applied in the same manner as

the modified non-equilibrium formula. The convenient procedure

is to plot the residual drawdown, s»t against t/t* on a

serailogrlthmic paper, a1 being plotted on the arithmetic scale

and t/t* on the log scale. Vihan the value of t* becomes

sufficiently large, the observed data fall on a straight line.

The slope of this line gives the value of the quantity log10

(t/t« )/s' in equation 4.11. For convenience, the value of t/t'

is generally ehosad over one log cycle because its logarithm

is then unity and then equation 4.11 can be written as

T 3 -ig^ • (4.12)

where s» is 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 rat© of recovery

of a pumped well unless the effective radius rw is known.

The recovery data for the various tests were plotted

on seml-logarithmlc paper and the values of T were calculated.

Only one such plotting is shown in Plate 4.39 and the others are

not given here. However, values of T calculated on this

basis from tests on different wells are given in Table 4.4.

(Table 4.4 on page6d )
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Table 4.4 - VALUES 0*' T AS CALCULATED FROM BSCOVEHZ

DATA

Serial
No. Well No. T in Gal/per day/ft

1 20 NL 334640

2 3 Kairana QttAlRCwaOcJo

8 17 NL 108125

4 7 SL 134812

8 11 NL 334640

i 10 SL 103772

f 22 NL 149667

8 12 NL 205920

i 19 NL 117392

n 16 \ KaJflfa 146827

n 17 SL 107923

18 33 NL 383570

33 20 SL 331238

14 2 SL 355430

ii 9 Daha 112671
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SVALUATION OF THE AQUI
CONSTANTS

The above methods have Indicated that the deeper

aquifer in this area represent a complex condition and therefore,

the conventional methods of analysis cannot be used directly.

The reason is that the various assumptions which have bean

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 aquifer.

Th© values of S determined l^ the above methods

show variation with time of pumping. However, all these values

are indicative of tha confined conditions of the aquifers.

The time-drawdown curves for the tests under discussion have

indicated flattening of the slope with increase In tine of

pumping. As mentioned earlier this would indicate either a

recharge boundary condition or partial penetration of the well

or water table condition or leaky condition.

Variation in the computed values of I with time of

pumping indicates deviation from th© assumption that groundwater

is removed instsnteneously from storage with decline in head.

Ineson38 has reported variation in T and s with tine and

apace from confined aquifers. H has shown an increase In S

with increase in time of pumping. Wfjlton , Boulton and

Wanial have shown that variation in the computed values of

S is indicative of slow draining of formations in the vicinity

of a pumped well. In confined aquifers variation in S with
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time of pumping can be explained due to changes in the elasticity

of th© porous medium and of th© overlying relatively impermeable

beds. Therefore, It can be concluded at thi3 place that a

variation in the computed value of S can indicate both water

table and confined conditions.

The deeper aquifers in th© area under investigations

do not show water table conditions. This has been concluded

on the basis of th© following observations*-

1* It has been observed that there is practically

no effect of pumping from deeper aquifers on

the adjacent shallow dug-wells. This indicates

that th© shallov and the deeper aquifers ar© not

directly inter connected.

2. The test data war© also analysed by Pricketts

method for water table aquifers and it was

concluded that the tested aquifers have

confined character (Appendix - I) .

As the tested wells ar© not near to any surface source

of recharge, possibilities of recharge boundary conditions

ar© also ro^octed. The well assembly and the llthological

logs have also shown that the wells have full penetration.

Therefore, th© t©st data arc further analysed by Leaky

Aquifer Methods as given below.

LEAKY AQUIFERS

In nature aquifers ar© not always perfectly confined

between completely inpervious strata. This becomes evident
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whan the recharge conditions are studied for those aquifers

which have larger yields than are available from tha reple

nishment in the outcrop area. This percolation of water into and

away firoei the main aquifer through the semiconfinlng strata

is known as leakage. This phenomenon was analysed for tha first

time by Dutch hydrologists and engineers and later Jacob and

Hantush worked on this problem (Dewiest22), From the year
1954 to 1964, Hantush in collaboration with Jacob and later by

himself developed the theory of th© leaky aquifer. Walton***

has applied the theory of the leaky aquifer to some regional

conditions ia Illinois*

For the analysis of drawdown data from leaky confined

aquifer conditions, both the type curve aathod of Walton

and the straight line method of Hantush have bean used as

described below.

Hantush and Jacob (Walton* ) have given the following

equation for non-steady state drawdown in a leaky artesian

aquifer.

t a |w»J(| j ( 1/y ) asp <-y~ff2/4B2 y) &> .. .* (4.33)

« yy m*— | a I^Cr/B) - ){l/y)m£{~&~aP/4^yty%>T (4.14)

i ( 0/4* T ) V <U* */B) (4.35)

The integral expression in aquation 4.13 was written

by Hantush44 (Walton42) symbolically as w (u, r/B) and was
termed the "Well function for leaky artesian aquifers".
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4 £ f i (u, r B) .. .. .. (4.16)
where u » r s/4Tt

liquation (4.36) can be written in the gallons/foot system

of units as

8 3 liy. M(uf r/B) ., .. (4.17)
where u • . >fmw£ .S.. .. .. .. (4.38)

and r/B • j — (4.19)

where t * time in minutes

P« a vertical permeability of confining bed,

in gallons/day/sq.ft.

b» a thickness of the confining bed through

which leakage occurs, in feet.

P»/ia«* leakage coefficient ot •Leakance1.

NON-STEADY TIL'IE DRAWDOWN TYPE
CURVE METHOD

Hantush43 has given values of W(u, r/3) in terms of
u and r/B. Malton42 has plotted value of Ku, r/B) against

values of 1/u on logarithmic paper and a family of leaky

artesian type curve's ware constructed.

For the tests under discussion, values of s aro

plotted on logarithmic paper against valu©o of t in minutes

so that the tliJJe-drawdown field curves ar© obtained. These

data curves ar© matched with one of th© leaky-artesian type

curves and a match point is selected for which values of

w(u, r/B) and l/u are road from th© type curve sheet and the

corresponding values of t and s are read from the data
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curve sheets (Plates 4.40 to 4.54) T has bean calculated

using aquation (4.17) and s If equation (4.13) and P* by

equation (4.30). Their values are given in Plates 4.40 to

4.54.

STRAIGHT LURE METHOD (HANTUSH* S METHOD)

Theory

Hantush has shown that if the drawdown a is

plotted against time t on serai-logarithmic paper, with t

plotted in tli© logarithmic scale, then the slope m at any

point is given by

m* Aa/Alogl0t » (2.3Q/4^T)axp(^l-r2/4B2u).. (4.20)
The curves have an inflection point at which tne following

relation holds

ux i r2 s/ATt^ * r/2B .. •• •• (4.21)

where the subscript i relates to values of the variables

at the inflection point.

The slop© of the curve m^ at the inflection point

is given by

s^ a (2.3Q/4 tt T)e"r/B (4.22)
and the drawdown at the inflection/point 9^ is given by

S^ • (Q/4 * T)K0 (r/B) • (&) Sm •• .. (4.23)

The relation between the drawdown and the slope of the curve

at the inflection point Is given by

f (r/B) • er/iK0(r/?3) « 2.3 a± / i\ .. .. (4.24)
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In that part of the curve where it approaches asymptotically

the maximum drawdown, the slope m at any point can be given

by

m • (2.3 Q/4 T T)e~q (4.25)

where q • Tt / sB2 (4.26)

and the drawdown by

S « Sjg - (Q/47TT)W (q) (4.27)

where W(q) is the exponential integral «sV ( -q)f which is

known as the •well function* in ground water hydrology. From

equations (4.22), (4.23) and (4,24) the following relation

Is obtained.

f (q) aeQW(q) a2.3 (^ - s)/m .. ., (4.28)

Hantush*' has tabulated the values of the functions

used in the above equations.

This method also involves the measurement of drawdown

in an observation well and plotting of a tino-drawdown curve

on a semilog graph so that the maximum drawdown (sw) is found.

The time drawdown curves (Plates 4.24 to 4.33) were utilised

to determine the values of 8^, s^, t± and m, one such example

is given in Plate 4.55,

Based on the above theory given by Hantush , the

formation constants have been calculated. Following Is the

example of one such calculation for the data from wall Ho.20

Uorth Loi.
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A perusal of Table 4.5* would indicate that the values

of T and s as determined by assuming leakage are more or

less similar to those determined from the earlier drawdown

data by Theis and Jacob-Theis methods. This has further

supported the concept of leaky confined conditions for the

deeper aquifers in the area.



DATA FHOH WELL Bo. 20 HOBTH LOI

Q » Discharge of well

a 400 U.S. gpm or 0.91 efs.

sm a 3.33 ft.

Si a £ (a^) a 1,005 ft.

ti a 6 minutes.

slop© of the inflection point « L3 ft, then

•*/B K0 (r/B) • 2.3 x hfip
a 2,9458

for this value of the function from the table Hantush

er/B a 1,0757

r/B a 0.043

Hence B * 9°^°. = 1096 ft.

T " N l29x9iJ I 1.6757
« 0.tt9 ft.2 / sec or say 0.12 ft2/seo.

which is also equal to a 77537 gal/day/ft.

and LeaKanoe k«/b* m T/32 • rrflfe2^ 3 #00000009
awl S a 4Ttj <g/3 B> 3 4 * iUff $.6 ftLgOft trW,

" • rt f '—-— 80 x 30

a .00099

or 1 x IO*3

On similar lines the data from other wells were also

analysed and th© values are given in Table 4.5 . In this tabic

comparative values of T, s and k*/b» or p»Aa» calculated by

non steady time drawdown typo curve method and straight line method

(Hantush aathod) are given.



Table 4.5 VALUES OF T, S AHD P«/a» BY LEAKY TYPE CURVE AHD STRAIGHT LESS METHOD

Well No. T
gpd / ft S P»/a» or K'/b'

±

20 Borth Loi 71933 / 75537 5.0 x IO*3/!.© X IO*2 2.8 x 10~2gpd/eft /1.0 x XCT* A~

19 Borth Loi 145596 /J03450 1.8 x 10"3/1.4 X1XT2 2.3 x 10*2gpd/cft /1.0 x IO*7 "

10 AKakra 207953 /136380 4.0 x lO^/SVO x 1Q""6 2.9 x 10"2gpd/cft /5.0 x 1Q~2 "

13 Borth Loi 71510 /193987 1.0 x lO^^O x IO"6 6.0 x Kf^gpd/cft

3 Kairana 53977 /103450 2.0 x XQ'^/d.Q x IO*4 1.0 x XQm\p&/en

/2.0 x IO"8 * i

c

ZlmO X IO*8 " I
o

17 Borth Loi 23227 / 90435 4.5 X IQ^/V.O X IO*4 3.0 x 10"2gpd/cft /7.0 x IO"8 "

7 South Loi 61306 / 84036 1.2 x 10"2/2.2 x IO*2 1.05 gpd/cft /1.7 x IO7



<f

J. -a. 2;
1 • ii in 11

10 Sooth Loi 102738 /773B70 1.3 x IO"2/ 2.7 x IO*1 9.4 x 10-3gpd/cft /2.7 x m%**A*l

22 Borth Loi 133090 /135277 1.0 x IO"3/ 3.0 X IO-5 1.0 x lO^gpd/cft / 5.0 X IO"3 "

12 Borth Loi 114927 / 90485 2.0 x IO*"3/ 1.0 x IO*3 6.0 x 10"2gpd/cft /4.0 x IO"7 *

11 Borth Loi 43204/ 34936 5.0 x IO"3/ 1.7 x IO"1 9.0 x 10-2gpd/cft /3.6 x IO"6 "

2 South Loi

17 South Loi

94959 / 53190 1.0 x IO"1/ 3.4 X IO*3 5.9 X IQ^gpd/eft /7.8 X IO"7 „

92464 / 85347 3.0 X IO"4/ 7.0 X IO"6 2.1 x 10-2gpd/cft /3.0 x IO"8 * H
1

20 South Loi 75421 / 77587 2.0 x lO^/S.O X X0*2 8.0 x iCT^ptL/ctt /5.0 x 30~7

9 Daha / 90687 3,5 x lO"3/^ x IO"2 5.0 X HT^/cft /6.7 X IO*4

B.B. First values in each column is obtained by type curve method end the
second value by the straight line method.
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COHCLUSIOBS

The hydrologlcal character of the deeper aquifers in

the Indo-Gangetic alluvium has been a matter of controversy.

Taylor while describing 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. Chaturvedi and pathair7 , on the basis of puap
test data from lluzaffarnagar-tleerut regions have shown 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 Pathak16
while analysing data from Aligarh-Mathura district, which are

also located in the Axial belt and are to the south of
*

the present area, have shown that the deeper aquifers in the

region are under leaky»oonflned conditions, They concluded

that there are varying geohydrologioal conditions in the

different parts of Uttar Pradesh.

«*aghava Hao14 had carried out the analysis of pump-test
data from Roorkee area which lies about 20 miles to the north

of Uusaffar-nagart own and he concluded that the deeper aquifers ir

Roorkee area show an average value of 8 which is of the

order of 3.70 x 30"4 thereby indicating that the deeper aquifers

in the area are under confined conditions.

Slnghal and Gupta15 have analysed puap test data from

a well in Musaffarnagar area (Appendix I). They also analysed

the test data by prickett1 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 S have been taken to be indicative of

the hydraulic characters of the aquifer by many workers. As
34

mentioned earlier, Ferris et al have indicated that for

confined aquifers I varies 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 B as determined by various methods comes to be well within

the confined aquifer range and therefore, it indicates that

the deeper aquifers in th© area of investigation are under

confined conditions. It does not mean that the overlying clayey

formations have complete sealinc effect, but as pumping from the

deeper aquifer tsroceeds, 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 s show variation with time of pumping.

However, in most of the cases the values of T and | deter

mined from the earlier parts of th© time-drawdown curve, either

by Theis - type curve method or by Jacob - Theis straight line

method, are comparable with those determined by the leaky aquifer

formulae. The later parts of the time-drawdown curves, which

show flatter slope, cannot be utilised for determining the

aquifer constants by the Jacob-Theis straight line method because

the value of T and S are very different as compared with

those which are determined by the leaky confined formulae. All

these findings indicate that the aquifer under discussion behave



• 74 -

% •

during pumping as leaky confined aquifers.

The present study also indicates that for leaky

aquifers the Theis and Tiiels-Jacob methods give dependable

results only for the earlier data when there is practically

no leakage to the tested aquifers from other horizons.

It should also be mentioned that during the above pump

tests the water levels were above tha top of the aquifer and

the drawdown data were not measured in the pumping well itself.

If drawdown is measured in th© pumping well itself, the

calculations for leaky aquifer conditions would be erroneous.

There is 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 is interfingering of the formations which indicates that

*. «..... mm^Ammrn 11mmmMm mm . ~«,
will also be responsible for putting limitations on the applicationi

of the above methods (Bruin and Hudson45).

The effect of draining of the semi-confining layer is also

of importance in the interpretation of pump test data under such
mm

geological conditions. (Haxey )« However, as the saturated

thickness of the tapped aquifer remained constant, there shouldnot

beeffect of draining on the pump test data under discussions.
A
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Although In the prosent study it was not possible

to determine th© 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 a 47,000 - 2,00,897 gallons per day per ft.

S a 3,0 x IO"4

Pf a 800 gallons per day per sq.ft.

P«/m» or k»/b« • 5.0 x IO"8 sec"1



CHAPTER 5

ANALYSIS OF HYDROLOGICAL DATA BY

STATISTICAL MuTHODS

IBTRODUCTIOB

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 widely in this country but a start has

been made by various workers to apply statistical methods

in solving problems of ground water rogim© as is described

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) Atmospheric precipitation and shallow ground water levels.

In the present area an attempt has been made to analyse the

hydrologlcal data collected for the shallow ground water

reservoir during the year 1960-61 as well as for the period

1965-66, AH the sites for which data have been used are

shown in (Plate 5,1)
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47
Altovsky*' has descrihad 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

regime. Bhattacharya et al have evolved an empirical formula

for the infiltration of rain water to the ground water table

for a few doaba of Western Uttar Pradesh lying in the main

mm"
Ganga-Yamuna Doab • In (1962) Raghava Rao and Oafa attempted

such studies along the upper Ganga Canal in Roorkee area. Later,

Raghav 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, Krlshni and

Hindon-Kall have been tabulated in Table 5.1 to 5.8, This

comprises of the water level data of shallow ground water

reservoir observed by means of piesometric tubes installed

transverse to these rivers. These data have been subjected to

analysis by two linear correlation methods.
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Table 5.1 HEIGHT OF THE WATER TABLE IB FEET ABOVE

MEAN SEA LEVEL ALONG RIVERS HINDON & KRISHNI FOR

THE PERIOD 1960-1961

OEO-
HYDRO-
LOGI- NOV. DEC JAB. FEB. MARCH APRIL MAY JURE
CAL 1960 I960 1961 3961 1961 3961 1961 3961
STAT-
TIOKS.

H2/2 725.71 725.00 725.35 725.33 724.84 724.44 723.80 723.33
(DATANA)

IM/2
(KHAP- 733.50 717.93 738.10 738.23 717.67 717.36 717.01 736.49
RAN A)

K3/4
(RAJPUR- 744,66 744.55 743.31 743.47 734.03 742.67 742.35 742.06
GARHI)

K2/4
(BARNAWA-738.36 740.43 739.92 739.93 739.04 738.57 738.25 738.00
GILAT, )

intitmiiMi miiwii

JULY AUG, SEPT, OCT. NOV.

i&sll i2si mi issi—im_

H2/2
(DATANA) 724.07 725.88 729.05 727.03 726.46

H4/2 717.40 719.12 420.97 720.38 739.70
(KHAP RAN A)

Kl/4
(RAJPURA-
GARiH)

742.71 743.60 744.29 745.52 745.57

K2/4 739.50 743.76 740.33 740.35 740.60
(BABNAWA-
GHAT)

Bote* H2/2 a Piezometric pipe at a distance of 500 feet
from the River Bank,

H4/2 a piezometric pipe at a distance of 500 feet
from the River 3ank.

Kl/4 a Piozometric pi->e at a distance of 2400 feet
from the River Bank,

K2/4 » Piezometric pipe at a distance of 2400 feet
from t&e River 'tank.
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Table 5.2 HEIGHT OF THE WATER TABLE IN FEET ABOVE

MEAN SEA L12VEL ALONG HINDON RIVER FOR THE PERIOD

3960 - 3961

GEO-
1IYDR0-
LOGI-
CAL
STA
TIONS.

NOV. DEC. JAN. FEB. MARCH APRIL MAY JUNE
1960 3960 1961 1961 1961 1961 3961 1961

Hl/1 734.10 734,92 735.23 735.38 734.60 734.39 734.02 733.57
(3UDHANA)

H2/2 725.71 723.00 725.35 725.33 724,94 724.44 723.80 723.33
(DATANA)

H3/1 733,25 733.04 733.14 733,77 730.10 737.72 737.31 736.76
(NAGWA)

H4/2 733.50 717.93 713.10 733.23 717.67 717.36 717.01 736.49
(KHAPRANA)

HVl
(BUDHAKA)

H2/2
(DATANA)

H3/1
(NAGWA)

H4/2
(KHAPRANA)

JULY AUG. SEPT. OCT. NOV.
1961 1961 3961 1961 1961

734.38 736.36 736.37 735.75 735.09

724.07 725.83 729.05 727.03 726.46

738.01 739.41 739.27 733.23 737.81

717.40 719.12 72a 97 720.38 739.70

Notet All these stations are along river Hindon in
Muxaffarnagar-Merrut district.

H/l m Piezometric olpe at a distance of 100 feet
from th© river bank.

H/2 a Piezometric pipe at a distance of 500 feet
from the river bank.
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Table 5.3 HEIGHT OF THE WATER TABLE IN FEET ABOVE

MEAN SEA LEVEL ALONG RIVER HXRDGK FOR DECLINING

PERIOD (3966)

G£0-
HYDRO-
LOGI-
CAL
STA-
TIONS.

HI
(TATAVI)

JANUARY FEBRUARY MARCH APRIL MAY JUNE
1966 1966 I960 1966 1966 3966

770.30 770.35 770.50 770.40 770.00 770.00

H2 773.17 773,20 773.25 773.27 770.97 773.02
(TATAVI)

HI 750.10 750.00 749.95 749.10 743.85 749.00
(DANDHULI)

B2 753.52 753.30 750.30 750.32 749.95 750.32
(DANDAULI)

HI 736.58 736.50 736.53 736.43 736.18 736.58
(BUDHANA)

H2
(BUDHANA)

737.88 737.80 737.85 737.33 737.48 737.83

NOTEt H3/ 1 a Piezometric pipe at a distance of
100 feet from the river bank.

H2/2 • "iezometric pipe at a distance of
500 feet from the river bank.

HQQfiKEg.
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Tabla 5,4 HEIGHT OF WATER TABLE XB FEET

ABOVE MEAN SEA LEVEL ALONG KALI RIVER
FOR THE aiQlNQ PERIOD

1968-3966.

Sl.GEOHYDROLOGICAL JULY* "*AUgT" SEPT. OCT. HOV. DEC,

3* Kl/1
(MUZAFFARNAGAR)

761,97 962.47 762,27 762.38 762.37 762.22

2 K2/2 763.21 764.11 763.61 763.48 763.66 763.34
A* (MUZAFFAfWAOAB)

3.

4.

5.

«.

SI.
No, 1966
mm mm -mtmrn mm «*«•.-•* **<•*«•«» •

K3/1
(PURBALIAN)

K2/2
(PURBALIAN)

Kl/1
(PURBALIAN)

K2/2
(BANBANA)

1* 763.90

* 763.70

3, 760.00

4. 783.80

5, 724.30

6. 725.60

781,02 781.82 780.32 783.20 783.32 781.24

763.51 752.21 753.31 753.69 781.76 783.72

724.36 724.96 724.68 724.84 724*88 724.38

725,23 726.33 725.79 728.67 728.77 725.82

MART^ApSl* MAY JUNE JULY AUG,

763*80 763.47 763,32 763.47 762.47 763.47

763.00 762,84 762.66 762.81 762.84 765.17

780.90 780.92 780.80 750.92 781.90 788.82

781*81 753.41 783,33 781,48 761.80 783.21

723.90 723.83 723.63 723.78 723.00 728.88

725.00 724.44 724.77 784,92 723.12 727.09

Notet Kl/l Piezometeric pipe at a distance of
100 feet from the river bank,

K2/2 Piezometerie pipe at a distance of
800 feet fromthe river bank.

JAN.

tmmmmmimmmm

701*97

763.21

761.12

783.31

724.33

726,87

NHMMMM

SEPT,

763.22

768.19

782.82

783.26

725.93

727.14
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Table 5.5 - HEIGHT OF THE WATER TABL.^ IN FEET

ABOVE MEAN SEA LEVEL ALONG RIVER KALI FOR

RISING PERIOD(3965)

SI. GEOI1YDRO- JULY AUG, SEPT. OCT. NOV. DEC
K0# «S?Jt%„ 1965 1965 1965 3965 3965 1965

STATIONS

K3/1 761.97 762.47 762.27 762.33 762.37 762.22
1# (M.NAGAR.)

2. X2'2 763.21 764.11 763.61 763.43 763.66 763,54
(M.NAGAR. )

Kl/13MPURBALIAK) 761.02 753,62 750.32 753,20 783*32 751.24

K2/24-(PURBALIAN) 751* 51 752,21 751.31 753,69 751.76 751.72

8. (BA^BAIU) 724.16 724.96 724.63 724.54 724.53 724.58

K2/2 725.23 726.33 725.79 725.67 725.77 725.82
6# (BAN BANA)

NOTE:
3, K/l piezometric pipe at a distance of

100 feet from the river Bank.

2. K/2 piezometric pipe at a distance of
500 feet from the river bank.
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Table %Q - HSXOHT OF TBS WATBB TABLE IB FEET

AB0V3 MEAN SEA LEVEL ALONG RIVER KALI FOR

DECLINING PBRI0D(I9«^

SI. GEOHYDROLOGI- JAS. FEB. MARCH APRIL HAT J8HB
No. CAL STATIONS. 1966 1068 1986 1066 1986 3966

3. (mJaOAB) 781*97 70:U90 *•**> ™**** 7QU3B 761.47

*• (VufkSL) 783.21 763.70 703.00 763.84 762.66 763.81

*• (pu|J{£lAN) 7a:U12 75]U00 76O»00 7S0*9S 7fi°»»0 780,92

*• #~JSS&...% 7ai»3:l 781.20 75J*S1 781.41 753*39 783*46
(PURBALIAN )

«• (babbana) 7a4#33 734*30 723*90 7a3*83 7a3*63 723*78

6* (baKa) 72a,S? 72S*a0 *85t0° 7a4*** 784i77 7a*u9B

tTJ~Ljflcn_

HOTEt

Kl/l pioaooetrie pipo at a distance of
100 foot from ttver bank.

5JV2 piesometrio pipe at a distance of
800 foot from the F&ver bank.
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Table 5.7 HEIGHT OF THE WATER TABLE IN FEET

ABOVE MEAN SEA LEVEL ALONG RIVER HINDON FOR

RISING PERIOD ( 1965 )

S# gic!PSttok-» ^ThY mQ* ^^ 0CT« N0V« mQ, M"L *TATIQBa.mi m^ lgsg ifrS5 1965 1J§5_

1* Hl/1 770.60 773.20 770.50 770.40 770.50 770.60

2. H8/2 773.72 772.27 773.57 771.47 773,62 773.62

3. Hl/1 730.10 750.90 750,35 750.22 750.45 750.35

4. H2/2 751,07 752.07 753,70 751.60 753,85 751.70

3. Hl/1 737.43 733.68 737,00 736.90 736.98 736.88

6. H2/2 733.73 733,99 738.29 733.24 733.33 733.23

Hl/1 piezometric pipe at a distance of

100 feet from the y.ver bank.

H2/2 piezometric pipe at a distance of
500 feet from the River bank.
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Table 5,8 HEIGHT OF THE WATER TABLE IN FEET ABOVE

MEAN SEALEVEL IN THE PRECEDING MONTHS & HEIGHT OF

RIVER WATER LEVEL IN THE FOLLOWING MOUTHS ALONG

HINDON RIVER IN MUZAfFASNAGAR DISTRICT FOR THE

PERIOD - 1985 - 1966.

Si. OBOKYDROLOGI- JULY AUG. SEPT. OCT. NOV, DEC.
NO.CAL STATIONS. 1965 1965 3965 3965 3965 1965

3* Tatavl f?ite 770,32 772,27 770.52 771.47 770.52 773,62

2. Dandauli site 748.06 752.07 747.66 753*60 747.66 753.70

3. fJudhana Site 736.06 730.98 735,66 738.24 7%.66 733.23

Jtf*. FEB, MARCH APR, *4ajf JUNE JULY AUG. SEPT.
1966 1966 3966 1966 3966 1966 i960 1966 1986

1. 770.12 771,20 770.12 773,27 769.92 771.02 771,00 772.72 773.60

2. 747.16 751.25 747.15 750.32 746.66 750.12 747.32 782.07 747.43

3. 735.66 737.30 735.35 737.83 734.86 737.83 735.92 739.28 737.30



- 86 -

The basic formula for the linear correlation coefficient

(r) which has been used in this study was given by Pearson

(Kapur and saxena ).

Correlation coefficient •r* between the tm> variables

x and y has been defined as

N

Y _ zzl . .. ., (5,1)

J gov-*,?J &<*:-*&

The equation (5.1) can be written as

y ——- ~~ .. .. (5*2)

A£.)(1S) lr...-»-

r =

Q77 /\ a/ / j^yt-y*.
The mueation (5.2) is changed to the following form

in the case of bivariate frequency distributions i.e. in the

case in which two variables say x*_ , yA occur with frequency

i a 1| 2 ....... N

imi Tyl ' .. ..(^-3)

J ' ~/Q J N

'/here x1 and y^ are the two variables elianged to arbitrary

origin,

nx , n_, are the frequencies of points contained in the

intervals of x and y respectively.



n^y is the frequency in cell at th© intersection of

a row and column represent©-! by variables x and y

respectively

md H . 12%±L and VX = *%&
,,**-•-• **, cW /« /,»&•where X a *,

A/a

o^ %m* %2g- and )L~ &-±
i&/ A/ A/

-#rx

ANALYSIS BY THE PBftRSON'S LINEAR CORRELATION

METHOD

The Pearson11 Linear correlation coefficient, given

earlier, has been widely used by various workers. In tfco

present study, the analysis has been earriisd out under two

broad heads viz. (1) Analysis of regional data snd (2) of

individual stations.

This method allows to determine the level of ground water

in a forth coming month on the basis of its average position

during a pMcedlne Bonth. AltoW7 vrltoa that Ml pro*.,
may not be solved for all the 12 months of the year. For the

regions in USSR, which are devoid of a stable snow cover, recharge

is achieved during th© autumn 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

splitted up into two periods, corresponding to a drop and a rise in

level. Therefore, it is possible to compile two correlated
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dependencies! One for the period of decline and the other for

the period of rise in the ground water level.

In the pre&ent 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 ean be divided into pro-monsoon and post-

monsoon i,e. period upto May can be classified as pre-monsson

and that of October and beyond as post-monsoon. As such th©

month of Kay indicates th© lowest ground water levels while

that of October the maxleain ground water levels because the main

recharge is obtained by rainfall during the month of July to

October. The variable X and Y in th© present problem are

represented by the ground water level data for preceding and the

following months.

In order to analyse th© data on a regional bads, ths

same havo been grouped in the form of bivariate frequency

distribution. Hence fonaula (6.3) which has alao been used by
47

Altovsky , has been utilised in the present ease.

The above method of correlation not only makes it possible

to arrive at a correlated dependency, but Is helpful in deter

mining the basic factor influencing any given element of the

vater regime. Correlated dependencies may thus be found between

the level of underground waters and any other natural or artificial

factors* For example, a relation may b© established betveen

amount of precipitation, water levels in rivers, reservoirs m&

canals, evaporation losses etc

In th© present study, data collected for 1960-61 and

1965-66 hav© hem subjected to analysis for the following

dependencies:
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(1) Siallow ground vater level for the preceding

and th© following months.

(2) &se and decline of water levels in preceding

and the following aonths separately,

(3) Shallov ground vater levels and the river water

levels.

Shallow ground water levels for the
giCi.-sqitfci.fi ft tftq foMffwto airthfit

In order to evaluate the accuracy of the relation

between th© levels of a preceding and following months and to

establish a correlated dependency between them| x denotes

the levels of ground waters for a preceding month and y for the

following month. The values of x and y have been determined

from the data in (Table 5.1 to 5.3) and their relation is shown

graphically in (Plates 5.2 to 5.7). The construction of such

a line graph involves marking off levels intervals on the

axis of abscissa for the preceding month and on the axis of

the ordinate, th© ground water lovels for th© forthcoming

month.

The relation betveen x and y has been calculated by

dividing the line graph into vertical bends which include equal

intervals of th© value of flf and into horizontal bands which

include equal intervals of the value of y.

On til© basis of the above mean value of x„ and y„

separately for each vertical^horizontal 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 5.7) •



pL /\ TfL iT* f)

75?

747

r

/ 4-

*

X

ft m

/-
/

z

0
5

/

a

i
o

/
ml

h

(.0

.^;
7 27 731

LE

735 743 747

IN THE- PRECEDING MONTH

. ...

0 -

LEGEND :—

GEOwiyppoiO^/^i. stations

Kt (MNASAR}
Ka. CM- NASAR)
Kj CPORRALIAN)
Kx Cp^Malian)

755

K, (TIRANA)
K5. (BANDANA)

SCATTER DIAGRAM FOR THE.

qEOHYDROLOGICAL STATIONS
ALONQ KALI RIVER (llts-me) C^^CUHtNq PERIOlS)

•••••

M W



V)

I
y
2
o

Z

z

o

o
X

UJ
I

_1

UJ
>

ui

u
UJ

I

7*4

7*0

736

732

728

724

720

716
710

/
/

LEG EN D-
dBOHYOHOLOGicAL STATIONS

o *&
* M*»

• •*•/*
KV*

SCATTER DIAGRAM FOR THE GEOHYDROLOGICAL STATIONS
H2/a H+/a K1/4£i'K2/4.

724 728 732

WATE.K. LEVELS IN

X
73 fc 740

THE PK.E.CE.DING

744 748

MONTHS IN FT.

Oj

752 756



PL/VTI

LEGEND
GE0HYPR0L06ICAL STATIONS

NTH

SCATTER DIAGRAM FOR THE

GEOMYDROLOGICAL STATIONS
ALONG HINDON RlVLR (RISING PERIOD)

H. CTATAVl)
HaCTATAfO
H, cmneUuli)

h, cbudhana)
HjlCBudMana)

767



V6 7i2 740 74 4 748

LEVELS IN THE PRECEDING MONTH
752

K, (MNASAB)
K3lCMNA4AI9
k, (pursWliah)
Kg CP^RftAUAN)
K", (BANe^iA)
K^CBANflANA)

7Sb 10,6

SCATTER DIAGRAM FOR THE
GEOHVPROLOGICAL STATIONS K,£,KX XM.NAGAR),



0

5

Z

I

01

ul

1

+ y
—+-

.

• ♦*/•

^ 1

-— j __

/ -t

4 '
/4

4 •

A
/A

A

•T ' ^i

/* t

l£SEmj»-

0
ecdi rAT/<wi

'© yl
o

H-ll

4
^SWT B-* !

'incj month

SCATTER DIAGRAM FOR THE
GEOHYDROLOGlCAt STATIONS
H»/' >H2/2, Hi/j AND H4/2.

warn m%%%



PL

/
V*

•

X

5 \ /
jr

/

. j^4#
ifl

,._

•A
ai

LEGEND.
OHYDROLOGiCAL STATION^

H| Cta-tavO
••- j Mj-CtaJtavO

«

/

/ A •••

0

1, (DANDAIN-Q
Hjl (WNDAOLl)
H, (BUDHANA)
Mjl (BboHANA)

/
740

LEVEL

750 7g©

'HE PRECEDING MONTH

SCATTER DIAGRAM FOR THE
GEOHYDROLOGICAL STATIONS

Hi $ Ha (TATAVI), H, S> Hi(DANDAULl), H, *-Ha(BUDHAN4)



- 90 •

Table 5.9 MEAH VALUES OF x^ AND y0
STATICS IK FEET ABOVE MEAH

FOB THS GSOireDJSOLQGICAL

SEA LEVEL

Mean value of
the interval x
(level for the interval x (Mean
dreceding Monthhralue of level

for tli® following
raonth. )

Mean value of
rQ in the given

Mean value of Mean value of
the interval y x© in the given
(level for interval y
following month XLevel for the

preceding month)

• , , 1 ... 3 4

1. CBOIIYDHOLOGICAX ffatXQil %j H4/2, Kl/4 ADD K2/4.
746.00 744.86 718.00 713.14

742.00 742.18 722.00 722.07

738.00 739.22 726.00 725.36

7^6.00 726*46 738.00 733.96

722.00 721.82 742.00 742.02

710.00 717. 93 746.00 744.98

2. ALCRG HXRDO"* 3IVEH FOH Hl/1, H2/2, 133/1 AKD H4/2

728.00 737.8 740.0 738.5

734.0 734.8 736.0 735.7

730.0 727.1 732.0 733.6

726.0 725.8 728.0 727.5

722.0 721.8 724.0 725.8

728.0 718.0 720.0 719.4

0 m 716.0 717.3

3. FQH HXEDCK fctXVBR DBCLINIBG PEBIOD,

737.5 737.1 737.5 736.5

747.5 749.2 747.5 749.6

752.5 750.7 752.5 750.7

772.5 770.7 772.5 770.7

4. GSOItlTDaOLOGIGAL STATIONS ALQIiG KALI .HVEH AT MUSAFFAaRAOaa
PUHBALIAR MID EMI BAHA FOa 1965-1966.

725.0 724.5 725.0 724.8

729.0 727.1 729.0 725.1

749.0 751.1 749.0 750.9

753.0 753.9 753.0 751.5

761.0 762.4 761.0 762.3

765.0 763.8 765.0 763.5
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Through these points straight lines are drawn. Such a diagram

is known a scatter diagram which is based on the principle that

the graphical flttod straight lino minimises deviations on both

the sides. Thus two linear relations yc froa x and .^ ffom

y have been obtained i.e., mean values for the level of ground

waters for the forthcoming month obtained from its given values

in the preceding month sad mean valuta of the preceding months

from the given values in the following months.

Most of the scatter diagrams, thus obtained, reveal that

the points are distributed regularly along a definite diagonal

bond and that a definite value of y fluctuating in the

proximity of a certain moan value ccrraaponds to each value of x.

Since both the straight lines are more or less parallel to each

other (Plate 5.3) it is indicative of an almost exact dependency

between the various factors governing the ground water regime

i.e. in the present case between the water levels in the

preceding and the follo^ring months.

The correlation coefficient »** for the above data

has been calculated in the manner given as below ^w their

data in (Plates 5.9 to 5.13).

Vi ~ mnjjZmm » . H « -0.S63

nX& V2 « mmmmgjmmL • || « 4-0.458

2,rL = N s 43 | l.e. the sum of column I).

2 yit/i U, m 4-22 (i.e. the sum of column III line 3)

ZKx.X-1 s -27 (i.e. tha sum of row 3)

s£/02£&)» +324 (i.e. the sum of column IV)
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STATISTICAL CORRELATION TA&LL \
<5EOHVDROCO^|CAL STATIONS Ht/x, U+fa , 1^1/4. md K1/4

, MUZAFFARNAGAR A RE. A for
^ ^

y ^^
<&

>& mfi>
1

>>

m 32

T,&nh)
2 21

W<

1**
%

• •
•

4 + 4 16 64 11 44

m+
IDQ

El ID CO

• •••
• ••

• 13 + 3 39 117 25 75

m#*
• CO CD

CD El El
a 7 + 2 14 28 O 16

0 + 1 O 0 O O

® 1 O O O - 2 O

4+ ® • •••
• •• ® 9 -1 -9 9 -18 18

4* A A® ®
• 4 -Z -8 16 -12 24

*>**j*
A AAA
^. A A

A A

A 10 -3 -30 90 -39 117

I hx. 10 4 9 0 8 -12 4 O 48 — -V 22 324 294

n 3c, -4 -3 - 2 — 1 0 -r 1 -+• 2 -+- 3 -V A — LEGEND

in hx-xi -40 -12 -ia — 1 0 . a 24 12 O -27 x :- watelp, llvel. m ns

PRE.CE.DiNG MOHTH5.T
"3

EX^x-^ 160 36 36 O 8 48 36 #° 325

TLZZ X) -29 - 8 - 9 — 1 O 18 36 15 O —

V > WATER LEVEL \K

FOLLOWmG MONTHS. 01

HX,[xx3 116 24 IS 0 18 72 45 O 2 94 H
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'Z.X-sCyixXi) m+Q25 ( i.e. the sum of row IV)

£1ZxmXj.l{i a 2M. ( i.o. the sum of colitBin 6 • sum of row 6)

r a '— "• l'»T"/7" •"""-• mmmmmmmmmm M .. #, (5.4)

~J Zyt '
and r; g / |g Cn^ ^J - .. .. i5.*>

substituting the above values in the above formulae (a. 5 ft 5.6)
mmgmmgm^mmmmmmmmmmmmmmmmmm^ mm <mmm

& *} 34f - <r0.663)!
a 2*52

similarly cy « /^ - ( 0.453)2
a 2.56

• ^ - (-0.563) <0.469)

§Jk.V,iraJtJ?,*.^H
6.4512

. foaa?.
£W2

a 4 0.939

The above is only one such calculation and to keep the

else of the Chapter to a miniaaiE Hat results of other calculations

have been tabulated ls| Itfjej^jm^

On the basis of tho correlation coefficient being

positive and aliaost approaching to unity in value, it is inferred

that there i3 a direct and definite relation between the water

levels in the preceding and the following raonths. As suchf an
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attempt has been made to predict the water levels by computing

the linear correlated dependencies, since the prediction of

water level £$& the following month depending on the preceding

month (yx) is desirablei the linear correlated dependency for

the same has been calculated as follows

(a) For a dependence of the mean value f upon x

y - y a by ( x - x ) (5.7)
(b) For a dependence of the mean value I upon y

x - x a by ( y - y" ) ...... (5.8)

In these equations by. and bx represent angular

coefficient of straight lines drawi to the axis of the coordi

nates and is computed according to the following formulae.

V m I, ft£ » (5«9)
* y

ly a *Jk (3,10)
where r • the correlation coefficient equal to

♦ 0.989 as calculated above.

bx. a root-mean square deviation of the
variable xf

oy a root-moan square deviation of the
variable y.

In computing oV, 8y and bx, and by ^e values found from

the correlation table in conventional limits for x f y should

be converted so as to acquire their true values.

The true value of oV is equal to its conventional

value (in this case 2.56 ) multiplied by the capacity of the

interval (K - 4) of value Sy*

&f a 2.56 x 4
a 10.24
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The true moan value of I is equal to the mean value

xQ of the interval of values x, which latter is equal to

sero (in this case the aero interval of the values fox x

lies within a range from 732 to 736 with the mean value equal

to 734) plus the product of the eapacity of the interval (4 ft.)

by tho value Vx •

X * XQ 4 K Vx (5.11)

a 734 4 4 X ( - 0.563)

a 734 - 2.252

a 731.748

Similarly, the mean value y is equal to tho mean value y
ô

of the Interval of the yt values accepted as zero (Jjn this

case eciual 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 nroduct of the interval (4 ft.) by the value

v2 .

7 3 y0 ♦ K v2 (5.12)

a 730 + 4 X (0.458)

a 730 4 1*332

a 731.832

Hence

b 3 mnum M\M«m\K\«jmMmmw«*n m 3 Ql 973

*y • mJkmmmLMjfmM , • MM

Consequently, the desired linear correlated dependencies

win be as follows t

x - x abx(y-y) .. .. .. (5.13)



By substituting tho values of ! , l>x and y as
given above in the equation(5.13).

( x - 731.743 ) a 0.973 ( y-731.832)

or x a 731.748 4 0.973 ( y-731.832 )

or X « 19.68 ♦ 0.97 y (5.14)

Similarly

y = 731.832 a 1.004 ( x - 731.748 )

a 1.004 X - 2.863

a . 2.863 4 1.004 X

In tho forescastlng of ground water levels, only the

second of these two dependencies will be of interest since it

will enable to determine the mean value of the level of ground
i

waters for a forthcoming month (Y) depending upon its position

in the preceding month (X).

For eheckine the accuracy of this method, assume that in

*)ecomber thelevel of ground waters was at a height of 732 ft.

above sea level. Then according to the obtained correlated

dependency, in January it should be at a height of

V a - 2.863 4 1.004 X 732

732.065 ft.

During the following months, possible deviations of the

calculated mean values of ground water level from actual deviations

will be equal to

Ay as £<fUZ~£T • « • • • » (5.15)
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and for the dependence of x yupon y

a ><- t S >t
ii it 11 (5* 16)

In this connection it should be noted that a single

value of ^*j ov&x. yiii ensure a 68^ probability or reliability of

the value of Y obtained in aocordanc© with the correlated

dependency^ in other words, 32$ of the levels of ground waters

might have other values from that of Vi&y & double value of

a^ ensures a 9Sf probability, i.e. the levels of ground waters

will be within the limits of liiM and finally, a triple value

will make reliability certain in 99 car.es out of hundred.

In our example ^ is equal to

A?, «V 1 - v*~m 10.24/CTO-W^ *1.4336 ft. (5.37)
Hence the level of ground waters will be found within

the limits of 732.065 * 1.4336, that ls» from 733.4986 to

730.6314 ft. In 68 cases out of a hundred. Accuracy of calculations

based on tho correlated dependency will be considerably increased

if tho forecast will be given not only for one, but for a group

of wells according to the following formulai

J"^h •• •* •« (5.18)

where n - number of wells.

For example, if there are 4 wells the value of a possible

deviation will be equal to

A» a 7=^ "' D'7'fr •* •• •• (5.19)

Hence the level of ground water, found here has a 68$
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probability and equal to 732.065 ft. for 4 wells will actually
be within th© limits of 732.065 * 0.71 ft., those with a

probability of 95$ will be within the limits of 732.065 t 1.42

and those with a QSf probability will be within the limits of

732.065 * 2.13 ft.

The results of correlation coefficient »r» for the various

geohydrologioal stations as obtainod by the above method have

been given in (Table 5.10).
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Table 6.10 - SOMKAHISSD HS0OLTS OF COIiHSLATIOM CO&FFICMHT

•r» BETWBBK THB MATER LEVELS FOR THE PHSCSDU6 AND FOLLOW

ING MCKTHS FOIl VARIOUS GiSOHYDROLOGICAL STATIOBS

S.
Ko.

6.

Rene of Geohydrologlcal
stations

, B-4 , K-l « K—2

(For Hindon & Krishni river)

r T T T
(For Hindon River)

3. Declining Period for
Hindon River.

4. Along Kali River at
M.Kagar, Purballan and
Dan&ana.

5. Rising period for
Kali River.

¥f feffi , XsZ ti>.X K-i.
1 *«

(For Kali River)

7. Rising period for
Hindon River 1965.

8. Along Hindon ttver for
Tatavi. Dandaull and
iJuotiaiia.

Correlation
Coefficient

»r«

4 0*989

4 0.98

4 0.992

4 0.999

4 0.99

4 0.

4 0.95

4 0.97

SMSSSS33aSS%SSS3332332322SSaS3S333333aB33BIS '2333 ^333332322333352
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Analysis of Data from individual utatloiia

The method described earlier is useful for determining

the correlation coefficient only when there is huge group data.

As the correlation coefficient for th© 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 hydrologlcal station, the following linear

correlation method has also been adopted*

£.T±±_\±_ •* •• .. •• \5.20)

^.,KL>3ciy>)

or it may be written as

• • (5.21)

where I and Y are the two variables between which the

correlation is sought

Xjjj m the average obtained from the values of x

Y^ a the average obtained from the values of y

where x and y are deviation values i.e. (from mean values)

as shown in the following (Tables 5.11 to 5.14).
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Table 5.11 - TOTAL RAIIIFALL AND WATER LEVEL DATA FOR

A FEW GEOHYDROLOGICAL STATIONS

»»0

Geohydrolo- X
gicai aainfall

Y
Water level X—Xja Y-Y©

x2 y2 xystations in ft. in the follo
wing months1 (X)3 iy>>
(in ft. ) X-XK Y—Xrl

below ground
surface.

1 • 8 4 1 6 7 a

H 3/1 0.200 8.30 -0.031 0.115 0.001 0.033 -0.004
(NAGWA) 0.000 7.57 -0.231 -0.615 0.053 0.373 +0,142

0.025 8.62 -0.206 0.536 0.042 0.286 -0.110
0.850 9.58 40.619 1.395 0.383 3.946 +0,364
0.310 6.93 40.079 -1.255 0.006 1.575 -0.099
0.000 3.11 -0.231 -0.075 0.053 0.006 +0.017

H3/2 0.06 3.42 -0.25 40.83 0.062 0.774 -0.22
(NAGWA) 0.00 12.09 -0.30 4.55 0.090 0.302 -3.37

0.00 6.89 -0.30 -0.65 0.090 0.422 0.20
1.50 7.85 1 .20 0.31 3.444 0.108 0.10
0.26 5.11 -0.04 -2.43 0.002 5.904 0.10
0.00 5.09 -0.30 -8.45 0.090 5.002 0.74

Kl/1 0.03 11.94 -0.17 -0.067 0.029 0.004 +0.011
(RAJPUR- 0.22 12.54 -0.03 0.533 0.001 0.284 -0.036

GARIH) 0.00 12.82 -0.25 0.833 0.063 0.661 -0.203
0.11 13.65 -0.14 3.643 0.020 2.699 -0.230
1.20 12.49 40.95 0.483 0.903 0.233 +0.459
0.07 10.18 -0.18 -1.327 0.032 3.338 +0.329
0.06 10.43 -0.19 -3.577 0.036 2.487 +0.300

Hl/1 0.14 6 .02 -0.075 0.38 0.006 0.032 -0.014
(BODHANA) 0.00 5.66 -0.215 0.32 0.046 0.010 -0.069

0.00 6.55 -0.215 0.67 0.046 0.449 -0.143
0.90 7.37 0.685 3.49 0.469 2.120 +0.920
0.30 4.53 0.085 3.30 0.007 3.690 +0.110
0.00 5.39 -0.215 6.69 0.046 0.476 -0.148

Hl/2 0.00 6.91 -0.1S3 -0.466 0.034 0.237 40.085
(BUDHANA) 0.00 6.52 -0.183 -0.856 0.034 0.733 +0.156

0.09 7.34 -0.093 -0.036 0.009 0.001 +0.003
0.90 8.39 ♦0.717 1.014 0.514 3.028 +0.727
0.11 5.47 -0.073 -1.906 0.005 3.633 +0.139
0.00 9.63 -0.183 2.254 0.034 5.0S0 -0.413

EOTEt Hi or
H 3/1

H/2 or
H 3/3

K/1 or
H 3/2

piezometric pipe at a distance of 100 feet
from tjie bank of river Hindon.

piezometric pipe at a distance of 500 feet
from the bank of river.

piezometric pipe at a distance of 100 feet
froa the bank of river Krisbmi,
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Correlation coefficient for hydrologlcal station H3/1

r a JL.

XT «m ^ A ^ 1.VUV ,._ f\ 0«"l.
A 2 ^^^^f^ m w^mmmmmmm 55 VJ.«3»31,

T 2 *—"^Hp"* 3 1——ijji^.^. 2 c5. Iif X* y

P s yy 3 0.809925 e 0.135

/mmmmmmmmm*wmgm\'\mmm ii«w»m Wmmm%mmWtm% f %% m* Wm%%%% m*mm*m,m*mmmn\nm —1 mm i—

y =»/ * y2 aj 4.204050 a 0.837

say a 4 0.54

Table 5.12 RELATION BETWEEN DISCHARGE OF RIVER KALI
AND SliALLOW GROUND WATER LEVEL IN FSET BELOW GROUKD
SURFACE FOR M02AFFAHNAOAR DISTRICT FOR THE YEAR 1965

i^KJT* Discharge Wafer ML Y-Y^, « P

K-l 222 7.50 9.5 0.29 90.25 0.0841 2.755

NAGAr!TAIW 292 7*70 89*5 °»49 8010.30 0.240143.855
240 6.70 27.5 -0.51 756.25 0.2601-14.025

212 7.25-0.5 0.04 0.25 0.0016- 0.020

169 7.12 -43.5 -0.09 1392.30 0.0081 3.115

140 7.00 -72.5 -0.21 5256.30 0.0441 15.225

111 imwMiiin | ii i—| mmWmmiww »mnw* mniwn mummmmvmMtmmmmmmwmmmmmmmmwmmmmmmnwmmmmn \m\ wimiwiwi iwi ii—iii«wi«»w»M»w«whw*h»i ii i„h—mi—u».•>..wmwuiim» •m» w

Correlation coefficient

y^ 3 2 a AS a 7#21
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J ^jrCt
i m < i m hi

I

/ jmml

8.48

5.3^ftf St.'o'
4 0.5

a 51.6

a 0.32

Table 5.13 RELATION BBTWBSN THE GROUND WATER LEVEL
IN THE ff IBCSDIRG AND IK THE FOLLOWING MONTHS FOR

THE PERIOD 1960-1961

Geohydro-
loglcal
station.

WateAevel WaterYlevel X-X^ Y-Y^ 2 J2
in the prece-in follow- #x% # <r • y
ding month ing month l ' vy'

ft. ft.

H2/2
(DATANA)

725.71

725.15

724.84

723.80

724.07

729.05

725.00 +0.29 -0.14 0.03 0.02 -0.04

725.33 -0.27 +0.39 0.07 0.04 -0.05

724.44 -0.58 -0.70 0.34 0.49 +0.41

723.33 -3.62 -2.01 2.62 4.04 +3.26

725.88 -1.35 0.74 3.82 0.55 -0.99

727.08 3.63 1.94 13.13 3.76 +7.04

lote t H2/2 piezometric pipe at a distance of 500
feet from tho bank of river lindon.

Correlation coefficient

\ 3 ~-^

\ —<* mmlSmm^A

P a i ffl

r 3 p/

, 4352,62
6

a Ma^M a 725.14

ifttigAwMi a 1.6023

*"Xm <fy

725.42m
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/ L£L yUEZSL

1.737

£. 2

IT
jkMm

^x . e-y x&*m * -k^®oU

» ♦ 0.6

Based on this method the cosrrelatlon coefficient for

establishing th© relationship between (I) rain-fall and water level!

and (II) aiver flow and water levels have been computed for all the

geohydrological stations and the summarised results are given

below in (Table 5.14).

Table 5.14 CORRELATION COEFFICIENTS BASED ON LIKEAR
CORRELATION FOR MUiSAFFAHNAGAR AND MEEHDT AREA.

Geohydro
logical
stations.

Rainfall
versus
shallow
ground water
table.

-^=3i(NAGWA) +0.54

K-KH.NAGAR)

^(DATANA)
^(NAGWA) + 4. 40
^(RAJPURGARHI) + 0.43
2^*(3UDHANA) +0.43
^gi(HJDHANA) +0.20

Shallow ground
water level in
River Discharge

in cfs.

+ 0.5

Shallow water level
in toe preceding
months and following

months.

+0.6
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CONCLUSIONS

On the basis of correlation coefficient using Linear

Correlation Method of atovsfcy the following results have

been derived.

From the various scatter diagrams drawn for the geohydro

logical data of shallow ground water body it can be definitely

inferred that they have a definite dependency on one another

i.e.

1) The shallow ground water is closely rolated with

river water level.

2) The shallow ground water level for the preceding and

the following months are inter-related i.e. one is

dependent on the ot&er.

The coefficient of correlation obtained between the

various factors ^shallow ground water level for the preceding

and the following months, ris >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 is almost equal to +3.0 and nonce the relationship is

♦exact* 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 level of shallow ground water body, it is not very high
is

(correlation factorA+ 0.53 or 0.54)
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2) similarly, the relation between the river discharge

and shallow ground water reservoir is also low (correlation factor

+ 0.5).

3) A third relation attempted by this method was between

the level of shallow ground water reservoir for preceding

and following months for a particular station. The correlation

factor 'r* cones to be + 0.6.

The above results (correlation factors) obtained by the

above statistical methods are not very similar. The difference

is due to th© nature of tha data which have been subjected to

analysis. m§ mentioned earlier in the Altovskys method huge

group data have been analysed while in the other method data

from individual stations have been considered.

JAC03»s METHOD OF STATISTICAL ANALYSIS

Introduction

In the earlier part a correlation was attempted between

the various hydrologlcal factors such as spring level, river

water level and precipitation affecting the ground water regime.

Here an attempt has been made to determine th© 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 respects of precipitation and water level in the shallow

ground water reservoir.

In the correlation of precipitation data with records

of ground water level the usual procedure has been to cumulate

departures of the precipitation from the normal or mean proolpi-



• 107 -

precipitation. In recent years progressive averages have also

been used. In this the aim has been to use the cumulative

departure from progressive averages for correlating precipitation

with ground water levels,

en

Jaffoo™ has showi that by multiplying the cumulative

departures from progressive averages by a preset©rained

coefficient and adding each in turn to a constant, the value of

the "effective average rate of precipitation" may be determined,

3y the "effective average rate of precipitation" at any given

ti e is meant that "the rate of precipitation which had it been

maintained unlterrupted throughout the past, would have been

effective in producing the seme water profile as actually existed

at that particular time",

51
Two assumptions have been made by Jacob * i.e,

1) Uniform recharge over th© area by means of rainfall and

2) the total saturated thickness to be co stent so that the

equation for steady state profile of water level can be expanded

in the simplest form,

Musaffarnagar and Meerut ulstricts which are parts of

the Ganga Yamuna Doab represent 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.

SO
The following eiuations as derived by Jacob" have been

used to compute various tables involved in this methodt
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1*. 3 **( n-K+1) #(K-^c(n-l)a(n-i+irR(n-i) ) ## ## (5#22)

C(n-i) 3 \j2 i K- i ( i - 1 )] / \j ( K+1 )]•• .. (5.23)

\ a £, U(n - i + 1) 2 ( K- i + 1 ) / K( K+ 1 ) •• (5.24)

Hp a ^ H(p - i 4 l)2 ( K- i - 1)/ K( K4 1) .. (5.25)

\ * ^2/(KU)](lA) \«ny - 4, a<n.J>"] +3p(5.26
wherei

R a precipitation rate in a particular year

R a The effective average rate of precipitation in a
particular year.

K a Period in years s 10 years •

I * a number having values as 0,1,2,3,4,5,6,7,8,9
Rp a initial value of effective average rato of precipitation.

The computed values of th© ©ffectiv© average rate of

precipitation for Meerut-Iduzaffarnagar are given in (Table 5.15

and 5.16). Avalue of 10 has been assigned to K. Table (5.15)

gives two equivalent metliods of computing the ten year effective

average rato of precipitation at the end of the year 1%5. First
the long method has been given using equation (5.22) in which

Infinite increment in the rate of precipitation have been multi

plied by the appropriate coefficients;

Cn-i a[ioi- i(i-i)/2]/55 and then summed and
added to the value of R for th© (n-9)th year(the year 195©).

The short method, following equation (5.23) is nearly summing up
products of ratos of precipitation and appropriate differences
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between successive coefficientst

C(n-l.r*(n-i + l)»<ll-i)/55 .. (5.27)

Table 5.16 gives the 10 years effective average rates

of preclpitatiun at the end of the year, 1928. I3y 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 precipi-

patlon have been determined and thereafter the departures

of the aetual annual rates of precipitation from the progressive

average have been determined. The cumulated departures have

thereafter been multiplied by [a/(k+l)]a (2/11) and added
to the effective average for 1928 ( 1 oo ) and these are

given in (Table 5.16).

Xt is seen that the effective average rate of preci

pitation at the end of 1965 determined by different procedures,

is 28.60 inches per year (Tables 5.15 and 5.16) which has been

calculated, from the past records of precipitation.
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Table 5.15 - TEN YEAR EFFECTIVE AVERAGE RATE OF PRECIPITATION
AT THE END OF THE YEAR 3965, COMPUTED BY MEANS OF EQUATION(5.22)
AND THIN BY MEANS OF EQUATION (5.23) BASED ON RECORDS OF PRECI

PITATION AT MUZAFFAfBUG&R AND MEERUT.

« «_ Year M Y Rn-1 Long method using Short c»thod using
s.no. (n-1) \x) in/yp. aquatlon(5.22) equation(5.23)

(Hn-i+l-Rn-i)Cn-i (m-i+l)(ii-i)/S5.

1. 1955 10

2. 1956 9

3. 1957 8

4. 1953 7

5. 1959 6

6. 1960 5

7. 3961 4

8. 1962 3

9. 1963 2

10. 1964 1

1L, 3965 0

K — —- 38.60(1/55) a 0.67

36.60 KM (54/55)=(-)!.38 35.40(2/55) a 3.28

35.40 -6,90(52/55)a(-)6.52 28,50(3/55) a 1.S6

23.50 3.20(49/55)a 1.07 29.70(4/55) a 2.36

29.70 2.70(45/55)= 2.21 32.40(5/55) a 2.95

32.40 -3.80(40/55)=(-)1.32 30.60(6/55) a 3.34

30.60 -1.80(34/55 )a(-)L, 31 28.80(7/56) a 3.66

28.80 3.50(27/55)= 0.73 30.30(8/55) a 4.41

30.30 -3.50(l9/55)a(-)l.21 26.80(9/55) a 4.37

26.80 -3.70(10/55)a(-)0.67 23.10( 10/55)a4.30

23.10 —- —

mmm— —————a(-)8.00 a 28.60

fto 9 a 36.60 - 8.00 a 28.60 a Ro 9
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Table 5.36 - TEN YEAR EFFECTIVE AVERAGE RATE OF PRECIPITATION
AT THE END OF THE YEAR 1928. COMPUTED BY MEANS OF EQUATION(5.25)
AND AT THE END OF EACH SUOSDING YEAR UPTO 1965, COMPUTED BY
MEANS OF EQUATION (5.24) BASED ON RECORDS OF PRECIPITATION AT

MUZAFFAfmAGAR-tfSEaBT AREA.

Year
(p-i) (1)

10(aK)

V1in/yr.

81

Using i^quation (5.25)
Rp~l+1> (ll-D/55

193B 28.70 (1/55) a 0.52

3919 9 28.70 29.30 (2/55) « 1.07

1920 8 29.30 33.66 (3/55) 3 3.73

1921 7 33.66 30.80 (4/55) a 2.24

1922 6 30.80 34.82 (5/55) a 3.17

1923 5 34.82 40.10 (6/55) a 4.37

1924 4 40.10 38.76 (7/55) a 4*93

1925 3 38.76 32.51 (8/55) a 4.73

1926 2 32.51 33.15 (9/55) a 5.42

1927 1 33.15 28.20(10/55) a 5.12

12 —

— - Ibo a 33.30

Year
(n)

(i) Rate of 10 Yr.
p reclpi«*progre-
tatioh. ssive

average

Depar
ture
from

• prog.
aver

age.

Comma- Cum.Dep
lative x.2/11
depar
ture.

i. Effective
average rate
of precipi
tation, (%)

in/year

,„.!, 1 1. " 4
...u U I I 1

6 7 ii —am Pt- •i t -

20.20 mm 33.30

1929 38.53 32.68 4.73 4*73 0,86 34.16

1930 34.24 33.63 0.56 5.29 0.98 34.26

1931 29.61 34.38 (- ) 4.57 (4 ) 0.72(+) 0.33 33.43

1932 28.70 33.97 (- ) 5.27 (- ) 4.55(-) 0.83 32.47

1933 33.50 33.76 (- ) 0.26 (->) 4.81 - 0.88 32.42

1934 30.34 33.63 (- ) 3.29 «• 8.10 - 3.47 31,83

1936 33,95 32.65 - • 0.70 -. 8.80 - 3,60 33.70

1936 36.50 31.90 4.52 -• 4.28 - 0.78 32,52

1937 35.22 32.37 2.85 -i 1.43 - 0.26 33,04

contd. - — - -
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(Table 5.36 contd.)

" 177
, , ^ , , .

p 6
rj ' ' '

a

1938 29.70 32.53 mm 2.88 - 4.31 - 0.78 32.52

1939 30.50 32*73 mm 2.23 - 6.54 - 1.19 32.11

1940 33.65 32.03 3.62 - 4.92 - 0.89 32.41

1941 28.88 31.97 mm 3.32 - 3.04 — 1,46 33,84

1942 39,66 33jt89 7.77 - 0.27 - 0*05 33.25

1943 34.24 32,99 1*25 0.98 + 0,10 33.48

1944JJ.W .'. 32.10 33.06 mm 0.9G 0.02 0.004 33.30

1848 40.40 33.24 7.16 7.18 Mi 34.61

1946 36, 3& 34.08 + 2.24 9.42 1*71 35.01

1947 34.76 34,06 + 0,70 10.12 3.84 35.14

1948 32.94 34.02 mm 1.08 9.04 3.64 34.94

1949 30.76 34,34 mm 3.58 5.46 0.99 34. c»»

1950 32*58 34.37 mm 3,79 3.67 0.67 33,97

1981 29.76 34*26 - 4.50 - 0.83 - 0.15 33.35

1982 31.25 34.35 i 3.10 - 3.93 - 0.71 32.59

1953 29.37 33.51 mm 4. M - 8.07 - 1*47 33.83

1964 30.90 33.02 - 21,12 - 10.19 — 3.85 33.45

1955 38.40 32.90 ** 5.50 - 4.69 - 0.05 32.45

1988 36.60 32.70 3.90 - 0.79 -0.14 33.16

1957 35.40 32.7»> 2.67 1*38 0.34 32.96

1988 28.80 32.80 «e> 4.30 - 2.42 - 0.44 32.86

1989 29.70 32.35 - 2.65 - 5.07 - 0.92 32.38

1960 32.40 32.25 0.15 - 4.92 - 0.89 32,41

1961 30.60 32.23 — 1.63 - 6.55 - 3.20 32,10

1962 28.80 32.31 - 3.51 - 10.06 - 1.83 33,47

1963 30.30 32.07 <m 1.77 - 11.83 - 2.15 33,15

1964 26.80 32. 16 - 5.36 - 17.19 - 3.13 30.17

1985 23.10 31,75 — 8.65 - 25.84 - 4.70 23.60

833333333333333333333333333333333333333333333333333333333333333333
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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

walls from which the data is analysed have a more or less uniform

distribution in the area. Table 8.17 gives pertinent data of

such 20 wells and their location is given in (Plates 3.1 to 3.8).

All these observation wells on whose records the present

study is based are all sufficiently distant from the centre

of puopage so that the effect of pumping on their water levels

can be neglected. It has also been shown earlier that the

•hallow ground water reservoir Is not interconnected with the

deeper aquifer* sf except whan pumping is large and leakage

takes place.
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Table 5.17 - DATA REGARDING 20 SHALLOW (OPEH) WELLS IN

GANGA - YAMUNA DOAB IN MEBlTOT-MUZAFFA2&iAGAR DISTRICTS

(1954 - 1983)

mmmmmmmmmmmmm*m*imumiri» » i»wi»u'*»m«uii«iii«»i m»mim'Wiw»" +»<m»m> \mtmmm^<mpmmmm

Ratio 20 Well-
„ «. average to ele-
v~t Locality vation water-
Hoa* level In well

(1954-1964)

mil imiw WWiiMiiiWi «mmmmm«'mr -* - iiiij«\mB /•nMUm Ml illnil nWW-WW

mMmw -6L

9 B Morn%Muzaffar-
nagar, 0*9578

6 B Jat Mayhera, 0*9241
Muzaffarnagar.

2 Qia^uddin
Nagar,

Muzaffi

0*9402

17 Daha

amagar.

6 Banat, 0.95
Muzaffarnagar.

11 Panjit, 0.98
Musaffarnagar.

12 Titwana, 0 9.
Muzaffamagar *

2 Kandhla, fkos
1-fuzaffarnagar VJ-°°

IS Budhana, « ,*•>»
uzaffarnagar ^"^

6 satheri, 0.98
Muzaffarnanar.

30 Mirzapur, 0.98
Musaffarnagar.

eerut
3,03

7 Kutana
leerut ^^

1 ^Ueeiut *•»

Approximate &evatio*P
deoth to nean water
water level level for Remarks
In ft. below 1954
? round sur- ft.

ace in (3964)

36*78 a 37

6.47 a 6

mm •••!•• nil

775.32

803.73

10.20 a 10 789.92

11.89 a 12 783.98

10.51 a 11 755.72

16.82 a 17 766.18

9.32 a 9 771,90

32.58 m 33 738.14

4.76 5 770.04

23.30 a 23 758.08

46.05 a 48 719.91

26,44 3 26 725.46

43.01 a 43 707.29

A

Contd.-
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(Table 6.17 contd..)

a
• • iiwiJawiiwi imi annum winWJiwiiiii

20/4Meerut-P rlehhat
Garh Road, 3.04
M 2-0-15

9 Along Meerut- , ^w*
Miranpur itoad.1*0^

* Beirut. W»
1 Bakri

Meerut
3,07

12 Meerut-Baghpat^ qq
^^eerut

23/9Meerut-Parichhat
garh road, 3,051

Meerut.

27/38 Meerut-Parichh-
at gam road,

Meerut. 1,044

Agerago for all 20
walls

<* 1ML1 *i«ii JL

14.13 = 14 732.33

13,05 a ll 739.99

28.56 3 29 702.04

14.70 3 us 694.97

8.89 3 9 723.89

23,43 3 23 706,35

16,19 3 16 713,47

22,10
say

22

742,72
say

743,

J.

a
(C) Average of the ratios (for the year 1954 to 1984)

of (average altitude of mean annual water-levels
in 20 wells) to (altitude of mean annual water-
level in the given well).
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Tables (5.13 to 5.22) give the "composite average

water levels" and effective average rate of precipitation"

for the years 1955-1984. The yearly values of composite

average water level have been computed from ammal mean water-

levels. The msaber of wells for which there is sufficient

record to determine an annual mean water level for a given

year is as in oolusaa 3 of (Table 5.38 to 5,22), If the

number of walls (for which complete records <*v« available)are

n, then tho composite average wat©r level for a given year

ean be calculated by

(Average water-level in 20 walls for 1955-64) (Average
r •• '• ni" • ' • •" x water level

(Average water-level in n wells for 3955-64) in n wall
for the
given years.)

Values of 26 years effective average rate of

precipitatiai have been computed and ar© given in (Table 5,33).

Effective average rates of precipitation have also been

determined on the basis of 10, 15, 20 and 27 year periods of

ad+ustment 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 fair agreement with mean annual water level. This has

been shown in (Plate 5.14)in which values of average relate© error is
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Table 5.38 - COMPARISON BETWEEN COMPOSITE AVERAGE
WATER LEVEL AND EFFECTIVE AVERAGE RATE OF PRECI -

PITAIION IN MUEAFFARNAGAR-MEEaUT
DISTRICTS.

Year

Tlovation
composite
average
water-level

(in ft)

No* of
wells*

Effective rate ol' precipitation

23 Year
R

in/yr

a

in/yr

1955 727.80 9 33*03 9.43

1956 727.95 9 33.02 9. Ob

1957 730.03 9 33.04 7.42

3958 743.94 11 33.06 - 4.04

1989 740,80 11 33.08 mm 2.45

3960 739,94 11 33.10 mm 1*14

1981 740,45 11 33.09 - 3.88

1962 740.38 11 33.03 — 2.92

1963 743.03 11 32.97 - 5.33

3964 742.72 30 32.89
- 9.62

Mean 737.28 33.03 — 5.309

Average aelatlve Krror a .0072
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Table 5.19 - COMPARISON BETWEEN COMPOSITE AVERAGE

WATER LEVEL AND EFFECTIVE AVERAGE OF PRECIPITATION

Year (H) No. of
well s.

1955 727.80 9

3056 727.95 9

1957 730.93 9

3058 742.94 »

1989 740.80 11

1960 739.94 11

3961 740.45 *

1962 740.38 11

1963 741.03 11

3964 742.72 20

Mean 737.28

Effective rate of precipitation

10 Year (ij
in/year

a

in/yr.

V<;.48 27.25

33.38 33.40

32.98 26.73

32.86 12.53

344,30 0.64

32.41 4.19

32.10 — 3.43

33.47 -
17.63

31* 15 m 84*83

30*17 — 24.83

32.11 20.065

Average relative error a .027
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Table 5.20 - COMPARISON BETWEEN COMPOSITE AVERAGE

WATER LEVEL & EFFECTIVE AVERAGE RATS OF PRECIPITATION.

Year

A- Effective rate of precipitation
1 01 ,,.„,, im NO,

° wells

1955 727.80 9

1956 727.95 9

1957 730.03 9

1958 741,94 11

1959 740.80 11

3960 739.94 ii

1961 740.45 11

1962 740.18 11

1963 743.03 11

1964 742.72 20

Mean 737.28

15 y©ar 0T)
in/year

•

*>->. 51

33,49

33.45

33.38

33.24

33.04

32.30

32.55

32.27

33.13

a

in/yr.

38.33

17.98

15.48

- 4.02

3.24

0.02

- 4^—sW

- 10.05

- liS.47

- 24.39

13,074

Average relative error a .015
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1965

1988

1987

1953
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Table 5.21 - COMPARISON BETWEEN COMPOSITE AVERAGE

WATER LEVEL AND EFFECTIVE AVERAGE RATS OF PRBCI -

PITATION.

n

727.30

727,95

730.03

743.94

No. of
walls.

Effective rat© of precipitation

fed Year (r)
mmmm)j Jj m*

a

in/year

1959 740.80

9 33.20 9.90

9 33.23 10.42

9 33*22 8*33

a 33.25 - 3.57

11 33.26 - 3.98

11 33.25 - 3,33

11 33.27 - 3,19

ll 33.18 - 2.92

11 33.06 - 6.44

20 32.90 - 11.68

— 33. IB 5.734

1960 739.94

1961 740.45

1962 740.18

1963 743,03

1964 742,72

737.28

Average relative error a .
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Table 5.22 - COMPARISON BETWEEN COMPOSITE AVBEAGS

WATER LEVEL AND EFFECTIVE AVERAGE RATE OF PHBCI -

PITATION.

Year
Elevation compo
site average
water level.

S (in ft.)

No. of
wells

Effective rate of preci-

27 years
3 (in ft)

a

in/year

1955 727.80 t 33.43 22.82

1956 727.95 9 33.81 30.07

19S7 730.03 9 «i*3. 53 22.83

1958 743*94 11 32.99 - 2.31

1959 740.80 11 32.66 — 8,56

1960 739.94 11 32.45 - 12.41

1961 740.45 u 32.^1 - 33.30

1962 740.33 11 32.92 - 33.32

1963 741.03 11 32.84 - 4.78

1964 742.72 20 32,51 - 33.88

737.28 32.89 Mean 34.923

relative average error a .0202
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it plotted against the period of adjustment, kAt, The

average elevation of the composite average vater 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 23,60 inches per year. On the basis

of the above assumptions there should be direct proportion of

h and I of constant value 737.28 ft/28.60 in/yr. The average
absolute values of the residuals in this case is 5.309 in/yr.

and the average relative error in this ease has been deter

mined to be (5.309/737.23) a 0,0072.

If ve take effective average precipitation rate to

be about 28.8 in/year or I a 0.0068 feet/day. Then the rate

of accretion to the vater table is about 21,5 %of the average

rate of precipitation.

This value of 21.5 % is very ruch comparable vlth

those obtained by using the empirical formula earlier evolved

by Bhattaoharya at al6 according to vhich

** « 1.86 (R- 14)* .. .. (6.28)

vhere R^ a Rain pmetration in inches

8 a Rainfall in inches

By substituting the value of R obtained from Table 8,16 in

the above equation (5.28) vi get the rate of accretion to

ground vater as 18.1* or say 18*. Thla ia comparabli to thi

value of 21.8 % as determined by Jacob's method.
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CSECLUSIOHS

3. The results obtained by the application of the above

method can be very useful in consputing the ground water

recharge of the area.

2. The results obtained for the accreation of water table

by Jacob* s Method are comparable to those obtained emperlcally

by Bhattaoharya et al •

3. This method may bridge the gap between the present

understanding of infiltration and of run-off.



CHAPTER

CHEMICAL QUALITY OF GROUND WATERS

INTRODUCTION

During the past few decades ground water studies were only

aimed towards establishment of subsurface vater resources but at

present these are considered incomplete unless the chemical quality

of water is assured to be satisfactory. Besides thla, vater is

never found in its pure state in nature, as essentially all waters

contain substances derived from natural environments or from the

vaste products of human beings. These coast!tuents are basic

criteria in the determination of vater quality. In vlev of this,

the geochemistry of ground vater is very important and has to be

studlea with special reference to the need for vhich the vater la

put to maxlumum use in any region. As the present area of study

ia very important from agricultural point of viev it becomes ever

•ore significant to study the suitability of vater for ir -lgatlonal

purposes.

As already discussed in Chapter 4 the deeper aquifers in

the area are under confined conditions vhlle the shallov aquifers

are under vater table conditions. It, therefore, becomes essential

to clearly bring out the differenees, if any, betveen the chemical

quality of vatera froa these two geohydrologioal units. Hovever,



- 125 -

a greater emphasois given to the vater from deeper aquifers. Thus

the chemical quality of ground vater has been dealt under tvo broad

heads i.e, (i) the chemical quality of ground vater from shallov

reservoir and (11) from deeper aquifers. Such a division is regarded

desirable because the geoehemloal evolution of vater under these

different hydrologlcal conditions may differ to some extent,

COLLECTION OF WATER SAMPLES

Water samples from the deeper aquifers vere collected from

the state tubevells directly from the discharge pipe vhile they

vere being run*61* vatering the fields* These samples vere collected

in the year 1964 and 1965 during the months of October and June

respectively, ao that seasonal variation, if any, may also be

determined. Twenty vater samples from dug-wells, which tap the

shallov vater table aquifer, vere collected during the month of

October 1968, One hundred vater samples vere collected from

tubevells vhich tap the deeper confined aquifers. The vater

aamplea froa the deeper aquifers have been chosen in such a manner

that they represent the entire area on a regional basia,

METHOD OF ANALYSIS

The commonly determined constituents in vater analysis

are expressed as ions and include the cations (positively charged

ions) i.e. Calcium, Magnesium, Sodium and Potassium and the anions

(negatively charged ions) i.e. Sulphate, Chloride, Carbonate and

Bl-earbonate,
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There are various methods in vogue for the water analysis

which include gravimetric, volumetric, apeetrophotometrie and Flame
go

photometria procedures (Rainvater and Thatcher )• The gravimetrie

technique in water analysis ia tedious and time consuming beeauae

of usual neeesalty for precipitation, filtration, washing, Ignition

and weighing, vhereas the volumetric analysis ia more rapid and

eensitlve. Recent developments have made available precision

instruments sueh as Spectrophotometer and Flame Photometer which are

very useful in vater analysis.

The water aample oolaeetid during October 1964, Juno 1965

and October 1965 were analysed in the Chemical Laboratory of U.P.

Irrigation Research Institute, Roorkee, and the Chimiatry Department

of the University of Poorkee, Roorkee. »a1+ and K1+ were determined
24 24

by Flame Photometer while the other cations aa Ca , Mg and anions

CI1" tSo|" ,CO2" and Hcoj" vere determined by gravimetrie or
volumetrie methods. pH was determined by a pH meter and electrical

eonductivity by conductivity meter bridge. Total dissolved solids

(TDS) have been calculated from the electrical eonductivity measure

ments of the water samples.

METHOD OF EXPRESSING ANALYSIS

As the total amount of dissolved constituents form only a

•mall fraction of the total weight of vater samples, the analyses

are expressed la parts per million (ppm). Parts per million and

mlligrams per litre are numerically almost the same if the
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concentration of cb .olved solids la low and the specific gravity of

water la nearly 1,0,

A better unit useful for geochemlcal studied is equivalents

per million (epm), or more exactly milligram equivalents per Kilo

gram, Equivalents per million are calculated by dividing parte per

million by the equivalent weight of the ion under consideration.

Inasmuch aa the total equivalent weights of cations and anions in a

solution must be the same, the sum of the equivalents per million

ean be uaed to check the accuracy and completeness of chemical
oo

analyses (Davis and DeWiest )•

CHE.1CAL QUALITY OF WATER FROM SI ALLOW AQUIFERS

The chemical characteristics of water from shallow aquifers

are not discussed in detail because the water from this horizon ia

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 COMPOSITION OF GROUND WATER IN THE
SHALLOW AQUIFERS IN MUZAFFARNAGAR - ME RUT DISTRICT

Sl.No. Constituents Concentration

1 Bicarbonates ,.. 140 - 250 ppm

8 milphate •*> 100 - 300 ppm

3 Chloride •.i 5-25 ppm

4 Total dissolved solids,.i 140 - 400 ppm

6 pH » 6.8 - 7.5

6 Electrical Conductivity,
(EC x IO6).

176 - 600
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The above table indicates that the water is of good

quality from drinking standards which is also indicated from

the baeterlal analysis data which were made available by the

Municipal Boards of Meerut and Muzaffarnagar districts. The

chemical data from shallow ground water reservoir indicate

that primarily, the water is of blcarbonate-aulphate type.

The higher concentr tion of 30. in these waters can be explained

due to the presence of organic material, and alao due to the

presence of SO- in the soil in the form of 'rej.' aa has been

stated In chapter 2.

CHEMICAL QUALITY OF WATER FROM DEi PER AQUIFERS

The results of chemical analysis of waters from deeper

(confined) aquifers for the month of October 1964 are given

in Table 6.2 and for June 1965 in Table 6.3. The concentration

of various oonstitutents is expreaed In parts per million (ppm)

and for principal cations and anions concentration in equivalents

per million (epm) is also given.
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TABLE 6.2 ChEMlCvL ANALYSIS DATA OF GROTOD WATER FROM
MELRUT-MUZAFFARNAGAR DISTRICTS - OCTOBER, 19 6 4

Tubewell Nos. 19A 53 54 ISA

Constituents ppm epm ppm epm ppm epm ppm epm

Silica 6.5 - 4.6 - 18.6 - 9.3

Iron - W' »• m »--

Calcium(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

4

Potassium(K)

Carbonate(C03) 18.0 0.599 12.0 0.399 - - 12.0 0.399

Bicarbonate(HCOg) 292.8 4.798 170.8 2.799 146.4 2.399 219.6 3.599

Sulphate(S04) &6.5 0.34 48.6 1.001 48.8 1.016 20.6 0.428

Chloride(Cl) 14.0 0.40 42.6 1.213 79.9 2.253 7.1 0.200

Dissolved solids 330 - 310 - 300 - 200
calculated

Sreclfio conduct
ance (Mloromhos 504.0 - 441.0 - 504.0 - 409.5
at 25°C)

pH 7.8 7.2 7.3 7.8
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(Table 6.2 Contd.)

Tubewell Nos. 43 48 59 3

Constituents ppm epm ppm epm ppm epm ppm epm

iilica 7.0 - 14.0 - 33.0 - 38.2

Iron m' .» ..*» < m • • «• •

Calcium(Ca) 5.3 1.427 74.3 3.707 85.7 4.276 170.0 8.483

Magneaium(Mg.) 9.6 0.789 9.6 0.789 7.2 0.592 75.6 6.217

Sodium(Na)

♦ 6.3 0.274 19.7 0.856 25.2 1.096 38.6 1.679

Potassaium(K)

Carbonate(C0~) - - 36.0 1.199 - - 60.0 1.999

Bioarbonate(HC03) 195.2 3.199 292.8 4.798 146.4 2.390 536.8 8.792

Sulpnate(S04) 14.8 0.308 18.1 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

caxcuuted!011^ 214 - *» • 3M " 1020

-pecific conduct
ance Cmicromhos) 315,0 - 535,5 - 598,5 • 1701,1
at 25°C)

pH 7.7 7.9 7.7 8.0
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(Table 6,2 Contd,)

rubevell N03. 13 21 22 29

Constituents ppm epm ppm epm ppm epm ppm epm

silica 5,2 - - 13,5 - 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 0.900 95.6 4.15 16.5 0.71

Potassium(K)

:arbonate(C03) - - 12.0 0.389 -

Bioarbonate(HC03) 439.2 7.192 254.2 4.179 683.2 11.19 341.6 5.89

Sulphate(S04) 79.5 1.655 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 666 - 1412.0 - 1246.0 - 374.0
calculated.

Specific conduct
ance (mlcromhos) 1071 - 2268 - 1953.0 - 835.0
at 25°C)

pH 7.6 7.8 7.6 7.2
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(Table 6.2 Contd.)

Tubevell Nos* 19 18 22 30

Constituents ppm epm ppm epm ppm «pm ppm epm

Silica 6.06 - 22.4 - 9.3 - 4.66

Iron - - 2.8 - -

Caloium(Ca) 35.7 1.78 42.86 2.13 30.0 1.49 51.4 2.56

Magnesium(Mg.) 9.6 0.78 48.0 3.94 39.6 3.25 33.6 2.76

ooxium(Na)

+ 22.0 0.95 16.6 0. 71 38.6 1.67 40.8 1.77

Potassium(K)

Carboaate(C03) ---- ---

Blcarbonate(HC03) 239.6 3.59 219.6 3.59 268.4 4.39 414.8 6.79

Sulphate(SOJ 21.8 0.45 70.6 1.12 21. 6 0.45 27.0 0.56

Chloride(Cl) 8.62 0.24 41.1 1.16 42.6 1.21 17.64 0.49

Dissolved solids 250.0 - 414.0 - 332.0 - 456.0
calculated.

specific- conduct
ance (macromhos) 378.0 - 630.0 - 504.0 - 693.0
att 25°C)

pH 7.1 7.6 8.2 7.5
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(Table 6.2 Contd.)

Tubewell Nos. 10 26 32 36

Constituents ppm epm ppm epm ppm epm ppm epm

Silica 9.33 - 2.33 - 5.6 - 2.8

Iron - - 6.6 - • 2.8

Calcium(Ca) 42.85 2.13 80.0 3.99 74.7 3.73 102.8 6.13

Magnesium(Mg.) 19.2 1.57 45.6 3.78 43.2 3.65 19.20 1.57

iodlum(Na)

+ 7.86 0.34 9.04 0.39 11.79 0.59 2.36 0.10

Potas3lum(K)

Carboaate(C03) 36.0 1.19 - - 12.0 0.33 60.0 1.89

Bioarbonate(HC03)146.4 2.39 488.0 7.99 365.0 5.98 268.4 4.39

Sulphate(S04) 37.08 0.77 32.9 0.68 42.86 0.89 35,43 0.73

Chloride(Cl) 35.5 1.06 26.9 0.76 34.08 0.96 15.62 0.44

Dissolved solids 260,0 - 540.0 - 480.0 - 368.0
calculated.

Specific conduat-
ance (micromfaos) 441.0 - 819.0 - 756.0 - 667.0
at 25"C)

pH 8.0 7.9 8.0 7.8

J
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(Table 6.2 Contd.)

Tubewell Noa. 37 38 60 53

Constituents ppm epm ppm epm ppm epm ppm epm
.-*»*«** *=*..*«•

Silica IB.8 - 1*87 - 12.6 -

Iron - - 4*2 - 4*2 - 2*8

Calcium(Ca) 68.57 3.42 45.7 2,28 41.42 2.56 47.14 2.48

Magnestum(Mg.) 31.2 2.56 10,8 0,88 15,6 2.28 34.8 2.86

Sodlum(Na)

+ 40,87 1,77 - - 38,6 1.67 10.8 0.88

Potassium(K)

Carboaate(C03) - - - - 36.0 1.19 -

Bicarbonate(HCOa)449.2 7*36 146*4 2*39 268.4 4.39 341.6 5.59

Sulphate(S04) 30.490.63 24.72 0.51 18.64 0.38 20.18 0.42

Chloride(Cl) 24.14 0.68 14.3 0.40 9.23 0.26 14.91 0.42

Diasolved solids 478.0 - 200,0 - 300.0 - 384.0
calculated.

Specific conduct
ance (aicroaftos) 724.6 - 283.5 - 472.0 - 567.0
at 25°C)

pH 7.9 8.4 7.6 7.4
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(Table 6.2 Contd.)

Tubewell Noa. 24A 36A 39 50

Constituents ppm epm ppm epm ppm epm ppm epm

silica 4.7 - 5.0 - 12.2 - 5.6

Iron - - 16.5 - 8.1 -

Calcium(Ca) 61.4 3.06 89.7 4.47 35.8 1.78 38.3 1.91

MagnasiumCMg.) 26.4 2.17 14.6 1.20 14.2 1.16 16.6 1.36

Sodlum(Na) 29.1 1.26 7.5 0.32 1.6 0.66 2.4 0,10

+

Potassium(K)

Gajbonate(C03) --------

Bloarbonate(HC03) 390.4 6,39 390,4 6,39 268.4 4.38 219.6 3.66

Sulphate(S04) 27.2 0.56 14 .3 0.29 9.6 0.17 10.2 0.21

ChlorldeCCl) 7.8 0.21 18.5 0.52 8.5 0.23 12.8 0.30

Dissolved solids 418.0 - 490 - 276.0 - 338.0
claculated.

Specific oonduct- 661,50 - 756,0 - 409,5 - 520,5
ance (mlcromhos)
at 26°C)

pH 5,95 8,5 8,8 8,5
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(Table 6.2 Contd.)

Tubewell Nos. 30 69 50 6

6onstltuents ppm epm ppm epm ppm epm ppm epm

Silica 2.5 - 4.0 - 15.86 - 31.7

Iron - --- - - - .

Calolua(Ca) 95.0 4.74 120.0 5.99 87.14 4.34 100.0 4.99

Magneslum(Mg.) 8.4 0.69 20.6 1.69 22.80 1.87 34.80 2.86

jiOdiua(Na)

4 1.6 0.07 3.5 0.16 3.14 0.33 9.4 0.40

Potassium(K)

Carbonate(C03) -- . - -- . -

Bicarbonate(HC03) 292.8 4.79 180.0 5.99 366.0 5.99 414.8 6.86

Sulphate(S04) 38.2 0.37 20.5 0.42 14.0 0.29 49.4 1.02

Chlorlde(Cl) 7.2 0.20 9.6 0.26 7.1 0.20 24.14 0.68

Dissolved solids 340.0
calculated.

mj 445.0 314.0 418.0 -

Specific conduct
ance (micromhos) 526.0
at 25°C)

«M 663.0 504.0 693.0

7,
pH

,2

7.6 8.4 8.5
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(Table 6.2 Contd.)

Tubewell Nos. 1 33 12 36

Constituents ppm epm ppm epm ppm epm ppm epm

Silica 1.4 - 0.8 - 7.83 - 2.8

Iron - - 6.2 - 12.32 - - -

Calclum(Ca) 28,6 1,42 64,0 3,19 34,0 1,69 80,0 3,99

MagnasJum(Mg.) 12,0 0,98 23,8 1,95 25,2 2,07 14,0 1,36

Sodlom(Na)

4 62,9 2,73 17,3 0.76 7.0 0.30 1.2 0.52

Potassium(K)

Carbonate(CO^) - - - - 24.0 0.79

Bicrbonate(hC03) 336.0 6.50 292.8 4.78 219.6 3.599 292.8 4.78

Sulphate(S04) 8.3 0.17 35.8 0.74 15.16 0.31 16.0 0.33

Chlorlde(Cl) 5.7 0.16 9.9 0.27 8.52 0.24 7.2 0.20

Dissolved solids 360,0 - 310,0 - 340,0 - 336,0
calculated.

Specific conduot-
ance(micromhos ) 567,0 - 504,0 - 459,90 - 526,0
at 26°C)

pH 5.7 7.3 8.4 7.3
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(Table 6,2 Contd.)

Tuhewell Nos, 9 2A 4 28

Constituents ppm epm ppm epm ppm epm ppm epm

silica - - 4.2 - 1.9 - 5.6

Iron 2.8 - — - 7.0 - 12.6

Calciura(Ca) 90.0 4.49 92,5 4,61 64,3 2,70 32,8 1,63

Magnesium(Mg.) 8,5 0,69 10.0 0.82 28,8 2,36 19,2 1,57

• all—(la)

+ 3.4 0.14 2.8 0.12 2.3 0.10 25.9 1.12

Potassium(K)

Carbonate (CO.) 12.0 0.399 24.0 0.79 - - -

Bioarbonate(HC0&) 292.0 4.788 266.0 4.19 >44,0 3.99 244.0 3.99

Sulphate(S04) 2.4 0,05 8.0 0.16 32.6 0.67 10.0 0.20

Chloride(Cl) 4.1 0.11 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 ^micromhos) 520.0 - 660,0 - 630,0 - 567,0
at 25 C)

pH 8,5 8,4 8,8 9,1
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(Table 6,2 Contd,)

Tubevell Nos. 14 10 11 1

Constituents epm ppm epm ppm epm ppm epm
——— i n ii i ii iJRiHB iii . in,, in-, ii i I i i.. 11 •

Silica 4.1 - - - 4.2 - 7.5

Iron - - - - 18.4 - 9.8

Calcium(Ca) 29.7 1.48 57.1 2.84 41.4 2.06 30.0 1.49

MagnesiumlMg.) 23,7 1,94 3,4 0,27 42,0 3,45 20,4 1,69

Sodium(Na)

+ 13.7 0.59 21.9 1.26 14.9 0.64 8.6 0.37

Potassium(K)

Carbonate(C03) - - - - . 12.0 0.39

Bioarbonate(HC03) 266.2 4.19 158.7 2.60 244.0 3.99 146.4 2.39

Sulphate(304) 10.2 0.21 17.3 0.36 68.1 1.20 12.8 0.26

Chloride(Cl) 8.5 0.23 8,8 0.24 39.8 1,12 8,5 0,23

Dissolved solids 264,0 - 195,0 - 472,0 - 304,0
calculated.

Specific conduct
ance Imicromhos) 390,6 - 304,1 - 693-0 - 472,5
at 25°C)

pH 8.6 7.3 9.1 9.0
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(Table 6.2 Contd.)

Tubevell Nos. 2 15

Constituents ppm epm ppm epm ppm epm ppm epm

Silica 5.6 - 11.67 -

Iron 5.6 -

Calclum(Ca) 41.4 2.06 25.43 1.26

Magnesium(Mg.) 25.2 8.07 10.56 0.87

Sodlum(Na)

+ 11.0 0.47 7.0 0.29
Potasslum(K)

Carbonste(C03) - - .

Bicarbonate(HC03) 244.0 3.99 146.4 2.39

Sulphate(S04) 18.5 0.38 9.39 0.19

Chloride(Cl) 11.4 0.34 9.94 0.28

Dissolved solids 359,0 - 220,0
calculated.

Specific conduct
ance (mieromhoa) 535,0 - 434,70
at 25°C)

pH 9.1 8.1
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TABLE 6.3 CHEMICAL ANALYSIS DATA OF GROUND WATER FROM
MEERUT- MUZAFFARNAGAR DISTRICTS - JUNE,1965

Tubewell Nos. 10 53 64 43

Constituents ppm epm ppm epm ppm epm ppm epm

Silica - - 6»36 - 13.6

Iron ------ 1.8 -

Calclum(ca) 28.67 1,42 40,0 1.99 69.3 3.45 80.0 4.0

Magneslum(Mg.) 28.0 2.30 32.4 2.66 14.4 1.18 13.2 1.06

Sodium (Na)

4 0.2? 0.10 5.53 0.24 - - 2.90 0.12

Potassium(K)

Carbonate(C03) - - - - 15.0 0.49 24.0 0.8

Bioarbonate(HC03) 195.20 3.19 219.6 3.59 185.8 3.04 317.2 5.2

Sulphate(S04) 7.42 0.15 14.8 0.30 17.0 0.35 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 (.mieromhos) 359.1 - 409.50 - - 456.0 - 129.9
at 25°C)

pH 8.0 7.8 7.3 7.1
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(Table 6*3 Contd.)

Tubevell Nos. 48 59 30 22

Constituent* pp» epm ppm epm ppm epm ppm epm

Silica - m - *. - 20.53 -

Iron 2.6 - - - 10.6 - 19.6

Calcium(Ca) 128.0 6.4 66.0 3.2 38.57 1.92 37.1 1*85

Magneaium(Mg.) 15.7 1.26 7.2 0.58 28.8 2.36 18.0 1.48

Sodium (Na)

+ 1.95 0,08 0.48 O.Oa 0.22 0,009 3,37 0,006

Potassium(K)

Carbonate( :0_) 2 Ul 0.80 36.0 1.19 - - - -
3

Bicarbonate(HC03) 439.2 7.03 122.0 2.00 268.4 4.399 195.2 3.19

-ulphate(S04) 22.6 0.47 14.6 0.30 18.5 0.38 5.68 0.16

Chloride(Cl) 21.4 0.63 25.56 0.76 8.5 0.24 17.30 0.36

Diasolved solids 480.0 - 290.0 - 270.0 - 258.0
calculated.

Specific conduct- 415.80
ance (mieromhos) 811.3 - 486.6 - - 396.90 -
at 25°C)

pH 7.4 7.7 8.2 8.2
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(Table 6.3 Contd.)

Tubewe11 Nos. 21 13 29 22

Constituents ppm epm ppm epm ppm epm ppm epm

Silica 8.40 - 8.4 - 10.26 - 21.0

Iron .--..»- 12.6

Calcium(Ca) 60.0 3.0 50.0 2.49 38.5 1.92 34*2 1*91

Magnealum(Mg,) 38.4 3.07 31.2 2.56 26.4 2.17 81,6 6,71

Sodium(Na)

+ 0.25 0.01 9.87 0.42 9.0 0.39 0.22 0.009

Potasslum(K)

Carbonate(C03) --------

Bicarbonate(HC0 ) 341.6 5.6 268.4 4.39 244.0 3.99 439.20 7.19
3

Sulphate(S04) 9.99 0.20 74.2 0.15 10.71 0.22 34,61 0,72

Chloride(Cl) 12.8 0.38 14.2 0.40 11.36 0.32 12.78 0,36

Dissolved solids 260.0 - 244.0 - 276.0 - 448*°
calculated.

Specific conduct
ance (mieromhos) 459.9 - 441.0 - 422.1 - 693.0
at 26°C)

pH 8.8 7.8 7.8 8.3
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(Table 6.3 Contd.)

Tubevell Noa, 29 10 26 38

Constituents ppm epm ppm epm ppm epm ppm epm

Silica 18,1 - 29.8 - 11.2 - 39.2 -

Iron - - 11.2 - 19.6 - 25.2

Caloium(oa) 34.28 1.91 37.1 1.85 31.4 1.56 102.8 5.33

Magnaslum(Mg.) 51.6 4.24 64.8 5.32 46.6 3,75 45.6 3.75

Sodium(Na)

+ - - 2.9 0.12 0.4 0.01 0.33 0.006

Potassium(K)

Carbonate(CO ) --------
3

Bioarbonate(HCOg) 317.2 5.19 366.0 5.99 317.2 5.19 463.60 7.57

Sulphate(S04) 28.8 0.60 73.3 1.62 6.59 0.13 71.69 1.69

Chloride* 61) 16.6 0.44 21.3 0.60 15.62 0.44 25.6 0.72

Dissolved Solids 384.0 - 490.0 - 394.0 - 488.0
calculate i•

Specific oondutt-
ance (mlcromhoa) 567.0 - 756.0 - 604.0 - 756.0
at 25°C)

pH 8.5 8.8 8.4 9.0
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(Table 6.3 Contd.)

Tubevell Nos. 32 2 11 Dfi

Constituents ppm epm ppm epm ppm epm ppm e

Silica 4.6 - 21.0 - 15.8 - 15.86 •

Iron - - 8.4 • 19.6 - 2.3

Calolum(Oa) 80.0 4.0 17.71 3.84 60.0 2.99 50.0 2.49

Magnesium* Mg.) 40.8 3,27 43.2 3.55 43.2 3.55 21.6 1.77

Sodium(Na)

♦ 0.39 0.02 0.3 0.13 0.35 0.01 8.8 0.38

Potassium(K)

Carbonate(C03) ------ - -

Bicarbo iate(hC03) 366.0 6.0 341.6 5.69 268.4 4.39 244.00 3.99

w>ulphate(304) 36.43 0.74 24.72 0.51 43.6 0.90 15.66 0.38

Chloride(Cl) 25.66 0.79 28.2 0.79 7.10 0.20 8.52 0.36

Dissolved solids 408.0 • 450.0 - 295.0 - 265.0
calculated.

Specific conduot-
aace Cmicromhos) 612.0 - 693.0 - 459.90 - 409.50
at 2&°Z)

pH 9.0 8.1 7.8 6.3
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(Table 6.3 Contd.)

Uubevell Nos. Dx Dg 63 6

Constituents ppm epm ppm epm ppm epm ppm epm

Silica 4.24 - - - 11.2 - 15.8

Iron 14.0 -------

Calcium(Ca) 42.85 2.13 31.4 1.56 11.42 0.57 75.7 3.77

Magnesium(Mg.) 45.6 3.75 33.6 2.76 24.0 1.97 21.6 1.77

Sodlum(Na)

+ 0.35 0.01 0,65 0.02 11.8 0.51

Potas lum(K)

Carbonate(C03) -- -- - - -.

Bioarbonate(HC03) 292.3 4.79 244.0 3.99 146.4 2.39 317.2 5.19

Sulphate(S04) 14.42 0.30 8.24 0.17 23,07 0.48 27.2 0.56

Chloride(Cl) 19.88 0.56 12.78 0.36 11.35 0.32 15.6 0.44

Dissolved solids 335,0 - 280,0 - 206.0 - 300.0
calculated.

Specific conduct
ance (mieromhos) 541.80 - 415.80 - 189.0 - 504.0
at 25^)

pH 7.7 7.6 7.7 7.6
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(Table 6.3 Contd.)

Tubevell Nos. 14 23 52 60

Constituents ppm epm ppm epm ppm epm ppm epm

Silica 11.18 - 25.66 - 24.26 - 4.06 -

Iron - - 2.8 - - - — —

Calcium(Ca) 35.7 1.78 27.1 1.85 57.14 2.85 54.28 2.70

MagnesiuaKMg.) 16.8 1,38 25.2 1.89 19.2 1.57 14.4 1,18

Sodlum(Na)

+ - - 3,7 0.006 11.0 0,47

Potasslum(K)

Carboaate(C03) --------

Bicarboaate(HC03) 195.7 3,18 195.2 3,19 244,0 3,99 219.6 3.59

Sulphate*S04) - - 14.01 0,29 16.5 0,46 7.88 0.20

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 - 305,0
calculated *

Specific conduct
ance (mieromhos) 378,0 - 428,4 - 472.5 - 434.6
at 25°C)

PH 8.6 8|7 8.0 8.2
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(Table 6,3 Contd.)

Tubevell Nos. 36A 19 1 8

Constituents ppm epm ppm epm pm epm ppm epm

silica 7,40 - 22,8 - - - - -

Iron 2,12 - 16,8 - 2,8 - 2,8

Calcium(Ca) 45,7 2,28 105,71 5.27 116.0 5.78 115.0 5.73

Magnesium*Mg.) 14.4 1,18 50.4 4.14 31.2 2.56 36,0 2.96

Sodlum(Na)

+ - 37.04 1.61 2.0 0.08 2.4 0.104

Potasslum(K)

Carbonatc(C03) - - - - 12.0 0.79

Bicarbonate(HC03) 196.0 3.19 366.0 5.09 388.2 6.30 414.8 6,86

^ulphate(S04) 6.5 0.13 230.7 4.80 21.2 0.44. 226.6 0.47

Chloride(Cl) 7.1 0.2O 11.3 0.32 17.04 0.48 17.0 0.48

Dissolved solids 235.0 - 414.C - 510.0 - 520.0
calculated.

Specific conduct
ance Cmicromhos) 365.0 - 567.0 - 634.7 - 662.9
at 25°C)

pH 8.8 7.8 7.2 7.5
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(Table 6.3 Contd.)

Tubevell Nos. 9 12 16

Constituents ppm epm ppm epm ppm epm ppm epm

Silica 1*4 1.4 18.46 -

}ron - - - 2.0 - 5.6 -

Caloiura(Ca) 108.0 5.38 115.0 5.73 80.0 3.99 41.4 2.06

Magnesium(Mg.) 30.0 2.46 25.0 2.05 40.00 3.23 25.2 2.01

Sodium(Na)

+

Potasslum(K)

2.6 0.11 4.8 0.20 2.6 0.11

Ca.*bonate(C03)

Bioarbonate(HC03) 414,8 6,86 390,4 6,39 366.0 5.99 146.40 2.39

2ulphate(S04) IE.8 0.41 20.6 8.43 22.5 0.47 26.7 0.64

Chlofide(Cl) 21.3 0.60 15.02 0.42 11.36 0.32 19.8 0.56

Dissolved solids 490.0
calculated.

Eecific conduct
ance (mieromhos) 608.2
at 25°0)

pH 7.0

495.0 - 464.0 426.0

608.2 - 584.0 - 630.0

8.2 7.3 8.5
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(Table 6.3 Contd.)

Tubevell Nos. 24 31 42 29

Constituents ppm epm ppm epm ppm epm ppm epm

Silioa - - 3.26 - 4.6 - 4.6

Iron 8*4 - - - 2.8 -

Calcium(Ci) 12.8 0.64 28,5 1.42 54.3 2.71 31.4 1.63

Magnessium(Mg.) 30.0 2.43 3.6 0.23 24.0 1.97 26.4 2.17

Sodiam(Na)

♦ 4.33 0,18 19.6 0.85 9.4 0.41 11.4 0.49

: otassium(K)

Carbonate(C03) -----..»

Bicarbonate(HCO..) 219.6 3.8J 146.4 2.3^ 317.2 5.19 268.4 4.39

i,ulphate(S04) 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 5.7 0.13

Dissolved solid3 198.0 - 186.0 - 360.0 - 294.0
calculated.

Specific conduct
ance (miaromhos) 340.0 - 270.9 - 567.0 - 453.0
an 25°C)

PH 8.9 8.2 7.5 7.7
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(Table 6,3 Contd.)

Tubevell Nos. 14 9 1>0 33

Constituents ppm epm ppm epm ppm epm ppm epm

Silica 8.4 - 19.6 - 13.2 - 11.6

Iron — — 16.8 — 5,6 - - -

Caloiua(Ca) 28,5 1.43 111.4 5.57 45.7 2.28 25.7 1.28

Kagnesium(Mg.) 33,6 2,f9 26.4 2.37 16.8 1.38 10.8 0.88

Sodium(NR)

+ - - 0.33 0.01 0.16 0.006 6.29 0.29

rctassiuc;(K)

Carbonate* C03) - - - » - - . -

*>iosrbon.ate(HCr<3) 195,2 3.C0 366,0 5.C9 195.2 3.20 146.4 2.39

Sulphate(S04) 23.07 0.48 28.8 0»60 23.8 0.49 9.47 0,19

Chloride(Cl) 8,9 0.27 9,90 0,28 5,68 0.16 9,94 0.28

Dissolved solids 256.0 - 260.0 - 160.0 - 220.0
calculated•

specific conduct
ance* -mieromhos) 441.0 - 403.0 - 258.3 - 352.8
nt 25°C>

ph 8.4 8.0 8.1 8.3
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(Table 6.3 Contd.)

Tubeveil Nos. 18 29

Constituents ppm epm pp~. epm ppm epm ppm epm

Silica 6.63 - 32.6

Iron « - -

Calcium*0a) 22,8 1.14 57,1 2,85

Magnaslue*Mg.) 12,0 0,98 19,2 1.57

Sodium*Na)

11.0 0.47

Potassium(K)

Carbonate(C03) - - -

Bicarboaate(HC03) 146.0 2.39 268.4 4.39

Sulphate(304) 2.47 0.03 14.4 0.20

Chloride(Cl) 2.84 0.08 7.1 0.20

Dissolved solids 136.0 - 400.0
calculated.

Specific conduct
ance (mieromhos) 264.6 - 384.30
at 25°C)

PH 7.2 8.2
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GRAPHICAL REPRESENTATION OF WATER ANALYSIS DATA

There are many methods of graphic representation of water

analysis which are very useful in the study of the chemical

quality of water. In this chapter the following graphieal methods

of representation are usedi

BAR PATDERN OR PERCENTAGE COMPOSITION DIAGRAM

63
Collins first introduced the graphical presentation

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

the analysis is represented by a vertleal bar graph whose total

height ia proportional to the total concentration of anions or

oations. The bar is divided into segments to show the concentrations

of the eations and anions vhich make u the total. Usually these

are divided into six sub-divisions. Cations ar© plotted on the

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

The bar diagrams 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 concentration of Na1* and
1+ 24- 1 —K is more in October than in June while Mg and HC03 are less

in June as compared with October. These seasonal changes in the

quality of water can be explained either due to cation exohange

or changes in ground vater regime* It is difficult to establish

the influence of cation exchange as the chemical changes in the
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sediments are not known. Hovever, exee sive recharge due to rain,

vhich falls from June to October, vill Influence the chemical

character of ground vater. Greater concentration of Na + K and

HCOg*"" indicate that it is due to the leaching of the overlying

alluvial formationa in the recharge area.

PIPER'S DIAGRAM

64
This system of plotting vas suggested by Piper 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 graphically by a single point plotting of catiois and

anions on trilinear coordinates. For convenience, the sub-total

of all cations and anions reacting values is taken as 100 percent

for computing seperately percentage reacting values of the several

cation and anion variables. This procedure balances analytical

errors automatically.

Piper's diagram combines three distinct fields for

plotting, two triangular fields at the lover 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 lower left, the percentage reacting

value of the three cation groups (Ca *, Mg *, Na + * K ) are

plotted aa a single point according to conventional trilinear

1— 2— 2—coordinates. Likewise the three anion groups (HC03 + C0| * SOJ ,

CI " ) are plotted in the triangular field at the lower right.
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Thus, tvo points on the diagram, one in each of the tvo triangular

fields, indicate the relative concentrations of the several

dissolved constituents of a natural vater.

The Central diamond shaped field ia used to represent the

overall chemical character of vater by a third single-point plotting.

A few features of the chemical quality of natural vaav»rs can not be

explained by the Piper diagram, e.g, waters having different total

solid contents but the same percentage of cations and anions fall

at the tame point within the diagram. The plottlngs in these

diagrams ahov the chemical character of vater according to the

relative concentration of its constituents but not according to

the absolute concentration. Piper suggested that the absolute

concentration ean be indicated by drawing ci cle around the plotting

ia the eentral field so that the area of this circle is proportional

to the total concentration. Such a method is not convenient in the

present study beeause the plottlngs are so elose to each other, that

one circle will overlap the other and Ienoe the total solid contents

have been tabulted separately (Table 6.2«mt*-6-^)-

The diamond shaped field has been divided into several

zones, according to vhich it becomes easy to discriminate quality

of vater by their plottlngs in certain sub-areas of the diamond

shaped field.

The plots of ground water samples for the months of October

and June are shown in Plate 6.2 and 6.3. Each vater sample is repre

sented toy a point In the central diamond shaped field. The plottlngs

(both for October and^June) indicate that the vater sample are
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dominated by alkaline earths and weak acids. Such a type will be

included under the "Secondary alkalinity" class of Palmer55,

DUROV'S DIAGRAM

Durov's diagram (Chlllingar56) is adouble triangular diagram*
In one triangle the composition of water is expressed in terms of

HC03 ,304" and CI " anions and in the other in terms of Ca2*, Mg2+
and Na cations. The amount of these ions are expressed in percent

milligram equivalents as in Piper's diagram. In this plotting CO2"

is added with HCO*" and K1+ with Na1+.

In order to obtain points inside th© 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 investigated area fall in

the upper right comer, representing, Durov's Class I (Primary

waters). These are classified as simple waters and formed as a

result of the action of atmospheric precipitation falling on the

Earth's surface.

WATER QUALITY i«iAPS

A useful procedure in the study of water quality data is 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 Is prepared by entering numbers

or symbols at well locations 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 vater of various kinds

ean thus be observed on the map in a general vay (Hem67). It has

bean indicated larliir that thi deeper aquifers in the area form one

•ingle hydraulie 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 sueh maps. These types of maps extra

polate data betveen aampling pointa and ahov the areal characteri

stics more clearly than any other procedure,

iSOCOnE MAPS

The technique of mapping vater quality characteristics by

drawing lines of equal concentration of dissolved solids or single

ions in ppm has been used In the present discussion. On this basis

lines shoving equal chloride concentrations (Isoohlors) have been

drawn as show*in Plates 6,5, 6,6 and Isosulphate maps are given in
Plates 6.7 and 6.8.

RATIO MAPS

The study of the variation la the values of rS04/rCl,

rMg/rCa ate. gives a clear picture of the chemical characteristics

of a ground water reservoir (Schoeller 58). Such naps are of help
for the study of variation in the ehemioal quality of vater In the

direction of flow (The aymbol r indicates that the elements before

which it ia plaoed an expressed in mllliequivalents). Keeping this
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in viev, rS04 /rCl and rMg /rCa ratios are determined for the vater

samples and these are plotted in the ratio maps (Plates 6,9 to

6,18), Based on these values, contours of equal ratio values vere

dravn. These ratio maps indicate that the rS04 /rCl and rMg/rCa ratio

decreases in general frees north to south.i.e. in the direction of

ground vater flow. This is in oonfirmlty vith the views of

58
Sehoeller according to whom, "the ehesleal composition of vater

in a ground vater reservoir does not remain constant fros the point

of entry to the point of exit. Broadly speaklig, the ratio rS04

/rCl and rMg/rCa decreases from the area of recharge to the area of

discharge,"

SUITABILITY OF HATH FROM Dl EPBR AQUIFEM FOR DRINKING PuitfOSES

This study is of importance because in the investigated

area, vater is mainly used for domestic and lrrlgational

purposes.

In Table 6M given the permissible llltlts of vari0U3

constituents vith respect to the use of water for different

purposes.
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TABUS 6.4 QUALITY. CRITERIA FOR TAnlOUS 0888, luMBERS AR8 MAXIMUM
lUKJOMHIUIDBD CONCEKTRATIOHS IU PARTS PER MILLION

(AFTiR Davis AID Dewiest^)

Drinking Oeneral house* Irrigation Food
Proce
ssing

Biolei

Ilia*"
I

&ooa Poor Lev
pre- pre-
asure.ssure.

Antimony 0,06 • * • m 0.05 •k •

Arsenic 0.06* m * • m 0.05 • •

Barlua 1.00* • • m m 1.00 «• •

Moarbonate 800 150 500 800 500 300 5 50

Boron SO m an 0.3 3.0 • • m

Cadnlufs 0.01* m * «. m 0.01 • •

Calcium 900 40 300 * m so 1 40

Chloride 880 • • 300 *5v\# 300 • •

Chromiun 0.05* - • • « 0.05 • i

Copper TwO 0.6 8.0 m • 3.0 • •

Cyanide 0.3* • * m • 0.8 4, m

Fluoride 1*5 * m m «* 1.5 m m

Hydrogen*
Sulfide 1.0 0.05 3.0 m • 0.6 0 5

Iron 1.0 0.3 0.5 •JJ • 0.3 • •

Lead 0.05* • • „ «• 0.05 • •

Magneslua 185 20 100 • «. 40 1 80

Manganese 0.08 0.05 0.3 m • 0.1 m •

litrete 80 m • • m 20 m e

Phenol 0.001 . • • m 0.001 m •

Selinlum 0.01* tm • m. m 0.01 1 •

Silica m 10 50 m * 50 1 30

Silver 0.08* - • • • 0.06 n •

Sod lust 800 100 300 50 300 300 a» 50

Sulphate 180 100 300 800 500 • • m

Synthetic-
detergent i

»

1 0.6 0.8 1.0 • m 0.6 0 0

Total soldId 1500 300 a*JvQ 500 3000 1003 100 8000

Sine 6 m
-

e* e» 6
- -

. I I .1 •• I I-

Hotel * Mandatory limits of the 8,8, Public Health Service for vater
used in late -state Publie transportation facilities.



- 180 -

SUITABILITY OF WATER FROM DEFPER AQUIFERS FOR IRRIOATIONAL PURPOSES

The suitability of ground vater for irrigation is

contingent upon the effects of the mineral constituents of vater

oil both the plant and soil, Wilcox ** haa claasified the

suitability of irrigation vaters on the basis of electrical

conductivity, sodium percentage and boron concentration in ppm

(Table 6,6). Sodium percentage (also knovn as percent sodium) is
(Na+K)100

defined by %la •(fa+Mg+jfa+K where all ioaie concentrations are
expressed in mllliequivalents per litre,

table 6,6 quality classification of hash for irrigation1
(AFTEd WILCOX 59)

Water class Pereent
sodium.

Electrical
conductivity
&C x 106

Boron

. PJ»»

Excellent < 20 ^ 250 <0.67

Good 20-40 260 - 760 0.67 - 1,33

Permissible 40-60 760 - 2000 1.33 - 2,00

Doubtful 60 - 80 2000 - 3000 2.00 - 2,50

Unsuitable >80 >3000 >2.50

The sodium ceroentage and electrical conductivity of the

vater samples froa the area under atudy are given in Tables 6.6

and 6,7, On the basis of the percentage sodium and electrical

conductivity, the author is of the opinion that a3most all vater

from the deeper aquifesa fall under the class of "Good vaters"

vhich can be used for irrigation purposes vlthout any harm.
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TABLE 6.6 SODIUM PERCENTAGE AND ELECTRICAL CONDUCTIVITY IN
WATER SAMPiES FOR OCTOBIR - 3964

{ I^BEWELL NUMBERS
Constituents', 19A g© 64 17A 43 48 59 3

Sodium
Percentage. 14,6 12,1 4,8 7,7 10,8 15,3 19,3 12,3

EleotricAl)
conducti- ) 504,0 441,0 604,0 409.5 315.0 535.5 598,5 1701,0
vity, - )
(EC x 10°))
SSS33a:3Z33S33Sa3SS33383aaa33S333S333=3r33S3333333333SS335=385SS3=:aS

j TUBEWEL;. NUMBERS
Constituents} 21 22 29 39 38 22 30 10

odium
Percentage. 12.70 22,10 12.9 27.1 10.6 26,1 25.01 8,4

Ilectrioal)
conducti- ) 2268,0 1953.0 535.0 378.0 630.0 504.0 693.0 441.0
vity. A )
(EC x 10°))
S3S3S-.-3SS3S3S3333rSS3S3aS33333S33S3333S333rs3S333tS3333333333SS3S333r

J TUBEWELL NUMBERS

Constituentsj 32 36 37 38 50 53 24A 36A

Sodium
Percentage. 7.5 1.5 22.90 - 30.38 14,0 19,5 6,5

Electrical)
conducti- ) 756.5 567.0 724.5 283.6 482.5 567.0 661.50 756.0
vity. - )
(EC x 10b))
•S—M^3333333333333333333333338333373333338333333333333333333333333

J tUBEWfeLL NUMBERS
Constituentsj 60 30 59 50 5 1 33 12

Sodium

Percentage, 3.0 1.26 2.0 2.14 4.94 53.1 12.74 7,53

Electrical)
conducti- ) 520,51 526.0 663.0 504.0 693.0 567.0 504.0 459.90
vity, - )
(EC x 10°))
838833333333S33333333SSS333SSSSS3S8S33333SS3S333S33S333S33;SS3333-3SS
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(Table 6.6 Contd.)

Pon.M f,i.nfJ TUBEWELL NUMBERSConstituents, 33 25 39 36 9 3A 4 88

Sodium
Percentage, 8,7 5,0 2,28 0,93 1,97 2,38 1,93 25,94

Eleotrioal)
Conducti- ) 1071.0 819.0 409.50 526.0 620.0 560.0 630.0 567.0
vity, g. \
(EC x 10°))

883338388383883333333383883383388833833333388:388888833388333388

Constituents' TUBEWELL tfttMBERJ,constituents^ 14 10 11 1 2 15
Sodium
Percentage. 14.86 28.86 10.30 10.49 10.3 12.1

Eleotrioal)
conducti- ) 390.6 661.50 693,0 472,5 535,6 315,2
vity. * )
(EC x 10°))

«8«3833aS338S3333333333a3aasaaas8Ssa33aa383a3333S833aa38833S3S383
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TABLE 6.7 SHOWING SODIUM PERCENTAGE AND ELECTRICAL CONDUCTIVITY
IN WATER SAMPLES FOR JUNE - 1965.

TUBEWELL NUMBERS '
Constituents! p 53 __64. _43. _48. _59. .30 22 .
Sodium

Percentage, 0,30 4,9 - 8,4 1.2 0.5 0.2 0.2

Electrical)
Conducti- ) 359.10 409.60 456.0 729.9 831.3 486.6 415.80 396.90
vity. fl )
(EC x 10e))

338.-83388333883888883883383888833-8883333383388883888388388883

T TUBEWELL NUMBERS
Constituent.!! _

.22 29 10 25 38

Sodium
Percentage. 0.8 7.8 8.7 0.1 - 1.6 0.3 0.1
Eleotrioal)
conducti- ) 459.90 441.00 422,10 693.0 667.0 756.0 604,80 756,0
vity. - )
(EC x IO6))

8838383333838888883883338888838388888888833338838838838338888338388

TUBEWELL NUMBERS

Constituents. .32. _ 2__11. __D6 J>1 .„D3 _63 mm .6. „
Sodium

Percentage. 0.2 1.7 0,3 8.2 0.3 0.7 16.6
Eleotrioal)
conducti- j 612,20 693.0 459.90 409.5 541.8 415.8 3B9.0 504.0
vity. g. )
(EC x 10°))
8833333388333338338888838383383383388333333338833883833883383383888

TUBEWELL NUMBERS
Constituents! 23 14 52 50 36A 19 1 8

Sodium

Percentage. 0.1 - 9.5 - - 14.8 1.2 1.3
Eleotrioal)
conducti- ) 428.4 378.0 384.3 434,6 365,0 567.0 634.7 662.9
vidy. fi )
(EC x 10e))
8833388333383838338883888388838833833888833833=88833388883388388811
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(Table 6,7 Contd.)

| TUBEWELL NUMBERS
Constituents! _ _9. . .12 .. 16. ..6. .24 . .31 . .42 .. 29. .

Sodium
Percentage. 1,5 2,7 1,7 - 4,8 33,2 7,5 11,7

Electrical)
conducti- ) 606,2 608,2 584,0 630,0 340,2 270,90 567,0 453,6
vity. - )
(EC x 10°))
8833X8333833333838333133383888:883888338388883338833383833883388388

J TUBEWELL NUMBERS

Constituents^ _^ •„__•» ^ -*- . - - -*2 - -
Sodium
Percentage, - 0,14 0,3 11,2 v 9,6

Eleotrioal)
conducti- ) 441,0 403,2 258,3 352,8 264.6 384.30

'. * )vity. A )
(EC x 10e))
88SS33r3S=SS83SaSS3SSSS33S888a3"ri3333rS33SSS33S33S3333= S=33^ = 3K383
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According to the classification by the U.S. Salinity
60

Laboratory (Todd )• ~the suitability of vater for irrigation

purposes ia based on Sodium Adsorption Ratio (SAR) and electrical

conductivity. The Sodium Adsorption Ratio (SAR) ia defined by

SAR m **
/tCa ♦ Mg)/ 2

vhere the concentrations of the constituents are expressed In

mllliequivalents per litre.

Direct indication of the salinity and alkalinity hazards

van be obtained by locating the points for a partieular irrigation

vater In the elassifieation diagram vith eleotrioal conductivity

and SAR as coordinates (Plate 6,13, 6,14), The figure is binomial

and Cj_ , C2 , C3 , C4 and C5 represent vater classes vith increasing

hazards from total aalt concentrations and SI , Sg ,g and S4

represent vater classes for increasing hazards of exchangeable

sodium accumulation ^ irrigated soils.

The SAR values are determined from the chemical data and
are

theseZtabulated along vith eleotrioal conductivity in Table 6,8

and 6,9, These data are plotted in the Salinity Diagram

(Plates 6,13 and 6.14).

Sueh a plotting indicates that almost all vaters from

the area fall within C - S olass and, therefore, are auitable

for irrlgatlonal purposes.
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(Table 6,8 Contd.)

j tubewlXHsumbIJrs
Conatituentsj^ _1..13 ..12 ..36 9. .3A ..4 28 .
SAR 2,48 0.47 0.08 0.01 0,066 0,075 0.06 0.89

Electrical)
conduct!- ) 567,0 504,0 459,90 626,0 520,0 560.0 630.0 567,0
vity, a I
(EC x 10°))
•8188 "-—3 3!33S3333S 3 333S3B3333333333333333333838= 33338333333333333

TUBEWELL NUMBERS
Constituents! 34 10 11 12 35

SAR 0,46 1,01 0,39 0,28 0,33 0,86

Eleotrioal)
conducti- ) 390,6 304,14 693,0 472,5 533,6 315,0
vity. - )
(EC x 10°))
8833333333333383338833888333333838338333333833333833333333833833
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TABLE 6,9 SODIUM ADSORPTION RATIO (SAR) AND ELECTRICAL
CONDUCTIVITY FOR WATER SAMPLES JUNE - 1964"

Conatituentsi TuMWLL NUMBERS
• --..•!• 1°«..^-• I3-«.*S..sg..32 «.
SAR 0,083 1,16 0,8 0.4 0,01 0.006 0,003

Eleotrioal)
Conducti- ) 359,30 409.50 729.99 811,3 486,6 416,80 396.90
Vity, 1 )
(EC x 10°))
SS3-.aas3333S3a3338333333a3S383338as3SS33S8333a3a3S13S3sa353a33a

TTJBEUeLL MTfMBKR^
21 33 29 22 10 26 38

Conatituentsi

SAR 0,005 0,262 0.278=: 0,03 0,066 0,01 0,002

Eleotrioal)
conducti- ) 459.90 441.0 422,10 593,0 756,0 604,8 756,0
vity, g, )
(EC x 10*))
88833 83833338383*8333338 T 33383aaam33833333338833383383333338338333

Constituent,! TUijfcWELL iWMB.ks '
....•-i».8. . J>ZK mmWmm%mJ%mJQm,mm9!mm'm
SAR 0.004 0,008 0,019 0,40 0,003 0,315 0,766

Eleotrioal )
Conduct!- ) 693,0 541.8 415.8 389,0 428,4 384,3 567.0
vity. ft )
(EC x 10°) )
833333888=3838383883383838833383883338333383883383883333383383388

TUBEWELL NUMBERS

Con.tituents| ..1. ..8...9. ..12 ..16 ..24 ...31. ..
SAR 0.042 0.047 0.055 0.106 0.067 0,08 0,90

Electrical)
conducti- ) 534.7 662.9 608,2 608,2 584,0 340-2 270.9
vity. - )
(EC x 10*))
8333333 3338883338338338383833838383333333338383883333333333333833
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(Table 6.9 Contd,)

1 ' TUBEWELL NUMBERS
ConatituentaJ 42 29 14 9 20 13 89 D-6
-.--..!.-----.----- — ------------

SAR 0,27 0,37 0,014 0,008 0,004 a,12 0,315 0,50

Eleotrioal)
conducti- ) 567,0 453,6 440,0 403,2 258,3 852,8 384,3 409,5
vity. fi )
(EC x 10*))

IS3«aS2aa81888a38a*3-:aaa8Saiaa888388Sa883S-;3a88a-*.333333-S3Sf;333':33



- 170 -

CONCLUSIONS

1. The chemical analysis of vater samples from dug veils and

froa deeper tubevells haa shown that these vaters are of someshat

different chemical quality. The waters in the shallov aquifers

are comparatively rieh in sulphate while those from confined

aquifers are rich in bicarbonate. This differenoe has again

indicated that the shallov and the deep aquifers in this area

are not hydraulleally interconnected,

2. There are some seasonal differences in the ehemleal

oharaeter of vaters from deeper aquifers. In October the vater

is relatively rich in Sodium, Potassium and Bicarbonate while in

June it gets rieh in Magneaaium, Such a difference in tbe quality

of vater ean be explained by either the effect of leaching of

alkaline soils during the recharge or by eatlon exchange.

3. The vater froa deeper aquifers can be classified as

"Secondare alkaline" vater according to Palmer's elassifieation

(Palmer 5S)t It ean also be classified as 'Primary* vater

aeeording to Durov's elassifioation and therefore is regarded to

be of meteooic origin,

Aeeording to Piper's elassifieation it is characterised

by the predominance of alkaline earths and veak acids.

4. The study of the variation In the quality of vater by

the help of ratio maps has indicated that the rS04 /rCl and

rMg /rCa ratios decrease from north to sourth which ft* also the
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direction of groundwater flow, u«h a variation can be

e^lained by the greater selibility of CI and Ca in water,

5. The water froa deeper aquifers is found suitable for

irrigations! purposes as has boon concluded by the study of

eleotrioal conductivity, SAR e*d poressnt sod Irs value .

6. Altbo gh it baa been sbo*« from pt*3p test data in

chapter 4 that rsinor amount of leakape from shallov aquifer

to the deeper confined aquifer takes place during puaDlnf,

however, no appreciable difference ia the chemical quality

of vater with pumpin? frora deeper aquifer a was observed.



CHAPTER 7

QUANTITATIVE ASSESSMENT OF GROUND

WATER

.Bftrpduc1;l.cfif

Water is a renewable resource. In this respect it is like

soil and plant and animal life. Rain periodically replenishes the

natural supply of vater on the earth' s surface snd in the

subsurface formations vhich are tapped by wells and springs. This

natural supply of water, like that of other renewable resources,

is usually limited in time and space. In recent yoarst the use

from this limited source, about which we know very little has

grown enormously. This lack of knowledge has hampered its

effective development as veil as/use and conservation.

The Imperative noed in ground vater development, past

and future, is to know what we are doing. This Imewledge comes

from probing into the methods b which nature puts vater into the

ground and takes it out again, as well as tha changes that man

makes by his activities.

The ultimate goal of quantitative hydrologic assessment

is to determine addition of vater to the ground water reservoir

of the area under Investigation from all sources (ground vater

increment) and discharge of every kind from the ground water

body (ground water decrement). The balancing of the one against

the other is known 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 (c) to determine the rate

of present ground water %athdrawal m<l its effect on the

available supply, (d) to determine the amount of natural drainage

and (e) to estimate the amount of salvage from such inflows and

out-flows for optimum development of the ground water basin.

Precise establishment of such relation ships is very

time consuming and more so for ground water basins which have

been put to use by way of development for snort period. The main

aim in the present study is to forraulate a basis _for evaluating

quantitatively such relationships. From tho observations of shallow

wells in the area it is concluded that tho dug-w^lla Uf9 constructed

only IN to a maximum depth of 80 ft. (34.4 metres) below ground

surface and draw water from tho water bearing sand horizons

encountered within tails depth only. From the sub-surface correla

tion charts it has been observed that in this region the day bods

sep rating the shallow aquifers with that of the deeper aquifers

below 100 ft, depth(30.5 metres) are of considerable thickness.

As mentioned earlier In Chapter 4 the deeper aquifers are under

semi-confined or leaky confined conditions and as such it will

be reasonable to believe feat the effect of rainfall and

subsurface drainage to the rivers are more effective on the shallow

ground water reservoir rather than on deeper aquifers. With

this in. view it would be reasonable to deal ground water assessment

in th© present area under the two broad heads vis. (i) shallow
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ground water reservoir and (ii) of semi-confined ground water

reservoir. The shallow ground water reservoir is defined as a

group of aquifer? met Above the first effective and well defined

aquielude in the deoth son® between 80-100 ft. (24.4 - 30,5 metres).

The quantitative estimates have been made for th© years 1962 and

1965, ftoeh^study involves, an accurate quantitative analysis of the

ground water storage based on the ground water equation,

jtmrlier attempts on the quantitative ground water

studios in Gangeti; alluvium dates back to the early thirties

3
when liatekensie^Teylor' initiated such studies before starting

the Ganges valley st&te-tubewell scheme. These investigations

were again revived in the year 1067 whan the .ieseareh Committee

of the Central Board of Irrigation and Power accepted the

necessity of WiderfcalriiH" systematic observations oi water table

conditions in the- country. Earlier attempts in this direction

11 12
were made by Dwlvell and Gupta and Dcya Prakash et al^ .

Similar studies have also been attempted' in parts of Allgarh,

ttaal aaal B?ilaMgbahar by .^aghava ftao et al x wA in parts of
14

naharanpur district in western Uttar Pradesh by iagh&va Hao *%

For the area under description there has been no attempt

in tile past to carry out such studies,

COLLECTION OF DATA

iainfall data for more than 30 rain-gauge stations of

Meerut and Musaffarnagar region for the years 1958 to 1965 were

collected from the various departments. Estimates of pusrpage hour
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were available for each state tubewoll for the entire period of

study from the various Tubewoll divisions of the Irrigation

Department, Water levels (for May and October) in the open wells

were partly measured and partly collected from the Irrigation

Divisions, Information rogarding the discharges of rivers wore

also made available by the various Irrigation Divisions,

GROUND WATER STORAGE IN THE SHALLOW RESERVOIR

A study of the various llthological charts indicates

that the average thickness 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 aquifers in the si allow reservoir is approximately

45 feet (10,71 metres) whereas the average water level in the

shallow aquifers is about 20 feet ( 6,09 metres ), Hence the

average saturated thickness of aquifer will be (45-20 ft

m 25 ft, i,e, 7,62 metres)

,*. The area under study is a 2838 sq.miles
Volume of the saturated aquifer

a 2838 x 640 x 25 Acre ft.

a 45403,000 Acre ft.

• 45408 thousand Acres ft.

go
Bhattacharya et al has inferred that, on an average,

the specific yield of the alluvial aquifer in this part of Qangetic

Valley is 17 g.

Hence

Ground water storage » "ffifffi x 17

» 7739,36

• say 7710 thousand acre ft.
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Leaving 50 of the ground water storage as permanent

reserve and other contingencies for drought seasons

Ground water storage e 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 hydrologlcal equation Clisler and

ter ) which may be written as*

F+as + % + \*\ 3E*DS*% + DL + DW* s •• <7*1>

where P a recharge from infiltration

R a recharge from surface bodies of water

Eg a recharge from lateral underflow

Rr « rocharge by leakage through an aquiclude

and

B-. » recharge by wells, trenches, or other infiltration
devices

E a discharge by evapo-trangpiration

Dg a discharge to surface bodies of water

Dg a discharge by lateral underflow

D- a discharge by leakage through an aquiclude

Dy » discharge by wells

i A S a increase or decrease in storage volume

£k of tjhe above mentioned factors have been evaluated separa

tely as below, before they could be balanced out to give the

value of As.

aeeharge from ^fUtratfl.pn £,

The precipitation reaching ground surface becones either
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surface run off or infiltration accordingly as rain intensity

exceeds or falls short of infiltration capacity. The latter term,

infiltration capacity, is defined as the maximum rate at which a

soil in any given condition is capable of absorbing water,

j^hattaeharya et al5 on the basis of study from the western districts
of Ganga-yamuna Doab have given the following empirical formula

for computing the rainfall penetration*

a a 3*35 (R - 14)^ (7.2)

where R^ a Rainfall penetration, in inches.

R a Annual flainfall in Inches.

Therefore the total aiaount of rain water infiltered into

the area Is J^ * x 640 sq acres ft. ...... (7,3)

^ere A is the area in sq.miles,

However, part of this water will be lost through

evapotranspiration and subsurface drainage. Such losses are

considered as 50$ of the total rainfall infiltration.

Rainfall infiltration figures for the period under study

i,e, (3958-65) as computed from equations (7,2) and *c(7,3) have

been tabulated in Table (7.1)

Table 7, 1 RAIHFALL IEP1LTRATI0I3 FIGURES FQ3 MU2AFFAHRA0AR
AND MSERUT AREA

T~~~ Rainfall' a. ' Amount of Recharge due to lain
Ieap (inches) /-JL^n rainfall fall infiltration

tlncnes; infiltration after deducting 50$
(Acre ft/jtr) as evapotranspiration

and subsurface flow.
jailii f w .iiwi imi»iii. ii. in *i mi • liiiirin. mi m. in. n iii ii _j u iiu U- TTiT ia iii.in iMw «' "a hiibmbmiujii hi nM ••! mhitiiBjniiiBwiminwr-ir*hir ^M'i^iii^irT*mr^^rT^ni'*-p^^-^rn»-nt

3958 28.50 5.14 777384.96 388692,48
1960 32.40 5r79 868200.96 434100,48
1962 28.30 5.39 785538.40 392779.20
1964 26,30 4.83 731068.80 365534.40
J£§5 aOQ 4^,01 6^0B9,?4, 3^04^.37

Average 755660 377830
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The amount of recharge to ground water varies from year

to year which depends on the annual precipitation and as such

an average value has been incorporated while compiling the

.round water balance.

Recharge from surface Bodies .of. BJM - Hg

This includes (a) recharge from such bodies 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^t and the class (b) alone

under the factor H„ .
b

The main drainage courses in the area are of effluent

nature and as such the amount of Influent drainage is taken

as negligible.

Recharge from Lateral Under Flow - %

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 thickness of the

shallow aquifer within 80 ft, thickness 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 slso parameters of the

two are more or less the same. Therefore, for computational

purposes the permeability of the shallow aquifer is taken to

be 300 gallons per day per sq, ft.

.*. T a 300 x 25 a 20,000 gpd/ft.
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The inflow to the area a TIL

Mhere T a TransmissionI ty of shallow aquifer

i a Hydraulic gradient

L a width of tho cross section through which
ground water enters the area i.e. about
55 miles.

*

» •
Ru a 20000 x 55 x 3 gallons/day

a 3300000 gallons/day

• 3697,82 Acre ft./ year

« or say 3700 Acre ft/year

- \

The water level in the dug-wells which tap the shallow

aquifer is usually the same as in the deeper confined aquifers,

Therefore there will be no recharge of tiie shallow aquifer due

to the upward leakage from tho confined aquifers,

;iocharga by y'ella Trenches or. Other Infiltration
tieyvftcfta. - %

Under this factor direct feed to ground water reservoir

from lakes, ponds trenches, irrigation channels and irrigated

areas have been accounted for. There are three major canals

passing through the area namely Ganga Canil, Lower Eastern

Yamuna Canal and Ampshahar Branch, Mathur has shown that

influent seepage from these canals is insignificant and as such

this assumption holds good for the present area of study also.

Th© total infiltration f is computed as

F a f a. t,

where f is the infiltration capacity, A is the area

under these surface bodies of water and t is the duration for

for which water stands over the area A. Thus •*, Is given by
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a a F a f, A. T,

Irrigated areas do not materially add anything to the

ground water reservoir as the water mostly evaporates or is

consumed in replenishlng soil moisture defficioncy.

mmtmm] ¥ >TmrtWWfr*ttm - B

All water losses are classified as

1. Interception

2. evapotatlon from water surfaces.

3. Plant transpiration

4. noil or land evaporation and

5. Water shed leakage.

As it is difficr!lt to determine these loses accurately,

they are taken to be 50f of the total recharge by Infiltration.

ftli^Mr?* tQ ?*irface 3odies of. .'Watex.... - %

Here are Included losses to surface water bodies ©,g,

rivers etc. There are many drainage courses in the area such

as the Yamuna, the Ganga, the Hindon, the Krishni and the

Kali Kadi (last and West). Their effluent character in the

are-% has been established by the study of water table maps

(Plates 3.1 to 3.3) and the profiles aceross the river courses.

The profiles are also used to determine the amount of hydraulic

gradient (Table 7.2). The water level data have been given

in ft, above Mitel*
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Table 7.2 DATA OF GIIOUND WATER GRADIENT ALOKG
THE VARIOUS CROSS SECTIONS

y^muna liver

Section 1

Covers well Ho. X2 and ll

Distance between well I"o, 12 and 11 a 2.80 mUes

...—(..—.JwiJ,—in*! m \m i» __

er "ater Difference Average
iiimmmnmiinii —•—«n —iwn

Average
level level of water difference hydraulic

in in level In in water gradient
well well ft. level in in

.iiQgJLg , .^o.f.l^ rtiL .i, rr -- --.. i I. •» flafc i ft./mile.

ITear

1953 740.67 761,80 20,83
1962 750.00 770,00 20,00
1965 751.80 773,46 23.60

(♦)20.33 (♦) 7.44

!•• mm mi ii hi * mV9 miim*"1

nAfr. iiJatinMiltl \£m\ •Willi iiMiiirtftan

trmwmmmmmmmmmm inm. «•"•••«

I1*'I»*'8

1933 749.67 766.05 35.33
1962 760. 31 770.05 9.74
1965 761,66 774,30 12.64

(•** )12, 92 (♦) 4,61

section 2

Covers well !io« 9 and 8

Distance between Well No. 9 and 3 = 1.00 nlle

Year

1958
1962
1965

1968
19G2
1965

Water Water
level level
in In

well well
i«o, 9 flo.8.—

mm':mmmtmmm0mSmmmmm'mm*mm>'m — i—wiaaiimnwiaaii'iB iwiwwwi

Difference Average
of water difference
level in in water

ft. level In
...£fc.t. -•—. ft ••Illnt.l—»i —.

707,39 714. 3£ 6,97
70L,77 716,92 U3.1S
702,07 712.42 10.35

(+)10.82

JfLA ,.tr, ,9, ft .3 X
703.32 719,17 15,35
700,27 717.82 17.55
700.02 713,52 38.50

(♦)17.30

Average
hydraulic
gradient

in

(♦)10,82

(+)17,30

Average hydraulic gradient a (♦) 10,04 ft/mil©
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Ganga River

Section 1

Covers well No, 10 and 9

Distance between 10 and 9 a 3,60 miles*

Year

1953
1962
1965

1958
3962
3965

Water

level
in

well

Water
level
in

well

ftp* 3.

751.05 773,34
745,33 772.34
743.20 736.30

IX
Difference
of water

level in
ft.

27.29
27.01
28.10

Average
difference
in water
level in

IM»l«^l«^»HUllfflll.'»ll<llll • 118.1 II*"

verage
hydraulic
gradient

in

•ft • fnL\9

(♦) 27.46 (+) 7.63

SJ U \* \J If VJ A,

756,33 782,84 26,51
747.33 772.84 25.51
743.53 775.33 26.30

(♦) 26,27 (+) 7.30

Section 2

Covers well No. 21/16 and 19/12

Distance between well No,21/1/5 & 39/12 a 2,08 miles.

Year

1958
1962
1965

1958
3062
1965

Water water
level level

in in
well well
Tie, 21/16 Uo.l9/ia

^A',
Difference
inf water
level in

ft.

642,12
643,22
647,60

686,18
087,33
685.00

44.06
39.11

37.40

649.72 691.48 41.76
649.22 687.33 38,21
646.80 634.10 37,30

Average
difference
in water
level In

Average
hydraulic
gradient

in

(+) 44.19 (+) 21.24

(+) 39,09 (+) 38,79

Average hydraulic gradient a (+) 13.74 ft/mile
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EffftfrTfllli Tfl^lff

Section 1

Covers well No, 4 and 5

Distance between well No, 4 and 5 a 3*6 miles

1953
1962
1965

1953
1962
1935

779,40
776,22
776.32

782,69
77<.'»,S X
770.61

772,75
770.91
770.20

AahWater Hater ' Difference Average Average
level level in water difference hydraulic

in in level In in water gradient
well well ft, level in in
ftp, 4, , ffo.5 ,,, , ... ft, . ftrSLllff

(♦) 6.65
M 5,31
(*) 6,12

(♦) 6,03 (♦) 3.77

wb>iiu,Jwii »mt\mtM*<,mm»>mfo>'mmmmmm\m

786.62
776.33
730.03

3,93
2.32
9.42

(♦) 5.22 (v) 3.26

Section 2

Covers well No, 4 and 1

Distance between well No. 4 and la JL>5 miles

1953
1962
3963

1953
3962
1965

"water"

752.65
751.42
751.54

753.85
774.21
7^3.21

\«mmm> »ii—mimMb' mnm^A.miMmm/ntK.\

Water Difference Average Average
level level of water difference hydraulic

Year in in level in in water gradient
weU well ft, level in in
Ho. 4 SgjJL .„ , , i ., —tt*.., ftfc/toUv

771.26
770.20
770.44

18.61
38.78

13. SO
|^^I,M^IIV>.—*H*W.",.l •••!! •• IM !••

.wJ^iiJiaV.iMiatiBiI'li .ii.^i.BiJieJwiiwSft.-

778,03
777.03

3,82
3,32

(+) 13.76 (♦) 11.72

(♦) 3.82 (+) 2,38
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Section 3

Covers well No, 7 and 1

Distance between well No. 7 and 1 a 1,6 miles

Year

Water water
level level

in in
well well

„h&Jtmim,,m,, l^itlJL..

u ay..
' Difference Average average
of water difference hydraulic
level in In water gradient

ft. level in In
i• i £it#, .,.... it./miie.

1953 718.56 723,50 4,94
1962 713.06 720.83 2,77
1965 713.75 720.00 1.25

(4) 2.98 (+) 3.36

.»&•*• Jjtfc. mMm'mmm>mtMmmmAmkmmmMi

1959 720,81 725,92 5,11
1962 719.96 724.34 4,38
1965 720,0(3 724.74 4.74

(+) 4.74 (+) 2.96

iverage hydraulic gradient = 4,33 ft,/mile

Hindon liver

section

1958
1962
1965

Covers well No. 2 and. 3

Distance between well No. 2 and 3 a i«6 miles.

water
level

well
J&JL&.-

Water
level
in

well

iJil.nA X
Difference
of water
level in

ft.

Average verage
difference hydraulic
in water gradient
level in In

jyCi* , . x.v,-/mM e

739,59 812.02 22.43
812.87 814,02 1.15
812,51 813.61 3.10

(+) 3.22 (+) 5.14

m^m»mm/m>.<mMmmmmm\miA< immmmmtHmrJOv•*$*****< »• MmbbmbbM* ••

1958 813.10 315.34 2.24
1962 -
1965 815,91 317.81 1.90

(+) 2.07 (+) 1.29
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Section 2

Covers well So, 1 and 2

Distance between well Nol 1 and 2 a 1.6 miles

i m ia n»wa Him i. mi in •'•'•'"J • -•••• —•.—.... i. -^—i—'—• -—

LinWilli T SIiiwmHi l-ilff r•T-T ~ Sfcii iiMl *li) ii in ,n,i niiiw • ——• ••BmiaaBll
ater Water Difference Average

level level of water
Ymr in in level in

well well ft.
*To. 1 Fo.2

fc.,.1 m>iiIiibwi im*immmh<W»

Average
difference hydraulic
In water gradient
level in in

ft. ft./mile.

1963 706.72 719.22 812.50
1962 705.14 718.00 12,80
1905 703.10 717.30 11.70

(♦) 12.35 (•*) 7,72

1962
' 1965

1958
1962
1965

1953
1962
3965

- WMIW m* mmtrw •»«» am.

..»,i.., aMi nrn% ii.Ty i iWlii \JmmmmVmmmWm

714. IS 723,18 9,00
706.72 718.72 12.00
707.72 719.92 12.20

(+)11.06 (+) 6.91

Section 3

Conors well No, 5 and 1

Distance between wall No, 5 and 1« L00 miles.

r ton <m*.am*«mr •«*«—w-iwlmi •Wl**'*'**1!

-L-n.a.X

Water viator Difference average Average
level level in water differenoe hydraulic
in in level in in water gradient
well well ft. level In in

,K.Q>.'1 i i *<«*•• .1 •• ..——.. mmJBmt » .$&*!*

692, OR 692.28 1.25
691,90 693.65 1.75
690.24 693,72 3.43

(*) 2.16 («•) 2.16

iZZESAJuur.
iinBiiilinwii mmmmmmmmmmmmmmmm*

.III. 1181 111 Jim I.II8JIB—WK"l»l»^l.

696.10 695.97 0. 13
697. C5 G94.72 2.93
697,00 695,47 3.53

(+) 1*53 (+) 3.53

Average hydraulic gradient • 4,33 ft, /mile
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Mt-i i^lver wost

section 1

Covers well Ho. 3 and 4

Distance between wall No, 3 and 4 a 1.6 miles.

1953
3i)62
1965

3

'788.30
739.09
790.34

—WK.JIIB8IBI.IIIWI •M8WWWII

m mum iir • i ir v ••• " - '-""*—«•——-

4

798.00
792.81
793*81

Water level Water level afflferenee 'Average Average
Year in wall No. In well *k% of water dlff.in hydraulic

9,70
3.72
1,47

m M,»mmi+J^imm%\mJm,'mM**mM JtS.iiJW* iiiwiiH

^,iW'iriwnwiw<» »-

level In water gradient
ft. level In in

nan. nuT immum -mm in n.. .j.. . jThiwIt ' i"i - ^a*L.^I^Mmmmm\^Lm

(♦) 4,96 (♦) 3,10

1958 790.59
1962 789.09
1965 789,54

300.71
797.81
792.46

10.12
8.72
2.92

(+)7,25 (+) 4.53

Section 2

Year

1958
1962
1965

1953
1062
3966

Covers well No, 3 and 4

Distance between, well No.3 and 4 a 2,20 miles.

water level Water lovoi Difference Average Average
Bn well No, in '-tell Re, of water dlff.in hydraulic

3 4 level in trater gradient
ft. level im in

ft. ft., /tailra.
rinsriM- ii- •miawatr.HS'ini TWIT - ••' " ••"•" "" " ' '• • ' ' ' " " '•' • '—• "™",»** »•*»"• * "**" iBj»Bf<UrmsSj» HI n i

*. «H.ip ill .IBW8BHI8

*. 1

>~m+>w*>*»••« m*\m •

725.02

723,93

724.52
725.56
725, 00

750,35 25.33
761-20 36,68 (+)33,00 (+)15,00
760,94 37.01

MMMMt-WW"

Bi*ii<iw>8.itwii"*jwM'i.«. n*m*mmm*m* m'nm.*mmt

762,19 37.67
763.00 3,% 44 (+)36.43 (+)36.5i
761,39 36.19

Average hydraulic gradient a 9,79 ft/mile.
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fiftih*. WAit ?&ar

Section 1

Covers well No, 33 and 7

Distance between well No. 33 and 7 a o,8 miles

Water
level

Year in
well

Water

level
In
well

in i7lll inJ, I liijfli

Difference
of water
level in

ft.

Average
difference
in water
level in

.HUM Mil I»bW1b5LiiB>II Hill «•pQ.t.13 Kq,?„

1953 708.20 733,00 4,80
1962 703.87 733.62 4,75
3965 712.00 716.40 4.40

(+) 4.65

,„Q, „, t ,Q b^ft. X.

1968 714.10 719,81 5,71
1962 713,81 717.20 3.39
1965 716,24 722.24 6.00

Section 2

Cover 3 well No. 1 and 2

(+) 5.03

Average
hydraulic
gradisnt

in

i, ,Xw/HUiV

(+) 5.81

(+) 6.29

Distance between well No. 1 and 2 a Q.60 miles.

$»ter *?ater
vM„ level level
YoaP in in

well well

Is-Ji Kfla,S •

in <i • i mi #3li.m ijh mi • n"i mm n hi i" i ' • • «in'»—'—"i"
DifferenceAverage Average
of water difference hydraulic
level in in water gradient

ft. leva! in in
,mn i - ;, „„•, f,t. . £t.,/Eille.l

1958 720,83 724.20 3,37
1962 716,91 720,91 4.00
3965 716.42 720.50 4.08

(*) 3.81

mAm*»m}mtmmMtmmmii imJm»mmmm «J*W«

1958 723.08 734.45 6.37
1962 725.74 727,52 1.78
1965 724.75 730.81 6.06

(♦) 4.74

(+) 6,35

(+)7,9

Average hydraulic gradient a 6.58 ft,/mile
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Taking into account that the thickness of the strata

through which percolation takes place is 20 ft, and the
p

average permeability of the formations is 800 gpd/ft. , the

amount of effluent drainage works out to be as given in

Table (7,3).

Table 7.3 STATEM&IT OF EFFLUENT DRAINAGE DUE TO
NATURAL HYDAAULIC GRADIENT IN MUZAFFARNAGAR AND

MEERUT AREA

Length of Coefficient of Average offluent
Name of the the Hver transmissibility hydraulic drainage

liver in t a of x m gradient (L T I)ln
Miles, „ gpd/f-t. ft./miles, gpd.

1,Yamuna 60
liver

2, Ganga 68
dver

3, Hindon 64
tiver

4,Kri8hni 48
liver

5, Kali
liver(West) 44

6, Kali
liver(Sast) 36

vmmmmmwmmmmmmm

16,000 X0*G4 96,38,400

16,000 13.74 1,49,49,120

16,000 4.13 42,29,120 X 2

36,000 4,33 33,23,440 X 2

36,000 9,79 68,92,160 X 2

36,000 6,58 37,87,200 X 2

Total Effluent
drainage due to
na|ural hydraulic
gradient. a 6,10,55,360 Gal/day

a22,28,52,06,400 Gal£0ajr

a 68,411 Aero ft/yr.

Ilotei As the livers Hindon.Krishni,
Kail (West) and Kali(East)
flow through the central parts
of th© area, effluent drainage
to these rivers has been taken
to be twice.
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Discharge by Lateral Under Flow - %

From tiie water table map for th© shallow aquifer (Plate

3.1 to 3.8) it Is inferred that the hydraulic gradient on an

average is about qp feet per mile in the north to about 2.8 feet

per mil© in th© South. The saturated part of the aquifer material

within 80 feet thickness of the alluvium in the southern portion

of tho area is of the order of 45 feet. The average permeability

is 800 gpd/ft.2

The out flow from the area due to continuous ground

water movement will be ©qual to the product of transmissibility,

hydraulic gradient, and the width of the cross section through

which flow takes place.

Hence

% a TIL

where T a transmissibility , 36,000 gpd/ft.

I a hydraulic gradient 3 ft. /mile.

L a width of cross section through
which flow take place I.e,
55 miles.

a 36,000 x 3 x 55 gallons/g^y.

a 2,36,81,00,000 gallons/year

a 6656.067 Acre ft/year

a 6660 Acre ft./year.

Leakage Though, m* .JtoMXti&to?»lg>frf- \

In the present area for the shallow aquifers the leakage
65

can be calculated by the following formula given by Hantush .



Where

0 X
* -2
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A A h

Q a amount of leakage through a
vertical column of the semiconfining
bed of area A

-*jf». Leakance
B^

A"£ a the difference between the water levels
in th© confined and shallow aquifer
in the area.

On the basis of the aetual pump-test the average

leakance for the area vorks out to be 3.66 x 1C£® Acre ft/day,
hile the value of A*# been computed by subtracting 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

al a 1,66 x IO"6 Acre ft,/day.

A a 2838 sq.miles

A* a 2 ft.

Q a 1.66 x IO"6 x 2838 x 640 x 2 Acre ft/day

a 6.03 acr© ft./day

» 2200.96 Acre ft/year

There are many open wells which have not been put to

full use as was noticed from the various transverses taken in

the area. However, on the basis of data taken from various
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agancles such as Revenue records, Irrigation records and others,

the draft by means of open veils may safely be taken as 60,000

Acre ft.

BALANCE SHEET OP SHALLOW GROUND VATER RESERVOIR
FOR THE YEAR 1966.

1, Recharge from infiltration

2, Recharge from surface bodies
of vater,

3, Recharge from lateral underflov

4, Recharge by leakage through
aquiclude.

5, Recharge by veils trenches and
other infiltration devices,

6, Total Recharge for the shallov
ground vater reservoir
(1*2+3*4+5)

7, Discharge by evapotranspiration

8, Discharge to surface
bodies of vater,

9, Discharge by lateral
underflov

10, Discharge by leakage through
aquiclude

11. Discharge by open-veils

19, Total discharge from the
area in the shallov ground
vater reservoir (7+8+0*i©*ll)

13. Ground vater balance i.e,
increment, (6 - 12)

6,16,100 Acre ft.

Nil

3,700 Acre ft.

Nil

Nil

6,19,800 Acre ft,

3,77,830 Acre ft.

88,411 Acre ft.

6,660 Acre ft,

2,000 Acre ft,

60,000 Acre ft,

4,46,321 Acre ft.

I 1,74,479 Acre ft.

After the balance of ground water equation it is inferred

that the net increase in the shallov groundwater reservoir is
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1,74,479 Acre. Ft. which ean be further utilized for various

Irrigation and allied purposes without depleting the permanent

ground water storage which is calculated as 3,860,000 Acre ft.

Computations on similar lines have been made for th©

year 1958 and 3962 and the results ar© given in Table 7,4

and 7,5 ,

Table 7.4 NET CHANGE IN THE GROUND WATER STOiUGE
OF THE SHALLOW GROUND WATER RESERVOIR FOR THE

INVESTIGATED AREA

No, I (lecharging factors) ^ D(D^c |̂fg *g*
iRQtiga lflciisa

3. Recharge from Infiltration .. 22,64 Discharge by .. 1400
©vapotransplration *

2. locharge from surface
bodies of waters

3. Recharge from lateral
under flow.

4, Recharge by leakage
through an aquiclude.

5. Recharge by wells and
trenches.

Totals

.. Nil Discharge to ..0.28
surface bodies of
water.

.. 0.03 Discharge by ..0.027
lateral underflow.

. • Nil Discharge by ..0,032
leakage through
an aquiclude.

Nil Discharge by well
trenches. 8,20

22.67 17.519

Net change in shallow ground water
storage in the area for th© year
1958 .. a 22,67 - 17.519

5,151 inches.
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TA3LE 7,5 SHOWING NET CHANGE IN GROUND WATER STORAGE
IN SHALLOW GROUND WATER RESERVOIR IN THE AREA FOR THE

YEAR 19 6 2.

S,No, R(Recharging factor)

3. 'lecharge from
infiltration;

ggg Maggie, «gg
depth. factor; d0pth-

Discharge by
25,47 evapotranspiration 15,20

2. lecharge from Discharge from
surface bodies of waters. Nil surface bodies of 0,26

vater

3. Recharge froa lateral
underflov.

4. Recharge by leakage
through aquiclude.

5. lecharge by wells
and trenches.

Total*

Net chang© in shallow
groundwater storage in
the area for tiie
year 1962.

Discharge' from
0.38 lateral underflow 0.30

nM% Discharge by leakage
niX through aquiclude 0.02

25.65

Discharge by wells 3,40

19.04

25.65 - 19.04

6.61 inches depth of
water.
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CONFINED GROUND WATER RESERVOIR

There are many difficulties in preparing a ground vater

budget for the confined group of aquifers in this region vhich is

due to the complex geohydrologioal conditions. The recharge

vhich takes place due to rainfall is difficult to assess as the

recharge area la not veil demarcated. However, it has been

shown earlier in this chapter that approximate recharge due to

leakage from the overlying vater table aquifer is of the order

of 2,000 acre feet per year.

In the following paragraphs an attempt has been made

to find out the total draft due to pumpage from the deeper

aquifers and the fluctuations of the observed vater levels in

veils which tap these aquifers.

(i).%r«ffr fl*c ta fWlfit through, Tubewells,

The total amount of vlthdraval of ground vater from

the area by means of tubevells was calculated by summing up the

total discharge figures after multiplying with their running

hours for each year. The total draft due to pumpage from

1958-69 to 1964-65 is given in Table 7,6,

Table 7.6 TOTAL AHNUaL DRAFT PROF TUBEWELLS
IN THE AREA UNDER STUDY

fear No. of tubevells Annual draft in
Commissioned,, ACtff rtt

1968-59 462 137102
1969-60 469 191463
1960-61 482 150913
1961-62 495 127293
1982-63 546 188430
1963-64 600 199650
1964-65 643 203991
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The draft for the year 1934-66 for state tubevells works

out to be of th© order of 2,04,000 Acre ft. Taking an assumption

of 1,000 private tubevells in the present area of study the total

draft due to pumpage can safely be taken as 4,00,000 Acre ft/year.

(11). Changes in the Pleaometric Hsada

According to the piezometric observations in the tubevells

of the Kuzaffamag: r District it has been determined that for the

yiMT 1964-65, at an average, then is a rise of 1,5 ft (Table 7.7).

However, for parts of Meerut District vhich are also

included in th© present vork, 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 piezometric surface.

From the above it can be concluded that more tubevells

ean be constructed in the Muzaffamagar area while in the Meerut

area additional tubevells would further lover the piezometric

surface.
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Table 7,7 PIEZOMETRIC OBSERVATIONS IN MUZZAFARNAGAR
DISTRICT.

Sl,ll0, 1
water level

ubewell Jta ,f> fo,r „
Hos. summers

(196*;

above
tjftQ, Sti

mean sea level
Rise or fall

\rimmrm>*'' ^mW ••

Winters
(1964.)

1. 10 South Loi 41 38 ♦ 3

2* 36 it 39 38 + 1

3, IS r 46 42 + 4

4. 25 n 37 36 + 1

5, 27 ti 35 34 ♦ 1

6, 30 | 40 38 ♦ 2

7. 3c, it 40 38 + 2

8, 10 Kairana 35 o*l + 1

9, 11 tr 22 24.5 - 2.5

10. 14 it 24 24 00

13. 21 tt 19 18 + 1

12. 26 M 23 23 00

13. 27 ft 21 20 •f 1

14. 28 tt 23 20 + 3

15. 31 | 20 22 - 2

16. 5 ft 26 24 + 2

17. 2 North Loi 39 38 + 1

33. 4 ft 25 OS + 2

19. 5 ft 32 30 ♦ 2

20. 6 tt 33 32 •*• 1

21. 12 A » 32,0 35 - 2

22, 14 n 29 28 > 1

23. 17 Karrana 25 20 + 5

24, 14 A North Loi 30 25 •«• 5

25, IS n 26 25 ♦ 1

26, 27 tt 32 28 ♦ 4

27, 29 n 25 25 00

28. 31 a 27 22 + 5

Net change 42.5 ft.

Therefore average rise a 1,5 ft.
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CONCLUSI0N3

An attempt has been made in this Chapter to assess

quantitatively the ground water potential in an area of about

8,338 sq.miles in shallov as veil as in deep confined aquifers,

ii). The net ground vater storage for the shallov aquifers

eomes out to be 3,60,000 Acre feet. This excess of ground vater

for the reservoir indicate an excess vater source of the order

of 1,74,479 Acre ft, <Sue to recharge. This potential could be

further utilised,

ill). The ground vater budget for the confined aquifers could

not be prepared due to complex geohydrological conditions.

However, the fluctuation| in the piezometric surface has shovn

the possibilities of further ground vater development in

Musaffarnagar area.



CHAPTER 8

SUMMARY

Systematic studies of the ground water conditions In the

Indo-Gangetic alluvium covering approximately 7265 sq.km, in

Musaffarnagar and parts of Meerut districts were started by the

author In the month of August 3964, The importance of such

investigations were felt when the author was associated with the

U.?, Irrigation Research Institute, Roorkee,

In Chapter l of the thesis a review of the previous

work carried out by several workers lias been given. It may be

worth mentioning at this place that although large scale tubewell

irrigation is practised in this part of th© country since long,

no systematic hydrogeoleglcal studies were carried out by the

earlier workers.

In chapter 2 an attempt has been made to describe the

g©©morphology and the geology of th© area. The area under

description represents parts of Ganga-Yamuna rp%b. It is also

drained If a number of other rivers all of which are of perennial

character. Th© drainage character!sties of the area in terms

of quantitative parameters i.o, drainage density and bifurcation

ratio have been given. The computed drainage density comes to

be 0.77 miles/sq,miles which is indicative of high permeability

of the surface formations* The changes in th© courses of the
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river Ganga and Yamuna, as evidenced by the presence of ox-bow

lakes and point bars, have also been described. The ground surface

is mor© or less flat ifith a gentl© slope of its if* per mile from

north to soutli.

Geologically the area is comprised of alluvial

formations i.e. gravel, sand, clay and kajjka£. Th© complete

thickness of the alluvial fill is not known but it may be of

the order of 7000-8000 ft, or even more. In th© present work,

however| an attempt has been made to describe th© geology of the

area upto a depth of 300 to 350 ft, as has been observed from

the llthological logs. In alluvial formations the various

llthological units, usually, do not extend laterally to long

distances. The various formations may show Interfingering or

1 en sold charactors. The sand samples from various horizons within

tho depth range of 115-350 ft, wore subjected to mechanical

analysis and the various grain size parameters have been determined

I.e. Median, sorting Coefficient, iffeetive size and Uniformity

Coefficient. It h-*s 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 vas also drawn and it 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 described. Droadly speaklnc two types of aquifers have been

delineated i.e, the shallow aquifer (with depth range of 80 ft.)

and deeper aquifers (100-350 ft, )• *Bie second hydraulic unit

(Deeper aquifers) is not composed of on© single aquifer but of

a number of aquifers Interconnected with each other. The above
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tvo 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 measurements of depth to water level in shallow

wells which tap the shallow aquifers and th© tubevalls #ilch

tap the deeper aquifers were carried out. This was necessary

in order to establish tho ground water movement In tho two

hydraulic units and also to depict seasonal fluctuations of

water level. It is inferred that the main source of recharge

for the aquifers is the rainfall.

In Chapter 4, hydraulic characteristies, of the aquifers

i.e. Coefficient of Transmissibility and Coefficient of Storage,

as determined by the pump tests, have been given. It was quite

interesting to find that the conventional Theis-nonequilibrium

method could not be applied as such under the hydrogeological

conditions which exists in this part of the country. In this

chapter a thorough analysis of the aquifer characteristics have

been made based on recent development in ground water hydrology

and it has been con-ludod that in all probability the deeper

aquifers of the ar©a represent leaky confined character. In

establishing this th© vertical permeability and the leakence of

aquitard have also been determined. There are of course still

some querries which have to b© answered.an© of these is the

effect of vertical draining of the aquifers. It is worth

suggesting that in alluvial areas,in general, It is necessary to
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hav© a number of observation holes tapping different horizons

in order to determine the interconnections between different

aquifers. Th© author feels that this will be a correct approach

to distinguish between the water table conditions and leaky

conditions in such regions.

In Chapter 5 some of the issportant statistical correlation

methods have been utilised to describe the ground water regime

of th© area. Us© has been made of th© methods suggested by

Altovsky, Jacob and others.

These analyses wer© necessary to determine the basic

factors which influence th© ground vater conditions in the present

area. In order to do this rainfall and ground vater level data

from the year 1961-1965 hav© been used and the correlation

coefficients by th© Linear Correlation Method between the various

variables hav© been determined. Jacobs* method has been utilised

to determine th© amount of accretion to the ground water reservoir

by rainfall, m doing so rainfall data from 1938 to 1965 have

been taken Into consideration and it has been concluded that the

rainfall penetration Is 21*5 %m

In Chapter 6 chemical characteristics of the ground water

have been described both form th© shallow aquifers and also from

the deeper aquifers. However, • greater emphasis has been laid

on the chemical characteristics of ground water from the deeper

aquifers as this horison Is tapped by all the tubewells and is

most developed. The water has been classified as of calcium

bi-carbonate type which Is suitable for irrigations! and domestic

purposes. Variation In the chemical quality of water in the
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direction of flow has been indicated by preparing r So4/r CI

and r Mg/r Ca ratio Maps,

In Chapter 7 quantitative ground water assessment has

been made. The alrr of such studies is to determine the total

quantity of ground vater vhich can be put to use without deplet

ing the ground vater reservoir permanently. Ground vater

assessment of the shallov aquifer and the deeper aquifers have

been made separately by determining the various factors of the

general ground vater equation, Cuantititive assessment of the

shallov aquifers have be«n made for the year 1958, 1962 and

1965. Frori. this analysis it has been concluded that for the

year 1965 there vas an additional amount of 174479 acre ft. of

vater which could have been further utilised without depleting

the permanent storage of the shallov ground vater reservoir

vhich is 3360000 acre ft.

Due to complex geolrdrological conditions, ground

vater budget for the deeper aquifers could not be finalised.

Hovever possibilities of furth r ground vater development in

musaffarnagar area have been indicated.
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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 T and the
coefficient of storage 5 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 Tand 5 did not remain constant with the time of pumping.
ThL 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
takinp 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 (Taylorl). The well tested liesin 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. Pathak2) 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 Pathak4) after analysing pump-test data from certain areas
of the Indo-Gangetic plains have suggested varying geohydrological con-
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ditions, and such a conclusion is also drawn by Pandey et al.5) 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 CaC03), 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.

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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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 T 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 method6). Also under water-table conditions the Theis non-
equilibrium formula does not describe completely the drawdown in wells
during short periods of pumping6). 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

00

114.16(2 fe"u

T J u

* Local term for red gravelly soil.

du (1)

*
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where

1.87 r2S
u = (2)

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
7"=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.

00

e~udu , „ u2
= w(u) = - 0.5 77216 - loge« + u - —

u 2.2!
i.t?V»/n u3 ua

+ (3)
3.3! 4.4!

where

1.87 rzS
u =

Tt

Hence Eq. (1) can be written as

114.60s= —*W(u). (4)

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 et al.1). On another logarithmic
paper r2/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 r2/t and j are read
from the data curve sheet and W(u) and u from the type curve sheet.

Tand S can be determined from these data by rewriting Eqs. (4) and (2) as

/ 114.6(2 , x
i T= -W{u) (5)

and

Tu
S = tt • (6)

1.87r2 t V'
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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) = 3.3

u=1.8x 10-2

r2/t = 3.4 x 106
s=1.9 .

Substituting these values in Eqs. (5) and (6):

T= 84 394 gallons/day/ft

S = 2x 10-4.

and

Similarly for match point 2

and for match point 3

and

Earlier

Middle

Later

T= 66 083 gallons/day/ft
S=6x 10"4

7=57701 gallons/day/ft

5=2x 10-3.

Table 1

Variation in T and S with time

84 394 gpd/ft 2 x 10-4

66 083 gpd/ft 6 x 10"4

57 701 gpd/ft 2 x 10-3

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 5 is 2 x 10-3, the aquifer can be regarded as under con
fined aquifer conditions.

3.1.2. Straight line method

Jacob (in Ferris et a/.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

2640
T = —- (7)

As

where As is the change in drawdown (ft) over one log cycle of time,

and

0.3 Tt0
S= —r^ (8)

r

where

t0 = time in days when the drawdown is zero.

In this method time-draw-down data are plotted on semilog coordinate
paper (t on the log scale and 5 on the arithmetic scale). If the observations
fulfil the conditions i.e. w<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. Walton6)
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:

1.35 x 105r2S
',. = T (9)

where

rsl = 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=84 394 gpd/ft and 5 = 2 x 10"4 and r= 103 ft then

and for

/s, = 3 minutes

T =57 701, 5 = 2 x 10"3 and/-=103 ft
fsl = 49 minutes.

<
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Fig. 5. Semilog plot of drawdown versus time.
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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 Eqs. 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 small6).
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 As=\.3' and ro= 0.18 minutes and hence 7=86 105 gpd/ft and S =
3xl0~4. For the second slope zl^ = 0.8' and ;0= 0.6xl0~5 minutes and
hence T= 1 38 670gpd/ft and S=2x 10"5. The extremely low value of 5for
the second part of the straight line plot can be due to minor deviations in
extrapolating the straight line for determining the value of t0.

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 T 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 T and S (Table 2) are
given. This means that earlier time-draw-down data can be used to determine
T and 5" 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

SI. No. Type ofmethod T S K'/b' orP'/m'

1 Non-steady time-draw-down type

curve method

2 Extrapolation of maximum draw- 0.12ft2/sec
down by constructing a time-draw- or
down curve from the observational 77 587 gpd/ft

data on semi-logarithmic paper

(Hantush's method)

76 706 2.9 x 10 4 1.8 x 10"3

gpd/ft gpd/cft or

2.6 x lO-^sec-1

12ft2/sec 3 x 10"4 2 x lO^sec"1

•

4
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is confirmedas shown below because the value of T and S determined by the
leaky-aquifer formula from the later 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
(Hantush9)) 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

S=Anf )\Y ICXP (~ }' ~ ' l4E y)d}' (10)

0^
AnT

2K0(rjB)- \(lly)cxp(-y-r2l4B2y) dy (11)

= (QI4nT)W(u,rjB). (12)

The integral expression was written by Hantush (Walton8)) symbolically
as W(u, r/B)and was termed the "Well function for leakyartesian aquifers".
Hence,

s=r%j,W(u,rB) (13)
where

u = r2S/4Tt.

Eq. (13) can be written in the gallons/foot system of units as

where

and

114.6 0
s = -W(u,r/B) (14)

2693 r2S
u=—= (15)

Tt

rIB = (16)
jTI(P'lm')
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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

Hantush9) has given values of W(u, r/B) in terms of u and r/B. Walton8)
has plotted values of W(u, r/B) against values of l/w 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 t 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 l/w are read
from the type curve sheet and corresponding values of / 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. Tis 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 (sm) is found. The
inflection point (Sj) is located on the draw-down curve by taking s—^ sm
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 t-, is read
corresponding to the inflection point.

Hantush9) has shown that if the drawdown s is plotted against the time t
on semi-logarithmic paper, with t plotted in the logarithmic scale, then the
slope m at any point is given by

m= As/A \ogl0t = (2.3Q/4t:T) exp(- w- r2/4B2u). (17)

The curve has an inflection point at which the following relations hold

«, = r2S/4Tt, = r/2B (18)

where the subscript i relates to values of the variables at the inflection
point.

J*
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The slope of the curve mx at the inflection point is given by

mi=(2.3Q/4nT)e-r/B (19)

and the drawdown at the inflection point s-, is given by

s] = (Q/4nT)K0(r/B) = (i)sm. (20)

The relation between the drawdown and the slope of the curve at the in

flection point is given by

f(r/B) = e"BK0(r/B) = 2.3si/mi. (21)

In that part of the curve where it approaches asymptotically the maximum
drawdown, the slope m at any point can be given by

m= (2.3fi/47tr)e"< (22)
where

q = Tt/sB2 (23)
and the drawdown by

s = sm-(Q/4nT)W(q) (24)

where W(q) is the exponential integral —E{(—q), which is known as the
'well function' in ground-water hydrology. From Eqs. (19), (20) and (21) the
following relation is obtained:

f(q)~fW(q) = 2.3(sm-s)/m. (25)

Values of the functions used in the above equations are tabulated by

Hantush9).

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=l cfs (approximately)
and r (distance of observation well from pumping well)=103 ft

sm = 3.75 ft

f; = 6 minutes.

If the slope of the inflection point=1.3 then from Eq. (21)

er/BK0(r/B) = 2.3 x 1.87/1.3 = 3.3.

For this value of the function from the table (Hantush9)) er/fl= 1.0492 and
r/B" 0.048.

Hence 5=103/0.048 = 2148 ft. From Eq. (19)

T=2.3x 1/4ti x 1.3 x 1.049
= 0.12 ft2/sec = 77 587 gallons/day/ft.

4
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LeakanceorK7&'= 77fl2 = 0.12/(2148)2=2xl0-8sec-1. From Eq. (18)

4Tti(rl2B) 4x0.12x60x0.02 4
S = ^V—-=- —s n~ - = 3x10*.

r2 102>x 10i

Comparison of values of T, 5 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. Prickett10) has suggested a type
curve solution to aquifer tests under water-table conditions based on
Boulton's non-equilibrium equation11) 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 (T and S) can suggest various geohydrological
conditions (Singhal12)). The manner in which Tand 5 vary with respect to
time since pumping started (Table 1)indicates that theaquifer iseither 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 T, P'/m' or K'/b' and 5 are
comparable if the two leaky-artesian aquifer methods are applied to the
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present case. Furthermore, the values of T 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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