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LEEFACE

Amongst the five elements which are so basic to Iu'n
existence in the Universe, water is considered the 'Elan ‘ltd'
MauturnlmoumhthammmMutu
bodies. Keeping in view the plentiful supplies of the surface
vater in our ecountry, it looks cynical to over emphasise the
importance of the investigations related to groundvater re-
sources., But of late, many an experience has shown that a
Rew lease on 1ife and forward look to growth in sgricultural
and industrisl economy could only be vouchsafed through
plentiful groundvater supplies.

The area of the present studies is surrounded om three
sides by surface water sources, Faseinating to note is that
the water supply largely depends on the ground water resources
tapped by deep tubewells. This very paradox prompted the
writer to echoose the subject matter of the thesis as some thing
akin to an applied investigation of the ground water resources
in and around Roorkee,

Though the civil Engineering Department of the niversity
of Roorkee and the Uttar Pradesh Irrigation Research Imstitute
situated at RFoorkee have earried out researches related basically
to ground vater, no attempt has been made to ecombine knowledge
of geology with ground water hydrology. The chief aim of the
writer is to present the data on these lines and the study
dominates the applied aspects over the descriptive and fundamental
features. To achieve the same, the present study is supported
by projected field data and inventory over a period of four
years from 1960 to 1964, This has proved useful towards the
analysis of ground water regime studies in the area chosen
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for the purpose, This approach was found necessary as the
objective was not only collection of data and apparent
acedemic discussion but also utilisation of results purpose-
fully.

While presenting the material, emphasis has also been
placed on methods of analysis of ground water data related
to special situations such as nature of :ronna water reservolirs
as revealed by isopach maps, sedimentological aspects of the
slluvial formations, mapping of the specific capacities of
the alluvial deposits, hydrometereclogical studies, analysis
of geohydrologic parameters of water bearing formations,
statistical asnalysis of water level fluctuations, thermograph
studies, ground water chemistry of the lgnlfou and quanti-
tative assessment of ground water potential,

It may also be realised that the boundaries of the
chosen topiec by the writer are undefined, especially keeping
in vuwlof the progress made in the technically advanced
ecountries in the science of hydrogeology. However, it has
been endeavoured to include all that was considered significant
and useful and could be performed within the limited space,
available time and the faecilitles,

q_..a
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Groundvater is a major replenishable rescurce of the
earth, I’no:i.u in view its ever increasing demand, it would
be difficult to divorce researches on sub-surface water
regives from their closely knitted national economic problems.

The present investigation is a secientific and methodo-
loglical study of the ground water problems of the Indo-Gangetie
uvium, Ground water data of the alluviel areas in parts of
the Saharanpur District (U.P,) soneeted by the author over a
5:2& of four years (1960-1964), form the basis of the study,
titative aspects of the study are given preference, Special
emphasis has been laid for the collection and interpretation of
a large nunber of observations rather than s critical analysis
of limited ground water data,

. Under this study, the regional geology aad struecture of
the formations, techniques of collection of basic data and sedi-
mentaloglical aspects of soils and aquifer sands are described.
Evaluation of pal eographicel drainage trends with the aid of
aerial photographs, interpretation of anomalous ground water
observations in the light of the g hic history of the area
and deciphering the nature of ground water reservoirs through
isopach maps in localised areas, constitute an important part of
these s es, This is follenl by an analysis of the na
of occurrence and movement of ground water., Computation of the
rate of ground water recharge through flow-net analysis also
comprises an important item of the study, This last item of the
gtudy has been attempted for the first time in the country.

The hydrological gaﬂlutora such as transmissibility,
field permeability and storage coefficients of the alluvi
aquifers, well characteristics and effects of geohydrologie
boundaries on the performance of water wells nnd::’rqin. condi-
tions have been worked out. The limitations of analyses

are reviewed, A eo cal m shoving the variations

in the specific capacities of the alluvial aquifers has been
brought out for Roorkee area and it has been shown that such

maps are valuable for interpretation of ground water conditions.

Statistical analyses of water level data have been
attempted to establish the various factors governing the ground
vater regime., The method of linear correlations has been suec~-
cessfully ed to ground water data in the country probably
for the first time, The results cmtru{.:h- effects of meteoro-
-logieal and man made factors on ground wa regime close to
the Upper Ganges Canal in Roorkee area have been especially examined.

i tgmd wvater “:h::ugnphs .:: show :t;: effects of ﬂlll:i
va mperature r re on ground wvaters close
to lend surface, have been obtained over a period of four years.
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Chemical mature of ground water is also studied, Areal
study of the mineralised ground waters is brought out means
of ¢ cal quality maps. The reaction of water to soil in
irrigated areas is ascertained by the use of the sodium-adsorp-

tion ratio dlagrams, The changes in the chemical r from
areas of - water recharge to areas of withdr have also
hm [ ]

In order to establish the functional conditioms of
wvater reservoirs, computations have been made on the total
storage, inflow and outflow, recharge and draft of the
wvater bodies., The ground water balance of the confined reservoir
has also been worked out,

Sem——— ve avanmma—



CHAPTER 13
ANTRODUCTIONS
1) Geperals

Galileo said "I can learn more of the movement of Jupiter's
satiellites than I can of the flow of a stream of water®., A few
centuries back, it was not only true of the surface water bodies
but also equally true about ground water reservoirs., Since a
couple of decades the science of ground water is no more a frust-
ratingly inexaet technology. It has reached almost a stato of
predictable and exact science.

In India, since thirtlies, studies on ground water problems
have been attempted in a systematie and selentific mammer. A
poineering attempt in this direction was made when Sir William
Stampe (1934) introduced the large tubewell scheme for irrigation
in the Ganges Valley. Oround water situations in diverse hydro-
geological settings are being worked out for some time by the
Officers of the Geological Survey of India and Exploratory
Tubewells Organisation. These studles are meinly directed towards
collection of preliminary data from the existing wells and through
oxploi-ltory drilling operations, As far as Gangetic Alluvium is
econcerned, studies related to ground water regime analysis embrac-
ing data on hydrology, hydrogeology, hydrometeorology and hydro-
chemistry for projected periods are lacking.

With this in view, the writer attempted an analytical
study of the ground water situation in parts of the alluvial
deposits of the Gangetic Valley in Ssharanpur District, Uttar
Pradesh, Though the Valley fi1l1l deposits constitute many types
of uneonsolidated sediments such as integrated pledpmont a2lluvial
fan deposits (Bhabars), mershy fine textured sediments (Terai),
sands, clays and silts of the plains, the present studies are
mainly concentrated on the last category of alluvial formations
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close to Roorkee town. However, brief references esre also n:io
at appropriate places to the ground water econditions in other
alluvial deposits of the district., The area under study lies
between longitudes E 77°44' and 78°0' and latitudes N 29°43' and
30°0'., It covers an area of 260 sq., miles (Plate Nes., I and II).

Being closely associated with the technical aspects of the
ground water exploration programme of the Government of India in
the virgin areas of 'Terai' and 'Bhabar' belts of Uttar Pradesh,
the author utilised the scientific data as a back ground study
for the present analysis of 1ntoﬁsivo inventory and field data
collected from the area which is close to the above said belts,
The field observations were commenced in July, 1960 and ended in
. July 1964, Hydrogeological interpretations and statistical analy-
sis of ground watoi- data are more realistic and dependable if
based on long periods of observation.

Though investigations for water supply and ground water
inventory have been carried out by the officers of the Geological
Survey of India from time to time in areas close to the present
study, no attempt hes been made so far to collect and interpret
hydrogeological data on a long term basis, Apart from this, the
inventory type of studies undertaken in the adjoining areas do
not fulfill all the needs of an applied study on ground water
situations. As such, the present area is considered almost as
untouched by any ground water geologist or hydrologist.

11) Previous Work:

To mention a few such earlier investigations, Auden
(1934-1936), rf%ired Superintending Geologist, Geological Survey
of India, submitted to the then United Provinces State Government,
mmber of technical reports related to ground water occurrence

and sultability for sinking irrigation tubewells in the Gangetie
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alluvial tract of the United Provinces (present Uttar Pr-duh.
State). As part of the field investigations under 'Ganges Valley
State Tubewell Irrigation Scheme', Macenzi Tylor (lmgll)lu cond-
ucted field experiments to study the transmitting capacities of
the water bearing formations in selective regions of the Gangetie
Valley and came to the conciusion that in this alluvial valley
tubewells of 1.5 cusecs capacity spaced a mile to a mile and half
apart can safely be operated without any lpggciablc depletion in
the regional water table. In the year 1943, Namtiyal, Superintend
-ing Geologist, Geological Survey of India, carried out investi-
gations on the water supplies of the Terai-Bhabar belt of Nainital
Distriet, Uttar Pradesh which lies about 100 miles East of the
present area of study and reviewed the reasons for the decline of
artesian pressure heads in some of the flowing wells close to @)
Kichha Farm, Later, in the same area, Shah (1959-60 and 1960-61),
Geologist, Geological Survey of India,continued the ground water
inventory as a follow-up work of exploratory drilling operations
(1958-60) in Nainital District. From this study, he has brought
out the water table maps for this region and observed that the
difference in the elevation of the Bhabar and Teral belts and the
slope of the water bearing gramilar beds towards the Teral (vwhere
these pinch out), appear to build artesian head in these beds,
From the study he has also inferred that the Teral aquifers msin-
tain hydraulic contimuity with the Bhabar deposits upgradient.
The results of ground water exploration in the Terai-Bhabar
belts end intermontane Doon Valley of Western Uttar Pradesh econd-
ucted by the Exploratory Tubewells Organisation, Ministry of Food
and Agriculture, Government of India, were embodied in a Technical
Bulletin (1962) of the Organisation entitled "Gmnﬂ Water Re-'
sources of Terai-Bhabar Belts and Intermontane Doon Valley of
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Western Uttar Pradesh' (in press). The authors reviewed, in
this publication, the potentialities of the Bhabar and Terai
aquifers for construction of heavy duty irrigation wells and also
indicated that in the Teral belt of Saharanpur distriet the con-
fined aquifers did not reach fully the equilibrium stage.

Ground water 1nv.nt?3 traverses were under taken by
Dubey (1969-60 and 1960-61), Geologist, Geological Survey of
India, in the Doon Valley and parts of thé foothills region of
Saharanpur Distriet. He concluded that the water table follows
the master slope of the country or the local configuration of the
topography and the general ground water gradient of the region 1is
southwardly i.e. from Bhabar to Terai, He further observed that
the recession of the water level in the open wells in the Doon
Valley during the year 1960 was of the order of + of a foot to
28 ft.

Pathak, Ceologist (Sr.), Geological Survey of India, carried
out traverses in the Indo-Gangetic Valley in connection with the
selection of sites for ground water exploration (1968-1361)57)&
also worked in detail on the ground water conditions in Aszsamgarhe
Balia Districts of Eastern Uttar Pradesh as part fulfillment of
a doctoral thesis.

Mathur (1957-ea§83r the Banaras Hindu University covered
the study on the ground wvater conditions in parts of the Meerut
Distriet lying 60 miles South of the present area of investiga-
tion, The study emphasises the disposition of the regional water
table in the highly tubewell developed well field areas and also
the movement of ground water in the m;)lm; between the major
rivers Ganges and Yamma. Ahmad (1959), Geologist (Sr,),
Geological Survey of Indla, also carried out short term investige-
tions pertaining to problems suggested by the Irrigation -ubn-
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ties of the Uttar Pradesh Government in Saharanpur Distriet ll;d
close to Muzaffarnagar and Meerut towms,

Chaturvedi and Mitkal (1963) in their pmglgzilunml the |
ground water conditions in Ganges-Ramganga 'Doab'* of Bijnor
Distriet, Uttar Pradesh. This area lles adjacent to Distriet
Saharanpur and is 356 miles in S.8,E. direction, The study bears
emphasis on the chemical quality of ground waters for irrigational
purposes. It also brought to light the gradual enrichment in the
alkalinity, chloride and bicarbonate content of the ground waters
from north to aeqth in the region.

Besides the above, the engineers attached to the Irrigation
Research Institute, Roorkee, are also engaged in ground water
studies of the alluvial tracts lying between Ganges and Yamuna
rivers in the districts of Muzaffarnagar, Meerut and Bullandshahr
of Uttar Pradesh., In one of their noted Technical Memorandum
(I.R.I.No.31, 1961) Dwivedi and Guptslgﬁmd the behaviour of
ground water table in Ganga-Yamina Dogh and estimated the ground
wvater potential of different areas in the dogh for future utili-
sation, In this study methods have also been suggested to control
- the water-logging conditions in parts qf the dogh area. Bhattacha-
rya (1954) of the Irrigation Research Institute based on a statis-
tical approach also studied the regional depletion of the water
table in the dogh arca and the rate of penetration of the rain
wvater to the ground water table in western Uttar Pradesh,

The mthorslgg‘ the technical Bulletin entitled ‘Groundvater
Studies with special reference to gquantitative Assesament in parts
of Aligarh, Etah, and Bullandshahr Districts, Uttar Pradesh(Indias)’

* Alluvial area lying between two -ior river courses and holds
m{l as a wvater container especlally for sinking irrigational
bewells. .
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E.T.0,y (1965; under submission to press) also indicated thro:uh
studies on sub-surface correlations and hydrological test data
analysis, the presence of water table econditions in Atrauli aend
Khurja areas within 300 ft. depth and in Aligarh-Hathras area
leaky confined conditions. Quantitative ground water studies
were also attempted in the areas mentioned abovej the recharge

and draft in the areas mentioned abovej the recharge and draft
effecting the ground water reservoir have also been vworked out.

Besides the above, the geologists attached to the 01l
and Natural Gas Commission, Dehra Dun, worked out in detail the
geology and stmeturo_ of the Siwalik hill range, bordering the
- northern fringe of the area under consideration. Most of their
reports are confidential and have not been published so far,
Hwavo;l what.is available have been referred at the appropriate
plueﬁ. ¢ _

111) Scope of tha Present Studies:

Generally alluvial formations do not reckon as significant
geological units. This becomes paradoxically the reverse case for
ground water prospecting as the unconsolidated alluvial formations
act as excellent repositories for ground water ruourcu.( In the
district of Saharanpur, three distinet alluvial deposits, namely
the 'Bhabars', the 'Ieral' and Gangetic ‘alluvial' formations
constitute the 'Recent! Geological formations of the regiong
The diversity of ground water conditions, the wide disparity in
the hydraulic characteristics of the aquifers in the individual
alluvial units mentioned above and the vastness of the problem in
analysing the ground water regimes in detail in each of these
units, has necessitated an intensive study only in the area close
to Roorkee in Saharanpur district. The research aimed at being
of applied nature, qnmtitntivo approach to studies on ground
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wvater hydrology, have been given due importance., The m-m;
of the study has been done under eight chapters,

In this present chapter, the introductory aspects and the
previous works have been touched while the second forms a basis
for obtaining an idea regarding the geology and gﬁunl ground
vater conditions against a regional back-ground, Under this,the
field techniques governing the collection of basic data, regional
geology and structure, geology of the alluvial formations inglud- ‘
ing the scoils with special reference to their sub-surface disposi-
tion and texture, general water ylelding properties of the rotk
formations have been ocutlined. The evaluation of drainage trends
as part of geomorphic history of the ares with the help of aerial
photographs and construction of isopach maps of the water bearing
formations constitute an important part of these studies.

Chapter III, deals with the nature and occurrence of ground
vater in the alluvial formations, the movement of shallow and
deep ground waters, the pressure heads of the confined aquifers,
rise or decline of the water table in the near surface ground
wvater reservoirs, effects of canal drainage on the ground water
situation, establishment of the well field areas and computation
of the rate of ground water recharge to the well field areas
through flow-net analysis. The last item is a new attempt as far
as Gangetic alluvium is considered and may find a wide application
in the quantitative ground water studies elsewhere in the country.

The geohydrologic parameters such as transmissibility,
field permeability and storage coefficients of the aquifers, the
well characteristics such as well losses, formation losses and
entrance veloeities have been covered in the fourth Chapter,

The influence of the geohydrologie¢ boundaries on the wall pere
formance has been discussed and 1t has been observed that the
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ultimate ground water development of the Ganges Valley is M.n;td
to the careful analysis of such parameters including the vertical
drainage or permeability and thickness of the aquicludes.

Besides the abovey special techniques such as mapping of
specific capacities on a regional basis, application of the
science of geomorphology for the solution of the apparently
anomolous ground wvater situvations have been introduced for the
first time in the Indo-Gengetic alluvium, which is considered as
one of the rich ground water reservoirs,

Under Chapter V, the results embodying the effects of
meteorclogical and artificial factors on ground water regime close
to the Upper Ganges Canal in Roorkee area have been revieved.

The water level data are interpreted in the light of the statisti-
cal methods which are in vogue to establish the relationghip bet-
ween the various dependencies governing the overall ground water
regime, The second statistical method covering the linear correla-
tion elaborated in the text has been applied to ground water data
in the country for the first time.

In Chapter VI a further attempt, to vhat has been described
in the preceeding chapter, has been made to study the effects
of canal water temperature and sir temperature on tha near surface
ground waters. The study on the relationship of thermal regime
to depth of water table and depth of hydrogeological stations
has also been covered,

The chemical mature of ground waters are discussed in
Chapter VII. 8Since deep ground waters are mainly used for irri-
gational purposes in the area, their suitability for such pur-
poses and also for allied purposes is demonstrated through graph-
ing procedures. Areal study of water quality is brought out
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through chemical quality maps, The reaction of water to soil.
in irrigated areas is predicted by use of the sodium - adsorp-
tion ratio diagrams, Relations of chemical variables to hydrolo-
gic variables is attempted by studying the chenges in the chemiecal
regime from areas of recharge to areas of ground water extraction.

Attempts on the quantitative ground water studies in
the Indo-Gangetic alluvium are highterto very limited. In order
to identify the functional econditions of the reservoirs the
studies attempted in Chapter VIII include measurements om total
storage, inflov and outflow, recharge and draft to the ground
wvater body, This study i1s based on the pump test data and well
log data together with the hydrological and hydrometeorological
components (hydrographs, precipitation, evapotranspération data
ete,). These have permitted an assessment and partly budgeting
of ground water resources in the Hoorku.mn.

In the end it may be added hera that grourd water studies
generally demand long pericds of observation and data collection
before subjecting the same to multiple ways of amnalysis. In view
of this, routine collection of data after preliminary establish-
ment of the hydrogeological stations is imperative. The entire
interpretation of the hydrogeoclogical data sand even most of the
collection of data are that of the suthor himself, However, soms
field data colleeted by the E,T.0. on the lines suggested by the
vriter has also been utilised,

e PO e



The alluvial area under study, covers nearly 280 8qe. mles
in the Saharanpur Distriet and falls around Roorkee. It lies
between 20943' and 30°0', north latitudes and 77944' and 78°0'
east longitudes (Plate I) included in the Survey of India one
inch to a mile topographic sheet No.53G/13. Roorkee is the
prineipal town in the region, Hardwvar, a famous pilgrim centre
is 20 miles northeast of it and Dehradun, the seat of quite a
nunber of important Federal Government Offices is 42 miles north-
west of it. The road conmnecting Delhi and Dehradun and passing
through Roorkee, runs almst northe-south, It is slso well ecomnec-
ted by rall commnications., The rest of the area is communicable
through unmetalled roads and cart tracts. The Upper Ganges irr-
gation canal erosses the area roughly in a N.N.E. to 5.3.W. dire-
etion and 1s more than a century (1848) old.

Natural Feasturegs
Ehyslographys

Physiographically this region can be divided into four
distinet units, namely, the lofty 'Lesser Himalayan belt' rising
to an average altitude of 10,000 ft. at the northern extremity,
the 'Intermontane Valley' located between the Lesser Himal ayan
ranges and the 'Foot-Hills zone' of the Siwaliks, this 'Foot-Hills
zone' ranges upto an elevation of 3000 ft, and the sloping sub-
montane tract south of the foot-hills almost merging wvith the
Indo-gangetic plains., The picturesque intermontane valley called
as the Doon Valley is at an altitude of 2000ft. above mean sea
level =~ and stretches roughly in a N.W, - S.E, direction. It
1s 50 miles long and has a maximum width of 12 miles,



A general view of River Solani close to Roorkee
(Upstream),

Ehotograph No,2,
A general view of the Upper Ganges Canal close to
Roorkee,
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The sub-montane tract close to and just south of the
Siwvalik hills is made up of the Bhabap and Jeral belts, In
this area these belts exhibit a general slope towards the south
rouchly vith a gradient of 80 ft. snd 40 ft, per mile respectively.
The elevation of the Bhabar belt is between 1100 to 1300 ft. sbove
mean sea level (MSL) and the Teral belt is 1000 - 1100 ft. above
MSL, The slope gradually decreases and the ground becomes almst
flat towards Roorkee and forms part of Gangetic plains. The
general elevation of the plains eloslo to the southern boundary
of the Ieral belt is of the order of 900 - 950 ft. It grades %o
850 = 900 ft. further 10 miles south,

Drainaget

River Solani flows through the area from the north-west
to the southeast., North of Roorkee town there are drainage lines
of other small rivers or streanmlets such as Sipia, Haljora and
Ratmsu Rao, The river Solani which is the main river draining
the area, cuts across the canal elose to Roorkee town. The river
bed 1s mch lower to the canal base in this part of the river
course, Similarly, some of the tributories of the river Solani
eross the canal almost at the same elevation in the higher reaches
of the canal, The River Canges emerges out into the plains at
Hardwar., Thedinfluence of the river Solani with the Ganges takes
place 26 miles south-southeast of Roorkee town proper,
Flora and Fauna:

The foot-hills region and the hill ranges are clothed in
thick green vegetation constituting the dense and rich Himalayan
8al (Shorea robusta) forest. In the valley, besides the tea
plantation, the important nursery plantation is the Lichi (Lichi
Chinensis). The Bhabar slopes present thick, shrub jungle. The
Zeral region i1s a marshy land with the Savannghs of grass and
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reeds. The Gangetie plains present comparatively sparse natural
vegetation,

The wild 1ife in the area is well represented in the
sanctuary situated in the Siwalik Hills close to Mohand and
22 miles due north of Roorkee, Tiger (Panthara Tisris), leopard
(Panthara Pardus), elephant (Elephus meximig), barking deer
(Muntiscus mntjak), spotted deer (Agxls axis) Sambhar (Ruse
Unicolour), blue bull (Bocalephus tragocamelus), peacock (Pava
eristacus) and fowls (Gallus gallus), represent the general fauna
of the area,

Slimate:

The winter season begins towards the end of Oectober and
extends upto Mareh. The peak summer months are May and June.
Rainy season extends from the middle of June to the end of
September, The minimum temperature touches (-)2°C occasionally,
though the meximum is 46°C., In general, compared to the plains
the Valley presents an embracing climate for most part of the
year except for the hot months of May and June.

Rainfell:

The rain fall is not uniform in its areal distribution.
The sub-montane and inter-montane tracts enjoy the heaviest
precipitation, the annmual mean being 55 (1400 mm) and 85 (2160mm )
inches respectively. In the plains close to Roorkee the preeipi-
tation is of the order of 40 (1010 mm) inches per annum, More
detalls on the distribution and intensity of rainfall on a monthly
and daily basis close to Roorkee are presented under relevant
chapters (V and VI).

Bun-off:

The run-off map of the Meteorological Department, India

shows the area under study lying between 10" and 15" run-off lines.
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This forms about 30 percent of rain fall in the plains, 25 percent
in the sub-montane and 15% in inter-montane tracts.
Fleld Canvassing techniguegs

In regional studies, ground water inventory of shallow
dug wells and deep tubewells constitutes one of the essential
surveys. Under this field study the area has been canvassed
for colleetion of water level, temperature and chemical data for
summer months (low water-level period) for three yesrs (1961-1963).
The contemplated survey also covers the pumpage inventory of the
existing irrigation tubewells in the area. The data pertaining
to the nature, intensity and magnitude of rainfall, humidity, air
temperature, evaporation and other meteorological observations
have been collected from observatories situated, as far as possible,
close to the well stations used for repeat measurements. The
spacing of the inventoried wells was generally kept at a distance
of one to one and half miles apart.

Field work was carried out with the help of Survey of
India toposheets on one inch to a mile scale. For well mmber-
ing, the standard notation adopted by the Geological Survey of
India is as follows, Fach 1" - toposheet 1s divided into 9 guad-
rants by the latitudes and longitudes drawn at 5' intervelsj the
latitudinal ones are 1, 2 and 3 from top to bottom and the
longitudinals Ay B and C from left to right, Thus under each
head of A, B and C there are three quadrants 1A, 2A and 3A ete,
The wells falling under these quadrants are numbered as 1Al, 1A2
and so on, for all the quadrants. Since all the one inch to a
mle topo-sheets have the same quadrants, for idemtification of
individual wells, the mumber of the topo-sheet is always indicated
before the well mumber, e.g. 53G/13-1A3 and 53F/15-2A1 ete, But
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in the present area the wells have been numbered in series
except for a few of the hydrogeclogical stations utilised for
repeat water level measurements. These have been selected
initially on a quarter inch topo-sheet (secale : 1 inch to 4 miles)
and as such their nmumbers relate to sixteen quadrants (A,B,C and
D and 1y2,3 and 4) alongwith the munmber of the topo-sheet pre-
fixed to the well mumber e.g. 53G-1D1, The mumbering of the
State Tubewells have been retained as originally proposed by
the State authorities.

Field eollection of water level data was not restricted
to seasonal measurements only., Some of the hydrogeological
stations (open wells) were utilised for daily or monthly measure-
ments too. The wells covered under the inventory were connected
by level survey,and the reduced levels of the measuring points
end vater table were computed. Nearly 194 open wells, and 56
tubewells have been inventoried in tho. &ea for the present study
(Plate Nos, III and IV).

The basic idea in the collection of this data was to bring
out the ground water contour maps and evalunate ground wvater flow
situations, recharge and discharge, Quality maps could also be
prepared from such data. The same would further help in visualise
ing the change in ground water regimes and storage. The relation-
ship between ground water hydrology and meteorological factors
could also be studied through hydrographs prepared with the help
of systematic seasonal data.

GEOLOGY OF THE AREAS
) Regional Geology?

In order to give an over all pleture of the general mcoe;ﬁ
ssion of the geological formations from the Himalayan belt to the
Gangetic alluvial plains, the regional geolozy has haan nreasntad
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in the folloving pages. In the reglon, the geological formations
eonstituting the foot-hills Himalayas belong to the Tertiary
end further south they are of Quarternéry age. Along the morthern
fringe of the Doon Valley older rocks constitute the Himalayan
complex. These formations range in sge from Algonkian to Middle
Mlocene (Plate No.V), The foot-hills Mimalayas dlsplay a great
sequence of fresh water deposits, |

The Bhabsx formetion, lying south of the Siwalik hills
ccastitute the integrated alluvisl fan deposits of streams
emerging from Himalays, It would be difficult to define the
Ioral formation strictly in a geologicel semse, excopt for its
individuality as a zone of recently formed Ganmgetiec alluvium.
The intermontane Doon Valley is covered by recent slluvisl £111
which conceals the underlying Siwalik formations., The general
suecession of the formations is given balow:

RECENT  Bhabar Dun and Reecent
Deposits deposits &m i#m to ﬂs't grey)

Terai andy eclays, sands and el
Deposits &:rhr)u:uutad vitg
Gangetie ders, eobbles and pebbles

Mﬂ'ﬁuu
essentially constituted of

sand-boulder, eclay-boulder
beds with gravels,

it e,
mg 8 th gravels
and ”m”'
l-d!,
2 ars
Wb Sectsiont] gravel ods

and lenses of peaty organie
matter,
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A general view of the Siwalik Foot Hills Range with
the Bhabar alluvial belt in the fore ground,




The writer with Prof, Leo Piceéard, Professor of
Geology, Hebrew Un:l.vm:lt{ Jerusalem at one of

he water well (ETO) dril sites, Jwalapur
18 miles North-east of Roorkeed. In the back-
ground Upper Siwalik hillocks are also seen.
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b) Geological Structure:

The main Himalsyan zone north of the area is one of the
highly disturbed regions and is also of considerable significance
in the teectonic history of Indis., South of the Lesser Himalayan
“Zone 1s the wide "Dun Syneline' extending between Rishikesh end
Nahan, containing folded Moogm and 211011:90“ sediments,

In the plains the two units of the Indo-Gengetic alluvium
(Ganges and Indus basins) are separated elose to the presemt
area of study by a narrov low ridge passing through Delhi and
Ambala, This ridge is considered to be a contimuation of one
of the sneient mountain ranges named Aravallis, The same is
not noticeable on the surface as it is covered by alluvial

A

deposits of recent date,.

In the above mentioned disturbed regions, the main
Boundary Pamlt separates the ‘Siwaliks from the Simla slates.
The Tertiaries are separated by pre-Tertiary rocks by 15!1. Krol
Thrust. Recent detailed studies inm Siwaliks also indicate that
these members of the Foot Hills Himalayan zone are oftenm folded,
 faulted, over thrust and lie at steep angles against other
fomﬂoﬂti‘)ﬂou of the thrust planes are reported as culminating
into the foot~hills region and also into the alluvium, Deep seated
major faults are reported in the plains of the o-uoin mu&&:'.‘“"
The Jammna and Ganges rivers follow -jo!", structural weak zones
(probable faults) in their courses through the lower Himelayen
ringes. The Siwaliks hills between the Ganges and the Jamuna
rivers are folded, and the structure is known as Mohand anticline.
Near the Ganges, the southwestern 1imit of this anticline is
thrusted over the north-eastern limit. It i- not unlikely
that this thrust axis continues into the alluvium and may pass
in between Ganeshpur and Ismailpur wells as drilling at these



PLATE N

I

SKE.TCH MAP SHOWING THE STRUCTURE OF MAJOR
GEOLOGICAL FORMATIONS ALONG ROORKEE-
DEHRADUN SECTION.

(NOT TO SCALE)
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sites indicated the presence of Siwaliks in the former at a
depth of 250 ft. (?) and complete absence of the same down
to 812 ft. depth at the lathr site (Plate No.V), BEven in the
recent alluvium along the river terrasces in Doon Valley, evidences
of slipping of strata on a minor scale are recorded (Photograph
No.2)s A schematic diagram (Plate No.VI - not to scale) has
been brought out to show the disposition, structure and inter-
relationship of the alluvial deposits to those of the adjoi
hill ranges. Writing on the Indo-Gengetie Alluvium, Krishnan
recorded that the deposits of this tract belong, so to say, to
the last chapter of earth's history and conceal beneath them
the northern fringes of Peninsular formations end the southern
fringes of the Extra-Peninsular formations, This alluvial
tract 1s of the nature of a synclinal basin formed concomitant-
ly vith the elevation of the Himalayas to its north. The
earliest view put forth by Eduard Suess, holds that it 15 a
'fore deep’ formed in front of the resistant mass of the Peninsula
vhen the Tethyan sediments were thrust southward and compressed
agalnst them, The Peninsula 1is regarded as a stable unmoving
mass and Central Asia as the moving segment of the erust, A
More recent view regards this region as a 'sag' in the erust
formed between the morthward drifting Indian continent and the
comparatively soft sediments accumilated in the Tethyen basin
vhen %l;;)llttor were erumpled up and lifted up into a mountain
system. This depression perhaps began to form in the Upper
Eocene and attained the greatest development during the third
Himalayan upheaval in Middle I,.,tp. Since then it has been
gradually filled up by sediments to form a level plain with a
very avard slope. Earlier to the view of Wadie, Burrard
and lz:tr:z:ldnnd t’::: fore deep as a 'Rift' amd llt::- this



Faulting in Recent Sediments (River Alluvium)
on a mnor scaley Tons Nadi ( Doon Valley ).
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idea of amhmn Rift' has been revived by Mitkal and
Srivastava and is based on the actual data available from west
Bengal Gangetic Basin,

e) Geology of the Alluvial Devosits:

1) Degeription of various alluvial formations:

Deseriptions of the semi-consolidated or unconsolidated
rocks alone are given carlier., The geology of an area is in-
complete without the description of the unconsolidated formstions,

The Doon-alluvial 111 (Dun gravels) is made up of elays
(browvn and 1ight grey), sandy clays, sands and gravels (usually
angular) sssociated with boulders, cobbles and pebbles of lime=
stone, shale, phyllite and quartzite. The clays are occasional~
ly hard. The thickness of the Dun gravels is about five hundred
feet and they are thicker in the eastern part of the valley
compared to the west where it is only about 150 ft. Some of the
Recent deposits in the valley are similar to the Duns, They are
mostly light grey and brown clays associated with gravels and
pebbles of quartszites, limestones, occasionally phyllites, sa)tes
and a few grenitic gneisses,

The Bhabar formations are generally considered as inte-
grated alluvial fan deposits or pledmont deposits at the foot
of the Siwaliks, They are made up of unconsolidated sand-boulder
and clay-boulder beds, The cobbles,boulders and gravels are of
heterogensous nature -- various types of quartzites, basiec rocks,
granitiec pd.uu; granites ete. The boulders have a diameter
of 0,8 to 5 feet and usually of the order of 1 to 2 ft. The
intercalated thin elay bands are usually brown or light grey in
eolour and thin out in short distances. The northern boundary
of this 'Bhabar' belt is in contact with the Siwalik hill ranges
and the southerm limit is generally the spring line which also



Terrace Dgposits of River Ganges at Rishikesh
(32 miles North-sast of Rooriee).

A : Clay - Silt Bed,

B : Terrace Boulder - Pebble Bed,
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defines the morthern 1imit of the Tergl sediments., The Bhabar
formstions are generally considered to be of fluviatile origin
but 1t 1s worth while to examine the possibility of these
deposits being of fluvioglaeial origin as boulders with chatter
marks, oriented striations, polished surfaces are mot unecommon,
The width of this belt in this area is umsually very limited
to about #¥ miles vhereas in the Haldwani area 1% is more than
16 miles and in Punjab it varies from 10 miles to about 18 miles.
The thickness of these bouldery sediments 1s also 1imited in
this region to about 250 feet while further east in the Nainital
district it is nearly 860 ft, I

The term Jeral is more geographical than geological in
its derivation., The Joral formations consist chiefly of clays,
sandy clays, sands and occasionally thin beds or lenses of gnvﬁl.
As indicated above the northern limit of the Terai belt is the
spring line oceuring at the outer fringes of the Bhabar; whereas
the southern limit of the belt is not clearly defined but generale
ly accepted as the zone where flowing conditions of sub=-surface
water cease to exist in the tubewells, The clays of this belt
are usually grey to brown and sometimes mwttled, and generally
the clayey beds predominate over the sandy beds both in extensions
and thicknesses. The gramular beds occur mostly as lenses and
sometimes interfinger with the clastie and non-clastic sediments.
In the area under study the width of the Terai is about 2 miles,
Like the Bhabar belt, the Joral belt is alse of simlar megni-
tude in 1ts width further east, in the Nainital district. The
erea under the present study 1s covered by Gangetiec alluvium and
quoting Gulatee, h;%;itu "the alluvium probably attains its
maximm depth of about 10,000 feet near Roorkee®., If the first
event in the reflection selsmogram is taken 28 the interface



Photograph showing lenses of peaty organic matter
- associated with river terrace deposits near Saidpura

Village, Roorkee ares. P Pealy Ohganic Maliiial




A general view of the terrain close to
(3 mles North-gast Roorkee).
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between the alluvium and older deposits, the reflection seismie
vork earried out by the 011 and Natural Gas Commission (India)
suggests the thickness of alluvium in and around Roorkee *li of
the order of 1300 to 1650 ft. (Personsl Communication). The
Gangetic alluvium is generally considered to be made of an older
and an Mer horizon., The sediments are sands, silts end clays
vith occasional gravel befls and lenses of peaty organic matter,
The older alluvium is generally differentiated from the younger
by its darker tone in eolour and richness in concretionary nodular
'Kankar' (impure caleium earbonate).

In end around Roorkee area, the GCangetiec alluvium is
essentially made up. of clays, sands and kankar snd small size
gravel beds. The eclays are usually grey to brown inm colour and
are occasionally hard and plastic too, They are invariably
assoclated wvith 'Kanker'. It is of interest to note that at
the Roorkee University Tubewell site (E.T.0.) and CeB,R.I. Tuboewell
site (E.T.0,) separated by 1000 yds only, kankar beds were
encountered at 161-165 and 49-81 feet depth below land surface
respectively. Lenses of peaty organic material are not uncommon
in the river Solani terrace deposits in the ares (Photograph
No.2)e The samnds are mostly grey to white in eolour and are
mcaceous too, The relative abundance of the 1ithological
units constituting the alluvium to an average depth of 350 ft,
is indtcated below:=
Clay, elay with 'kankar* 40 %

Fine to medium sand 56 %

Coarse sand, gravel and pebbles 4
| Though the ecolour of the sediments alone may not relegate
these beds to the older alluvium, the rich kankar assoeiation
and relatively higher elevation of the (terraces) sediments
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in relation to the flood plain deposits close to river Solani,
place these nearer to the older alluvium category of the Indo=
Gangetic sediments,
11) Zexture of sSapdss .

Studies on the mechanical analyses of the samples
eollected from different aquifer sands in Roorkee area will
indicate the textural and other parameters of the water bearing
formations associated with the Gangetic Alluvium. These studies
vill also help in evaluating partly the water bearing proper-
ties of these sediments. The sieve analyses were carried out
on the samples taken from the Roorkee University, Military
Cantonement and C.B,R.I. Tubewells (E,T.0.), Since these wells
were drilled by reverse eirculation method, the samples were
¢lean enough for any smalysis on the texture and parameters.

The grain sisze distribution curves (sand curves) for the
samples of the aquifers with in 255 feet are given in Plate
Nos. VII A, B and C, The texture and parameters of the water
bearing sands within this depth are also given in Table No.l.,
belovwt=



PLATE N2 VII/

SAND CURVES OF AQUIFER MATERIALS, ROORKEE UNIVERSITY
WELL (E .T.0),ROORKEE.
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PLATE N¢ VI B

SAND CURVES OF AQUIFER MATERIALS, MILITARY CANTONMENT
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TABLE NO.1,

TEXTURE AND PARAMETERS OF THE WATER BEARING SANDS IN AND AROUND ROORKEE TOWN

i.-'

| AR e RS 53 |
91-105 105-125 190-205 205-245 245-255 100-125 125-144 148-156 156-174 174-179 200-215 225-25

.

- 56

g

SIZE 0% (mm)

SCREEN SIZE
402 (mm)
UNIFORMITY
COEFFICIENT

MEDIAN
50%¢ (mm)

QUARTILE
No.1l.25% (mm)

QUARTILE
m.a. 75‘ (-)

SORTING
COEFFICIENT

0.064

0.173

2,70

0.16

0.204

0.115

1.33

0.17
0.325
1.91
0.308
0.37
0.233

1.24

0.105

0.285

2.71

0,265

0.34

0.185

1.13

0.16

0.32

2,00

0.295

0.37

0.23

1.26

0.20
0,35
1.75
0.33
0.41

0.28

0.210

0.A475

0.410

0.283

0.230

2.09

0.213

0.260

0.121

1.20

0,250

0.320

1.28

0.300

0,375

0.283

1.16

0.220

0.440

2.00

0,365

1.075

0.283

2.43

0.256

0.400

1.57

0.370

0.460

0.320

1.20

0.140

0.275

1.96

0.260

0.335

0.205

1.27

0.175
0.290
1.66

0.280
0.300
0.230

1.14

-



Location of C.B.R.1, TUBGVELL (E.T.0.)

«NO o IO s1 82 83 84 . S8
W“m- 73-95 100-138 155-203 203-213 215-245
EFFECTIVE SIZE 0.200 0.180 0.220 - 0.190
90% (mm)

SCREEN SIZE 0.325% 0.300 0,300 - 0.308
407 (mm)

UNIFORMITY 1.63 1.66 1.36 - 1.61
COEFFICIENT

MEDIAR 0.310 0.280 0.300 0.146 0.283
508 (mxm) :

QUARTILE 0.30 0.36 0.32 0.22 0.355
NO.1, 25% (mm)

QUAmm Ooﬁ 0022 0.275 - G.m
NO.3, 75% (mm)

SORT ING 1.52 1.64 1.16 - 1.52

COEFFICIENT
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SAND CURVES -OF AQUIFER MATERIALS"
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From the data it could be seen that, in gemeral, the
uniformity coefficient of the granular sediments, within 70 - 255
feet depth range, varies from 1.28 to 2.71. In the area, most of
the samples can be classified as medium sands as the 50% size of the
material (mean diameter) falls in the grade size of 0.25 to 0.50
Em and the other samples are classified as fine sands (grade size
being 0.28 to 0.125 mm), Bat for a few exceptions (Table No.l),
based on the sorting coefficient value (2.0), it can be said that
the sediments are well sorted in this area. It 1s noted that no
relationship exists between the mean diameter or the sorting
coefficient and the depth of the sediments.

111) Zexture of Soilgs:

In order to obtain an idea on the texture of the near
surface sediments, soll samples were collected from a few locations
shown on the map (Plate No.VIII), For purposes of sampling the
soils, the area covering the Landhaura terrace is designated as
'A'y the area west of Solani and Northwest of Roorkee town as
'B' and the area north of Roorkee town and east of Solani river
as 'C', The samples were collected from surface, at one and half
feet depth and 3 feet depth and labelled as top, middle and bottom
for purposes of further reference, FEach sample wss coned and
quartered and 30 grams of the sample was further subjected to the
mechanical analysis using sodium oxalate of 0,01 mormaley as the
dispersing agent. Usual pipetting method has been used for separa-
ting the various grades of material and obltlininz the residues,
The percentage of the material in each grade sigze has been compu-
ted and plotted as mechanical snalysis curves of the soils indi-
cating their weight percentage relationship with that of the
diameter (Plate Nos, IX A, B and C). For this purpose the grade
sizes are defined as follows:



PLATE Ng VII

MAP SHOWING THE LOCATION OF SOIL SAMPLES IN
ROORKEE AREA
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PLATE N2 IX A
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MECHANICAL ANALYSES RF  SQIL  SAMPEESSS ‘
ROORKEE AREA. “
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PLATE N° IXB

GUMULATIVE WEIGHT PERCENTAGE .

MECHANICAL ANALYSES OF SOIL SAMPLES-

ROORKEE AREA.
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CUMULATIVE WEIGHT PERCENTAGE.

MECHANICAL ANALYSES OF SOIL SAMPLES-

ROORKEE AREA.
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+ 48 + 0.283 mm
+ 100 + 0,146 mm
+ 1/16 + 00,0625 mm
+ 1/64 + 0,0156 mm
+ 1/256 + 0,0039 mm
- 1/256 - 0,0039 m=

The values of the three guartiles along with the sorting
coefficient of the materisls are recorded below in Table No.2(a).

ZABLE NO.2 (a)

SUMMARY OF RESULTS NN MECHANICAL ANALYSIS OF SOIL
wANMPLES HUURKEDE ARSA S

Sample No, :g 'Qﬂ : i
TS gz;-“ B
e on - ress ' v

A1 Top 0.108 0,080  0,0084 3,585
Middle 0,108 0,083  0,0062 4,174
Bottom 0,088 0,023  0,0032 5.244

A2 Top 0,131 0,080  0,0440 1.726
Middle 0,108 0.059  0,0056 4.391
Bottom 0,102 0,052  0.0062 4.056¢ Explanation:

A3 Top 0.250 0,167  0.0850 2,083 * Graph extended
Middle 0.222 0,128  0.0240 3.042 Iops Surface
Bottom 0,236 0.130 0.0106 4,709 &mgﬂ;:h. 1;.“

B1 Top 0.340° 0.253  0,06€0 2,270
Middle 0.300° 0.162  0,0850 2.027 Bottoms Samls
Bottom 0.350* 0,160  0,0300 3.416 ——

B2 Top 0,135 0,0315  0.0090 3,575

Hdﬂ. 0,054 O.W‘ 0.0015" 5.902
Bottom 0,045 0.0045* 0.0018"' 4,999
B3 b’ 0,165 0,054 0.0090 4,282

um. 0.121 0,041 0.0064 4,348
Bottom 0.090 0.02°8 0.0n28* R.ARO



I 2 3 s I3

€1 Top 0.268 0,175  0.0060 1.662
Middle 0.278 0,151  0.0830 1.820
Bottom 0,270 0,165  0.0700 1,963

c2 Top 0.230 0,130  0,0860 2.026

Middle 0,009 0.018 0 .0390‘ 1.945
Bottom 0.122 0,010 0.0HO‘ 2.166

c3 Tﬂ’ 0.223 0,149 0.0020 1.5687
Middle 0,231 0,151 0.0840 1.658
Bottom 0.220 0.148 0.0870 1.500

The higher percentage of fine textured materials in the
top soils is well reflected in practically all the curves. The
data further indicated that in the area just north of Roorkee
(area C = Plate No.VIII) the sediments wers better sorted compa-
red to those in the other two places. This was due to the fact
that the earlier and the present drainage in this area was res-
ponsible for considerable transhipuwent and resorting of sediments
in water environments of a meander belt (Plate Wo.X)., Besides the
above, it could also be noted from Tadble 2(a), columm8 that there
is certain amount of 1ll-sorting in the sediments from northwest
to southeast in the area marked 'B', In the Terrace deposits
(area 'A') the sediments sampled close to Solani river also exhibit
ill-sorting with the depth of the deposit but this chenge appears
to be gradual, ‘hereas; in the soils sampled frem the higher
elevations of the river euts, it has been observed that this type
of change 1s random and maintains no relationship to the depth
of the sediments.

From the cumlative weight percentages of the materials,
a broad generalisation on the constitunents of the soils has been
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attempted in Table No. 2(b). Here it can be noted that in this
classification the material retained in mesh 48 is mainly kankar
and sand,

TABLE NO,2(h)
Area  Sand with gravelly kankar  Silt Slar
A s2 % az % 16 %
B 46 % 30 § o4 %
¢ 7 % 17 $ 12

From the above analysis, it could be inferred that the
solls in Roorkee area are predominantly sandy in nature and
the clay fraction is low,
3v)

The basic idea in attempting the sub-surface correlation
of the liﬂbloﬂi units is to establish the continuity of the
vater bearing formations, thelr disposition and areal extent.
Normally, such correlations become extremely difficult in une-
consolidated formations, Purely lithogenetiec aspects of the
arenaceous and argillacecus beds are taken as the basis for the above
stated study, |

The formations being of Recent origin, the depositional
trends influence the choice of the section along which subesurface
correlation should be attempted, Based on this three selected
sections have been taken in the area (Plate Wo.IV), The section
A-A' in the northern part of the area covers the wells which are
almost parallel to the preseant eourse of river Solani, Similarly,
the line B-B' represents a parallel seetion to the drainage pattern

| 4n the southern part of the area. The section C-C' is in west-

east direction, In this attempt, only broad lithological units

(such as sands, clays, sandstone and kankar) have been recognised
as individual units and the finer units (such as elayey sands,
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sandy elays, fine sand)have been ignored for the purposes of
correlation ( Plate NoJXI A, B, and C),

Besides the existence of persistent and predominant clay
beds in the region, thelir occurrence as limited lemticular and
lens shaped beds in the aquifers 1s noticed in the N.W.=S.R.
Section (AA'), Some of the sand beds eccur as ‘eut outs' in the
clays. The percentage of sands and cemented sands inerease towards
the southeast d:lroc'-tion.

Similarly, the section BB' (NNW-3SE direction) indicates
marked increase in the sand content of the alluvial formations
in a SSE direction. Though limited in thickness,the clay beds
persist laterally for distances of nearly six to eight miles,

Many of these taper towards the south, Contrary to what has

been observed in section AA', in this section it 1s observed that
some of the clays pinch out as 'eut outs' in the sandy horizoms,

A noteworthy feature of the section C-C' s the marked variation
in the disposition of the clay sand beds in the area west of the
Upper Gamges Canal to that on the east (1.e. west of State Tubewell
No.12) . In the western part the argillaceous and arenaceous menmbers
almost exhibit interfingering phenomenon., The clay bands bulge
and thin out considerably at short distances. FEast of State
Tubewell No,12 the argillaceous bamds become insignificant and the
sand horizons increase enormously and this trend contimes almost
upto State Tubewell No.4, which is close to the present Solani
river course. The alluvial deposits east of Tubewell No.5 show
some tendency to dip towards the river moderately. This has an
influence on the local occurrence of ground water under confined
and flowing conditions at a few places in this part of the area
(ef:s Chapter III, page 4' )e The marked change in lithology as
vell as sedimentation east of State Tubewell No.1l2, points out
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that this mist have been the 'eut out’ part of an elevated
terrace of river Solani and as such it would form the western
1imit of the meandering belt of Solani,

The Algonkian to middle Miocene formations m essentially
made up of phyllites, slates, shales, quartzites and limestones,
Exeept for a few cavernous limestones these formations are
impervious and exhibit minimam pore space. As such, they do
not aet as good reservoirs to hold water on a large scale. The
sand_stones, . 'sand rock' and conglomeratic gravel and pebble
beds of Siwalik formations constitute the aquifers in these
formatiens, . The texture and compaction of the sand stone beds are
so variable that their water ylelding capacity dtffau.@ﬁ
Lover Siwalik sandstones, being generally hard and indurated,
bear less water transmitting and storage eapacity than the middle
and Upper Siwalik sandstones. The Middle Siwalik sandstones are
mderate to good aquifers. The Upper Sivaliks are the most
permeable and porous of the emtire Siwalik uqnmo.)

i The sands and gravels assoclated with the lerai formations
are the prineipal aquifers. These formations are generally in
contimuity with the Bhabar formations and as such receive ground
water by downward percolation and lateral flow from the IJhabar
belt. The latter belt consists of coarse alluvial fan deposits
and exhibit high porosity and permeability. The ground water
storace capacity is large in this belt, The sand and gravel
beds associated with the Doon alluvial fill are also good reposi-
tories of ground water due to their porous and permeable nature,

The prosent area umder study is covered essentially with
the unconsoclidated sediments of the Indo-Gangetic slluvium, The
sand and gravel beds associated with these sediments constitute
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the main water bearing horizons. The texture and ecompaction
of the beds being variable, the water ylelding capacity of the
individual beds varies significantly. In general, the water
transmitting and storage capacity of the sand beds are moderate
to good and as such they sct as dependable aquifers. The clays
and clayey sands also absord large qualities of water but exhibit
low transmission capacity. Due to their absorbative and permeable
nature, the sandy tracts of the alluvium alleow precipitation
wvater to percolate to the water table. The coarse sands and
gravels in the abandoned river chammels in the area act as good
repositories of ground water.

| In general the ground water supply depends on the geology
and climtic conditions in the region under study. The alluvial
tracts of the area form the most important ground water reservoir.
Since the alluvium varies greatly in texture, its water yielding
capacity differs from place to place. The water bearing beds or
aquifers exe the li¥ticular sands and gravels, that occur at
several depths below land surface. The shallow ground water
of the alluvium is unconfined or under water table conditions,
The water in the deep permesble beds of the alluvium is under
confined conditions, Adequate quantities of water are being
wvithirawn from this regervoir by means of irrigation tubewells
as considerable storage and recharge conditions exist in the
area., The general slope of ground water table in the area is in
NWeSE direction,.

From a study of the topographic sheets, the drainage
pattern in the area, the ground water conditions and from the
foregoing account, it is clear that the region under investi-
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gation indicates a peculiar setting. With this in view several
traverses have been taken in all directions. As a result of these
studies 1t 1s noted that apart from the existence of high and
lov grounds, the area does not show any marked geomorphie features,
In short, in the western half of the region, the ground slope is
to the south and the drainage parallels the flow of the River
Jamina, vhile in the eastern half the River Solani and its
tributaries after flowing to the south for about 15 miles suddenly
takes a turn to the east and flows into a swampy low lamnd, Just °
east of this swamp the river Ganges also“seem to be flowing
around it and mot into this (Plate No.XII), As mot much eould
be ma‘e out through these traverses, a recourse had to be taken
to the study of the sesrial photographs of the area around Roorkee.
Since, only a small serial cover around the town of Roorkee was
available the study of the fluvial morphology had to be confined
to this area alone. Using the mirror stereoscopes and 36 aerial
photographs (uncontrolled mosaies) a 'Drainage Trend Map' (4" =
1 mile) of the chosen area has been rr epared (Plate No.X),

From the above mosaie and thQ topo-map it is seen that
the area has suffered from many a meandering in the west, north
and northeast of Roorkee town apart from those present now close
to the Solani river course. From the nature smnd levels of the
terraces, natural levels and the ground slope directions, meander-
ings north and north-east of the town are due to the earlier courses
of the Solani river and its tributories, those to the west of
the town and farther in the southewest around Hatiathal Village
the meanders could be due to some still earlier drainage floving
down south, There is a conspidous absence of any drainage trends
in an oval shaped area south-gast of Roorkee, extending upte
Landhaura town. There is another line of drainage around Hasan
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Alipur village in a north wvest-southeast direction.

From a further perusal of the tmgrqﬂc sheet nos,.530C
amé=X attached herewith, the following may be noted.

a) There are quite a mumber of longitudinal ridges marked by
closely speced brown dots on the sheet west of Upper Ganges Camal
and south-west of Roorkee extending upto a distance of not less
than twenty miles. In the field these are generally recognised
as longitudinal sandy ridges with relative elevation of 10 - 18
feet above ground level,

b) An intemsively dissected platform can be recognised close
to and more or less parallel to the Solani river course for a
distance of nearly twenty miles from Roorkee southwards. This
platform is found to be a sandy terrace in the field usually with
a oliff of 20 ~ 25 feet, There are immmersble gullies dissecting
this terrace and ultimately discharging into the Solani River.

e) A swampy region oceupying an area of sbout 40 sq. miles can
be seen at a distance of 15 miles south-south-east of Roorkee and
immediately west of Ganges River and close to the confluence of
Solani River with the Ganges.

The sandy ridges are perhaps the meander scars left over
by an earlier drainage channel flowing west of Roorkee but due
southvards, The drainage trond map drawn from the aerial photo-
graphs also substantiates this,

In all likelihood a minor consequent stream on the slopes
of the sandy region just east and south of Roorkee must have caught
up the waters of Solani flowing south and west of Roorkee due te
headward erosion, It is well established that in piracies of this
nature the discharge of a great volume of water from a major
river results in the deepening snd widening of the stham .ﬁ.ﬁi‘?) |
This has naturally resulted in river-cut terraces (instead of
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the river_built terrace) as is seen at present from Roorkee
southwvards and prominently at Landhaura., The extensive dissect-
lon of the terrace is due to the unconsolidated nature of the
sediments constituting the terrace. Attention may be drawm to
the fact that a drainage trend has been observed on the same
slopes south of river Seleni around the village of Hasan Alipur
in Plate No,X. It is not unlikely that this stream was also
consequent in nature but not powerful enought to erode headwards
and accomplish another piracy., The absence of drainsge trends
south-east of Roorkee fits in with the Isopach data (for the
S50 ft. thickness of sediments below land surface - Plate No.XIIIA)
for the same area quite well,

While it may be very difficult to infer what could have
: been the drainage trends at the time when sediments were being
deposited in this area, below 100 ft. to the present topography,
‘.‘ a4 projection can be attempted from the Isopach map of the sandy
' horizon between 100 - 300 feet (Plate No.XIIIB), Since, even
¢  here the area southeast of Roorkee econtimmes to be a major samdy
" horizon with changes in lithology only to the west of Roorkeej
it is therefore inferred that the areas of drainage trends were
the same even during the earlier time when the sediments lying
between 100 - 300 feet depth below land surface were deposited.
The swamp referred above may be a result of a gradual
filling up of a large lake in the course of the Solani River
close to Ganges, It is not unlikely that the swampy conditions
may continue to exist since a large ares around this swamp is
a monotonous plain without any quick outlet to the water except
to the Ganges River., Here the river bed 1s almost at the same
elevation if not.a slightly higher level.




The borehole logs have been utilised to prepare a ‘pack’
map (Plate No, XIII A) for the sandy horison encountered within
60 feet depth from the surface as this represents usually the
imprints of past and present drainage, vegetation and soil features.
A study of this map indicates a distinmet sandy horizon
south-east of Roorkee, presumably a mixed ome south-west of it
and a predominantly clayey one Northwest of the town proper. The
last factor can easily be attributed to the alluvial clayey or
sandy clay materials brought in by the frequent mesnderings of
Solani River (or any other older rivers) west of Roorkee town.
11)

In =n area of 125 sq. miles west of Solani river, nearly
fifty seven tubewells have been drilled to an average depth
of 350 feet below land surface. The logs of these wells are
dependable as reverse cireculation method of drilling was adopted
at these sites for construction of the wells. The major productive
aquifers in the vegion lie within 300 feet depth (of: Plate Nos.
XIA, By C). The aquifers occuring generally within the depth
zone 300 «~ 350 f't. are of minor thickness. Any aquiclude bed
of less than ten feet thickness has not been considered as an
effective impervious layer separating the two major water bearing
beds, As the aquifers omxiﬁng within hundred feet depth are
not usually screened in the production tubewells in the area
to accommodate the housing part of the tubewell assembly, it
may conveniently be considered that the total thickness of the
productive aquifers in the depth zone 100 - 300 feet may be
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taken a3 a single unit to represent hydrologically the water
bearing formation in the region for all practical purposes. This
cumilative thickness of the productive aquifers (screened in
the wells) has been utilised in bringing out an isopach map of
the erea (Plate No.XIII B), In bringing out this map, the hund-
red feet depth surface has been taken as the datum on whieh
(dovnwards) the thickness of the aquifers is projected.

The table Wo.3 below gives the position of the major
aquifers screened in the individual wells to a depth of 300
feat and the thickness of the sandy horizon within 50 feet depth.

TABLE NO.3,

8l. :Stntc Tubevell 'rom thickness "rotll thickness of

No. Fumber ‘of aquifers in thl aguifers in
- foet down to {gt_botvnl

. 2 . 3 . o —

1. 1 20 128

2. 2 19 150

3. 3 26 72

4. 4 22 138

5. 5 $0 o1

6. G 16 50

7. 7 27 147

8. e 35 169

9. 9 45 127

10, 10 50 126

11. 11 25 140

12, 12 50 139

13, 13 31 133
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1l 2. k] 4
42, 42 48 162
43, 43 10 79
dd g 44 10 §7
45, 45 40 o7
46, 46 0 66
470 47 10 101
48, £ 10 o7
49, 49 0 121
50, 51 10 112
51. 52 2 101
52. 53 20 90
53. 54 10 107
54, 56 28 119
55, 67 17 113
A .
87. MES Vell 121
Roorkee (ET0)
68, Roorkee University 28 131
well (ETO)
59. Military Field 50 181
Works Area,
Roorkee

CA noteworthy feature of the Isopach map representing
the productive formations in the depth zome 100 teo 300 feet
(in the area under study ) is their limited thickness in the
north-vestern part and a gradual increase in thickness in the
Southeastern end. The relatively good thickness of aquifers
east and south-east of the areca of study supports the idea that
the river in recent times adopted a drifting pattern towards
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east or south-east,\ The increase in the cumilative thickness
of the aquifers in south-southwest direction of Bhagwanpur
village (77° 49' 1 20° 56' 30") for about a ten miles stretch

is gradual,
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CHAPTER IIl:
GROUND WATER FLOW ANALYSIS:

Segurrence of Ground Water:

The sub-surface disposition of the aquifers in the
alluvial tracts of the area i1s well brought out u‘ the corre-
lation charts described in the earlier ,ahnptcr' (refer page 29).
These sections showing the subesurface lithological facies
demonstrate that the sandy stratum in the top horiszon sometimes
attains a considerable thickness. They constitute by virtue of
their absorbtive nature, a potential water bearing horizem
intervening with the occasional lenticular bands of clay. Ground
water occurs under non-confined conditions (water table conditions)
in these formations. Besides the above, sands also occur as
confined beds with reasonaliy persistant and thick clay beds
over-lying them, In these beds ground water occurs under confined
econditions, The confined mnature of the aquifer is defined as
followst
1) The hydraulic head is sufficient for the deeper aquifers
to allow the water to rise to considerable height from the
upper surface of the aquifers in which it occurs but does not
allow free flow over the land surface.
11) The hydraulic head is suffieiently hirh to bring the
vater level above land surface and create flowing eonditions,

The latter type are rare and of limited occurrence in
the Roorkee area, They are only reported in the terrace
deposits of the Landhaura region, This is essentially a
localised phenomenon, resulting probably due to favourable
structures (warping in the beds on a minor scale) during the
depositional history of the alluvium along the banks of the
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river. These struetures ald further in the building up of
a pressure head in the water bearing grsnular beds and favour
on a limited scale the flowing conditions in the area ¢lose te
the river beds,

The pressure heads of aguifers between 100 - 450 feet
depth in this belt vary from 20 - 30 feet below land surface.
Very few wells record pressure heads between 40 - 50 feet depth.
(State Tubewell Nos, 21 amd 356), It is not umecommon to observe
in meny places of the area, confined beds maintaining pressure
heads which almost coincide with that of the water table agquifer
or of slightly lower level, The nm.r of confined beds emn~-
countered within 100 - 450 feet depth is usually three to four,
An exception to this is Tubewell site no.43 vhere a maximum of
six confined beds are recognised. Generally the confined pro-
ductive aquifers in the region occur in the depth zones 100 - 1753
220 = 300 and 400 - 460 feet.

The level of free ground vater with reference to & known
datum can be represented by contours. Such contour lines joining
points of equal altitude on the potential surface of water in
an aquifer produce the Water Table Contour Map., Maps of pressure
surfaces can be made just the same way as that of water table and
are generally known as the piezometric maps., These indicate
not only the distribution of pressure head in the agquifer but
also the direction of ground water flow, areas of ground water
recharge and discharge and also ground water troughs and divides,
Through the studies of these maps one can infer the rate of
wvater movement and the changes in ground water storage. Profile
changes in the permeability can also be recognised by studying
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the water table maps,

In the area under consideration, the water table maps
for the near surface aquifers were prepared for the low water
table perieds (summer months) for the years 1961, 1962 and
1963 (Plate Nos. XIV A, B, C ). The plezometrie map for the
summer period of 1963 has been prepared using the cumilative
pressure head of the agquifers within 300 feet depth (Plate
No. XIV D).

The water table maps mentioned above andEh flow
lines indicate that ground water moves in general towards the
effluent stream Solani and its tributories in the area., The
disposition of the permanent water table is in north-west te
south-gast direction in the area west of Solani River and north-
to south in the area east of Solani River. It slopes with and
towvards the main drainage system in the area of study. In the
southern part of the region the flow direction is almost west
to east and contributes to the river discharge.

The average hydraulic gradients of near surface ground
vaters during low water table period (summers) for the years
1961, 1962 and 1963 are tabulated belows=

TABLE NO.4,

MMW

" TArea N-W of |Area N-E of Threa 5-E of

B S 2 . 4
Summer 1961 9.33 No record 10.84
Summer 1962 2,72 15,28 0.44

Summer 1963 9.80 13.53 11.85




PLATE N2 XV A

WATER TABLE CONTOUR MAP OF ROORKEE |\ .} convnn onmmn eiewsrion

OF WATER SURFACE.
CONTOUR INTERVAL SFEET; DATUM

AREA FOR SUMMER | 9 6' 1S MEAN SEA LEVEL.
=== FLOW LINES-ARROW INDICATES
SCALE 1:126720 DIRECTION OF MOVEMENT OF WATER,

E———— Rvo.

[+
: __.!__. _';-__”_? __~4 £I'= - > 8 KILOMETRES. i e <
e 3 %%‘m‘“ —~— CANAL BRANCH (DISTRIBUTARY.)
P = = = = RAILWAY LINE.
55 78’ o’

S IMLI UHERA

= JABARHERI!
KHURD.

/\ DEOBAND

|

77°| 45°



PLATE N2 X[V B

FOR SUMMER [|962

SCALE 1:126;720

o ] 2 3 4 | [ Z g&uomnnts.

-] 1 2 - | 4 SMILES .

AREA

WATER TABLE CONTOUR MAP OF ROORKEE

——C CANAL BRANCH (DISTRIBUTARY.)
RO

. EXPL ANATION

CONTOUR SHOWING ELEVATION
OF WATER SURFACL.

CONTOUR INTERVAL SEEEY; DATUM.

IS MEAN SEALEVEL.

FLOW LINES-ARROW IMDICATES

DIRCCTION OF MOVEMENT OF WATER,

ROAD.

CANAL .

RAILWAY LINE.

©?

7
o5 P
O
82
~ (0] S
(72 72

Ny
R
(0]
3
8

©) \
7S = [LANDHAUR

N
)
)
77
(0]

%0
bﬂlv ()

2°
% 1 91

1
z;z ~ o> 2l 29"
77° lee’ B £ i




PLATE N2 XTIV C

WATER TABLE CONTOUR MAP OF ROORKEE

AREA FOR SUMMER | 963

SCALE (:126,720

o ) 2 3 4 S 6 kd ;lu. OMETRES,

EXPL ANATION

\azos (ONTOUR SHOWING ELEVATION
: OF WATLR SURFACE.
CONTOUR INTERVAL SFERT, PATUM,
15 MEAN  SEA LEVLL.
- g FLOW LINES-ARROW INDICATES
DIRLCTION OF MOVEMELNTQF WATER .
ROAD. ;
CANAL .

——C CANAL nRANcH (DISTRIBUTARY.)

(4} 1 2 3 5 ——
a4 MILES. 'm RAILWAY LINE.
o 55’ 78| o
30°
{ -
=
158
925
ob
Mo <
Q
=,
==
5 R ELE
315,

. \\
] N
0/ "JABARWERI &
B KHURD
{ o
WA & | /os
1l AR
) . ,0
] A
/ Q> & 709
(Y15 .
X 5 2 Q;b -
.

MA- GLAUR. o
-1 0‘96
Il Q\
' /% K
~ /%8 2 g
- ” 4 & o
> &
N
83

%'U

29°

a5 |

~n'

'!-'.5' »a®



‘3=

This indieates that the ground water gradient in the
main direction of flew in the region (north-west to south-east)
is becoming steeper with time (1961-63) and the same in the
terrace deposits of Solani River close to Landhaura, varies frem
year to year. Apart from this, the water table contours are
closer in the north-eastern part of the area compared to
thelr layout west of the Solani river. This might have some
bearing to the texture of the gramilar sediments constituting
the shallow aquifers (10 to 50 feet) tapped in the open wells.
The close spaced water table contours in the mﬂhnu%m
of the area may be indicative of fine grained mature of the
shallow aquifers and similarly the widely spaced ground water
contours in the area vest of Solani river suggest the presence
of coarser aquifer material than in the northesastern part of

the area,

The difference in the water levels in the successive
years for the period 1961-63 is noted at each well station
and averaged for the selective parts of the area (Table No.5):

TABLE NO.§,

Nature of the
area
o
l. Area irrigated by + 1.35 - 2,79
Tubewells
2, Area irrigated by - 0.205 - 1.13
Canals

3. Area irrigated by
natural rain wvater - - 2,24

Comparative study of the water table maps and the water
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levels for the low water level period for the years of study
indicates that there is on an average a rise (1.35 ft.) in the
regional water table in the year 1962 compared to 1961 in the
area irrigated by tubewells. A slight lowering of water table
is reccrded in the cansl irrigated tracts., Bet this situation
is different in 1063 compered to 1962, During this period,

on a regional basis, in all the individual ereas (e.g. tubewell
irrigated, canal ivrigated and rain fed areas) there is a
general decline in the regional water table to the tune of

2,08 ft, From this it 1s, therefore, evident that the water
levels are affected in certain years only on a limited scals

at localised well points. The development of miniature ground
vater mounds during different seasons (e.g. 2 miles south of
Roorkee Rallway crossing in 1961 and at well points 68 and 69
in 1963) and their disappearance during the subsequent years,

is indicative cf possible localised recharge to the ground water
body_at selective places,

Uniquely in the South-Western part of Roorkee town
the hydrauliec gradients are low. This area 1s strewn with
maximm number of unlined canal distributories also,

The plezometric map (Plate No.XIV D) of the area drawn
for Surmer 1963 indicates that close to areas of econtimuous
ground vater extraction by way of pumping initial stages of
ground vater troughs have been delineated. This is noticed
especially around State Tubewsll No.5 of Landhamra group and
State Tubewell No.25 of Bhagwanpur group. The map alsc indicates
development of ground water mounds on a small scale one mile
west-southwest of Roorkee Railvway Station and partly around
State Tubewell no.26 of Bhagwanpur group. The hydreaulie
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gradients as revealed by the plezometric map especially along
the flow line sections indicate that the same ranges from §,71
to 16.36 feet per mile. Usually it is from § to 8 ft. per mile
for this area,

GROUND WATER FLOW LINES AND FLOW NET ANALYSIS:

Flow lines are defined by the paths followed by particles
of water as they move through an aquifer in the direction of
decreasing head, These are drawvn always at right angles te
plezometric surface or water table contours. Of late, the
flov nets have been most effectively employed towards quanti-
tative ground water studies, Their usefulness is felt for
the expression of different geologic controls on the hydraulie
regime.

The flow lines have been indicated on the water table
contour maps (Plates XIV A, B, C ) in order to show the contri-
bution of the near surface ground water to the surface drainage
flov in the region, The flow lines on the plezometric msp
indicate the subgterranrean movement of ground water in the con-
fined aquifers in the region, ( From a study of the disposition of
the flow 1ines on the plezometric map three significant points

emerge =

a) the ground water flow in the confined or deeper aquifers
is essentially in a north_west to south_east direction.

b) a major part of this ground water moves towards the
ﬁur Solani and contributes to the base flow of the
Vver.

c) recharge to ground water occuring in the deeper aguifers
comes from a source northwest of the area, )

The flow net amalysis, attempted here for the first time
for the alluvial deposits of this part of the Gangetic Basin
indicates the rate of recharge te the aquifers in the well field
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area close to Landhsura, This is particularly chosen for analysis
as it is a developing well field area in the region. The applica-
tion of this study would be of practical importance to other
similar areas of the Gangetie alluvium,

Plate XV shows flow lines drawn on the piezometric surface
map from the recharge area to the developing cone of depression
around Landhaura. The quantity of water moving through the
section AA' and BB' vere computed using Darey's equation.

= TIL ses (1)
= Quantity of water passing vu flovw
eross section in gallons per dw
T = Coefficient of transmissibility in gpd/ft.
= Hydraulie gradient at flow cross section in ft/mile
L = Width of flow section in miles,

Based on actual pump test data (given in the following
chapter) the average coefficient of tramsmissibility of the
aquifer at AA' 4s 61,000 and at BB' is 85,000 gpd/ft. and the
average storage coefficlent of the aquifers between the flow
lines is 3,70 x 15‘.

Based on the above mep, the average hydraulic gradients
and the widths of flow cross sections have been computed amd
given below in Table No.6.
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FLOWNET ANALYSIS OF THE PIEZOMETRIC MAP
OF ROORKEE AREA (I963) FOR RATE OF
RECHARGE TO THE CONFINED AQUIFERS
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Flov Cross |Coefficient |Hydramlic |Width of |Discharge th
Section .o:f transmi - .G_udunt flovw cross .ﬂw cross s on
\9sibility( ~(ft./mile)  section (gpd).

"m.) ’(m.')

o
1 - 2 i a L 4

A-A? 61,000 8 3 1.46 Million
(Value obtained
from MES 'H.l.l,
Roorkee, being
close to the
section is takem)

B-B! hm,ooo 10 3.5 6.47 Million
alue obtained
from State TM
No.4, close to
the section is
taken)

The difference of 5,01 million gallons per day between
the quantity of water moving through sections AA' and BB', is
equal to the amount of recharge to the aquifer plus the amount
of water taken from storage within the aquifer lying between
the flow cross sections. Data given under Table No.7, indicate
that the average water level declined in the area between flow
cross sections AA' and BB' was about 0.0098 ft./ day during
1963,



TABLE NO.7,
Average VWater Level Decline for the State Tubewells lying close to and within
the 1imiting flow lines AA'-EB! for the perind 1962-'G3 Summers.
Tubewells 'Tubewell 'Tubewell 'Tubowell 'Tubewell 'Tubewell 'Tubewell 'Tubewell ' Tubewell
I“’/M. v No.4. . No.S. . No.7. ¢ No.l0. . b.ll‘ . ﬁ.l‘ﬁ. ’ No.21 . No 40
m W.L. L ] L ] L [ § ]
h n. [} L ] ] § ] L ] ]
] ] ] L ] ] L ]
%m “Do 41.0 “.0 5.0 n-o aoo 45.0 ] 25.0
Summer) 22-5-62 1-6-62 1-6-62 26-5-62 25=5-62 22-5-62 Q=6=62
%m 50.0 48,0 43.0 27.0 40,0 38.0 45.0 4.0
Summer) 28-5-63 20-5-63 28-5-63 28-5-63 28+5-63 28-5-63 28-5-63 31-5-63
Rise of (=)2 (=)7 (+)3 (=)2 (=)11 (-)10 nil (+)1
(1n rt,)
Average decling in 1963 3.5 feet
Average decline
in ft./day 0.0095
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The area lying between the flow eross section AA®
and BB' is 14.75 sq. miles. Recharge to the area between
AA?' and BB! ecould be computed by substituting the above data

25)
in the following equatiom.
Vhere R = rate of recharge, in gpd/sq. mile

" Qg=Q3 = difference in quantity of water erossing
successive contour lines between limiting
flow lines, in gpd.

ht = average rate of water level decline or
rise in area lying between limiting
flow lines and successive contours, in

gpd.
Al = area between limiting flow lines and
successive eontours, in sq, miles,
8 = Ceefficlent of storage, fraction.
Substituting the above datai-
R = (50,10,000) - (0,0095 x 0,00087 x 14.76) x
(2.10 x 10°)/14.75
= 3,38,300 gpd/sq. mle.

The rate of recharge to the well field area between
flow cross sectioms would be 340,000 gpd/sq. mile and the
vithdravl from the storage st this stage is very negligible.

NFLUENCE OF CANAL DRAINAGE ON GROUNDWATER FLOW:

In an earlier study the uthorl::: indicated the
influence of canal flow on the ground water regime especially
elose to the banks of the canal., In the localities south and
south-west of Roorkee town, west of the main Upper Ganges
Canal end its distributaries (Deohand Branch), the ground
water contours are fairly spread out and the hydramlic gradients
are significantly low. The water table tends to be horizontal.
This is not only observed on the near surface ground water
flow situation but also in the disposition of the pressure
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surface of the deeper agquifers (Plate No.XIV D).

The Deoband Canal distributery region depicts a flow-
pattern in the movement of shallow ground water which is
significantly different from that noticed on the eastern
(Solani river side) part of the main Upper iju Canal
alignment in the area of study «- the flow pattern is almost
north to south in the former and west to east in the latter
(Plate No.XIV C),

The inhibition to the flow pattera cad spread of con-
tours may even be attributed to the lateral seepage from the
unlined canal banks, This feature of flat or hori-zontal
disposition of the water table may even be due to difference
in the texture of the water bearing formations in this region,
| However, the present data is insufficient to permit any gener=
alisation in this regard. -

PISCUSSION:

The flow lines indicated on the wvater table of shallow
aquifers and also on the plezometric map of the confined deep
aquifers show a general northwest to southeast and northe
south flow direction of sub-surface water. This is suggestive
of the fact that the recharge area to the ground water body
in Roorkee erea lies towards north west and north of the region.
Especially in the former area, the perpennial source of water
is available in rivers Hindan and Kali with the catchment of
the later. The base flow of the perprennial drainage system
might be in hydraulie continuity with the confined aquiers
extending from Roorkee towards west snd morthwest. This seems
to be the main source of recharge. Further north of the srea
under study, the ‘Terai’ and 'Bhabar’ alluvial belts are present.
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Confined ground water conditions exist in the Terel and free
ground water movement is noticed in the Bhabars. This belt is
more absorbtive as it consists of coarse textured alluvial mater-
ials. It is possible that these belts act as intake areas rbr
the ground water available in and around Roorkee area also.

The lov values for decline or rise in the regional water
table 2s revealed by the water table maps for three consequent
years, especially for tho summer periods, ‘paint out that the
withdravls are not much from the open wells tapping the shallow
aquifers in the region. Most of it is contributed to the
effluent streams, _

The study of the piezometrie surface contours indicated
that the well field areas in the region are just being deve-
loped to their eapacity. It has also been observed that
considerable part of the sub-surface water moves towards river
Solani and contributes to the base flow of the river, If the
well field areas west of river Solani are developed in a
planned vay in the mear future there is every 11kiihood of
the flow lines close to the river being riﬂrud and their
contribution to the river flow can be inhibited or minimised.
This would help eontribution of ground water from the river
towards the well field areas,

The phenomenon of recharge from the canal may be due
to the effect of canal drainage mot only on the mear surface
ground waters but also on the aguifers below 100 ft. depth.

It 1s to be noted that the cumlative effects of vertieal
percolation from the canal bed in course of years (the canal
is in operation for the last 120 years) and its influence on
the ground water body eanTnot be ignored.
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The rate of recharge to the developing well field
areas around Landhsura as computed through flow net analysis
is of a fairly high magnitude and at this stage of ground
vater development withdrawal from ltorakc is negligibdble.

On the basis of the above, it may be emphasised that
the area holds promise for further ground water development
that vhat has been hitherto considered.

CONCLUSIONS S

An analysis of the ground water flow siiunation with
the help of water level data, pressure heads, flow lines, flow
nets, and effects of surface drainage on ground water body, is
suggestive of the following conclusions: '

1 Ground water oceurs both in confined and non-confined
(water teble) conditions in the alluvial formations of
the region. .

11) Generally confined productive aquifers in the region
occur in the depth zomes 100 - 175, 220 - 300 and 400 - 460
feet below land surface. The cumilative pressure heads of

- these aquifers vary from 20 = 30 feet below land surface.
111) The disposition of the water table is northwest to
woutheast in the area west of Solani River and northe-
south in the area east of Solani River. It slopes with
and towards the main drainage of the area. The hydraulie

gradients of near surface ground waters range from 9,33

to 15.26 ft. per mile, The hydranlic gradients as re-
vealed by the plezometric map indicate that the same
~ranges from 5.71 to 16.36 feet per mile, though usually
it is from § to 8 feet per mile.

‘/u) The study of the flow lines on the water table and
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vi)
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plezometric maps indicates that the main recharge to
the ground water body in the area is from a source
north and north west of the region. The Kali and
li.ndgn rivers north-west of the area act as a source

point of recharge to the confined aquifers encountered

in Roorkee area., The 'Terai’ and the 'Bhabar' alluvial
belts lying north of the n;: also act as the possible
intake areas for the ground water available in and
around Roorkee, .

The rate of recharge to the well field area around
Landhaura as computed through flow net analysis amounts
to 340,000 gpd/sq. mile and the withdrawal from the
storage at this stage is very negligidle.

The area holds promise for further ground water develop=

ment than wvhat has been hitherto considered.




Before actually discussing the hydrological characteris-
ties of the alluvial aquifers, it is considered proper that the
termg prevalent in the modern ground water literature are defined
and explained in view of their limited usage and also due to
the absence of certain terms in the common ground wvater techni-
cal literature, In addition, the subject matter of this chapter
also includes the formulae used and the metlaods employed to
arrive at the hydrological characteristics of the alluvial ag-
uifers in the aree, These are used further to understand the
response of the aquifers to heavy pumping. The hydraulie prop-
erties of the confined aquifers have been worked from the pump
test data and the limitations of such analytical methods are
reviewed, The specific capacity map for the area has been
prepared based on the production tests conducted on the water
vells. The step test data has also been utilised to work out
the well characteristics such as well losses, romtion losses
and entrance velocities,

DEFINITIONS:

In analysing the data the following conventional defini-
tions have been adhered to:-

Coefficient of transmissiblliiy: is defined as the amount of
vater in gallons that will move in one day through a vertical
strip of an aquifer one foot wide and having the height equal

to the thickness of the aquifer, under a hydraulic gradient

of 100 percent, or one foot per foot. It 1s expressed in gallons
per day per foot (GPD/ft) or cublie meters per day per meter
(x®/a.m.). Recently in ground water tirnnlogy the word
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"Transmissibdity” is used to mean Coefficient of Transmissibility,
Coefficient of Storagei- 4s defined 2s the volume of water,
measured as a fraction of a cubie foot, released from storage

in each columm of the agquifer having a base of one square foot

and heignt equal to the thickness of the aguifer, whea the

head is lowvered by one foot. It is ordinarily expressed as an
absolute deeimal, For artesian conditions the value ranges from
10 to 10 and 1n the unconfined squifers the value is from
about 0,08 to 0.40., For phgreatie ground watcr (water table
conditions) it is equal to the specific yleld i.e. the quantity
of watir yilelded by gravity drainage from saturated water bear-
ing material and is expressed =s 2 percentage of the total

volume of the material drained, Intermediate values for the
storage Coefficient imply semi-confined conditions in the agui-
fers. Recently, in ground water terminolegy the word 'Sterati-
vity' also implies storage Coefficlent.
Coefficient of Permegbilityt- is expressed as the rate of flow
of water in gallons per day through a cross sectional area of

one square foot of the aquifer under a unit hydraulie gradient,

or one foot per foot, at & temperature of 60°F., In field practice
the adjustment to the standard temperature of 60°F is commonly
ignored and permeability 1s then understood to be a field co-
efficient at the prevailing water temperature. Of these the
transmissibility 1s equal to the fleld permesbility miltiplied

by the thickness of the aguifer in feet.

Pumping levelt= is the water level observed inside a well when
it 1s under discharge.

Statiec leveli- 1s the water level observed inside a well when

the water tahle is not disturbed by pumping in or around the
well,
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"Speeific Capacityt-= is Che ratio of the discharge to the draw
down it produces, measured inside the well and expressed in
gallons per mimate per foot of draw’down for a known period of
pumping (gpm/ft. of draw down) or cubic meters per day per meter
drawsdown (u/d/m).
Speeciric Irawdownt~ 1s the ratio of draw’down to the discharge
that produces it, It i3 the reeﬁiyroeul of specific capacity
and is expressed In feet/gallons per mimate (or in l/(lsld) for
a known period of pumping.
Regidual Drawdownte 4s the difference betvween the statie water
level and the water level observed in a well at any time of
recovery after the pumping of the same well or a meighbouring
well has been shut down.

LIMITATIONS OF THE STUDY:

In all the hydrological tesis, msasurements for the
quantity of water pumped from the discharging wells were made
with an orifice-menometer combination device and the 'wetted-
tape' or ‘electriec sounder' method were used to measure the water
levels in the observation wells, The derivation of the various
formilae used to computo the results are omitted to simplify
the presentation of the data. The bibliography contains a nunber
of articles on this subjeet referred to in the eourse of the work,

Pumping tests are made primarily to obtain the coeffici-
‘ents of transmissibility and storage of the water bearing forma-
tions. As a part of this study six controlled pump tests were
made in Roorkee area. The tests were run for limited periods --
no test was conducted for more than 23 hours duration, The
available and existing close by tubewells and open wells have been
used as observation stations while rumming the hydrological tests
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as it wvas not possible to comstruct new wells for this purpose.
The pumping equipment used insluded a deep well turbine pump,

METHO OLOGICAL TE R $

Cortain fundamental principles, methods snd formlae
for the analyses of problems related to ground water from
aquifer test data were developed by Guniph'r Thiog.ﬂl).'hail,(széomr
and Im‘g?)hart from these methods, for solving particular type

of ground water problems such as lnk’n_ce during pumping have
(”' 38a
been developed by M.S. Hantush, The data collected during the

hydrological tests were Wuﬂ(g’muﬂ%;o su neans of three
methods suggested by Theis, Jacob and Chow, Since these methods
are scattered in the literatures, a concise account of the
methods used appears to be essential and hence is given in brief.
Average values of 'Storage Coefficient' and 'Transmissibility’
are determined in the vieinity of the pumped wells by mensuring
the decline of head with time under the influence of 2 constant
pumping rate, Measurements were takem both in the discharging
as well as in the observation wells,

Iheds Non-Egquilibrium Formila for Pump Togts:

Thels non-equilibrium formila has been developed to
determine the drawldown in the vieinity of a discharging well,
taking into account the removal of water from storage. It does
not depend on the hydreulic system reaching a state of equili-
brium, Aceording to him the formla is written as under:

2 - M -
T“’;r:ﬁ ot ves  (184)
Where . = hﬁﬁ

A = drawiown in feet at any point in the vieinity
of the well pumpecd at form rate.

Q = discharge of the well in galloas per minmute
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%" Coefficient of Transmissibility of the
aquifer in gallons per day per foot.

¥ ®  the distance, in feet, of the pumped well
to the point'of observation.

B = diwensionless Storage Coefficient.
v = time, in days, that the well has Deen pumped.

This formula has besn developed on the ussumption thad
the aquifer is infinite in extent, that 1t 1s horogenous, that
its transmissibility 1s constant, that it 1s confined between
impermeable beds, that the coefficlent of sturage is constant
and that water 1s released from storage instamtanecusly with
a decline in artegian head,

The formula though derived to satisly strictly the
artesien conditions, it 1s also applicsble aceording to Theis,
to phefrentic horizons (water table conditions) where the thicke
ness of the saturated material is great, However, in the latter
ease the observations should not be made too mear the well where
the verticsl component in the water movement is particularly
important. In the area umder study, the nomn-equilibrium formla,
in its complete and modified forms, finds wide application.
Since only one observation well was used during the long dura-
tion pump %;%a, the scope regarding the application of Thélms®
equilibrium formla 1s limitesd, No corrections have been made
for the effect of partial penetration of the elluvisl aquifers,
It may be added seccording te r.ag‘:g. error introduced by not
eonférming to this assumption would be insignificemt,

The ectual derivation of the formetion constants in this
method are obtained through graphical application by plotting
the values of draw’down against tho values of the Y2/t om
logarithmic paper. The formila in its simplified form is
vritten as;
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A = l*ﬁ W(u) | L (iv)

vhere W ( u) is the exponential integral termed
: Well Munetion'.

A plet on the logarithmic paper of W( u) versus u, is
knowr as the type curve. The draw’doun versus Ya/‘h plot from
test data should eonform to the same seale as the type curve
and the former plot is superimposed on the type curve and
edjusted (keeping the co-ordinate mxes of the two curves parale
l1el) t111 the points on the observed data fsll on a segment of
the type curve, An arbitrary point iz selecte? on the coinel-
dent alcgmnt or cutslde the segment and the ccordinates of this
matehing point sre reesrded, With values of W(u), uy » , and
v2/ thus obteined, storsge coefficlent and tremsmissibility
('s' and 'T') cen be calenlated frox the following equationg.

T = w W(a) Y {v)

s = <2
1. ) es 0 (“)

The above non-equilibrium formula is theoretically
applicable from the very start of the pumping test, but the
initial data may be unreliable owing to the assumptions of
instanteneous release of water from storage and constant value
of '8', As such, pumping should be allowed as long as possible
in order that 'S' becomes fairly stable.

The non-equilibrium formila has been modified or the
procedures in its application are simplified for rapid analysis
of the test data, Though these methods are not commonly in vogue,
they are described in literature related to this subject.

Theis Modified Method for Pump Test Data m‘w

For the determinstion of transmiessibility from the
recovery of water level in a pumped well Theis introduced
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another formla, This is an alternate method of application
of the non-equilibrium equation on the assumption that if a well
is pumped for a known period of time and shut down, the draw’down
thereafter will be the same as if the discharge had been continued
and a recharge well with the same flow vere superposed on the
discharging well at the instant the discharge is shut down. The
assumptions are the same for both the engations.

By measuring the rate of recovery of water level in a
pumped well or a mear by observation well, transmissibility (T)
can be determined by rewriting the non~equilibrium formila:

T = 264Q = log v 1%

W
or T = 2640 eee (vii)
vhere T = is ‘;bn gals/day/ft. { : time nice Pump Sbned
QR - is in gals/mimate Y e iete pemp SRR
A - is the residual drawdown in feet,
and A = change in residual drawdown in feet

per log eyele of time,

To obtain a solution, residual draw down % is plotted
on a linesr scale against t/t' on a logarithmie scale. From
the slope of this plot, the change in residual draw”down for
one log cyecle of time should be determined and introduced inte
the mdified formila to determine the 'T' value.

In the absence of sufficient mumber of observation wells
and for reasons stated in previous paragraphs, this method has
been extensively used in the present study to determine the
coefficlients of transmissibility of the Iwntor bearing formations.

z

Jacob noted that for small values of r and large values

of ty u (in non-equilibrium formila) is small and as such a plot



~Gl=
of draw down versus the logarithm of 't' forms a straight line.
By plotting the draw down relationship sgainst the time for am
observation well during a pumping period, the formation constants
can be computed by the application of the modified Theis formula:

Ts. %ﬂ

8 = 0.3T to
ye eee ('111)

Where As' is the draw”down difference per log cyecle
of time

to 1s the time intercept on the zero - drawdown axis.

Q,T and v are as expressed earlier (equation vii and 111),

The straight line approximation for this method should
be restricted to values of 'u' generally less than 0,02 to avoid™
large errors. | '
Chow Method of Solution for Pump Test Datas

The drawdown data from an observation well are plotted
against time (in days) on semilogarithmic paper. On the plotted
curve, co-ordinates of en arbitrary point are recorded. With the
help of a tangent to the curve at the chosen point, the draw_down
difference (As), per log cycle of time is determined. From this
data Ru) is computed using the following formula:

F (@) = Drawdown (in feet)
ASe seo (ix)

The values of W(a) and u for F(u) are determined from
Chow's type curve indicating the relation between F(u), W(u)
and u. The formation constants 'T' and 'S' are computed by
using equations (v) and (vi) described earlier.

Besides the sbove, the procedure for step-tests and its
analysis are given at the appropriate place.
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MAP SHOWING THE LOCATION OF TUBEWELLS IN ROORKEE AREA
UTILISED FOR _ CONTROLLED PUMP TESTS.
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EORMATION CONSTANTSS

The hydrological paramsters (Coefficient of Tramsmissibility,
Coefficient of Storage and Coefficient of Field Permeability) of
rtho wvater bearing formations in the region which are considered of
fundamental importance in evaluating potentialities of well field
area or ground water reservoirs, are determined by running con-
trolled and constant discharge pump tests on the completed tube-
wells located in different parts of the area under study. Six
such tests were conducted on the following wells = (1) Roorkee
Military Field Works Area Tubewell (1i) Roorkee University Well
(ET0) (114) Military Engineering Services (MES) Cantonement Well
(iv) CBRI Premises Tubewell (ETO) (v) State Tubewell No.4,
Landhaura and (vi) State Tubewell No.29, Bhagwanpur. (Plate
No.XVI).

The hydrological test data of the wells are recorded
belows=-

81, Location Date 'Hour Depth 't ' t' 't/t' ‘Resi- |

No. of pump ' of ! ' te ‘dual 'REMAR:
m od test | :water : : : 'Dnv :
i TR
L] ] 1 ] { ] ] l { ]

3 T 2 T a i ¥ & Y & T r'l—_ln‘ T 10

1., Tubewell 6th 10:48 48,20 All values of
in the Sept water level are
Military 1902 103155 48.20 vith reference
Fleld to the Measuring
Works 11:00 Pump starteds Point which is
Area constant diacharge 0.25 ft. above
Roorkee 448 (US)GPM land surface.
(MFrwe)

11:03 55.75

11:05 55,90



Y 5 8 2 W 2 10
11:10 56.21
11215 56.34
11:20 56.25(?)
11125 56,33
11330 56,34
11135 66,39
11340 56,39
1145 56.42
11350 56.45
11385 56 .47
12300 56.50
12110 56,50
12320 56,55
121330 66.64
12:40 56,64
12150 56,68
13300 56,67
13%10 56.76
13:20 56.75
13130 56.72
13340 56,77
13180 56,75
13158 56,75
14:00 Pump Stopped
14301 50.85 181 1 181 2.65
14:01:30 49,79 181.5 1.5 121 1.59
14:03 49.47 183 3 61 1.27
14304 49,37 184 46 1.17



-84~

4. 8 6 2 o U

14108 49,30 185 5 37  1.10
14106530 49,22 186,56 6.5 28,70 1.02
14 308 49,17 188 8 23,50 0,97
14109315 49,09 189,25 9,25 20,46 0,89
14110130 49.04 190.5 10.50 18,14 0,84
14112 49,03 102 12 16,00 0,83
1414 48,97 194 14 13,85 0,77
14016 43.95 196 16 12,25 0,78
14118 48,93 198 18  11.00 0,73
14120 48,89 200 20 10,00 0,69
14123 48,34 203 23 8.82 0.64
14 126 48,81 206 26 7.92 0.61
14130 48,77 210 30 7.00 0,57
14135 48,73 215 35 6.14 0,53
14 140 48,68 220 40 5,50 0.48
14 145 48,65 225 45 5,00 0.45
14 150 48.62 230 50  4.60 0,42
14155 48,61 235 55 4.27 0.41
15 300 48,58 240 4,00 0.38
15110 48,56 250 70  3.87 0.35
15120 48,52 260 80 3.25 0,32
15130 48,50 270 90 3,00 0,30
15 140 48.48 280 100 2,80 0,28
15 350 48,45 200 110 2.63 0,28
16 300 48,43 300 120 2,50 0.23
16315 48,42 315 135 2.33 0.22
16130 48,40 330 150 2,20 0,20
16145 48,30 345 165 2,09 0,19



W, St SoMaen: ! I SATRNS SO, RN, - 10

17300 48,38 360 180 2,00 0,18
17120 48,37 380 200 1.90 0,17
17140 48,36 400 220 1.81 0,18
18200 48,35 420 240 1.76 0,18
7.9.62 09300 48.24 -~ = = =
2. &l:;:l:%on h;.u.ca 09350 37.25 ‘A'la%. :‘i:::loir 2
Well (ETO 091355 37.26 vith reference
10:00 Pump startedjconstant 313'@"?3“’3"
discharge 726 (US)GPM 2,90 ft. above
10:03 47.10 land surface.
10208 47.32
10307 47,59
10210 47,90
10315 48,086
10320 48,06
10:26 48,18
10:32 48,40
10338 48,60
10345 48,68
10153 48,70
11:01 48,74
11310 48,85
11:21 48,87
11:32 48,96
11343 49,00
11354 49,02
12305 49,10

12117 49,10
12329 49,185



8.50

4 5 f 7 8 9
12141 49,26

12155 49,26

13110 49,35

13325 49,38

13340 49,35

13156 49,50

15300 Pump stopped

15301 40,15 301 1 301 2,90
15 302 40,00 302 2 151 2,76
15102130 39,70 302.5 2.5 121 2.45
15303130 39,52 303.5 3.6 86.7 2.27
15304 39,44 304 4 76 2.19
15308 39,31 305 & 61 2.06
15206 39.21 306 6 51 1.9
15107 39,14 307 7 43.9 1,89
15208 39,00 308 8 38,5 1.84
15100 30,04 309 9 35.6 1.79
15310 38,08 310 10 31.0 1,73
15812 38,03 312 12 26.0 1.68
15114 38,81 314 14 22.4 1.56
15116 38,73 316 16 19,8 1.48
15118 38,68 318 18 17.7 1.43
15120 38,65 320 20 16.0 1.40
15123 38,56 323 23 4.0 1.3
15126 38,49 326 26 12,5 1.24
15 130 38,43 330 30 11.0 1.18
151235 38.37 335 35 9.57 1l.12
15 140 38,32 340 40 1.07



1 2 3 5 o B v
15145 38,20 345 45 7.66 1,04
15180 38.22 350 S50 7.00 0,97
16500 38,14 360 60 6.00 0,89
16114 38,08 374 ™ 5.00 0.80
18127 37.99 387 87 4.45 0.74
18135 37.92 395 95 4.15 0,67
16152 37.86 412 112 3.68 0,61
171310 37,75 430 130 3.31 0,50
17325 37.70 445 145 3,07 0,45
1740 37,65 460 160 2.87 0,40
18100 37.58 480 180 2,86 0,33
20.00 37,49 600 300 2,00 0,24
3. MMlitary 18th 09145 36 .40 All values of
Enginecer Dee, vater level are
-hg Ser 1963 09349 36,38 vith reference to
OIB) Well 09151 36.38 vt:.ieh.:"{’.'nlg f’:j.'“
(E.T.0) it ey W sbove land surface,
0 e
10302 50.65
10308 50,78
10207 650,98
10310 51.13
10313 51.16
101156 51.28
107 51.40
10320 51.46
10285 51.63

10%30 51.87



1

4. 5 [ Z 8 -] -
10135 51.98
10:40 52,02

10345 52,14

10150 52.26

10156 62,31

11300 52.68

11310 52,69

11130 62,70

11340 52.82

11150 53,03

12100 53,12

1210 63.18

12120 83.20

12330 63.25

12150 53.28

13300 53,33

13110 63.34

13120 53,33
13:30 53.42
13340 83.56

14 %00 53.57

14320 53.67
14330 53.71
14:40 63,76
14150 - 53.78

14 358 53.82
15:00 Pump stopped
165:01 40.38 301 1 301 4.00



69~

4 [ & 2 8 S 10
15103 40.40(?)303 3 101  4.02(7)
15304 39.81 304 4 7%  3.43
15208 39.45 305 § 61 3,07
15106 39,56 306 6 51  3.17
15 :08 39,72(?)308 8 8.5 3.34(?)
15310 39.45 310 10 31.0 3.07
15811 39.27 311 11 28,27 2.89
15312 39.18 312 12 26,00 2.80
15513 39.16 313 13 24,07 2,78
15115 38,91 315 15 21,00 2,53
15817 38.68 317 17 18.65 2.30
15320 39.06(?)320 20 16.00 2.68(?)
15325 38,72 325 25 13,00 2.34
15 126 38.66 326 26 12.54 2.28
15127 38.63 327 27 12.11 2.25
15:30 38.63 330 30 11.00 2.28
15131 38.62 331 31 10.68 2.24
15234 38.60 334 24 9.82 2.22
15136 38.50 336 36 9.33 2.21
15140 38.40 340 40 8.50 2.02
15342 38,11 342 42 8.14 1.73
15145 37.84 345 45 7.67 1.46
15 148 37.72 348 48 7.25 1,34
15180 37.63 350 50 7.00 1,25
15 852 37.58 352 52 6.79 1.20
15158 37.54 355 55 6.45 1.16
15 158 37.852 358 58 6.17 1.14
161300 37.50 360 60 6.00 1.12



. 2 B | 4 85 6 y B o J_Q
16105 37.47 365 65 5.62 1.09
16110 - 37.42 370 70 5.29 1,04
1615 a7.42 375 75 5.00 1.04
16120 37.40 380 80 4.75 1.02
16125 37.36 385 85 4.53 0,98
16130 a7.28 390 90 4.33 0.87
16135 37.12 3905 95 4.16 0.74
16 140 37,06 400 100 4.00 0.68
16145 37.08 405 108  3.81 0.65
16150  37.00 410 110 3.73 0.62
16155 36.98 415 118 3.61 0,60
17100 36,87 420 120 . 3,80 0,49
17105 36,84 425 125 3.40 0.46
17110 36,80 430 130 3.31 0.42
17115 26.76 435 138 3.22 0,38
17120 36.72 440 140 3.14 0,34
17125 36.68 445 145 '3.07 0.30
17130 36.56 450 150 3,00 0.18
17135 36.52 456 155 2.94 0,14
17140 36.48 460 160 2,88 0.10
17145 36.42 465 165 2.82 0.04
17150 36.39 470 170 2.76 0.01
17185 36.38 475 175 2.71 0.00
4, CBRI 17-10-63 09153 09.89 All values of water
Tabevell 0989  09.89 s b
(Er0) point which is
10200 Pump started; 2.42 ft, sbove land

et apcnenee M.

10302 21.59



h”l-

o 5
10204 21,98
10108 22,285
10t08 22,43
10210 22.44
10113 22,79
10115 22,80
10117 22,96
10119 22,99
10121 23,01
10123 23,10
10325 23,19
10227 23,20
10129 23,29
10132 23.38
10135 23,53
10341 23,59
10,44 23.60
10247 23,67
10150 23,68
10156 23,72
11200 23,92
11:08 23,97
11115 24 .00
11320 24,10
11130 24.15
11140 24,28
11150 24,35
12400 24 .41



= 4 5 a 7 8 9

12110 24,45

12120 24,54

12130 24,61

1240 24,60

12150 24,60

13100 24,68

13110 24,68

13120 24,70

13130 24,75

13140 24,78

13150 24,80

14100 24,80

14110 24,69

14120 24,78

14 130 24,83

14240 24,84

14155 24,85

14 159 24,95

15100 Pump stopped

15101 13.56 301 1 301 3.66
15202 12,80 302 2 151 2.91
15103 12,84 303 3 101 2,98
15104 12.57 304 4 7% 2.68
15108 12,44 306 5 61 2.55
15106 12.34 306 6 51 2.48
15307 12.18 307 7 43,85 2,29
15108 12,10 308 8 38.50 2.21
15109 11.90 3090 9 34.33 2.01



Il

4 3 il 2 8 9 10
15811 1.8 311 11 28,02 1.96
15112 11,79 312 12 26.00 1.90
15 113 11.80 313 13 24.07 1.91
15114 11,77 314 14 22,41 1.88
15115 11,60 315 15 21,00 1,80
15116 11.65 316 16 19.75 1.76
15118 11.64 318 18 17.68 1.78
15120 11,85 320 20 16,00 1.66
15122 11,50 322 22 15.54 1.61
15124 11.45 324 24 13.80 1.56
15 126 11.40 326 26 12.54 1.51
1528 11.38 328 28 11.71 1.49
15 132 11.25 332 32 10.37 1.36
1534 11,15 334 34 9.82 1.26
15136 11.15 336 36 9.33 1.26
15138 11.10 338 38 8.89 1.21
15 440 11.05 340 40 8.80 1,16
1542 11,04 342 42 8.38 1.15
15 45 11,03 345 45 7.66 1.14
15 147 11,02 347 47 7.44 1,13
1549 11,00 349 49 7.39 1.11
15151 11,00 351 51 6.88 1.11
15155 10,98 356 55 6.45 1,00
15157 10,00 357 57 6.26 1.01
16 200 10,89 360 €0 6,00 1,00
16105 10,87 365 €5 5.61 0,98
16110 10,84 370 70 6.28 0.96
16115 10,78 375 75 5.00 0,89



b N 2. <] 4 2. g i . 8. 20
16320 10,78 380 80 4,7 0.86
16125 10.64 385 88 4,52 0,78
16130 10,63 390 90 4.33 0.74
1613386 10,61 395 ©5 4.14 0,72
1640 10,60 400 100 4,00 0,71
16 485 10,51 408 105 3.8 0,62
16150 10,60 410 110 3.72 0,61
16158 10,48 415 115 3.60 0.59
17102 10,47 422 122 3.45 0,58
17210 10,40 430 130 3.30 0.51
17118 10,39 435 135 3.22 0,50
17120 10,36 440 140 3,14 0.47
17325 10,31 445 145 3.06 0.42
17:30 10,33 460 150 3.00 0.44
6. State 28th 11318 23,86 =~ - - « All values
Tubewell Dec. of water
l'ooz’. 1964 11348 29.86 level are
Bhagvan=- vith ref-
Ey 12300 Pump started - constant erence to
rkee, discharge 694 USGPM, the Mgasur
Group 'i.a oint
12110 46.49 is
0.80 rt.
12122 47.90 above land
surface,
12340 48.60
13:03~ 49.24
13:26 49,65
1345 49.80
1413185 50,09
“ 14 45 49.60(7)
15217 50,18
15349 50,74
161318 50.84



~75-

| 4. .1 10
17200 51.36
171322 51,38
17151 §1,34(?)
18115 51,54
18340 51,34
19208 52,04
20107 52,18
20133 . 52,44
21:00 52,87 f
21330 52,38
22300 52,46
22135 52,60
23300 52,90
23137 53,00

29th 01315 63.02

1968’ 02100 53.14
028438 53.28
03:00 53.28
03 :30 53.40(?)
0345 §3.32
04 130 53,30
05330 53.22
05 240 53,24
06118 53.45
06325 53,17
06 240 53,24
07200 53,35
07:35 53.36
08115 52.94 7



=-76=

A4 S (-1 4 8 2 10
09100  52,39(?)
09339 53.29
09151 53.32 -
10300 Pump stopped
10302 35.62 1522 2 661 11.76 shallowlvcll-
' Plate
10103 35,08 1223 3 441 11,22 No. 1113 300 feet
due East of the we
10104 34,62 1204 4 331 10,76 did not react te
pumping in the
10306 34,01 1226 6 221 10.16 mped well (State
bewvell NO.B)
103208330 33.42 1528,58.8 156.2 9.56 for the entire
riod of testing;
10811 33,00 1391 11 121 9,14 tails of the
shallovw well are
101185 32,46 1535 15 89 8,60 iim under
ppendix No.l,
10:20 31.98 1540 20 67 8.12
10125 31,59 1345 25 863.8 7.73
10,30 31.27 1350 30 45.0 7.41
10.35 31,00 1386 36 38.6 7.4
10140 30,77 1360 40 34,0 6.91
10150 30,39 1370 50 27.4 6.53
11:00 30,06 1380 60 23,0 6.20
11210 20,79 1390 70 19.8 65.93
11321 29,51 1401 81 17.3 5.65
11330 290,34 1410 90 15,6 §5.48
11345 29,08 1425 105 13.4 5.19
12100 28,83 1440 120 12,0 4.93
121320 28,52 1460 140 10.4 4.66
12340 28.20 1480 160 10,1 4.34
13101 28.04 1501 181 8.3 4,18
13:22 27.82 1522 202 7.5 3.96
1341 27 .65 1541 221 7.0 3.7



1 2. —a. 4 A SRR a9 10
14302 27.47 1562 242 6.4 3.61
14330 27.27 1590 270 6.8 3.41
1500 27,07 1620 300 6S5.4 3.21
15132 26.87 1652 332 6,0 3.01
16301 26,72 1681 361 4.6 2.76
161456 26.562 1725 405 4.2 2,66

17131 26,32 1771 451 3.9 2.46
18115 26,15 1815 495 3.6 2.29
1902 26,00 1862 542 3.4 2.14
20501 25,84 1921 601 3.1 1.98
21300 25.67 1980 660 3.0 1.81
22100 25,62 2040 720 2.8 1.66
23100 25.38 2100 780 2.7 1.52

ggﬂl 00100 25.25 2160 840 2.5 1.39
< C
1964 01100 25.12 2220 900 2.4 1.26
02300 25.02 2280 960 2.3 1.16
04100 24,80 2400 1080 2.2 - 0.94
06100 24.65 2520 1200 2.1 0.79
08:00 24.561 2640 1320 2.0 0.68
08:20 24.49 2660 1340 1.9 0,63
6. State 24th 09306 46.30 - - - All values of
Tube- Bept. vater level are
vell 1964, 00832 46,32 with reference
Nods to the messuring
Landh- 09135 46.32 t which is
auraj «50 ft, above
Roorkee 09356 46.32 land surface.
—— 0100 tarted
1 mp s
dischargo 89& (“SGPI.
10827 54.15
10333 54,40

10352 54.50



13308
13892
13323
13130
13355
14:20
14350
15320
15340
16300
16:15
16130
17300
17320
17:34
17345
18110
18346
19108
19330

20100
21110

54,50
54.65
5§5.28
54.65
54,50
54,65
54,70
54.70
54.60
83.60

Since the test has

been taken on the

well with the per-

manently installed

electrical driven

Hu‘ the voltage
ctantin&n t.::

partly reflec

on the disch

and wvater levels,



2 4 5 £ 2 8. 2 10
22:00 53,93
23308 54,13
26.9.64 24300) Readings could
to ) not be taken as
07130) the electric
sounder was not
functioning
| satisfactorily,
0780 85,08
0808 §55.20
08130 §55.21

09100 Pump stopped.

09101215 48,03 1381.25 1,25 1106 1.71
09102130 47.82 1382,80 2,50 553 1.80
09104 47.66 1384 4.0 346 1.34
09106 47,51 138 6.0 231 1.19
09108 47,42 1388 8.0 173,5 1.10
09110 47,35 1390 10,0 139,0 1.03
09:12 47,27 1392 12,0 116.0 0.95
09314 47.22 1394 14.0 99.5 0,90
09117 47.15 1397 17,0 82.1 0.83
09120  47.09 1400 20.0 70.0 0,77

09328 47.01 1406 25 56,2 0,69
09130 46,95 1410 30 47.0 0,63
091356 46.88 1415 35 40.4 0.56
09340 46.84 1420 40 35.5 0.52
09180 46.76 1430 &0 28.6 0.44
10:00 46.69 1440 60 24.0 0.37
10310 46.64 1450 70 20,7 0.32
10320 46.59 1460 80 18.2 0,27
10130 46.55 1470 90 16.3 0.23



«80=

2 a4 3 £ 2 T 10

10145 46.50 1485 105 14.1 0,18

11300 46.45 1500 120 12.5 0.13

11315 46.42 1515 135 11.2 0.10

11:30 46.39 1530 180 10.2 0,07

11345 46.35 1545 165 9.4 0,03

12300 46.33 1560 180 8.7 0.01

12318 46,31 1575 198 8.1 0,01 Tubewell
surroundings
vater logged
due to ex-

ceasive rain,

; ok cias
ROORKEE AR

Observation Well 47 ft. in N 195° to State Tubewell
No.4 (Discharging well), Landhsura, Roorkee Group.
Notgt- Observation tubewell similates the

Dischaorgigg well in the screened zones.
r =
Water Level Prior te
Pumping : 44.59 feet
below measuring point

47 feety

vhich 18 0.50 feet
above land surface.



«8l=-

"Tfime since pumping' Drawdown in Recovery in 2/t
] !l'l. ]

[ ]
Date :llnr observation 'Observation

L] 1 L ] t '
. - ' well(in ft.))Well (in ft) |TFeet=/day)
9% | a L] 4 ‘i L " | ) ‘
=3 6
24-0-64 1000 hrs. 7 4.8x 10 2.15 = 4.54 x 10
Pamp -3 6
started 11 7.6 x 10 2.31 - 2,89 x 10
on the -2 8
u'Ch&r 1‘ 1.1 b 4 10 20” - 1.’8 X 10
=ing w -2 5
26 1.8x 10 2.61 - l.22 x lg
-2
31 2.1x10 2.71 - 1.02 x 10
-2 ' 4
3 24x 1.08 2.75 - 9.08 x 12
2.7 b 4 108 2081 - 7.“ x 12
“ 3.1 b 4 108 2.35’ - 7.06 b 4 12
50 34 x 12! 2.89 = 6.36 x 12
60 ‘01 x 128 2.“ - 5.30 b 4 12
70 4.8x ].0’2 3.06 - 4,50 x 12
80 6.5x 122 3.13 = 3.97 x 12
90 6.2x 108 - 3.16 - 3.53 x 12
130 9.0x 10 3.28 = 2.44 x 12
-1
150 1.0x 101 3.32 - 2.12 x 12
170 l.1x 191 3.39 - 1.87 x 12
130 108 b 4 10 3040 - 1.76 b 4 12
-1
210 1l4 x 101 3.39 = 1.51 x 12
240 1.6 x 101 340 = 1.32 x 12
270 1.8 x 101 3.42 - 1.17 x 10
- a
300 2.0x 101 3.47 - 1.06 x 12
3156 2.1x 10 3.48 = 1.01 x 10
345 2.3 x 101 3.45 - 9.22 x 10
- 3
366 2.86x 10 3.48 = 8.71 x 10
> 3
390 2.7x 10 3.47 = 8.15 x 10



1 " 3 -4 8 £i.

2.9 x 15 3.50 - 7.57 x 13

450 3.1 x 151 3.52 o 7.08 x 1(33

480 3.3 x 131 3.53 - 6.62 x 13

540 3.,7x 131 3.57 = 5.89 x 13

§70 3.9 x 131 3.57 - 5.88 x 1(3)

600 4,1 x 161 3.56 - 5,30 x 1(3)

G35 4.4 x 16 3,58 = 5.00 x lg

720 4.9 x 181 3.53 - 4.41 x 13

780 5.4 x 161 3.49 - 4.07 x lg

900 6.2 x 151 3.49 - 3.53 x 13

-4 ’
25.9.64 Pumping 1 6.96x 10 = 1.25 18 X

::” sS 2 139 x 158 - 1.56 1.59 x 10

m 3 2,00 x 133 - 1.73 1.06 x 10
09:00 hrs. -3

4 2,7 x 10 - 1.83 7.96 x 10

5 3Msx10 - 1.91 6.36 x 10

6 4.17 x 153 - 2,00 5.30 x :I.g

8 B6.857 x 153 = 2.08 3.97 x lg

9 6.26 x 10-3 - 2.15 3.53 x lg

10 6.96 x 153 - 2.19 3.18 x lg

11 7.64 x 153 e 2.25 2.89 x 13

12 8,33 x 133 = 2.28 2.65 x lg

13 9.02 x 1§: - :2.31 2444 x 1§

15 1.04 x 10 = 2,37 2.12 x 10

16 l.11 x 152 = 2.40 1.98 x lg

17 1.18 x 152 - 2.43 1.87 x lg

18 1.268 x 15-: = 2.45 1.76 x l.'g

19 1.31 x 1?-8 = 2.49 1.67 x lg

20 1.38 x 10 - 2.80 1.59 x 10



PLATE N2 XVIT

SEMI~LOG PLOT (t/f VERSUS 8) OF PUMP TEST
DATA FOR MILITARY FIELD WORKS AREA WELL;

ROORKEE
< '
L
2
2
8 T - 264 0
S :
- :
%ﬂ = 2GA4x448
W D:7as
n
Z - 1,63,000 USGPB/Ft.
-
4 /
3
o
w -
ul 'Y
74 _ 0
. ¥
; o
- W
q

lO' tl.),tl' 'oa




PLATE N2

DRAW DOWN (S) (IN FEET)

RESIDUAL

|
[

SEMI-LOG PLOT(*-/t'VERsus 8) OF PUMP TEST
DATA FOR ROORKEE UNIVERSITY (E.T.0.) WELL;
ROORKEE.

T =264%X Q
aAS

=2 64 X726
T 1ee
=1,57, 000 (USGPD/Ft.) -

AS' 1-22 Fr.

jo! b/, 10




PLATE NeXIX

2

T |
(] ol
' RESIDUAL DRAW DOwWN (S)

T
LS

(N FEET)

SEME~LOG PLOT(t/L'VERSUS 8) OF PUMP TEST
DATA FOR C BB ol WELL  CELT B

ROORKEE

T - 264 G
AS

2 64 X876
t-60

1, 44, 500 (US) GPD/Ft.

[l

\

AS' 1:60 Fr,

10' b/

0%




|
7]

(1N FEET.)

l
H

(s

w
DRAW DOWN

5

RESIDUAL

-

I {

SEMI-LOG PLOT (tA& VERSUS 8) OF PUMP TEST DATA FOR
MILITARY ENGINEERING SERVICES WELL, (E.T.0)

ROORKEE.

-4
f

264 XA Q
AS

264x%x659
2:85

© = 6,000 (US) GPD/Fy.

AS'=2-85 Fr.

102

PLATE N2 XX




PLATE N2 XX
T . ]
SEMI-LOG PLOT (Y4 VERSUS 8) OF PUMP TEST DATA
FOR STATE TUBEWELL N229,BHAGWANPUR,
R OO RKEE.

1 / 2
T E T= 264xQ / :

b 4s' w
—10 Z = 264XG94 = 46,410 USGPD/Fr, EX =

P 3 ‘ ©
e Ko = 264 2294 = 34,500 USGPD/Fr. / L

5:30 )]

z T (AVERAGE) =40,500 USGPD/Fr. —~ 4
3 /// |
_7 % /// .

&
&

] z a4 r
e o

2 a
4 0N n

("] "

¢4 i
S e
| 2 A

10! t/t) Ioz




PLATE N2 XXII

T

|
RESIDUAL DRAWDOWN (IN FEET)

™

&

°
w,

SEMI- LOG

T= 264x Q.
Al

= 264X590

0:825

| P

PLOT (t/¢ VERSUS &') OF PUMP TEST DATA FOR
STATE TUBEWELL N4, LANDHAURA (ROORKEE)

=1,88,800 (U.5)GPD/Fr,

AS'= 0825

1o’ ta 10?




DRAWDOWN (IN FEET)

a

“

tid

-

PLTATE N2 XX

T T T

SEMI-LOG PLOT (TIME VERSUS DRAWDOWN) OF PUMP TEST
DATA. FOR OBSERVATION WELL CLOSE TO STATE TUBEWELL
N24, LANDHAURA ROORKEE.

$= 0:'3 Tt T = 1,75,800 (us) GPD/Fy,
¥ 10 = 2.6 x 10-5 DAYS.
r = 47 FEET.
=0:3X175,800 X2:6 x10->
47 X 47
= 6-21x10"%

T =2G4%Q
HLLRE

aAS =
= 2 84%590

0-525

? = 1,75,800 (u.8.)GPD/Fr,
AS' 0:925 Fr. R
.
/I/ i l |

10° - 10-3 0% 10-!

to z2-6x10-5 ddys,
TIME  SINCE PUMPING BEGAN, 1t DpAYs.



2 2 - -4 -1 - z
22 1.52x 10 - 2.54 l.44 x 10
24 1.67 x 162 - 2.587 1,32 x lg
30 2,09 x 162 = 2,68 1,06 x 13
40 2,78 x 188 = 2.79 7,95 x ig
50 3.48 x 162 = 2,88 6.36 x 164)
60 4.17 x 152 - 2,95 5.30 x 13
78 Baax100 - 3.04 4.07 x 10
00 6.96x10 - 3.13 3.18 x 10
120 8.33 x 1§: = 3.19 2,65 x 1§
150 1.02 x 121 = 3.27 2.12 x 12
180 1.25 x 10 - 3.33 1.76 x 10
Except for the test data of well no.4, Landhaura
(Roorkee), the rest of the hydrological data were
subjected to snalysis by modified Thsis recovery
method. The formation constants were derived by
other methods using the observation well data at
Landhaura. The details of calculation are fur-
nisheé below.
al The values of transmissibility for the alluvial
aquifers as obtained by the application of modi-
fied Theis formila are recorded on the leogeplots
t/t' versus s' (Plates XVII to XXIII). The results
are summarised under Table No.ll. The implications
regarding the disposition of the curves are further
discussed in the following pages.
b) The tramsmissibility and storage coefficients of

the alluvial aquifers close to Landhaura Village
are computed as followst
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11)

Drawdovn measured in the observation well was plotted
against 't' time since pumping began in days, (duration)
on a semi-log graph. Time in days for zero draw down,
‘to'y was obtained by extending the straight line graph
to cut the time axis (Plate No.XXIII), The transmissi-
bility is computed from equation No.(vii) and the storage
coefficient is derived from equation No.(viil) statsd

earlier,
= 1,76,800 USGPD/ft.
=  03T%g 8 m_x.zg,,m‘;_a.n.z_mf
2 =
= 6.21 x 10

The observation well data are also plotted against time
since pumping began in days on a semi-log paper (Chow's
Method - Plate No ,XXIV and XXV). The data in table

No.9 are utilised to bring out the graph. A tangent

is drawn to the curve at an arbitrary poimnt 'A' to
determine Ah, in feet per log cycle of time. F(u) was
computed using equation No.(ix) stated earlier. From the
plot t = 4.4:132:!:3", s = 3,00 ft. and Ah = 0,925 ft,

r(n)-uzi_n = m = 3.24

From Chows type curve (Plate No.XXIV):

u = 0.0002
W(n) = 7.80
T = H w(u)
= 114.6 x 590 x 7.80

3.00

— . P s Fv93 N Avas 2as a
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8 o ut T
1.87 rn
-2
= 0.0002 x 1,75,800 x 4.4 x 10
1.87 x 47 x 47
=  0,000374

= 3.74 x 18‘ ;

By utilising the hydrological test data of Table Fo.9,
the Theis method of superposition for the formation
constants was resorted to by plotting the values of 's'
versus'ro/t ' on the logarithmie paper both for the
recovery and the drawdown observations (Plate Nos.XXVII
and XXVIII). The recovery and drawdown plots are super-
posed on the type curve (Plate No.XXVI) and on each
coincident segment mateoh points A and A' are selected.
Outside the coincident segment also aré mateh point is
taken sn each curve (B and B') to average out the computed
value of 'S', The values for mateh points A and B (draw
down) are s = 3,30, oA = 8x1%

u = 3,35 x 156, W(u) = 9,80 and s = 1,05,

-5
ra/‘l:t 4:104 sy W =6x10, ¥ (w) = 3.0
_ respectively.
Thus from the equation (v) and (vi).
For Point A:

T = 114.68 win)
8}
= w x 9,80
3.30

=  2,00,800 (US)GPD/rt,

A v~ - T
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SEMI- LOG PLOT (TIME VERSUS DRAWDOWN) FOR SOLUTION OF
NON- EQUILIBRIUM EQUATION BY CHOWS ME THOD;
OBSERVATION WELL, LANDHAURA (ROORKEE)

= 44 X10-2DAY
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S =MTt _0:0002X175800X4-4%15>
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0.5 puad P
: 0:000374, -
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TIME SINCE _PUMPING
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PLATE N2 XXVT *
LOGARITHIMIC PLOT OF W VERSUS W(U) THEIS TYPE CURVE
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PLATE N2 XXVI

LOGARITHIMIC GRAPH OF DRAWDOWN OF WATERLEVEL

IN WELL N2 4, LANDHAURA (ROORKEE)
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PLATE N2XXVIT

LOGARITHIMIC GRAPH OF RECOVERY OF WATERLEVEL IN
WELL N24, LANDHAURA (ROORKEE)

FIG. N8 13

TRACE OF THE TYPE CURVE
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-5
= 3,36 x 10 x 2,00,800
1.87:3:10‘

= 0.0&11”
e |
or 1l.20x 10
For Point B:

T = 1468 wla)
3

= 4.6 x 500 x 3.0
1.08

= 1,93,200 (US) GPD/ft.

8 = I
1.87 Ps
-5
» £2.10 x 1,093,200
1.87 x 4 x 10‘

=4
= 1.56 x 10

The values for mateh points A' and B' (recovery) are
s' =3.15, 2A' = 3x10%, .uﬂa.wxlaa 9
win) = 9.70 and ' = 1.35, 2/ =1 x 10°,

u=5x 10, wviu) = 4,60 respectively.

For Point A':

T = m'g_q wiu)
s

= 114.6 x 520 x 9,70

3.15
= 2,08,000 (US) GPD/ry,
8 = nlt.

1.87 g2
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= 3.65 x 10-6 x 2,08,000
1.87 x 3 x 107

= 0.000135

or 1.3 x 10-‘

'

= 114.6x 590 x 4.60

1,35

=  2,30,400 (US)GPD/r¢,

8 = plg!
1.87 r2
-
= 8x 10 x 2,230,400
1.87 x 10°

-4
= 0.62 x 10

The average of the above values (A,A', B end B' mateh points)
give the T and S values for the alluvial formations around

Landhaura by Theis method.
T = a,oe.aoo_‘ms)upn/rt.
S = 1l.16 x 10

1v)  ¥he field permeabilities of the alluvial formations in
the area have been determined by the application of the
simple relationship ﬁotwm transmissibility, thickness
of the aquifer and the field permeability (Pe)e This

relationship is expressed as
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P = T/m ('m' 1s the thickmess of the aquifer

in feet and T is the transmissibility

of the agquifer in gpd/ft.).
Since the transmissibilities of the alluvial aquifers as
obtained from pump test analysis represent essentially
the ﬁluu for the aquifers cereened in the wells, in a
cumlative manner the field perameability values are
computed by applying the above formula where 'm' is the
sereened thickness of the agquifers in the wells. The

permeability values at the six sites tested in the region

are given below:

LHE ALLUVI
ROORKEE AREAS

8y '

No.

‘Transmissibility ' Thickness 'Field Permesbi-

Well Location' USGPD/ft, ' of the '1ity of the

'(as computed from' aquifer : fers
‘the pumped well ° durnnaa '(US gpd/sq.ft.)
data -

: n ft.) :

- b 3 . - | . 4 . - -1
1. Roorkee Milit 1,63,000 110 480
Fleld Vorks Ares e "

Site

2. Roorkee University  1,57,000 150 1,040
Site

3. Mli Cantonement 61,000 100 @10
(ngs‘:{{o,- Roorkee ;

4. C.B.R.I, Premises, 1,45,000 110 1,310

11l Roorkee

6. State Tube Yo 1,83,000 100 1,830
Lndhmn.ggtu:g' o :

6. State Tubewell No. 40,500 80 ' 510

(Roorkee)

The field permeabilities of the aquifers in general
vary from 500 to 1850 (US) GPD/Sq.ft.
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A summary of the results of pump tests is given
in the folang Table No.ll.

e) Theis non-equilibrium
1tbod. -h
1) Drawdown(average) 1,97,00  1.37x10

TABLE NO.11,
sl » ,Date and ,Duration Mumber of 'Rate of
No. 'Test Well 'time of ' ef 'observat- 'pulgi.n’
e :Tut (in hrs) :&ut ::lon vells ' (USGPM
1 ) 2_ ] L ] j I3 L a
1, Military Fleld 6-9-62 E Nl 443

Works Area (11300 to 14:00) |

’ddl,borkel
2. Roorkee Univer 6-11-62 6 Nl 726

-li.t{ Tubewell (10300 to 15:00)

3. CBRI Tubewell 1(7-10-03 N1 876

(ET0), Roorkee (10200 to 15:00)

4, Mlitary GM%B-M 5 Ml 659

-ment Well 10300 to 15300)

(ET0), Roorkee
6. State Tubewesll -9=-64 23 One 590

No.4,Lendhaura_(10:00 on a.s.u; (‘rubovoll! 37 £t.

(Roorkee Group) ( to avay N %

(09200 on 25.9.64) -uum.-h he
~ pumped well)

6. gta:; Tubewell 1489-12-64 h.tn 2 lﬁ. .uﬁﬂ
[+ 1 Bhagwan~- Noon on ele Shallow open w
g:élbor’ kee t to § 00 ft. away due
p) 10300 on 20-12-64 ?!un not re-

act )o
Thickness  Method of computation Transmissi- Bto.;;r: Pleld Per-
of .the | ' bility ' coeffi-' meabili
equifer : CBsPd/ft.). eient. : (US gpd/sq.f
gcr«rd : : , 8 Pe
a=ek .

7 ) 3 | ] n ] m h J 11
110-  t/t' versus RDD Plot 1,63,000 - 1,480
150 ~do= 1,57,000 - 1,040
lm -do"’ 1,45,@0 - 1’310
100 ~do~- 61,000 - 610
100 a) t/t‘ versus RDD plot 1,83,000 - <4 1,830)

b) to intercept mst (time 1,75,000 6.21x10 1,?80)

versus drawdown semi-log plot )

g .

1,970)



Z ' - 2 10 11
: -4
11) Recovery (average) 2,19, 200 o.smxztgl e,m§
d) Chow's Method 1’75'800 3.74x10 1’758
80 t/t' versus RDD plot 40,500 = 510
*. Averagel

T =  1,84,600 USGPD/ft.
=

8 = 3.70 x 10

P = 1,900 USGPD/Sq.ft.

The speeific capacity of a well 1is eompuﬁod from the yield
and drawdown, measured with reference to a known time of pumping
or after equilibrium conditions are attained and is expressed in
gallons per mimute per foot of drawdown. For wells of equal dia-
metér and efficiency, the specific capacity is directly proport-
ional to the transmissibility of the aquifer. Even if the latter
is ni'ablo, the s)yecifiec capacity affords a rmc)mnbly good chance
to assess the transmissibility of the aquifers.

Specifie capacity computations are made as indicated below
from nearly 44 tubewells especially located west of Solani river
in Roorkee area. Areal differences in speeific capacity of the
~ atluvial aquifers in this region have been mapped (Plate No.XXIV).
This 1s almost a new attempt and can be applied in many other
areas of the CGangetic alluvium vhere control on such-data exists.

Quite a mumber of State owned tubewells have been sunk west
of Solani river. These tubewells are designed and developed
roughly in the same pattern (i.e. using reverse rotary method
of drilling, gravel packing the wells with slotted pipe assembly



PLATE N2 XXIX

MAP SHOWING THE AREAL DISTRIBUTION OF SPECIFIC CAPACITIES OF

THE ALLUVIAL AQUIFERS IN, ROORKEE AREA
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ete.), Following the development operation at each well a yleld
test was run for nearly 72 hours when the rated capaecity of the
tubewell and its drawdown performance were recorded. This data
helped in the computations of the specific capacity at each well
site, This data has been further supplemented with the specific
capacity data obtained for the wells constructed and tested by
the Exploratory Tubewells Organisation in and around Roorkee town
(Table No,IXj Serial Nos. 41 - 44),

TABLE NO.12,
SP PACITY VALUES D S WE LS
[N _AND AROUN Lok TOWN

81, ! Roorkee Group ' Loeation I Specific capacity
No. ) State Tubewell ' (Village) ' gpm/ft. D.D. as

, Mauber < , arrived from yleld-

- x : diu::go test of the

- M. 2 . 3 o 4

I 1 Paniala 12
2, 2 Latherdeva Shekh 21
3. 5 Landhaura 45
4, 13 -do=- 49
5. 20 =do= . 82
6. 16 -dp- 47
7. 18 ~do=- 49
8. 21 ~do=- 82
18 8 ~do= 64
10, 9 =do=- 87
11, ? ~do= 59
12, 17 -do= 74

13, 12 =do= 35
1‘. 10 =dO=- 81
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e i - a 4
15. 11 Landhaura 70
16. 14 -do=- 49
17. 15 -do- 62
- 18, 4 Nagla 42
19, 36 Jaberhera 21
20, a7 ~do= 27
21. 41 ~do=- 36
22. 39 -do- 26
23, 46 Nauhera 27
24, 40 Jaberhera 25
2s. 24 Sal empur 26
26, 32 Bhagwanpur 23
27. 22 =do=- 65
28, 38 Jaberhera 25
29, 26 Bhagwanpup 46
30. & Igbalpur 33
3l. 28 Roorkee (Group) 23
3z, 31 ~do- 19
a3. 35 ~do- 24
34, 23 ~-do- 37
35, 42 Jaberhera 31
36. 43 Chudiala 33
37. a7 Bhagwanpur
38, 29 ~do= 25
39, 30 Maudawan 35
40, 45 Jaberhera Kalan 23
41, CBRI Well Roorkee 48
Roorkee(Er0)
42. University «d0= 40



1 2 3 4

43, Mlitary Roorkee 32
Cantonement
Well (ETO)

44, Mlitary -do= A
Fleld Vorks
well (BTO)

The specific capacity values of the last four wells #
(Serial Nos. 41-44) are based on the aquifer performance test
data (Table No.8). The values represent the specific eapacity
for three to five hours of pumping. Similay values for va:ious
discharges of the well have been computed from the Step-drawdown
tests and discussed at a later stage.

WELL CHARACTERISTICSS

Well characteristics such as well losses, formation or
aquifer losses and entrance velocities are arrived at from the
analysis of the Stesdrawdown tests. Well losses 'mally re-
present the loss in head which occurs in the immediate vieinity
of a well, It is caused by the flow through well screens and
also by flow inside the well casing to the pump 1ntokl£3‘)'l‘b-
formation losses are related to the loss of head from that great
digtange vhere the draw-down is megligible upto the face of the
n:(.:f?')m former is closely associated with turbulent flow and
the latter to the laminar flow. The entrance velocities are treat-
ed under this chapter as a ratio between the rate of flow through
the pumped well to that of the working area of the screen.

The Step~-tests (or yleld-drawdown tests) were conducted
in the field on four productive wells (CBRI, University, MBS
and Military Field Works area tubewells). During these tests,
the various drawdowns against noted discharge and RPM were re-
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eorded. Each step was normally run for an hour and four to
five similar steps were conducted to complete the test. These
data were further utilised for computing the speeifiec capacities
of the wells at various rates of pumping. The data on the
step-drawdown tests nré recorded belows

YDuration 'Discharge  Maximm ?m:ltie b
Date :on indiv '(US)GPM ,dravdown capacity 'Remarks
idual ' for the (in GPM/ |

] 1 ] 1 1
,Step : 'l(tl) 1.1‘t. DD. :
l 2: | j | ] —“ ¥ l i ) -! 3 7
1, Military 5-0-62 10130 to 320 5.45 58.71 Specifie Cap
Field 11:00 hrs acity for
Works Area 30 mts of
Tubewell ‘ pumping,
Roorkee
11300 to 340 6.14 56.39 BSpecific Cap
11345 hrs. acity for
45 mts of
pumping.
11345 to 390 7.18 54,54 Specific Cap
12:18 hrs, acity for
30 mts of
pumping.
12115 to 444 8.30 53,72 ~do=-
1245 hrs
12345 to 474 9.06 52,32 -do=-
13715 hrs
2. Roorkee 5.11.62 1145 to 508 7.65  66.40 Specific Cap
University 12348 hrs acity for
%‘g;\)nu 60 mts of
Roorkee _ PR
12345 to 578 8.91 64.87 <~do-
13348 hrs
13348 to 728 11.48 63.24 <~do-
14345 hrs
1545 hrs
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1 3 4 5 8 2
15345 to 898 15.81 56,61 Speecific Cap:
16345 hrs acity for
60 minutes
of pumping.
16345 ¢o 1001 18.23 54.91 Specifie Cap.
17316 hrs acity for
30 minutes o!
pumping.

3. CBRI Tube 15-10-6300:20 to 699 10.54 66,31 Specifie Cap-
well (ETO), 10320 hrs acity for
Roorkee 60 mts of

pumping.
10:20 to 744 11.40 65.24 ~do-
11320 hrs -
11:20 to 825 13.32 61.94 ~do-
12320 hrs
12:20 to 876 14 .46 60,57 «do-
13120 hrs
13320 to 219 15.59 56.30 GSpecific Cap-
14:00 hrs acity for
3 40 mts of
pumping.

4, Mlitary 17-12-6314%08 to 423 9.37 45,14 Specific Cap-
Cantone- 1523086 hrs acity for
vell (&r0 vl Bl
we ®
m*e‘. < " -

15:05 to 630 12.91 41,068 -do=-
16305 hrs
16:06 to 620 15.58 39.80 <do-
17305 hrs
17305 to 692 .18.21 38.89 Specific Cap=
18300 hrs acity for
55 mts of
pumping.,
18:00 to 703 18.69 37.61 Specific Cap-
18:30 hrs acity for
30 mts of

pumping.
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Under this study, well losses have been computed by the
derivation of the well loss coefficient or constant by the appli-
eation of both graphical and empirical methods. The procedure
mfopted on the empirical basis is given in the following equations,
The Rorabaugh nthoga agf well loss evaluation was not attempted in
view of the elaborate procedure and absence of large range of
pumping rates. An equation representing the approximate well loss
vea iR 39 JNSD 68" Seiiomn:

sv = cq2 see (x)
Where sw = Well loss in ft,
c = Well loss constant, in u\u’z/t"l:.5
(empirical).
Q = Discharge, in cubic feet per second (Cfs).

The value of C in the above equation may be computed by
using the step-test data in the following equation.

¢ = . (Os1/A01) o (Aal=1/AQ121) o0 (xd)

AQL -1 +AQ1
The \s and AQ terms are the incremental drawdova and
discharges in the rate of pumping. The same equation may be
re-written s follows for any step-drawdown “.EB )

Cc = A A - A A see (211)
EWN

The equation speaks for the 1 and 2 steps. Similarly,
the same can be written for further steps. The commonly used
dismensions of As amd N\Q are feet and cubic feet per second
respectively. When the well loss constant is known, well loss
can be computed for any particular pumping rate from equation
No.(x).

The step-drawdown test data (Table No,13) for the wells tested
close to Roorkee town are further subjected to above analysis. The
results pertaining to the constants (C) and well losses (sw) are
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given below (Table No,14). Care has also been takem teo
see that steps of same duration of time are used for the

computation of the constants.

TABLE NO.14,

58 DATA FOR TESTED (STEP.TEST) WELLS
ROORKEE BASED ON THE APPLICATION OF
: EMPIRICAL FORMULAS

81, " C Velnes Sec2/f3.Bliver|C Val Dischy sv g Draw- Well
llo.: :01 'cn Ca ,Cq “3' ,-us ':um, (C.Q? down 'loss
, testea - s : W  Laken st in)“ : expre

0 well ] ] (N ] ] L lf“ ] c ln- t 'l.‘i

: . : : e ’llllm"nluo' ,yalue  perce

] [} : ] ls..st.l.‘-l t.kml |t.k- |-tu.

: [ ] 1 ? ] ./ﬂ lm lf” L ] lror O(‘ '“

[ ] 0 1 L i L ] ] ’f .‘u“' l.dm { ]

8w _=lat- lation

1 ] ] ] { ] T L] Iion L ] .(i‘ ]

] [ ] { | ] ] L L ] | ] ] | ] | ]
in ft.)

] ] ] | ] 1 T lm. ] ] [ ]

[ ] { ] | ] [ ] { ] 1 .'Q') [ ] ] [}

] ] ] L ] ] ] ] ] { ] ] { ]
_Lr a ] 3 L ] L1 [ { ] e ¥ [ ) | J: g | a L ] 10 -3!_ | | n-:
1, Mlitary 6.00 Nega- 17.05 - 11,02 5.00 1.04 5.40 7.15 75¢

Field Area tive :

Tubewell, value

Roorkee. .

2. Roorkee 1,27 =-do~- 8.53 Nega 4.90 1.27 1.28 2,08 8,91 m

University tive

Tubewell value

(ET0),

Roorkee., _

3. CBRI 1.64 3.82 Nega = 2.73 1,64 1.65 4.46 11.40 39%
hhg.ll tive :

(ETO s value

Roorkee.

Ly m‘t‘ﬂ 4,73 Nega 8.56 = 6.64 4,73 1.19 6.65 12,91 61’
Cantone~ tive
ment value

» = Since the values of C beyond the first two steps
have indications regarding lack of stability and
full development of the well, it is necessary
to restrict the calculations of 'sw' to values
obtained at lowv pumping rates (i.e. C1).
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The relationship between the well loss and formation loss
1s obvious as the total drawdown inside a pumping or flowing well
is mainly made up of these two components, The same is explained
further through equations in the following pages. The values of
the pump tested (step-test) data were plotted graphically and the
results obtained therelfrom have been inserted in the formilae.

The drawdown at a distance 'r' and time 't' gince the
start of a discharging well at a constant rate is given by
.molﬁ:) |

8 = (2.300/4 T T) log (2.25 Tt/5r%) ... (x111)
vhere 'S' end 'T' are the storage and transmissidility coeffic-
ients of the aquifer, respectively, and 'Q' is the discharge
rate of the well, :

The formation loss can be expressed as an equation utilis-
ing the effective radiuns (rw) in place of (r) in the above equation.
The well loss being €92 (Cf: equation No.X) the drawdown in a
Pumping vell may be expressed as

SV =  (2.30 /4 T T) log (2.25 Te/Sr2W) + @2 ... (xiv)

This equation may be abbrw:latid as followsi~

si = A(t) Q + 2
where A(t) 1s the formation loss coefficient and can also be
expressed ags 'B?

1.0, sW = By + cq2 ess (xv),

By dividing the drawdown by the discharge of the well,
the above equation changes as

g = A(t) + CQ
Q = B+ Q eae (1'1)
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The ratio sW/Q is the apecific drawdown of the well.
Plotting of speeific drawdown of the well against

discharge for several steps (step tests) was attempted (Plates
Nos, XXX A, B, C; D) and the well loss and formation less
coefficients were determined from the slope and intercepts
of the straight line plots.

The results obtained through graphical representation
of the data are tabulated below in Table No. 15,

(For Table No.15; see overleaf)
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: ! ' \ W/10%xm3/d
' . ’ %/ﬂ) '=gient 'for the for the
: : "' v ik first step :ﬁrst step
Becsisiciesasispliieen il 6 2
1. Roorkee 508 2.32 2.76 0.84 )
University 578 2.70 3.13 0.86 )
Tu - 726 3.49 3.96 0.88 ) 0.068 0.656 32
791 3.99 4.32 0.92 ) 1.67 £t.) (7.60 rt.)
Roorkee 896 4.81 4.96 0.98 )
2. CBRI Tube 699 3.20 3.80 0.84 )
well (ETO) 744 3.47 4,04 0.85 ;
Roorkes. 8285 4,05 4,49 0,90 9 ft.) 10.49 ft.)
876 4,40 4,76 O. J
3. Mlitary 423 2.85 2.30 1.23 )
antone~- 530 3.92 2.88 1.36 ) ?.u ?.oo
620 4,74 3.36 1.41 g 1,93 ft) 9.84 ft.)
well (ETO) 692 5.54 3.77 1.46



2. 3 4 8 g 2 2 9 10 11
. W11t I 320 1.65 1.74 0.9¢ )
-+ pid )
Vorks III* 390 2,17 2.11 1.02 g 0.158 0.666 0.47 1.62
Area Iv A48 2.52 2.41 1.04 (1.54 £t.) (5.31 rt.)
Tubewell, V 474 2.75 2.57 1.07 )
Roorkee

Notes~

@ The well losses were calculated with reference td the first lt.:
as it would facilitate eolpmun vith the empirical formula d

(Tchle No.14).

* Second Step has been omitted as
duration of 11:; In all othe
step is 60 &

it does not conform to 30 minutes
other wells the duration of the
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The C and B values on the plets indicate that the formation
loss, or loss of head from a distance at which the water in
the formation is beginning to expand upte the face of the
well, is equal to about 0,656 metres in case of University
. well, 0,525 metres in case of CBRI well and 1,048 metres
in case of Military Cantonement well forevery 1000 cubie
metres per day of flow. Similarly, the well loss, the loss
of head from the face of the well through the perforations
and up the casing to the point of intaske, varying with the
square of the discharge, amounts to 0,088, 0.084 and 0.112
metres for Roorkee University, C.B,R.I. and Military Cantone~
ment wells respectively for each 1000 cubie metres per day,
squared,

The entrance velocity in a water well is defined
as the ratio between the rate of flow through the pumped
well to that of the working or open area of the sereen.
It 1s usually expressed as an equation given below.

e iF | eee (xvii)

Where Vn = entering veloecity of water (metres
per second or feet per second).

Q = pumping rate of flow, (cubic metres
second or cubie rut‘por second), _

Ar = working area of the sereen (square metres
or square feet).

The step-test data of the four wells have been
utilised to compute specially the various rates of entramce
velocities for different discharges. The well in the
Mildtary Fleld Work area could not be covered as the record
showing area of the sereen is not available. The design of
vater wells construeted by the Exploratory Tubewells Organisation
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DESIGN OF WATER-WELLS CONSTRUCTED BY THE E.T.0. IN ROORKEE.
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in Roorkee is given in Plate No ., XXXI. The rest of the data
are tabulated below in Table No.l6.

]

]
1 2 2 y iindd . B
1. Roorkee 1,130 0.0524
University 1.271 20,87 0.0590
Tubewell (ETO) 1.730 0.0820
Mrke.. 1.'07 OQM
2o (@0, Roorkes  1.689, 21.41 00754,

-} . ‘3o . Y
] 1.871 1+ 30} : 0.0853 0-08%WQ

1.977 0.,0918
Gntmnﬁt 1,165 19.80 0,0557
Tubewell (¥T0), 1.342 0.0656
Roorkee. 1.563 0.,0754

It would be worthwhile to recall the statement of
Schoellar in his book on 'Arid Zone Hydrology' where he
emphasised the importance of the aquifer tests as a means
for the evaluation of the hydrogeological parameters in various
rogiolgf‘)hocordlu to him " the ealculation of groundwater
discharge is one of the essential tasks of hydrogeology, but
is impossible to execute unless the permeability, or preferably
the transmissibility, of the aquifers has previously been
ascertained .... however, to measure the permeability of a whole
horizon and not simply of samples, there is no substitute for
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pumping tests on wells or berings". In view of this, the text
of the materlal presented under this chapter deals essentlally with
the analysis of the hydrological tests conducted on the water
vells and their interpretation towards the evaluation of the
hydrological cherracteristiecs.

The obiy %ive of such tests is (1) to determine the
formation contants (11) to determine the characteristics
of the pumping wells and (111) to emable predictions of the
future performsnce of the wells,
a) Confined Natnve of tha Alluwial Aquifarss

It has been said in the previous chapters that based
on the sub-surface lithological correlation charts, the existence
of confined aquifer beds in Reorkee area is not ruled out, Hy-
drological tests, especlally the parameter on the Storativity
(coefficient of storage) reveals the nature of the beds from
the hydrological point of view == confined or free vater table
conditions, It has been stated earlier that the value for the
coefficient of storage for confined aquifers usually ranges from
10 %o 10, The hydrological tests in the region revesl that the
average 'S' value (coefficient of storage) is of the order of
3.70 x 11‘)4 which substantiates the earlier presumption that
confined aquifers do exist in the area at deeper depths apart
from the free water table aquifers close to the land surface,
Apart from this, it has been stated earlier (page 89) that while
conducting the hydrological test on State Tubewell No.29, a clese-
by shallow open well (water table 17 fee%: depth of the well
47 feet below land surface) situated at a distance of 100 yards
from the discharging well did not react to pumping in the main
well for a period of nearly 22 hours. This also supports the
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viev that pumping has been done execlusively on the confined aqui=-
fery in the area and probably the presence of a non-leaky acqui-~
clude or asquicludes in depth prevented the shallow water table
zone to react to pumping, Since most of the hydrological tests
were run on wells sereening aquifers below 100 feet depth, it
may be stated that the water bearing formations encountered below
this depth in this region conform to the elastiec conditions
normally met within the eonﬂ.nzg )nquitor:.

From earlier experience, it has been realised that most
aquifers in mature are not uniform in character and do not conform
to the theorttical assumptions, To judge this, the curves show-
ing the residual drawdown against t/t' and the charting perfor-
mance (time-drawdown) m- help us to interpret the aquifer
conditions in regions where the wells have been tested. When the
curve conformg to the theorttical assumptions, the residual draw.
down curve vhen extended should pass through the zero draw_down
or origin of the diagram (Plate No . XXXII), Based on this, the
following three utnauonsmaxtu and show a departure from the
theoretical considerations.

1) If the graph indicates gzero drawdown at a value of

t/t! equal to or greater tham 2, it can be concluded that some
recharge wvater reached the aquifer during pumping period,

11) vhen the graph indicates residual drawdown of several
inches or mre as t/t' approaches unity, the situstion is
related to the case of an aguifer of lirited extent with

no immediate recharge, and

111) a little displacement of the residusl draw down eurve
results from a variation in the value of the storage coefficient
'8! (in practice 'S' varies, though in theory it is assumed to
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be eonstant).

n application of the above concepts to the data plots
(Plates Yos.XVII to XXII) indicate as shown in Table Wo.l7.

TABLE NO.17,
A O v
L4 ""%/¢' inter- |
S1.No. 'Well Location : Mﬂ ' REMARKS
N, W 2 - 2 - ra
1e Milit Field Works 1.17 Value indicates
Area Tubewell, grohublo change
Roorkee. storage.
2. Roorkee University 1.156 =do=
Tubewell (ET0)
Roorkee.
3. CBRI Tubewell (ETO), 1.45 -do~-
Roorkee
4, Military Cantonement 2.50 Value greater than 23
Tubewell (ETO), indicates slight
Roorkee recharge to the well
during pumping.
5. State Tubewell No.29, 1.36 Value indicates,
Roorkee Group. I:obablo ehuuo
storage.
6. State Tubewell No.4, 8.40 Value mich higher

Roorkee Group.

then 23 large amount
of recharge to the
;quifo Fl tinn-drawdown
g.No.8) for
tho obumtion well

~also confirms this,.

From the above inferences it may further be noted
that confined ground water conditions exist in the area.
Weiting in one of his eontributi:ﬂ to ground water studies in

western Uttar Pradesh Chaturvedi

stated "Pump out tests on
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a mumber of tubewells reveal that the planning of urhmlm
tubewells, or feeder wells, should be on entirely differemt
lines for the southern areas of Bulaméshahr-Aligarh as compared
to Meerut-Muzaffarnagar aress, The reservoir coneept for
Meerut-Muzaffarnagar ercas is now fully confirmed on a more
raticnal approach®. The 'reservoir concept' referred to here
speaks for the presence of ground water under water table
conditions. From a perusel of the Plate FNo.II, it is evident
that the Ganges, i these parts of Uttar Pradesh can be divided
inte three distinet regions (1) the Roorkee area (11) the
Magaffarnagar - Meerut area and (111) the murnmum-
Hathras region. The author earlier mmi(luthc existence of
distinet large seale water table conditions along with econfined
and leaky confined conditions at close distances and within 400
feet in the third reglon of the Ganges Valley. The present study
in the Roorkee area 2lso points out that confined conditions
at reasonable depths are common in Ganges Valley, Data collected
since 1960 as given in Table No,18, show that diverse hydrogeologi-
cal settings exist and govern the occurrence of ground water in
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b) Gechvirological Boundariggt

The two definite straight line trends observed in Plate
No XXI (State Tubewell No,.20) elearly show the boundary effect.
Theorgtically, it would be reasonable that in such cases the
computation of transmisgibility should be attempted based on
the latter half of the curve slope as it tends to pass through
the origin, For conservative purposes sn sverage tremsmissibi-
1ity figure eould also be worked cut by averaging the 'T' values
obtained by smalysing both the straight line slopes. The figure
given for 'T' in table No.ll for State Tubewell No.29, represents
en average transmissibility value.

Similarly, the time-drawdown plot (Plate No,XXIII) for
the observation well close to State Tubewell No.,4 at Landhaura
for the test condusted on the well, indicated a marked
change in the slope of the curve after 2} hours of pumping. As
can be seen, the curve flattens compared to its earlier disposi-
tion and maintains the same trend till the end of the pumping
period, In the normal smalyeis of hydrological test data, this
phenomenon reflects a nd:’rn boundary condition to the agquifer
during pumping. ©Singhal in his reviev on the application of
pumping test methods to field eonditions observed that "en a
time versus drawdown plot, the effects due to non-uniform
thickness of the aguiter, partial pemetrating well, leaky
aquifers and recharge image well will be the same. Hence, the
drawdown data can be interpreted in several ways, if suffiecient
information on the hydraulie system from other sources is not
Known .sees”s But the data plot representing r>/t against
agalast drawdown (Plate No XXVII) slso indicates a departure of
the end points of the plotted curve with respect o} the typed
curve, This departure of field data supports the effects of
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boundaries on the drawdown. Here also the points fall below
the trace of the type curve after an elapse of time 210 minutes
of pumping and substantiates the earlier expressed view that
the boundary is transmitting more water to the aquifer (recharge
boundary) .

However, the above enalyses indicate that boundary
donditions do prevall in the alluvial formations of the Ganges
Valley and influence the analysis of the hydrological parameters
even within short periods of straining the aquifers through
pumping.

e) Evaluation of gStorage Coefficient:

Various methods are in vogue to analyse the pump
test data. In recent years, the trend is to determine the eff-
ects of natural conditions on the pumping test data and also
examine the limitations of the individual metheds in the correct
evaluation of the hydrological parameters., The pump test data
collected under the present study facilitated to gather am idea
on the variation in the transmissibility from place teo place.
Though the pnq tests have been carried out on six wells, the
storage coefficient could only be computed for the aquifers
around Landhsura, For this purpose, three msthods pr analysis
of data were considered == (1) \tgl:intmnt mothod (11i) recovery
and drawdown non-equilibrium method and (111) Chow's method.

As can be made out from the Table No.1l9 below, each one of these
three methods gave a different value for the storage eoefficient.
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Intercepts often occur at points wvhere the values of time 'm
very small and minor deviations in extrapelating the straight
line will result in large variations in computed values of the
coafficient of storage".

Since the observation well at Landhsura is close to
the pumping well (State Tubewell No.4) and confined conditions
prevail in the area, the present semi-log plot (Plate No XXIII)
indicates that the straight line disposition in the plot has
been achieved after 7 mimites of starting the pumped well,
In view of this and also as the 'u' value is less tham 0.01,
application of this method to the test data is justified.

While adopting the non-equilibrium method of computing
the storage coefficient, it would also be of importance to take
cognisgance of the following observations based on field
experience. '
1) M§u3h1h analysing the drawdown conditions of the water
table near pumped wells stated "with increasing distance from
the well, drawdown is not only delayed but it takes place at a
gradually decreasing rate. The coefficient of permeasbility
increases with increasing distance from the well, vhile the
coefficient of storage shows a diminishing rate. It is re-
markable that a low value of the coefficient of storage results
from the formila of the non-equilibrium type®.
11) While referring to the application of(%h non-equilie~
brium formila to water table aquifers, Ferris writes " for
wvater table agquifers, experience indicates that the Theis
equation should not be used for tests of less tham 2 days
duration, assuming that the observation wells are within a few
hundred feet of the pumped well",



' Method adopted to ' Coefficient of
81.%o, : gcrin the coeff- , storage value
. . 2 - ~ 3.
1, Semi-log time versus 6.21 x 10
drawdown plot

to~intercept method

-Mrud:?m)
r2/t versus }

B, Non brium Theis
.tmacwm),
r2/t versus /'

3. Chow's method

A -
'geTage: d

=
1.20 x 10 (Matech point on
-4 the curve)
1.66 x 10 (Mateh point out
side the curve)

-4
1,30 x 10 (Match point on
the curve).

(Mateh point out
side curve)

=l
0.,62 x 10

el
3.74 x 10

SR AN 4o a5 uP ab WS aen

=
2,70 x 10

From the above it is evident that the time versus
drawdown nn:l-p ot gives fairly a high value for the storativity

of the confined agquifers.

On the contrary the values obtained

through the non-equilibrium type curve method exhibit a low

range.

It is well known that the semi-log time draw down plot
is an approximate method and should be used with camtion by
Nltrictinf ﬂé:)to values of 'u' less tham 0,01, Vriting on
this Walton has pointed out that " the determination of the
storage coefficient by ihe straighi line method may involve
appreciable error, The zero-drawdown interceipt is poorly
defined vhere the slope of the semi-log plet is small,
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111) ﬁdhltl” ll):u demonstrated that even in water table
aquifers, the coefficient of storage computed from the early
time~drawdown data prior to the establishment of the gravity
drainage in the sands and gravels, falls sometimes in the artesian
range. The same, computed from the late timeedrawdown relation-
ship gives the water table range, He further concluded that the
coefficiont of storage ia not constant but depends largely om
the time of pumping and distance from the pumped well., The
coefficient of storage appears to increase with time and decrease
vith distance.,
iv) Aeecording to Mltc:“)tho non-equilibrium formla
desoribes the drawdown in wells (under water table conditions)
with sufficient accuracy for practical purposes vhen the time
factor expressed in days is greater tham 5§ and '»' is between
0,2 meand 6 m ('m' being the saturated thickness of aquifer).

"~ The above practical difficulties are more oriented
towards the application of the Theis non=-gquilibrium formla
for water table conditions., However, in the present case of
snalysis, this methodology has been resorted to as it has been
assumed (and later established) that mainly confined eonditions
existed in the area and a reasomably long duration wst (23 hours)
has been conducted on the confined aquifers. As such, the above
quoted limitations do mot play a significant role in the analysis
of the data by this method., It may be seen from Table No,19,
that the average value of 'S' for the 'Drawdown Mothod! of
Theis, works out tohh&?xl?mdthtmhy 'Recovery
Method' of Theis works to be 0.96 x 18‘. An appreciable
difference is noted in the value of 'S' computed from both
these methods, Such a situation has been explained by lllth:“)
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as a case of release of water from partially non-elastic storage
in confined aquifers or to entrapment of air in case of rising
phreatie groundwater, Release of water from partially non-
elastic storage cam be achieved in two ways in confined aquifers
associated with alluvial formations,

1) When the confined conditions reach a stage

of gravity or drainage during pumping.

11) When some of the confined aquifers screened
in a pumped well merge with the water table
aquifers at reasonable distances away from
the well,

The latter case i3 not unconmon in the unconsolidated
aljuviel formations. If these conditions are met with, based
on the above reasoning, at Landhaura pump test well then it
would be worth recalling the observation recorded by ¥r, Ubell -
it 1s remarkable what a lovw value of the ecefficient of storage
results from the formla of the non-equilibrium type'. In view
of this, the low values of 'S' obtained through this method may
be agreed upon.

The overriding advantage of Chow's method of analysis for
the formation coefficients is that it helps in finding out the
apparent values of such constants at any instent as the pumping
goes on snd avoids matching of curves. Further in the analysis
described a tolerable error of five percent is assumed. It may
be seen from table No.19, thet the valuve of 'S* (3.74 x 15‘)
derived aceording to cl:if's method comes very close to the average
value of 'S' (3,70 x 10 ; obtained through various other methods,.
It has been observed that each method has its own drawback whem
used alone and as such an average value of °'S' computed by
various methods gives enough reliasbility for the theoretical
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prediction of the future yileld of ground water in storage. This
may alsco be adopted towards the solution of practical problems,
d)

firological Condltionat

It may be noted from the summarised results of the
pumping tests in Roorkee area (Table No.ll) that the water
transmitting capacities of the alluvial aquifers vary markedly
in the regions North-West and South-Fast of Roorkee town. The
latter area is more promising, Similarly, wells wvithin a radius
of one mile around Roorkee proper, though designed practiecally
on the same pattern (Plate No.XXXI), indicate through pump
tests marked variation in the permeabilities of the alluvial
formations. The Military Cantonement Well (ETO) has given
values on transmissibility and permeability almost half te that
of the values recorded at CBRI, Military Field Vorks area and the
University wells, The specific ecapacity value for the former
is 32 and for the rest the value lies between 44 to 49 (see Table
No.18). A careful examination of the former drainage trend map
(Plate No.X) drawn from aerial photographs, indicates that the
Military Cantonement well (ETO) 1ies at the tip of the oval shaped
land form recognised south-east of Roorkee town amd extending
upte Landhaura village. This zone, being on the border of a
recognisable landform of a fluvial origin may exhibit considerable
varistion in depth upocialiy in the stratification and litholegy
of the sediments constituting the alluvium, The sube-surface
1ithologicel ecorrelation charts (Plate No.XI A, By C) alse ref-
lect this phenomenon. The other three wells are situated almost
in the beds of the earlier drainage channels recognised close

to villages Bangheri, Malakpur and Roorkee University campus.
This observation is further supported vhen well performances are
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studied around Hasan Alipur village. Earlier drainage course
has been recorded around this yiuc also. The performance of the
State Tubewell FWo.ll is superior when compared to the Tubewells
10, 9 and 7 situated away from this drainage course and close
to villages Mohanpur, Dandhera and Nagla Marti (spread over the
earlier stated land-form), Since the wells are constructed more
or less to the same design and tested in uniform manner the per-
formance of the wells is W.ﬂ from thelir specific capacities.
The well at Hasen Alipur bears a specific capacity of 70 and the
other wells exhibit a range between 51 - 59,

Based on the above observations it may be stated that
marked variations in the formation constents at short distances
in the alluvial formations of the Ganges Valley c¢lose to Roorkee
hate a definite bearing to the lithogenetie variations intro-
‘duced by former drainage pattern in the geomorphic history of
the region, This also brings home the fact that the map indice~-
ting t.hc areal distribution of the speeific capacities reflects
indirectly the transmissibilities ol the sub-surface water for-
mations snd acts as a useful tool for the interpretation of the
hydregeological features of the region, Such a map introduced in
the 'tut may be taken as suitable for the general understanding
of the regionsl productive nature of the wells and aquifers
despite a few discrepancies noticed in the values obtained by
testing the wells immediately after their ﬁutmetion and at the
¢lose of the observations in 1964, The values plotted on the map
(25 end 42 GPM/ft. D.D, for three days pumping) refer to 1953
and 1950 for the State Tubewells Nos., 290 and € respectively. The
same for 1964 is 20 and 54 GpM/ft. D.D. respectively for about
a day's pumping. The difference in the specific capacity at the
formeyirell can be attributed to the fact that the same varies
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with time also, even though the discharge is kept constant, In
the latter case the speoific capaeity figure of 54 GPM/ft.D.D.
refers to the newly constructed well (1964) only 50 feet away
from the 0ld one constructed and tested in 1950, The difference
in the performance of the wells may be attributed to the minor
lithogenetic variations within short distances and also due to the
mode of construction and development of the well. A noteworthy
feature of the map is that in the north-west and western parts
of the Roorkee area fairly low values for specific capacities
were recorded and they reflect on low transmissibility values for
the formations also, They pass through a transition zone just
south of Roorkee and Liberheri village before these merge into
highly productive wells located in the South-Eastern portion of
the area close to the Solani river chamnel.

It may be noted that just north and north-west of Roorkee
town, intensive meandering courses have been recognised in the
former drainage patterns. Such conditions of meandering are also
recognised in the western part of the area. In such regions,
the fluvial landforms and sediments are bound to be interpenetra-
tive and complex to deoipher, though small in extent. They becomes
more complex with depth. Such complex sub-surface lithologieal
changes or intermingling of sediments are not to be expected
An the area southeeast of Roorkee town, since this part does not

2 ‘2 \uu to have been part of any meander belt but only a2 uniform
landmass. This is found to be the case from the study of the
sub-surface correlation chart (Plate No.XIB)., In view of this,
1t 1s, therefore, possible that the sediments constituting the
alluvium on the north and north-western part of Roorkee town bear
frequent changesin lithology and texture (Plate No.XI A & C),
These beds in a2 cumlative way act as less permeable water
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carriers compared to the sediments encountered southe-east of
Roorkee town and close to the present river bed of Solani, ‘This
geomorphological history explains in general the ground water
situation depicted on specific capacity map,.
o) Evaluation of Vell Characteristics:

The well liu constent expressed in the empirical
approach (equation No.xii) has the implication that the
tested well is stable and that the constant 'C' does not
change during the step-test, However, in practice it changes
depending on the stabilisation achieved by the well. Based
on experience, the following ranges were given to the 'C' value
to infer the effectiveness of development on the mi’f 1ce
is generally recorded as Sec®/rt,>

1) The value of 'C' for a properly developed
and designed well 1is gmr:uy less tham 8,

11) Values of 'C*' between 5 and 10 indiecate
mild deterioration. '

111) It is difficult and sometimes impossible
to restore the original capacity if 'C!
is greater than 40,

From the step~tests conducted on the wells clese to
Roorkee, 1t may be said that all the wells are stable and
satisfactorily developed for low rates of pumping but showed
signs of development or slight instability at higher rates
of pumping. The analysis on this situation has been discussed
further below,. :

Before we analyse the well characteristic data presented
in Tables Nos.14 and 15, it may be noted that in equation (x)
'sw' represents only the well loss (loss of head through the
perforations of the screen to the point of inteke of the pump)
and in equation No.(xv), the same (sw) represents the well loss
as defined earlier and the formation or aquifer loss (loss of head
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from a distence at which the water in the formation 1s begining

to expand upto the face of the well) and other components effect-
ing the drawdown, These additional components are (1) drawdown
due to partial pemetration (11) drawdown due to dewatering of an
aquifer (141) drawdown due to barrier boundaries of thehquifers
and (1v) the build-up due to recharge boundaries. The last
component does not add to the total drawdown but certainly

plays 2 part as a negative factor,

It may be seen from well characteristiecs data (Table
No.15, colums 10 and 11 and columms 3 and 5§ of Table No,13)
that values of total drawdown actuelly measured in the wells
(for the first step ) during the step~test ecompare very closely
wvith the computed values using sy = BQ + CQ® equation except in
the case of the Military Cantonement Well (ETO) where slightly
higher computed value is recorded, This is attributed to the
recharge conditions in the aquifer during pumping which fact
has been established earlier (Cf, Table No.17), This is in-
dicative of the fact that in the area the major componemts influen-
eing the total drawdown in a well are the formation loss and well
loss., Other factors or components are of negligible magnitude.

Aeecording to hrmmzmtthn No, (xv) should be sw=BQ +
CQ® and 'n' may Ma%:‘t’eu 2 and should be computed from step
drawdown tests., Jacodb suggested that a value of 2 for *n' ecculd
be reasonably assumed,

The closeness of the computed values with those of the
actually measured ones indicates that in the amalysis of the
vwell characteristics for the region under study, the well loss
nay be indicated as being proportional to the square of the
discharge (1.e. 'n' is almost equal to 2),
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Besides the above, the well charscteristic data (Cols.

8 to 11§ Table No.15) also indicate that the formation losses
contribute in a way more towards the total drawdown than the
vell losses. This may be attributed to two factors.

1) The frequent 'cut outs' or pimshing cut of beds at
short distances and their effects on the hydramlics of flow
towards the discharging or pumping wells.

11) A safe or desired entrance velouity which minimises the
vell losses,

The first one has been partly discussed earlier (Page 29 ).
The second aspect can be visualised from the computed entrance
velocities into the wells for various rates of pumping (Table
No.16). morﬂlhtu that a minimum veloeity of 0.14 ft,./sed.
to 0.024 ft,./see. through the individual screen openings will keep
sand movement and head losses to a minimm, The minimum entrance
velocity recorded on the wells in Roorkee area is 0.046 ft/sec.
and the maximum is 0.092 ft./sec. These results further indicate
that the design and development of the tested wells in Roorkee
area are to the mormal requirements and as such contribute towards
lovw well losses compared to the formation losses.

It has been observed that the well losses computed
exclusively from the empiricel formila (equation x and Table
No.14) differ from those obtained through the graphical method.
Mach higher values are recorded for the well in Mlitary Field
Works area and the Cantonement Wells (5.40 ft. and 6.65 ft.)
compared to the values obtained through the second method
(graphical). Since the actual draw-downs cbserved in the wells
during the test and computed through equation No.(xv), agree
very closely, the latter method may be relied upon. The twe
wells mentioned above also indicate less stabilisation even at low
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rates of pumping (C value being 5 and 4,73 ) compared to the
rest of the wells and this might have been reflected in the
high well loss values when computed exelusively based on
equation sy = cQ‘. |

In other parts of the Gamges Valley in Uttar Pradesh
(Al1garh - Atrauli area), it has been observed through the
analysis of step=tests on fifty newly constructed end developed
wells that the well loss constant 'C' is mostly a negative
value or a value higher than 10 (usually ranging from 6 to 22*)
indicating non-stabilisation of the wells during the test
periods ==~ gspecially during higher rates of pumping. It is
not unlikely that the wells may get stabilised in due course
of rumning them, Based on this experience and alse on the
present study the writer is of the opinion that rapid changes
in lithology and frequent 'cut outs' govern to a large measure
the hydrological factors especially the movement of water
towvards the pumped wells., As sueh, the application of the empiri-
cal procedures for determination of well characteristies should be
carried out with ecaution for water wells located in uneconsolidated
alluvial formations.

CONCLUSIONS

On the basis of the deseriptions, the data and the
discussions regarding the hydramlic properties of aquifers,
the influence of the geohydrologic boundaries on the well per-
formance, analyses of aquifer test data, speeific capacity data
and well characteristics the conclusions arrived at are as
follows1 ‘ ‘
1) Based on the storativity parameter which is of the order

¢ Data not yet published.
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of 3.70 x 1!-)‘ in the main well field area of Roorkee, it has
been concluded that the water bearing formations below hundred
feet depth in this area conform to elastie conditions mormally
met within the confined aquifers, This substantiates the
inferences draym on similar lines based on ths study of sub-
surface lithologieal correlations, :
11) The present study im Roorkee area along with the
results of an earlier study in iligarh - Bulamdshahr districts
of Uttar Pradesh indicate that data collected since 1960 show
the existence of diverse hydrogeclogical settings which govern
the oceurrence of ground water in the Ganges Valley.
111) It has been established through hydrological tests
that boundary conditions do prevail in the alluvial formations of
the Ganges Valley and they influence the analysis of hydrolegical
parameters even within short periods of straining the aquifers
by pumping. In viev of this and also due to the facts stated under
conclusion (11), ultimate ground water development in the Ganges
Valley is hinged to careful evaluation of the geohydrologie
parameters including the vertical drainage or permeability amd
thickness of the confining layers (aquicludes).
iv) The formation constants have been derived by the
application of verious methods and the limitations of sach
method yhen used slong to determine the effects of matural
condi tions on pumping are reviewed. It has been observed that
in such cases the averesge values for the coefficients gives emough
reliability for the prediction of the future yleld of ground water
in storage and adopt the same to the solution of practical
problems,

6!:. computed transmissibility values for the alluvial
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aquifers in the region vary from 41,000 gpd/ft. to 1,885,000
gpd/ft. The field permeability coefficients range almost from
500 gpd/sq. ft. to 1,900 gpd/sq.ft. The coefficient of
storage is of the order of 3,70 x 15‘. ) :
v) (It has been further proved that marked varistions in
the formation constants at short distances in the alluvial
formations of the Ganges Valley close to Roorkee, have a definite
bearing to the lithogenetic variations introduced by former
drainage patterns,) The geomorphis history of the region explains
many of the apparently amomalous ground water situations.
vi) A hydrogeological map showing the areal differences in
the specific capacities of the alluvial aquifers has been
brought out for the Roorkee area and it has been shown that such
maps act as useful tools for the interpretation of groundwater
situations as they reflect indirectly the transmissibility
distribution of the water bearing formations.

(vi1) From a study of the well characteristics it has been
established that in the area, the important components influen-
eing total drawdown in a pumped well are the formation and well
losses. The former contributes more towards the drawdown. The
other components are of negligible magnitude. The predominence
of formation losses over the well losses are due to frequent
'eut cuts' in the alluvial formations and their effects on the
hydraulics of flow towards the discharging wells. It has alse
bean shown that the safe range of entrance velocities in the pump
tested wells also contribute on a large measure towards the low
range of well losses, These are of the order of 0,046 ft./sec
to 0,092 ft./sec. in the area,)

viii) It has been pointed out that the application of empirical
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procedures in the determimation of well characteristies
should be carried out with ecaution for water wells located in
ungonsolidated alluvial formations, The graphical method

is preferred. The latter method should be used te supplement
analysis of data by the empirical method.
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CHAPTER V¢
STATISTICAL ANALYSIS OF THE WATER LEVEL DATA$

As a prelude to the statistical snalysis of the water level
data, the effects of meteorological and artificial faotors (sur-
face water bodies) on ground water levels are studied by establish-
ingh hydrogeological stations in the non-masondry part of the
Upper Ganges Canal in Roorkee area. The relationship between
the flow of water in the canal and its effects on water table has
been established. The water level data are interpreted in the
light of the statistical methods which are in vogue to establish
the relationship betwun' the various factors governing the over-
all ground water regime. As demonstrated in the following pages,
these studies are of importance in their future application te
other alluvial areas and the second statistical method elaborated
in the text has been applied to ground water data for the first
time in the country.

The canal area, stretehing about eleven miles south of
Roorkee town has been considered sultable for this study. In
the absence of any provision for construction of shallow and
small diameter slotted tubewells as observation stations around
Roorkee, some of the already existing open wells in the area are
chosen for the study of the water level fluctuations., In all
six stations have been selected close to the canal and south of
the Roorkee town (Plate No.,XXXIII). The chosen stations lie
almost at perpendicular distance from the canal varying from a
few yards to mearly half a mile and are so spaced that these are
considered capable of furnishing data regarding the effects of the
eanal flow on the mear surface ground waters. In the area under
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consideration three stations (1D1, 85 and 3D1) fall to the east
and two (12D1 and 1D2) to the west of the canal, The station
2D1 is located between the main canal and a diversion chamnel
Joining the main canal again at about one mile south of the
observation station. :
METHODS OF COLLECTION OF DATA:

The wvater level measurements on the observation stations
were ecarried out in the first week of every month and on the
same day in the foremoon at all the stations. “fd levels are
recorded with graduated Iufkin Steel tapes correct upto the
second decimal place. The meteorological data has also been
collected for the same day from the meteorological station
attached to the physics section of the Central Buildings Research
Institute, Roorkee vhere the humidity and air temperature data
are recorded daily at 08330 and 17:30 hours. The evaporation
data are furnished by the Soils Section of the C.B.R.I., Roorkee
and the Daily Canal flow data for the period under study are
obtained from the Northern Canga Canal Division Office, Roorkee.
The area under study being close to Roorkee Meteorological
Station, 1t 1s justified to utilise the same for the interpreta-
tion of the hydrological conditions,

[
[

“ARFTFICTAL FAGIORS:
The hydrographs for the different hydrogeologieal stations
are brought out (Plate No. XXXIV) for the period July, 1960 to
June 1964 alongwith the humidity, air temperature, rainfall and
evaporation on the same (graph), Artificial factors, like the
quantity of flow in the canal, are also indicated in this
figure. The temperatures are plotted as the mean of the rirst
seven days' temperature in a month, recorded at 08:30 hours, ss
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most of the water level masurements are confined to the early
part of the first week of a month and to the forencon of the
day, Monthly average of humidity recorded at 08120 hours is
plotted on the graph, Monthly rainfall and degree of evaporat-
ion are also plotted. Average of every ten days' flow of water
in the canal is represented on the samwe graph.

The data for the four year period are given below
(Table Nos. 20 to 23),
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(3.12.60)
Jan,'61 51.2 88 .4 65.6 2.4
: (16.1.61)
Feb.'61 95 .4 80.7 67.56 3.0

(8.2.61)
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1 2. 3 4 5
Mareh'6l 0.0 59,9 59.1 6.0
: | (6.3.61)
April'6l = 5.5 41,8 72.8 8.8
(1.4.61)
May'61 9.6 37.5 83.7 8.9
. (4.5.61)
June'61 38.3 58.2 91.5 .3
1.6.61)
July'el 288,.9 83,7 83.0 .0
6.7.61)
.'61 350.8 88,2 81.0 .6
. h.s.en
Sept. '61 70.2 81.6 81.3 6
i 5.9.61)
Oct,'61 92,9 779 78.6 .0
7.10.61)
Nov.'61 4.1 83.5 62.6 2.7
| (6.11.61)
Dec,.'61 29,6 88.4 - 48,8 g
Jan,'62 83.9 88,8 42.2 ;
Feb. '62 33,7 79.4 40.6 ) (Data not
) available -
Mareh'62 26.1 66,5 §7.1 g since Dee.'6l
as the instru-
April'e2 0.2 46.3 7.3 ) ment at the
) station 1s ouf
May'62 3.0 35.8 81.2 / of order)
June'62 47,9 58,7 87.8
July'é2 377.1 77 .4 87.8
g, '62 119.5 78.1 83.0
Sopt . '62 16' .3 & 3 82.8
Oct.'62 0.0 74.5 73.0
Nov,'62 17.1 76.3 16.1
Dee.'62 27.6 86.9 10.6

ng'm 18,0 88.2 4,6
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Feb,.'63 13.9 77.5 8,7 (Data not availabli
Mareh'63 2l1.5 63.8 16.4 :i?;mnz:;::t‘:t
April'63 2,9 42.4 21.9 :&: ;;.::ﬁ:ri):
Mav'63 12,5 41,7 29,0

June '63 67.1 66.6 30.3

July'és 317.1 79.1 31.4

Mg,.'63 401.3 86.3 27.4

Sept.'63 230.5 81.4 26.1

Oct,'63 0.0 76.1 25.1

Nov,'63 10.1 77.7 19.6

Dec,'63 4,6 48,0 10.9

Jan, '63 13.8 81.9 104

Feb, '64 3.0 70.6 6.4

March'é4 5.8 50.4 14.4

April‘'és 2.9 39.8 24.6

May's4 8.6 37.9 20.5

June '64 70.9 49.6 31.2 .




ZABLE N0.23(a)3s

Month and ' Amount of flov of water in the canal in cusecs

yanr : 4
, Ist, to 10th of  11th to 20th of  21st. to end of
ey T r

July*60 7632 5737 7792

hug. '60 6565 6033 5665

Sept.'60 5803 6038 6937

Oet.'60 6462 4978 No flow in
the canal

Nov,. '60 No flow in the 6931 8925

canal

Dec, '€0 - 7832 7082 6510

Jan,'Gl 6628 5978 5639

Feb, '€l 4722 5632 7688

March'61 7372 7767 | 7239

April'el 7186 7622 9460

May ' €1 9664 9797 ~104m

June'6l 10481 10412 9121

July'6l 9002 6424 5910

Aag.'6l 5403 4648 2404

Sept.'61 4404 5143 7008

Oet,.'61 7100 7598 No flow in
the canal,

Nov,.'€1 Ist.toS5th No. flow in 6703 7207

thg canal

6th to 10th 4405

Dec, '8 8904 0151 8059
Jan, '62 3289 7595 6469
Feb,'62 5856 6200 6610
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Mareh'62 6458 6836 8326
April‘e2 8657 7897 8989
May'62 10416 10386 10398
June'62 10480 1026¢ 10258
July'62 9618 7191 6592
Mag.'62 7071 8536 6678
Sept.té2 6517 4772 4802
Oct.'é2 5785 7264 21st.to28th 7264
20th to 31st, No flow in
the canal,
Nov.'62 Ist.to 4th No flow in the
5th to 10th°g;14 9511 10171
Dec,'62 9235 8480 7878
Jan'é€3 7310 6821 6401
Feb,'€3 5910 5706 6358
March'63 5526 6682 6761
April'es 7128 7900 7691
May'G3 9508 11279 10251 i
June '63 10404 10208 10376
July'63 10404 9262 2860
Mug.'63 %037 6043 5392
Sept.'63 4474 11th to 16th 4045 3835
17¢h to 20th No flow in the
canal
Oct.'s83 4971 7176 7377
Nov.'63 No flow in the
canal
11th to 13th Fo flow in the
canal

14th to 20th 7249
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Dec.'63 8678 8275 7041
Jan,'64 6619 6728 6225
Feb, '64 6720 5981 5941
March'e4 5664 6765 8911
April‘es §811 7769 9383
May'ee 10211 9836 9630
June '64 9905 10345 10415
 TABLE N0.p3(h):
DATA ON T%E UPPER GANGES CANAL DISCHARGES IN RUOEEEE AREA

TAmount of flow of ' Amount of flow of water

'vater in the cenal | ' in the camal in cusees on
Dete ,in cusess on the : Date | the date of vater level

,date of wvater level | , Deasurement,

; . 4
1,7.60 0798 13.11.62 8504
4,8,60 - 7ns1 10.12.62 9038 !
4.3.60 5528 3, 1.63 7413
1.10,.60 82056 6.2, 63 5880
3.11.60 No flow in the 13, 3.63 8275
canal.

3.12,60 8441 4, 4.63 7265
16.1.61 5933 2. 5,63 8605
8, 2,61 4504 3., 6,63 10404
6, 3.61 7160 3. 7.63 10404
1, 4,61 7265 1. 8,63 10206
4, 5,61 o477 4, 9,63 4760
1. 6.,61 10479 1. 10.63 3500
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6. 7.61 9393 2,11.63 o flov in the canal

5. 8,81 5606 2.12,63 9063

5. 9.61 4494 3. 1.64 6560

7.10,61 7109 1. 2.64 6040

6.11.81 No flov in the 2, 3.64 8790
: canel,

5.12,61 9000 6. 4.64 7160

3. 1.62 8608 2. 5.64 10340

6. 2,62 €008 5. 6,64 10898

1. 3.62 5880

3. 4.62 8902

8, 5,62 10479

12.6,62 10133

16.7.62 7508

13.8,62 8700

6. 9.62 7004

4,10.62 6206

The hydrographs at each station, elearly reflect the rising
trend of water level in response to heavy precipitation. Keeping
this in view, the above relationship has been studied further

by plotting the rainfall in the precedding month versus water

levels (Plate No XXXV).

The plots for the statioms 12D1, 1D2, 85

and 1D1 though indicate some relationship between these tweo
dependencies (rainfall in the preceding month and water levels),
the sczattering of points do not permit derivation of a coefficient
factor for the above sald two dependencies through the method of
draving a line of best fit and obtaining the slope of the same,
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As such, other methods (statistical) have been =adopted in the
later part of this chapter to arrive at the correct coefficient
factor amongst these two dependencies.

Similarly, a graph showing the relationship between the
flow of water in canal and water levels at the hydrogeological
gtations 301 and 2D1 is prepared as the hydrographs of these two
statlons reveal pronounced effects of variation in the water
levels when compared to the cannl discharges (Plate No, XXXVI).
The siape of the line of best fit gives the coefficient factor as
0,30, This means that for every thousand cusecs increase of
water in the cansl the water levels in the wells close to the
canal would rise by 0.3 ft.

Lithological variations are also a eriteria to study
the fluctuations of ground water in an area. In view of this,
the section acrosc the canal ené longitudiual section parallel
to the canal are prepared for the area with the help of the log
data of the state tubewells, Since the maximum recorded depth
at the geohydrolegical stations fall to 33 feet, the borehole .
logs have been studied to the first hundred feet mtﬁ‘.'

Taking into consideration the reduced levels at the tubewell
gites and also the litholegical logs prepared by the drillers
(Plate No.XXXVII), a panel diagram for the ares is also construe-
ted. This diagram indicates an increase of sand percentage in
the strata south of Roorkee town and decrease of the same north
of it in the first mndred feet depth. The importance of this
diagram vhen studied with other available hydrologiocal data
is disecussed subsequently (page 's0).
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PLATE N2 XXXV

PANEL DIAGRAM THE LITHOLOGICAL

IN THE AREA CLOSE TO UPPER

SHOWING
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. THE DERIVATION ORRELA
ND_PREDICTION OF WATEF
LV ELS

Correlated dependencies may be found between the level of
underground watars and any other natural or artifiecial factors.

In the area undar consideration graphicel representations eof
(1) water levels in the preceding month versus water levels in
the folloving month (41) rise or fall of water level versus
rain fall and (114) rise or fall of water level versus canal
flov indicate in general a linear relationship between the
statad variables,.

Seatter disgrams showing the relationship of water levels
versus rainfall or canal flow (Plate Nos. XXXIV amd XXXV) though
indicate that there 1s some reliationship between the two, they
do not indicete to what extent the relationship is reliable or
holds good. The statistiecal correlation coefficient obtained
as & mumerical gives sn exact idea on the extent to which the
relationship is reliable or dependable. Its value extends from
=1 through zero to +l1. If the ecorrelation coefficient is equal
to +1, it indicates that there 1s a direct and perfect relation-
ship between the two variables. These statistical methods alse
help to establish the major factors affecting the near surface
ground waters in the area., Using these coeffiecients, it would
also be possible to predict the future water levels at various
observation stations as discussed in the following pages.

1) '

In this method the correlation coefficient has been derived

by grouping the data (given in table No.21, page 120) in a mammer
adopted by Altovsky (Table No.24) for the period July 1960 to
June 1964,



PLATE N2 XXXV A

WATER LEVEL IN FOLLOWING MONTH IN Fr,

RELATIOINSHIP BETWEEN THE WATER LEVELS (N PRECEDING
AND FOLLOWING MONTHS FOR THE STATIONS ALONG
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PLATE N2 XXXV

RELATIONSHIP BETWEEN WATER LEVELS AND RAINFALL FOR THE
HYDROGEOLOGICAL STATIONS ALONG THE UPPER GANGES

CANAL, ROORKEE AREA.
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PLATE N® XXXVI

RELATIONSHIP BETWEEN THE WATER LEVELS AT. THE HYDROGELOGICAL STATIONS AND THE
FLOW IN THE UPPER GANGES CANAL, ROORKEE AREA.

WELL N2 3D}

WATER LEVEL N FEET

[ 1 WELL N2 2 DI

LEVEL 1IN FEET

WATLR

s 7 J | |

-
u

FLOW IN CANAL IN THOUSAND CUSECS
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The eorrelation coeffieient * Y ' is calculated as follows:

The sum of eol. I 1ine I denoted by % ™ = 280
The sum of Col, III line III by
S nyoy,  and £ M k. K%, = «440 and
444
The sum of Col. IV line IV by
L myy) amd £ v, (mx.W) = 6380 and
6372
The sum of col. VI line VI by = =y = 6300
p- S8
Y. —2 - v
<m
5\3—- S’K
vhere U, . £mx. % o - 1.88
| ae E )
s Ny

w2 e = 40 = -1.5

2y (nyyi) v Y
v [EEn |

- jg - (<.57m)° = +4.503

Sy\, z 'S (‘Y\’h-'hb (U')L
- i
S
® m

= fma_ - (-1.586)%
220
Y = $ - (=1,571 x =1.586)

4,503 x 4,400
= (+) 0,9877.
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An attempt has also been made to predict the water levels
by colputing the linear correlated dependencies. Since the pre-
diction of water levels in the following month depending on the
preceding month is desirable, the linear correlated dependenacy
for the same is calculated as follows:

For a dependency of the mean value Y upon X

Y= = by (x=x) ess  (xvill)

"by' represents angular coefficient of a straight line
drawn to the axis of co-ordinates and is computed according to
the following formla,

b v 2 iile
y = i (xix)
vhere '’ = 0.9877.
on = root mean square deviation of the variable xj
oy = root mean square deviation of the variable

In computing bx,by, ©» and 5y the values found from the
correlation table in conventional lirits for &, 4 4 Sny Sy should
be converted so as to acquire their true values., The true value
of $» 1s equal to 1ts conventional value (in this case 4.499)
miltiplied by the capacity of the interval (k) of values X ( in
this case k = 2).

oM = 4,499 x 2 = 8.998
oy = 4,503 x 2 = 9,006

Simlarly, the true mean value of x, represented by (x)
is the sum of gzero interval of the values for x, represented by
(x9), plus the product of the capaeity of the interval (k) amd

Vi

z = Xo * kv eee (xx)

= 15,0 + (-1,586) |
= 11.828,
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vhere (x,) 13 the zero interval of values for x repre-
sented by colum VIII (Table 24) and denoted by the range 14 - 16,
the mean value being 15.

Siilllll'l!’, 9’ = % + K3 see (m)
= 15 + 2 (1,57)
57 11.858

Substituting the values in equation (xix)

by = W
= 0.9883
Substituting the above values in equation (xviii)
Yy = 11,888 = 0,9883 ( x - 11.828)
Yn = 0,9883 x + 0,168
Daring the following month, possible deviations of the
ealculated mean values from actual deviations of ground water

level will be
A‘ar = SY‘J I s Y (ﬂil)
= 9,006 ./ 1-0,9877% |
= n.m .- L

or 1.412 ft.
Aeccuracy of caleulations based on the correlated dependency
vill be inereasedconsiderably if the forecast will be given for
a group of wells according to the formla.

An = Ay eee (xxiii)
‘J (=
= & l.412
5 3
= : 0.,5765 f..to
o Yx = 0,9883 x + 0,168 + 0.5765 ft.

As such, the levels of predicted ground waters will be foumd within
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the limits of ((0,9883 x + 0,168) # 0.5765)] feet. In this
connection, it should be noted that a single value of An will
ensure a 68% probability of the value of "Y' obtained in
accordance with the correlated dependency; twice the value of
' Av' ensures 95% probability and thrice the value will make
reliability certain in 99% cases.
11)

The earlier method of statistical analysis is considered
useful for determining the correlation coefficients when there
is enormous grouped data., As the correlation coefficients for
the rise/fall of water levels versus rainfall or canal flow
have to be established with a set of lirited end ungrouped data
for each hydrogeologicel station, the second linear correlation
method as elaborated below is adopted.

The computations are as follows:

X = Values of water levels in the preceding month
’ (’JI. Gl)o
Y = Values of water levels in the following month
(h C‘)o
Xm = the average obtained from the values of X
m = the average obtained fyrom the values of Y

. X and y are deviation values.
The data are given under table No.256below:

x 1 ! ] | [} | } []
Rise or fall 'Rainfall ' X-Xm ' Y-Ym ' x2 ' 42 ' Xy
of water :(h en,) : : : : :

3 0 2 a1 . T g 1 8 7 o
+3,970 31.23 +3,968 +23.41 15.75 548.0 +92.9
+0,250 8.12 0,248 0,30 0,06 0.1 *+ 0.1

+0.060 8.19 0,088 40,37 0.004 0.1 * 0,02



1 2. s 4 & 6 2
-2,340 2,71 -2,342 - 5,11 5.48 26,1 *12.0
-0,630 0 -0,632 - 7,82 0,40 6l.1 +4,9
~0,390 1,73 0,392 - 6,00 0.15 37,1 *2.4
+1.670 13,00 1,668 *5.18 2,7 26.8 *8,6
-1.870 0 -1,872 = 7.82 3.50 61.1 *+14.6
~0,410 0 -0,412 -~ 7,82 0.17 6l.1 * 3.3
-0,020 0,55 -0.,022 = 7.27 0,0004 52,8 *+ 0,2
+0,030 0.96 0,028 - 6,86 0,0009 46,0 =« 0.2
+1,100 12,76 +1.,008 4,94 1,21 244 *5.4
+4,410 34,64 +4,408 *26,82 19.44 719,1 *f8.2
-0,850 32,57 «0,862 +24,75 0,73 612.7 =-2l.1
1,110 4,85 =1,112 2,97 1.24 8.8 + 3.3
-1.,450 9.29 -1,452 *1.47 2,11 2.2 =~ 2.1
-1.130 0.41 «1,132 ~7.41 1,28 54,9 *+38.4
+0,150 2,96 0,148 -~4.86 0,02 23.6 =0.7
+1,330 8.42 *1.328 *0,60 1.40 0.4 *o0.8
-1.590 3.34 ~1,502 -4,48 2,53 15,2 * 7.1
-1,070 2,61 «1,072 -5.21 1,18 27.1 *+ 85,6
~0.330 0.32 0,332 =7,50 0,11 86.3 *+ 2,5
+1.300 0.65 +1,208 =7.17 1,69 51.4 =~ 9.3
+1.840 19.43 +1.838 *11,61 3,38 134.,8 *21.3
+1,450 28,37 +1,448 +20,55 2,10 422.6 *+20.8
+0.300 6,00 +0,208 ~1.,82 0,09 3,3 =-0,5
«1,740 16.93 -1.,742 *9.,11 3,03 83,0 ~15.9
=1,150 ) -1.152 <7.82 1,33 6l.1 * 9,0
+0,490 3.74 *0,488 -4,08 0,24 16.6 =~ 2,0
-0,820 0.73 0,622 =7,09 0,39 34.9 * 4.4
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2 l a o e o 1 7
-0,360 2,28 -0,362 5,56 0,13 30.9 *+ 2.0
-0,620 2,78 -0,622 -5,04 0,39 25.4 * 3.1
«0,170 0.15 =0,172 7,67 0.03 §58.8 * 1.3

0 0.14 -0,002 -7,68 O §9.0 - 0,02
=0 ,906 1.25 -0,902 =~6,57 0.81 42,2 +5.9
1,050 6.71 +1.048 -1,11 1.10 1.2 - 1.2
+4,360 31.71 *4,368 +23.80 19,00 453.5 +104.1
+1.320 40,66 +1.,318 *32,84 1,74 1078,0 * 43.3
«1,630 22,52 -1,632 *14,70 2.66 216.1 =~.24.0
-2,060 0 -2.062 - 7.82 4,25 61.1 * 16.1
-1,040 1.01 -1,042 - 6,81 1.08 46.3 * 7.1
+0.350 0.46 *0.348 -~ 7,36 0,12 54,2 = 2.6
=0.280 1,38 -0,282 =~ 6,44 0,08 41.5 * 1.8
+0,600 0.30 0,598 - 7.52 0,36 66,6 =~ 4.5
=1,270 0,79 -1.,272 - 7.08 1l.62 49.4 *+ 8,9
«=0,500 0,08 -0,802 -~ 7.74 0.25 59.9 * 3.9
=0,390 0.86 0,392 -~ 6,96 0.15 48,4 * 2.7 2
£x = 40,110 ZY = 3675.7 £x% = 105,53 z’yﬂ-seséo?- i

X = 40,0023 y= 78,2

G-

Substituting values of °y = \/@ = + 10,97

alka = (+) 0.609

i

.O—'\ar

“) 1002 "

The correlation coefficient is (+) 0.609.
Based on this method the correlation coefficients for
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establishing the relationship between (1) rainfall and water
levels end (11) canal flow and water levels have been computed
for all the hydrogeological stations on similar lines and the
summerised results are tabulated below:

LIS OF L
TRELATTON:

mme'mj’as‘“m'am‘um‘m
ors ] ] ] L] 1 1]
L ] [ ] ] | ] ] L
l LD l T _3 i ‘ 1 A [ ] ﬁ ) ]
(1) Rainfall 40,799 *0,580 - o 0,216 +0.609
Versus Rise
or fall of
water level
(11)Cenal Flow = - 0,761 =0.,845 0,022 =~
Versus wvater
level
(111 )Major Influ- Rain Rain Canal Canel 1) Rainfall
encing fall Fall Flow Flow ii) Canal
Factor -fald- Flow Rain
1i11) Evapo~ Fall.
transpi-
ration

The same statistical method, when applied to establish
the relationship between (1) humidity and water levels and
(11) evaporation and water levels, did not indicate any definite
relationship.

DISCUSSION:

Of late, statistical methods have been used to solve
several problems in applied and pure sciences. Although in
the knowledge of the writer, the technique has not been used
widely for the ground water regime analysis, however, it is
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evident from the present attempt that this study may prove
suitable for thts purpose. The accumlated data obtained from
the hydrogeological stations over a period of four years would
permit the application of statistical correlation methods and
help in determining the basic factor/or factors influencing amy
given element of the water regime.

Piscussing these methods as they are applied to ground
wvater hydrology Altovsky writes " work related to the establishe~
ment of correlated dependencies ghould begin chiefly with am

investigation of the matural processes themselveg, disclosure of
general laws characterising their course within natural environ-

ments, and finally with the revealing of the prineipal natural
or artificial factors affecting one or the other element of the
regime of under ground waters®.

The investigations on the natural processes involved
in the regime of groundwaters for the Upper Ganges Canal area,
Roorkee have been analysed in a graphical mamner, The inter-
relation between various factors governing the ground water
regime phenomena are best revealed in a combined diagram (Plate -
NoXXXIV) especially for long term analysis. In order to arrive
at the definite dependencies, the data related to the factors thus
established are further subjected to a statistical analysis.

a)

Prom the hydrographs (Plate No,XXXIV), it is also inferred
that close to stations 1D1, 86, 1D2 the trend of water levels
closely follows the preeipitation in the area and the station
1201 alseo shows fairly similar relationship. A diversity is
exhibited by 2D1 and 3D1 stations. The graph showing the
relationship between rainfall and ground water levels (Plate
No.XXXV) for the above also indicates a fair degree of mitual
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dependency (i.e., the plot shows a relationship between the
two factors), Prediction of water levels for the stations 101,
85, 102 and 12D1 based on rainfall in the preceding months 19
possible if there are no other factors such as lithology, irrigation
effeets and -ovmtmyﬁathn influencing the water levels,

The hydrographs (Plate No,XXXIV) indicate that the amount
of flow of water in the canal is reflected remarkably in
the behaviour of water levels at the two stations 2D1 amd 3D1,
When there was absolutely no flow in the canal (checked for
short periods for purposes of repairs to the canal) the water
levels recorded a steep fall, Similarly a minor relation-ship
of this nature was observed as far as 12D1 station i1s concerned.
The above facts establish that wells which are within
50 yards distance from the canal embavkment are affected to a
great extent by the canal waters. From these observations the
effects are easily marked upto a perpendicular distance of mre
than 2 furlongs from the canal bund. :
The greph showing the relationship between the flow in the
eanal and the water levels at the hydrogeological stations
(Plate No.XXXVI) also show a fair degree of dependency of one
factor on the other, The correlation factor as worked out from
the graph is 0,30, This indlcates that for every thousand cuseecs
inerease of water in the canal, the water level in the wells
clos2 to cenal the wader levels im the vells would rise by 0.30
feet. This factor to a large measure enables us to prediet the
fluctuation in the water table close to the eanal, if the amount of
vater to be allowed into the canal is known.



A clese study of the y-d diagram (Plate No XXXVII),
propared for the area, indicates a few important salient features
of the sub-surfece geologyt=-

1) The east-west sections of the canal close to Roorkee indicate
just morth of the towm considerable elay deposits within
a hundred feet depth.

11) The sand percentage in the strata, down to a hundred feet
depth or so, ineresses south of the Roorkee towm and
actually deminates (sand) for more than five miles south
of Roorkee (northesouth section)., The lower clay beds
do not ramify but pineh out in this direction (south
vards) .

The above observation on the lithology of the area does

not preslude the possibility of seepage of water through the

porous sandy media for fairly long distances from the canal

buné, This supports the earlier inference (page 149) that

the flow in the canal has an effect on the water levels near

station 12D1 which is 393 yards away from the canal. 4

d)

The trend of water levels (Plate No XXXIV) in the various
stations, when compared and studied with tenperature and eva-
poration eurves, indicates that there existed no definite re-
lationship between these two meteorologieal factors on the
one hend and the water table fluctuations during the period under
study. This study is 2 primary analysis of anmial eyecle of obser-
vations recorded at differemt hydrogeological stations. As such
any information on lack of geneoral relationship between any twe
factors 1s also useful for future studies on the regime. To
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a small degree, at station 1201, the hydrograph indicates that the
water lovel decreases as the temperature rises and vice versa
except for the eyzle in 1963,

o)

Except for station 18D1, all other stations in the
area have no bearing directly te the irrigation fielde., The
wvater table fluctuations recorded on this station indicate that
during heavy erop peried (July - August) the effects of pre-
eipitation are not predominantly reflected on the water levels,
During the non-erop period or for the period of such erops which
do not depend mich on water (December to Pebruary) the behaviour
of the water level has a marked bearing on the precipitation.
The trend of water level for the period October, Novermber and
the first fortnight of December has a bearing on the amount of
flow of water in the canal, :
f) Correlation cosfficionts:

In the preceeding pages, the probable relationship,
that existed between & few of the factors influemcing the
ground water regime, have been discussed. The spplication
of the corralation method of statistlecal amalysis of the
vater level data further fasilitates the determinations of
exact dependencies between the varisbles., The correlation
between the two variables -= water levels in the preceding and
vater levels in the following months -~ has been attempted as
a linear correlation smd the seme gives & value (page No.141)
for the correlation coefficient ‘r! as (+0,2877)., Since the
value being close to umity, the relationship between the two
varisbles, is divect and definite.

It may be further noted that though the predicted water
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levels for the following month depending on the preceding
months are within limits by the applicatlion of the above
(page 0.,143) derived foctors, the deviation factor obteained
(+0,5765) 43 almost helf a foet. This limitation has to be
attributed to (1) a less mumber of observation stations and
(11) single water level msasurement in a2 month, instead of an
average of & mwﬂﬁr of measursments,

Altovsky emphasised the importance of subjecting
ground water data to statistical amalysis for the rise or
fall pariods of the water tabls measured at variouns hydrogeolo~
gieal stations. In this connection it may be noted that the
variables (water levals in the preceding and water levels in
the following months) are not depemndent on the precipation or
any single and uniform overall factor, msking s gradusl rise
or fall to the water levels. O‘her man made factors such as the
econtyrol of csmal diacharge snd allied factors also play a role
in govorning the tronds of wator level at these stations through
out the cyele of observations., As such, it 1s felt necessary in
this case to subject the complete data to the amalysis of linear °
correlation method and establish the positive dependencies.

The magnitude of a dependency amongst the Andividual
factors can be judged from the proximity of the correlation
coefficient value to unity, - With limited data, (as in tiis
case) two or more dependencles governing the ground water regime
at each station can be best evaluated by the application of the
second Statistical Correlation Method (Page No.l44). From
table llo.a,'it is evident that at stations 1Dly 85, 1D2 the

rise/fall of water level is 60 to 80 perecent dependent on the
rainfall., At stations 2D1 and 3D1, 75 to 86 percent of this
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risg/fall 1s Aspendent on the dscherge 4n the Upper Genges Canal,

Station 12D1 uniquely embreces a good manber of factors such as

rainfall, cansl Mov and sther meteorclogical facters. The water

table being very shallow at this station and the well being close
to an irrigation flald, the factor of evapo-tramspiration might
be having conslderable influence on the water levels of the

well, In view of this, it would be diffionlt to evolve a dominant

correlation factor for this station. However, the value of

2! in all the cases mentlonad above elso indieatesthat rainfalf

is not the only factor controlling the water levels, It has

establighed that there are also other factors governing the
fluetvations in the water table, The factors besides rainfall
influoncing the water table near station 1D2 eould not be ascer-
tained fully, though it may be reasonable to assume an influence
of some seepage from the near by pond (surface water) to the ground
wvater body based on the lighology (sandy horizon).

CONCLUSIONS:

As part of ground water regime studies clese to the non-
masongry part of the Upper Canges Canal, South of Roorkee town, °
six hydrogeclogicsl ststions have been astablished, The results
of such an anslysis are recorded below,

L) The factors - both artificial and meteorological -
affecting the ground water table in the area have been
discuased individually,

11)  The correlation coefficients for tho varisbles (a) water
levels in the proaeding and following months (b) Rise/fall
of water level versus rainfall and (e) water levels versus
canal flow or discharge in the canal, have been derived
by applying two statistical methods of linear correlation
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successfully to ground water data, The method of
cerrelation not only helps in deriving tho correlated
dependenzy, but also the basle factor influencing any
given elament of the ground water regime.
The sub=-surface geology of the area has boen worked out
vith the help of the borehole data end represented by a
panel diagram, Its role as one of the factors influene-
ing ground water fluctuations has also been discussed.

—— see ———



Studies on thermographs of ground water and surface water
bodies (Canals, Lakes, and Streams) have come into vogue for
the last one decade. These studies act as useful tools in the
interpretation of selective hydrogeologic regime situations
such as recharge conditions close to streams, groundwater
velocities, analysis of reverse water level fluctuations amnd
relation between dirfo.rut aquifers.

In the preceding chapter relationship between the ground
wvater fluctuations and meteorological factors and also the
effects of artificial factors such as canal flow on the near
surface groundwaters have been brought out. Here a further
attempt has been made to study the effects of Canal Water
temperatures and air temperature on the near surface ground
wvater and relationship of thermal regime to depth of water
table and depth of cbservation stations,

METHODS OF COLLECTION OF DATA3

The canal area falling under the non-masondry part of
the Upper Ganges Canal and stretehing for about eleven miles
south of Foorkee town was chosen for the study (Plate No XXXVIII).
The notation of the statioms (1D1, 85, 2D1, 3D1, 12D1 and 1D2)
was adopted during the systematic inmventory for shallow wells
in the area (refer page No.13).

The temperature measurements of canal waters and
groundvaters have been noted till July 1961 by the Weksler
thermometer and later with a standerd British make thermometer.
The water level measurements were carried out correct to the
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second deeimal place with graduated Lufkin steel tapes. Both
the measurements have been taken on the same day in the forenoon,
preferably in the first week of every month, A few of the open
vells, already in existence in the area, were selected as obsere
vation stations for recording the water table and temperature
measurements, The tinpornturc measurements for the canal water
have been carried out at points along the bank of the canal
vhich are at the shortest distance from the observation wells.
These data have been ¢ollected for a period of four years i.e.
since July 1960 to the end of June 1964. For convenience of
representing the full yearly eycles, the data for Jamiary 1961
through December 1963 were utilised wherever it was felt nece-
ssary.

The meteorological date have been obtained from the meteo-
rological station located in the Central Building research Insti-
tute, Roorkee and the air temperature data have been recorded
daily at 08130 and 17:30 hrs, The area under study being close
to Roorkee Meteorological station, it is justified to utilise
this meteorological data for the interpretation of thermographs,

During the course of the collection of these data, the
temperature at the individual stations was also recorded
generally between 10,00 and 13.00 hrs. on the day of observation.
In view of this, the msan of 08130 and 17:30 hrs. temperatures
have been used for br:luj.u‘ out the air thm(nphs. Based on
the daily average, the mean monthly and snmual temperatures are
computed and are recorded in Table Nos. 26 and 27 given below. The
mexima and minima in air temperatures snd the difference in the
two for each year are also recorded in Table No, %0 (page No.'1°)



DATA ON AIR, CANAL AND GROUNDWATER TEMPERATURES (©C) ROORKEE AREA:

-m-
TABLE 110.26,

1 [ o o
Date of Mgas- ";3, : "f "‘;E. v .g. ' .B_ : jq v .:i " :6.' " .ng_ " E : B‘: °0
- rasmality KOEES « SEN ~ SN - BCHN + 0 - B “ERE L B 1 ¥ B¢, 458
1 L 1 « ' 3‘ M O': 1 ‘6 s i ) "13 3 gw I O < 4 ' L o=l
n'_ 1 Y ) T )  j 4 1] = gl o T ] T o ™30 ¢ 11 ¢ 1L' 13
(]
( At 08:00 hrs 32.4 29,0 28,0 26.1 17.3 8.3 6.7 6.2 16.4 20.8 29.7 32.9
h(At 17:30 hrs  38.3 28,6 32.0 31.3 26.8 20.5 20.5 4.0 26.6 25.9 39.1 42.0
<(Average of
ﬁggmomrrm 36,35 28.8 30.0 28,7 22.0 1.4 13.6 10,1 21.5 23.3 34.4 37.4
Se
[ J
E(At pe eular 23,0 20.0 21.8 20.15 N.F. 13.0 13.0 12.2 17.5 20.7 20.5 20.7
3 gint 101 amd ,
oAt p‘!‘gﬂ’.m” 22.2 20.2 22.5 20.8 N.F, 13.9 13.1 13.1 18.5 2.2 21.4 20,76
2 point 1D2 |
3§1m 24,6 24.4 244 M0 22,0 195 7.8 18.3 20,0 21.1 23.1 23.6
£(85 SNE SNE 24,8 23.6 18.7 17.5 16.1 16.6 17.8 19.2 21.4 22.8
& (a2m 27.5 27.0 26,1 25,0 22,2 19,5 18.3 18.3 18.3 19.1 21.4 23.6
(30 o4 .4 24.0 23.6 23.5 20.75 18.3 17.6 17.5 17.9 18.3 19.5 21.88
é 1201 26,9 25 4 26.1 25,7 21.4 17.5 15.0 15.25 17.0 19.6 21.4 23.6
1D2 25,6 26.5 26.1 25.0 22.2 21.2 17.5 17.0 17.5 19.1 21.5 23.1

Note:~ N.F., Stands for *Not Flowing®'

SNE Stands for 'Station

Established®.
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28 .4 27.5 28,2 25.3 16.6 7.1 5.1 11.3 13.4 17.3 25 .4 26.5 24 .4
33.9 32.5 30.9 27.8 22,8 18.8 17.7 20.9 24.3 29.5 34.0 32.8 30.0
33.1 30,0 20.5 26.5 19,7 12.9 11.4 16.1 18.8 23.9 29,7 29.6 27.2
19.1 20,5 21.7 20.0  16.9 13.3 11.9 14.7 16.6 19.0 19.5 20.0 23.0
- 20,5 22,2 22,8 21.1 17.2(?) 13.9 12.2 15.5 16.6 19.0 19.5 19.0 =
24 .4 24 .4 25.0 4.4 21.7 18.8 17.7 19.1 20,0 21.8 22.5 23.5 24,0
24 .4 24.4 25,5 23.9 20,5 17.2 15.5 17.2 18.8 19.0 21.0 23.0 24.0
27.3 27.2 7.2 25.0 22.2 20.0 18.55 18,8 19.7 19.5 22.75 24.75 26.85
22.4 24.4 24.4 2.4 20.5 18.8 17.7 18.3 18.8 18.25 21.0 23.0 24.5
27.7 23.3 28.8 25.5 21.1 17.2 15.25 16.1 17.7 12.5 22,25 25.0 28.0
26.1 7.7 28.8 25.0 21.7 19.4 16.9 18.3 18.8 20.5 23.0 24.0 26.0
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28,0 28.7 24.2 15,1 8.1 44 10,5 13.5 20.0 28,9 33.4 31.5
33.9 33,7 30.8 25,1 18,4 17.3 24.5 25.3 30.1 35.4 39.5 36.2
30,9 31.2 27.6 20,1 13.2 10,8 17.5 19.4 25.0 32.1 36.4 33.8
20,25 20,5 20.25 16.0 14.0 12,0 15.0 15,0 19.0 21.0 20.0 19.5
ﬁ&ﬂ%?ﬁ«“ﬂgﬂuﬂ —— o i = - 19,0 21.0 21.0 20.0
to 1D1/85 and 12D1) _ :
24,78 24,5 23.5 20.5 18.21 18.0 17.50 19.0 21.0 22.5 24.0 23.5
24.5 24,78 225 19.5 17.0 16.0 17.5 18.0 20.0 21.0 23.0 24.0
26,5 26.0 2.8 21.5 19.5 19.0 18,0 18.5 19.5 21.2 26,0 27.0
23,75 24.0 22,6 19.25 18,0 18,0 17.5 17.5 18,5 20.0 24.0 23.0
27.0 28,0 25.5 20.0 17.0 6.0 16.0 16.5 18.5 22.0 28.0 20.0
27.0 26,5 25.0 21.0 18.78 18.0 18,0 19.0 20.0 22,3 26.0 25.5
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27.3 25.4 25.1 18.5 11.7 9.0 3.2 13.9 23.9 27.8 31.0
32.7 27.3 32,3 28,5 23.4 21.2 20.2 28.4 35.3 41.1 41.2
30,0 26.3 28.7 23.5 17.5 15.1 11.7 21l.1 29.6 34 .4 36.1
1805 20.0 mos - 16.0 ]300 1100 16.0 19.5 20.0 2205
19.0 20.5 21.0 - 16-5 13.5 ]2.0 16.5 20.0 20.5 23.0
4.5 24,5 23.5 22.0 20,0 18,0 16.0 18.0 20.5 22,0 24,0
24 .5 24.0 22.5 21.0 19,0 17.0 14.0 17.0 19.5 21.0 23.0
27.0 26,0 24,0 23.0 21.0 19.0 17.0 18.0 20.0 21.6 24,5
%00 2‘:.0 m.o 21.0 19.5 18.5 150'5 1800 19.0 m.Q m.o
28.0 26.0 4.5 22.0 19.5 16.6 14,0 16.0 20.5 21.0 24,0
28.0 26.0 24,5 225 21.0 19.5 17.0 19.5 22.0 23.0 25.0
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The air thermographs are brought out in three eategories.

In the first, the average air temperature recorded on the date
of ground water temperature measurement is plotted along with
the canal and groundwater temperature data (Plate Nos.XXXIX A
and B), GSecondly, the mean monthly air temperature curve is
also drawn -:.d shovn in a similar mamner., Thirdly the mean
anmial air temperature graph has been studied in relation to
mean anmual groundwater temperatures of selective stations
(Fig. No.XL), Similarly, the canal water terperatures have
also been obtained at the tire of colleection of the ground
water temperatures (Table No.26). These have been plotted as
surface wvater body thermographs alongwith the groundwater
thermographs (Plate Nos, XXXIX A and B)., The difference in
the maxima and the minima of the canal water temperature year

vise is noted in Teble Wo.30 (Page 390 ).
AT A Vi Wy

REG IME

Temperature deviations in an area depend on many factors.
In such studies, 1t is also essential to record the data
related to the water table depths, depth of the observation
points, the maxima and minima of the groumd water temperatures
and allied factors, These might have some bearing on the
temperature reginme too, The data for the individual stations
have been recorded in Table Nos, 28 to 30 given below:
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Station | Location : from 'n-.?o;h "meter : Use :h water ’
. eanal ‘the ' belov the y REMARKS
: : 'well ' 9 ‘eanal bumnd. .
] |b.1w [ ] L ] ] ]
] { ] [ ] ? ] ] L}
] ] ll-‘ | 4 [ ] |
] ] lm ] ] ] E ]
1 A AT 4 Bhisirrrinslcmee 2 e il

im In the cormound 618 Yds. 32.75' 6.45! Garden=~ 14°* Not in very heavy use.,
o i T

on
Delradun o o+
De 2t 5,5 108; :

201(1) 1In the compound 48 Yds. 22,15' 5.00" Not in use 2° from Station set in between
of the Inspection east point the main canal and the
Bungalow (canals) 1* from diversion channel,

west point
(11) 2 furlongs east 205 Yds.
of M/S5 101 on west
Delhi-Dehra Dun point

3m 100* in N 60°B « 15,00' 3.00' Not in use 13' Station set very close to the
direction from - - . GM‘ - . - ”
ey Xy
47'30"; 2'30%)

aeross U,G, Canal.,



British Insulated
Cable Co.4Roorkee"

1 2 3 4 5 [+ Z -

12m W.quadrant of 393 Yds. 8.52' 4.90' Domestie 7 Station set close to
the road june- the Arrigation field,
tion at M/S 97 not in heavy use.
on Delhi-Dehra
Dan Road,

1p2 180* NE, of 712 Yas. 21.78' 4.45' Domestic Gt Station close to a
road mile 95/2 pool of water during
on Delhi-Dehra rainy season only.
Dun road

85 In the compound of 310 Yds, 25.00' 9,00' Gardening 141 Not in very heavy




LLE 7 L ' % L) v ] T 1961, T L pen
Station | July | Aug. , Sept. | Oct. | Wov, . Dee, . Jan. ! Feb. ! larch ' Apri
] ] [ ] ] .. L ] ] [ ] |
] ] ] ] ] [ ] ] ] ]
| L 1 ] L ] | | ] |
I WL, DU TN N RS RSN OSSN THE 0% N A )
inm 27.87 26.70 , 26.50 26.63 27.20 27 .40 27.50 27.49 27.60 27.77
u Bﬁlﬂﬂ M 1?0-’8 1’.“ 13.70 1’.1‘ 18.“ 15-7'? 18.?7 m-ﬂ

established
a2m 6.65 7.15 7.68 7 .40 12,15 8.36 8.40 8,59 8.16 8,38
an 8.83 9.30 9.75 2.00 14 42 9.90 10.45 10.62 10,37 10,54
12m 1,78 1.38 1,70 1.00 2.90 2.10 1.95 0.41 2,04 2,40
1D2 6.82 2.85 2460 2,54 4.88 - 5.90 4,23 6.10 6.51
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May : June ' July : hug. : Sept. | Oet. : Nov. : Dec. : Jan. " Feb. : March
e I [} ] | | ] ] ] L ] ]

12 ' 33 ¥ 34 TV I8 T I8 MR WS A NG T WS ST
28,20 28.54 28,77 27.94 26,43 26.50 26.80 27.10 27.08 26.85 £6.90
19.11 19,30 19,30 18,33 17.38 18.15 18.88 18.79 18.25  18.10 18.24
7.35 6.24 6.65 5,49 7.64 8,10 12,10 8.33 7.74 8.26 8.59
9.18 8.80 9.05 8.77 10.24 9.65 13.30 9,50 9.45 10,17 10.83
2.42 2,10 1.10 0,19 1.04 1.90 2.84 1.93 1.60 1.16 1.87
6.53 6.50 640 0,99 1.84 2,95 4,40 5,53 5.38 4,08 5.64
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April | May | June | ml.y-": Mug. , Sept. .Oot. 'Nov, 'Dec. |Jan. ;m.?&.n Vipril May
| 3 1 | ] [ ] * L |

_1;__34&{&4&'&'-&'ﬂknrﬂ'n'&:ﬂ'L
27.26 27,75 23,33 28,55 28.08 27,96 27.75 28.22 28,22 28.13 28.30 28.62 28.83 20.28
18,38 18,95 19,10 18,00 19,04 18.96 18.96 19,45 19,00 18.95 19.80 19.63 19.30 20.12
7.53 6,44 6,30 5.85 7,00 8,06 B8.84 B.71 7.38 8.08 8,60 7.80 8.28 7.70
9,36 8.90 8.75 8.25 8.84 9.60 10,69 10,06 9.22 9.85 10.80 9.99 10.58 9.80
2,52 3.46 2,06 0,19 1.25 1.25 1.54 2,08 1.54 1.75 1.95 2,43 2,82 2.48
6.71 7.04 3.90 2.45 2,15 3,80 5.08 4.53 5.15 5.51 6.13 6.30 6.30

5.74




B Znmmns ) . gy T T v L mmame e T
June :my:m.;s-yt.:m.;m.;m. :Ju.:hb.:m:lprﬂ:hy:h-
| ] 3 . ] L | ] ! ] [ B |  § ]
~22 T 38 Y 30 Y S0 a1 ' an v a3 VAl v an v as Ve v AT i
29,70 2047 20,70 28.50 26,76 27.20 27.03 27.34 27.90 28,13 28.70 29,24 30.01
20,33 20.30 19,75 18.55 17.99 17.72 10.84 18.98 19,08 19.45 19.73 20.05 20.46
.88 7.13 6.39 6,35 2,53 10,39 7.08 6.90 7.54 7.70 7.45 6.68 6.80
9.46 10.00 8,19 9,70 10.60 12.06 9.24 0.45 10.65 10.80 10.35 8.85 8.61
2.56 1.668 043 ©.20 1.5 2,33 1.85 1,86 1.90 2.10 2.85 2.16 2.18
720 6.15 1.79 0,47 2.10 4.16 5.20 4.35 4,58 5.80 6.30 6.69

§.13




. 1 1962
Well No, :M.TO;? Min,Temp, Dl.ff.ht. ‘m .?; Min,Temp, 1911‘1'.&‘&. 'Ml! T‘l‘o .T.Q.'lef.ht.
'(0%c) ! (0°C) 'Max & ©%)"" ;. (ofc) " Max & Ei (e°c) (6°c)
1 h AT B PRI AT 3 - 6 [ 0
1D1 25.0 7.7 7.3 .8 7.7 7.1 o5 7.5 7.0
(5.9.61) ]{30.12.51) ﬁa.s.sz) 3.1.62) ?1‘;..8.&) 6.2.63)
85 25.6 7 2.9 5 9.3 .0 8.5
(5.9.61) 30.12.61) ?g.s 62) E 1.62) ﬁ.s..ea) %g 1.63)
2Dy .3 3 9.0 5 5 8.0 .0 .0 9.0
%Z.v.sv ﬁg.g.g)& | %7{,535 g.:t.&z) g.?..av F 2.63)
3Dy ' 24.4 7.6 6.8 A 7.7 6.7 .0 7.5 7.5
?:.a.m. & ]la.z.sﬂ ?3.7.w 3.1.62) ?‘i.s..sa) 6.2.63)
6.10.61) |
12m oA 0 13.8 12.8 0 13.0
a.s.m) 16.10.61) ?z.oév 33 & g.x,az) g.?.&ﬂ g.z.ss)
1p2 | 17.0 11.8 27.0 16.9 10.1 .0 .0 10.0
ﬁ.ﬁ.m) 1.8.63) E.mm)
re . .1 27.3 1.2 0.6 20.6 A 0.8 25.6
or )Azrg. T{.s.c_ﬂ %O.z.u) 6.9.62) %3 1.62) 3.6.63) .1.63)
reco at
08:30 & 17:30 hrs.
Canal Temp, 21.7 11.9 9.8 23.0 11.9 11.10 a:g s %g.g R 9.0
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Average of Diff, 'Average 'Average 13‘!‘!‘.‘0 TAverage ,Depth of na point ¥
Max & Min,Temp ozg ‘water m::' ‘water 'Water stntion .of wvater : Remarks .
1981-62-@. level '101.1 'lml ‘Level bolo\r land  column .
:1001 (in rt.) ' '( 'M-M ,surface (mrng:ﬁr -
7.13 29.22 27.74 28.52 28 .49 32.75 30.62
9.23 18.72 18.70 19.36 12,98 24,00 21.48
8.66 7.95 T7.58 7.80 Y77 22,15 14,96
7.00 10,04 9.51 10,10 2.88 15,00 12.44
13.20 ' 1.69 1.72 1.83 1.75 8.52 5.13
10.63 4,82 4,63 4,70 4,72 21.78 13.25
24,50 - - - - = -
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The depth to water values for individual stations have
been averaged for the year 1961, 1962 and 1963 and similarly
the difference between the maximim and minimam groumd water
temperature (magnitude of variation in temperature) for the
same period has also been averaged. These data have been
further utilised to demonstrate through graphical representations
the relationship between the various factors.

2

Aecording teo Todd?h temperature is one of the most
conservative properties of ground water. Prohhly, because of
this, there are very few referonces available related to ground
vaters in the field of thermometry. A few of the applications of
this science to ground water hydrology are emumerated below with
a viev to figure out the difference between the present study
and the earlier omes.

In 1966, wm‘)vhﬂ. working in Kentueky (USA)
has established through the temperature measurements the recharge
,conditions from the surface streams to the ground water body
under pumping wuou.

Stallmen determined the veloecity of ground water or
~ the permeability of an aquifer by using the finite difference
approximations of the differential equation relating te the head
and temperature in an agquifer. He further showed that the temp-
erature data covld also provide a means for these determinations.
These studies would be of great help in places vhere facilities
needed in other methods of determining the hydraulic constants are
not available.

By resorting to the temperature measurements recorded
through a thermistor in a well in the eity of Easton in Talbot
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country, Maryland (USA), hlrcu-m”dnuantntod that the
reverse water level fluctuations observed in the region are more
related to the mechanical foreces developed due to pumping on
the confined aqifers rather than to temperature.

in a study of matural groundwater recharge sota
(USA) a close relationship was observed by s.ma:?:grum
air temperatures and ground water levels in the winter and spring
under permafrost conditions,

Here, the main purpese of the preseat study is to seggre~-
gate the individual factors which influence or govern the magni-
tude of variation of groundwater temperatures, Writing on the
'mgthods of study of under ground water temperature’ luqlmﬁg)
states that the temperature of underground waters and its chrono-
logical variations depend upon a mumber of factors -- climate,
terrestrial heat, chemical and biochemical processes, percolat-
ing atmospheric precipitates, surface streams, filtration proper-
ties of the rock, velocity of the underground flow, fluectuations
in vater level, the economic activities of man, and & mumber of
other factors, Further he adds that the establishment of types °
of thermal regimes for free ground waters is diffiecult.

It may be nmoted thast in the present area, tho chief factors
taken into consideration are the climate, surface water bodies
and the water levels. The thermal regime is studied under free
groundwater conditions only.

Since it has been established elsewhere (73 and 34a) that
groundwvater temperatures at vory shallow depths follow closely
the mean ammual temperature, an attempt has been made to study
this relstionship from the daily, monthly and smmual thermographs
urmu’ouhmhthmnmmnunrrmmm
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temperatures (Plates Nos, XXXIX A,B and XL),
a) [R_TEMPERATURE VERSUS GROUND WATER
As is evidont from Plate Nos XXXIX A & B, the thermographs
(air and ground vater) indicete a lack of general similarity in
their tyonds at six stations, The lag effect betwoen the maximum
air temperature and that of ground water temperature is not
systematic, Though the sir temperature peaks are maintained in
May-June for ell the years under study, the ground water temper-
ature peaks appear earlier in July-August 1963 which is s slight
departure from the usual period of Mgust-September (1961-and
1962), From the tremnd of the curves it may be saeid that the
same phenomenon as noted in 1963 may repeat fcr the groundwater
peak temperatures during 1964. The minimm temperature lag
of fect between air and ground water temperatures works out
differently for the mean monthly and daily air thermographs.
The former indicates either a2 coincidence with the minimum ground
water temperature or preceyds the same, In the latter case it
coineldes or follows the minimm temperature of the groundwaters.
During the year 1963 1t precegded the ground water temperatures. °
It may further be noted that the mean monthly air thermograph
millifies the prominent high temperature peaks shown usually in
the August-September periods of the daily air temperature hydro-
graph. Further from graph (Plate No.XL) 1t can be inferred that
the mean anmmual cround water temperatures at very shallow depths
(vithin 5 feet below land surface) follow closely the meam
anmial alr temperatures but this relationship gets dlsturbed as
the depth to water level inecreases by fifteen feet or more.

The air temperature graphs vhen compared with the surface
water body (Upper Ganges Canal) temperature curve also fails to




PLATE N@ XL

RELATIONSHIP BETWEEN MEAN ANNUAL ‘AIR
TEMPERATURE AND MEAN ANNUAL

GROUNDWATER TEMPERATURE AT THE SHALLOW
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bring out any significant relationship between the two == the high
alr temperature peasks during May to July period are reversed in
the surface water body themmograph.
.) ; H - ¢ .

The eanal water thermograph, in comparision to the ground
water thermograph reveals that the surface water body temperature
is significantly lower than that of the ground water temperature
recorded at any one of the observation stations in the area.

For a short period in the spring sesson (Mareh-April), the graph
shows & higher temperature than many of the ground water tempera-
tures observed at the stations through all years of record, A
gimilar feature has been noticed when the canal water thermograph
is compared with the air temporature for the coldest period of
the fuu (Pecenber to February) except for 1964. These phenomena
are difficult to explain at this stage of the study. However, it
may be considered that seasonal changes especially at the transi-
tion periods introduce rapld climetic variations whose immediate
effects are more pronounced on the surface water body than on
the ground water body. The small but prominent pesks in the camal ’
wvater thermogrephs during July-October period of the year re-
present the effeets of raiafed water on the temperature of the
surface vater body, This 1s due to the fact that the canal at
& 1ts higher reaches receives directly part of the hill stream
discharges too, The prominence and distribution of the peak

on the thermograph depends on the spread of the monsoon season
each yesr in the erea.

A significant feature of the thermograph, is the low
temperature (20-24°C) range recorded by the canal water during
the peak summer months (May-Jume) in the area, especially wvhen
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viewed in comparision with the higher peaks of alr temperature
during that period., The reason for this is attributed te the
thawing of ice in the source region of the river Genges whieh feeds
the Upper Ganges Canal,

While reviewing the use of temperature fluctuations as a
tool for studying the elements of the hydrologie cyele inveolving
groundwater, an example of the comparative study of the ther-
mographs for the wells close to Ukabana lake alongwith aly ther-
mograph has been given in one of the articles of Johnston bDrﬂJ.ors
Journal (1962 ?) An inspection of the graphs indicates substan-
tial differences for each well when compared with the aly ther-
mography the fluctuations hm hun eorrelated to other factors
such as induced lake water at ground water body, confined nature
of the squifers, rate of groundvater movement ¢te, The tempera-
ture data from various sources such as c.um‘;%’ Louisville, _
Schenectady in USA as presented by Schmeider in the shape of
thermographs, show the range in the low temperature eycle of ground
vater in relation to the corresponding low and high temperature
eyele of the surface waters. These studies indicate that it is
extremely difficult to segkregate the amount of temperature change
vhich is caused by each factor. In the present study, frem the
above discussions, it 1s evident that no uniform relationship exists
between air/or canal temperatures and ground water temperatures in
the area. Prof. Todd in his bock on "Groundwater Hydrology™ has
observed that the ground water lemperatures at shallow depths
follow closely the mean snmual air temperature, Under the pre-
sent study, the mean anmual air temperature data have deen studied
against meam annual air temperatures for only 4 years duration.

This study confirms the observations made elsevhere, The relation-
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ship holds good for the ground water temperatures recorded within
8 feet depth below land surface. The same gets disturbed as the
depth of water level increases beyond 15 feet. However, it would
be interesting to study the relationship between anmual ground
vater temperature (computed from daily observations round the
year at all the stations) and the mean annual air temperature

in the area for longer periods of observation.

e)

3 OF OlA Uil Visho Us
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The depth of the well relationship to that of the ground
water temperatures was studied by drawing out a graph with
average water level (1961-63) on the ordinate and magnitude
of variation in temperature (1961-63) on the abseissa (Plate
Fo.XLl-A). From the plot it is inferred that some relationship
exists between depth to water table and magnitude of variation in
the temperature of 1D1, 85 and 12D1 study points. Only the
station 1D2 falls slightly away on the graph and the relationship
of 2D1 and 3D1 are due to their proximity and hydrological conmect
-~ion wvith the surface water body (Chapter V, page 126). It is
also evident from the graph that apart from depth to water table
factor there are also other dominent factors wvhich are responsible
for temperature variations of ground water in the region. To
evaluate this a graph showing the relationship between depth
of the observation station and difference in meximum snd minimm
ground vater temperatures (Plate No XLIt-B) is drawn. From a
study of this plot it is also established that the importance of
depth of observation station is an effective fasctor governing
ground water temperatures at individual stations. But 1201

station wvhich fits into the earlier plot is out from this
relationship,.

:I
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The above deviastions and the observations help to infer
the individual factors which influence the magnitude of ground
water temperature in the area. They are (1) Depth to water table
(14) Depth of the observation station and (144) Canal water in-
flux on near surface ground water and its consequent effect on
the temperature of the latter. The dependence of ground water
temperature on the first and second factors, leads to the infer-
ence that the existing water colum at the individual observa-
tion stations has some bearing on the initud. of ground water
temperature fluctuation in the region. To decipher this, the
temperature variation is studied against the average of depth
to water table and depth of the station by graphical methods
(Plate No.XLIX«<C), This asdditional factor also represents the
mid-point of the water colum., The deviations of 1D2 and 12D1
noted in the earlier graphical representations have been mul-
1ified in the last plot thereby demonstrating a linear relation-
ship between the average of depth of station and depth to water
table (average) and the difference of maximam and minimum ground
water temperature (average). The plot also signifies that the
greater is the depth of the observation station the lesser is
the magnitude of difference in the maximm snd minimum tempera-
ture., Stations 2D1 and 3D1 are an exception to the above
conclusion as these are influenced by the canal water influx,
But a note-worthy feature is the position of the above gtations
(on the graph ) in between 85 and 1D2 and 12D1 and 1D2 respective-
ly. This signifies that, but for the influx of extraneous lower
temperature water source on ground watery the wells would have
followed the linear tremd exhibited by the rest of the stations
in the region., Apart from the above,  the magnitude of theiy
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deviation from the general trend (slope of the line) follows an
inverse relationship to the distance of the station to the canal--
the distance of 3D1 being almost helf (25 yds) that of 2D1 (40 yds)
from the canal, the magnitude of deviation from the general trend
is rocorded as double (4.4°C for 3D1 and 2.5°C for 201).
CONCLUSIONS 3

The study of the temperature fluetuations of near surface
ground vater along lipper @anges canal in Roorkee area has es-
tablished a linear relationship between the average of depth
to water table and depth of the station (mid-point of the water
colum) snd magnitude of difference in the maximum and minimum
ground water temperatures. Deviation from this relationship
is noted for stations situated elose to the canal, This
anemoly is interpreted as a result of the influx of ecanal water
into near surface groundwater. The magnitude of such deviation
from the general relationship is inversely related to the dis-
tance of the station to the surface water body., The trends of
canal water and sir thermographs in comparisfon to the ground
vater thermographs indicate no note vworthy and uniform relation-
ship between the two. It has also been established that the
mesn anmial ground water temperatures at very shallow depths
(vithin 5 feet from land surface) follow closely the meem
annual alr temperatures. The significantly low temperature of
canal water during summers is attributed to the thawing of ice
in the source region of the streams which feed the Upper Ganges
Canal. These studies have been attempted almost for the first
time and needj to be projected in other settings close to the
Upper Ganges Canal and other canal systems in the Indo-Gangetie
plain,

L see L]



QUALITY OF GROUND WATERSS
ANIRODUCTION:

Of late, ground water studies aimed mainly towards
establishment of sub-surface water resources are econsidered
unimportant unless chemical quality of the waters is assured
to be satisfactory. In view of this geochemistry of ground
waters has to be studied with special reference to the need
for which the water is put to maximum use in any region. In
the present area of study, the chemical nature of natural
vaters are studied with reference to their use mainly for
irrigational purposes. The subject under consideration is
treated under two heads namely, (1) shallow ground water
cheristry and (11) chemical quality of deep eonfined ground
vaters, This is all the more necessary as there are some
chances for changes in the chemical quality of waters in the
water table reservoirs due to free movement, eirculation
and flushing of ground waters and equally in the confined
under ground reservoirs where movement of water is usually
very slow and there is enough time for chemical reactions
between the water and the rocky/or uncongolidated alluvial
sediments, As such, the investigations on the quality of
vater constitute an important phase of the integrated water
resources evaluastion attempted for the area.

SAMPLING OF WATERS?Y

The shallov ground waters in the area have been
sampled from the open wells during the summer months of
1963, During this season, addition to ground water from
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extranecus sources (recharge) will be limited. Water samples
from the confined ground waters have been collected during
the winter mnths of 1964, Water samples have been collected
from the tubewells directly from the discharge pipe wvhile they
are being run for watering the irrigation fields, Nearly 163
water samples have been collected from the shallow ground water
reservoir, and 16 samples from the deep confined aquifer. The
samples from the confined aquifers are chosen in such a manner
that they represent the entire well field area. The samples
from the former source are emalysed partially (i.e. for a few
important radicals) smd all the samples from the latter source
are subjected to complete chemical analysis (determination of
more munber of radicals than in the partial snalysis). The
quality maps practically cover the data regarding partial
analyses of the waters and the analytical results pertaining to
the confined aguifers are given in Table No.o%,
| ‘ (36,61,62)
Since standard works on the subject are available
detailed description of laboratory procedures are omitted,
Over years, a good murber of units have been used for report-
ing the vater smalyses. Vater composition is commonly expres-
sed in two systems, (1) in terms of d1ssolved matter and weight
of solution and (41) in terms of weights per unit volume. Under
the first category one part per ﬁiuu represents 1 milligram
of solute in 1 kilogram of solution., For the second, this con-
verslon is made by unﬂn}‘}fﬁu 1itre of the water used weights
1 kilogram.
For purposes of the presemt study the first method has
been used extensively.



1) AREAL STUDY OF WATER QUALITXS

The chemical quality of the water samples collected from
an area of 250 sq. mlles has been shown on the map, by drawing
the contours of equal concentration of sulphates, bicarbonates
and ehlorides (Plate Nos., XLII, XLIII and XLIV)., The areal
distridbution of the water of various kinds can be inferred in
a general vay. Since many of the open wells in the area end in
the shellow reservoir, these maps represent more for the chemical
changes in the reservoir. The following inferences emerge from
a study of the quality maps.
a)  The formation waters associated with the shallow

groundwater reservoir are chemically a bicarbonate

types Bicarbonate varies from 30-780 ppm but

usually is of the order of 100-300 ppm.
b) Sulphate eontent in general is lowj it varies

from 18-140 ppm but usually lies within the

limits of 20-25 ppmj similarly, the chlorides

also vary from 5-480 ppm and usually lie within

the range of 10-60 ppm.
e) High salt concentrations are recorded generally in

the Northeast and South-western parts of the area.

The last feature may be attributed to the faet that

flat hydraulie gradients in the south-western part

inhibit frequent snd vigorous flushing of ground waters

and as such help longer contact with the formations

and concentration of salts. But in the north-sastern

part, keeping in view the fact that the drainage is
effluent and the hydremlic gradients in the shallow
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aquifer are fairly steep, the reason for localised
concentration of salts in groundwater seems to be
more due to the chemical nature of the sediments,

It may, however, be noted that it would be difficult
to give a qualified answer to this situation from
the present available data.

o) Around well no.6, high concentration of sulphate,
bicarbonate and ehloride radicals is recognisable
on a localised scale.

11)

In order to obtain a comparative idea regarding chemical
nature of ground waters in the shallow aguifers, the data are
grouped as follows:

OF CHEMICAL
SHALL O

Chemical 'MW% ' #
constitu ;o-uo ,50-100 '100-150 ,200-300 , 400
M, T, TEN WG KN R SIS AN SRR IO, S MR, B TS
Bicarbo- = 17 - 78 46 10 12
nate
Chloride 119 26 8 10 - = -
*150)

Sulphate 130 22 2
’ (>100)

From the above table it is evident that except in the
ease of bicarbonate, all the other radicals or salts show that
maximam musber of the open wells fall withim 0-560 ppm range.
The maximum nmunber of wells in the HCO3 - group fall in 100-200 ppm
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PLATE N2 XIW
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rango.

It may bo recalled that the water from shallow wells
eside from its use for domestic purposes is also used for
agricultural purposes (Appendix No,l) snd as such the suitabie
14ty of the water for irrigational purposes should also de
agscortained, Based only on the range of chloride concentra-
zm.nmmamtzynuummman
Seofield’s classiffcation of Irrigation Vaters (Cf: page '®'),
As such, the shallow ground waters are considered as safe
for irrigation under ordinary conditions of climate and soils.
Since the toxie constituents if any end the bactericlogieal
factors have not been studied, mo gemeralisation should be made
vith the aveileble data regarding the suitability of the waters

for drinking purposes.

1)

In order to demonstrate sirmilarities and differences
of chemical compesition and also facilitate study of the
massive cherdcal date in the shortest possible time, graphi-
eal repregentation of the same is adopted, In the graphing
system of data presentation, diamond and logarithmic plots
and other hatched maps are uged to represent the chemieal
data.

The immediste purpose of the quality of weter study
ghould be to determine if the water is satisfectory for a
proposed use, Under geochemical classifications the procedures
mainly directed to classify the chendeal data are those ro-
lated to irrigation requirements as the maximum utility of
groundwaters tapped from the confined squifers is for sush
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purposes only. As such, sifications adopted are mainly
based on those of SaoQﬂo?:n g,:: Hnmm)nd also applicat~-
lon of Sodium Adserption Ratio (SAR). The diemond plot as
suggested by Hné has also been attempted to study the
chemical mature of water in relation to any admixtures to the
ground vater source through recharge,

The chemical composition of the ground watersg samples

from the confined reservoir are given below.

n.'hhnu Date of T Vpeote 'RESULLS
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. I ST T A LA S SR N, JLAS S
1. 8 24,11.64 7.80 330 20 Ml Nil 5
2. a 25.11.64 8,00 340 20 Ml Ml 7
3. 11 24,11.64 7.40 260 20 N1 Ni) 8
4, 14 24.11.,64 7.,30 340 20 M1l Ml 12
6. 17 24,11.,64 7.80 320 20 N1 i1 8
6. 19 25.11.64 7,70 330 20 M1 Ni1 2
7 22 5.12,64 8,35 251 10 M1 N{1 12
8. 34 25,11,64 T7.40 420 20 N1 F) 10
- Do 35 1.12.64 8,30 360 12 ‘hm: 19
10. 38 1.12.64 8,35 370 20 N 11 17
11, 43 25.11.64 7.40 320 20 M1 N1 10
12, 44 25.11.64 7.50 400 40 M Ni1 7
13, 45 1.12.64 8,40 260 il iﬂ ] 17
4. 47 29.11.64 7.40 340 20 N1 2
15. 53 1. 8,10 340 16 Eﬂ. 8 10
16. 54 1.12.64 8,30 330 1A Ny 17

Notei= The s es were analysed the Indian Agricultural
Rese Institute, New mﬂs
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10 "1 ' 12 1234 " 18 18 12 SR -
200 Nil 12 44 13 8 3 165 172
163 Ml 16 40 11 21 1l 145 170
151 Ml 10 42 8 6 1 138 138
200 Ngl 20 60 ] 6 3 186 184
156 Nyl 14 46 5 11 2 136 142
200 M1 27 80 ] 20 2 160 168
151 N1 o 17 17 4 116 144
279 M1 12 40 13 44 3 156 244
184 N4l 20 14 30 24 4 160 183
237 Ni1 7 24 26 26 A 170 222
212 N1 17 60 8 17 - 172 190
249 Ny 4 654 14 18 1 193 216
139 N1l 8 26 13 17 4 116 142
227 N3l 8 30 22 15 2 165 190
210 N1 10 28 1?7 24 0 142 188
04 n1 6 19 26 25 3 1588 198
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AL ALLL X
LRRIGATED ARFAS

In recent years from sgriculture point of view emphasis
is laid not only on the quality of ground water but also on
the phenomenon of base exchange involved in the reaction of ground
waters with various soils, The exchange is between the cations
held by the water and that of soils and is directed towards an
equilibrium of the bases. This involves consequent changes in
the soil characteristics - tilth, permeability ete. This
demands an orientation of geochemical studies towards finding
a solution for the applicability of ground waters to various
soils and erqp-,ntur-.
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a) SAR Diagram:

In view of this, the chemical data of waters obtained
from the confined agquifers have been analysed for the 'Sodium
Adsorption Ratio®' (SAR) as follows:

SAR = Ja_

/ + e
..El_rﬂ_

The values of 'SAR' have been plotted in the uu{a)
(Plate No.XLV), developed by the U.5. Salinity Laboratory.
The values for SAR for the sixteen representative samples of
the area range from 0.20 to 1,55, All the values are within
the group C2-8, and almst close to the group Cy - 83,
b) Percent Sodium Diagram:

For mearly a quarter century, the percent sodium value
has been reported in chemical analyses of irrigation waters.
As per Wileox the magnitude to whieh irrigation waters could
promote loss of exchangeable Ca'' and Mg = from the soil ean
be approximately predicted on the basis of sodium percentage
end the total concentration of dissolved solids., On this
basis, the analyses of the water from the confined reservoir
are plotted on the diagram (Plate No,XLVI) showing elassificat-
ion of irrigation waters based on percent sodium and electrical
conductivity -dd:fd after Wilcox. The position of points
in the diagram representing waters from different wells uni-
formly spread over the area indicate that all of them are
classified as ‘excellent to good waters' for irrigation.
e) Diamond Dlagram:

The points plotted in the diamond diagram developed
by Piper indicates the character of water as represented by
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the relationships among the Na + K, Ca + Mg, CO3 + HCO3,

and C1 + 504 ions, This graphic method is most useful vhen
the possibility of mixtures of ground water of different

sources needs to be explored. The chemical analyses data of
the waters from deeper sources in Roorkee area have been
plotted in the dlamond diagram (Plate No.XLVII)., The points
in the plot suggest their classification as Type = 6 waters
vhich indicate that in these waters secondary alkalinity
(earbonate hardness) exceeds 505 (i.s. chemical properties of
the water are dominated by alkaline earths and weak aecids).
d) Scofield's classification:

According to Seofield, in irrigation projects the
relation between salt inflow and outflow is called 'Salt
balance', It is considered 'favourable' when out flow of
salt equals or exceeds the inflow. For permanent nature of
irrigation, salt belance must be maintained in an irrigated
aves, Purther, he framed a elassification of vaters for
irrigation based on total dissolved salts, chloride, Borom
and Percent alkalies expressed as selective ranges in parts
per million, The snalytical data related to econfined ground
vaters are tabulated below as per Scofield's elassification,



SODIUM (ALKALI) HAZARD
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SODIUM ADSORPTION RATIO DIAGRAM FOR THE CHEMICAL
ANALYS!IS OF WATER OBTAINED FROM THE
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_ PLATE N2XLVI

DIAGRAM FOR IRRIGATION WATER CLASSIFICATION OF
THE CONFINED GROUNDWATERS IN ROORKEE AREA

BASED ON ELECTRICAL CONDUCTIVITY & PERCENT
SODIUM.
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PLATE NoXCVI

———— —= e e—— =

DIAMOND DIAGRAM FOR THE CLASSIFICATION OF
CONFINED GROUNDWATERS IN ROORKEE AREA.

SUB-DIVISIONS OF THE DIAMOND SHAPED FIELD

(ACCORDING TO ARTHUR . M PIPER)




JATERS: R

" DA

0ORKLE AWK

SCOFIEL LION P
EELATED T¢ ROUND |

Congtituent
Chloride: All sixteen well Ml Ml
samples fall in
this group.
Undor 608  60-76 8 Over 758 _
Percent Alkalies All sixteen well b Ml
samples fall in
this group.
{ 3 x 100)
a+Ca+
in B

Class Is VWaters regarded as entirely safe for irrigation
under ordinary conditions of elimate and soil
even for sensitive erops plants,

Class II: Waters whiech may be safe for certain conditions
or certain crops, yet may be unsafe under other
conditions or for other crops,

Class III: Water with concentration of one or more consti-
tuents too great to be sefe for irrigation use
or atleast unsafe in a great majority of cases.

Notet The Boron constituent in parts per milliom eould
not be determined,

From the above it may be sald that the ground waters
from the eonfined aquifers come under Class I waters of

Seofield and are regarded safe for irrigation,



It has been stated earlier (Chapter No.III, page 40)
that ground water flov lines indicate North-west to South-east
and North to South flow movement in thie well field area of Roorkee.
As such, it is necessary to observe or analyse the changes in
chemical nature of confined watsrs from areas of intake to
areas of exigt or withdrawal, In order to analyse this the
following method of study has been adopted,

Diagramatic representation of the chemical constituents
(4in epm) of the waters in the well field area has been made on
a map along with the flow lines of ground water movement
(Plate No,XLVIII), The shape of the hatched part, represent-
ing the chemical quality of the waters on the map, indicates
directly the changes in the chemical regime from areas of intake
to areas of out flow if the same are pronounced,

The disgram mentioned above gives some indication that
the left side part of the hatching showing the cations of
waters in the intake area (Western and North-western parts) .
get reduced in size in the eastern part of the well field area,
There is similarly a slight reduction in the bicarbonates also.
But for this, there is no marked or striking variation in the
chemical composition to warrant smy major influx of waters or
inherent dissolution of salts. '

L x's {OTND ¥ AR

A general comparision of the ground waters from the
shallow and deep aquifers, based on the study of the ecommon
radicals can be seen from the following:



- PLATE N2 XTVII

DIAGRAMATIC REPRESENTATION OF CHEMICAL I'ZFSTATE TUBEWE L UTILISED

CONSTITUENTS OF THE CONFINED GROUND
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ey, pvae

Bicarbonates
Sulphates 20 - 50 Nil
Chlorides 10 - 60 10 « 20

Aso from a comparison of the position of the water analyses
points in the various graphic disgrams with those of the
areal quality maps of the shallow ground waters, 1t is obvious
that the waters in the confined roservoir are better than those
met with in the shallow aquifers,

DISCUSSION:

In the study and interpretation of water snalyses,
various methods are in vogue. It is evident that a particular
analytieal method or its modification should be selected
carefully in order to give s qualified answer to the study
purposes.

In investigations on quality of ground waters, the
first grouping of anelysis datu‘ is according to the aguifers,
In the area under study this feature alsc finds a place as
the study 1s mainly classified as (1) quality of ground waters
in shallow aquifers and (ii) chemical quality of water in
confined aquifers,

Under the study of shallow ground waters it has been
observed that the type of waters mainly relate te that of
bicarbonates, The bicarbonates ususlly range from 100 - 300
ppm and sometimes reach mearly 800 ppm. VWhile reviewing the
absolute values and prv&}s of chemical constituents of
ground vaters, Schocller is of the opinion that (HCO3™)
values are sbove normal vhen the water is in contaet with
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COg in abnormal proportions of voleanic or mstamorphie origin

or generated by organic materials such as lignite, coal and other

hydrocarbons. In the area under study it has been pointed out
earlier (Chapter II, page 10) that the fluviatile alluvium
around Roorkee contains lemses of peaty orgenic materials. In
viev of this it is not unlikely that the ground waters in

the shallow aquifers in the area under study are partly
enriched in the bicarbonates due to the astivity of the free
carbon diué% released by the orgemnic materials, Ascording
to Garmonov the quality of phreatic water varies with the
gonation of types of climate, over-burden and other chamging
faotors. In this regard, the bicarbonate yich mone in the
Tunisian steppes has been attributed to the optimim terpera-
ture, vegetation, soil moisture and lumidity vhich facilita-
ted emrichment of (HCO3™).

This has been further explained as due to the phenomena
that vegetation supports vigorous growth of micro-organisms in
the soil, This in turn produces more quantities of COg whieh
enhances the bicarbonate econtent. The area under study also

supports good vegetation, scii moisture ad falls under reascnable

temperature vicissitudes, As such, it would not be unusual to
have bicarbomate rich ground waters especially in the shallow
zones in the ares under study,

While compering the quality of waters from shallow and
deoper aquifers, it has been pointed out that pulphate content
in the confined ground waters is comspicuously absent. This .
could have been explained as due to taking up of large quenti-
ties of calcium into the waters, but in the present case the
salcium contént in the waters is nmot significantly high teo
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permit any presumption on these lines. But it is true that
sulphate reductions take place if organic matter is present in
the aquifers and such reductions in sulphates will be progress-
ively more complete as the length of contaet is greater between
the formation maters and the associated organic materials, In
the Gengetie slluvium, especially in the older alluvium, it is
not uncommon to find associations of organic materials with
the sandy beds., The confined agquifers in the present area of
study down to 300 feet depth have been relegated to the older
alluvium of the Indo-Gamgetic plains (Chapter II, page 10),
6nd the formation waters being under confined comditions, there
is enough time for chemical reactions between the water amd

the rock, As such, it may be possible to have confined ground
vaters significantly low in sulphates,

Schulhf'“)u of the opinion that percentile values
can"not be very suitable for the presentation of Chemical
Analyses data. Under the present study, the only use of the
percentile diagram is that of the diamomd plot m{'ﬂ after
Piper. The very fact th?t. tn- :«g’t yoarsy trilinear system
of water ('l’:?‘ly!u plotting is gaining ground with modi-
fications , actsas a pointer that chemical relationships
among waters can be brought out in definite terms by the app-
lication of this diagram, Under the present study, it has
been utilised for two purposes - (1) to classify the chemical
nature of the confined ground water and (i1) to observe whether
any admixtures of ground waters have taken place in the confined
reservoir, The chemical mature of the waters haghy been proved
to be 2q rich in alkaline earths and week acids. As mo
straight line trends are noticed in the plot, as usually
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representative of mixtures of vaters, it may be inferred that
the well field area of Roorkee drawing water from the confined
aquifers is devoid of influxes of two or more sources of waters.
This also supports the inferences drawn in the lack of large
scale change in the chemical composition from areas of intake
to areas of withdrawal or exit based on the disgramatic repre-
sentation of the chemical constituents (in epm) of the ground
waters in the well field area of Roorkee (Plate NoJXLVIII).
As such, it may be moted that in many prasctical problems, this
use of trilinear :nph is still inavalusble.

In evaluating the quality of ground waters for irriga-
tional needs, it is not correct to depend exclusively on the
classification system that takes omly the compositiom of water
into account. In order to over[come this difficulty, the
ecaleulation of 'Sodium Adsorption Ratio' values have been
determined. These are better expressions of the tendency an
irrigated water may hm,to take part in the base exchange
reactions of the soils. As such, the 'SAR' value is more
directly significant than the percent Sodium, The position
of the points in the SAR - diagram (Plate No.XLV) indicated
that the confined ground waters are significantly low in sali-
nity and sodium hagards snd as such the water can be used on
all soils and for most crops. As the caleium and magnesium
ions exceed sodium ions considerably, the waters are useful for
maintaining good tilth and permeability of the soils. As such,
the SAR-diagram is not only helpful in classifying the waters
but also demonstrate8 its utility in inferring the soil condi-
tions in relation to irrigation projects.

It may be of interest to note that the points represent-
ing the chemical quality of waters sampled from the entire well
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field area of Roorkee covering mearly 125 sq. mles when
subjected to various classifications, uniquely demonstrated
thelr closeness in chemical nature in all the plots, indiesting
that there is good deal of chemical hemogeneity in the confined
ground wvaters. In confined reservoirs ground water movement
is usually slow and there is time for reactions between the
formation water and the rocks or aguifer meaterials, As such,
this phenomenon is not very common. Besides this the chemical
classifications indicate significantly thet the well waters
are extremely suitable for irrigational purposes.

CONCLUSIONS ¢
(_ 1) The chemical nature of shallow and confined ground

wvaters in Roorkee area has been studied with special
reference to their suitability for irrigationsl
purposes. It has been proved through the application
‘of variocus chemical elassifications that these waters
are oxtremely suitable in their application to irriga-
tion projeets.,

11) The ground water in the shallow aquifers is proved to
be rich in bicarbonates. The confined ground waters which
&Q at present heavily used for irrigational purposes
are classified as Class I sccording to Seofield Clas-
sification, 'Excellent to Good' as per VWilecox diagram,
"Low in salinity and sodium hazards®' as per 'SAR'
diagram and as 'Waters dominated by alksline earths and
wesk scids' as per diamond plot,

111) The ﬁrum of high concentration of bicarbonate both
in the shallow and confined aquifers is attributed to
the reaction of the formation waters with the organie
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materials sssociated with the 2lluvial formations and
partly to the favourable chemical zomation by climate.
The significantly low sulphstesvaters from the confined
aquifers is also explained as an action of formatiom
wvaters in time on the orgenic materials associated with
the alluvisl aguifers,

The chemical homogeneity in the confined aquifers

is established, It has also been proved that there is
no recognisable phenomena of intermixture of waters

in the deeper aquifers. It has also been indicated
that there is no marked variation in the chemical
regime of confined waters from areas of intake to

areas of exit in the well field area of loorkul)

——— L4 .'P_ L



Progress of mankind mainly depends on the water
avallability in a region and its utility. Estimates of these
two factors constitute mainly the budgeting of ground waters
in an area vhore surface waters are not available or impure.
In view of this, ground water balance studies are important

in meany developing well field areas. Of late; ground water
reservoir investigations divoreced from assessment studies on
the total useable sub-surface water resources, are considered
as unrealistie, In such investigations it is necessary to
make measurements of total storage, movements, recharge,
discharge or draft and allied components in order to identify
the functional conditions of the ground water system,

Such iavestigations will also have the objectives
(1) to determine the emount of recharge and the manner of
its fluctuations (11) to determine the amount of storage in
the aquifers of the reservoir (111) to determine the rate of
prosent ground water withdrawal and its effect on the :nilubic
supply (iv) to determine the amount of natural d&rainage and
(v) to estimate the amount of salvage from such inflows and out-
flows for optimum development of the ground water basin.

It may be noted, however, that establishment of such
relationships precisely would take considerable time and more
so for ground water basins which have been put to use dy wvay
of development for short periods. The prinecipal functiom of
the present attempt 1s to formilate a basis for evaluating
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quantitatively such relationships in the area under study.
It 1s believed that the methods employed here may have general
application elsewhere in the Gangetic Valley end other similar
ecological and hydrogeological settings.
COLLECTION OF DATAS

Rainfall record data at Roorkee statlion, operated
by the Central Building Research Institute, are available for
the study since 1985, Estimates of pumpage are avallable
for esch State owned tubewell for the entire period of 1937 -
1964 from the U,P, State Tubewells Departuent., Besides this
vater levels in the wells are measured as part of the study.
Information is not available on the discharges of Solani
river and evapotranspiration losses in the channels of river
drainage and its tributories,

It 1s gathered from well inventory (Appendix I) that
in the area the open or dug wells are constructed mainly down
to a maximm depth of 76 feet below land surface and tap
ground water from the water bearing sand horizons encountered
wvithin this depth, From the sub-surface correlation charts
(Chapter II, page 29 ) it 1s observed that in the region the
¢lay beds separating the dug well Zone aquifers from the
deeper aguifers (below 100 feet depth) are of reasonable thick-
ness and areal extent. It has been proved earlier (page “» )
that the coefficlent of storage value for the confined aquifers
is pot close teo the range generally met with in the water table
aquifers., Its value indicates well established confined
ground water conditions snd is suggestive of the faet that mo
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large scale leakage exists between the near surface and the
confined ground waters (usuelly below 100 feet depth) at this
stage of ground water development. Besides this 1t is reason-
able to assume that the influences of precipitation, sub-surface
dralnage to the rivers and the influence of canal seepages are
more pronounced in thelr contribution and other effects on the
near surface ground water body rather than on deep confined
aquifers. In view of this, it is very necessary in the presemt
area to study the assessment problem under two broad heads
namely 'Confined ground water reservoir' and Shallow ground
water nﬁm'!.r'. For purposes of this study, the shallow
fgmnd wvater reservoir body 1s defined as the group of aquifers
encountered above the first effective and well defined aquiclude
in the depth zone between 76 - 100 feet.

It may also be noted that in such studies it should be
kept in mind that estimate of ground water potential in dif-
ferent segments of the basin is more important tham a general
estimate of the basin as a whole. Bascd on this faet only the
area strewn vith fairly large musber of tubewells close to
Roorkee has been chosen for the assessment study of the confined
aquifers and the area along the main drainage course of Solani
and 1ts tributories and close to the Upper Ganges Canal amnd
its distributories has been taken for the study of shallow
water potentislities. In the following pages, Part = A,
deals with the ground water potential in the shallow aquifers
and Part - B, covers the assessment studies of the confined
nqu!.rcrs.l



It has been stated under the Chapter "Ground water Flow
Analysis™ that the shallow near surface agquifers in the area
are generally under water table conditions., In view of this
any ununht of storage of the free ground waters involves
knovledge of the speecifiec yleld of the saturated sands and
their exact volume, The sub-surface lithologenetie correlat-
ion charts (Plates Nos, XI-A, B,C) indicate that it would be

difficult to estimate the exact volume of the saturated allu-
vial materiel as the qus.fiu occur some times as inter-commec-
ted beds, lenses and as ‘eut outs' in the clay beds., As sueh,

an indirect method of volume estimation of the saturated water

bearing material has been adopted as follows:

‘The 75 feet thickness of the slluvium ususlly lying
sbove the first effective and well defined aguiclude of the
Gangetic Alluvium, contain on an average 20 feet thickness of
clay. As such, the thickness of the group of aquifers in the
shallow Groundwater Reservoir works out to be 55 feet. The
average water level for the shallow aquifers is of the order of
20 feet in the area, From the above, average thickness of
saturated sands of the reservoir will be of the order of 36
feet (55-20 ft. = 35 ft.). The volume of the saturated agquifer
will be a product of the area (250 sq. miles) and the saturated
thickness of the aquifer.

Volume of the Saturated ;
Aquifer = 250 x 640 x 36

= 5200 thousand Acre ft.
In the western Ganges Valley region the speecifie yleld

of the shallovw agquifers computed from the experimental tests
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by the Irrigation Research Iutitntsu)rw from 13 § to 18 £,
In the Findan - Fastern Yamina Canal Doab which is

close to the area of present study, the specific yield of the
formations is stated as M4.2%, On an average, the speeific
yield of the alluvial aquifers of the shallow reservoir in
this part of the Gamgetic Valley works out to be 15%. This
figure is used to compute the total available storage in the
near surface reservoir, Ground water storage is the product
of the volume of the saturated aquifer and the speeifiec yield.

Ground water storage = %‘Jﬂ

= 780 thousand Acre feet.
Leaving 50% of the ground water storage as permsment
reserve.

Ground water storage = 390 thousand Acre feet.
available for aay

use including o
ing of open \nﬁ-.
1 'HE SF

RECHAK

The sources of natural recharge to the shallow ground
water body are mainly (a) precipitation (b) influemt drainage
(e) inflow to the area due to natural hydraulie gradient (d)
seepage from canals (e) irrigation losses (or return flow).
These estimates are made individually.
a) RECEARGE THROUGH PRECIPITATION

The amount of infiltration of rain water towards the
ground vater body depends mainly on the ineidence of rainfall
and the infiltration coefficient of the soils. An empirical
relationship on the rainfall penetration to the water table
for Western Uttar Pradesh region has derived by the
Irrigation Research Institute, nuorkn.f‘ In the present area of
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study this formila has been used to arrive at the total infil-
tration of rain wvater to the ground water body. This is justi-
fied 23 the area under study falls in the same ‘doad' region and
is governed more or less by the same hydrological eyeles which
lead to the derivatlon of the gemeral formila. The empirical
formila 1s as followa?

R, . 2.0 (r-15)2/8 ves (xxiy)
B’ = Rainfall ration to

water tab ey in inches,
R = Annmual Rainfall in inches.

The actual recharge through rainfall infiltration to the
area is given as follows:

Amount of Rainfall
infiltration teo

the area

(Recharge ) = Rp

Acre feot.

x A x 640 soe (ﬂ')

(vhere A is the area).

Part of this water will be lost through evapotranspira-
tion and sub=-surface drainage and such losses are considered
as 50% of the total rainfall infiltration.

The data for the period of study (1960-'64) as computed
from equations (xxiv) and (xxv) stated sbove are pecorded in
Table No.34,



TRainfall 'R Tamount of  'Recharge due to Rainfall
Year ‘'in inches ' P 'Rainfall infiltration after dedue-

]
L S el
. A AMSE TS O B

1960  37.9 7.00 93,350 46,675
1961  42.8 7.86 1,00,800 50,400
1962 35.6 6.71 89,476 44,737
1963 43.1  7.59 1,01,200 50,600
1964 46.5 7.98 1,06,000 53,000

Average 98,160 49,080

The amount of recharge to the ground water body by
infiltration of rain water varies from year tc year and

| depends on the ammual precipitation. As such, the average

value for the study period has been worked out so that the

same may be taken in the ultimate analysis of the ground

water balance,

b)

The main drainage courses (Solani and Ratmau Reo)
in the area of study are essentially effluent in nature.
But a small stretch of the river course, extending for about
four miles south of the confluence of the above two rivers,
is of influent nature at some places. As such, the magnitude
of influent drainage will not be of considerable amount. This
has been further explained under the study of effluent drainage

also. .



e)

The water table map constructed for the shallow aquifer
(Plate No.,XIV~C) indicates an hydramlic gradient on an average
of 10 ft. per mile in the North-western and North-sastern
parts of the area for 10 miles and 6 miles of inlet eross/
sections respectively. Based on the lithology and average
water levels, the saturated part of the aquifer material
within 75 feet thickness of the alluvium, is of the order of
20 feet in the Northern part of the area. As the texture of
the top aquifers are mot very mich different from those of
the deeper agquifers down to 300 feet depth and both the
reservoir aquifers are constituted of fine to medium sands as
revealed by the lithological logs, the average permeability
(1000 gpd/sq. ft.) worked out from field purmp test analysis
data has been taken as the representative value of the per-—-
meability for the shallow agquifer under consideration.

The inflow to the area due to contimous ground water
movement is equal to the product of the transmissibility (1),
hydraulie gradient (I) and the width of the cross section
through vhich ground water enters the area (L),

Inflow to the area = TIL eee (xxvi)

a)

Since Upper Ganges Canal passes right across the area
vith a fifieen mile non-masonjry part, it 1s reasomsble to
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estimate the seepage losses which comstitute a part of the
recharge towards the shallow reservoir from the surface wvater
bodies. For this purpose the section covering 145, 85 and 1Dl
has been studied for the ground water gradients and effects of
canal discharge for the year 1962 (Plate I;S.EL%. These data
related to monthly measurements are incorporated in the table
given below!

PO TS BV ON - SOV RRTIE ~an o=

'wntor Level Above MSL 'Amount 'Reduced 'Differe

]
‘of flow 'level of )-nce of  REMARK

Date . in canal wntcr :lﬂ.:l.n :

'mm*-mm '-530/13'in cusecs)surface  feet bet,

’ ‘on the in canal '85 and

. ' : ‘date of 'on the 'ecamal, '

, ¢ ' 'HL num' ate of ' '

[] L ]

: : : ' -ment . Hl.umr. .
g

3.1.62 851.21 855,68 861.96 8,608 868,11 12,43
6.2,62 851,39 855,83 861.39 6,008 866,79  10.96
1.3.62 851,34 855,69 861,29 5,880 866,78 11,09
3.4.62 850,98 855,55 862,13 8,002 869,12 13,57
8.5,62 850,49 854,98 862,34 10,470 869,40  14.42
12.6,62 849,91 854,83 862,21 10,133 889,82 14,99
16,7.62 849,60 855,93 862.21 7,508 868,10 12,17
13,.8,62 850,16 855,990 861,92 8,700 868,53  12.54
6.9,62 850,28 854,97 861,09 7,004 866,93  11.96
4,10.62 850,49 854,97 860,20 6,206 865,60 10,63
13.11.62850,02 854,48 860,47 8,504 867,69 13,21
10,12.62850,02 854,93 861.69 9,035 868,91  13.98

85 & 145 = 575°
= ans

145 &
Canal

ht.hll'glm&G-“O'
"
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AMOUNT OF FLOW IN

WATER LEVEL ABROYE M.S.L.

HEIGHT ABOVE SEA LEVEL IN FEET.

CANAL (THOUSAND CUSECS)

(4]

GRAPH SHOWING THE GROUNDWATER GRADIENTS AND EFFEéTS

OF CANAL DISCHARGE ALONG THE SECTION COVERING
145,85 AND IDI STATIONS FOR THE YEAR 1962.
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From the inset in Plate No.J, it is evident that the effects
of canal discharge are pronounced on station 145 and the same
g8 stations 85 and 1Dl are not to be reckoned, DBesides this,

choice of ground water gradient (in feet per feet) for esti-
mating the canal seepage lossesy should be the one existing
between the canal and station 85 as at this point %9 the effect
of the canal discharge on ground water levels is practically
negligible.

In the following table, the hydranlic gradiemt between
the eanal and the observation station 145 (in feet per feet)
for all the months of the year 1962 and the amount of influent
seepage through one mile eross section of the canal assuming
similar hydraulic gradients on the other side of the canal sre
given. The recharge through seepage is averaged for the yeart

TABLE NO.gg:
m'u 0! mz.xc GRADIENI S AHD AMQUNT 0? __ SEEPAGE

Months 'Diff. of WL bet. ,Distance Hydraulie ' <5 " Q in
& Yoar 186 and canal , in ft, |Gradient 'in ft. | cusecs
- (in feet) 3 JAin £t, nr ft. , per one
. " ‘m ft. : : mle oro
i 2 sl G SRR 3 Sised £
Jan. 62 12.43 960 0.,012068 0,02590 2.122
Feb. 62 10,96 ’ 0,01140 0,02280  1.869
lt‘l!h 62 11.09 0.01158 0,02310 1.893
April 62 13,57 » 0.01413 0,02826 »316
62 14.42 " 0.01502 0,03004 2,462
June 62 M.ﬂ » 0.01562 0,03124 2.560
he B m  pabe e B
& L] [ ] *
mt. 62 11.96 . 0.,01246 0.00492 042
s 62 10.62 " 0.01108 0,02216 1.814
Nov. 62 13.21 . 0,01376 0.02752 2.2656
Dec, 62 13,08 . 0.01455 0.629010 2,387
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The actual assessment of the seepage losses are worked
out on the following basis: |
Amount of Influent

Seepage Leakage
(Recharge) per one = L‘lﬁh : ses (xxvii)
mile eross section
of the in
cusees (Q)
Where T 1s the transmisgibility
of the aquifer or streteh through
which the s e 1s taking place
and 5 Gr is the sum of hydraul
gradients on both sides of the
canal and expressed in ft. per ft,
The average field permeability (Pe) of the shallow
aquifers in the area is 1000 (US)GPD/Sq.ft. (refor page 2°4 ).
The average assumed thickness of the canal seetion along which
scepege is taking place is 10 feet. On basis of this the
transmissibility of the seepage zonme works out to be 10,000 (US)
gpd/ft. The average leakage through canal as shown in table
Noe36 1s 2,16 cusees per mile. The ¢ Gr 4s taken as double of
the observed gradient on ome side of the eanal, The length of
the unlined camal in Roorkee area 15 15 miles. By sustituting
these values in equation No.xxvii given above, the total
recharge to the shallow ground water body due to canal seepage
within 1000 feet distance from the canal works out to be 31.80
cusecs or roughly 23,000 Acre ft. per year.
.) . A . '] 3T ™ -

The recharge due to re-entrance by wvay of infiltration
of excess irrigation water to the ground water body may be
appreciable as the majority of the area is covered by irrigation
fields, This factor could not be_wdutd due to lack of
readily avallable data on the percolation rates and water
nqu:l.renni.ss of the growing erops in the area.



The total draft in the shallov reservelr is mainly
dependent on the factors (i) Effluent drainsge to the rivers
from the area (11) outflow from the area due to natural
hydramliec gradient of the water table (1i1) Evapotranspiration
losses and (iv) draft by means of open wells. The estimates of
draft due to each factor are given below. -

1) , T - .

In the area the main drainage courses are river Solani
and Ratmen Reo which have been established through the study of
vater table maps as effluent in their nature. As such, estimate
of the amount of effluent drainage constitutes one important
part of the total draft,

Aside from the consideration of the water table maps,
selective sections close to the river courses are tekem to
study the effluent/or influent nature of the rivers by deter-
mining the hydraunli¢ gradients. This data is given below.

A)  Solani Rivert:
Section No,l:
Covers well nos, 34, 32 and river Solani,

Distance between well no, 34 and 32 0.7 miles
Distance between well no.,32 and River 0,5 miles,

- ' Difference 'Av-ruo 'Avoruo
Year "Ihll No.34 'Well 10.38' in wvater difrmno Mrl\lll.

, ' levels 'in vater ent
: : :(!.n feot.) : evel '"{4n feet).
in feot) '
- ML 2 el : 4 : 5 il
1961 932.16 906,84 + 25.32 + 23.52 + 0,0063

1962 034,48 913.26 + 21.12

1963 930,96 906,84 + 24.11
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Section No.2t
Covers well nos, 29y 137 and River solani,
Distance between well no.290 and 137 0.4 mles
Distance between well no,137 and Solani River O.4 miles.

N Rl e ar et
Year ' * . in water ‘differ- ‘hydraulic
’ ' "levels 'ence in ! ent
’ : '(1n feet) ‘'water '"{in ft.
y ! ' "level ' per ft.)
: : . ‘(4n £t _°
o W M 2 : 4 N il Sdnisallins
1961 913,38 -
1962 915,54 896,77 + 19,77 + 20,69 + 0.,0008
1963 912.14 890,53 + 21.61
Saction No,31
Covers well nos. 126, 26 and River Solani.
Distance between well nos. 126 and 26 0.56 miles
Distence between well nos, 26 and River 0,60 miles
e S T T
Yoars o e Oe in wvater difference  Hydraulie
’ ’ '1evels "in water 'Gradient
: ' "(4n feet) ‘'level '(ft. per-
: . - ‘(o £5.) _° fr.)
i, 2 AT, - — . N . . .
1961 = 878.56
1962 886,03 881,26 + 4.77 + 4,77 + 0.0016
1963 = 877.88
Section No.4:
Covers Vell nos. 125, 26 and River Solani.
Distance between well nos. 126 and 26 0,78 miles

Distance between well nos. 26 and River 0,76 miles
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R R e In vaver . | eizroganoo | Hyirst
. - in water diffom Hydraulie

1
Yoar '
' . 'levels 'in wvater ' Gradient
: - ' (1n feet) '?nl y (f%, per
g dnfr) o fid.
1”1 - m," -
1962 836.23 885,09 +1.14 +1l.22 + 0.0003
1963 883,32 882,02 +1.30
Section No, 53
Covers well nos. 122, 20 and River Solani
Distance between well nos. 122 and 20 0,65 miles
Distance between well nos, 20 and River 0.80 miles
Reduced level of the Bed of river Solami 843.94 ft.
b "Difforence ' Average 'm:-
Year ' O noe 'u wvated 'd:lrromu Hrdmna
. ' 'lovels n vater adient
' : '(in feet) 1«-1 rt. per
! : : ‘(dn fE. ' 2e.)
1 | ) & | ] 4 E | ‘_ i l | —ﬂ
1961 861.83 841,02 + 20,81
1962 860.88 843,67 + 17.21 +17.72 * 0.0082 °
1963 858,43 843,29 +15.14
Section No,6¢
Covers wells Nos, 77, 78 and River Solani
Distsnce between well nos, 77 and 78 04,05 miles

Distance between well nos. 78 and River 1,10 miles
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" 'Difference ‘Avorm 'Avorm
Year 'Wmin water difrm ie
' ' 'levels -nu in Gradient
: : '(1n feet) ‘water (tt.
: . " .J(-W.l o)o
1 | | J 1 § 4  § ‘ v j a
1961 822,78 818,19 + 4,50
1962 822,89 818,70 + 4,19 + 4,04 + 0.0008
1963 820,48 817.15 + 3.33
Section No,7: |
Covers well Nos, 83, 84, 81 and Solani River
Distance between well nos. and 84 0,60 miles
Distance between well nos. 84 and 81 0.60 miles
Distance between well nos, 81 and Solani 0.90 miles
K | ] 1
'Di fference Aumo Average
Year 'Well No, 'Well No, Well No. in water urur-— 'Hydranlie
‘ 83 ’ 81 lovels m in ‘'Gradient
: : : "(4n feet) ntcr '(ft. per
' ' ' "1 ' ﬂo)'
| ] 1 ] '(in q.:) ]
1 L _& 1’ _a- | ‘ v 5 | & ¥ 7
1961 =~ 804,53 813,95 - 0,42
1962 804,78 808,29 814,10 (1) -3.15 =« 9.50 - 0,0015

(11) - 5.81

813.15 (1) - 4.31

(‘.1) - ‘.88

gradient,
river course.
and Ratmau- Rao rivers.

It may be noted that (+) sign indicates effluent
hydraulic gradient and (=) sign indicates influent hydralie

Section No.7 falls under influent nature of ths
This Section is below the confluence of Solani
All the Sections above this eonfluence
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indicate effluent nature of the river Solani., The average
hydraulic gradient of all the 6 fections above the confluence
vorks out to be 0.004 f%./ft.
Based on the asbove data, the amount of effluent drainage
is caleculated as follows: |

q
(Effluent Drainage in vi %

cusecs per mile 1n¢t§
year

of the river per ese(Same as
equation
No .xxvii)
Length of the River Solani = 20 miles
upto its confluence with
Ratmam Rao,
Thickness of strata through = 15 feet
Fiace Terttmates roaehiy oo
m
he reduced level of the
river bed and water levels
in the wells)
Average Field Permeability (Pg) = 1000 (us) orn,m.’
Transmissibility (T) computed = 15,000 (US) gpd/ft.

from above data for the strata
through vhich perecolation is

taking place. (T = m Pt m being
the thickness of the strata
facilitating percolation).

Average Hydraulie Gradient = 0,004 ft./ft.
{ Gradient = 0.008 f£t./ft.
(Double the gradient on one sidej
to egnr the same on the other
side
Substituting the above values in equation No.xxvii, we

obtain the effluent drainage to the River Solani per mile length.
Q = Iﬁﬁh
" %_Qm

= = 0.9835 Cusecs per mile
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(Effluent Drainage = 0.9835 x 20
towards Solani
Riﬂr ) = 19.67 cusees.
Section area
= 14,240 Aere f't./year,
B) Ratmen Rao (River):
Section No,l:
Covers well nos. 172 and 163 and River Ratmau Rao,
Distance between well nos., 172 and 163 0,70 miles
Distance between well nos, 163 and River 0,45 mlles
by ‘Difference 'Average :Avu-an
Year 'Eﬂ %.1% 'wﬁ ao.ﬁ 'in water ‘'differe- 'Hydraulie
! : 'levels 'nee in 'Gradieat
' : "(in feet) ‘'water '(ft. per
: ' ' 'lovel ' ft.).
] ] ! [ ] .(M‘, ]
O, TR O y > ' 4 S, WD, I
1962 923.24 914,56 + 8,68
+ 8.62 + 0.0023
1963 921.68 913,11 + 8,57
Section No,2:
Covers well nos. 171, 161 and River Ratmmm Rao.
Distance between well mos. 171 and 161 0.85 miles
Distance between well nos, 161 and River 0.,45 miles

TP B e e arn ot

Yoar ol . Jdn vﬁ.u 'nfhg 'mﬁc
=-nce en

1(in feet) lwater . (ft. per

qa--

]
] ] 9
: ' it o
oot AN XU, A - M - 4
1962 911,21 905.76 +5.45
+ 3,82 + 0,0012

1963 906.13 903,94 + 2,19
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Section No.31
Covers well nos. 148, 143 and River Ratmau Rao.
Distance between well nos, 142 and 143 0.85 miles
Distance between well nos, 143 and River 0,70 miles.
Tiater levels (in feet) _'Difference | Average |Average
Year 'Well No.142 'Vell Neo.143 'in water Differe Hydraulie
' y 'J(mll ' wnce in 'Gradient
. ' '( in feet) ' water '(ft. per
' . . ' level : £t
[] ] ] ] (mM
. . S b a LA LA L
1062 824,02 821.39 + 3.54 :
+ 8;” + Oamm
1963 824.28 821.27 + 2,96

Linmited distribution of the wells prevented similar analysis for
more muuber of sections along the river course. The gradients
obtained along the present sections indicate that the river
Ratmau Rao is effluent through out its course in the area of
study.

Based on the above data, the:-amount of effluent drainage
is calculated as follows?t

Length of the river Ratmam = 20 miles

Rao in the area

Thickness of strata through = 18 feet

which seepage takes place :

(assumed) .

Average Field Permeability (Pg) = 1000 (US) GPD/ft.2
Transmissihility (T) = 15,000 (US) gpd/ft.

computed from ¢ data for
the strata through whiech per-
colation is taking place (T =

n m being the ess

nf’&: stra "r-mtmu

percoletion

Average Hydraulic Gradient = *+ 0.0015 rt/rt.
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% Gradient « + 0,0030 f£t/ft.
(::uumt t‘h“ho the .m
on 31Ces
of the river bed, the worked
out gradient is doubled
Q2

(Effluent drainage towards . L!éh

Ratmem Rao per mile .
- E

= 0,376 cusees per mile.
Effluent drei towards
Ratman Rao for miles section
in the area = 0,376 x 20

=2 G.52 cusecs

= 4,720 Acre ft./ years.
The total effluent drainage in the region towards Solani and
Ratmau Rao rivers will be the sum of Q3 and Q2 derived above.
Total Effluent Drainage = Q +Q

: ® 14,240 + 4,720
= 18,960 Acre ft,/year
(Say 19,000 Acre ft./year)

The water table map comstructed for tha shallow aquifer
(Plate No.XIV-C) indicates ay' hydraulic gradient on an average
10 feet per mile in the South-Eastern part and § foet per mle
in the South-Western part of the area for 10 miles and 6 miles

out let eross sections respectively. The saturated part of the

. aquifer material within 75 feet thickness of the alluvium along
these sections will be of the order of 850 feet. The average
permeability of the vater transmitting sands will be 1000 (US)
mm.' (refer Page 2°4 ).

m'ui-nw from the area due to continuocus ground water
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movement is equal to the product of transmissibility (T)
hydraulic gradient (I) and the width of the cross section
through which flow ocecurs (L),
Out flow from the area AR TIL

* 80,0005 10x 10 x 365 +
g

= 7,283 Acre ft.
(8" 7,3(!3 Acre ft,).

114)

In areas where the water table or capillary fringe
is fairly high, vater can be taken into the roots directly
by plants and discharged by way of transpiration smnd evapora-
tion. In the area under study, large tracts are under irri-
gation and fairly thick vegetation cover and the post-monsoon
regional water table is fairly high. As such, it is reason-
able to assume losses through evapotranspiration as a contrie
butory factor towards the total draft in the reglon.

Since data en evapitranspiration measurements in the
area is not available, an indirect approach to its rough
estimate has been attempted. In the area under econsideration,
it has been stated(refer page 2°> ) that the resultamt recharge
through rainfall infiltration will be of the order of 49,000
Acre ft. after deducting 50f as evapotranspiration and sub-
surface drainage in the region. The sub-surface flow as
effluent drainage in the area is of the order of 19,000 Aere
ft. As such the draft due to onpotrmpinﬁou lnun. vill be
30,000 acre feet (49,000 - 19,000 Acre ft,),



iv)
It can be infewred from Appendix No.l that many of the

shallow open wells are not put to full use in the area for heavy
irrigational purposes. This may be due to avalilability of canal
and tubewell water supplies. However,; they are still being
used for drinking purpeses, The draft from these wells is of
lirited magnitude. Assuming about 1000 open wells in all, in
the area and an extraction rate of nearly § acre feet per well
per year, the total draft by way of operation of open wells works
out to be 5,000 Acre ft.

The hydrological parameters of the alluvial aquifers
occ\l;ring usually below hundred feet depth in the area indicate
occurrence of ground water under confined conditions in these
formations, In the quantitative assessment studies of such
confined aquifer/group of aquifers/er reservoir, the essential
components of importance are recharge and draft. The recharge
is influenced by such factors as (i) rate of recharge to the
confined aquifers (11) addition to storage (1ii) downward
leakage through the confining layer., The draft is influenced
by factors like (1) pumpage through tubewells (11) decline
of plezometric head and change in storage (iii) upward leskage
through the confining layer.

The extent and nature of confined aquifers, their res-
ponse to natural and artifieial influences and their quantitative
aspects are best studied in areas which are strewn with large
mmber of tubewells. Under the present investigation °i:h- well
field wut-ar -Solani River course constitutesthe area of study
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on the quantitative aspects of the confined reservoir. In the
North-eastern part there is hardly any scope for this aspect
of study.

1) RATE OF RECHARGE TO CONFINED AQUIFERS:

Since the confined aquifers do not expose any vhere
close to the area, the evaluation of recharge £ the reservoir
may be through flow-net smalysis for the developing well field
areas in the region. This has been attempted for the Landhaura
vell field area and the rate of recharge is estimated as
340,000 gpd/sq. mile (refer Chapter %’, page 49 ). The area
lying west of Solani river course will be about 128 sq. lles
in areal extent. As such, the rate of recharge to the econfined
reservoir amountsto 42.5 mllion galloms per day or 47,600
Aere feet per year,
11) ARDITION TO STORAGES

An snalysis of the water levels in the tubewells in 1063
for Landhsura well field area indicated a general decline in
the pilezometric head of the order of 3.50 feet. This scts as a
pointer towards the faet that there is some draft in the reservoir
which eould be accommodated in the storage. This has been further
discussed in the following pages.
111) '

It has been pointed out elsewhere in this Chapter
(Page =:3 ) that no large scale leakage through the confining
layer, separating the water table aquifers from the confined
ones, is inferred at this stage of ground water devel opment
of the confined reservoir. But in the area under study special
cases, such as canal bed infiltration, may influence soms leskage
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through the confining beds. The Upper Ganges Canal in the
area is in operation for the last 120 years. The cumilative
effects of vertical perecolation from the canal bed and through
the eonfining layers in course of years can_not be altogether
ignored. There is a possibility that the peremnisl canal can
influence this way even the group of confined aguifers below
100 feet depth in the region if other hydraulic factors are also
congenial, The present data is insufficient to permit any
generalisation on the quantitative aspects of such recharge
to the confined aquifers,

Pumpage from tubewells is an important compoment in
estimating the draft of any ground water reservoir., As such,
the data regarding the total number of hours each tubewell was
run in every year since its inception and the average rate of
discharge of the tubewell were collected from 68 tubewells
located in the area for the period 1937 -'38 to 1963 - '64.
This mumber ineludes the water supply wells of the Roorkee
Munieipality (2 wells), University (6 wells ), Researeh Institutes
(2 vells) and Military Cantonement (4 wells). The draft from
each well is ealeulated by multiplying the rate of discharge
per hour by the total number of hours the well was put to use
during the year. The total amount of withdrawal from the area
by means of the tubewells is caleculated by summing up the total
discharge figures of all the wells in the area for each year,
The total draft year-wise in the area (for 26 years) is given
in Table No.37 below:



' No. of tubewells " Annual draft in Acre ft.
Year ' commissioned :

1 ' 2 Li a
1937-38 7 1069
19238-39 7 1379
1939-40 7 1414
1920~41 10 . 1981
1041 -42 10 2062
18642-43 11 1971
194344 12 2223
1944-45 13 2263
1945-46 13 2320
194647 13 2072
1947-48 13 2354
1948-49 13 2468
1049-50 12 2711
1950-61 12 2782
1861-52 15 3110
1952-53 16 3913
106354 20 3699
1954-58 42 7088
19556-56 83 6741
1966-57 55 7646
1967-58 58 2978
1958-89 56 11657
1959-60 « 11724
1960-61 68 15592
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1961-62 58 13614
1962-63 §7 16428
1963-64 €8 20859

It may be seen from the table that with 68 tubewells in
commission the total draft in the year 1963-64 is of the order
of 20,860 Aecre ft.

11) : '

It has been stated eaflier (Chapter III, page 4% )

that the well field area close to Landhsura, has shown a
depression 4f nearly 3.50 feet in the year 1963 at the centre
of the area utilised for flow net analysis. The areal extent
of this is of the order of 15 sq. miles. As the recharge fer
the well field area works out to be 340,000 gpd/sq. miles, the
total recharge for the above stated area wfu out to be 5,700
Aere ft. The draft exclusively from the tubewells lying within
and close to the flow-net analysis area (State Tubewells

Nos. 1,2,4,8-,7,8,9,10,11,1!,13.14,16,19,10,81,40,41,48) is of
the order of 7,150 Aere ft, (average of 62-63 and 63-64 drafts).
This is in excess by 1,450 Acre ft. to the recharge of the

area in 1963, It is not unlikely that because of this addie
tional draft, there is decline in the pilezometrie head in the
year 1963,
111)

In the area umder study, there is no recognisable feature
(difference in water levels in the shallow and confined aquifers)

vhich warrants amalysis of upward leakags through the eonfining
layers, .
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Referring to water balance in aquifers Schoeller

remarked that "ground water balance is still a nageging question
mark in hydrogeology". He further writes that it is of first
importance since the practical aim of hydrogeology is, finally,
to determine the groundwater resources available for use. Mach
of the develofment of the methods and skills for quantitative
appraisal of ground water has uem{od vithin the past few
decades. This is a natural out_growth of the ever expanding
use of this resource and its increasing economic value.

Attempts on the quantitative ground water studies in
Gangetic alluvium dates back to 1934 when Mackenzie Tylor,
initiated such studies before launching the Ganges Valley
State ‘rnbmll Irrigation Scheme, Lat.n\ attempts in this
direction are very limited. These studies from the field point
of view have been revised since 1960. In the State of Uttar
Pradesh, the Ganges-Yamuna Dogh ground uur(pﬁntﬁ.m have bun
assessed by the Irrigation Research Institute, Roorkee.
Similarly, the quantitative aspects of ground water studies have °
been attempted by the Exploratory Tubewells Organisation in
parts of Aligarh, Etah and nigg-dlhahr districts and Ghaziabad
area of Western Uttar Pradesh. Potentialities of the same area
together with those available in Meerut District have alsoc been
studied b{&l-jn Civil Engineering Department of the University
of Roorkee. Studies partly on the quantitative aspects of ground
vater have been attempted by the Geologieal Survey of India, in
parts of the rastern Uttar Pradesh around Azamgarh. These
studies have b;ought out some qualified answere to the problems
of ground water assessment, in the region.
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In the present area of investigation which forms a
contiguous belt of the above mentioned places of study, no
attempt in regard to ground water balance has been made earlier.
The study involves measurements of all the components given
in the ground water balance equation which runs as follows.
A+(I+Ry)+D = T+E+C+0+(P+v.8) ,,.(xxvill).

Where A = Percolation from surface stiream
I = Inflow into the basin from
the surrcunding ares.
n, = Rainfall penetration
D = D“I Imlation from
artifielial irrigation,

7T = Transpiration losses

B = Evaporation losses

c = Effluent Seepage

v} = Out.flow from the basin into
the surrounding area,

v = Volume of ground unwatered
(or watcros)

V.8, = Change in ground water storage.

) = Pumpage

S = Speeific Yield of the formation.

In the components mentioned above, the surface discharge
measurements of Solani River within the area of study are not
available, Since it is shown (Chapter III page 51) that groumnd
vater contribution (both from shallow and deep aquifers) is
mainly towards the base-flow of the river Solani which in turn
finds way to the swampy region further South of the area, this
component plays limited role in the evaluation of the total
peremnial water resource available for future dmlop-_nt.
llut.or -the ground water assessment investigations are
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generally initiated to find out whether over drafts exist in
the well field areas, The present study has been initiated with
a viev to know the existing draft in the ares and to work out
the additional tubewell potential for the region with the help
of the assessed recharge and useable ground water storage of
the reservoirs. Such studies would facilitate Planning future
area-wlse ground vater development. This study based on thé
pump test and well log data together with measurements of hydr-
ological components of the ground water balance equation permit-
ted a useful first evaluation of the total sub-surface water
resources within the limits of time and faeilities imposed upon
the investigation.

The evaluation of the water balance in the areay has
been attempted under two heads namely,(i) shallow ground water
reservoir and (11) eonfined ground water reservoir. Before
ve proceed on the balance studies, it is worth while to recall
the statement of K.ool(:n) that ,"the amount of water in storage
in a ground water reservoir, is hovever, mo indication of that
reservoir's capabilities for sustained yield to wells amnd springs. °
The perennial yield is limited by the average annual recharge

to the reservoir, just as the useful yleld of a surface reservoir
is limited by the inflow into 1t",

The ground water balance of the shallow aquifer is
indicated by the major components of the ground wvater equation
below:

a) Groundwater storage
(Le 50% reserve) 3 390 thousand Acre feet.

in a s
the of aquifers
vithin 78 feet depth



») Recharge through

Preciplitation 8 98,000 Acre ft.
e) Inflow (Recharge)
to the Basin 8 3,600 Aere ft.

d) Seepage from canal
b‘m ' ﬂ,m ABI'O n.

e) Total recharge to
the shallow Reservoir
b+e+d) $ 124,600 Acre ft,

f£) Draft due to Effluent
Drainage L 19,000 Acre ft,

g) Evapo~transpiration

losses: t 30,000 Acre ft.
h) Outflow from the

i&lln 3 7,3& AB!‘- n.

Notes (£ + g) ¢ itute

650% e’ (b; as
_ explained at page

1) Draft due to open

wvells 3 5,000 Aere ft.
3 Total existing Draft

in the shallow

Reservoiy

(f+g+h+4+3) 3 61,300 Agre ft,

k) Ground water Balance
(e - 3) t 63,300 Acre ft.

The excess ground water could be utilised for various
purposes without disturbing the ground water storage of
the shallow reservoir vhieh is of the order of 390 thousand
Acre ft. In view of these two factors (reasonable recharge to
the area and large storage) the question of mining ground water
(usage of ground water storage in excess to recharge) will not
result in the near future in the area. From the figures on
the amount of recharge to the shallow aquifer it is evident
that recharge due to rainfall infiltration is the majer factor.
The method. of ‘estimating ground water recharge to the shallow
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aquifer by application of rise of the regional water table and
specific yleld, has not been adopted in this area as the water
level inventory data are available only for the low water table
periods (mmri). It is also evident from the balance analysis
that to the shallow ground water body, the inflow into the
basin due to natural hydraulic gradient is almost half that
of the out flow. This is attributable to the low transmissi-
bilities in the North and lorthvué:;artsof the area compared
to the high transmissibilities of the aquifer sands in the
Southern part,

The emormous amount of water (98,000 Aere f't.) getting
infiltrated into the shallow ground water body through preeci-
pitation, gets fairly balemced with the effluent drainage to
. the river Solani (19,000 acre ft.) and evapotranspiration losses
(30,000 acre ft.), It may be recalled that the river Solani
almost spreads into a swampy region of nearly 40 sq. miles
area close to 1ts eonfluence with the river Ganges (Chapter II,
page 32, Plate No.XII), The swampy regiong starts almost Lﬁ", to
three mles South of the area of present study., A major part A
of the sub-surface flow of river Solani finds an out-let into
the swampy region and gets into the eyele of large scale evapo-
transpiration from a surface body (Swamp) of nearly 40 8q. miles
areal extent. It is not unlikely that the rest flows into the
River Ganges., The effluent drainage from the shallow aquifer
explains the perennial nature of the rivers in the area and
also that of the swampy lake region close to the confluence of
river Solani with the Ganges.
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The components 61’ the ground water balance equation for

the Confined Reserveir are usually limited. For the area of
study they are recorded as followst

a) Rate of recharge to the 47,600 Acre ft.
confined aquifers:
b) Addition to Storage: Do not figure in this
ease. '
e) e (?) Contribution 1,400 Aere ft.
from Confining bed:
d) Total Recharge to the 49,000 Aere ft,
Confined reservoir:
(a +e)
e) age draft for the 20,860 Aere ft.
re area’
250 8Q. miles)
) Balmnce for the entire 28,140 Acre ft.
g
-8

In the balance assessment it has been left as a doubt
vhether the contribution through the confining bed is considered
as recharge or not. While reviewing the decline of piezometrie
head and change in storage (page 221 ) it has been stated that .
the draft in the Landhaura well field area is in excess by
1450 Acre ft. to the recharge in 1963. This excess if taken
from the storage should be equal to the product of the depression
in the area, the areal extent of the well field area effected
by the depression and the storage coeffieient. But this figure
hardly represents 12 Aere ft. In view of this, the source
regarding the amount of excess water of the order of 1400 acre
ft. taken out from the reservoir in the year 1963 could not be
ascertained fully with the present knowledge of the well field
area, In the 'ahnnoo of any other recognisable source of re-
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charge contributing to the confined reservolr, it may not be
altogether wrong if it i1s attributed to some contributions
through leakage from the confining bed. But this minor le akage
is not reflected in the magnitude of the coefficient of storage
value for the aquifers (Page 9° ), Under ‘thnu econditions, 4t
would be necessary to repeat the earlier stated fact (page !°°)
that the present data do nmot warrant generalisation in regard to
leaky confining beds.

Based on the above the excess ground water available
in the present well field area (West of Solani River), could be
utilised further for irrigational and allied purposes. Since
the ground water is mainly used for irrigational purposes in
the area, an attempt has been made below to figure out the
additional tubewell potential and the spacing of the wells in
the area for optimum utilisation of the excess available ground
vater in the confined reservoir.

Ascording to the existing norms, an irrigation well of
1.5 cusecs eapacity put to 4000 running hours per year is
considered economical in the Gangetic alluvial plains of Western
Uttar Pradesh. The volume of water pumped out from such a well
each year 1s of the order of 500 ascre ft. Honce the equivalent
of tubewells of 1.5 eusecs eapacity in 128 sq. miles area south
of Roorkee is as follows!

BHC . s

The additional potential, apart from the existing
irrigational wells,; will be 56. These have to be spaced along
with the existing 68 wells in an area of 125 8q, mles West
of Solani river. This works out to be ome well of 1,5 .G\IIQCI
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capacity per square mile or 640 acres. The rate of pumping at
this capaeity and density of wells do not aet in eny vay detri-
mental to the safe extraction of ground water from the area,

It may be added here that earlier studies in Aligarh -
Hathras area by mmma:{u)-m a similar spacing for wells
of same capacity for optimum ground water development in the
confined aquifers of the region. Similar studies by the mgg)
in Atrauli area gave the safe extraction figure as 1.5 cusecs
per well per square mile for water table conditions. In
Mugzaffarnagar area, Ghntumd(:h)muam 2.3 cusecs wells
per sq. mile as safe spacing for the development of the water
table reservoir,

It may be noted that this potential works out only for
the confined aquifers down to a depth of 300 feet., It is
worthwhile assessing the ground water potential of the deeper
aquifers below 300 feet depth independently. If the area East
of the Solani river (125 sq. miles) is also considered the
.ad:.ts.oéfpomuu in the entire 250 sq. miles mzw:lll be to
the tune of about 176 tubewells as there are at present only
4 or § tubewells in the area Fast of the Solani river, PMurther,
in due course of ground water development if the hydraulie
gradients existing in the confined reservoir are reversed espe-
eially close to the river Solani in the well field area, it would
faeilitate enormous scope for larger ground water development in
future than what has been hither-to conceived.

CONCLUSIONS
1) Quantitative ground water assessment studies have been
attempted in an area of about 250 sq. miles around Roorkee
vith a view to determine (a) the amount of recharge to the
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shallow water table and deep confined aquifers (b) the amount
of storage in the aquifers (e) rate of present ground water ;
vithdraval (d) its effect on the available supply (e) the
amunt of matural drainage (f) the amount of salvage from the
Jaflows and outflows to the reservoir and (g) the optimum deve-
lopment of the ground water reservoirs. In evaluating this, the
components of the ground water balance equation are worked out
both for the shallow ground water reservoir constituting the
vater table aquifers as well as for the confined ground water
reservoir in the area. '
11) The ground water storage for the shallow reservoir is of
the order of 390 thousand acre ft. The ground water balance
studies for the reservoir indicate en excess water source of
the order of 63,300 acre ft. due to recharge. This potential
could be utilised for irrigation or allied purposes. It has
further been shown that the sizable recharge to the shallow
aquifer through precipitation (50,000 acre ft.) and the
effluent drainage draft of the reservoir, contribute towards
the base flow of the river Solani., This flow finds its out-let °
into the swampy region just south of the area and explains its
perennial nature.
111) The ground water balance worked out for the econfined
group of aquifers within 300 ft. depth in the present well field
area West of Solani river, indicates an additional recharge of
28,140 acre ft. to the reservoir. Based on this available
sub-surface water resource, it has been shown that the well
field area supports an additionsl potential of 56 tubewells of
1§ cusecs capacity. Their spacing for safe extraction of ground
has been workéd out as ome well per square mile. It has been
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further indicated through the assessment studies that these
potentials through the assessment studies relate to aquifers
within 300 feet depth and refer to the area west of Solani
river,
If the entire area of 250 sq, miles is considered the
additional potential will be to the tune of about 175 tubewells

of 1f cusecs capacity as there are very few tubewells existing
at present in the area Bast of Solani river,



=232~
SHAPTER IX:
SUMMARY s

‘ The twentieth century eivilisation faces the major
problem of coping up with ever increasing demands of water.
In a wvay to meet this challenge and solve these problems,
grovth of inter-diseiplinary seiences of seientifie hydrology
have advanced gince the beginning of this century, In India,
inereased demand for water has stimlated development of under-
groundwater resources also. But progress in this direction was
rather slow in the early parts of the century.

Of late, the pressing demand for quick returns in
agriculture has also necessitated the utilisation of ground
vater resources on a more intensive manner. In order to
fulfill this need, the quantitative and large scale applied
aspects of studies in ground water geology and hydrology have
assumed nev significance in this country. As part fulfily-
ment of this objective, the writer attempted the evaluation of
the groundwater resources in parts of District Saharanpur with a
bias on the applied aspects of researchs It 1s hoped that these
methods of study would find application elsewhere in the country
also.

The present investigation is a seientific study of the
ground water problems of the Indo-Gangetic alluvium covering
nearly 250 sq. miles, around Roorkee in Saharanpur Distriet of
Uttar Pradesh. Special emphasis has been laid for the e¢ollection
and interpretation of a large number of observations on ground
wvater data covering nearly a period of four years.

In ofrdor to build up ecomplete understanding of m
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oceurrence, movement and behaviour of ground waters, a compre-
hensive account of regional geology, sedimentological aspects
of the solls and aquifer sands, geomorphic history and land form
evaluation, isopach representation of the ground water reser-
voirs are given under Chapter II., From these studies it can be
inferred that the soils in the area are predomimantly sandy in
nature and the e¢lay fraction is low., Most of the sands, eonsti-
tuting the aquifer beds, are 'medium sands' and they are well
sorted. It has also been shown that mo relationship exists
between the mean diameter and the sorting coefficient of the
sediments. From the base map of 'former drainage trends' (based on
aerial photographs) it has been shown that the area has suffered
many a meandering in the West, North and Northeast of Roorkee
town, The study of the uopuli map for the near surface sandy
horizon (80 feet depth) indicates a distinet sandy horison
southeast of Roorkee, presumably a mixed onme scuthwest of it
and a predominantly clayey ou\ northwest of the town proper.
Similarly, a noteworthy feature of the isopach map representing
the productive formations in the depth zone 100-300 feet is
their limited thickness in the Northewestern part and a gradual
increase in thickness in the southeyeastern end of the area of
study,

An enalysis of ground water flow situation has been
attempted under Chapter No.III with the help of water level
data, pressure heads, flow lines and flow mets. This investiga-
tion reveals that ground water oceurs both in confined and
non-gonfined conditions in the alluvial formations. Productive
aquifers are usnally encountered in the depth sones 100-175,
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220-300 snd 400-460 feet, The ecumlative pressure head recorded
by these aquifers is 20-30 feet below land surface, The disposition
of the water table is Northwest to Southeeast in the area west
of Solani River amd North to South in the area Fast to Solani
River. The hydraulic gradients of the near surface ground
wvater range from O to 15 feet per mile while the same as revealed
by the plezometriec map is of the order of € to 16 feet per mile.
The flov lines on the water table and the piezometric maps re-
veal that the main recharge to the ground water body is from a
source North and Northewest of the area. The Hindan smd Kald
nadi act as a source point of recharge to the confimed aquifers.
The Joral and the Bhabar belts act also as the intake areas
for the ground vater available in and around Roorkee. Through
flow-net amalysis it has been computed that the rate of recharge
to the well field area around Landheura (Roorkee) gs of the
order of 340,000 gpd/sq. mile and the withdrawal from the storage
is very negligible.

In analysing ground water situations, it would be mecessary 3
to figure out the hydrogeologic parameters of the aquifers under
study -- transmissibility, storage and field permeability co-
efficients. Wwithout this it would be difficult to understand the
response of the ground water reservoirs to heavy pumping: The
limitations of amalytical methods in the evaluation of the hydran-
lic properties of the confined aquifers have been reviewed under
Chapter 1V. The hydrological test data has further been utilised
to work out the well characteristics such as well losses, for-
mation losses and entrance veloecities. )

The stomativity parameter for the well fleld area of
Roorkee obtalmed through the analysis of pump test data is of
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the order of 3,70 x 10%, The transmissibility velues for the
alluvial aquifers in the region vary from 41,000 to 1,885,000
gpd/ft. The field permsability eocefficients range almost from
500 to 1900 gpd/sq. ft.

It has been concluded that the water bearing formations
belov hundred feet depth in this area conform to the elastie
conditions normally met within the confined aquifers. Through
these studies it has also been pointed out that the existence
of diverse hydrogeological settings govern the oceurrence of ground
wvater in the Ganges Valley. It has further been substantiated
that in the Valley alluvium, boundary eonditions do prevail and
influence the analysis of hydrological parameters even within
short periods of straining the aquifers by pumping. In view
of this it has been observed that ultimate ground water develop-
ment in the Ganges Valley is hinged to careful evaluation of the
geohydrologic parameters including the vertical drainsge and
thickness of the oonnnfaé layers (aquifers),

The geomorphic history of the region has been deciphered
and through these studies coupled with aerial photographie 5
interpretation it has been proved that the marked variations in
the formation econstants at short distances in the alluvial
formations of the Ganges Valley have a definite bearing to the
1ithogenetic variations introduced by former drainage patterns,

It has been shown that the geomorphic history of the region ex-
plains many of the apparently amomalous ground water situations.
An hydrogeological map showing the serial distribution of the
specific capacities of the alluvial aquifers has been brought out
for the Roorkee area and it has been shown that such maps act as
useful tools for the interpretation of ground water situations as
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they reflect indirectly the transmissibility distribution of the
water bearing formations.

The studies on the well characteristics established that
in the area under study, the important components influencing
total drawdown in a pumped well are the formation and well
losses. The other components are negligible in magnitude. It
has been established that the predominance of formation losses
over the well losses are due to frequent "Cut cuts® in the alluvial
formations and their effects on the hydraulies of flow towards
the discharging wells, The safe range of entrance velocities
in the pump tested wells (of the order of 0,046 ft./Sec. to
0.092 ft./Sec.) also contribute en a large measure towards the low
range of well losses. FPFurther, the applied study has showm
that the application of empirical procedures in the determinat-
ion of well characteristics should be carried out with camtion
for water wells located in unconsolidated alluvial formations.
The graphical method is preferreds The latter method should be
used to supplement analysis of data by the empirical method,

Although in the knowledge of the writer, the application °
of statistical methods to sclve ground water problems have not
been widely used, the same has been given a treatment under Chapter
V., It is evident that the technique of subjecting ground water
data to statistical methods proves useful for the ground water
regime analysis, In this regard statistical correlation methods
have been employed for determining the basic factor/or factors
influencing any given element of the water regime, Under the presen
attempt the ground water regime close to the non-masonary part
of the Upper Ganges Canal has been studied at six hydrogeologi-
ecal stations, .Aa a prelude to the statistical analysis the
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effects of artificial and meteorological factors affecting the
ground water table in the area have been discussed. The corre-
lation coefficients for the variables (a) water levels in the
preceding and following months (b) Rise/fall of water levels
versus rainfall and (e) water levels versus canal flow or discharge
in the canal have been derived by applying two statistiecal
methods of linear correlation suecessfully. This method of
analysis also helped in the evaluation of the basic factor
influencing any given element of ground water regime. Under this
Chapter, the sub-surface geology of the area has been brought
out by drawing a panel diagram using the borohoh. data, Its
role as one of the factors influencing ground water fluctuations
has also been dlscussed,

Thermograph studies act as useful tools in the interpre-
tation of selective hydrogeoclogic regime situations such as
recharge conditions close to streams, ground water velocities,
analysis of reverse water level fluctuations and relation between
different aquifers. Under Chapter VI, an attempt has been made to_
study the effects of canal water temperature and air temperature
on the near surface ground waters. PFurther, the relationship of
thermal regime to depth of water table and depth of observation
stations has also been investigated, The study has established a
linear relationship between the average of depth to water table
and depth of the station (mld-point of the water ecolumm) and
magnitude of difference in the maximum and minimam of ground
water temperatures. Deviation from this relationship is noted
for stations situated close to the canal, This anomaly is
explained as due to the influx of eanal water into ua:-.- surface
ground vater, It has further been shown that the magnitude of
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suech deviation from the general relationship is inversely re-
lated to the distance of the station to the surface water boedy.
The trends of canal water and air thermographs 4in comparison to
the ground water thermographs have been studied. It has also
been established that the mean annual fround water temperatures
at very shallow depths (within § feet from land surface) follow
closely the mean snmual air temperatures., The significantly low
temperature of the canal water during summers is attributed to
the thawing of the ice in the sourece region of the streams which
feed the Upper Ganges Canal, These studies have been attempted
almst for the first time and need} to be projected in other
settings close to the Upper Ganges Canal and other Canal systems
in the Indo-gangetic plain, :

Ground water studies aimed mainly towards establishment of
sub-surface water resoureces are, of late, considered unimportant
unless chemical quality of the waters is assured to be satisfactory.
Geo=chemistry of ground waters has to be studied with speecial
refergnce to the need for which the water is put to maximum use.
As such, under Chapter VII, the chemical nature of natural waters
are studied with special reference to their use mainly for irri-
gational purposes., The ground waterk in the shallow aquifers is
proved to be rich in bicarbonates, The confined ground waters are
classified as class I according to Scofield elassification,
Excellent to Good' as per Wilcox diurn. 'Low in salinity
and Sodium hazards' as per SAR-diagram and as watews ‘waters
dominated by alkaline earths and wedk acids' as per diamond plot.
The eoncentration of bicarbonates in the shallow and eonfined
aquifers is due to the reaction of the formation mrs vith the
organic materisls associated with the alluvial formstions sad
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partly to the favourable chemical sonation by climate, The
significantly low Sulphate waters from the eonfined aquifers is
also explained as an action of formation waters,in time,on the
organic materials associated with the alluvial aquifers. It has
been proved that there is no recognisable phenomena of inter- .
mxture of 'vntm in the deeper aquifers. It has also been es-
tablished that there 1s no marked variation in the chemical
regime of eonfined waters from areas of intake to areas of exit.
The waters sampled from the entire well field area of Roorkee
covering nearly 126 sq. miles, vhen subjected to various classi-
fieations, uniguely demomstrated their elosemess in chemical
natire in all the plots, indlcating that there is good deal of
homogeneity in the confined ground waters. This phenomenon is not
very common,

During recent years, ground water reservoir investigations
wvithout assessment on the total useable sub-surface water resources
are considered unrealistic. As such, quantitative ground water
assesstent studies have been attempted in Chapter VIII as the
practical aim of hydrogeology is, finally, to determine the *
ground vater resources available for use. These studies have
necessitated the measurements of total storage, mvements,
recharge, discharge or draft and allied components in order to
identify the functional conditions of the ground water system.

The components of ground water balance equation are worked out
both for the shallow ground water reservoirs constituting the water
table aguifers as well as for the confined ground wvater reservoir
in the area, The balance studies indicate am excess water sourece
of the order of 63,000 acre ft. due to recharge to the shallow
aquifer, The same for the sonfined aquifers West of Solani
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only is of the order of 28,000 acre feet., Based on this
aveilable sub-surface water resource, it has been shown that
for the entire area of 250 sq. miles the additional potential
of tubewells of 1} cusec¢ eapacity would be of the order
of 175. Their spacing has been worked out as one well per
square mile. These potentials relate only to aquifers within
300 feet.

Since ground water studies demand collection of data

for reasonably projected periods, the present study 1s supported
by field data and inventory over a period of four years from
1960-64, This has proved useful for the overall analysis of
ground wvater regime in the area, In the end, it may be added
that the results of this study and methodology may prove to be
of practical use for analysing ground water situations elsewhere
in the Gangetic Valley which is considered as the biggest ground
water basin of the country,

L} sem A———
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Well' location 'Ovner "Type th im.a-tar'lntbod ‘Nature ‘'Geological
. ’ . . :i:’fto"-n feet ‘of . of :ﬂ ’ Des piion
¢ ' ’ v flift. ‘'Water ° ’
| L] L | L ] L !‘h.’. ] | ]
L] L] | ] L ] I’.' ] [}
L ] ] L] ] lm ] [ §
1 [l 1 —1 KR ‘_ L i L [] o [ ] y ] l ] —_1 B R 10

1. RNear Sri Kedar's Syl M.P, Dg 33.65 6,45 Pulley & - Gangetie Top of Curd
Building,Roorkee Kedar bucket Alluvium North side

vith rope

2. Near Canals State Irri- Dg 25.15 §.00 = = -do= =do=

.R:t!.u Bunglow gation,
gar,

3. 100 ft. WeO°E -do= Dg 16,40 3,00 - Fine to -do- Top of curb
;‘f‘? cngad Medium West side,

on Sand
Glu{: sur,

4., 60 ft. North of Kazi Anwsr Dg 27 .90 6.10 = =do= =do=~ Top of curb
old Masji@ at South side.
road Vile 100/4
Nanglour.

8. furlong Nor- &ri Julshoo Dg 33.40 4.14 Bucket - =do= Top of curd

of the = vith West side.
road besdd rope
hﬁﬂr.
6. Sri Rupoo Dg 24,20 4,75 Persian - =30 =do=

Pharansale’in

V1llqg g
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!‘fﬁ:¥ . - th to Hnur level . 1L‘!'olperat:ur-- >
e %‘I——: Lg8 ) 'OF at the ' Remarks.

surface ! level ‘time of well !
' 312 ' — 19
0.90 879.14 Al .65 .18 Domesti 68.5 Water odourless and
ﬁ.v.eo) ﬁ.u.cﬂ ﬁ.a.ui ﬁ.s.m Gu'd:n.t:: -e=1u:r1.u. 5
3.00 870.35 9.65 9.24 9.44 .70 Not in use 75.5 Kist nala flows
(1.7.60) (1.6.61) (8.,5.62) (2.5.63) 100ft. Past of the
1.40 366 .77 0.22 .20 020 . }1.20 ~do= 68.0  Water with Voss
: 1.7.60) (1.6.61) .5.62) (2.5.63) smgll .
low m.”ﬂ o“ -” "&" ?8.5 -
g.?.m) K.S.Gl) g.s.s:) z.s.ea)
20” mo“ c‘s .0. 7-70 Drimn‘ 86-5 -
u.v.eo) ﬁ.e.cﬂ 8.5.62) g.s.cal .
2.70 . 861.40 .64 - +30 .66 Not in 73.0 Water with sli
)(2.7.093 &?.8.8!) gl-l-ﬂ) g l':uus smell. -



1 - 3 4 8 6 2 -2 10
7. In the Village Khana Sri Asram Dg 28.40 4,81 - Gangetic Top of curb
. m Kurali zln-uu's g Jaber- Aluvium west side.
ra
. Village.

8. Near New DTharamsala Sri Nanak Dg 16.10 4,00 Silty & ~do=- Top of curbd

Jaberheri Village Chand Sandy East side.
Clays

9. In the compound of Roorkee Dg 19.22 4,00 - =do= Top of eurb
Jamedar and Subedar Mlitary vest side.
Quarters, Roorkee Cantt, .

10, 60 Yds. South of the Sri Satish Dg 42,10 13,00 - =do=- Top of ecurd
Village Kuri Babu of south side.

Liberheri
Village

11, Near the Pri Sri Dhata Dg 28.70 7.60 - -do= Top of curb
Sehool in Udhalledi ram west side.

age.

12. W of road at M/S 99 PW.D, Dg 13.00 4.90 Fine to -do- Top of curd
on Delhi-Dehra Dun Medium North side.
Road, sand >

13, 30ft. East of M/S 96  P,W.D. Dg 21.20 4.20 - ~do=- Top of curb
on Delhi-Dehra Dun R4, South side.

14, Near road bend at
Village Liberheri Panchayat Dg 28.50 4,65 - -do= -do=

15, e SW of furl Belongs to 7 42,00 6.70 - «do= of curbd

on halg e . i’::t side
I'D [ J m



1 12 13 4 15 16 17 18 19
862.55 6.74 = «70 0% Domestie 67.0 -
?.m g.v.oo) ](ze.s.ss) &.8.63)
1.” m. ?.37 - 4-“ tl‘ "'“"' TB.O -
* 6.’?.&3) 17.5.62) 21.5.“)
2.60 869.69 .30 A0 4,70 .18 Yot in us 70.0 -
6.7.60) }g.e.nl ’(e.s.aﬂ )(g.s.esi 3
2.80 859,58 8.35 8,70 9 .40 8.79 Used for cattle -
(7.7.60) (1.6.61) (8.8.62) (2.5.63) 71,0
4.70 858.33 .72 A0 .55 53 Domestie 71.5 ~
g.?.ow }5.7.61) ﬁz.e.sz) ﬁ.s.u)
2,70 8585.75 4.48 4,80 6.16 5.18 Domestie 74.0 &’Omd that
(7.7.60) (1.6.61) (8.5.62) (2.5.63) :a’t‘.rioom upto
Y .2 [ 2 n mm’
2.45 858,68 40 .85 «90 A9 Not in use 70.5 -
g.v.co) 1.6.61) ’(g.s.n) u.s.c)
30” 859.58 .‘2 ‘cn .N o“ Dr1 07.0 - -
’(g.v.eo) 1.6.61) ’(i‘l.s.ee) ﬁ.u.m) -
4,60 868.45 .08 +10 .79 <66 Domestie 67.5 Vell rted to
?i.'r.eo) g.e.sﬂ ﬁs.s.sa) E.a.aa) 100 Yrs. aﬁ:’.



1 2 a 4 5 & I 9 10 -~

17. furlongs East of Srl Paroo of Dg - 6.10 Fine sand Gangetie Top of Cu
auu Tu":‘dwan Village Land- Aluvium b East
Yo.l3. haura, Side.

18, 60 ft. west of M/S - Dg 12.75 3.90 - wdp= Top of
105/4 on Delhi - curd Fort

* Dehradun road side.

19, Half fur west Sri Pritam Ig 19.20 2,70 - =G0 = Cement
of M/S 105/7 on Singh of base East
D!J.M.-Ihm road, bﬂrk“. ’1‘.:

20. East of M/S 106/2 on Panchayat 37.10 5.80 - -do= Near Rail.
Delhi =Dehradun road, " 1::.!!-!

sice.

21, 40 Yds, Rast of M/S  Panchayat of Ig 39.20 5.40 Silty ~do= Top of
107/6 on Delhi- Saliar Salehpur eleys curb East
Dehradun road. Village. send end,

22. South of old te Srl Surjajee 66.20 7.30 = =@do= of
in Seliar sum.'h o T"m Fort)
Tﬂ.lm. side.

23. 80 ft. Bast of ¥/S Sri Masammad Dg 43,20 7.00 = =d0= Top of
109/3 on Delhi- Banti ecurb Soutl
Dehradun road. lido._

25, 100 Yds. East of Sri Musaddli Dg 49,20 730 Fine =do= Top of

1 :g?: Tubewell Lal of Sand curdb
- e 7
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11 12 _1a 14 15 18 17 18 19

3.& 809.11 033 23 om o‘n lbt in use 6900 =
T le.een) ﬁs.s.@) Gecea)

1,50 849,46 5.56 7.90 7.10 7.86 Wot in use 73.5 -

. (16.7.60) (25.5.61) (1.5.62) (6.5.63)

1.80 849,87 5.55 %o.ao 8.79 %0.73 Domestic and 74.5 -
(20.7.60) 25,5.61) (1.5.62) 6.5.63) irrigation

7.1ﬂ 866.72 .70 970 23.@ 83.43 Do-ﬂtle 70-5 b
20,7.60) 25,.5.61) (1.5.62) (6.5.63) .

2.70 893.13 .30 ?.m 75 .90 Drinking 69.0 -
20.7.60) 25.5.61) 1.5.62) 6.5.63).

2.& m.ﬁ %‘7.@ .3’ 70“ ?.‘0 "'“- GB.O -
20.7.60) 25.5.61) 1.5.62) 6.5.63) '

3.50 897.19 25 6.88 .95 .36 -do- 72,0 -
20.7.60) 25.5.61) ﬁ.s.&e) )(:.5.031

2,30 901.52 13.55 %s.ss 6.43 %g.so " Tot in use 73.0 -
(20.7.60) 25.5.61) 1.5.62) +5.63)



114 /7 on Delhi-Dehra
Dun road

Village

1 2. A i 5 £ 2 -2 10
26, i Farlong west of M/S sri Yadav Dg 50,20 7.70 =  Gangetie Top of curb
' g}:o :: Delhi - Dehra Habir of Alluvium North side.
e
27. 20 Yas, N10°E of M/s Sri Kanti Dg = 28,20 4,20 - -do= Top of curb
° 111/1 on MM- Ld F‘l’t '16..
Dehradun road,
28, TNear M¥/S 112 on Delhi Srli Muroopa Dg 23.35 4,20 Silty -do- Top of curb
Dehra Dun Road of Mokhempur Sand NE end.
Village '
20, 30ft. East of M/S P¥W.D. Dg 22,20 4,65 = =do= Top of curb
112/7 on Delhi - Dehra Bast end.
Dun RrRoad i :
30, 268 Yas, West of M/S Sri Bawini Dg 17,00 4,50 - =do= Top of ecurd
114/1 on Delhi = wvala of North end.
Dehra Dan road, Siksndarpur
Village.
31. 30 Yas. West of M/s Sri Asram Dg 34.20 4,50 - -do= Top of ecurb
114/4 on Delhi-Dehra- Patwari of North side.
Dan road,
| Village
32, Vest of Kubbanpur Panchayat Dg 44,00 9,35 Alluvium =do- Top of curb
Village. of Solani west side.
33, In the Fasjid compound Belongs to Dg 70.20 3,20 =do= =do=- Top of curb
i of Kubbanpur village Mosque South side.
34, 30 Yds. West of M/s Sri Kekkeiram Dg 24 .20 7 .20 - =d0= Top of curb
of Kubbanpur North end,
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1 12 13 14 18 16 12 18 19
3.” mo” o“ o719 ?.09 ?0& Not in use Q.O -
20,7.60) 25,5.61) 1.5.62) (6.5.63)
.2010 ‘ 907.56 .w '43 .85 .G "&" Q.S -
L 20,7.60) ?;5.5.81) ](g..s.sai Tc’.s.ea)
0.52 915.23 .ﬁ -& 44 «85 m‘lt&c 09.0 -
on.'r.so) gs.s.sﬂ ﬁ.s.sel E.s.m)
3.30 926.50 1.00 .15 .96 u.s Not in use 70.5 =
«7.60) 25,5.61) 1.5.62) +5.63)
1.50 939,12 8.85 1.44 9.46 1.99 o 73.5 -
(22,7.60) 25.5.61) (1.5.62) (6.5.63)
1.80 941.51 0.63 J(a.so 0.40 }:.53 Drinking 72.0 -
«7.60) 25,5.61) (1.8.62) .5.63)
2,00 950.86 .69 Dried ggeo Dried -do- 71.0 Well close to Solani
.7.60) (25.5.61) .6.62) (6.5.63) river gets dry in
2.30  9850.07 .65 .14 .10 .37 . Domestie €9.0 Well does mot dry-up
22,7.60) ?as.s.n) ﬁs.s.cw ﬁ.s.&ﬂ in Surmer.
1.92 944.13 9.88 97 9.65 .18 Not in use 74.0 Fungus on surface of
(22,7.60) 25.5.61) (1.8.62) (6.5.63) water,
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35, Near Mghadev Mandir Sri Kmbnand Dg 49,7 3.45 o = Gangetic Top of curb
. in Village Chamli Alluvium west end.
36, In the Eastern Sri Ismall Dg 40,20 4,90 = Fine sand ~do=- Top of curd
of the Chappar age. South side.
37. In the compound of Sri lal Dg 42.20 9,70 Persian = =do= =do=
Inter College, Shem Chand Wheel
Bhagvanpur
38, 75 Yds, SE of the Panchayat Dg 36.20 8,65 - - =d0=- =do=
Mos in the
Village Raipur
39, One furlong East of - Dg 19.70 9.00 = = -do=- ~do=
Sikandarpur Village
40, Two furlong south of = Dg 14,20 4.85 - = -do= Top of curb
sw. Village. Bast side.
4, mile SSW of Amarpur Panchayat Dg 24.20 7.90 - = -do=- Top of curb
: North side.
42, In the Amarpur ado= Dg 20,40 8,50 = = =do= Top of curb
Village proper South side.
44, 50 Yds, Bast of the -do- Dg 45.00 11.65 = 811ty clay; -do- Top of curb
Rice Mill in Chand- sand Forth end,
pur Village
46. Half furlong west of Sri Mamshi Dg 42,20 6,20 Persian - ~do=- Top of curb
Kherpur age. Kazam wvheel SW corner.
47. In the SW corner of Panchayat Pg 48,00 7.75 - = =do=- Top of curb
the Vedhpur Villsge south side.
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48, furlongs SE of Medh Sri Bashir 43,70 10,40 Persisn « Gangetie Top of curb
’*-pur Village o Wheel Alluvium h:t'sido

49, In the Eagtern side of Panchayst Dg 26,00 = -do= - «do= «=do=-
the village Serpur ‘

'50. One mile SW of Village Sri Murald Dg 25.20 5,58 =do=- = =do= Top of curb

., Serpur Samblu of ‘ end
Cmdiala
Village

51. One furlong SE of the Rajasaheb of Dg 28,00 940 ~do- Fine to -do- Top of curb

Village Chmdiala Landhenra :diun Fast side
am

53. 14 furlongs north of Syl Govar=- Dg 28,40 720 = = =do- Top of curb
ltnaora Anantpur dhan corner.
Tillm.

54, 20 ft, East of Moscque Panchayat Pg 32,20 6.8 = - -do= Top of curb
in Bandakhedi Village. North side.

56, Along the wall of Mosque Dg 23.10 4,00 - - =do= of curb

* in Pawdli Village ~do= » N2’ ond.
56, In the Village Dharampuy ~do= Dg 18,20 §.20 es = -do= Top of eurb
west end.

57. In Northern part of the Late Shri Dg 33.10 6.1 =~ - ~do- Top of eurb
Ymahjm Nathm Singh South end.~
Pani of Manglenr

58, West of I : Railwvay Dg 22,51 4,54 e Fine to Med~ <~do- Top of eurd
Rly. Sta o ium sands b?:'th end,
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2". S (98.7.60) (27:6.61) lo8.6.62) (15:6.63) mo: b E‘ﬁ.ﬁ"ﬁ%‘{m.’”
e 3ie7.00) (27:6.61) (28.6.62) (15.8.63) = b %
Q- T (;ig.eo) Pé'?};.all %u'f:.sa) 153.&) - e i
3.50 © oLy B0 BRao Gice Gise ™ - ;
- B:5060) 7o) leig.en) lossien o i 4
- mn B, B GO e 70 Domes
1.60  882.98 2.8 - ;55 ) 1502, Dowstic €85 -
0.60  s83.12 (gzzw) - 870 . 1608 oy o 70.0 -
g kaay Sioce0) (etel) (oa.6.ea) (Bis.en) = o 5
2.40 884,47 7.95 .95 43 ~do- 72.0 -

35
(19.8.60) (27.6.61) gz.e.az) «5.63)
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59, 01d well in Khata Panchayat g 21.00 8.40 = = Cangetiec Top of curb
* Kheri Tillage. Alluvium E:zt end.
60, In the Fastern part «do= Dg 22.50 9.20 Persian = ~do= Land surface
of village Amarpur Wheel - morth side.
61, In the Western part Sri Jagatram Ig 23,80 8.40 ~do- - =do- -do=
of the village Bhagatram ete,
arpur
62, In the Northern end Panchayat g 22.40 7 .40 = = -do= Top of eurb
of the village Kaleri West side.
63. In the NV end of the Sri Mangal 94 37.10 7.90 = = «do= Top of curb
Village Walheri corner
Ansmtpayr
64, 3/4 mile rast of Sri Nagimma Dg 26.20 7.20 - Medium =do= Top of eurd
Satneri Village Singh Sands S&h side.
65, In the eastern end FPanchayat Dg 25.70 6.50 - = ~-do= Top of eurb
of Village Satheri _ Yorth side.
66. mile SW of Village Shri Rools 23.80 6,50 Persian =~ L of curk
tdum Dialpur - wheel :::t end.
67. North of the ¥ e P 38,7 4.40 = = «do=- Top of curd
Sarth: w‘“m anchayat Dg it s
* Mahewvar Kalan
68, Dg 45,70 8,30 Hand = =do- -

on Roorkse- Hardvar E‘w"y“ 9
N. faly



14 15
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2 M mlo“ 60“ - .-ﬂ .3'! M .tie 72 .O
Aae (19.8.60) &1.5.3:) 2;5..5..03)
- 888,22 9,85 +80 %1.85 55 M'ﬁ‘/ 74 .0
(ucaom) moﬁoﬁl) 23.5.63) m.ﬂaﬂ) Irri.:ﬂuon
- Bﬂ.m ’.“ ' M 0‘3 om ""dﬂ- ?1--0
(19.8.60) (7.7.61) &.3.82) ﬁo.soem »
2.30 892.42 1.35 75 .15 .06 Domestiec 71.5
19.8.60) &.v.n) %azs.e.sz) 28.5.63)
2.50 893.48 .60 .00 9,885 +55 ~do= 71.0
20,8,.60) %.7.&1) 21.6,62) &.5.83)
1.90 897 .86 .48 .23 .62 7.16 & 74,0
’éo.s.eo) 7.7.61) .6.62) (28.5.63) 1Irrigation
20.8.60) (7.7.61) (25.6.62) (28.5.63)
1.30 898.84 8.75 zx.u 1.04 }4.0 Dri & 72.0
(20.8.60) (7.7.61) (25.6.62) (20.5.63) 4rrigation
10” 87’.87 ?-15 - .08 '82 mﬁstiﬁ Q.O
| 22.8.60) 10.5.62) (21.6.63)
1.15 902.42 %5.10 - 7.14 17 =-d0= 70.0
22.8.60) 10.5.62) 18.6.63)
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69,. Near the old Drilling Govt, Dg/B 25,00 - = - Gangetic Top of brick base
School in Damlatpur Agr.Farms Alluvium
Village,

71. 50 ft. South of M/S Sri Basim Dg 36.60 5.25 Pulley = -do=- T;s of curb East

*7/4 on Roorkee~ bar Gir of with .
Hardwar Road, Danl atpur and bucket
Village,

72. In the centre of the Psnchayat Dg 47,60 7 .40 =do=- - ~do= Top of curb North
Village Daunlatpur end.

72A, NWear the Panchayat =do= Dg 36.40 16,90 -do- - «do= :2 of eurb East
Office,Daulatpur B

73. 850 !d'o rast of the wdo=- D‘ 46,00 6,30 -do=- Fine to oo« =do=-
temple in Dandhera medium
Village sands

74. ft. West of the =d0 - Dg 52.40 7.60 -0 = =do= 2: of curb west
e e - g

77. In the WV corner of Raja Saheb 69,70 13,20 -do- Medium -do~ Top of curdb North
Landhsmra village. of Landh- Dg sand side.

aura

78, 7T8ft.sW of Landhamra N.Rly, Dg 56.20 4,60 «do= «Jo= -do= 2’ of curb oW
.n’. Station. °

79. In the KW corner of Hu'itg.n. 48,60 4,30 = = =do= =30~
the village Jainpur of
Jhanjheri. Village.
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1.30 - .08 = - - : ati 73.0
. Pn.s.oo) ER———
3.50 897,61 - .24 .24 _Drilling/ 70.0
F 22.8.60) 10.5.62) m.s.&ammuxgg
4 «15 MOn ?0085 - - 35 m-’ tie 6905
22,.8.60) 13.6.63)
4.20 894,15 -85 - ?o Not in use 73.0
22.8,60) 10.5.62) _
2.60 878.52 «15 Domestic 69.0
ga.s.ao) ?gv.s.sﬂ u.s.aa) ?g.s.al
1070 873.77 om F tl'& -‘0"' “00
28.8.60) (27.5.61) 14.3.02) «6.63)
5.40 875.72 41.50 2.94 69.0
28.8,60) ? .6.61) ﬁs.s.@) ?5.6.@)
3.10 863.25 12 ts 1.4 tc.m 69.5
.8.60) (8.6.61) (14.6.62) .e.ca)
1.35 869.04 .00 .69 26 _ ~do- 69.5

S.5.00) le sy lne.e 1:.5.&)
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80, In the centre of the Panchayat Dg 50,80 5.65 - - Gangetic -
., Village mm Alluviunm

81% In the Pas of sri Ghima 7.66  =.20 - - =de- Top of Curb

81A thc village &1{:::!: - N Ra:t end,

82, In the rastern part of Sri Lalli Dg 59,30 6.20 % end Nedl -do- Top of ecurb
Landhaura Village. oy -um NE side.

Sand

83. 2 Furlongs NE of the Sri Janki of Dg 18.20 7.20 Persiam ~-do- -do~- Top of curb
Village Gandharina Landhamra Wheel west side.

84, Just South of the sri Jh;ln Dg 25.40 7.65 - -do~ ~do- -do=
Village Khempur svmp

86. In the compound of Dr.Singhal Dg 26.30 9,00 - - «do= Top of curb
B,1.C.C. Ltd., Roorkee of Jabalpur SE side.

86. Opposite the Mosque in Sri Mustaq Dg 45,50 6.20 = = -do= Top of curb
Banhera Village NW side.

87. In the Northern part Panchayat Dg 48 .40 5.90 E:B and =~ ~do=- Top of curb
of the village Akbarpur ey wut side,
Dadheki

B‘o h. .’-.1. 8' ﬂf ﬁh. sﬂ 'MII M 43.00 7010 - - "‘0- "‘0"“ v
Villege Akbarpur Dadheki of Mamglamr

90, 4 Furl M of the Sri Fihal Dg 61.40 4.60 and Medium -do- Top of curb

Villare pur gir ey sand North side.
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3 o” m.m om 01? 05‘ o“ M’ ﬁc 68.5 -
» &oa.m) 12.6061) 15.6.@) goﬁo&’ 4
0.50 819,75 3.00 5.80 5.65 6.60 Not in use 78,0 -
813.56 (29.8.60) (6.6.61) (14.6.62) (5.6.63)

3.25 872.48 1.55 .00 1.78 .68 Domestic 69.5 -
29,.8,.60) a.s.u) ?14.5.02) a.s.ea)

1.’-@ m.& 4.50 - 9.80 .10 lb"tie ?6.0 -
(29.8.60) (14.6.62) ﬁ.s.u) and Gard-

1.75 816091 7!& !2.& }IM 3.&2 M in use - 75.0 -
(29.8.60) (6.6.61) 14.6.62) (6.5.63)

1030 3'?5.% .(B 080 oﬁ o“ Gm Q.O -
%3.9.«» ?2.6.61) @.5.@2) a.a.ea)

20@ m.m .&0 - .15 Drm‘ 69 -

‘ ?g.e.em T’m.'r.es) is.s.ss) i

20m 886.17 -% - 1.& .?Q -h" 7005 -
?g.s.eo) 10.7.62) ﬁ.-s.ml

1.50 864 .82 A5 - -37 .23 Domestie 69.0 Reported that bgri
ﬁ.o.aoi ?g.v.ezi 6.6.63) \rspodom in the we

2,80 868.46 45,50 - 47.58 9,79 Drinking 69.0 Well the old
(13.9.60) (15.6.62) 6.6.63) ttrrano: of's::Lm

river,
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91, One furl vast of Panchayat 556,10 5.90 = Gangetic Land surface.
hkhmm;“ Villaga. - L]..‘ﬁvin

92, In the western end Rani of Dg 67,90 11.70 - =do= Top of curb

. of Sikhar Village Ny eorner,

93,. One furlong SW of Sri Iwvrat Dg 70,10 7.60 Medium «~do- Top of eurb

Goshipur Village. of Mindlana sand corner.
Villege

4. In the centre of the Harijans Dg 71.90 = - =do= Top of curb

Village Gopelpur. of t North side.
Village

95, In the Northerm end Panchayat Dg 45,80 9.40 - =do=- ~dow
of the Village Pirpurs

96, In the southern end Syl Jodh Dg 17.60 5.00 Silty ~do=- Land surface,
of the village Jaber- Singh sands
heri Kalan

27. In the SW end of the Sri surta Dg 31,70 7 .40 ~do= ~do= Top of curb
YeiTage’ Jaberheri: SE side.
Kbhurd, . _

98, In ine compound of osque Dg 15.20 4.95  olipw Top of curb
the Huqn:” in west side.
Akbarpur Village

99, In the centre of the Panchayat T 28,60 7.95 - =do- Top of clhrb

. * Village Harjmmli Jhogs SW side.

100. In the SE corner of the Harijans 21.40 - Fine =d0= Top of curd

B iAtewe Aserneper of D‘ Sand south side.

Village
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- 265,51 1.17 - .20 §7-04 Drinking 70.5 Well on the old
. 13.9.60) 15.6.62) «6.63) tr:rrm of Solani
Vors.
2,60 863,20 1.35 - J4 a.as ~do~- 70.5 ~do~
: 13,9.60) 10.7.62) .6363)
1.70 864,04 .00 - .82 - g.sn Drinking/ 69.5 wdo-
13.9.60) 10.7.62) .6.63) Domestiec
- 870 Q“ tm - Py 20 os lb‘ltie G2 05 o=
?}3.9.&) go.v.aﬂ ?;.s.cai
39” 3@.82 o” ?017 .00 - Domestie 69.0 -
— 14.9.60) 6.6.61) (15.6.62)
- 868,06 o 97 - 85 L 37 m‘lﬁm’ 70,0 -
rzs.o.eo) 17.5.62) gx.s.ea) Domestie
2.10 874.95 A2 - 7.53 56 Domestic  71.0 -
&.9@) 17.5.62) )(21.5.@)
0.!0 835.36 7.” - .30 010 @.0 -
{23.9.80) gv.s.se) : &1.5.@1
2.8C 876.41 97 - {1.35 7.95 -do- 69.5 -
«9.60) : 23.6.62) 21.5.63) v
2.60 970.37 11.20 _  11.00 66.0 -

' &?ﬁ.so)

(6.7.61) (18.5.62)

E:;?ss) -~
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101, In the SE corner of Harijans . Dg 21.10 4,70 and =~ Ceangetic Top of curb
the village Hathiathal of t ley Alluvium Fast end.

» village

103, In the Northern end of Sri Hari De 392,95 .10 =30 = = =do=- ‘I‘%p of Curb
the village Thitke baba SW side.

104 In the Northern end of Panchayat Dg 26,00 9,00 - Pine ~do- Top of curb
the Village Saidpura Sand North side.,

1065, In the Eastern end of -do= Dg 25.30 8.00 = = =30« o
the Village Jhabisamr :

1068. South of the tank in = Dg 16.20 4.50 - = -do- Top of curb
the Village Nagla Imad, NE corner

107. In the Forthern extre- Sri Mahavir Dg 20.30 4,50 Hand pump = ~do=- Top of curb
mity of the Village Singh North side.
Thaskar,

108, At the SW cormer of the Sri Guru Dg 15.30 4,90 = - ~-do= Top of curdb
td:la North of Baher- East side.
ki-Saidabad Village.

109, 1In the Southern end of Panchayat Dg 26.90 5.9C = Fine to =-do=- ~do=-
the village Vulemala Medium

110, In the Western end of ~do- Dg 27.50 6.50 - = ~do= Top of curbd
the Vill, Fazilpur south s:.d-.

111. - §0 Yds, rast of the -do=- Dg 26,50 6.10 - o ~do=- Top of curd
Village Majri. East side.

112, In the Southern end of Dg 24.80 7.30 = - -do= -do=-
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113, In the Eastern end of Panchayat Dg 18,90 3.80 = = Gangetie Top of curb
o the village Hargandhpur Alluvium East side.
114, In the Southern end of =~do- Dg 24,80 7.80 = = =do= =do-
the village Vohra.
115. In the centre of the Sri Udda- Dg 22.50 4,30 - Fine to =do- =do=
Village Xhajuri rasy Medium
sands
116, In the Northern end Harijans Dg 27.00 4,50 = -do= -do- -
‘ of the villege Manak- of
pur Adampur Village
1X¥7, In the Northern part Sri Malkan Dg 24,50 4.40 - = wdo=- Top of curbd
of the Village Paoti NE side.
118, In the W end of the Sri Bharat Dg 35.50 9.20 Persisn = -do= Top of curbd
village Khwaja Bahadur- Singh Wheel west side.
pur
119. One furlong SW of the Sri KXhela Dg 23.66 7.70 -do=- - =do= Top of curb
Village Sumethi - South side.
120. In the Bastern end of  Sri Kher Dg 27.85 7.50 -do= - ~do=- -do-

the village Balsmaganj Singh

121. 4 furl NNE of the Sri pesh Dg/B 21.30 6.10 =do=- Silty -do- «do=
Raj Sends

Tillm ® 4
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1 a2 KT 18 16 17 18 19
1;” 880.33 ow o‘? 001 m ln use 71.0 -
4 }gv.s.co) )(g:.e.eel ?as.s.ea!
4,20 881,73 «20 7 .50 59 Domes tie 69,0 -
«9.60) 22.6.62) .6.63)
1.” 877.77 s“ -59 -“- “Qo -
E'og.ew m.s.&) &.s.&i
= 8310“ 6.15 1.88 «25 Not in use 68.0 =
go.o.eol ?se.a.ez) ?h.e.@)
4.40 881.51 gszv 7.14 .35 Domestie 68.0 -
«9.60) 22.6.62) (22.6.63)
2d4° 901.09 o“ .8’ 0‘8 vm b B?.O -
&.10.603 27.6.61) %.s.u) 28,.5.63)
2:80 357.” 9.88 042 ?2.19 / 7008 -
(9.10.60) 23.6.62) (22.6.63) Irrigation
2.00 886.54 3045 21.90 23.50 ~do- 68.0 v
9.10.60) (23.6.62) (22.6.63)
2.60 804,29 9.65 Jé;aa F.oe .70 Irrigation 71.5 7?0 ft. of Strainer
(9.10.60) .6.61) (23.6.62) (18.5.63) from the bottom of

the dug well.
]
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122, One furlong west of Panchayat Dg 39.40 5,30 Persian - Gangetic Top of curb
the Matlabpur Village Wheel Aluvium North side.

123, Eastern end of the ~do- Dg 25,20 7.10 =~ - =do- -d0~-

; Village Madhpur
124 In the Western end of Sri lLakhi Dg 32.20 4.7 - Fine to =do- Top of curbd
. the Village Salempur Medium NE corner.
Sands

125 One furlong south of Sri Masaddl Dg 27.60 5,60 - - =do= Top of eurb

State Tubewell No,28 Of Bhagwan- East side.
par

126 In the Western ond of Sri Devi Dg 23.80 6,50 =~ - ~do- Top of curb
the Village Khanpur Singh Fast side,

127. In the northern end Bh:%g:nl Dg 21,90 4.50 =~ - -do- Top of curb
of the village Sri of south side.
Chandni village

128, In the centre of the Panchayat Dg 23.60 6,50 =~ - =do = Top of curd
Village Dadli Bast side.

129, In the Centre of the Sri Sher Dg 27.00 7.00 - - -d0= Top of curd
Village Singh - south side.
Chamhean

130 In the Western part Sri Khosal Dg 30,60 8.20 =~ Fine to =d0=- ~do=
of the village Data medium

. Kharkri Diate sands :
131 In the northern end of Harljams Dg 32.8 4,30 - = =d0 = Top of curd

the village Sultanpur

of the
vtllu;o

East side.
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2,70 883.31 -.23 .50 .43 .88 _ Domestie/ 69.0 -

X FID.IO.GO) ﬁs.s.n) ?ﬁo.s.eaJ &.c.ml Irrigation

4 883 .49 "m - «75 Qu Domestie 72.0 -

- (10.10.60) ?ﬁ.e.eal ua.s.o)

2.90 880.83 +30 +15 = «25 ~do- 68.0 -
Eo.m.eo) ﬁs.s.ni 22.6,63)

10” m.ﬂ 7.” - &Oﬂ -” mm“ ?1.0 -
(12,10.60) .6.62) (6.5.63)

2.@ .8’ -.m - ox - - moo -

e Pn.m.so) P:s.s.ul

!.‘0 '].BaCG P.m ig.% l" ‘7.00 m.'ﬁ-. “.0 -
13.10.60) «6.61) +6,62 17.5.63)

' 913.63 54 10 24 01 Drinking 68.0 -

- Fn.m.soJ 9.6.61) .6.62) ﬁ'r.s.al

. - - o“ .“ h ti soo -

i o ?s'ﬁ'cl rr?.s.sz) +5.63) s

2.40  879.93 - .17 79 Irrigation 62.5 -
g.n.aol ge.s.ezl 25.5.63) o

1.60 876.56 7.5 - Poﬁ «66 Domestie 68,0 -
5.11.60) 17.5.62) (25.5.63)
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132, Near the smal]l tank in Panchayat Dg 30.10 10.6C - = _ GCangetie Land surface.

- Hoshangapur Village. AYSicm

133. In the Northern end of ~-do- Dg 24,70 8.50 - Fine =do= Top of curb

3 the village Sitapur sand east side.

132 Near the house of Ram ~do- Dg 20,00 7.20 = - =fo= Top of curb
Dia in the Villege South side.
Changa Majra

135 In the Rastern side =do= Dg 13.00 7.00 - - =do= Top of eurb
of the village Halu East side.
Majra |

136 In the rastern side =do - Dg 20,00 7.20 - Fine -do- Top of curd
of the village Manak- 3and SW side.
pur Majra

137 In the Southern side of ~do- Dg 33,00 4.1%0 m and o= «=do= Top of curb
the village Sushana ey East side.

138, 25 ft. SE of the losque Mosque Dg 54.00 5,80 ~d0 = - wdo= -do = -

f in Pirss Kaliar

139 S50 ft. SSW of the small Temple Dg 54,00 8.80 -do- -  =do= Top of curbd
temple in Rahmatpur West side.
Village.

140, In the Western end Panchayat Dg 31.60 5.20 o= Fine to -do=- Top of gurb
. of the village Belra - :n.u‘n- lg’:id..
J41. In the Fastern end of e 19.00 7.00 =d0 - -  =do= Top of curd

the village Belri North side.

Selehpur
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11 12 13 14 15 18 17 18

5 ’G.n.ooi ﬁs.e.eal }:n.s.a) y Y

2,7 861.50 725 - 1.10 77 -d0- 63.5
(5.11.60) 12.6.62) 25.5,63)

.u ' - 71&30 82 lb 'Y
> s, (22.9.61) }fh.e.ax) P 21,.6.63/ — -
1050 m.B'o’ - cﬂ ‘-‘0“ 80.0

| 83.9.61) '(a.s."oz) 21,6.63)
3. 902,80 - -85 -do- 79,0
< zez..u .61) ..s.ezJ ?m...s.ea)

. . - +30 edQ = 79.0
geov o ?‘ .s.a)?gu.a.sz) ?m.s.sa)

30 900, - ~do- 77.0
e ” &.9.61)8.?.62) ? +6.63)

40 889. - : o ] 9.@ .38 "‘0" 77.0
o - ?zo.o.uﬁamcz) ?n.s.cz)
ﬁ.ﬁo mmw - -h"’ ?7.0

.meﬂgm&) ? 14.6.63)

1.00 843.06 - Pz 12.76 80.0
3 taa.a.eﬂ o7.62) Irrigation
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142 In the NE end of the Publie Dg 16.00 6.30 - - Gangetie !o; of curb
Village Kilanpur Alluvium SSE side.

143 In the Western end of publie Dg 21.00 4.80 = Fine ~do- Top of curd
the v:l.‘lluq Dandheri Sapnd side.

* Khwajgipur

144 In the Northern end of Publie Dg 24.00 8.30 - = =do= Top of curb
the village Birampur NE side.

145, ‘bout 200 yds west of S.Aatar Dg 21.00 4,00 = = -do= Top of curb,
wvell no,86 Bw North side.

146, 15ft. W¢ of temple Publie Dg 26,00 2.50 =~ o ol Top of eurb
in Bahadurpur Sahri North side.
Village.

147. 10 Yds, Tast of the Publie Dg 29.00 7.10 Rope & = «do- of curb
Mosque in Badheri ey side.
Village.

148, 20 ft. NE of the temple Lala Kalu Dg 19.50 6.80 =~ = =do= Top of curb
in Bharapur Bhauri Ram vest side.
ml“o \

149, 50 Yds. SE of the Publie g 22,50 3.80 - - =d0= Top of curd
house of Sri vali Mohammed W side.
in Marghupur Didsheri

. Village. !

150 100 Yds. SE of the Publie Dg 19.50 4,50 = Fine ~do- To

' in Qasimpur Ssnd H’:ldc.

age.



T T} 13 14 15 36 12 T3
1.00 834.92 - T.27 P..oo 0.69 - Not in use 81.0
4 (26.9.61) 3.7.62) (14.6.63) :

3.00 834,79 - 9,50 40 52 Domestic 79.0
(26.9.61) g.v.csl Pn.c.ui

10“ 3‘1.& - B.m .ﬂ 1.12 kt m use 80.0
(26.9.61) g.?.eai 14.6.63)

aM 875.1‘ - -.70 E.u - M m use 68.0

«11.61) «5.62)

2.m 880..“ - - 7;& 0.& -&- m,o
(7.4.62) (13.6.63)

3.70 ”.72 - - .@ 89 mm’tie 72.0
’l'.}.a.szi ?15-6.63)

8»00 m.ﬁ - e }scw all "dO‘- ?Ooo
7.4.62) (13.6.63)

1.00 830,63 - - 7.20 ?.45 ~do- 70.0
| 7.4.62) (12.6.63)

820.69 - -0 74.5

1.90

= %‘3.':?622 <
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014 well in the fields Publie 24,50 9.50 = - Gangetiec Top of curb
of Pachyanpur Village Alluavium SW side.
In the Eastern side of Publie 22.75 6.80 l;.u,H and - -do= Top of Curb
the temple in Voldaspur ey South side.
Village.
In the Easteran part of Publie Dg 24,20 B.75 = - -do= Top of Curb
the Village Dhanauri South side.
In the WW side of the Publie Dg 26.50 8.70 - = =do= Top of curd
village Telivala South side.
In the Bastern end of Publie Dg 25,00 730 l;:H and - =do=- Top of ecurb
the village Jaswvawala ey West side.
200 yds, west of the Publie Dg 19.50 9.90 - = =d0= Top of ecurb
village Ajmerpur South Side
In the Western end of Publie Dg 37.50 10.10 :B and Silty -do- Top of ecurd
Village Mirpur ey Sands W side
One mile N 25°W of = Dg 33.00 4,10 = « «do- Top of curb
the village Mirpur Western side
In the NE end of the Publie Dg 23.46 8.00 = = =do = Top of curb
Village
In the SW end of the Publie Dg 22,15 4,50 m and =~ ~do=- Top of eurb
Village Kotas oy Vest side.
In the Northern end Publie Dg 23.90 5,51 = = =do- Top of curb
:fhtho village Shekh- west side.

a
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b Al 12 15 16 12 18 19

’.50 wmm ’Ou .” bt 1n use 0?.0 -
(7.4.62) 13.6.63)

3,50 864,40 )(o.'m .09 Domestie 70.0 =
7.4.62) 13,.6.63)

’ow m-m t” c“ "‘o- 72.0 -
)(:]l's.c.sz) g.?.s.ea)

8.50 915.»51 .ﬂ oﬁ -‘ﬂ- 72-0 -
18.4.62) 17.6.63)

3.00 910..2 08‘ £ o& "dO‘ 72.0 -
}28.4.62’ )(g «6.63)

ltm m‘.m 7.90 }0.39 &t 111 use 72.0 -
(18.4.62) 17.6.63)

3.50 939,88 «55 .62 Domestie 75.0 -
ﬁs.&.aa) ﬁ'r.e.oai

1.80 045,74 16.54 70.10 Irrigation 75.5 -
18.4.62) 17.6.63)

5.00 912.91 P.GO 7.00 Not in use 72.0 -
19.4.62) 24.6.63)

3,00 907.18 3(0.45 - Domestie 70.0 -

3 19.4.62)

2.80 920,96 is.so 7.02 73.5 . -

19.4.62) 18.6.63) -do-
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162 1In the SW cormer of Publie Dg 51.20 6.20 - - etic Top of
. the Village Vanabas Gﬂuv ’
.8“.
163 In the Bastern end of Publie Dg 19.20 6.60 - - -do= Dand surface
. the village Joligarh

164 Half fur south of l?dg:u Dg 23,70 5.70 = Fine -do=- Top of curd

Dharuwala rd Village of t to West side.
Village llulis ‘ul
an

166 In the W end of the Publie Dg 35.10 2.50 - -do= =~do- Top of Curb
Village Asafnagar side.

166 In the SE part of the Naelk Dg 42,20 - l;‘:ﬁ and =do= «do= Top of curb
Village Badpur Mohamad ey East side

167 In the Mosque eo Publie ng 39,60 3.85 - - -do=- Top of curb
of the Muqrabpur age West side

168 In the centre of the Publie Dg A4 ,45 7.50 - = -do- Top of curb
Village Majri East side.

169 In the Mandir compound Publie Dg 24.45 4,30 - - ~do= Top of eurb
in Soharpur Village lhrth side.

170 In the NE part of the Publie Dg 32.80 5.95 - - =do= op of eurb
Village pur Sauth side.

171 In the Centre of the Publie Dg 30.70 7.00 and - -do- Top of curb
Village ley Fast side.

172 In the centre of the Publie Dg 46.40 7.30 -do=- - -do- Top of curb
Village Fatehpur North side.
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11 12 18 16 17 J8 18
0.50 970.87 A6 Domestie 75.0 -
? 19.4.62) fm.e.m) y

= 924,31 9,75 20 - 73.5 -
- (19.4.62) (13.6.63)

10” mom r.ﬂ 78 m-,t“ 78.0 =
19.4.62) +6.63)

2.50 932,44 7.60 85 -do= 73.5 -
19.4.62) (24.6.63)

3.20 897.90 - 72.5 -
22,12.62) ? «6.63)

2.00 mm - 7100 -
%.m.sai ! +6.63)

3.30 m.” .35 m e tu‘ . 68.0 -

?422.13.02) ? 18.6.63) ’

1.70 909.61 w P B 71.0 -
12.62) (18.6.63)

2.70 923,87 - ? Domestie 70,0 -
22.12.62) (18.6.63)

3.” ml-ﬂﬂ ? "&" 70.0 -
; zz.m.szJ +6.63)

L” m.ﬂ -10 1.“ "b- 70-0 -
22.12.62) (18.6.63)
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173 In the W end of the Publie Dg 25.75 4,40 :E end - Gangetic Top of eurbd
village Tandar ey Alluvium East side.

174 In the Eastern side of Publie Dg 39.60 5.50 =do=- - o= Top of eurb
the villarze Tandn Ram North side,

* gharvala

176 In the SE part of tho Publie Dg 61.056 7.70 =do- - ~do=- Top of curd
Village *¥ South side.

176 In the Northern part Pablie Dg 39.40 4.25 «do- Sillty -do=- Top of curb
of the Village Saldpura sands south side,

177 1In the Southern side Publie Dg 38.15 7.7 =~do- -d0= =do= Top of eurb
of the village west side.
Khurd

178, In the western part Lala Nihal Dg 66.70 9,66 =do- =10= =do= Top of curdb
of the village Chand lorl:h side.
Mahmadpur Panda

179, In the centre of the Publie Dg 42,15 9.80 =do=- - I Top of curd
village Inlikhera West side.,

180, In the western part Publie Dg 17.356 8,90 =do=- = =l = Top of eurb
of the village Dialpur East side.
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&.e .63)

11 12 13 15, 146 17 18
3,60 925,33 - 7.17 *a Domestie 70.0
22,.12.62) «6.63)
[ oo?o m,n o .88 9“ "do- 71-5
?n.m.ea) ﬁs.e.em
2000 m.w — om "‘0"‘ ?aon
tzaz.u.ez) ta.e.eaJ
’o Bﬂ‘. - - 73.5
" b ﬁa.sa)
33.24
21.6.63)
3.10 874.03 - - ?g P Domostie 71.5
?31.5 63)
1080 904.98 - - g':ﬂ) '“- 71.0
.08
«6.,63)
3.20 899,56 . - ﬁ.l ) «do= 66.0
?u.o.u)
2.30 869.89 - - 8.10 =do= 59.0
(9.1.63)
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181 In the co of the Publie 18,80 8.80 FRope and =~ Gangetie Top of ecurd
Mos in mpur > Puﬁ.y Alluvium South side,

age.,

182 South of the Village Publie 17.45 6.90 = Fine %o -do- Top of curb

Kalalhatti Medium North side.
Sands

183 In the centre of the Hari jans 15.65 5.15 l;:H and - -do=- Top of Curb
Village Dariapur of the ey 5 Scuth side.
Dialpur Village

184 In the centre of the Publie 23.60 10,00 = - =do=- Top of Curb
Village Dher Majra East side.

185 In the centre of the Publiec 18,65 4,90 - e -do= Top of Curb
Villege Habibpur Nawada West side.

186 In the western part Publie 13.88 5.75 - - ~do= Top of curb
of the village Paloni South side.

187 In the centre of the Publie 60.15 8,76 - - =do = Top of curb

Village Masahi

West &1.40.



"33

1Z

18

2.00

3,00

2,00

3.20

0.60

1.20

3,60

875,54
882,73

887.85

9.12
(9.1.63)

Zi%s.e)

Bi1es
t2i6.63)

}g.:,.ss)
.s.saJ
fo:fea)

.12
8.33)

18: Toea)

i:‘.‘l.s.ﬂ)

9,00
(9.1.63)

Gie.ea)

19.1.9’
1.6.83)

Domestie -

Domestie

61,0

63.0

.o

70.0

69.0
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188 In the NE part of the Sri Ratl 23.15 7.96 Persian = Gangetic Top of Curb

: Village Jatul Ram Wheel Alluvium East side.

180 1In the Fastern Ert Publie 36.50 11.60 = = =do=- Top of ecurb

. of the village Kotwal West side
Al ampur

190 In the field of Choudry Choudry 19.15 6.50 =~ Fine to =do= Top of ecurb
Chisita in Hisampur Ghasita medium NW Side.
Village. sands

191 In the centre of the Pandit 22.68 4,55 - ~do= «do=- Top of Carb
Village Channdsheri Marm West side.

192 1In the SE part of the Sri Tyagl 27.20 7.30 = = -do~ Top of Curb
Village Sherpur North Side

193 80 Yds. West of M/s Sri Bamu 20,60 6.00 - - -do= Top of Curb

g, 83fon Iqbal - of shada~- East side.

Gurukul roa uls

194 In the Centre of the Sri Gujjar 22,99 4,60 =~ - ~do=- «do=

Village Biswakheri



11 12 15 16 17 18 18
2,30 864,17 - 12.32 Irrigetion 70.0 -
(15.4.64)

3-!30 375.% - .ﬂ mmstie 68»0 -
15.4.64)

2,00 867.00 - )(4.27 - 68.0 -
15.4.64)

1 050 Nﬂ..w - ‘ .23 u)ﬁltic 72&5 -
15.4.64)

3.00 854..22 - 0932
15.4.64) -do- 72.0 -

1.30 859 .47 - }a.so Irrigation 73.50 =
15.4.64)

2.00 869,09 - 15.71 Domestie 73.50 -

(15.4.64)
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APPENDIX WO.IX
HYDROLOGICAL DATA RELATED TO STATE TUBEWELLS IN THE
ROORKEE AREA:
Sl. , Tubewell  Owner ,location jn-rm - -y 1 . ,
No. , No. - '(Gmueuulld , (An_ 'Length Diame- ' Length , Zones screened
- ,Main age) 'fut) ,in ,ter in ,of the & (in feet)
5 : (feet) '(inches) '"'sereem
L ] | ] L ] | ] ] ] Yy ]
1 v 2 . a i i | 5_ | J _ﬁ i | 7 l | L
) 1 Govt. of Group: Roorkee 345 336 12/6 104,.5 66-85
Uttar Village: Paniala : 126-152
Pradesh « About 262=-300
3 Fur s B, 315-334.85
of Paniala
'm“.o
Se 2 ~do= : Roorkee 340 323 12/6 107.00 65-74.5
Village:Latherdeva 965-155.5
Shekh. One furlong 272-282
N. of the above 300-319
Village
3, 3 i o m’ Roorkee 330 322 12/% 91.50 72.8-&.5
Near the Village 146.2-162.9
Harajanti 247.1-288,3
299,1-322.0
4, 4 ~do=- Group: Roorkee 275 266 12/6 96,00 137-186.5
Village: Wagla 196-212
3 Furlongs SE of 234 .5-266
Naglamar Village
8. §  =do- Group :Roorkee 207 186 12/6 91.08 94 ,92-186
Hllgguri:c?dhmn
Abou r
East of Bijhauii



Yield in | Date of ' Water . Draw . Specific | Geological |, Quality .
G.P.H. ' comple- ' Level ' dowm : e;gacity Forizon of .
'tion, ! 4im ' in feet ., GPH/ft.D.D. , , water . REMARKS
SLeot.
10 . ) 5 T 1z 13 y L RN, 15 [ 16 o 17
13,364 14~11-37 19 18.00 12.40 Indo
. . Gangetic
Alluvium
23,520 4-8- 37 16 18,08 38,12 -do-
40,532 21- 2-51 11 - - ~do~
m'm 19‘ 8'& “ Bom 42.3'7 ‘do-

35,388 21-10-49 36 13.00 45.38 -do=- Good



Village: Landhaura
1 Mile West of
Bijhauli Vvillage.

1 2 3 4 5 & 7 Gl L)
6. 6 Govt. of Group:Roorkee 100 93 12/8 $0.00 =
Uttar Village: Domlatpur
Pradesh

7. 7 -do= Group :Roorkee 300 293 12/6 103,00 113-124
Village:lLandhaura 134-170
3 Furlongs N. of 200-228
the Village 238-250
Nagl amar 259-276

8. 8 -do- Group tRoorkee 300 202 12/6 86.00 133-173
Village:Landhaura 239-285
6 Marlongs NE of
Naglamar Village.

9, e =do=- Group: Roorkee 340 335 12/6 90,00 119-138
Village: Landhaura 148-170
2 ongs NE of 235-252
Pandhera Villsage 296-328

10. 10 -do= Group tRoorkee 363 3568 12/6 89,00 123-167
Village: Landhsura 302-329

mle S.W. of 334-352
andhera Village

1l. 11 =dp= tRoorkee 300 284 12/6 100,00 97-161
One mile 5.W. of 203-214
Village Pandhera 261-276

. 12, 12 ~do=- Group: Roorkee 400 = = - - ' e



10 11 12 14 15 18 172
27,000 25-10-48 - - Indo
Gangetic
Alluvium
35,380 27-6-53 10.00 58,90 -do=-
27,251 7-8-53 25,00 34,97 ~do=- Good
37,623 1-8-53 11.00 57.00 ~do-
42,340 23-6-53 10.00 70.55 -do- Good .
58,771 - m .m 34 og? "“ -



1 3 4 5 8 7 B 9
13, 13 Govt. of Group: Roorkee 270 256 12/6 71.00 123-165
Uttar Pradesh Village:Landhaura 222-251
14 miles NE of
Manglanr village
14, 14 ~do= Group:Roorkee 260 254 12/6 90.00 135-170
3/4 Mile S,W, of 183-216
the Village 226-247
Manglaur
15, 18 ~do- Group :Roorkee 272 255 12/6 87.00 124-162
Village:Landhaura 177-215
2 furlongs K. 238-247
of Nathukhera
18, 16 =do- Group: Roorkee 270 263 12/6 84.00 121-164
' Village:Landhaura 216-257
mile E of
pur Village .
17.. 17 -do=- t mile S, of 310 307 12/6 100,00 . 121-169
r village 244-274
| 279-300
18, 18 -do=- Group : Roorkee 209 207 12/6 91.00 145-171
vill tLandhaura 187-198
6 furlongs sSW of 227-270
Sikhar Village 280-291
. 19, 19 ~do - Group: Roorkee 310 308 12/6 93,00 128-139
Village: 150-167
3 mrla:_fs WsW 220-263
of tho llage 285-303



10 11 12 13 14 18 1& 17

32,158 13-8-53 = 11,00 48,72 Indo - -
Gangetic
Alluvinm

32,188 12-9-53 = 11.00 48.75 ~do= Good

31,161 20-8-53 - 10,00 51.90 ~d0=

31,161 18-8-53 - 11,00 47.18 -do=-

31,161  25-8-53 e 7.00 74.14 ~do~ Good

27,840 22-8-53 - 9,00 51.55 ~d0=

35,388 15-8-53 - - - i Gooel.-



1 2 a £ a 6, i 8 - i b )
20, 20 Govt, of Group: Roorkee 300 277 12/6 ©4.10 118-166
Tt tar Village:1L.andhanra 224-270
Pradesh S Farlongs W of
Landhaurs village
21, 21 ~d0= Group sRoorkee 310 308 12/6 104,00 122-166
Village:Landheura 223-265
¥Mile 5. of 283-301
adli and 1 ™le
NE of Tansipur
Vill age.
22, 22 -d0= ¢ Roorkee 370 368 12/6 122,00 137-158
Vill age :Bhagwanpur 239-287
About 5§ furlongs 308-361
E. of sal and
located in the
village Shatipur
23, 23 -do- Group: Roorkee 430 429 12/6 98,00 70-80
Village :Shankarpur 120-140
215v42-236 .42
247 .42-260.42
ME6-358
401-426
24, 24 =do~ Group :Roorkee 382 3380 12/6 95.16 230.42-270.08
Village:Salempur 323.36-378.25
'} mile N, of
Salempur (in the
village Gangpur)
25, 25 -do=- Group:Roorkee 273 268,61 12/6 91.00 1194160
ﬂlll‘.hf“ Hera 223.83-262,.83

mlle WSW of the
rahampur village



«301~

18 11 13 14, 15 16
34,301 24~8-53 7.00 81.57 Indo

Alluvium,
34,301 5-8-63 7.00 81.57  ~do~-
33,234 30-9-53 10.00 55.20 ~do=- Gooal.
23,220 9=9-53 25,08 25.80 ~do-
- 19-9-53 - - ~do~-



1 .- 8 - - S £ Z B Q
2€ Govt, of Group: Roorkee 400 370.45 12/6 83.42 116.5-135.61
Uttar Village tBhagwanpur 242.,33-281.08
Pradesh In the village 348,33-370.61
Salempur
"7, -do- Group : Roorkee 305 386 12/6 84,00 174-187
: 'l:lllagnmqn:gu 243-271
6 Murlongs E. 337-380
Nalhera ‘natpur
28, ~-do- 6 Parlongs S.W. of 390 381.5 12/6 89.75 116.6-138
Keraundi snd 2 miles 268,.08-300.66
S.7. of Khelpur 331.5-344.66
villages. 354-375.5
29, -do=- Group :Roorkee 340 318 12/6 82,00 108-143
Village: Bhagwanpuy 236-247
1 mle S.E, of 266-301
Karaundi Village
30. ~d0= Group: Roorkoe 280 270 12/6 97.00 120-126
VillagetMandwari 140~160
6 Fur S.3.W, 170-176
of Sikandarpur village 205-270
31. =0 = Group stRoorkee 390 328 12/6 61.00 136-154
: 212-229
2 FPurlongs N. of 251-261 &
Khelpur vVillage. 291-307



10 11 12 13 14 15 16 17
27,510 21-8-53 30 10.00 45,80 Indo Cangetie
. Alluvium

31,161 8-9-53 20 23,50 22.13 ~do-

23,100 - 20 20.00 23.20 ~do-

29,159 20-9-53 26 19.00 25,50 ~do-

25,412 11-3-55 29 12,00 35.30 ~do-

20,450 28 49.00 19.47 4do-



2 A 5 - 2z it 9
Govt. of Groupifoorkee 362 281 12/6 54,00 102-130
Uttar Village tBhagwanpur 141-154
Pradesh 1} mile E of 256-269
S and
mile S.W. of
isauna Village.
-do- miles N,E. of ass 379 12/6 77 108-120
arpur 151-170
Tillage 218-239
262-275
359-372
i (e mle !wﬂ. of 3"0” 3@ 12/6 55 199-819
ikandarpur 220-231
Village. 254 -276
350-368
0= Group: Roorkee ae 313,75 12/6 106.33 139,25-184,92
5 Marlongs N4, of 214 ,33-264
Manakpur Adampur - 286,33-307.33
Village.
~do-~ Group tRoorkee 304 294,33 12/6 33.42 195-257
Villages: Jabarhera : 264 ,33-288,75
!cml:p: ' 0-;1. -
v Adampur
"111&;0.
-d0- Group sRoorkee 263 259.5 12/6 85 121~-154
Village: Jaberhera 200-253

mle W.R. W, of
angarh village.



10 11 12 13 _14 15 16 172
27,251 24-9-53 20 20.00 22,70 Indo Gangetic
Aluvium
- - - - - 40-
- - - - - -do- Good
15,950 o5 15.00 23,80  -do- Goook
24,964 15-9-53 23 19,50 21.33 ~do-
29,167 22-9-53 25 18,50 27.00 -do-



1 . - < . 4 a S Z 2 - I
38, 38 Govt. of Group:Roorkee 300 276 12/6 80 190-279
Uttar Villages Jaberhera
Pradesh S.W. Corner of the
Jaberhera Village,
39, 39 -0 Group :Roorkee 300 291.33 12/6 84.66 135-155.42
Village: Jaberhera 219-283.33
mile S.W. of
ri Village
40, 40 -do- Group: Roorkee 205 290 12/6 20 128-159
Village Jaberhera 225-284
24 furlongs N, of
Padli village
41, 41 -do=- Group: Roorkee 300 297.92 12/6 113.58 109.08-152.92
Villnge: Jaberhera 1865 .42-215,.33
about 1 mile N.m. 252.08-291.92
of Tansipur village
42, 42 -do=- Group: Roorkee 300 288.58 12/6 91.33 109,.08-120.08
Village: Jaberhera 135.58-164,08
1 ﬁle W.S.W. Of 2&.92-233.58
Hatiathal village
43, 43 -do=- Group :Roorkee 452 452 12/6 91.16 98,25-117.08
Village: Cimdiala 208,.33-219.83
5 Furlong' B.S.E, m.42--242.42
of Srichandi Village 317~-330
1} miles N,N.W, of 403.83-44

Sherpur village.



10 11 12 13 4 18 16 12
© 31,161 24 -9-53 22 20.5 25,90 ~do-

23,649 26-8-53 20 16.00 24,60 ~do-

37,223 4-10-83 20 17.00 36.50 ~do-

33,236 £9-9-53 25 18.50 30.70 ~do=

36,100 22-5-57 15 18.00 33.40 ~do=- Goodl.



1 = o 3 F S 5 & 2 8 9
“o : 44 w. Of Grﬂlp! mor‘k“ m 450.75 ].2/6 1%0‘2 109.58"‘120.%
Uttar Village:Igbalpu 239-260
Pradesh 6 Furlongs N.E, of 341-354.83
Igbalpur Village. 391.58-444
45, 45 «do=- Group: Roorkee 300 292 12/6 96.5 80-09,.75
Village: Jaberhera 128.66-140,75
Kalan in the 200,33-209,.33
Village Jaberhera 230-285,66
Kmrd. 5 Furlongs
S W. of Akbarpur
46. 46 ~do- Group: Roorkee 380 359 12/6 104 .83 70-90
Village: Nanhera 105-126
1 mile 2 furlongs 166-176
B, of Salheri 240-286.83
Village 306-320
350-3569
47. 47 -do- Group: Roorkee 310 304.66 12/6 80,66 93.33-137
Village:Prempur 169-180
14 miles N.E, of 209-220
diala and 261-294
Southern
extremity of
Sherpur village
48, 48 ~do=- roup :Roorkee 330 305.5 12/6 104,00 89-138.25
mile E, of : 158-169
Chudiala Village 209-220
%5.5-266.5

272-294



10 11 12 13 ETH 15 16 17
36,100 12-5-57 17 18,00 33.40 mtic Good

35,000  10-4-58 25 14.00 23,30 ~do~- Gooot

26,100  3-3-58 - 16.00 27.20 -do-

< 3-3-63 20.6 - . -do- B otk



-310-

1 2 - 4 S5 5. 4 8 2

49, 49 Govt, of Group:Roorkee 340 321.75 12/6 104.5 103.5-120
. Uttar 7 Furlongs West 197-208

Pradesh of Chmdiala 225-280
Village 288-310
.50, M,E,S5, Army H.Q. In the Military Cantt.2585 255 12/6 109,66 100,66-140
Tubewell Roorkee area, Roorkee and 150-175
3 Roorkee. one *nrlan; N.W. of 200-210
the Railway level - 225-250
erossing near Roorkee

51. C.B.R.I. Couneil of 300 Iﬂ'QSDSQEO of the 250 244 12/5 1&016 &-%

Seientific Museum building of 100-130
and the Central d- 156-200
Industrial ing Research 215-239,.16

Research, Institute, Roorkee

52. Univer- University About 430 yds.S.S.W. 261 255 12/6 115.00 115-165
sity of Roorkee of the Vice Chance- 190-255
Roorkee 1lor's building in
(ETO Roorkee University
Drilled welld

53. Feld Army One mile two fur- 330 330 12/6 111.00 140-184
Works Military longs N.E. of the 223-250
Area Cantt, Raillway level ‘ 200-330

erossing near Roorkee :

54, Univer~ University Near Swimming 300 295 12/6 118,00 95-120
sity of Pool, 130-158
(Drilled Roorkee. 209-224
by Private 255-295

Agency)



=311~

10 11 12 13 14 15 146 17
- - - - = Gangetic
Alluvium
34,450 - 35.02 16 c” 38.% -‘0-
43,300 - Gqﬂ 15006 58. 17 "do-
(UsGPM)
36,300 - 34.35 12.28 59,12 -do~-
(UsaPM)
22,400 . 48,20 8.55 52,40 -do- Gooel
(USGPM) '
35,000 3-4-56 - 18.00 32,44 ~do- Good -



-312-

4

57.

68.

59,

51

52

L+ ¢ Roorkee
trﬂ‘ S.Ee of
he village '
Bhalsua Gan}

Grms!borkeo
t e Fast of the
1llage Khajni

Group: Roorkee
2 Furlongs North
of the Village
Harchandpur

Group Roorkee

5 Furlongs North
of the village
Panisla

2 Farlongs west of
the village
Kharkasi Diata

3 Furlongs South
of the Village
Bomarsi

310

380

390



-313-

10

12

12

J4. 15 6. 17,

-do-
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