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ABSTRACT

An attempt has been made to study the relationship between various meteorological factors
(temperature, humidity, evaporation and precipitation) and water table fluctuations in the area
adjacent to the Upper Ganga Canal and south of Roorkee town (U.P.). The effects of artificial
factors, like canal flow, on the near surface groundwaters have also been discussed. A graphical
derivation of the coefficient factors for (i) rainfall in the preceding months versus water levels,
and (ii) flow in the canal versus water level, has been attempted and the values obtained are
0-14 and 0-195 respectively. The sub-surface geology has been deciphered and its role as an
influencing factor on the groundwater fluctuations in the area has been emphasized.

Two statistical methods have been adopted to arrive at the correlation coefficients, which
establish the relationship between the groundwater fluctuations and the various influencing
factors in the region. The second statistical method elaborated in the test has been applied
to groundwater data for the first time. Limitations in the prediction of water levels have also
been discussed.
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I. InNTRODUCTION

In June 1960 the Exploratory Tube-wells Organization, Ministry of
Food and Agriculture, set its base camp in Roorkee for its fourth independent
division in India, to carry out the hitherto unattempted systematic drilling
operations for the construction of heavy duty water wells in the difficult
‘terrain all along the foothill zone of the Himalayas in Saharanpur, Dehra Dun
and Bijnor districts of Uttar Pradesh. The geologists attached to this division
are not only engaged in the collection of geohydrological data at the explora-
tory sites, but also in the collection and interpretation of similar data on a
regional basis. '

The canal area, stretching about eleven miles south of Roorkee town
(29° 527; 77° 53'), was considered as one of the suitable areas for regional
groundwater studies. The area comes under the non-masonry part of the
Upper Ganga Canal. An attempt was made to establish a relationship be-
tween the flow of water in the canal and its effect on water table, temperature
and chemical qualities of groundwaters. The study has an advantage in
Roorkee area as the meteorological factors were also readily available. The
data were also interpreted in the light of the statistical methods which are in
vogue to establish the relationship between the various dependencies. The
studies bear significance in their future application to other areas, especially
when the number of geohydrological stations studied is larger.

II. Locarioxs oF HYDROGEOLOGICAL STATIONS

In the absence of any provision for drilling and construction of shallow
and small diameter observation stations around Roorkee, under the explora-
tory drilling scheme, some of the open wells already existing in the area were
selected for the study of the water level fluctuations.” All the six stations
have been selected along the non-masounry part of the canal south of Roorkee
town, extending for about eleven miles. One station (No. 85) was set up
‘only in the month of September 1960. The geohydrological stations were
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spaced in a manner to furnish the data regarding the effects of canal flow on
the near surface groundwaters at perpendicular distance, varying from a
few yards to nearly half a mile, from the canal. In the area under considera-
tion three stations (1D1, 85 and 3D1) fall on the east and two (12D1 and 1D2)
on the west side of the canal. This notation of the wells has been adopted
during a systematic shallow well inventory in the area. The same symbols
are used to indicate the geohydrological stations. The station 2D1 is located
between the main canal and diversion channel joining the main canal, one mile
gsouth of the observation station (Text-fig. 1).

III. CoLLEcTION OF DATA

The water level measurements on the observation stations were carried
out with graduated Lufkin steel tapes which record the level correct to the
second decimal place, in the first week of every month. The measurements
for the months of January and February could not be taken in the first week of
the month. The levels on all the stations were measured on the same day in
the forenoon. At the time of measurement of water levels the temperature
was taken and water samples were also collected.

The water samples from the canal were also collected recording their
temperature.

This data will be interpreted later when the chemical studies on the
groundwaters in Roorkee area are finalized.

The meteorological data were collected from the meteorological station
attached to the Physics Section of the C.B.R.1., Roorkee. The humidity and
air temperature data were recorded daily at 08.30 and 17.30 hours. The
evaporation data were furnished by the Soils Section of the C.B.R.1., Roorkee.

Daily canal flow data for the period under study were obtained from the
Executive Engineer, Northern Ganga Canal Division, Roorkee. The area
under study being close to the Roorkee Meteorological Station, it is justified to
utilize the meteorological data for the interpretation of the hydrological
conditions.

IV. EFrreECTS OF METEOROLOGICAL AND ARTIFICIAL FACTORS ON
GROUNDWATER LEVELS

The trend of the water levels for the different stations is plotted on a
graph (Text-fig. 2) for the period July 1960 to February 1961. The meteoro-
logical factors like humidity, air temperature, rainfall and evaporation are
also plotted on the same graph. Artificial factors, like the quantity of flow
in the canal, are also indicated on the graph to arrive at the major factors
which govern the water level fluctuations in the area covered by the
observations.  The temperature is plotted as mean of the first seven days’
temperature in a month recorded at 08.30 hours as most of the water level
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measurements were confined to the early part of the first week of a month and
to the forenoon of the day. Monthly average of humidity recorded at 08.30
hours is plotted on the graph. Monthly rainfall and degree of evaporation
are also plotted. . Average of every ten days’ flow of water in the canal is
represented on the same graph. The graph so prepared will throw light even
on the individual factors which govern, to a large extent, the water table
fluctuations.

(a) Relationship between rainfall and groundwater levels

From a careful observation of the graph (Text-fig. 2) it is inferred that
close to stations 1D1, 85, 1D2 the trend of water levels closely follows the
precipitation in the area and the station 12D1 also shows fairly similar
relationship. A diversity from such relationship is exhibited by 2D1 and 3D1
stations. This inference has been substantiated by statistical methods also,
dealt under a separate heading. XKeeping in view the above relationship,
a graphical derivation of the coefficient factor for rainfall in the preceding
month versus water levels is also attempted (Text-fig. 3). The factor
obtained is 0-14, indicating that for every hundred millimetres of rainfall in
the area the water level would rise by 14 cm.

Had there not been a few more influencing factors which have a bearing
on the fluctuations of the water levels in the area (discussed in the following
pages), this factor would have helped to a considerable extent in predicting,
with a fair degree of accuracy, the water levels in the region, based on the
rainfall in the preceding months.

(b) Relationship between temperature, humidity, evaporation and groundwater levels

The trend of water levels in the various stations, when compared and
studied with temperature and evaporation curves, indicates that no definite
relation exists between these two meteorological factors and the water table
fluctuations for the period under study. There seems to be some relationship
between the humidity curve and the trend of the water levels in stations
1D1 and 85.

(¢) Relationship between canal flow, distance of canal and groundwater levels

As stated earlier, the stations 2D1 and 3D1 are located close to the canal.
The graph shows that the amount of flow of water in the canal is reflected
remarkably in the behaviour of the water levels at the two stations 2D1 and
3D1. The water levels in the stations are directly influenced by the rise or
fall in the quantity of water flowing in the canal. When there was absolutely
no flow in the canal between 22nd October, 1960, and 11th November, 1960,
the water levels recorded a steep fall (Text-fig. 2). There is a minor relation-
ship of similar nature as far as 12D1 station is concerned.
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The above facts establish that wells which are within 20 yd distance
from the canal are affected to a great extent by the canal and depending
on the lithology (discussed in the following paragraphs) the effects may be
recognized up to a perpendicular distance of nearly 2 furlongs. The inferences
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TEXT-FI1G. 3. Graph showing the relationship between water levels and rainfall in the pre-
ceding months for the hydrogeological stations along the Upper Ganga
Canal, Roorkee area.
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Month and year

Period

Flow in canal in
cusecs (average
for the period
indicated)

TJuly 1960

August 1960

September 1960

October 1960

November 1960

December 1960

Jar.aary 1961

February 1961

1st to 10th of the month
11th to 20th of the month

218t to the end of the month

1st to 10th of the month
11th to 20th of the month

218t to the end of the month

ist to 10th of the month
11th to 20th of the month

218t to the end of the month

1st to 10th of the month
11th to 20th of the month
21st to the end of the month

1st to 10th of the month
11th to 20th of the month

21st to the end of the month

1st to 10th of the month
11th to 20th of the month

21st to the end of the month

1st to 10th of the month
11th to 20th of the month

21st to the end of the month

1st to 10th of the month
11th to 20th of the month
21st to the end of the mofith

7,632
5,737
7,792

6,565
8,033
5,665

5,803
6,038
6,937

6,462
4,978
0

6,931
8,926

7,882
7,082
6,510

6,628
5,975
5,639

4,722
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drawn by the statistical methods also support the observations made above.

A graph showing the relationship between the flow of water in canal and
water levels is prepared, to arrive at the coefficient factor. The derived
factor is 0-195 indicating that for every thousand cusecs increase of water in
the canal the water level in the wells close to the canal would rise by 19-5 cm.
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" TEXT-F10, 4. Graph showing the relationship between water levels and the flow in the

Upper Ganga Canal, Roorkee area.
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This factor enables us to predict the fluctuation in the water table close to the
canal, if the amount of water to be allowed into the canal is known.

(d) Relationship between lithology and groundwater levels

Lithological variations are also a criteria to study the fluctuations of
groundwater in an area. In view of this, the section across the canal and
longitudinal section parallel to the canal have been prepared for the area with
the help of the log data of the State tube-wells (Appendix I). Since the
geohydrological stations are limited to a maximum depth of 33 feet, the logs
were only studied down to the first hundred feet depth.

A panel diagram (Text-fig. 5) for the area has been constructed, taking
into consideration the reduced levels at the tube-well sites and also the litho-
logical logs prepared by the drillers. The diagram when studied with other
available data of the tube-wells (though not represented on the diagram)
indicates the following salient features regarding the sub-surface geology of
the area :

(i) The perpendicular sections to the canal (i.e. east-west section)
close to Roorkee and just north of Roorkee exhibit considerable clay within a
hundred feet depth. Clay is a dominating lithological unit. The perpendi-
cular section joining the observation stations 85 and 1D1 fall under this
category and as such are not effected markedly by the amount of flow of
water in the canal.

(ii) The sand percentage in the strata down to a hundred feet depth
increases towards south of Roorkee town proper and is almost dominated by
sand five miles south of Roorkee (i.e. north-south section). The clay beds
do not ramify but pinch out towards south.

The above observation on the lithology of the area might have a bearing
on the inference drawn earlier that the flow in the canal has an effect on
the water levels near station 12D1.

(e) Relationship between irrigation and groundwater levels

The observation station 12D1 is located particularly adjacent to an
irrigated field. Other stations have no bearing directly on irrigation in the
area.

The water table fluctuations recorded on this station indicate that during
heavy crop period (July-August) the effects of precipitation are not fully
reflected on the water levels. During the non-crop period or for the period of
such crops which do not depend much on water (December to February)
the behaviour of the water level has a marked bearing on the precipitation.
During the reaping of the crop period (September) there is slight rise in the
water table.

The trend of water level for the period October, November and the first
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fortnight of December could not be inferred fully. This might have a bearing
on the amount of flow of water in the canal.

42

SCALE :—
3INCH = | MILE

EXPLANATION
SAND
SAND & KANKAR
SAND STONE
ol SR R N : CLAY

SCALE :(— CLAY & KANKAR
B. HORIZONTAL :— 3} INCH = | MILE gn STATE TUBEWELL

VERTICAL :—}INCH = 50 FT,

TexT-F1¢, 5. A—Location map of State tube-wells, Roorkee.
B—Panel diagram showing the lithological units in the area south of Roorkee.
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V. STATISTICAL METHODS FOR THE DERIVATION OF CORRELATION
COEFFICIENT AND PREDICTION OF WATER LEVELS

The application of statistical techniques to groundwater studies enables
us to arrive at the correlated dependencies and predict, at least in a few cases,
the groundwater fluctuations. The correlation coefficient also throws light on
the relation between the variables (natural or artificial) under consideration.

The two methods attempted below to study the relationship between the
preceding and following month water levels in the area under consideration
indicate a value for the coefficient which approaches unity. As such, the
variables bear a definite relationship. A graphical representation of. the
following and preceding month water level data also points out to a considerable
extent the relationship between the two variables (Text-fig. 6). In view of this,
thedata collected were analysed to arrive at correlation coefficients which throw
light on the major factors affecting the near surface groundwaters in the area.
Only the probable linear dependencies are studied.

As the different factors influencing the groundwater are individually
studied from the data available. an attempt has been made by adopting this
method to arrive at the correlation coefficient. Using the correlation coeffi-
cient the water levels could also be predicted.

Statistical Method No. I : Correlation Method

This method of calculation is not based on the mean values of repeated
‘measurement of water levels in a month or on a considerable number of
observation stations.

The correlation coefficient is derived by compiling the data in the cor-
relation table (Table V). The data utilized for these computations are confined
to the period of gradual fall in the water levels from September 1960 to February
1961. The values are tabulated under Table II.

The correlation coefficient ‘7’ is calculated as follows:

The sum of column I, line 1, by Zn = 28

column I1I, line 3, by

Zny.y 1and Znx . 2, = —19 and —21
column IV, line 4, by

Zyi(ny . y1) and Zz;(nx . ;) = 223 and 233
column VI, line 6, by Zry = 224

bl

134

TE= oy .8z
where
_ EM . ¥ -21

vl——z'n—=-——2-§—-=—0‘75
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Sy = J?ﬂw —(vg)® = 223 "(_0'6785)2

2n 28
= 2-738 .
[ Zmlnr . ) 2 /233 2
= 2-786
224
- 2-738 x 2-786
= 40-9813.

The correlation coefficient being positive and almost nearing unity in
value, it is inferred that there is a direct and definite relation between the water
levels in the preceding and following months. As such, an attempt has
been made to predict the water levels by computing the linear correlated
dependencies. Since the prediction of water levels in the following month
depending on the preceding month (Y,) is desirable, the linear correlated
dependency for the same is calculated as follows: For a dependence of-the
mean value 4 upon x ’

- y—§=bylz—7) .. . . .. (1)

“by * represents angular coefficient of a straight line drawn to the axis of
co-ordinates and is computed according to the following formula :

by=’r.g—‘z, | .. .. .. L. (i)

where r = 0-9813
8z = root-mean-square deviation of the variable x ;
8y == root-mean-square deviation of the variable y.

In computing bz, by, 8x and 8y the values found from the correlation table in
conventional limits for Z, y, 3z, 8y should be converted so as to acquire their
true values. i

The true value of 5z is equal to its conventional value (in this case 2:786)
multiplied by the capacity of the interval (K) of values z (in this case X = 100)

8z = 2786 X 100 = 278-6.
Similarly Sy = 2-739X 100 = 273-9.

The true mean value of z, represented by (%), is the sum of zero interval
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of the values for », represented by (x,), plus the product of the capacity of the
interval (K) and v;.
. I-U-=270+K’Ul .o .o .o .o . . (lll)

= 4504 (100 - (—)0-75) = 375,

where (x,) is the zero interval of values for z represented by column V,
Table V, and denoted by the range 400-500, the mean value being 450.
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TexT-F16. 6. Graph showing the relationship of water levels in the preceding and following
months for the stations along the Upper Ganga Cenal, Roorkee area.
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Similarly
:17 = y0+K‘Ug ‘e ..
= 450+ (100 - (—)0-6785) = 382-15.
Substituting the values in equation (ii)
. 273-8 -
by = 0-9813 x 3786 = 0-9649.
Substituting the above values in equation (i) the desired linear correlated
dependency (yx) will be as follows:
yr—382-15 = 0-9649(x —375)
yx = 0964924 20-35.
During the following month, possible deviations of the calculated mean values
from actual deviations of groundwater level will be :

AYy=28y.y/1—r2 .. .. .. oo (V)
= 273-9 . 4/ 1—(0-9813)2
= +52:72 ¢m.
Accuracy of calculations based on the correlated dependency will be increased

considerably if the forecast will be given for a group of wells according to the
formula:

(iv)

An=2Y S
Vn
where n = number of wells = 6
52.72
An = % oi/% = 4 22-55 cm.
Hence ¥, = 0-9649x120-354£22-55 cm.

As such, the level of groundwaters will be found within the limits of [{0-9649x
+20-35)4:22:55] em. In this connection it should be noted that a single
value of An will ensure a 68 per cent probability or reliability of the value of y
obtained in accordance with the correlated dependency; in other words, 32
per cent of the levels of groundwaters might have other values from that of
y+ An; twice the value of An ensures 95 per cent probability and, finally,
thrice the value will make reliability certain in 99 per cent cases.

The predicted water levels for the following month depending on the
water level in the preceding month are within limits by applying the above
derived factors. But the deviation factor obtained is quite large. This may
be attributed to

(i) less number of observation stations;

(ii) single water level measurement in a month, instead of an average of
a number of measurements; and

(iii) the capacity of the interval chosen being unavoidably large.
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Statistical Method No. 11

The statistical method applied for the computation of correlation coeffi-
cient is a simple linear correlation, based on ungrouped data. The relation
has been established between two variables. The data available is sufficient
for the present study.

The correlation coefficient is derived by using the variables (i) water
levels in the preceding month, and (ii) water levels in the following month.
The computations are as follows:

= values of water levels in the preceding month (in cm).
Y = values of water levels in the following month (in cm).
X,, = the average obtained from the values of X.
Y, = the average obtained from the values of Y.

2z and y are deviation values.

TaBLE VI
Culculation of correlation coeffictent (r)
P

Oy . Oy

r=

3

where P is the product moment of « and y; o, is the standard deviation over X,
and o, is the standard deviation over Y.

_ Zaxy) _
P =207 = 70,407

(where N equals number of points)

2

or= /- E\f) = 2684
2

o, = «/Zz(g) =270-5
P 70,407

r =

oo, Zogaxaiod — TOT

It has, therefore, been established that the correlation coefficient has a
value between zero and (-+) 1 and very much nearer to unity, indicating
that "the expected relation between the water levels in the preceding and
following months is almost perfect.

Based on this method, the correlation coefficient for establishing the
relationship between (i) rainfall and water levels, and (ii) canal flow and water
levels has been computed (Appendices IIA and B).
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TABLE VI—econtd.

X Y . X— Xu Y- Ym x? y2 xy
Water levels | Water levels
in the preced-|in the follow- (@) )
ing month | ingmonth y
(in cm) (in cm)

808-2 812-2 +431.2 +432.2 186100 186800 -+ 186400
812-2 829-6 +435-3 +-449-6 189500 202100 4191200
829-6 835-7 +452-7 -+ 455-7 204900 207700 +201600
835-7 838-8 +458.8 +458.7 210600 210500 + 210500
838-8 8385 +461.9 44585 213300 210300 4211700
233-2 225-6 —143.7 —154-4 20650 23830 +22180
225-6 370-6 —151.3 —9.4 22890 88 + 1422
370-6 2547 —6.3 —125.3 40 15700 + 789
2547 256-2 —~122.2 -123-8 14940 15320 +15130
256-2 263-0 —120.7 —117-0 14590 13690 + 14140
297.3 . 2745 —79.6 —105-5 6336 11140 1-8399
274-5 4398 —-102-4 +59.8 10480 3576 —6124
439-8 302-0 +62-9 —78-0 3958 6084 —4907
3020 318.5 —74.9 —61.5 5610 3783 +4607
3185 ' 323.7 —58.4 —56-3 3410 3170 + 3288
51-8 30-5 —325.1 —349.5 105600 122100 +113600
30-5 88-5 —346.4 —291.5 120000 84960 -+ 100900
88-5 64.0 —288-4 —316-0 83180 99860 +91140
64-0 59-5 —312.9 —320-5 97900 102700 + 100200
59.5 12.5 —317-4 —367.5 100800 135100 4116700
79.3 77:5 —297.6 —302.5 88590 91490 +90030
775 149.0 —299.4 —231-0 89660 53350 +69160
180-0 129.0 —196.9 —251.0 38780 63010 +49430
542.3 549-6 +165.4 +169-6 27490 28770 +28060
549-6 570-3 +172.7 +190-3 37530 36220 + 32870
570-3 584-0 1193.4 +204.0 37430 41610 + 39480
5840 577.7 -+ 207-1 +197.7 42890 38920 -+ 40860
5777 5725 +200-8 +192.5 40310 37050 —+ 38650
10,551-9 10,646-0 2017464 2048921 41971404

The values obtained for the correlation coefficients for the above factors
are tabulated in Table VII. The same statistical method, when applied to
establish the relation between (i) humidity and water levels, and (ii) evapora-
tion and water levels, did not indicate any definite relationship.

From the correlation coefficients obtained, it can be inferred (Table VII)
that the major factor influencing the fluctuations in the water table near
observation stations 2D1 and 3D1 is the amount of flow of water in the
Upper Ganga Canal; the other factors being of negligible importance. The
value ‘7’ obtained for the influence of canal water on the water table near
station 12D1 indicates that it is not a major factor, though there is some
relationship between the amount of flow of water in the canal and water level
in the well. '

The correlation coefficients derived for the relationship between rainfall in
the preceding month and water levels point out that to a considerable extent
the influencing factor for the fluctuations in the water table near 1DI1,
85 and 1D2 is only rainfall. However, the values of ‘7’ in all the cases
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Tasre VII
Correlation coefficients

! r | 1 !
g\\ Wells No; ! ; ! ‘j
81. No. | T , 1D1 ' 2D1 : 3DI | 12Dl 8 | 1D2
i Factors . ; e :
" . l Q |
1 = ! :
1 Water level v, rain. .| i | [
¢ fall (in preceding : : ‘ _ [
month) F—0-5793] — 1 — | —0-3017] —0-5987 ' —0-6325
! : : .
2 Water level v. flow : 3 i | :
of water in canal | — | —0:9084| —0-8954| —0.3875| — | —

mentioned above also indicate that rainfall is not the only factor controlling
the water levels, but it can be safely inferred that there are other factors also
governing the fluctuations in the water table. Based on the knowledge of the
sub-surface geology of the area, it may be suggested that one of the other
important factors affecting the water levels in stations 1D1 and 85 is lithology.
From the data it can also be seen that rainfall has also some influence on the
water level fluctuations near station 12D1. The factors besides rainfall
influencing the water table near station 1D2 could not be ascertained from
the available data.

V1. CoNCLUSIONS

() Six hydrogeological stations have been established along the non-
masonry portion of the Upper Ganga Canal, extending for nearly eleven miles
south of Roorkee, to study the fluctuations in the near surface groundwaters,

(ii) The factors—both artificial and meteorological —affecting the ground-
water table in the area have been discussed individually.

(iii) The correlation faetors for rainfall in the preceding month wversus
water levels, and amount of canal flow versus water levels have been derived
for the area under consideration.

The values are 0:14 and 0-195 respectively, indicating that for every
hundred millimetres of rainfall in the area the water level would rise by 14
cm, and for every thousand cusecs increase of water in the canal the water
level in the well close to the canal would rige by 19-5 cm.

(iv) The correlation coefficients for the, variables (a) water levels in-the
preceding and following months, () rainfall in the preceding month and water
levels, and (¢) amount of watér flow in the cgnal and water levels have also
been derived by applying two different statistical methods.

(v) The sub-surface geology of the area has been worked out with the
~ help of the bore-hole data and represented by a panel diagram. Its role as
one of the factors influencing the groundwater fluctuations has been estab-
lished.
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IX. APPENDICES

APPENDIX I

Note:—(1) Logs of the bore-holes indicate only the driller’s log.
(2) Lithology is given only for the first 100 feet for all the bore-holes.

State tube-well No, 11
R.L. near the State tube-well, 871 feet

Lithology Depth in feet Thickness in feet
Surface sand 0-25 25
Clay 25-56 31
Fine sand 56—85 29
Fine to medium sand and kenkar 85-95 10
Medium sand 95-100 and below

State tube-well No, 12
R.L. near the State tube-well, 870 feet

Lithology Depth tn feet Thickness tn feet
Medium sand (brown) 0-62 a2
Clay and kankar 62-75 13

Fine sand and sandstone 75-100 and below
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State tube-well No, 22
R,L. near the State tube-well, 876 feet

Lathology Depth in feet
_ Surface fine sand (brown) 0-10
Clay 10-52
Fine sand (brown) - 52-58
Clay 58—-64
Fine sand (grey) 64—68
Clay 68-74
Fine sand {(grey) 74-95
Fine to medium sand {grey) 95-100 and below

State tube-well No, 14
R.L. near the State tube-well, 864 feet

Lithology Depth in feet
Surface sand 0-11
Fine sand (brown) 11-65
Sandstone (hard) 66-72
Fine sand and sandstone 72-100 and below

State tube-well No. 24
R.L. near the State tube-well, 878 feet

Lathology Depth in feet
Surface clay 0-6
Fine to medium sand (brown) 6-11
Clay 11-55
Fine sand (grey) 55-62
Clay and kankar 62-100 and below

State tube-well No. 42

Phicknress in feel
10
42
6
6
4
6
21

Thickness in feet
11
54
7

Thickness in feet
6
5
44
7

R.L. near the State tube-well: levelling not completed

Lithology Depth in feet,
Surface sand 0-28
Medium sand 28-38
Medium sand (grey) 38—44
Clay 44-46
Medium to fine sand 46-55
Clay 55-64
Medium to fine sand 64-80

Clay 80-100 and below

Thickness in feet
28
10
6
2
9
9
16



609

GROUNDWATERS ALONG THE UPPER GANGA CANAL

L860-0— = @wn&m —u | reous— | L¥SYT 4301L 75651 £+999
N
9069-0 - m\m\( = fio
. PRt FELOO $8L 8g-0+ 08— LL'81 519
root= "X N cao | L80E— 2205-0 LLTY gp0+ 98L— $6-81 9:0
- e AR ¢33H-0 3L29 490+ g6L— P61 0
N 991 — [960-0 Live 1£-0+ 13§ — oLl 1-L3
1668 — = = =d | ¥il— 6022-0 vl L¥-0— Lg+ 2081 68
(S 1L0— 2p0G-0 ! 1L0— o.I.+ 8L-L1 308
ot = N g oy = N wy| 98E6— 10910 09g¥g 0%0— 1-€€3 60°81 €5l ¢8
6981 iz X G6L X7 X
. fio " xo N o e
€618 0— = —F =4 10691 — 81911 ¢e01L &P681 g-¥ec
N
860%-0 = Gz \( = fio
— P01 — 6+81-0 ¥8L £50+ 085 — 6913 319
100t = 2L NV w0 | 89YE— 9E61-0 LLT9 P0+ 98L— 08-L3 90
e £6:9% 9G11-0 2L39 $g0+ Z6L— 0%L3 0
N 68°L— 96100 L1¥e L0+ 189 — 03°L8 I'L3
1968 — = g =4d | 61— 67810 1 gro— | LE+ £9:05 6-38
90— 961¢-0 1 990~ o1+ + 05-95 508
N N 80-38— 9631-0 09€¥y 98-0— |34 0L-9% £elg 1art
a0 = e o N. A w
90-LT = o = “A G6L= o= "X
Ew%v qjuow ﬁ \
. A £ 140[10f U w0 To1ysIs
) () =) opm | qepmew | (G
. [eae] 3098 M -0dp %ﬂ 005)
JUSIYJI00 UOIFB[OII0)) fiu s - ur—x wy—y x X

Yo Bugmonjof 3y3 up 1900] BIM SA N0 furvas sof TT "ON poypw (poysunis fig 1usrffaco worDIELI0D fo UOUDINIID)

VIl XIONTJAY



NEAR SURFACE

K. V. RAGHAVA RAO & T. 8. RAJU :

fio* xo — R . R
L1080~ = = 01-621 £916€ 9Z012 ¥ 11 €999
o P A
289L0 = alamm .
— LI¥E+ 06851 $8L 25 T— 083 — 190 219
ro01 = 2L 915 — £2010 LLT9 380+ 9:8L— 961 90
- e 3518 — 60330 3L39 L¥0+ 36L— 013 0
N 91-99— 08391 LT%E LB I+ 13— 063 1 O%4
ELET— = s = £ — 896€-0 ¥l £9:0— e+ 00°1 1-28
X LO-0+ 6¥00-0 1 L0-0-+ o1+ + 0L1 308
N N 8229 — $8L0°0 09€%¢ 83°0— 1°€£3 gg-i £-318 1azt
mw.ﬁ”lue N-Ph{ e
Az AT T .
fio" 20 0-965— 001-21 9Z01L 19-8% gFpac
98890~ = —7— =
N . I .
Figl = MNN.\( = fip
— Gp— 9200 ¥8L o0+ 083 — £3F Z1g
1001 = N 8€P1— 0Sg°€ LLTY g8-1+ 9°8L— 06+g 9:0
- 3T 0FIT— $LOG 3L39 L ats Z6L— 19-¢ 0
N 23— 659-0 L3¢ 180+ 188 — 88'% 113
Qe = o= 9g— 163 F1 €9 1— Lg+ $9-3 638
N ¢ cI— | 1912 1 Ly1— o1+ N 093 308
- _ N PP8Z— | 681 09€%9 25 1— 1°8€3 o83 €318 zdl
WOy = S-=wmg ggL= 2L =
iz X &6 Xz
smm ut) yjuoux A V
EBO.:.O.H u uf \
“ @ e T | | e
[eAS] X99B A -oxpAnosr)
JULIOYO0D UOIYBIAIIO)) fae 2 & "A—X “X—X i X

610

‘pPouor—yI] X1ANTEAdY



611

GROUNDWATERS ALONG THE UPPER GANGA CANAL

*196] UI S{0AS] I1618M

Ao * xo
GLBE-0— = —F— =4 2'€919- 3056 ¢ 031930%9 6I-¢l 1£8°6¥%
920L-0 = ,%,\( = fio
ke 0-9¢81-F 08964-1 0008033 91— $8FT— 0 gpLY
N 888~ 66800 039L8 0g-0+ 963~ 96°1 £€6°¢
0685 = — \( = o kot + GE0E-0 000¥68% Gb0+ E153+ 013 1738
i 0-¢8LL— 089¢-1T 00000888 | €31+ 6639 — 063 0
i N g 0F881— ¢GeP0 0002068 €9-0— 9L6T + 00-1 $03‘8
¥ OLL— = g 0-4¢ 63000 00¥16% coo+ 0L~ 0L1 82G°g
N e 9-08% — 6680°0 001906 0g0+ e+ ag-1 £8I°L
GO = Iz “wx 6229 = Xz =uy 8697 + 6910°0 0000FLE T gr-o+ 699¢ + #8L1 86L°6 1ast
fio*ap
$668:0— = —F— =4 1619601 — 3-8+80% 03 1930%9 L-808°C 168°6¥
g0-1e— = & = fio ‘
. iz 0C9¢E— 0+81 000¥68T 9 11— 2188+ 0-30¢ 1+¥°s
N 066FT — 0-201 000302T 1-01 + $8F1— LL2E SPLY
0688 =~ = x0 18H1— 0%% 0ZILR 6%+ 96%— G-81¢ £e6°e
kA 00T98L V-0864T 0000088¢ 931+ 6339 — 8'68% 0.
N 09L0€ 0-68¢1 000$06€ 1-66— 9L61 + & 7%4 c0z‘s
PLB6ST ™ = ppn T 0ZFI1+ 1-€9% 00¥16% €91— (oL~ €-L63 835°g
N N 0987 — 6668 001906 08— 296+ 9-68% 181 “b :
9g1g = a7 “X 6889 = Xz uy 00T8¢T — 0-8961 0000¥%L31 eFr— s9gg+ €693 86L°6 1ag
fio " xo
$806-0— = —7F— =+ c0CEH6 — 36L98T 031950%9 0°€20°¢ 1€8°6%
£6-8F = — = fio ‘
K OTSET — 828 0002033 16+ F8P1—~ 0°393 SPLP
N LLE 6-01 039L8 get 965 — 3993 £€6‘e
0883 = QI\( = xo 3868+ 34 000768% 81+ 3123+ L9893 1798
R 00463L — 0-03LET 0000088¢ LTt 6239 — 9°0LE i)
N _ 4 0tue — L TOL 000506€ 9 LE— L6l + 9-G%% ¢0g‘s
88IFET~ = fag = 09PE 1+ 9-89¢ 00PL5¥ a6l— roL— 3-€€3 8aS‘e
N A 03388 — 0-g181 001976 698 — zs6+ 0-813 181°L _
6-29% = g “X 6329 = Yz~ wy 0036LT — 0-0%¢G 0000FLET c0e— 6926+ 1203 86L°6 1az
o 8OOEMO
(«©) (A (x) ur [eAe{ | uI [€uBo UI woryes
J9)1BA\  [1938A JO MOTH 1eaidoy
-0xpAyoen
JUSTOLJO0D UOIFB[IIIO)) fiz ot Pra “ux—x wy —x X X

(s7uowiainswows T g fo aIwp 1 u0) S]] 43IM "SA [uUDD UL 42pwm fo moy sof [T 0N poypus [ousumy fiq 103200 UKD PLI0D fO UORDINIL))

g1l XIANTIIY



