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INTRODUCTION:
L s T AR T e

The world 1s full of natural resources. The nature
has provided so many things for the benefit of bhuman beingsa.
Now, it depends upon the users, the way in which they utilize
it. Out of all natursl resources, land, water, air and sun
shine are so impertant that no life can exist without these.
The proper utilization of wator znd land ecan economically
mnke the country very rich. The land resources are fixed and
therefore it is important to emphasize on the proper utili~
zation of water for the develorment of nation. The downfall
of the grent nations coincided with deterioration of soil and
water managenent aud conservation practices. Even in our own
country, unwige exploitatlion and misuse has badly damaged
some goils and has called our etiention to the need for
stringent measures to conserve and improve this valuable

resource.

We have been harvestlng water through big reservoirs
in one watershed and conveying it to another waterghed through
canals. Transportation of water beyong natural boundaries
has created imbslances in natural drainage. Local digturbances

have also been caused throush physical gtruectures obstructing



existing waterways. Therefore, our post harvegt techno-
logy of water use needs a review in view of problems

created through negligent or bad management of water and
land. The mismanagement of post-harvegt operations of
agricultursl produc-e regults in certain temporary losses.
The mismanagement of land and water resources in irrigated
areas in causing several permanent problems including
degradation of environment. The most gerious is the rise

of the water table, which might result in rendering the
land permanently unsuited for agriculturs. It is, therefore,
important that we devote more attention to the efficient
use of irrigation water already available and possibly

less on harvesting more water. It takes atout ten years to
make an irrvigation project operational. It would be naturally
justified to spend another few years on better utilization
of irrigation water and exploitation of full potential

efficiently.

The problem of water loggirg has arisen mainly
wherever, either canal irrigation exists or excessive

irrigation has been given to the area.

Rainfall is one of the most important natural
bydrolozic event. It is an essential input in many hydrelogic
proceases. Among the various natural or artificial input-

output components of hydrolegic cycle, the ground water



levels are directly influenced by the total amount of
rainfall received during the year. The ground water levels,
whether it be the water table of an unconfined aquifer or
the piegometric surface of a confined agquifer, indicates

the elevation of atmospheric pressure of the aguifer.

Vith the view to identify the reasons responsible
for water table rise and the problems created thereafter,
the gtudy was conducted at Powarkheda, ZoheReSey JuN.KuVaV.,

dabalpur with the following specific objectives:

1/ To study the effect of rainfall on water table
behaviour.
2/ To study the effect of canal introduction on

water table.
3/ Prediction of rate of rise of water table to

indicate the requirements for preventive meagures.
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REVIEW OF ZILITERATURE 3
B S S E e )

The curiosity of research workers and hydrologists
in the natural and stochagtic phenomenon led them through
different studies on it. This chapter desls with some
eritical comments, analysis and results obtained by several
investigators on some such natural hydrologic events. These
are on rainfall, water table fluctufation in open wells gnd
observation wells, the effect of canal flow on rise of water
table and the proper use of these resources to meet water

needs of crope.

2.1 WATER TABLE BEHAVIOUR -

Water table is a continuous random variable. It
varies not only with time but also with the external

encironmental influences. The various research workers
studied the water table behaviour and presented their

comments a8 belows

Fusgel (1945) presented the methodology to predict
the water table behaviour. He utilized the anology of pore



gpances capable of holding water snd resulting into satu-
ration. The mathod suzgests the laboratory determination
of pore space of the soil rock from the same locality to
a depth of 90 cm. The laboratory experiments of adding

water to this soil will be a true representative of what

is likely to happen in the field.

Hore and Kidder (1954) found that water levels in
small perforated cased wells lagged behind those in larger
diameicr wells. They used 2 in and 3/8  in diameter wells

in their study at lichfgan.

Todd (1959) found that the change in ground water
Jevels can be due to natural or artificinl means. The changes

in external loads induce varistions in ground water levels,

(1) Secular and gseasonal effecti- Secular variations
are those extending over periodg of geveral years
or more, These are commonly produced by alternating
series of wet, dry yearg in which rainfall is above

or below the meane.

(131) Stream flow effects:~ These effects are observed
where n stream channel is in contact with an
unconfined aquifer. Water may flow from the stream
into the ground or the reverse, depending upon the
relative water levels An influent stream supplies

water to squifers; an effluent gtream receives



(1i1)

(iv)

(v)

water from the aquifer.

Evaporation effect:- Unconiined aquifers with

wier table near ground surface frequently exhibit
fluctuations which can be agcribed to evaporation
and/or transpiration. Both processes cause the
release of ground water into the atmosphere and
both are highly corelated with temperature. Results

show that evaporation is significant for water

table one meter or mere below the ground surface.
Atmospheric Pressure Effect:- Changes in atmospherie
pressure have no effect on water tables but do
produce sizable fluctuations inwells penetrating
confined aquifers. Decrease in atmospheric pressure

cauge increase in water level and conversely.

T4dal effectss- In coastal aquifers in contact
with the ocean, sinusoidal fluctuations of ground

water levels occur in regpounse to tides.

Benz et al. (1963) conducted a study to evaluate

the comparative gensitivity and cost of large and small

diameter wells. They found that small wells in fine textured

soils gave a better estimate of water table and were more

responsive to influences cousing fluctuations. Both small

and large diameter wells have thelr own peculiar advantages

and disadvantages depending upon the primary purposes of

the well. Howev-er, it is more econcmical to install amall

diameter wells.



Orsborn (1966) showed that the net effect of all
the factors affecting storage volume of a ground water
reservoir can be evaluated in terms of the annual maximum
and minimum levels of its pieBometric surface. The maximums
and minimums as well as their differences were found to
exhibit normal probability digtribution. He showed that
co-relation between the maximum and minimum levels in a
particular observation well can be applied to other obser-

vation wells in the same aguifer or to observation wells
in other aquifers of similar physical characterigtics and

with annval piezometric declineg of comparable magnitude.

walten (1970) studied the water table fluctuations.
Aecording to bim, the fluctuation ranges from few centi-
meters to few meters in a relatively small time. This

depends upon the climate and the crcp growing season.

Holbo, Harr and Hyde (1975) designed an electronic
megsuring and recording system to make periodic measurements
of water levels simultaneously in the sixteen small diasmeter

piezometers.

Mishra (1982) found that the fourth hamonic of
the Fourier’s saries can represent the water table variation
during different monthe of the year. The equation is of

the form,



A
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Ghosh et al. (1984) conducted a water table’
survey in tea estates located in Brahmputra valley with a
view to obtain information on the behaviour of water table
in the monsoon months, collecting other diagnostic informa-
tions and syggesting sultable field drain spacing to control
water table. The water table fluctuations in the tea areas
are governed by the channel levels whether it is o main
drain or valley through which drain discharges are carried

to recepient river or gtream.

Sharma et 21. (1987) studied the water table
fluctuations in Nainital Tarai and at Bhabar (U.P.). They
observed that water table is rising in most of Tarai belt.
While Quring 1975 to 1982 it has lowering trend in Bhabar belt
The maximum rise of water table of 1.5 to 2 m. occured in
Kashipur area, in pre-monsoon period. In other areas of
Tarai belt, the rise has been in the range of 0.5 to 1.5 m.

In Gularbhoj and Nanakmatta area, fall upto a maximum of
0.5 m. was noted. They have also provosed a water table
prediction model which is found to be quite suitable for

field application.
2.2 RAINFALL AND WATER TABLE 2=

Rainfall is one of the most important input in
several hydrologic processes. It varies not only with time

but with space also. Baged on the beterogeneous nature of
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the goil, the water table changes are different in diff-
erent area even if the magnitude of rainfall is constant.
Several investigators gtudied the response of rainfall
events on the water table and presented their critical

comments in the following paragraphs.

Pischel (1956) has studied the variation (short
and long tem) in water table at San Bernardino Valley,
California and found that these fluctuations are the results
of recharge from the rainfall, irrigation and discharge
from pumpinge. The magnitude of fluctuation depends on quan-

tities of water recharged or discharged.

Todd (1956) discussed the fac-tors causing fluctua-
tions in ground water levels. Apart from rainfall, irriga-
tion and pumping, the evaporation, tides, trains, atmospheric
pressure and earthquake are borne in part by the ground

water and confined aquifer which afrect the piezometric

levels.

Van Schilfemarde (1965) presented an approazch
that attempts to take into account the probability distri-
bution of precipitation. Daily water table helghts can be
calculated from the dajly input of meteorclogical data and
801l moisture gtatus. The equation derived from a steady

atate solution based on potential theory, can be stated
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as follows -
Ty o= (Ygy + (a/2) (/A1) p) o 1/4
A = fFCS/K

Vhere,
YN = Water table height above the tile axis mid-wny
between tile lineg at the end of the N'P time
period.

f = drainable pore space.
Py = net accretion during the b time period.
= an infinite series defined by Toksoz and
Kirkham (1961), which is a funetion of drain
diameter, spacing and depth of an impermable
layer below the drain axis.
C = the ratio of the average flow between the

drains to the flux mid way between the drains.

w

= drain spacinge.

E = hydravlic conductivity.

Boersma (1967) analysed the water table data so
as to derive the information for the prediction of water
teble fluctuations, when only the amount of rainfall is
known. The position of the water table is expressed by an
equation when surface run off and lateral flow are not

taking place ~
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d

= ar_ _ —
By =k, + 100 -85 1200 =

§here, 'h' is the position of the water table (inches),

n is the day number, r is the pore space drained during

a decline of Water table (per—cent), q is the deep seepage
rate (in per day) and 5 is the pore space available for
atorage (per cent). The deep seepage rates can be determined
from the rate of decline of water table during periods

when the rainfall does not affeet these elev-ations by

using following equation «

dxr

100
Vhere, q 1s the seepage rate, 4 1s the rate of water table
decline (in per day).

Rennolls (1980) wsed first order autoregressive
model to describe the response of the Water level in a
bore hole to a series of rainfall events. The parameter of
the model were obtained by maximum likelihood estimates,

and by ordinary least sguare method.

Mishra (1982) studied the effect of rainfall on
water tatle of open wells. He found that the water table
does not rise suddenly with the rainfall but these can be

corelated by some time lag of 2 to 3 weeks,
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2.3 EFFECT OF RAINPALL AND CANATL WAYTR TLEVSL ON THE
WATER TABLE OF OPEN WELLS :-

In addition to rainfall events, water table nmlso
varies with the recharge obtained from the canal water level
and other surface water sources namely streams and rivers.
The most important cause for the rise in water level is
the artificilal application of water to the soil by means
of irrigation. The problem is easily intensified, yielding
water logring and drainage problems, particularly in the

areas where the canal irrigation exigts.

Agrawal and Malik (1984) studied the water table
behaviour of Haryana State by dividing it into two zoneg-
one the north-eastern part bhaving good quality ground water
and the other in central and south~western region with
brackish ground water. They found that the average annuval
rige of water table ranged from 8 to 68 cm. after the intro-
duction of canal in the central and south-wegtern region
while it declines from 10 to 15 cm. per year in the good water
quality region.The rise in water table of central south-
wegtern region was mainly due to the very limited exploita-
tion of ground water and due to rainfall and canal water

levels.

Samantrai, S.K. et al. (1987) conducted research

on the detemmination of different sources and their extent
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of contribution to rige in ground water table in Hirakund
command area of Orissa. Their study involved detemmining
and analysing the fluctuation of ground water level at
four places, i.e. near canal, irrigated area, uncultiva-
ted area and dry farming area during the year. They
found that ground water remains within the safe limit for
field crops in areas neaby canal, dry farming areas and
uncultivated area except the irrigated tract. Therefore,

pregence of high water table in irrigated area may cause
failure of crops like mustard and til during the Rabi
season. Howeyer, the ground water in irrigzated area can

safely be used for irrigating the Rabi crops.

Sondhi, SeK. et al. (1987) assessed the ground
water resources of a canal command area at Mahi Right
Bank Canal (MEBC) for the period 1976~T7 to 1977-8C. They
have gquantified the different components of ground water
recharge using ground water recharge egquation and water
balance equation. The study revealed that the average annual
recharge to ground water basin during the above period
was of the order of 1260 MCM. Out of this, & guantity of
500 MCM contribute towards the increase of the ground
water storage. The quivalent rise in the water table over
the gross command areas amounts to 1.14 m. In addition,

about 4T per cent of the recharge goes as subsurface out-~

flow from the area.
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2.4 WATER LOGGING PROBLEMS AND REMIDIAL MBASURES :-

The air, water, nutrients and other factors
influencing the soil health must be in balanced state.
The excegs of water in the area creates unfavourable
conditions for plant growth. The preventive measures
must be based on the gound goil i.e. the sound with
regards to its capacity to pass on to animals and men with
essential nutrients. The Britigh Medical Association has
realised the vital corelation in the soil and health of
any living system, plants or animals (Justine Glass 1964).

The poor health of the soil is reflected in
terms of not only the plant growth but also with the
health of the human beingg of the affected area. The
plant health depends upon the light, mechanical gupport,
heat, air, water and nutrients. With the exception of
light, the so0il is an agent in supplying # either wholly
or in part all of the above. The plant growth is dependent
on the favourable conditions of these factors and if any
one of them i4s out of balance with others, can reduce

or even entirely prevent the growth of plants (Buckman and

Brady 1971).

The following investigators have discugsed about
the problems which arise due to excess of water in the

area and thelr remedinl measured to check the problem.
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Anjaneyulu (1972) carried out a gtudy on the
reclamation of water logged goils in Rajasthan by way of
drainage improvements and found that the soils reclaimed
in this way engure good returng from the first year. He
observed that the saline-alkali soils responded very well
to suit surface drainage, soil improvement with addition
to gypsum through bores and spreading of mulches and sand

combined with organic matter at 50 Kg/ha.

Dhruvnarayana and Gupta (1972) suggested gurface
drainage to control the problem of saline-alkali soils.
They stressed on 3 tier system of surface drainage along
with dug out ponds to control the quality of stored water.

The system creates the conditions for better plant growth.

Gulati and Agrawal (1972) presented a case study
of drainage project planning in ILudhiana (Punjab). The
paper discusses about the investigations and offers a
procedural appproach of planning under varying problems

of water logeing, alkalinity, and salinity.

Kumar and Arya (1972) presented a comprehensive
study on research needs tor combating water logging. The
paper points out the needs for determining the causes of
water logging, the degree of relief, management, and

reclaimation of water logged lands.
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Lanke and Padhi (1972) have gugsested the rat-
ional approach of canal operation to reduce water logging
through gradual recession of water table and sugegestad
that multiple cropping should be practised in o rder to
attain the highest project efficiency, and optimum produ-
ction. They have compared nomal irrigation with the
traditionsl crops and the rational irrigation through
multiple cropping.They opined that such practice not
only improves the project efficiency but also the nutri-

tional requirenents of the community.

Mehta et 0l (1972) studied the effect of pumping
and gsurface drainage to control water table, woterloeging,
and galinity conditions for dsep black cottom soils. The
atudies were carried out ot college of Agriculiure,
Navsarl, Gujarat on 192 ha. of lowlying area through a

system of surface drains and pumping of wells.

The above system helped the cultivation of crops
like cotton, castor, bajra, soybean, sunflowers, mustered
and vegetableg. The treatment also helps the famerg of

command area tn ftake the crops all the year rounde.

Morchan and Rathinam (1972) bave sugsested seepage

control meagures and water management to improve effici-

ency of irrigation and surface drainage for controlling
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ground water in Tamil Nadu.They indicated benefits of
drainage., They streased on the combined efforts of asgro-

nomists, engineers and soil scientists to solve the

probleme

Nagrajan {1972) presented an approach to solve
tlhe drainage problem of Cauvery delta of Tamil Nadu. He
suggested diversion of upland Qrainage to relieve drainage
conjetion in the lower regions. A detailed na ter plan
developed by him deals with the drainase problems which

takes into account the several alternatives.

Fandys (1972) carried out studies on 523 open
wells and 700 pieZometerg to analyse the cause of water
logging in Chambal command of Madhys Pradesh. He presen-
ted a method to identify water logged areas alongwith

some remadial measures to overcome the problem,

Paul and Pandey (1972) focugsed on the measures
to check water logging throughk underground water conveyance
oystem. They suggested that the high initial cost systenm
can be easily justified by the amount of water and the
aren gaved. The system alse offers the gafe movement of

machinery and equiypment in the area.

Raj and Bapat (1972) investizcated the problems

of water logging and sugcested the measures to be adopted
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where the canal irrigation is to be introduced. The drainage
scheme digcussed in this paper was implemented before canal
inception, the first of its kind in Gujrat, proved to be

s boon to the cultivators in the area. The scheme improved
the waterlogging during pre-irrigation period. The

efforts could bring the sizable area under command which

otherwise would have been deprived of cultivatione.

Singh and Singh (1972) presented a detailed study
on the causes and remedies of water logging in Punjabe
According to them water logging problem first appeared in
1850 in the siate. The realignment of cansl and improvement
of drainage in the ten years period from 1870 to 1880
brought about a marked lowering of the water table. They
also discussed the efficiency of antiwnter logging measures
like surface drains, canal lining, sub-surface drains,

and tube-well pumping for the various parts in Punjab.

Uppal (1972) has discussed the problems of water
logging in Punjad and Hariyana. He gtressed on water logging
and galinity problems in command areas of Punjab.During
the period of 20 years i.e. from 1942 to 1962, an area of
16 lakhas ha was affected from the water-logging. He gugge-
sted the anti water logging measures like drainage, flood

and choe control and showed their effectiveness within
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5 years of period. The full control is reported to be
achieved within 10 years of tine. He recommended the

maintenance of water table level below 4 me.

Shakye, et al. (1987) suggested multiple well
point sygtem for water logged areas of the south-west
Pun jab severely affected by sub-surface water logging, and
sodicity. In their study, three rows of parallel multiple
well point sygtems, each comprising of eight wells of 6 m,
deep and 90 mm. diameter, connected to a 350 m. long suction
pipre line of 90 mm. and 110 mm. diameter, had been installed
at 70 cm. below ground level in al2 hectare area of large
water logged tract of Punjab. Lower 3 m. portion of each
6 m. deep well consisted of gtrainers wrapped with nylon
wiremesh with 30 mm. thick gravel pack around. Row to
row and well to well spacing was kept 100 m. and 50 m.
respectively. The well point system had been tested by
pumping water continuously for 48 hours. Method of super-—
pogition principle was used for computation of draw down

at different points which agrees well with the observed

wmlnes.
2.5 HYDROLOGIC MODELS AND ANALYSIS: -

Hydrologic models are mathematical information to
simulate natural hydrologic phenomena (Chow, 1964), which

are considered as procese or as aystem,
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The relationship between different inputs and
outputs of environmental and hydrologic variables can be
represented by pumerical models derived theoretically or

by regression methods using statigtical techniques.

Standardization should be the rule to as great an
extent as is possible, of data, of units, of isolines,
scalea nnd other factors which will makethe data comparable
and eliminate the risks of confusion in the minds of the
users. Most data net-works and the data themselves have
imperfections becauge of space andtime variabilities of
elements as well as instrumental and procedural inadequacies.
The analyst, is, therefore, required to resort to gstatistical

procedures and conceptual models (Rodda, 1976).

Hydrologic uncertainties can be classgified into

three types (Tung and Meys, 1981).

(1) The inherent uncertainty due to the stochastic
nature of hydrologic process;
(11) The model uncertainty resulting from a limited

ameunt of data available for assessing the true

random mechenism of the hydrologic process; and

(111) The parameter uncertainty due to an insufficient
amount of data from which the parameters in an

assumed model are estimated,
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The lagt two types of uncertainties can be
definitely avoided by using long term data.Some of the
most commonly used hydrological models are presented

belows:

Wisler and Brater (1959) observed that the length
of record of a limited perilod offers a false picture for
long teym planning. They guoted the work of Alexandar and
Binnies who established that any record falling shorter
than 10 years may not be useful for long term planning.
They presented a curve giving the average percentage devia-
tion from the true mean with respect to number of years of
record (Fig. 2.1). They have ghown that the use of 10
yeary; data will yield the mean value which will be having

an error more than 10% from the true mean.

Jones et al. (1972) developed a weather model.
Weather model consisting of the combined rainfall, temper-
ature, and evaporation modelas was used to generate 10 years
of daily dsta for comparying the model data with observed
data. The data sets were compared by examining averages,
lensths of certain sequences and certain individual obser-
vations. They used Markov-chain model for calculating the
conditional probabilities of any day being wet or dry
given that the previoug day was either dry or wet. They
developed the equations for the conditional probnbilities
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of the day being wet or dry based on the weatrer of the

previous day. The equations are as follows:-

Pn(1) = 0,194 + 0.042 W - (§.89) 1073 w2

:72;:’-
5 oyt

+(4.43) 10~% w2 —(3.35) 10

+(1.94) 1077 w2 —(1.03) 102 B

(i) = 0.419 + 0.042 ¥ — (8.37) 10™3 w2
+ (6.07) 10~4 w3 - (2.02) 1077 ¥

+ (3.13) 1077 w0 + (1.84) 2070

Prm (42) = Pn (42). Pn (42)

Where, i = W = week number of the year.
Bn (1) is the conditionml probability that, any
day during the 1°P week will be wet; and
Pn (1) 4is the conditional probability that, any
day during the ith week will be wet, given that
the previous day was dry.
Prm (42) 1s the probability of a wet- wet sequence

occuring during week 42.

Gupta (1972) found that the several processes
in hydrology and water resources demonstrate the persist-
ance.For instance, gtorage in the basin ig a meagure of

the carry over effect which is indiecative of perisistance
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in the stream flow regime. This carry over effect repeats

information alrgady obtained from previous meagurements.

A gtatistical meagure of the carry over effect
is the autocoveriance function. If X(%) is the value of
the observed variable at time t, the sample auto covari-

ance function of lag. is defined by

-
o(T) = 1/T j[X(fﬁC.) -zl [x6)x] at.

eeefl)
in which T = the length of record;

and X = the computed sample mean.

Bquation (1) is general formulation applicable to
continuous series. In water resourceg data systems, discrete
time geries are a general rule rather than the exception.

Accordingly equation (1) can be rearmanged as;

N-K )
o(K) = yp— o [x (¢) -%] [x(8) -%)
) eee(2)

in which N = number of items which mske up the time geries;
and C(K) is indicative of how meaguvements K time units
apart, are corelated. In practice, & nommalized equivalent

of C(X) ie used which is known as the auto corelation coeffi-

cient and is given by -
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r (K) = C(K)

C(O) '-0(3)

Values of r (K) near wnity are indicative of high per-
sistence effect whereas statistical independence can be
inferred by near zero values. Optimal sampling interval
should be such that the auto corelation coefficient at the
corresponding lag must be gtatistically indietinguishable

from zero.

Persistence Models s- In recent years, advances
have been made in the development of modeling techniques
whose objectiveg include the simulation of the behaviour
of water vresource system. If stream flow is thought of as
the sum of deterministic and stochastic component, a

simple Markov model is formulated by Fiering (1967) can

be stated as -

Xt = Yl Xt'—l +Et c.0(4)

in which Xy and X 5 = the values taken by the variable
at time steps of t and t-1, respectively; and 4 = an
indfependently and identically digtributed variable. A
glightly more comprehensive model isthe second order
auntogressive scheme as suggested by Quimpo (1968) and
Yevievich (1971). In general terms the stochastic compo-

nent of the gsecond order scheme can be stipulated as -
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Xy=op Xy g vy Xy o +Ey ees (5)
in which the x terms and , are as defined in equation (4)
and ay a, are analogous to regression coefficients. The
task of formulation calibration and verification of the
foregoing models have been the principal concemm of
Thomas and Fiering (1962), Beard (1967), Butcher, et al.
(1969), Devries and Sveum (1970), Gupta and Fordhem (1972),

and Qiumpo (1968).
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The rising trends and the rate of rise in water
table can be studied with the help of historical data
already available. However, the data base and interval
between two successive observations will determine the
amount of information and conclusions that can be drawn

from the existing data.

The present chapter deals with the data collected
on various parameters influencing the water table along
with the methods used in analysis and interpretation to

arrive at the causes of water logging.
3.1 Salient Features of the Area

Powarkheda is located in the Hoshangabad distriocte.
Archaeclogically, historiecally, and culturelly Hoshangabad
is one of the moat important districts of Madhym Fradesh.
The mighty Naramadn considered as one of the scared
riverg of India, bhag been its life line gince time imme-—

morial. The district lies in the centrsl Naromads valley

28
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and on the north of Satpura plateau. It is between the
latitudes of 219511 and 22°38' N and the longitudes of
76%46* B and 76%42' E.

3.1.1 Topography

Topography of the district is marked by the plateau
and hills of the Satpura in the south all aleng the length.
The remaining half of the district upto the northern boundary
is the low plain of the upper Namada valley., This extends
in & narrow  trip of about 40 km. in width. The Farmmada
1tgelf flows alongwith the northern boundary of Hoshangabad
leaving to the upper half of the valley on the right bank

that lies in Raisen, Sehore and Dewas.
3.1.2 River system and VWater Regources

Nearly the whole of the districet drains inte Nammada.
The exception is a very small aren in the extreme south of
Harda, near the village Ratamsll its water flows into Tapti,
the gecond major river, Floods area regular feature in the
valley but Nammada being an entrenched stream crosses its

banks not too frequently.

The Narmada risegq from Amarkantak and merges in
the Gulf of Combsy. The total length of the river is 1290 km.
The location of the district alongwith its water gources

are ghown in Fig.3.1l.
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3.1.3 Climate

The district has dry climate except during the
south-weat monsoon season. The year may be divided into
three periodg. The cold period is from December to February,
followed by the hot from March to June, and rain from mid

June to mid September.
3.1.4 Temperature

May 4s the hotest month with mean daily maximum
temperature 41.9°C and mean daily minimum temperature
27.3%C. December-January form the coldest part of the year
with mean daily maximum 26.5°C and minimum 12.2°C. The
highest maximum temperature recorded at Hoshangabed was
46.1°C on 4 days during 1954, while the lowest was 3.3°C
recorded in 1935 on January 15.

3.1,5 Humidity

Turing the gouth-west monsoon the relative humidity
is high, remarkably at Pachmarhi, which decreases in the
past monsoon season, rest of the year atmosphere is very
dry.

3.1.6 Rainfall
The annusl normal rainfall is 1294.5 mm. except

U, iy
for the hilly area which get 20m® more. The rainfall generally
increases from South-West towards the North-Eagt. About 92%
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anhual rainfall js received during South-West mangoon,
July beingz the wettest mouth. On an avewgge there are 53

rainy days.
3.1.7 Winds

Winds are generally light during the South-West
mengoon season, and are mainly from South-Wegt or west. In
the post mangoon and cold secagzons, the winds are from

North-Eagt or Bast.

3.2 Location of the Site and i%s Soncral Description

The study was carried out at Powarkheda village
of Tawa command area. Powarkheda is located on the Itarsi-
Hoshangabad road at a distance of about 11 Km. from Itargi.
It falls in the Hoshangabad district. The Tawa command is 4n
operation since, 1976. The dam constructed on the river Tawa
is a tributory of Namada with the irrigation potential of
3.30 lakhs hectares. The dawm is located about 33 km. from
Itarsi railway siation towards Hact. Tawn project lies in
the Heghangabad disirict between the Narmada river in the
North and Machak river in the West, Dudhi river in the East
and the main Tawas. canal in the soutbh and between two mountain
ranges of the country, the Vindhyas and Satpuras. The location
map of Tawa Project area is shown in Fig.3.2,

The gltitude varies from 950 ft. 4o 1100 ft. from
M.S.L. The Tawa command area hag three azroclimatic zones

(Table 3.1).
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TABLE 3.1

Total Area

Command ares

Sodl types

¥Major crops

Kharif

Rabi

Sunmmer

Cropping
intengity

Irrigntion
Intengity

Agro-climatic zones of Tawa command area.

Zone A
(BEagt of
river Tawa)

0.65 Lakh ha
0.61 Iakbh ha

Sandy Loam
Sandy clay

Hoxrticulture
Soybean

Wheat & Gram

Vegetables
&

Moong

1394

125%

Zone B
(Between Tawa
and Ganjal)

1.69 Iakh ha
0.98 Iakh ha

Clay

Soybean

Wheat & Gram

Vegetableg
&

Moong

147%

1382

Zone C

{Between Ganjal

and Machak).

1.27 Lakbh ha
0. 88 Iakh bha

Clay Loam

Soybean
Vheat & Gram
Veg:ztables
&

Moong

135%
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The topography of the area under Tawa command is

varying and can be grouped ag follows:

Slope grades Percent area
5N
3% and above &% EA 2
27 k4
0.5 - 3% 32% i ,:5}
~ ®
Legs than 0.5% 60% a

The Tawa irrigation system hag a composite magonary
and earthen dam down stream under the influence of the

riverg Tawa and Lenwa.

There are two main canal system - Left Bank canal
(LBC) gystem and Right Bank Canal (RBC) system. The canal
net work of LBC is spread 4n B and C zoneg and ®BC in
zone -A. The Powarkheds is located in Zone B. The Z +A.R.S.
Powarkheda 3is surrounded by diffe:ent villages which have
been considered for study purpose. The water table is
rising at fagter rate in these areas, especially in Pathodi,
Kulbsmadi, Chandrapura, Powarkheda Bagti, Powarkheda famm,
and Mimsodiyae.All these villages are fed by Hosbangabad
distributory. The sufficiently large amount of data available
at Tawa pilot project, Powarkbeda encouraged o carry out
a cage study. The Powerkheda farm encircles an area of
about 180 ha and bas a net work of ten dug wells. The
location map of Powerkheda is shown in Fig.3.3. Generally

the so0ils of the area are from deep to very deep, clay to
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sandy loam in texture. Major part of the Tawa command
area is occupled by the clay soil, with percentage clay
varying from 40 to 65%. The clay content is nearly
constant in upper horizon and increases with depth. The

clay loam and loamy soils are also observed in some parts.

3«3 Collection of Data

The data regarding various parameters influencing

water table were collected for the purpose of analysis,

3<3.1 Rainfall data

The daily rainfall records were noted with the help
of rain gnges installed at Zonal Agricultural Research
Station, Powarkheda. The daily rainfall records were lumped
to form the weekly data for the period of 14 years (1972
to 1985)., The cumulative rainfall at the end of each SMW
wore computed with the help of Weekly rainfall data. The
weekly rainfall data for 14 years from 1872 to 1985 are

presented in Appendix A.

3¢3.2 Vater Table Datn

The study of open wells was conduected under the
ZARS, Powarkheda. Various open wells located at Powarkheda
farm, and in the adjoining areas were considered for the

study. Woter table records were maintained on Weekly bagis.
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This included the water table records of the wells before

and after the introduction of canal irrigation in the area.

The water table data for 4 years from 1972 to 1975
l.e. prior to canal introduction, and 10 years data from
1976 to 1985 after the introduction of canal, were available
for the purpose of study. However, the record for 2 years

in between these periods was not available,
3e3¢3 Canal Delivery Schedule Data

The data regarding canal delivery schedule were
obtained from the office of the Superintending Engineer,
Department of Irpigation, Hoshangnbad, Government of Madhyan
Yradesh., The data on canal delivery schedule were available

for the period of 4 years from 1982 to 1985 and were utilized

for the purpose of analygils.
3.4 Water Table Behaviour

The water table levels in the open wells are recorded
at weekly interval. The water table records of the 14 years

peried from 1972 to 1985 were collected.

The weter table behaviour of different open wells
for 52 weekg of the year werc analysed. The water table
depth 18 plotted on Y axis and corregponding week on the

X-axis. The study wag done on the weekly water table beha~
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viour and seasonal behaviour of water table before and

after the introduction of canal.

3¢5 Statistical Analysig of VWater Table Data

The different values namely X9 Xy Ugs Uy and R
or A were noted for all the open wells for different yesrs
from the watertadble fluctuation eurves plotted above.
A hypothetical picture ghowing these values 1s presented
in Mg.3.4. The values of Xpr Xps Uy U, and R are ghown in

Appendix B.

3.5.1 Statistical Parameters

The different statistical parameters guch as mean
(x), standard deviation (s), and coefficient of variation
(Qv)’ corregponding to above values were detemmined as

f8llowss~

Mean, (x) of the distributionis given by

1 N
X —— Z xi ‘0‘(3-1)
R i=1

The best estimate of the standard deviation of the
population from which the sample has been drawn i denoted

by Sy and iy given by

S = Z(xi -X )2 ees(3.2)
W=l
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Standard deviation divided by the mean 1s called

coefficient of variation (Cg),

s
v x

Coefficient of variation is also expressed in

percentage

feCo Gv = - x 100 000(303)
X

Xi ars the valueg of wvariable, 1 = 1,2y¢e...N

Range (R) is defined as the difference between

the largest and the smallest value of observations,

f.00 B = th -Xl 0'!(304)

Where,
X, is the largest £ value.

X1 is the lowest value.

Thus, the mean (x), standard dev iation (s),

Coefficient of variation (C,) and Range R were carefully

evaluated using equations 3.1y 3025 343, and 3.4 respect-

ively.
3.5.2 TFolynomial Regression

Curvilinear data that do net appreosch linear
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relationship under either a log or gemilog transformations

can be fitied to a polynominel of the form:
Y=a+bx+ cxz + dx’3 +---——-—me'n-1 '50(305)

using as many terms as necessary to obtain a satisfactory

fit.

The upnknown coefficients a, b, c, 4, etc. can be

determined by solving the normal aquations,

an+‘b2x+cix2+d o A = %Y
eZx+ b Ex + ¢ T 4 ATTH —mem cvx Y
aTx? 4 ‘nfx3 +cZxt + dix5+ —— =< x2Y
asxd + bExd v 0 X0+ AEDD 4o 23y
eee(3.6)

The above aguations can be solved easily by
numerical methody such as Gaugs elimination or G&i}Sé

Jordan elimination methods.

The number of equations and the number of temms to
the left of the equal pign must each be equal to the number
of coefficisnts needed, or oue more than the degree of the

regresaion equation.

Phus, the polynomiale of any degree can be fitted

by solving the above normal eguations.
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It can be easily seen that the linear equation

1s a gpecial case of polynomial eguation.

Putting ¢ and d egual to zern, in eguation 3.5,

we have
Y =31+ bx sea{3.7)
which is a well known linear equation.

If only d is equal to zero, the equation 3.5

reduces to

Y=g + bx + 012 o.-(3o8) \L//

Which is a second degree polynomial.

The corresponding normal equations to be solved
can be detemined from equation 3.6 by putting c and d both

equal to zero or only d equal to zeros as the case may bve.
3e5.3 Oriteria for best fit curve

The best £it curve is decided uging the principle

of least squares. It states that

(1) Sum of deviatlon between observed and egtimated

value of variable is zero.
, A
ieee Z(Y - Y) =0 ---(3.9)

Where, Y = observed value of the variadble and Y is the

estimated value of y from the equation which hagy been used
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to £it the given data i.e. for linear equation Y = a + bx.

(11) Sum of the squares of deviation between observed

and egtimated value is minimum

&2
i.e. (Y - ¥)° 4s minimum. eee(4.0)

Out of several equations fitted to the given
obgerved data, the best £it equation was decided
with the help of equation (3.9) and (4.0) with

special emphagis on the residual sum squares to

be minimum.
3.5.4 Meagures of Aggociation

Two statistical pammeter; namely correlation
coefficdant (r ) and correlation ration (") are used

to determine the degree of association between the variables.

3.5.4,1 Correlation coefficient

1+ is the measure of assoclation between the two
variatles which are linearly related. It is mathematically,

defined as
1 - -
Tz (x, - %) (yy - y)
—%—Zfi(xi - x)? o Zfalyw) eee(4.1)
The term in the numerator is lmown as covaerianc-—e

and 1y denoted as statigtically. The termmg in denominator

are the standard deviations of variable xi((x ) and
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Y1 ( év) respectively. Xand Y are the means of variable

Xy and Yi and N is the total number of observations.

Thus equation (4.1) can alsoc be written as

At
&x Cy

The gign of correlation coefficient is game as
that of the covariance term 41 . Thus, if the regre-
8gion coefficientg are pogitive, 'Ir ' is positive and
i’ the regression coefficients are negative r is negative.
If 4y = O, the variables are not related by linear
relationship. However, they may be related by gome curve-

linear relation r varies between -1 and + 1.

r = - 1 indicates that the variables are inversely
proportional to each other while Y = +1 indicates that

the variables are directly proportional to each other.

3¢5.4.2 Correlation Batioe

Correlation ratio ' * 4is the appropriate measure
of curve-linear relationship between the two variables.

| measures the concentration of points about the curve
of beat fit.
If regression is linear n = r otherwise n>r .

The correlation ratic of Y en X is given by
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2 day
n = 1~ =
yx ay"
Where is the standard deviation of the residuals

iees of (¥ - Y )&

dy 1s the standard deviation of ¥,

. = _dey
. o’?vk df ...(4.2)

Similarly, for regression curve of x on ¥
T,= - %f; eee(423)
The correlation coefficients (I' ), and corre-
lation ratio (7 ), for the equationg developed were
determined uging equation (4.1) and equation (4.2) regpect-
ively. The years were standardised to a new datum. The
year 1972 was considersd the bage and wag asaigned zero
value. The other years were also denoted by numbers with
yefepance to 1972. Thus x = O for 1972, x = 1 for 1973,
% = 2 for 1974++...and x = 12 for 1984 and so on and
go forth. The relationship between the mean range of water
table and the standardised years was developed using in

305.2 and 3,503‘

3.5.5 Long Tem Variation of Water Taltle

The longteem variation of water table was studied
with the help of water table data of four wells W3y W o

Wy and W, using procedure 3.5. The range and coefficient
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of wvariation were svaluated using equation 3.4 and 3.3

respectively.

The behaviour of maxima was studied with the help
of water teble records of three sslple walls namely W12’
W14A and W3 for the 10 years records from 1972 to 1981.
The deviation of water table for different wells were
obtained for different yearg with reference to maxima of
water table for the preceding year starting from 1972.

The deviations were then added without ignoring the signg

to0 know whether the net deviation is positive or negative.

3.6 Bffect of Rainfall on Vater Table

For gtudying the effect of rainfall on water table
fluctuations, the cumulative rainfall at Powerkheda for
the years, 1972 and 1974 and the water table for different
open wells namely W,, wlz’ W14 and Wis are plotted against
the weeks in the years on X~ axis and Y - axis to suitable
scnles. The years 1972 and 1874 were gelected for the study
because the complete water table record of w3, wlz’ “&4
and W, 5 were availaoble for thia period. These water table
records before 1976 indicate the water table mainly
effected by rainfall as the canal was not introduced in

the area before this period.

The sbove plot was thon divided into Adiffersent

zones based on the steemness of the cumulative rainfall
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curve and the corresponding magnitudes of rise in watex
table were determined for the rainfall oceuring in that
interval. The study was then conducted with the help of

figures and tables sc prepared for different rainfall

curve zoneg.

3.7 Effect of Rainfall and Canal Water Level on Water

Table

The effect of rainfall and canal waser level on
the water table of open wells at Fowarkheda was studied
from the water table records of W3, Wie, w14 and WiS after

the canal was introduced in the area. The procedure gimilar

to 3.6 was adopted hers algo.

In addition, the water table behaviour due to
rainfall and canal water level was also studied for zome
nearby village namely Kulbamadi, Chandrapura, Pathori and
Beora with the help of water table records of W8' Wg, Wy ot

Wypr Wy3s Wyr Wagr Wig for the period of 3 years from

1982 to 1984.
3.8 Effect of Canal Leyels on the Yater Table of Open
Wells

Tthe effect of canal water level on the water %table
of open well was studied with the help of water table data

of Wy for which maximum continuouy record was available.
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The effect of canal water level on water table of open
wells ean be determined by substracting the effect of
rainfall on water table from the combined effect of
rainfall and canal water level on water of open wells.

The available water table for 3 years period before
introduction of canal and four years data after intirodu-
ction of canal was used for this purpose. The procedures
as described in 3.6 was then adopted for determining

the period and magnitude of rainfall in which water table
riges. The total rainfall was divided by the interval in
which it occurs to know the intensity of rainfall. Similarly,
the rate of rige of water table was also determined during
the interval for both the records before and after
introduction of canal. Since the water table was mainly
effected by rainfall before the canal introduction and
hence a mathematical relationship was developed between
the intensity of rainfall and the rate of water table
rige, using the principle of least square (3.5.3) ana
curve fitting technique (3.5.2). The correlation coeffi-
cient ( T ) or correlation ratio (") pertaining to the

relationship was calculated using equation 4.1 and 4.3.

The period during which the canal operated was

also noted and the canal operation wagy deneted by 1

otherwise 0. Thus,zero indicates that the canal does not
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run during that gpecified period. The data wag eritically
examined to see, if there wag any rainfall in the period

in which canal runse.

The rise in water level was thus divided into
three gection,

(4) Rise due to rainfall,
(11) Rige due to canal level, &
(1i4) Rise due to both rainfall and canal level.

The effect due to the above three were geparated
and a relationship petween intensity of rainfall and

rate of water table rise was developed, as explained

above for the data after canal introductione.
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The present chapter dealg with the results
obtained from the studies carried out at Research famm,
Powarkheds. The attempt bas been made to present the
regultg in the graphical form so as to offer the visual
image of the ground watere. Instead of quantification
the efforts are confined to determine the extent of

problem, itg durntion, and area where it existg. The

regults obtained from the atudy of water table before

and after the introduction of canal with respect to the

rainfall and canal water jevel are presented under various

headse

4.1 Vvater Table Behaviour

The water table ig 2 continuous rendom variable.

It varies in @ periodic fashion and attains each and every

howsoever small
positive integral valuea. Thus, the water table

vnlue , witbin the interwval before attai-
1

ning any
stained by o #ell will be from O to d, where d is the
a a3

th of the gelle The water level above the well surface

dep
51



will naturally be overflow.

The water table is governed by several factors
such as water used in irrigation pumping, domestic purposes,
outflow from the area, inflow into the well from some
other areas, rainfall, seepage from the canals. The evapora-
tion does not affect the water table as long as it is below 3
depth.The evaporation becomes an important factor whern the

water table is legs than or equal to 3 me.

Thus, water table varies not only with time but

also with different input and output factors.

The water table generally depletes in the dry
senson from January to May and September onwards, provided
it is not being racharged from surface sources such as
rivars, ponds and canals etcs This point is more clear
when figures 4.1 and 4.2 are viewed critically. It is
also clear that the water tables for most of the wells
phave attained the peak in 35th and 34th week respectively
auring 1972 and 1974,

with the introduction of canal in 1976, the
water table behaviour changed considerably. Ingtead of
gingle well defined peaks, moxre than one peaks were

observed (Fig.4.3 and 444)
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Due to canal, the ratepf rige of watertable
increased at a higher rate. The water table peaks stabl-
liged in the later years (1982 and 1983) and water tabhles
have risen and caused water logging problem in most of
the areas of Powarkhedsn during 1982-83 (fig.4.5 and 4.6).
The water tables are much within 3 m. during most of the

times which is a dangerous situation for the survival of

CropsSe

The introduction of preventive meaguresg in the
ares meintained the water teble at larger depth (more
than 3 m.) in Powarkheda. While even overflowing wells
can be obgerved in nearly areag specially Beora village.

In Patbori and Chandrapura also water table ls within

3m, depths

4.2 Behaviour of Cumulative Rainfall Curve :-

The 14 years rainfall date from 1972 to 1985
wore used to study the behaviour of cumulative rainfall

curve. The cumulative rainfall curves for different years
wepe plotted on Y- axls against the weeks on X - gaxig,
Pwo such grphs are shown in Fig.4.1 and 4.2. In general,
the cumulative rainfall curve starty riging guddenly
from the 24th week onwards and becomes almost parallel o
the horizontal line from the 3Tth week onwards. Thus,

the critical exanination of these figures reveal that “he
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monsoon in Yowarkheda occurs from the 24th week onwards
and terminates in 37th week. The 24th and 37th week
correapond to the middle of June and middle of September

respectively.

To study the behaviour of cumulative rainfall at
the end of these two critieal weekg, the cumuwlative rainfall
were noted for different years from the cumulative rainfall

curve and are presented in table 4.1,

On an average, the 24th week and 3Tth week can be
considered to represent the onset and temsination of monsoor
at Powarkheda (table 4.1). The weeky in which monsoon
terminates has lesser coefficient of variation (3.672%)
than the week in which monsoon starts (Cy = 3.854%).

The cumulative rainfall at the #nd of weeks in
which monsoon starts show larger variations as shown by
tne coefficient of variation of 79.86% while the coefficient
of wvariation of cumulative rainfall at the end of weeks 4in
which monsoon teminates is only 24.583%. Thus, the cumu-—
1ative rainfall at the onset of monsoon for different
yeary show as much as 325 times more variation than the
cumulative rainfsll at the temminatlen of rainfall. This
alse indicates that there are lesser variation in the
ecvmulative rainfall at the end of monsoon than that in the

cumulotive rainfsll at the onset of monsoon.
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TABLE 4,1 Statigtics for the cumulative we 1]
data in 14 years from 1972 to 1985
Powarkheda for two critical weeks.

Year Cumulative rainfall at the onset and end

of monsoon

Onset of Monsoon Bnd of NMonsoon

Weeks Cumulative Veeks Cumulative

rainfall rainfall
(cmg (cm)
1972 24 0.00 37 88.15
1973 23 1.80 39 116.69
1974 24 0.16 37 107.52
1975 25 5.14 37 106.97
1976 25 6,47 37 114.04
1977 24 5.21 37 153.40
1978 23 5.87 35 123.90
1979 24 12.24 34 38.55
1980 22 0.00 36 106.11
1981 23 12.78 39 108.04
1982 23 9.48 317 116.69
1983 24 4.67 38 118.94
1984 23 7.89 37 134.71
1985 25 2.51 38 82.36
X 23.TL 5,301 37 108.29
a 0.924 4.234 1.359 26.621

3.854  T9.868 3.672 24.583
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4.3 Effect of Rainfall on Water Tadle

The water table does not respond as scon as the
rainfall starts. The rainfall ceaseg in 37th week while
the water table startg receding just from the 35th week
onwards during 1972 (Fig.4.1). The rainfall curve for
1974 also ceases in 3Tth week but the water table starts
receding from 34th week onwards with a time lag of 3 weeks

(Fig.4.2) for all the wells under study.

Thus, the water temble does not respond to the
initial rainfall events. This is due to the fact that
the intial rainfall saturates the soil moisture and does

not congribute the water table.

The effect of different rainfall events on the

water table of different open wells namely W3y Wy,,, L2
and wlS can be studied with the help of table 4,2, 4.3

and Fig.4.l and 4.2 respectively for 1972 and 1974.

Tne critical examination of gigures 4.1 and 4.2
alongwith tables 4.2 and 4.3 reveal the following results:

(1) water table varies randomly. In the beginning water
table does not rise and even becomes constant with
some amount of rainfalle. This is due to the fact
that rainfall saturates the s0il moisture in
this zone and does not conitribute to the water

table.



TABIE 4.2

year, 1972 ot Powarkheda.

PARTICULARS

(1) No rainfall
region (O to 24
weeks) rainfall
curve riseg
from 24th week
onwards.

Water Table Characteristics for different wells

3

The water table
falls from zero
week to about
middle of 1lth
and 12th week
by 1.3 me and
then rises by
1 m. within

14 week.(upto
13th week).The
water table
remains almost
constant from
13th week to
24th week and
onwards upto
27th week.

W12

The water table
shows random
behaviour,
falling and
rising upto
13th week. The
water table then
falls gradually
between 13th to
23rd week and
becomes const-
ant upto 24th
weeke

Yy an

The water table
falls upto 2 m.
(within o to o
weeks) and then
rises by 3 m.
Within 2 to 4
weekg. Aften
4th week water
table gtarts
declining upto
17th week and
then becomes
nearly constant
upto 26th week,

Effect of rainfall events on Water Table of different wells for the

W5

The water tadble
Zig-zag pattern
from beginning
and attains a
constant value
from 1Fth to
21st week. The
water table then
falls upto 24th
weeks.

Contdeceos

£y



Contdeseecss Table 4.2

¥

(2) 25 cm. rain- Water toble

fall between
24th to 28th
week. Rainfall
curve riges
from 24th week.

(3) Nearly no
rainfall (lem.)
betfween 28th
to 3lst week,

{(4) Sudden rige

in rain fall
curve from 3lst
week to 34th
week with rain-
fall of 48 cnm.
in 3 weecks.

riges by
1.0 m.

Yater table
falls by
0-4 M

Vater table
riges by 3.2m.
water table
rises from
32nd week
onwards.

W2

Water table
riges by
1.3 Mme

Water Tahle
falls by
0.8 m« upto
3lst week.

Water Table
rises by 3.Bm.

It rises from
middle of 31st
and 32nd week.

144

Water Table

riges by
109 e

Water Table
falls.by
0.8 m.

Water Table
rises by 4.1m.
It riges from
32nd week.

715
Water table

riges by
1.0 m,

Vater table

£alls by -
0.6 m. upto =
30th week

and then rises
rigses by 1.5 m.
within a week.

Water Table

rises by 2.0m.
Water table rises
from 30th week
onwards,



Contde..eeTable 442

Y3 T2 144 Y15
{5) Rainfall vater table water table Water table Water table
curve further rises by 0,5m. rises by O.2m. rises by 0.5m. risés by 0.2 m.
rises by l3cm. to attain its upto 35th upto 35th upto 35th
between 34th peak in nearly week and then week and then week and then
to 3Ttk week 35th week and declaines, then declines then declines
and then curve it declines rapidly. rapidlye. rapidly.

becomeg alnoat rapidly.
constant i.e.
rain fall ceaseg

after 3Tth

weegko

(6) 90 cm. rain- Total net Amplitude is Amplitude is Amplitude is
fall is experi- fluctuation 4.5 m, 5.5 m, 4,0 m. only.
enced during the (amplitude)

year. is 4.3 m.

59



TABLE 4.3

year, 1974 at Fowarkheda.

Farticulars

(1) No rainfall
region (2 om.
only) from

9 to 22ad week.

flater table characteristice for wells,

7

'3

The water table
declineg from
6th to 24th
week by l.Ome

(2) Rainfall
eurve gtarts
riging from
22nd week
onward, but the
total rainfall
upto 24th week
is only 2 om.
Rainfall from
24th week to
29th week is 33

g;&ﬂ!!ltf*’ S

Vater table
starty rising
from 24th week
onwards but the
rate or ri e is
amall, till
29th week O.5m.
rige.

Clil o

w12

The water table
declinegyrises,
and then

deelines by lm.
upto 24th week,

Yater table
starts rising
from 24th waek
onwards but the
rate or rise is
small till,
29th week O.5m.
rige.

Yy4a

The water table
deelinen, rises,
and then
declines by

0.6 m, upte
24th week.

Water table
starte rising
from 24th week
onwardg but the
rate ox rise is
small %ill,
29th week rise
is 0.6 m.

Effect of rainfall events on water table of different wells for the

V5

The water %able
declineg to 10th
week by 1.0m.
and then bacomesg
almost constant
$i111 27+th week,

Viater table
riges from 27ih
week onwards and
the rise is 0.3m.
ti11 29th week.

99



Contdeses .Tadle 403

e

‘.13

e

“12

W14A

(3) 70 em rain-
£a3ll between
29th to 34th
waek,

(4) Re4nf=1 onrve

Water table
riseg by 4.3m.
and attains a
peak in the
middle of 33rd
and 34th week.

fnter table

rige, vary slowly RERXIkERE

from 34th week
to 40th weck
rise is only
6 om.

(5) There is
13 cem rainfall
in 4lst week.
The cuauls=-
tive rainfall
curve trerefore
riges by above
amount Just
wlthin a week.

I;llllnlt::: =

declines by
2.5 M.

Water Table
again attains a
peek in 4lst
week and then

Vater tabls
rises by 3.5 m,
and attains a
peak in 34th
week.

tater tadie
declines by
1.7 m. within
the interval,

Wiater table
attaing a peak
peak in 42nd
week,

tater table
riges by 4.6 m,
and asttains a
peak in 34th
week.

Water table
declines by

7.9 m, 1.7 m. <

viater Table Vater Table

attains a peak atiains a peak

peax in 42nd in 4lst week

week., and then declines.
T T T e ——

W15

Water table
rises by 3,8 m.
ant attains a
peak in 34th
waek,

Water table
declines by



Contd,. ..l‘4.3

(6) Total rainfall Amplitude

of 123 cm. is
experienced

during the year.

of water
table is
4.8 m.

W12

Amplitude is
4,0 m,

Wi4a

Amplitude is
highest and
is 5.1 e

W15

Amplitude is
4.1 m,

89



(2)

(3)

(4)
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Just after the constant water table,when the
soil moisture is satisfied, the additional
rainfall caugeg the water table to rise to
attain its peak. The rate of rise of water table
varies and it is very slow in the beginning but
very fagt just before attaining the peak. This
is mainly due to the fact that after the ,oil
moisture is satisfied the major portion of the
rainfall contributes to water table causing higher
rate of rise before the water table attains
peak. This point is more clear from table 4.2,
4,3 and Tig. 4.1 and 4.2,

The water table does not rige immediately after
it roins.The water tables have started riging
with a time lead of 3 weeks in 1972 and with a
time lead of 2 weeks in 1974. The well W,, and

"12
W15 during 1972 ehow some pecullar trend. The
Wyp and Wyg during 1972 show the rising trend
sjmmediately after rainfall in 24th week. Thisg
coul? be due to the fact that these wells are

located in depression areag where the rainfall
accumulateg ag runoff and shows sudden rise in

water table.

The water table rise ceasey just before rainfall
ceasey by taking lead of few weeksg. Thus, water

table rise ceaseg in 35th and 34th week Auring
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1972 and 1974 respectively, while the correspond~
ing rainfalls for the both yearg cease in 3Tth

week.

4.4 BEffect of Rainfall and Canal tater Ievel on
Water Table of Open Wells

The introduction of canal irrigation results in
the rigse of water table. The regular periodic behaviocur
of the water table is distorted and instead of a well
defined peak more than two or three water table peaks are
seen in different weeks. Thus, the water table for 1977
(Fig.4.3) showg four different peaks. The first peak occurs
gomewhere in between 26th to 27th week. The well No.l2
and 15 show clear peak in 26th week while the remaining
two wells (W3 and W14A) show peaks in 27th week. The
three other peaks for all the wells are seen in 3lst, 35th

and 37th weeks regpectively.

The water table behaviour during 1978 depicts
2 clear defined peaks for all the wells as shown in
Fige4.4. However, the well W; seems to be an exception
for which there is one extra peak ocouring in 26th week.
The 2 penks which are common for all the wells occur in
28th weeks and 33rd weeke with the exception of Wi4A which

attains second peak about 1 week in advance (32 week).

The nmumber of peaks are the outcome of the eanal
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introduction in the area.This is clearly depicted in

Fige4.3 and 4.4 when they are compared with the water table
behaviour (fig.4.1 and 4.2) before the introduction of
canal. The riging water table bfetween 46th to 48th SMW

in 1977 (Fig.4.3) can be explained by the addition of

water becauge of the canal irrigation. Similarly, the rising
trend of water table in 1lst to 6th SMNW and from 48th SHW
onwards (Fig.4.4) during 1978 can be explained by the rise

in water table due to canal irrigation.

The amplitude of water table also decreaseg with
the number of peaks starting from the 23rd week onwards.
Thus, the amplitudes corresponding to lst, 2nd, 3rd end
4th peoks during 1977 are 2.6, 2.0, 1.8 and 1.1 m. respecti-
vely for the W4, while the amplitudes during 1978 are 3.9
and 1.7 m. for the same well having two ~eaks only. The
exception being Wy and iy, during 1977 for which the ampli-

tudes show no regular pattern because both W3 and Wiz are
located in same aref. The decreasing anplitudes depict
that the water table for thig region is not only affecteq

by the canal water level but alse the rainfall during the

period.

The water table observations of the probvlem villageg
namely Pathodl and Beora were avallable from December, 1981,
Therefore, the study was also conducted on the water #tabilc
behaviour of these wells namely Wg, Wgsy Wyg and wl4 fo.
the period of 3 years from 1982 to 1984 representing similar
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characteristics as others. These wells al_o get recharge
from canals in addition to the rainfall for the period.

The monthly data has been plotted for these wells.

The water tables during 1982, 1983 and 1984 have
shown drastic rise as is clear from Fig.4.5, 4.6, and 4.7

respectively.

The rate of rise of walter table increased tremen-
dously after the canal introduction. The water tables during
1977 end 1978 (Fig.4.3 and 4.4) show well defined peaks but
during 1982, 1983, 1984 (Fig.4.5, 4.6 and 4.7) the peaks
although less in number are platy-kurtic (reverse plate
shape). In addition, the water tables have risen signifi-
cantly and are well within 3 m. for most of the wells,
during the crop growing season. The water table for two of
the four wells reacheg the ground gurface for a month or
two 4n the years under consideration. The effect of irri-
gation can be very well observed during December, January
and February from the above figures. All the Figures 4.5,
4.6 and 4.7 show the gimilar characteristics as regards
the water table bahavicur is concerned. It s becnuge the

Paeding source of these wells may be the same,.

The water table study for the nearby area was
also carried out with the help of Tig.4.8 plotted from
water table data of Kulhamadl and Chandrapura. The water

tadble in W3o of Chandrapura, and W13 and W20 of Kulhamadi
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bebave almost in the same faghion. The effect of rai

is overlapped by balanced supply of canal water andlzfall
the effect due to rainfall cannot be traced out. The .
table conditions in Kulhamadl indicate that it is welzater
within the safe 1imit (the water table being more than
while the situation existing in Chandrapura 1is very seri "
The water table in W3o for Chandrapura is less than 3 m o
in all the months and even attains zero level some .
during the entire period of gtudy. This well respon::mes

appreciably to the seepage from canal

During the survey of water table in different

villages nearby Powarkheda, in the month of November,1985
Ty .

it was Cound that the canal water had immediate re
sponse

to water table in the wells and in the ficlds at Seora
village. A8 soon as the water was geliver:d into the canal
the water was Jjust overflowing in the well located in the ,
achool premises of Beora village. This condition is very
geriousy not orly affecting the axisting crop but also
creating unfavourable condition for the next crop.

ohe water table conditions for the Pathori vill
age

The water tabtles were 3.28 me, 2.15 m
. .

weye ale® geriouss
res ectively in the ¥ .
32 ¥ e ugg Wlo, wll’ and

2,70 m. and 1.18 me
1e condition in Kulhamadi in

Hage The preeent water tab
Wyp and W3 W8 The water table in Fowarkheda
farm and village we

Bnd WBQ

7-39 and 4052 Me

re well above 4 m. in all the wells

pnamely W5’ Wge W7
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4,5 Effect of Canal Water on the VWater Table of Open Viells

The effect of canal water level on the water table
of open wells wag studied with the help of water table data

of open wells for which the maximum record was available.
For, this prupose open well Wiy Was selected. The effect
of canal water level on water table of oren wells can be
determined by substracting the effect of rainfall on water
table from the combined effect of rainfall and canal water
level on water table of open wells. The gtudy can be easily

conduected with the help of table 4.4.

The available water table data for 3 yearg period
before introduction of canal and four years data after

introduction of canal for W,s was used for the purpose of

this analygis. The period during which water table riges

in any particular year was identified and wag divided into

different intervals naving some slope. The corregponding

rainfall during that period was also obtained from the

rainfall record, This above information was obtained for

the water tadle recordg before and after the introduction

of cansl and was tabulated in Table 4.4. The intensity of

rainfall (I) and rate of rise of water table(WR) was

calculated on the assumptions that either the rainfall or

water table change ig at uniform rate within the week.

Aq per the information available on canal delivery
8

schedule, the available data were used to carry out the run
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TABLE 4.4 Effect of Canal water and Bsinfall on the use
of Water Table.

Rainfall Intengity Magnitude/Rise of

Year ye%kly N Bain n
nterva uring o vat +
& dnyse. week §ainfall ¥at§rcfa§§§ea"d
Magni- Rat
tude riee ¥
of rige. (WR)
ow/day. em/dny.
1 6
Before 25-27(14) 17.00 1.2143 20 1,4285
introdu- )
ction of 32-33( T) 41.08  5.88 140 20,0000
cana
33-34( 7) 3.38  0.4828 90 12,8571
1972
1973 22-46(168) 114.55 0.6818 230 1.369
1974 9 -18(63) 130 2.0630
22-—31(63) 5756 0.9136 10 1.7460
31_33(14) 42.23 3.0164 220 15.7140
After 22.26(28) 10.03 0.3582 35 1.2500
iﬁiiﬁ“ﬁf 0g-30(28) 22.90 0.8178 128 4,5T10
canal 30-35(3%) 69.65 1.9900 10 0.2850
1982 . o
39-42(21) 0.39 0.01857 62 2.9520

Contdoeos oo



ContdecsseeTable 4.4

1983

13984

1985

22-~26(28)
26-30(28)
30-35(35)
43-48(35)
48-52(28)

31-35(28)
46-52(42)

18-22(28)
24-34(70)

78

6.T2
22,11
48.34

T7.70

68.67

0.2400
0.789
1.4097

2.7750

0.9810

19
40
165
37
10

262
9%

35
171

0.6780
1l.4280
4.7140
1.0570
0.3570

2.3570
2.2850

1.250C
2.4436
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analygis. The weeks during which caenal ran was denoted
by 1 and O indicates that the canal did not run during

the week.

The critical examination of table 4.4 and 4.5

reveal the following results.

The rise in water table is mainly agsociated
with the intensity of rainfall before the canal was
introduced. The exception being the 8th and 18th week of
1974 during which the water table has risen at the rate
of 2.063 cm./day with no rainfall input. This could be
due to the irrigation water applied to crop or recharge

by some other means.

The relationship between the intensity of
rainfall and rate of rise of water table wag studied with
the help of regression analygls using principle of least
squares. The quadratic equatlon (second degree polynomial)
does not shoW significant improvement over linear equation.

However, third degree polynomial describes the data best.

Thus, the relstionship between intensity of
rainfall (I) and the rate of rise of water table (WR) for
the years before introduction of canal can be described

by third degree polynomial of the form,
(WR)=26.1335-41. 98571 +18955212-2.041313
with T = 09554



TABLE 4.5

Year

1982

1983

1984

1985

Canzl delivery Schedule for the

‘jeeks

=
'

11 -
38 -
20 -

45 -

15
16
17 -
39 -

25 -

10
37
39
50
52

45
52

14

38
52

24
44
52

§6

Corregponding
period.

lgt Jan to 28th Jan.
28th Jan to 1lth Feb.
12th Feb to 1llth liar.
1l2th Mar to 16th Sept.
17th Sept to 30th Sept.
lat Oct to 1l6th Dec.
17th Dec to 3lgt Dec.

1st Jan to 1l1lth Nov.
12th Nov to 31lst Dec.

1st Jan to 8th Apr.
9th Apr to 15th Apr.
16th Apr to 22nd Apr.
23rd Apr to 22nd Septe.
24th Sept to 3lst Dec.

1st Jan to 17th June
18th June to 4th Nov.
54h Nov to 3lat Dec.

different years.

Canal
operation

O M = o B o K

H o K o W

-
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The relationship is graphically pregented in Fig.4.9

Por the periods after introduction of canal,
the table 4.4 and 4.5 show that the canal was run in the
period during which there was no rainfall. Therefore,
no mixing occurs. Thus, the rise in water table in the

year, 1982 to 1985 can be contributed purely to either

canal water or rainfalle.

The table 4.4 ghows that the rate of rise in
r table 2,952 cm/day in 1982, 1.0570 and 0.357 om/day
om/day in 1984 and 1.25 cm/day in 1985

wate
in 1983, 2,283

corresponding to weeks 39 to 42, 43 to 48 to 52, 46 to 52

and 18 to 22 weeks regpectively are mainly associated with

the canal operation.

The rate of rise of water table associated with

4.57 and 0.285 cm/day in 1982,

the rainfall are 1.25,
/aay in 1983, 9.357 en/day in

1.428 and 4.714 cm
2.443 cw/day in 198

0.678
1984 and
22 to 26, 26 *°
31 to 35 and 24 to

5 respectively in the weeks

30, 30 to 35, 22 to 26, 26 to 30, 30 to 35’

34.

rate of rise of wmater table essociated with
the rainfall events were separﬂted out @nd the relationship

veloped petween T

ate of rise of water table and

was de

gntensity of rainfalle
The relationship can be descri?ed vy a third
degree polynemial of the form (Tig+4.10)e
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2
WR=-3-66T0 +19- 46 061~ 16-4259T +3.995 | T >

7 0-8969
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FLB,.AJO

RELATIONSHIP BETWEEN RATE OF RISE OF WATER

TABLE (WR) AND RAINFALL INTENSITY (I)
AFTER INTRODUCTION OF CANAL
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UR= =3.6670+19.4606I-16.42521%+ 3.993113

with = 0.8969

where WR = HRate of rise of water table in om/day.
and I = Inten ity of rainfall in cm/day .

The constants of the polynomials along with the
errsr Sum, €rror sum of square, and correlation ratio
are shown in table 4.6. There ig large variation in the

rate of water tabdle rige and therefore linear equation

P£sils to account these variations.
Wokd,
The rates of rise inktable due to rainfall are

mere consistent after the introduction of canal then the

period before jntroduction as shown by the coefficients

sons of 73.184% and 94.37T# respectively. This is
o the fact that after the introduction of

of variat

mainly due %

cannl in the area, the fluctuations in water table have heen

stabilised, and therefore the rate of water table rige are

istent than the period before introduction of

more con 8
canale

4.6 Statigtical Analysis of Vater Table Data

In crder to generalise the behaviour of water

moximum water levels

¢able in different yesrs the minimum,

alonegwith their t

each well and for every

jme of pceurrrence were tabulated for

year. The different paranetars



TABLE 4.6 Constants of the equations for relationship between rate of rise of

water table and intengity of rainfall before and after introduction of canal.

& Wme g e U, Tmg g Ty TN Tme T T ™ T T T ™ T T ™e ™

g my -

BAUATION Conatants of the equations
Before introduction of Canal
a b [ d n Ervor Error
Summe sum sq.
WR=a+b(IR)+c(IR)2 2.6323 3.0270  9.8608x103- 0.7726 0.0002 140.65756

"R=a+b(IR)+c(IR)2+a( Ir)3

an
26,1335 -41.9857 18,9552  -2.0413 0.9554  —0.0051  30.4546 '

@ Sl e Sy S g m g g g Sy g mg Mg g e tmp g g g wmp Sy e g Tmg wmg e g Sy Ty mmu Meg g Tea T, g —a e amg g m g ey =y Ty .y =

Contde. case



ContdeeesosTable 4.6

@ Mo TRy e Wy umg g ey Ty W, TTe e g tmy gty Ty amg wmy amy T STe T wwe Wy meg Sey mmy veg wm g ey e Te T e emmgmpmymy e, =, om — "y 8
EQUATIONS

Constants of the equations

L el i e e amme g mg g,y .y =, -y =y ey,

After introduction of cansl
@ T Sy STy W Smg eg T, Mg g weg g g mmg ey Wy, e Toe Wy, ey mp =y m ey m - e e ey e, g -y
a b c a n Erroxr Error

=111 sum Bq.
e ey mmg

BT e e mmg ey =, e, g =, —~

@G SUp Mg Sy g Ry Mg weg mey g Smg g e, e

B e =y = ey

WR = a+b (IR) 0.3270 2.3600 0.6666 0.0014 35.7595

WR=o+b(IR)+c(IR)2 1.7978  -0.6137 1.0000 0.7076  0.0094 32,1357

an
(=g
WR=a+b(IR)+e{IR)%+a(IR)3

=3.66T0  19.4606 -16.4252 13,9931 0.8969 0.0003 13.7098

._.—..—.—.-—.-—.-—.-—.—.-—.—._.—.—.—.-—.—.-—.—.-.—....._,—.- T e e e e e me e sy, m, ey ey gy - — -

LA L LT
HAKRAN N NN
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namely Xl, Xn’ R, U1 and Un corregponding to the water

+able fluetuation curves of different open wells were
determined for Aifferent years from 1972 to 1985 and are
ahown in Appendix-Be. The gtatistical paramet:rs namely
number of observations (n), mean (X), sample standard
duration (S) and coefficient of variation (C,) corregponding

+o0 the above parameters were algo determined and are ghown

in Table 4.7.

There is considerable fluctuation in minima and
maxima before the introduction of canal. The fluctuation have
reduced after the introduction of canal. The values of
Xy X R, U, and U, vary with well. In general, the lowest
water table for 1972 has hizher values than 1974 The
range of water table for 1972 1s higher than 1974. The

range also varies with time. During 1975, the watertable

bas attained higher depth than 1976 and the peak ig alsgo

at higher depth than 1976. The range during 1977 is more

from 1978. The other parameters can be easily studled with

the help of sppendix B.

In general, the peak oceurg in between 28th to

he lowest depth of water table is attained

37th week while
petween 1 t0 51 weekg showing 1arge variation (appendix B).
in betwe



TARLE 4.7

Statigtical parameterg of water table corresponding to

parameters of water table fluctuation curves for different

years at powarkheda.

Yeaxrs
1872 n
X
S
o
1974 n
X
S
o
1975 n
X
5
ok

X

6

8.225
1.120
13.613
7

7. 858
1.224
15.577

9.281
1.022

11.011

Xn

6

3,0017
0.88
28.094

T

3.190
0.711
22.30

7

4.667
0.775

16.618

Statistical Parametery of water table fluctuation curves.
parameters.

Uy
6 6
5,133 10.167
0.817 11.531
15,918  1313.421
7 7
4.668 14.57

1.0194 5.028
21.818 34.509

T 9
4.3848 25.89
1.526 2.205

31.470 8.51¢6

Ul’!

6
34667
0.516
1.490

g g G mmg g Ty g Mg S mmg g s Bmg mmp e TR, g T g amg g e e, ms, T, g e, T, e, A e

an
o ol

7
33.714
0.756
24242

B Wma mp mp Emy Smgumg ey g Gy Mg mnp Mg an g g g Smg g Mg g g Emg Mg g Gmg W Mmg Mg Weg e, M, S g Ty M, e, g g e ey .,

9 7

36.85T
0.378

1.025



otz ETe v evw e TBBIE £o T

s e ey ey e ey g g e s Mra M e Mg e mra e mey m—s —a e e e e e T M e ma mg wy -y -
o e ey Ty ey e Ty e g o TP e TTe Ts e e e e e To e Te Te To -

X X, R 14 U,

[ e e Rt

n 9 9 9 8(9) 9

X 6.650 2.388 4.384 21.50(24.78) 34.11
S 1.38 0.921 0.85 0.926(9.870) 2.315
o * 20.762 38.556 15.725 4.306(39.840) 6.788

cmy e mma s e e g es mig g e e ST, e TS Ty W e g e e T, e s =l T e = g ey g S e

1977 n 7 7 T

. ey wmy oy

@ g =%

6(7) T
X 5. 987 1.774 4,213 24.830(28.000)

1,006 0.692 0.39% 1.722(8.524)
0.976
c % 17.800 38.985 9.414 6.935(30.440%

68

g e g Wy tmy amg meg amy g mp g T Ty Mg Uy amg g Gmg Mg mig mme amg Weg B, g =g A

1978

e Wip g g ey g, Wy Emg gy g

9 9 9 8(9) 9
6.147 2.380 3.750 23.625(21.11) 32.44

1.129 1.069 04397 0.517(T.557) 2.555
C % 18.378 44.90

. g =

[Z- 2

10,581 2,192(35.797) 7.875

@ Emp g mg Mg Mg e, ey Ewy Eng Gy oy gy g Ymg ey meg S amg Smg Ty Beg ey

e e mme g mg mmg Sy g Peg Try g mmg mmp Sme W ke, o, g, mm



CONtCpoeve - TADIE 4.7

Xl Xn U.'L Un

g Ty g g ey o mag Trg e, Wy rmg ewg Wey g Sy Ty e, Me, Gy g g g g wy ey g R

n 4 4 4 3(4) 4

X 4,767 1.975 2,793 23.33¢(17.750) 29.50
S .58 0.612 00953 2.309(11,325) 11.00
c* 12.124 30.97 34.14 6.897(63.80) 37.29

@ my Tmg g my g ey ey g ey mmg Wm, g g Wy e g TR S, ey Sy Gy Eeg ey My Mg ey R, S, am, G Mg e My Sy e ey ey Em, Weg mm, e my

1383

9 mep v, tmg e, Bmg Emg Teg Wy e g emg g A, g E gy

1982

4 4 4 4
5.075 2.77 2,797 22 35
7.62 0.488 0.387 ) 0
o % 15.015  21.443  13.85¢ 0O 0

MMl =

T2

8 e mo s meg My g e, TNy mg "R Sy g o e g g ST g em@ Moo Mg ewq Top g e ung —p Ty g m, W=y g =g ==

1984

o e e g g -

4 4 4 4 4
5. 967 2.85 3.087 30.50 35
0.585 0.242 0.368 64137 0
Ok 9.803 8.491 11.94 20.122

s b4l B

0

Oy my g mey my -, - ~ = o g my oy me, g we
TN g Mg ey Gmp g weg mmg ey Mg Mmg mng g Eva Sy ey ey ey nmg W, W, Mg =g a -
» =g o g —s g .~ T s oe nme Wy Ty mmg Tmp Ny e T Ty TN wmgpemy ey me, - -

06



Contdees asssTrble 4.7

— g g b Gy Gy ey g My my Mg e, Mmg ey Ty e, gy o a -~y -
s g g e e e 8 e e eme e Tp W sme g emp WU img Treime Mmeeme SN, Th T me Mo tUe e, me T e Te T Teme Tosma <o s

Xl Xn R Uy U,

ry Ty Wmg mey e g ey Ty e mmp Py tmg o, My =g Mg Sy emg e, mg hm, WL Mg mg e, =, s =,

@ umg tmy mng g e g, W, =, mey ey

1985 n 4 4 4 4
X 5.775 3.065 2,71 36 33
1.613 0.384 1.480 13.856 14.629
o 27.925 12.525 54.589 38,450 44.329

@ e ey g my ey Smg mmy ey gy Weg Mg Gmg wmy Smg Smg g W g Nng Fmg amy ey tmg e T g Mmy W ey wmg O, Feg o - g w Ty, W

The vclues in parsnthegis show the statigtical raremetrrs, if
the extreme events are not ignored from the analysis. The units

for Xg0%y, R are in m and Uy and v, sre in weeksg,

16
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The variation of the lowest and higheat wiitgr

A

table (Maxima and minima) for 6 of the open wells Vs,
Wiz, Wy440 W00 Vi1s and W16 are shown in figure 4.11. The
meximuma ond minima show larger fluctuations before the
introduction of canal and the fluctuations have reduced

thereafter.

The variation of range for different open wells

for different years is shown in Fig.4.12. The range elso

has decreased after the canal introduction in the area. The
officient of variation of the weeks at which water table
attains peak is minimum as compared to the coefficient of
variation for other parameterg (Table 4.7). Thus, the time

of peaks lie within a short jnterval and are more consistent.
The week during which the water table ig farthest from ground
level also has legser coefficient of variation if the extreme
values are not considered. The mean valueg of different

parameters were collected £rom table 4.7 and are presented

in Table 4.8

The mean of the meang were calculated with the

help of Table 4.8 from the 10 years discontinuous record

from 1972 to 1985

The relationship was geveloped between mean of
range of water table and yeafs vy using the principle of

leagt squarese.
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TABLE 4.8 Mean values of differznt parameters from

table 4.7'
Year Mean valueg of different rarameters
il Xn R Ul Un
me Me Me week week
1972 8.225 3.092 50133 10.167 34.667
1974 7.858 3.190 4.668 14.570 33.714
1975 g9.281 4.667 4.848 25.890 36.857
1976 6650 2.388 4,384 21,500 34.11
(24.780)
1977 5.987 1.774 4,213 24.830 35.57
(28.000)
1978 6.147 2.380 3,750 23.625 32.44
(21.110)
1l <767 1.975 2.793 23.336 29.50
982 4T (17.750)
1983 5.075 2.277 2.797 22.00 35.00
1984 5.967 2.850 3.087 30.50 35.00
1985 5.775 3.065 2.710 36.00 33.00
X 6.573 2.766 3.838 23.24 33.986
8(%) 1.443 0.826 0.934 T.271 2.023
,v(x)% 21.961
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The relationship can be described by a linesr

equation of the form,

R = 5.149 - 0,1986X

Where B is the mean of ranges for different open wells,

X is the coded valueg of years.

X = O for 1972, X = 1 for 1973, X = 2 for 1974...
and X = 13 for 1985.

The mean range decreases as the number of years

dncrease (Fig.4.13).

The mean range and X are negatlively corelated with

significantly high correlation coefficient of - 0.875.

The coefficient of variation for the mean time of

peak is lowest (5.954%) and hence the peak can be expected

to occur in 34th week with great certainty as compared to

the occurrence of maxima. Similarly, the data for maxima of

water table are most consistent than the minima as gh-~own

by the coefficient of variation of 21.961 and 29.856%

regpectiV61Y- Phe coefficient of variation for the ranges

i.e. amptitudes show the highest variation (C, = 44.232%)

as shown in Table 4.8.



MEAN RANGE (R),™

o

Fo

4.13

R- 5.149—-0 41986 X
04 X< 14
r -0 875

=3
(@]
@)
O o
76 78 8o 81 84 85
4 & 8 15} 11 14

YEARS (X)

RELATIONSHIP BETWEEN MEAN RANGE (R)Y AND YEARS (X)
FOR 10 YEARS DATA FROM 1972 T0O 1985
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4.7 Behaviour of Maximum Water Table

The behaviour of maximum water table was studied
with the help of water table fluctuation curves for three
different samples wells namely le, W14A’ and W3 for the
10 yearsrecord from 1972 to 1981.The maxima of water table
devinte year after year. The deviation of water table for
different wells for different yearg were calculated with
reference to the maxima of water table for the preceding
year starting from 1972. The deviations were then added
without ignoring the signs to know whether the water table
has decreaged or increaged. The Fige. 4.14 shows that the water
table has relatively increased in the later years. This is

also clear from the table 4.9 because ot net positive

deviationge.

4.8 Long Term Variation of Water Table

ihe water table behaveg in & gtochastic process.
The long term variation of water table was studied with the

help of four gample wells (VW3e Wiz Wig» fiyp) specially for

which the maximum record was available. The water table

4ons are ghown in Pigge 415, 4.16 and 4,17 reaspectively

The variation of ranges for Wy, Wy

variat
nd ""16 .

for Uy, ¥Hp #
are ghown in Fig.4.18 and preaented in

le, and ""716
Table 4.10.
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TABLE 4,9 Behaviour of maximum water table for Wla' W14A
and W3 for the ten years records from 1972
+to 1981 at Powarkheda and their deviations with

reference to preceding year.

B gy e e tme ma s e e e e e Teme Ts Te e Te e e T me e e ma dr . g gy .-

Year Maximum value and deviation of water table with re’erence
to water table of preceding year starting from 1972.

S g a gy e e e e T T — am my Ty g mmw e Te *Ts To e To e ey e T — g g8 =,
i

2 ¥144 3

%ﬁ%iégp ieviation ggiiﬁ:é Dev;ation %3%%%2; ) ie;i;;;o;—

. @ 5w mE
1972 7.00 8.90 9.45
1973 7.81 -0.81 8.87 +0.03 10.50 -1.05
1974 6.95  +0.86 7.9 +0.91 9.40 +1.50
1975 7.88 -0.93 8.80 ~0.84 10.44 -1.04
1976 5.56 +2.32 6420 +2.00 8.01 +2.43
1977 5.75 -0.12 5.80 +1.00 7.78 +0.23
1978 5.20 +0455 5.68 +0.12 7.58 +0.20
1979 5.63 —0.43 5.45 +0423 7.9 ~0.62
Net deviation (m) + 1.37 +3.35 + 1.65

. g g e, Ty Sy g Sp e e e =

-y - e . e mmg o Ta wmp e T =,
oy e e e e TS “
By gy e, e e = T

LA
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The amplitude (range) vary with the well numbers
and with time. It is clear from table 4.10 that the ampli-
f?des have hicher velues before the introduction of canal
and have lesser valueg after the canal wag introduced into
the area. The coefficient of variation was lowest (13.817%)
for W, while it wag highest for Wiz (C, = 40.495%). Thus,
there are less variation in ranges in W3 from year to
year, while ¥, shows larger variations year after year.
The minimum water table occurs in between 32 to 35th week
while the maximum water table occurs somewher2 in between
oond to 25th week. In general, the coefficient of variation
4s lower for the week in which peak occurs then the weeks
in which water table is farthest from the ground level.
Thus, the times of occurrence of peak show smaller variability

ag compared to the time of occurrence for maximum water

table.

the coefficient of variztion of time of
5.727, 23.54 and 24.56%

Thus,

occurrence of peaks are 3.614,

respectively for Vs Wyogo e and W4 regpectively while

g coefficients of variation for the time of

the corregpondin
ter table are 16.912, 8.374, 84.13

occurrence of maximum wa

and 35.869% prespectively (Table 4.10).

The dscrease 1n amplitudes of open wells are ther~fore
th the fagter rise in water tableg due to

agsociated wi
1 and it would lend

to stabilise the
introduction of cana



TARLE 4,10 mmeter, for long term variation of water table for W3 ’ le, W and W

16 10
at Fawarkbeda frem 1972 to 1985,

/
@ TG TR T g e g ey e, am, e my MR, Ry Ty ey Seg Amy, Meg amg Ty tmy Tmg Meg TR, Emg Tmg TUs @ Srg T T e "Tg Tg e Ty g g Weg mmg emp g g Ty e e =e —¢ e
Years Taorameters for wells

BT e Weg Gm, TR, TR, o, Gy TR Mg Mg amg Yo o Te ey TR Ty Sy g Mg, Te ™

e e ™ —?f > TR YRy e s —.—.—-—--—‘\i]]-‘-z.---o"u e Wy = o e "."*n—"i“.---o -o—-'—c—-—-—c-w"(?". e mm g = e e =
Ul Un R Ul Un R Ul Un R Ul Un R
week wack m week week m week week m week week m

B T Ty W, g M, my g sy W, amy aw, wmg W, g g Mg WPy wmg m g g g Tmg Ty g g wm g Mg Amy g mp T m, g dep wmp tm g Emg Mg e, mg g Ty Mg g

igre 25 35 4,75 25 35 4,60 3 34 550

1974 15 34 4.68 25 34 3.90 10 33 4.40 14
1975 25 36 5.14 25 37 3.06 25 24 37 4.76
1976 22 34 5.07 22 31 3.04 %1 35 «85 22 33 4.79
19717 24 37 4.68 28 35 4.18 47 35

2
4.46 25 35 -
1978 23 34 3.38 23 34 3.30 1 34 4.05 23 34 4.02
1982

1l 35 1.88 25 13 4.04
1983 22 35 2.24 22 35 2.83
1984 3l 35 2.61 26 35 3.06
1985 24 12 1.7 48 43 2.55

- - -
. =4 "=y e Wme wmp W, meg Mmgmmg Tmp g meg g Umg Tmg wmg N, ey Wy o, e

X 22.33 35.00 4.617 24.667 34.33 3.68
S 3.T77 1.265 0.638 2.065 1.956

Cyk 16.912 3.514 13.817 8.374 5.727

a Ty g ey W

33 5.72

961

21.5 32.00 3.301 25.55 33,111 3.971
0.643 18.088 7.533 1.337 9.167 8.131 1.103

17.54 84.13 23.54 40.495 33.869 24.56 27.765

BTy Ty g ey ey - - =, -y L . v
o g mg W, —y vy W, g mng vy W — wey — ey =y - - g wm —p oy =y ey = -
® e T uma mmy wm, Mmg g Tmg v M, Wep mmy Moy g g mmy .=, o B e mme rry eep W, o mey g m g
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amplitude and establish a constant fluctuations year

after year after the long period of time,

4,9 Rate of water table rise

The water tables for differ-nt wells have risen
gignificantly after the canal introduction inﬁhe area. The
insufiicient amount of information due to discontinuous
records limits any mathematical generaligations about the
rate of water table rise. However, it can be said that the
rate of water table rise wag definitely slow than, the period
after the introduction of canal in the area.The rateg of
water table rise are the functions of time as well as inputs

and outputs components of hydrologic cycles.

The net effect of all the factors inflvencing the
water table can be easily traced out by the relative position

of the minima of water table. Since the minima varies in a

random fashion, th?@roduct derived out of it will also

repregsent random pehaviour. Thus, the rate of water table

rige algo represents the random behaviour. The accurate

information on the rate of water table rise can be obitained

by vemoving the randomness of the time X serieg and only if
the data base 18 not less than 30 years period.Thus, it does

t seem poscible 0 arrive at certain rate of water table
nov 8 e

4ee due to insufficient and discontinuous record avallable
rige qQu

at present.
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4,10 Prventive Measures and Control of Water Table

Iarge areas are being brought under canal irriga-
tion in our country since independence, with the result

the sub-g0ill water has risen and gome areas are getting

water logged.When soil pgeres within the root zone of
crops are saturated with water, the nomal ecirculation of
air so easential for plant growth is cut off. The seepage
from upnlined canals and application of excess of water
without any consideration of water reguirementg of the
cropa are the main cauge, of water logging, specially in
the absence of adequate drainage. The drainage of agricul-
tural lands is, therefore, very essential and should be

integrated with the development of irrigation system to

keer our lands permanently productive.

The best preventive measure will be the one in
which the root cause 4s removed. The construction of

regervoirs, canals, roady, and other structures bave

completely distrubed the natural drainage and hence the

country is facing the problem of water logging alongwith

the esalinity and
impferative to not to go for

alknlinity problems. I% is, therefore,
guch structures. Had these

s been already constructed the country either has

structure
tural enlamities or to f£i

to bear with na

of golving the probleme

nd gome other way
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The seepage from canals must be controlled by
use of proper lining materlals.The fam water conveyance
system should be improved to check the seepage losseg, and
the rainfall should be disposed of from the depressional
areag which are causing the above problems. The impermeable
barrier if present below the soil profile should be

broken off.

The rise of water table not only createsthe water
logging problems and unfavourable conditions for plant
growth but also brings the salts to surface creating salinity
and alkslinity problems. We ghould emphasize on the proper
water management instead of giving impertance to the irri~
gation or drainagee. Panals should be designed on the basis

of total amount of water required for the crops grown in
the area and the water to the each crop be given baged on

jts water requirement and the critical stage important for

irrigation gcheduling.

Seepage control measures, water management to improve

efficiency of jrrigation and gurface and sudb surface dralnage

principle methods for controlling the ground water

are the
the first two should be encouraged where

tablee. Certainly,
o reduce 1and damage and conserve water.

it is practical t
uld be used in most of the areag

Sub surface drainage gho
is a chronic problem.
ation of aurface draina

The pumping of

where water logeing

tall
vells in combination with the insta
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has also been used to reduce the water logging and soil

salinity problems on the farm lands.

The most of the open wells were lying as dead wells
at Powarkheda and in nearby villages. The water level in
those wells was so high that it could easily be taken out
for irrigation. It is, therefore, important that in present
circumstances, the more emphasis be given on the use of
thege welle for the purpose of irrigation instead of
supplying water through canals to the water logging.

It will not be unwise to cultivate the high water
requiring crops and to plant Bucalyptus on the fileld bounda-
ries and slong the road gides. Ihese plants will not only
reduce the waterlogging by way of drawing water from the
deeper layers required for its metabolic activities and

transpiration but also boost the farmers financially.
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Iliiiii********************

SUMMARY AND CONCLUSI ON ¢

£ s K R AR AR R R e R R

Water table is & continuous randam variable and it
varies in a periodic fashion attaining maxima and ninima
at sane fixed tine. Water table generally depletes in
dry season fram January to May and September onwards,
provided it is not being recharged fron surface sources
like river, ponds or canals. The water table changes with
time. The magnitude of change (increase) in levels depend
upon the season and total amount of rainfall occured prior
to the season, in addition to difforent input and output
conpouzents of hydrologlc cycle. Rainfall events in
begining do not pring sudden change in water table, but it
satisfies the goil moisture pores prior to bringing any

change in water table.

gron the study of water table data, rainfall data

and canal dalivery scheduless the following conclusions

are drawn @
e does not pegpond to the initial rainfall

1. Water tabl

eventss The water table rises with some time lag

of two to three weeks. This 1s due to the fact that

the rainfall saturates t
s not contribut

ne soil moisture in this

zone and doe e to water table.
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Rate of rise of water table has inereased with the
introduction of canal in the area. The introduction
of canal distorts the regular periodic character of
of the water table and ingtead of single well

defincd peak, more than one peak are observed.

rate of rise of water table varies with time after

the onset of monsoon rains. It is slow in begimming

vut very fast Just pefore attaining the peak. This

ig due to the faet that after the soil moisture is

satisfied, the major portion of the rainfall

contrivutes towards th
water table ceases just before the rainfall

e rise in water table. The

rise in

ceases by taking a time lead of 2-3 wecks.

The rates of rise in water table are more consistent

after the introduction of ecanal irrigation than the

period pefore the introduction of canal as shown

by coefficients of variations of 73.184% and

94.377% respectively.

The relationship hetween the mean of the ranges (R)

for different wells considered for 14 years period
and the year (x) can pe described by linear equation

of the form,
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M = 5.149 - 0,1986X
='00875 a,"

Where R = mean of the ranges for different wells

for 14 years period,

W= 1,2, yees N (Number of wells considered for analysis
during the year).
x = coded value of years with base in 1972

Thus X = 0 for 1972, 1 for 1973, 2 for 1974

e - - -3y =12 for 1984 and on on.

Thus, the mean ransie decreages with time.

6o The canals should be lined properly in addition
to the surface dnminage system for wvater logging
control. The crops with high water equirement

should be encouraced in the areca.

AR LA "
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APPENDIX -~ A

Weekly rainfall data (cm.) of Powarkheda for 14 years

period from 1972 to 1985,

o e Ty ey g Ty B fma e e TSs s s TMe e The —e Ts T s Te Te Te T e Tee e Te e .

Weeks Rainfall for different years.
1972 1973 1974 1975 1976 1977 1978

o e g o me mp Tre Tme Tma —e The s e e TTe e e e "o e — Ty Mg g Ty Ty Ty g g Ty T, W, am, =g

0.12
0.36
0.73
6 0.63 0.08
7 2.01
0.44 0.25 - 1.20
1.71
10 1.5 1.37
11
12
13

Contde eases
120
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Cofltd.. o-o..APpoA

Weeks 1972 1973 1974 1975 1976 1977 1978

14 0.06 -

15

16

17 0.16

18 0.33

19

20 -

21 0.01 0.47 0.67

22 0.07 -

23 - 0.08 1.78 2.98 - 1.09

24 - 2.62 - 1.30 5.79

25 2.34 - 10.25 1.61 3.26 T.64 6.03

26 7.64 1.82  2.62 441 - 21.22  31.40
27 9;37 3.70 3.07 7.32 20.87 3.9 21.96
28 5.67  33.70 13.58 1.99 10.82 0.25 21.08
29 33.85 5.60 3.44 10.25 3.34 0. 94

30 - 0.45 16.49 ©0.12 1.30 9.31 1.92

31 1.08 0.65 4.07 3,10 23.04 3.81 1.78

32 4.46  6.42 10.22 20.91 3.96 11.96  10.25
13 41.08 T.10 32,02 17-45 0.83 1.96 11.28
34 3.38 6.6 8.27  5.25 .25 15.55  14.80
35 10.25 - o.53  10.72 18.32 33.54  10.80

. 3.64 0.51
36 10.14 0.60 8.56 8.67

Contlecevce
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Contdese QOQAPP' A

e Wmy mmp gy Emg Eeg umg Wy Sy Mg M, =g g == - — g = -
» ey g Eeg g Eeg g g W, TTa T Teeme TV ma e TUg e YRammp Te ma e m, ™o "y Ty s Te ==

1972 1973 1974 1975 1976 1977 1978

my e mmg e, T wm, amp g Mmg = — g g g Tmy ey Ty —, Wy —g = - -
@ Wmg ey ey Me, T, wm, amp g TRy mp Wy eme Vg e TeTmg Temy Te TH Te T e e Te s T Tee —e=—a T ¢

37 2.88 1.05 0.05 18.56 8.26 32.01 -
38 2.38 0.03 0.08 - 1.38
39 5.41 2.05 0.17 -

40 0.81 - 3.18 2.09
41 12,93 0.80

42

43 0.56 -

44 0.15

45 4,X01
46

47 1.47 5.98 -
48 1.05 0.79 6.79
49 1.10 6.54
50

51

52 0.13

- g g iy m g Wre e e thg n @ mmp ma T g g T = wmy =
- o e g g g e T8 TTe s e e Te Te rigste T e Te Te e Te T, T
o =y wmp o TUm ey O T *

wRaRARR AN R

Contdecsces
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ContQecosessADPe A

Weeks 1979 1980 1981 1982 1983 1984 1985

6 Me e g g ey e e T ap e e Tp e e e ™o T e Te e Tems Temo Te s TeTeTs "o e~ oo

1l 0.41 0.32
2

-

0.27 - 5.12
3 1.07 0.08 0.19 -

4 1.35 3.26 0.09 -

5 5.58 -

6 2.16

T 3,15 0.18 -

8

S

10 2.20

11 4.48

12

13 0.93
14

15

16

17

18

19 T.65

20
21 2.22
22 2.31
23 4. 06 0.16 2.45 0.73

Contdecses
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Contdecsse oAPD. A

1979 1980 1981 1982 1983 1984 1985

O o Ty e Mg g e e Tme B TTp Sve fmp Tme T, MmO Ty v, s e g T, e My g W M e ~, e e e s e

24 11,88  3.30 2.35 2.36 2.9 .15
25 5.61 8.89 12.01 7.38 1.71 - 0.70
26 5.86 11.06 5.6 - 2.65 35.74 6.52
27 1.65 8.01 15.36 - 1.5 T7.94 1.67
28 7.53 0.61 4.65 8.93 8.39 1.02 4.08
29 1.26 - 3.53 6.56 T.46 B.20 1.89
30 1.67 T.35 7.29 Tod4l  4.25 0.33 1.64
31 1.83 10.80 4.28 7.43 8.49 19.85 14.50
32 3.34 22,52 4.57 5.69 29.24 19.55 N
33 0.39 2.17 6.00 12.74 15.35 43.394 18. 12
34 0.51 0.71  0.04  39.21 12.09 3.18 -

35 32.09 0.19  5.70 7.72 1.34 2.42
36 5.14 1.58 1.87 33.48 2.14 1.4
37 1.62 2.78 0.64 2.33 4.19
38 4.35 0.49 4.34 - 3.70
39 2.94 0.40 4.40 0.44 0.17
40 1.88 - 4, 07
a 0.39 1.02 1.31 -

@ 0.15
o 0.09 - 0.16

Contdesec=e
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Contde ... Appe A

G me e e g e e e s e Sy rmy e T O e mp e G 8 o wnd g e mo e e TS Ty e e ey —v =

1979 1980 1981 1982 1983 1984 1985

44 0.44  1.67 -
45 13.23 -
46 0.46

47

48 17.40

49
50
51 0.28 6.14

52 4.34

§me e gy mg o mwE T e s Te =8y . g e e e e e T Tme ma TTe Ma e Sre e s "o e Te o ™o




APPENDIX -~ B

Valueg of X Xn’ Ul, Un and 8 from water table fluctuation curves in different
years from 1972 to 1985 for open wells at Powarkheda.

oy g g Ty o ey g g TR T e T s g umg g TNe e Ty me Te ey e T T e T e — g mag T T, e ey my Ty e, Se g m Sve Sy Mg e

Parameters for different years.
OPEN WEIE_:S g wme Wmy Ty TTa wm, g ey ey Ty Ve Te e g Mgy g T, Wy Wy T vy W, MRy g THg g g e e e e e e, —— g e, e

912 1974

Xl Kn R Ul Un Xl Xn R Ul Un
Me m. m, weeks. weeks. M e M, weekse weeks.

o Wva ey Wy Ty g g e Swp ST mep e Mg e e g e e e Te Te e T Ty e oy os y g g Ty ey T M me gt e, ey g Gy MR, Ty Y,y g

Wy 9.45 4.70 475 25 35 9.40  4.72 4.68 15 34
Wy, 7.00 2.40 4.60 25 35 .95 3.05 3.90 25 34
Wy an 8.90 2,50 6.40 35 7.96  3.00 4.96 14 35
L 8.40 2.95 5.45 35 8.58 2,60 5.98 14 34 -
Vg 6.70 2.60 4.10 1 34 6.02 2.98 3.04 10 33
Vag 8.90 3.40 5.50 3 34 700 270 4.40 10 33

Wlo N‘A. N‘AQ N.A- NQA- N.A- 9000 3- 28 5072 14 33

By e amy Sy we, Gn, meg g g e, g - -
3 B e ey Wy g g g, g Mg Mg g Wy ey Wy g g ey MR Smg meg S, Weg e, mm g meg g, g v, g am g Ty T, T e, e, ey =, M, = g =




Contdese e e ADDe B

i Tl T e e R e R e e R R i Rl Rl i e e iy

Parameterg for different years.

w—y Ty TP My Wep am g ey mg Ty Bmg Mg Nmg T Mg wmg Ew ey

Open . B e e T T kel Rt
Wells 19715 - 1976
Xl Xn R Ul Un Xl Xn R Ul U

n
fi. ms Me weeks. weeks. Ms m. ma weeks. weeks,
@ Wy ww, TRy Nm, TRy tm, mg Tmg wmg s- W e W, My Mg e WTa e Ve e W, T Ny TR, Emg TR Nmp ey g Wmg g Ay TR TR ey ma g e ey My Wy T, T v, we

¥ 10.44 5.30 5.14 25 36 8,01  3.94 5.07 22 34
12 7.88 4.82 3.06 25 37 5.56  2.52 3.04 22 31
144 8.80 5.40 3.40 25 37 6§.80  2.03 477 22 37

14B B.T4 4,75 3.99 28 37 T.10 2.15 4.95 20 31

s 8.76 N.A. DN.Ae 25 M.A. 4.78  0.78 4.00 22
TS 816 NeA. TNoA. 25 N.A. 4,50  1.64 2.8 51

g 10.56 3.40 7.16 31 37 7.10 2.32  4.78 22 33

10 9.96 5.20 4.76 24 37 8.10 3.31 4.79

v
T 10.23 3.8 6.43 25 a7 T.90 2.80 5.10 22 37

oy v, W,y g emg . . -
. » e S Wy ey g Mol Bre My Wy mmy Wy g g v, e Srg ey e g ey Tmg me, e mg g , g

.

Lcl



ContdeeeoeeldDDe

e o g e = e —a=¢=s Te

Open
wells

88 Ty g e s e =y W T T e T T Te T Te =

[ e e - - - - - -y = - - -
P . = — "y — oy — E g g g ey Ty Ty Ty emy TP g mmg Wra Ty Ty e eWn gy Ty Oy e g T g =

B

—y wrg g e = T e TH e

Parameter, for different years.

a g e mp T meg mp e e e

1977
X

m,

T.78
5.75
5.80
6.40
4.38
5.91
5.89
N.he

N.A'

Xn

Me

3.10
1,57
1.90
1.8
0.80
1.45
1.80
NeA.

N.A.

R

m.

4.68
4.18
3.90
4.60
3.58
4.46
4.09
NeAe

N.A.

Uy

weeks.

24
28
24
25
23
47
25
NeAe

N.A.

1978

Un X,

weekse. me.

37 T.58
35 5.20
37 5.68
35 6.20
35 4.28
35 5.25
35 6.60

N.A. Tel2

N.A. 7‘41

n

Me

4,20
1.9
2,10
2.41
0.90
1.20
2,08
3.10

3.53

R

Me

BT Ty Mg g g W Mg Mg wmg Weg g Ty Wy e e —e =, =

3.38
3.30
3.58
3.79
3.38
4.05
4.52
4.02

3.78

Uy

weeks.,

23
23
24
24
24
1

24
23

24

e g g ey mmg T g g, v, T me, o mgme gy Tmp g e ey omg e

Un

weeks.

§ e Tmg g Wy Wy g = g

34
34
28
33
33
34
28
34

34

-— g

g g e gy e Ty T, ot g T, mp ey = e e o

87T

—y e, e, =g g



Contde. eovesdppe B

@By g g e Emy T g s T g Ty T Ty T TTe e T e YT ST U mg g g T, T, Mg e g, gy g . gy

Parameters for Different years.

Open wells.1982 198 . :
Xl Xn R Uy Un Xl X U, U,
Me m. Mo weeks. weeks. 1. m. me weeky. weeks.

%™ & T L . Temea T tmg wma T e e e e meme TeTe Ty Tame T Te e Te T T, TeTe T e T meTe—a T e T oo~ s "o~

T 3.98 2.10 1.88 1 35 3.99 1.75  2.24 22 35

Wy 5.00 2475 2.25 22 35 5.49 2.45 3.04 22 35

%o 5.34 1.30 4.04 26 13 5.70 2,87 2.83 22 35

¥ 475 175 3.00 22 35 5,12  2.04 3.08 22 35
1584 1985
Xl X“ R Ul Un Xl Xn R Ul Un

Y16 5.88 2.70 3.18 39 35 8.15 3.30  4.85 48 34

6eT

R 6.60 3.10 3.50 26 35 5,20 3.47 1.3 24 43
Y10 6.18 3.02 3.06 26 35 5,20 2.65 2.55 48 43

%
T 5021 2.60 2.61 31 35 4.55 2.84 1.1 24 12

- - -
G TTe e e e e g Ty g Mg g Mg e ey g ey g ey wmy g g g g = e me g emy vy g g gy g Ry g ey wy g ues g

NeAs = Record not available.
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