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Water Balance Methodology and Data Availability

1.0 General

Water balance is an effective tool for estimating
the water resources of an area. This approach will be
used to estimate the groundwater potential of Kunda and
Satak commands. A brief description of the methodology

ig as follows :
2.0 Definition

Water balance study means the book keeping of water
of a basin or region in relation to the components of the
entire hydrologic cycle or part of it, done over a speci-

fied period.
3.0 Necessity of Study

The water balance study is carried out for following

purposes :

i) to evaluate the available water resources;
both surface and subsurface;

ii) to assess the existing water utilization
pattern and practices. This information will
help in planmning optimal and efficient mana-~

gement of water resources.



4,0 Components of Study

The study includes the hydrologic water balance,
ground water balance and water use balance. Thus this

study involves considerations of the following equations :

1) Hydrological water balance equation
ii)  Groundwater balance equation

iii) Irrigation water use eguation
4.1 Hydrological Water Balance Equation

The basic concept of balance is :

Hag
s,

(Input) = (Outflow) Change in
(to the) - (from the) = storage in
(Systen) (systenm) the system

Considering the various components, the terms of

this basic equation can be put as

Py #Qpy + 1oy + Ippg = By + 0gy *+ Qpy *£85p; 208y
:&SGJ. co.(l)

where i refers to the decision period.

Pi = Precipitation = PIi + PUi + PSi + PRi + PCi

QIi = Diverted flow = QSi + QCi

Tes = Inflow to ground water from other basins/aquifers
I... = River flow downstream of storage reservoir/diversion




Ei = Evapotranspiration = EIi + EUi i ESi + ERi : ECi
= Bpgy
OCi = Outflow from ground water to other basins/aquifers
Op; = Oytflow from river downstream (including effluent
seepage)
Qg = Water in canal flowing out of the area
ﬁSDi = Change in depression storage
BSMi = Change in soil moisture storage
&SCi = Change in ground water storage
%i = Ippy * Fj % Sps + Py = By 7 Sppy
= Unaccounted water (discrepancy)
where,
Fi = Surface runoff to the stream
Sp; = Effluent/influent seepage (-ve for influent)
ASpp; = River bank storage
SUBSCRIPT
it = Irrigated area
U = Unirrigated area
S = Depression storage and ponds/storage
R = River
C = Canal
4.2 Ground Water Balance Equation

Ryg * Bpg * Roy + Rgy + Ig; = Epgy + Tpy + Qqy & Spy




R”i = Recharge to ground water from unirrigated area
RIi = Recharge to ground water from irrigated area
= RUi + RICi o RLPi
RSi = Recharge to groundwater from ponds and lakes = PSi
R.; = ©Ocepage from canals and field channels
—— 'f -— [ -—a
= \Qpy = Qpg) =~ I = By + Py
Ep;3 = BEvepotranspiration from groundwater (potential
rate)
TPi = Actual groundwater draft reaching the field
=PSiele
RUi = F; or Ry =P
4,3 Water Use Equation
I.: +P.. 1. +T . =R

ci ¥ Tmi * Ipg T Ipg Ii * By * Byy * Ry; 2485y,

I.; = WVater applied to the field = a (Qp; - Qnp; )
Pp; = Effective precipitation = (PUi - FUi)+(PIi - Fqs)
IDi = Irrigation from depression storage and ponds.

5.0 Methodology of Water Balance

Ci
-

Study Area

The drainage basin is generally taken as a unit for
the surface water balance study which has well defined bound-
aries separated by natural divide lines from other basins.

If the lithological formations are dipping towards drainage
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lines, the divide linc for ground water as well can coincide
more or less with the boundaries of the drainage basin and

in such case ground water balance study can also be made for
the basiﬁ area. However,; in practice the study area for
surface water balance study and ground water balance study
Seldom coincide. Sometimes the two divide lines may be sepa-

rated wide apart.

Where the ground water basin can be characterised by
prominent drainages it is desirable that the doab should be

considered for the ground water balance study.

It will seem appropriate from the above description
that where ground water may not be paramount, the study area
for water balance study can be taken as drainage basin, but
in areas where ground water constitutes a substantial water

resource the study area should preferably be taken as doab.
5.2 Models ancd Period of Study

The models may be broadly classified as lumped ar'dis~
tributed models. In spatially lumped model, the entire area
is taken as a single unit and average values of the parameters
of the area are taken or assumed for study. A lumped mcodel,
therefore, does not take into account the spatial distribu-
tion of the input variable, nor the 8patial variaticn in

parameters characterising the physical process acting upon




the input. For example, suppese that a network of N rain-
gauges records rainfall xl(t), xz(t) e xh(t) during a
certain time interval, then a (spatially) lumped model come
bine N reacings into a single input variable say %*(t). 4
geometrically distributed model, on the other hand, express
spatial variability in terms of the location of the point.

In such a case the area under study is sub-divided into nodal
puints according to gechydrological considerations. The sub-
area influenced by each nodal point is marked and the equa-

tions are applied for the sub area of each nodeal puint,

Hydrologic balance study is mainly a lunped model study
The entire study area is taken as a single unit and average
values of the parameters of the area are taken or assumed for

-tﬁ.(: S ‘tU.ClY-

Precipitation is the main source of supply. Although
its distribution varies greatly from period to period, varia-
nce from year to year is not so marked and precipitation
cver the area under study generally follows a set anmmual
pattern. The period of study for hydrolégic water balance

is therefore; generally taken as a year.

The figures that are obtained for consunptive use are

checked by ground water balance study and water use balance

study.
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Ground water table is a subsurface reservoir and 1ts
level fluctuates according to inputs to it and withdrawals
from it. Most of the input to the ground water reservoir
is received during monsoon and withdrawal from it takes
place during the non monsoon period. The water table, there-
fore attains maximum level of the year at the end or scome-
what after the monsoon and reaches its lowest level Jjust
before the monsoon. The period between two consecutive
yearly peaks of water table is termed as a water year. In
case of arid regions this period may be taken from the time
when water table is minimum during a year. The water year
may be further subdivided intoc smaller periods of a year

for detailed study.

In the areas where most of the rainfall occurs in a
part of year, it is desirable to conduct water balance study
on part year basis i.e. for monsoon period and non--monsoon
period,. éenerally, the periocds of study in such situations
will be from the time of maximum water table clevation tc
the time of minimum water table elevation as the non-monsoon
period and from the time of minimun water table to the time
of maximum water table clevation as monsocn period. For
Northcrp_lr_;dia9 the water year can be taken as November 1
to October 31 next year (or October 16 to Oct. 15). The
monscon and non-rionsoon pericd can be taken as June to

Cctober and November to May (May 16 tc Oct 15 and Oct 16
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to May 15) next year respectively.

For this study it is desirable to use the data of a
nunber of years preferably covering ohe cycle of a dry and
wet year., This will enable to determine the recharge for
an average year, so thnat the ground water potential of the
area 1s known. Any development of the ares beyond this
average recharge would cause 'Mining' of the area and the
water table will go down and would not only be expensive
due to cost of puuping but also affect the surface Supply
of the bounding streams. It is, therefore, necessary to
limit, the exploitation of ground water reservolir to the

safe yield cf the aquifer.
5.3 Lunped Model of Two Seasocns

This mcdel is used to study the impact of various com-
ponents of the system on the ground water reservoir. The
components which are difficult to evaluate are the recharge
from rain, evapotranspiration fron ground water and the dis-
tributicn of withdrawal from ground water. Other couponents

could be evaluated within reasonable reliabilitys
6.0 Components of Water Balance Equation

Considering the ground water balance equation the

various terms can be evauated as below :
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6.1 Recharge from Rainfall (Rui)

art of the rain water that falls on the ground is
infiltrated into the soil. This water infiltrated is utili-
sed partly in filling the soil moisture deficiency and part
of it is percolated down recaching the water teble. This
water reaching the water table is known as the recharge from

rainfall to the aquifer.

The recharge from rain can be estimated LY nucl ear
Lo )

methods :

1. Tritium injection

2. Gamma transmission method

The tritium injection method has been found to give
gooud recults, but cannot be used for long term estimates.
The Gamma transmission method is being develcped and can be

used without causing hcalth hazards.

The other method of working out recharge from rainfall
is an indirect one i.e. by using the watertable fluctuation
in the area. Under this approach the various other factors
in the equation 1 are estimated over a certain period and
the net recharge estimated. In this equaticn the nmost diffi—
cult task is to estimate the inflow to and ocutflow from

the area from upstream and downstreern regions or other

basins or deep percolation to other aquifers contributing
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to other basins further downstream.

By this method of working out rough recharge esti-
mates from rainfall , it is required +to work out the
average rise in water table during the period Jjust before
and after the rainy season. If this rise is deted by
he nd %}9 is the specific yield of the aquifer and A the
area, then

R = h e S A. oot(6)

i e
Here the rise in water table contributed by other
factors in the ecguation 1 is considered negligible and

rejected.

The velue of specific yield can be determined by
punp tests or if that is ncot, available, the following values

worked out by U.S.G.S. Hydrologic Lab. (1) can be used.

Material Specific yiecld (%)
Clay 1
Silty clay 2
Sandy clay 3
Clay silt 5

Spiil

~ =

Clay sand

Silty sand 20
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Sandy silt 14
Fire sand 26
Medium sand 35
Coarse sand 33
Sand (undifferentiated) 32

Values from Eckis (1934)

Fine gravel 25
Medium gravel 20
Coarse gravel 14
6 Recharge by Seepage from Canals and Percolation
from Irrigetion Fields (Rci)

A nunbcr of investigations have been carried out to
study the scepage losses from canals. All these formulae
glve tho scepage losses in M3/sec per million sguare metre
of the wetted area. In addition to the seepage losses
from the main canal a2nd branches, the seepage losses also
take place from the water courses and also a certain amount
of water percolates from the fields which is accounted for
by irrigation efficiency. Even by lining the canal system
which accounts only for lining of main canals, branches and
minor canals, the losses from the water courses and fields
will remain the same and would build the water table. The

Punjab practice is to assume losses from lined canal as

one fourth of those from unlined canals.




The following formulae are in use in North India.

In U.P. the losses in unlined channels are usually
connputed using the foilowing formula @

it

Losses in cumecs/km. = 336 (B+D)Z/d rea T

where B and D are the bed width and depth of the

channel in neters.

C is a constant, being 1.0 for intermittent running

channel and 0.75  for constant running channel.

In Punjab the loss formula is 2z function of dig-
charge (2) wherec losses in cumecs/million Sqs meter of

wetted perimeter

where Q is the channel discharge in cumecs.

USER(6) has recommended the following values for

chamnel Losses based on the channcl bed paterial.

Meaterial Losses in cumecs/million
sq.m. 0of wetted perimeter

Clay and clay loam A
Sandy loam 2.4
Sandy and gravelly soil 8.03

Concrete Lining 1.2
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lhe World Bank in their staff appraical report for

mediun and Minor projects No.3260 in the month of Feb., 81
recomiended the following maxinum efficiencies to be used

in project planning.

MAXTMUM EFFICIENCIES TO EE USED IN PROJECT PLANNING

e S S )

e T e S

i Bﬂurli grqgﬁ Rabi Q&im,g

Laddy P“op Non Padav S LILLCleucy

e, GEORER L ()

Loss Effi- Loss Effi-
T e (#) . _ociency (4) _ciency __ .
Conveyance 10 90 10 20 10 S0
from dam to
8 ha.Govt,
outlet
Operational 1) 85 15 85 5 95
logses
Field channel 10 90 10 90 10 90
leosses
Field aupli- 20 80 40 60 25 75
cation
losses
Cverall 55 42 58
efficiency

However, the various guidelines for estimating

losses in the distribution system as given above are at best

approximate. Thus, thé seepage losses may best be estime-

ted by conducting actual tests in the field for which a
avallable,.

nunber of tests are The methods most commonly

adopted are (i) Parshall Flume method (ii) Current meter




method and (iii) Ponding method.

The first two methods i.c. the Parshall Fluuie
method and the current meter method are basically discharge
Heasuring devices. Thus in these two methods discharges
e measured at twe differentlocatiorson the two sides of

the test scetion and the difference assumed to be losses

in that particular reach.

In thc ponding method bunds are constructed in the
canals at two locations, one upstresm and the other down-
stream of the reach of cenal with the water filled in it.
The total change in storage in the reach is measured over

a period of time and seepage loss conputed.

The total losses from the canal and field channels
generally consists of the evaporation losses (EC) and the
secepage 1osses (Rc)a The evaporation losses are generally
10 to 15 percent of the total losses. Thus the RC value
is 85 to 90 percent of the losses from canal and water

CoUrscs.,

6e3 Recharge from Field Irrigation (RIi)

This consists of RICi’ recharge from canal irriga-

tion on the field and RTOi recharge from tubewell irriga-

Hy
’-j
Q

ticn Eite v iielan RIi will be calculated for the entire

irrigated area whereas RTci on the canal irrigated area
L
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and RTpa on well irrigated area. The component Rui mentioned
earlier refers to the entire unirrigated area. In the
absence of any field investigation the coefficients are
given as a fraction of the water applied on the field.
Generally these figures are 0.4 and 0.35 respectively.

With economical use of water these Tigures are likely to
reduce, but in the near future may be expected to reach 0.35

and O.3 respectively.

)

6o Recharge from Depression Storage (R

si

The surface water may be stored in the depressions
wiiich may be fed from canals or by seepage water. The
change in depression storage at the beginning and at the
end of the study pericd can be estimated from the field
survey. But in the present study, it is assumed that the
change in the depression storage 1s inappreciable and can

be neglected.

O
L]
1

Inflow and Outflow from the Basin (I, and O

G G)

If a doab is considered for analysis, it will be

bounced on two sides by two streaus and on the other two

-

sides by other aquifers or extension of the same aquifer.

In such analysis it is desirable to take these boundaries

as one along a water table contour. The flow into the

reglon or out of the rcgion will be governed mainly by the
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hydraulic gradient amd the transmissibility of the aquifer.
This gradient of the aguifer can be determined by taking
the slope of the W.T. normal to water table contour. Then
the inflow or ocutflow can be determined by the following

relationsiniy

~

L
Q@ = &

Ti AL 0o (10)
where T is the transmnissibility, 1 is the hydraulic

gradient average over a lengthal.

L - total length of the contour line.

o

Also observing the hydraulic gradients the losses
across the river or inflow from across the river can be

worked cut.

6.6 Influent and Effluent Seepage (SR)

The flow into the rivers or the river hydrograph
it

is composed the surface flow component and the ground
water flow cimponent. In certain reaches of the river the
ground water lcvels being lower than the river, the influent
scepage will take place. Also during floods a certain
amount of water will enter the flood plain and may raise

the water table elevation reducing the contribution of the

groundwater to the river. In some cases even for part of

the period the river may become an influent stream and,
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may contribute to the ground water storage.

This water stored in the adjoining area to the
river and flood plain is rcleased as base flow during the
receeding river stages. Thus, this storage will on the
hand reduce the flow of ground water. from storage to the
river and on the other will release thi s temporarily stored
water to the river as delayed flow making it more useful

for utilisation downstream.

In order to estimate the contribution of water from
the ground water aquifer to the stream as regenerated flow

the following equaticn can be used :

B3

& Qooint = & ==
& %ﬁwt Hﬂﬁ1:+ Z S it o+ Qt&t
Q. N+ 58S, . N

where
O, = discharge at the d/s scction
I., = discharge at the u/s section
on = ground water contribution (to be evaluated)
from both banks of the river
ER = rate of evaporation frum the river water

surface and flgod plain

Qt = discharge of tributaries
QQ = discharge diverted from river

SpE =

cnange in the storage of the river bank arez.




But this Sh would be contribution from aquifers on
bothh sides of the streans., The contribution from each

side can be scparated by any of the following nethods.

ey The contribution from both sides can be assumned to

be in proporation to the areas on either sides.

<
o)

o The transmissibilities and gradients on either side
are determined. The contribution from either sicde
is then determined in proportion +to the product of

transmissibilities and gradient.

Contribution from left

b,
S P v oe(12)

e s e G IR

1, and TL arc gracdient and transmissibility
respectively on the leftjlq and 1p are those on the rigat
.

sid Ce

6.7 Evapotranspiration

Evapotranspiration is the amount of water loss by
evaporaticn and that transpired through plants for a certain
area. When this evepotranspiration is from an area where

the watertable is close to the ground surface, the evaporation
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from the soll and transpiration from the plant will be at
the maximus possible rate 1.e. at potential rate. This

potential evapotranspiration will take place in a water

logged tract cue to ricse in the watertable or the fore-
sted or other treo vegetation area which has the roots ex-—

tending to the water tablc or upto the capillary zone.
The evapotranspiration from such areas can be worked out
by usual methods of computing cvepotranspiration using the

known data.

6.8 Crop Evepotranspiration Coefficient

Many research stations are new reporting consumptive
use data by relating to evapotranspiration. Coeff. K for
varicus crops, as recommended by Hargreaves are given in

tables Loz i, “Le .

o
O

e Withdrawals from Groundwater (Tp)

Withdrawal is the amount of water lifted from the

451

aguifer by means of various lifting devices. The withdrawal

may be obtained by means of :

l. State tubewells
2. Privabe tubewelis

3. Open wells

In case of State tubewells, information about the
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TABLE NO. 1a

CROP CONSUMPTIVE JSE COEFFICIEN.

Percent ""thsqm@tive"ﬁtc'(Evapo%fénspiraiiOn)_ '
of crop Coeff.k, to be multiplied by Class A
growing Pan Evaporation or Calculated E

Seascn

p

?ﬁ?ﬁﬁ??iﬁgﬁﬁ“@??ﬁﬁ“ﬁffﬁ}”ﬁﬁﬁi{TEQHET?ﬁﬁﬁﬁmﬁfEE”
A 8 C E B G
0] 0.20 0.15 0.12 0.08 0.90 0.60 0.50 0.60
5 0.20 0.15 0,12 0.08 0.90 0.60 0.55 0.90
10 0:.36 0.27 0.22 0.25 0,90 0.60 0.60 0.95
A5 0.50 0.38 0,30 0.19 0.90 Q.60 0.65 1.00
20 0.64 0.48 0.38 0.27 0.90 0.60 0.70 1,05
25 0.75 0.56 0.45 0.33 0.90 0.60 Q.75 1,10
30 0.864 0.63 0,50 0.40 0.90 0.60 0.80 L.14

0.90

0.60

Q.66

1.17

40 Q97 0573 -28 0.52 0.90 0.60 0.90 1.21
45 0.99 0.74 0.60 0.58 0©.90 0.60 0.95 1.25
50 1.00 Q.75 0,60 0.65 C.90 0.60 1.00 1.30
99 1,00 0.75 0.60 0.71 G990 0,60 1.00 1.30
6 U989 0.74 0,60 0.77 ©0.90 Ce6l  1.00 1,30
65 Ue96 0.72 0.58 (.82 0.90 0.60 U.95 .25
7 C.91 (.68 0.55 0.8 U900 0.6C 0.90 1,20
75 U.85 Uab4 UeBL (.90 0.90 .60 UaBS 1415
8u UeTD U.56 0Us45 .90 0.90 .60 0.80 1.0C
85 CebU (.45 0436 U.80 0.90 0.60 G. 75 1.00
20 Ved WU.35 Uu28 .70 G.90 0.60 CeTU  U,9C
10606 Uil 0,20 0.17 ©Ta20 0,90 060 UeBlL U.2C

Group A

Group B

- beans, maize, cotton, potatoes, sugar
Jowar and peas.

- dates, olives, walnuts, tomatoes,

Group C - nelons, anions, carrots, and grapes

Group D - parely, flox, wheat, and tother small grain
Group E -~ pastures, orchards, snd cover crops

Group F - citrus Crops, cranges, limes and grape fruit
Group G - sugar and cane and Alfalfa

The evaporati:

on from free water surface of river

and from the flood plain area can also be evaluated using
the pan evaporation data or the hydrometeorological data(3).




L2,
TABLE NC.1lb

CONSUMPTIVE USE (EVAPO-TRANSPIRATION) COEFFICIENTS k, TO BE
MULTIPLIED BY ESTIMATED OK MEASURED CLASS A PAN EVAPORATION

crop Sugarcane Rice  Groundnut Castor Beans Sugarcane

growing  Hawail Los Banos Isreel Hargreaves Hargreaves
Bgason

e e e S S e e e ey

6 .34 1.00 .30 .16 .40
5 e 37 1:.02 .30 .30 <50
10 « 40 1.03 32 50 <55
15 44 1.05 +35 265 55
20 50 1,67 . 40 e T4 .60
o5 .60 1.09 <49 .81 .67
30 o T2 p el .60 .87 WS
35 56 Fredl 3 69 .92 .80
40 .93 1.16 .78 .96 «85
45 .98 1.18 -85 . 98 <87
50 1.02 2@ .90 100 .89
55 1,05 e .94 1 .00 +80
60 1B T .96 . #99 .90
65 1.10 1 +95 .97 w85
70 Lol LL20 - 94 .93 <75

15 1.16 il ik a9 .80 o Tk
&0 1s19 1.16 .86 82 .6 U
85 1.26 1.10 s 72 .99
90 1.20 1.03 o 12 « 58 o DL
95 1.19 . +96 .64 o3 7 .50
1C0O LedY « 90 515 22 « 50

ﬁ sasonal
k . « 89 il Al .68 o713 .69

[ SR o B . o T e— e

J

* Based on a 13 months crop length.
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number of running hours and discharge is obtained to cal-
culate the volume pumped in each month. The information is
available with the various tubewell divisions of irrigation
departments. Similar information 150 needed for private
tubewells and open wells (including those with mechanical
devices) is maintained by Minor Irrigation Department. In
order to find the draft from private tubewells and open
wells, sample surveys have tec be conducted regarding their
nunber, discharge and withdrawals over the year. These
sample surveys will update the information about the average

o 1

lischarge pumped by private tubewells and open wells.

But the main problem is that the draft by wells
cannot be known in different periods. For this water use
equation is used to arrive at the fortnightly estimate of

dreft by wells ,by suitabiy adjusting the water application.
6.10 Changes in Ground Water Storage

Water level fliuctuations in wells indicate changes
in storage resulting from recharge to or discharge from the
ground water reservoir. When recharge exceceds discharge,
water levels rise, conversely, when recnarge is less than
discharge; water levels decline. The water levels are
highest immediately after monsoon in the mbnth of October

or Novamber and lowest Just before rainfall in the month of

May or June. The water levels are observed througn &
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network of observation wells spread over the area. Change
in storage for distribution model study can be computed

from the following equation.

1

Change in storage = I h. A. S. . o eilCTL )
in which,
h = change in water level

A = arca influenced by that well

SY Specific yield

In case of lumped model studies, the average (weigh-
ted) depth of change in water level over the area is found.
The specific yield of the area can be estimated by long

term pumping out tests in shallow wells.
7.0 Data Requirement

The data required for carrying out the water-

balance study'can be enumerated as follows ¢
il Watertable data

Premonsoon and post monsoon data of sufficient
nunber of wells should be available for a few years. The
well locations should be availzble on a maps. The wells
should be adequate in number and well distributed within

the area, so0 as to permit reasonably accurate interpolation

for contour plotting. The available data should comprise




RL of watertable and depth to watertable. Piezometric data

shiould also be available at a few points close to the river.

(a2

fEiE Rainfall Data

Monthly rainfall data of sufficient number o1

stations lying within or around the area should be available.

The data should be of the same period as the watertable data.

The number of stations should be larpge enough TO permit

computation of average rainfall. The locations of rain-

B

suges should be marked on a map (prefcrably the same map

0

Toic Canal Supplies

Monthwise release into the canal end its arteries
alongwith running days eaci month over the Lntlyc period of
. = . @&WN“Q“
water balance will be requircd. To account for* the seepage

losses, the scepage test data will be required in different

canal reaches, UlthlUutlng channels and water courses.
7.4 Ponded Infiltratio

Field test date will be required for computing final
infiltration capacity to be used to evaluate the recharge

from depression storages and leakage from the tank.
TaD Tank Data

Monthly tenk gauges and releases should be available




for the samne periocd for which other data are available. In

addition to this depth Vs area and depth Ve capacity curves
should also be available. These will be required for com-

outing the evaporation and the seepage losses from tanks.
45> Ax 4

i}

76 Aquifer Parameters

The specific yield and transmissibility data snoulc
be available at points sufficient in number to account for

the variation of these parameters within the area.
e 4 Details of draft from wells

A complete inventory of the wells operating in the
area, their running each month and discharge are required
for estimating groundwater withdrawals. If draft from wells
is not .mown, this can be cotained by cariying out sample
surveys. For getfing the draft each month, the consumptive

use of crops can be adopted for evaluating the same.
7.8 Cropping Patterns

These data are necessary for estimating the spatial
and temporal distributions of the groundwater withdrawals
and canal releases i1f required. These should be available

for the same period for which other data are available.
iration Data

Te9 Evapotrans

These data should be availeble at a few locations




for estimation of consumptive use requirements of different

Croms.
T+10 River Data

These data are required for estimating the inter-
flows between the agquifer and hydraulically connected rivers.
The data required for these computations are the rivergauge
a (monthly preferably) and the river crosslsections at a

few locations. The river gauge data should be available for

the same period for which other data are available.
7l ol Land Use Data

These data are required for estimating the ET losses

from the watertablc through forests and orchards.
8.0 Data Availability in Satak Command

The cata has been collected from MePo Irrigation
Department and Narmoda planning-Authority and other concerned
departments. Some observations have been made by CE'S also

the dats as available is as below
S Water Table Data

All the wells that are being monitored in Satak

coumend have been classified uncder the following groups

as

a) Tenporary observation wells being monitored by GWS.
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b)  Wells between dykes being monitored by CES.
c) Wells along RTL (2) left bank being monitored by CES.
d) Piezometric data of 4 piezometers installed along

BT, (2] 1 80

(2] Temporary observation wells G.W.S. in Satak Command
for which monthly water level data was acquired total 19.
For these wells monthly water level data for a period of 13
months starting from June'?2 upte June'83 is available.

These are shown in Table Zs

(b) A total of 63 wells fall in this group. The following
Table gives the village wise distribution 0f wells, nomencl-

ature and commencoment of data collection.

Village No. of wells Nomenclature Observed from
Bal gaon 2 AOL--AQE July'83
Balsamund 9 801-B0O9 July'83
Ekalgnariya 4 CO0l- C04 July' &3
Balkhad 10 DO1-D0O9 July'g3
Regwa ) EQCL-x0¢ Aug.'83
Bamandi 10 FOl--FO9 —do~
Salimpura & GO1-GOg Sept.'83
Salkur < HO1--HO4 = O~

Table 3 shows the data of wells between dykes

collected upto Feb.'19¢4,




(c) CES has monitored 52 wells along RTIL (2) (Long.

75031‘20““), Recording of water levels in these wells started
in April'83 and were regularly recorded upto Feb.'1984.

The particular of these wells arce Presented in Table 1.

(d) A4 series of 4 piczomcter have slso been installed

along RTL(2) lcft bank which werc also monitored. The data

Lty

of piezometers collected upto Feb.'84 are presented in

(el Seasonal water level data for year 1970-71 is also
available for some selected wells. Table 6 gives the

particular of such wells as well as pre and post monsoon
water level data. These were extracted from the Gechydro-

logical Report for parts of Rajpur, Manawar, Mecheshwar and

P

asaraw. d.

(f) Details o1 the permanent observation wells at
Balsamand are available and water level data for well is
available season wise from May'74 upto Nov.'82 after which

monthly observations are available upte Nov.'83.
This is given in Table il

Rainfall Data

(a0}
M

The following rainfall data is available for one

. Cbservation station at Satak tank: Daily Rainfall (ih fm )
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from June'74 upto Oct.'1983. This data has been extracted
from the M.P. Irrigation Department records. The rainfall

data are presented in Table 8.

B oS Tenk Canal Data
(1) Tank gauge, surface area and capacity data for

Setak tank, is available as given in Table 9.

This has been used to develop the elevation Vs

area and clevation Vs capacity curves 28 shown in
I

Blgs ' 1.
(2) Tank gauge at the beginning and at the end of cach

nonth from Junc'é69 upto May'79 is available and

given in Table _10.

33
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(3) Daily tank gauge data available from June'7¢ upto

o~

e

Nov.'83 and is show: in Table 11.
(4) Monthly weter releases from tank to canal for the
years 1979-80 to 1982-83 was also supplied by the

cffice of SDC , Irrigation sub division No.1

Kasrawad. The release data are presented in Table 315,

8.4 Lift Pumping

In Satak command 1ift pumping has been resorted to

- from the tank as .well as in some reaches of the canal. The

details regarding lift pumping that are available include




1ift puuping locations €«gs reservolr, rain canal etc. sthe
nunber of puips of fecting such 1ifts, end &lso the total
ares irrigated by esch of the 1ift « Such data 18 available
frem 1975 upto 1978 =nd are glven in Table 13, UHonthly

reas irrigated ~nd cropwise areds jprrigated are chown in

o

Table . -14 anc 15 respectively for the period 1979-80

to 1982-83.

However, cenalwlses cropwise and yearwise areas

irrigated by 1ift punping ig available for period 1979--50

to 1982-83. These alc given in Table 16.
8D Aguifer Parameters

The agquifer paremneters namely the tronsnissibility
and the specific yield are evaluated at specified location
by conducting rest puaping and analysing the punping datae
Since no tranesnissibllity tests have been conducted in the
zone close To Narmada in Satak coipiand areés the test puwap
" results of Surana and Jhirvi were adopted to get the trans-
‘pissibility values close to Narmada River in the gotak command

area. These two ywells were selected becausc gl thell

=
4]
)
o
&
3
®

similar nature of aquifers bellg wenthered end £
pbagalt. The transnissibility value for Surand is B2.89

WSy piai L e
5,67 m~/day klramsm1551blllty

(@]

g o -
n4/day end that 10T Jhirvi as
map s fign,a=nu°a), The thickness of saturated formation

is around 5 ietres ana that in Jhirvi is about 4 netres




giving a perwcability figure of about 15 L/ day.

In the region close to Narmada in Satak ccomand,

the thickness of the saturated aguifer during pogt~uonsoon

season 1s around 5 nmetre and during pre-monsoon period is
9

around 4 metrc. Thus transinissibility value of 80 m*/day
/} :

was adopted for rainy scason end 60 n“/day for non-rainy

SEeaSOn.

1 HP  Village No. of 7% HP 3 HP 5 HP 10HP
wells sE€

50 - Satkur 91 25 16 o
41 1(D) Katkur 94 17

9 - Pathora 73 1 3L 3l
16 - Balkhad 29 R 28

w

7 - Pagakhed 45 %, 28 14 e
5 - Kachhipura 23 - 16 1 1
- laharajkhedi 2 - G 1

6 - Ekal ghariya 28 i 2L -

4 - Dhamnod 10 2 1 3

14 10 Bamandi i 26 34 2
5 - Salimpura 28 30 23 -
- - Roopkheda 48 6 41 I
1 Sonkhedi
3

N
‘._l
}_J
oL
f._l
O
(@)

- Regwa 70 REs 45 1C
26 - Balsemand 109 42 49 - il
3 &= Ralgaon 34 1 6 20 2
- - Akbarpura 3 - 3 -~
5 - llajnapura 25 - 7 Ll 2 2

I e BETT W 5 o

Table 17 gives the results of the sample survey. The
table shows the wells surveyed, the draft systen used and
their corresponding draft.




Draft from drinking wells

Village wise population figures as given in table
16 and adopted from the satak tank performance evaluation
report for the year 1971 were scaled up by 20 percent and
tekenn as population figures for 1961. A draft of 25 litres
per capita per day was adopted to estimate the draft from

wells for domestic use.
8.6 Ponded Infiltration Data

Results of Infiltration tests, conducted at 36
locations by 1.P. Agriculture Department and CES (through
UsPe IRI), are given in table ..:s.. 0f Chapter see«.. (Hydro-
logic soil classification). Out of these tests, threc test
sites fall within the command of Satak tank as listed below

along with the values obtained at each sitec.

S5.No.  Village location Final Infiltration cap.(ma/hr)

1 Satkur : 400

o Balsamund Sl

3 Balsamand 2.5 AV = 3.8 mn/hr.
Sl River Data

These data arc required for estimating offluent
and influent secepage. There are a number of discharge

measuremnent stations established along River Satak. These
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along with the river flow data are presented in table 19

The data available is for the period from 1.8.82 upto 10.4.83.

| 8.8 Seepage -hrough Canals and Water Courses

Table 20 gives the particulars of the tests con-

ducted by CES through UP IRI to determine losses in the

canals and distributiories. R
Losses in Water Courses

Table 21 presents the particulars of wells covered
by the sample survey. Also shown in the table are computed
average losses in the water courses. These are used to

estimate the net draft from wells.
8.9 Draft from Wells

G.W.5. conducted an inventory of all wells in Satak
Commarnid. The village wise distribution of such wells is as

follows :

8.10 Evapotranspiration
Table 22 shows the averageé monthly potential

evapotranspiration rates for Indore and Khandwa. Average

imonthly Class A pan evaporation data as available for

Khandwa are given in table 23.
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&l Land Use Data

For a totel Geographical area of 5341 Ha. table

24 shows the land use pattern for the year 1982-83.

N

Out of a total cropped area of 3228 Havp 1BI8 Ha . is
irrigated by the Canal and a total of 52.6 Ha . comes under

forests.

9.0 Date Availability in Kunda Command

]

9.1 Water Table Data

The following is a list of wells being monitored in

the Kunda Command Area.

(a) G.WeS+ 1s monitoring 39 temporary wells distributed
in end zrcund Kunda command. For these wells,
nonthly water level data from Nov.'S82 upte Nov.'83
is availalle. These are shown in dlable, 256

(b) Weekly water level data of © temporary observation
wells in Kunda command monitored by GWS is available
from Sept.'82 to April's3. Table 26. shows the
details of these wells.,

(¢) CEBS is monitoring 67 wells (numbered 1 to 52) along

T\ RIL (D) Biont BRUE, Tout e SH R el Ne.SI6! wes

always found dry. A record of monthly water levels

starting from April'83 upto Feb,'§4 is available.

i

Thiese 67 wells include 10 wells that are included




(d)

(e)

(1)

in the 39 wellg listed in table 25 . Particulars
of these wells are given in table 26. .

On the periphery of Kunda command CES has selected
30 wells for which water level data has been coulle=
cted. The dota extends from May'e3’ upto Noyv.'83
and are presented in Table 28.

Water level data for 262 GWS wells within Kunda
command area is also available from Oct.'&2 to
April's3.

Table 29, gives the daft system used for these
wells. Based on this information drafts are found
ST,

The cld permanent observation well at Dheamnod is
being monitored by GWS. The data for this well is
avallable from May' 74 ts Nov.'83. Tbn garticulans
are presented in Table 30

A total of 4 pieczometers have been installed along
RTL(2) , Right bank out of which 3 are located within
Kunda Command area. Table 31 O presents the details

of these piezometers.
Rainfall data

Dally precipitation (in inches) recorded at Kunda
Tank Raingauge station is available fron June' 71
upto 13th MHarch*83 and from June'83 uptn Oet. * 835

These data are presented in Table 32.
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9.3 Tank Data

Gik) Daily pgauge data from March'7l upto 13th March'83
and from June'&3d to Oct.'83 is available and pre-

sented in Table 32.

—
)
S

From the data on teank gauge, capacity and reservoir
surfacc area and presented in Table 33y , elevation
vs area and elevation vs capacity curves were pre-
pared. These are given in fig. e

(3) Daily canal release data is available for Nov.'72

and Jan.'73 to May,77, from April'78 to Feb.'8l and
from Nov.'82 to 18th Feb.'83 .« The breaks

in between are the months in which the canal was

not in operation. This data is presented in table 34.

Lg A
9.4 Lift Pumping Data

No 1lift pumping is done either in from the Kunda
Reservoir or any of the canals. This factor is therefore

not considered.
9.5 Aguifer Parameters

One pump test data for Eklera Khurd was available
in Kunda command area but the formation in this well is
weathered basalt. Since the transmissibility value close

to Narmada River is needed, the value for this well cannot
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be representative of the formation close to river.

The test punp data for Thikri was avallable, the
analysis of which revealed a transmissibility value of
101.9 m'z/day with saturated thickness of about 5 mts
glving a permeability value of 20 m'/day. This value was
considered applicable to Kunda command region close to

Narmada also.

In alluvial reach close to Narmada in Kunda command
the saturated thickness is about 5 mts in post monsocon
period and 4 mt. in pre monsoon period. Therefore, the
value of transmissibility was adopted as 100 m*./day and

518) m‘z/day for rainy and non rainy period respectively.
9.6 Ponded Infiltration Data

Results of Infiltration tests conducted at 36 loca-
tion by MP Agriculture Department and CES through U.P.,
LeRele; are given in table ve... of Chapter ..... {(Hydrolo-
gic soil classification). Out of these tests, two test
sites fall within the command of Kunda +tank as listed below

along with the values obtained at each site.

S1.No. Village Final Infiltration Capacity mm/hr.
i Dhamnod 5 mm/hr
c Morgadi 4.7 mm/hr

Average = 4.85 mu/hr.

e T L R e




T River Data
Wo river data is availablg in Kunda command ares.
.8 Losses I'rom Canals

"CES hzs conducted tests through IRI on the different
conveyance systens of Kunda cemmand area to estimste conve—
yance. losses. Table .35 gives the details of such tests

and the values of thc loss prategs obtained.
9.9 Sluice Leskage Data

Data of leakage through sluices is algo available
from Nov.'82 upto March'83 and shown in Table 3¢ . For
The rest of the period leakage rate of 0.941 cusecs§ is

reported.
C.10 Cropping Pattern

Yearwise, crop wise irrigated area is availaple for

the period 1971~72 to 1982-83.

These are presented in table 37 However, the
data regarding the overall cropping pattern adopted for

practice in Kunda is not available.

9.11 bvapotranspiration and Evaporation Dats

Average monthly potential evapotranspiration rates
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Tfor Khandwa and Indorc are available and given in Table 22,
Information regarding class A pan evaporation rates for
Khandwa is available. Table 23 gives average monthly class

A pan evaporation rates for this station.

9la 1.2 Land Use Data

Land use figures are glven in table 38« Oyt of a
total geographical area of 2430 Ha a total of 257 Ha

has been adopted as arca that has been provided canal irri-

gation out of a total canal command of 987 Ha .
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