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Water Estimation of the Indapur Tahsil

Gajanan Dhobale o ke Di
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Abstract : lace of it. Water estimate sy g;

A water estimate commonly provides the info of quantity ;md-p o le and the 1] Sudies
consider the volumes of water within the various reservoirs of the hydmlo,gl . c}ct;:tn 154§ 690‘%\‘331}1S
from recharge o discharge. The reservoirs of surface and Uﬂdefgml.md \\m;;r ;I 5 ? d by o M
Out of this only 601.38 MCM water is required for use. Water estimate are dev e_ogfa : aadn;eatsunng or
estimating the inputs and outputs of a hydrologic system. Inputs are the processctlf zater Out l‘laLer A
system; these include precipitation and inflow from surface water and g:'omh\ il p = ?re the
processes that remove water from the system; these include evapotranspiration, t e] i At
by humans, and outflow from surface water and groundwater. General hqulo-g] el equation 0 compute
Waler balance and runoff has been estimated. The average surface water village wise runoff of the srudy
area is estimated. There is great deal of variations in terms of \'oh_lme of runoff by d!fferegll] \-‘;lia_ges_ The
entire tahsil is drought prone and faces the problem of water scarcity throughout the y efs A TS; TVing these
outcomes in the present context, this paper calculates the water budget of the Indapu.r 1anstl. The outcomes
of these studies are briefly presented in this paper. It has been observed that the water resources are ny
uniformly available in the study area.

Key words: Precipitation, evapotranspiration, runoff, surface water, groundwater water balance, water
estimation,

Introduction

A water estimate is a basic tool that can be used to evaluate the occurrence and _mm"emenl of
water through the natural environment. Water estimate provide a faundau‘on for evaluating its use ip
relationship to other important influencing conditions such as other ecological S)’Sfﬂms and- features, as
well as social and economic components ~ how much water is being used by agncMmr_e, mdustry and
residents ete, The water estimate process can encompass various levels of assessment which start simple
and grow more complex if there are concerns about how much water is available at any level. Water
estimate commonly provides the info of quantity and place of it. Water estimate studies consider the
volumes of water within the various reservoirs of the hydrologic cycle and the flow paths from recharge to
discharge. Water budgets need to consider this information on a variety of spatial and temporal scales
(Hazel Breton 2010). The maximum water holding capacity of soils, rainfall and potential

cvapotranspiration are the basic controlling elements of water balance. The distribution of these elements

decides droughts or water surplus condition. Therefore rainfall, potential evapotranspiration, aridity,

humidity and soil moisture are become primary controlling factors of agriculture (Saikia 1994). In the
present study water balance technique is used to estimate the availability of rainwater resource in the study
area, The nature and distribution of rainfall of the study area discussed earlier indicates that about 90

percent rainfall takes place during the short period of four months from June to September. There is a great
variation in the number of rainy days.

Objectives

1. To identify inputs and outputs of a hydrologic system
2. To identify place and quantity of water.

3. To calculate the runoff of the study area.

4.To make favourable suggestions to low runoff and sufficient water available.
Study area

Indapur tahsil is one of the tahsils in the Pune
urban centre in the study area. There are eight revenue ¢
42" to 18° 19" 58" North latitudes and 74° 39" 16" to 75° 09" 39" East longitudes (Fig. 1). The area is
drained by the river Bhima on north and east 1bmh sides. Nira River flows south of Indapur tahsil. Total
geographical area of the tahsil is 1575.38km> (Census 2011), out of which Nira river catchment area
compress about 586.8 km”and Bhima river catchment covers an area of 902.43km’. Nira River joins the
Bhima River at famous tourist place i.e. Narsinhapur village after travelling a course of 209 Kms from

origin. The slope of region is towards east. There are three soil types, namely, coarse shallow, medium
black and deep black soils occupying 30, 40 and 30 percent respectively.

district consisting of 142 villages along with one
ircles in the tahsil. The area extends from 17° 53’
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Location Map of The Study Area

Pune Disteict

India Maharashera

Indapur Tahsil " i

&

it ibd methodology Fig. 1 Location map
- FOTI ;he Present research work secondary data source are used. This work is to develop {iigi“"
ase at large scale using spatial and attribute data, The spatial data comprise of all the thematic and
topographic maps and the attribute or non-spatial data is created mainly water details utilities information
etc. All the supported data is collected from survey of India, Maharashtra State Gazetteer Pune District,
Maharash.lra Governments department of irrigation, department of agriculture, department of water
conservation. General hydrological equation to compute Water balance used is P = Q+E+AS. The
Dickens, Inglis and Nawab Alj Jung Bahadur formula was used to estimate the runoff, These data base

converted to Microsoft access format to suit to the link up for processing through Arc View 9.3, Surfer
version 10, Global Mapper version 11.

Present water Inputs and Outputs of the study area

Water budgets are developed by measuring or estimating the inputs and outputs of a hydrologic
system. Inputs are the processes that add water to the system; these include precipitation and inflow from
surface water and groundwater, Outputs are the processes that remove water from the system; these include
evapotranspiration, the various uses of water by humans, and outflow from surface water and groundwater.
It is also observed that the critical examination of ground water recharge potential of the study area reveals
that infiltration is negligible and hence not considered in the present computation of water budget. The
components of a water budget are illustrated in Table no. 1. Many inputs and outputs can be measured
directly or estimated using various techniques.

Table no. 1 The components of a water budget

1 Rainfall 1052.468 Runoff 327.716
2 Canal and Reservoir 214.587 Actual evapotranspiration | 771.212
3 Recharging of groundwater | 275.64 Infiltration *
Total 1542.695 1098.918
Source: Tahsil office and agriculture office Indapur, Irrigation offices, Baramati and Daund, GSDA
office, Pune, 2018.

* Being too low ground water recharge potential Infiltration has not been considered in the present
component. Ref. Fig. 2.
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Fig. 2.

Water budget estimation using hydrological equation
General hydrological equation to compute Water balance used is

P =Q+E+AS
Where,
P is precipitation, Q is runoff,
E is evapotranspiration and AS is the change in storage in soil or the bedrock.
Inputs
1. Rainfall

One of the fact that need to be emphasized here, is that the mean annual rainfall of the eight
stations in the study area is above 362 mm for all of the stations receive more or less same rainfall
throughout the year. The lowest rainfall in the study area, during the last 15 years period of time, the
minimum value was around 128.12 mm in the year 2003 and maximum value was 817.99 mm in the year
2009 with this rainfall the volume of rainfall that is received is 188.06 MCM and 1200.73 MCM,
respectively.

2. Canal and reservoir

The Nira left canal and Mutha (Khadakwasala) canal runs through the study area, hence the
higher level of contribution to the irrigation. On the basis of the hydraulic data total 93.963 MCM water
available from these two canals this is ultimately recharge the groundwater by canal through seepage and
increase the level of groundwater. Dam and reservoirs may largely regulate the hydrological regime of a
catchment since they temporarily store surface water and hence, reduce storm water runoff downstream of
structure. In terms of water budget, overall surface runoff may be significantly reduced due to evaporative
losses from the reservoir and abstraction of stored water.Irrigation tank, percolation tank, K. T. Weir etc.
near the Ujani dam are the water resources for the area.

3. Recharging of ground water

In the study area the total rechargeable fresh groundwater is computed as 275.64 MCM and the
net ground water availability is to the tune of 261.86 MCM. The present gross groundwater draft for all
purposes is 221.15MCM. The Stage of groundwater development for the study area, as whole, is 84.45%.
This indicates that on an average 84.45% of yearly replenishable groundwater is being used in the study
area. Considering the domestic and industrial requirement the allocation of groundwater for next 25 years
comes out to be 18.79 MCM. Leaving this allocation, the groundwater available for irrigation in future is
around 53.33 MCM. The canals and reservoirs are other main sources of groundwater recharge in the study
area.
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1. Runoff

A. Runoff estimation and omputation of jts volume

Ther everal ra:
the followingc :::p?:i;r]ft::r?‘flﬁ-;?&ﬁﬁodr:ls available in the study of hydrological field. In this study,
DFSign flood for Indapur 1ahsj| Whemide :’l; ,uscd and mnpf‘f has been cstima.ted by lhc‘_lhrec methods.
1. Dickens formula rked out by empirical formulae are given below;
Q=CA¥
Where = flood discharge in cumecs
taken as 13.9(1(; |89{fr55;§? lc:i:{llz?(lj::faug;;gc RN

2. Inglis formula A= catchment area in sq.km.

Q= 124A/ (A+10.4)s
Where Q = flood gi scharge in cumecs

A = catchment area ;
3. Nawab Ali Jung Bahadyr formula n sq.km.

Q=C (0.386A) 10925 - (1141 Iog 03884
Wheﬂ: Q = ﬂ(,()d dlSChargc - CUecs

= cocfficient varies from 49 to 60 with maximum value 86

e = catchment area i
B. Distribution of surface runoff -

Runoff is that portio i i
; n of rainfall, w immedi ; I
when all losses are satisfied and if conmd, oy e ey -,

o ! rain is still continued, with the rate greater than in-filtration rate, at this
::?5;;23;:?:;22;"5 ﬂvc‘rl the land as overland flow, For the design of any soil and water consc'rvaiion
Hoooft rate & Cxprcssc)(,j i‘:‘ ¢ :;'i_nncls. runoff volume and peak rate of runoff are rcc_l,ulrcd to be cshmatc;:i.

enerally expressed as m? cubic meter per seconds and runoff volume or water yield from watershed is
& Y expressed as m” Fig, 3a The study area is characterised by undulating terrain land in western part
and castern part is a plain area,

e

e "ty -
i L H
LR

ru s

Watershed Wise Runoff Estimation of
Indapur tahsil

LRLES

o8 L

Legend
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B - s
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[
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T T T 4 hier 8

Fig. 3a

In the study area it is observed that the maximum 402.25 km? (25.57 %) area under more than 125
cumecs runoff and 235.51 km® (14.95%) area under less than 25 cumecs. More than 125 cumecs area
found western high altitudinal area, eastern side strip between river Bhima and Nira and two patches are
found at around Nimgaon Ketki and Indapur settlement. Low runoff (< 25) has found in the Northern area,
besides this it found around in patches in the middle and Eastern part of the study area. Besides this 25-50,
50-75, 75-100 and 100-125 cumecs runoff found in patches all over in the study area (Fig 3a & Fig 3b).
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Table 2 watershed wis¢ runoft

S, | RunofYin Area 30

J . e ] Cripti

No.| cumecs Km' ” Description i

] =25 235,51 | 14.95 | Very low 20

2| 2550 | 33486 | 2125/ Low 15

31 8075 | 35776 | 2271 | Medium i

4175100 | 14932| 94g | High 8 i

51100125 i

125 | 95.08| 6.04 | Veryhigh I IAJROI I

6 | 2135 | 40225| 2557 e 0
|| Tl | 157538 | 100.00

Fig 3b Average surface water runoff (% area)
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5, Social § 3,

The average surface water runofl of the catchment is estimated to 327.72 MCMlyc.ar (Table 3 g
Fig. 4). This is about 31.14% of the total volume of rainfall for the entire study area. There is great deal of
variations in terms of volume of runoff by different watersheds. The maximum contribution of runoff j,
the watershed no. BM67 area that is amounting 46.08% and lowest contribution can obviously be expected
from BM61 Bhigwan area which is only 0.37%. From the following table no. 5.2 it becomes clear that,

due to variation in rainfall and size of considerable amount of rainfall

volume does not get converted in 1o

runofl,
Table 3 and Fig. 4 Watershed wise area and runoff of Indapur tahsil
Sr. Name of Watershed Surface Area in Runoffin
No. Area Km? % MCM in %
1 Bhigwan-BM61 24.53 1.56 1.20 0.37
2 Loni-BM66 194.93 12.37 12.07 3.68
3 Palasdev-BM67 238.97 15.17 150.99 46.08
4 Akole-BM68 125.67 7.98 50.57 15.43
5 Sansar-BM76 337.88 21.45 49.33 15.05
6 Nimgaon-BM77 281.63 17.88 29.98 9.15
7 Indapur-BM78 371.77 23.59 33.57 10.24
Total 1575.38 100.00 327.71 100.00
Source; Author.
H Bhigwan-BM61
H [ oni-BM66
W Palasdev-BM67
H Akole-BM68
M Sansar-BM76
ENimgaon-BM77
M [ndapur-BM78

Fig. 4 Variation in watershed wise runoff
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2. Actual evapotranspiratiqy,

Actual Cvaporation i i v
nisa major com m
] (‘ . Co i i ;
jrrigated area. Lompared wigp Precipitatjg, ponent in the water balance of a catchment, reservoir or lake,
Jong term 1S more difficul g

it to estj ream flow, the magnitude of actual evaporation over the
evapotranspiration data obyajpeq fhi Mate than  ejther precipitation or stream flow. The actual
distribution pattern of actyy) ‘-'Vﬂpotig:? .200.6 Year has been used for the present study. The spatial
distribution. But in this cage SPiration (AE) is shown in the Fig. 5. It has distinct to that of PE

served in the eastern side area and decreasing from east

, » highest v,
1o middle portion of the Study areg. S

Actual Esapotranspiration in s
Indapur tahsil

bin o,

[ ";
-
K
: : Legend
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A & . s
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Source: Remote Sensin
hi

( & and Hydrological Modelin
The

ghest value pf 1500 mm s at the village

annual potential evapotranspiration. This is because of the dependence of actual evapotranspiration on
rainfall. The lowest values of actual evapotranspiration are over the places Nirgude, Mhasobachiwadi,
Lakdi, Vyahali, Kauthali, Karewadi, Nimgaon-ketki, Tarangwadi, Zagadewadi, Gokhali, Vadapuri and
Galandwadi No.2, which is already discussed, is the lowest rainfall part of the study area. In this area
actual evapotranspiration has been observed between 56 mm to | 13mm.

3. Infiltration capacity of the soil

The study area is in the rain shadow and semi-arid climatic condition. In this climatic condition
the direct -infiltration is relatively ineffective because of the rari
precipitation and high potential evaporation.
precipitation in semi-arid
environment results the low deep infiltration of rainwater. The entire tahsil is the basement of Deccan trap
basaltic lava. Typically these rocks form the ‘Hard rock terrain’ and their physical properties such as
porosity and permeability play an important role in the movement and accumulation of
groundwater. Therefore, in the study area, ground water of acceptable quality and quantity usually lies very
low. There are more than 95% area of the study area shows very low ground water recharge, along the
Ujani back water and near the confluence of river Bhima and Nira low rechar_ge the ground water. There
are only 74.67 km’ (4.74%) area recommended for groundwater development l_nzthe study area. These are
found in the patches in SW and NE part of the study area. Another 1500.71 km’ (95.26%) area is notable
for groundwater development.

ty of rainfalls, low mean average
Furthermore, the high potential evaporation compared to
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The average surface water village wise runoff of the study area is cs(llnnarl;:;l tﬂ(}]irzc L Tﬂ%t‘lwum
(Fig. 6), this is about 31.14% of the total volume of rainfall for the entire study & o Jon g :TJTH A eal of
variations in terms of volume of runoff by different villages. The maximum c;)n_ i Mol in the
Akole area that is amounting 79.889 MCM and lowest contribution can 0bVIOUSLy pected froy,
Lamjewadi village that is amounting 0.007MCM.
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Source: Author Fig.6
Classification of villages based on hydrological equation
It can be deduced from the figure no. 5.5 that, hydrological equation implied for water budget
assessment clearly demonstrates that, the entire tahsil is drought prone and faces the problem of water
scarcity throughout the year. In order to make the differences again to find out the villages facing very high
shortage of water. By adopting the grid operation, reclassification has been achieved and two classes have
been determined. One class below ‘0’ indicates more severity covered 566.92 km® (35.99%) area (50
villages) and 0-1 shows less severity 1008.46 km” (64.01%) area covered (93 villages).
Conclusions
It has been one of the challenging studies for quantifying the climate change impact wherein the water
balance simulation modelling approach has been used to maintain the dynamics of hydrology and thereby
make assessments of vulnerability which are more authentic and reliable. The average annual volume of
rainfall is 1052.46 MCM. The very low rainfall volume is observed to the northern side sub basin of the
tahsil (BM-61) accounts 16.43 MCM i.e. 1.56% and very high rainfall volume is observed to the eastern
side sub basins of Indapur tahsil (BM-78) accounts 247.95 MCM which covers around 23.56% of the total
study area. After the study of empirical formula, it is noticed that, around 49.08 % area (65 villages) facing
very high water scarcity and rest of the villages (78 villages), 50.92% area comparatively show low degree
of water scarcity. In an attempt to find out the present villages which are dependent on water supply
through water tankers especially in summer months. This overall statistics generated from the raster
analysis through the principles of map algebra, clearly indicates that entire tahsil is in water deficit zone,
within which different levels of priority have been delineated,

The average annual volume of rainfall is 1052.46 MCM. The very low rainfall volume is observed
to the northern side sub basin of the tahsil (BM-61) accounts 16.43 MCM i.e. 1.56% and very high rainfall
volume is observed to the eastern side sub basins of Indapur tahsil (BM-78) accounts 247.95 MCM which
covers around 23.56% of the total study area. The ‘High’ ground water potential areas are those having
ground water table less than 5 m bgl, admeasures about 394.79 km? (25.06%). The ‘Medium’ areas are
those having water table in the range of 5 to 15 m bgl this groundwater potential zone covers 553.12 km’
(35.11%) of the total study area and the ‘Low’ ground water potential areas are those having water table
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re than 15 m bgl an ;
::ga. gl and under thege having maximum area i.c. 627.47 km’ (39.83%) of the total study

In the study area it j
cumecs runoff };nd 2315 ?]otifzr ved that, the maximum 402.25 km’ (25.57 %) area under more than 125
estimated for western ﬁi h altj (]?'95%) arca under less than 25 cumecs. More than 125 cumecs area
atches are found at arouﬁd ;}ltudma] area, eastern side strip between river Bhima and Nira and two
%onhern area, besides this i ;mgaon Kelki'and Indapur settlement. Low runoff (< 25) has cstinlmlcd for
50-75, 75-100 and 100-125 ound around in patches in the middle and Eastern part. Besides this 25-50,

. umec PR i i k
the catchment is estimated (o 32 ?_7; ‘i\l:['é)]g’;g?d in patches all over. The average surface water runoff of
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