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ABSTRACT

Water has become a scarce resource all over thkel vaod so special attention must been paid tdicati
groundwater recharge (AGR) in water resource managé Availability of non-committed runoff, hydraeglogically
favourable area for recharges and site specifigdex artificial recharge structures are the magayuirements of an AGR
system. Only two main sources of fresh water in wWweld are available which are surface water anougdwater.
The amount of this water sources are very littld aich required storing for future by groundwatecharge which is
very important now a days. For AGR suitable siteeBtigation is required. Groundwater is the maurse of agriculture
and it is also used for domestic purpose. The alinobjective of this study is to investigate theaa which are very
suitable for AGR in upper Bhima River basin in tsemi-arid zone of Pune district, Maharashtra, Inthathis study
weighted values are used in Geographical Informafigstem (GIS) environment and create the therntmtars, the exact
type of artificial recharge structure, like Checkng nallabund, gully plugging, percolation ponds a&te selected for an
artificial recharge. The conventional practice iat@r harvesting takes into consideration the abiiila of land, suitability
of a particular artificial recharge technique degirg on local conditions, and the area benefitednd¢, decisions
regarding the location and type of recharge strediior water conservation can be made only aftégresive ground study.
GIS based modelling approach provides excellens tfow identifying recharge zones with suitableustures in stipulated

time.

KEYWORDS: Artificial Recharge, Geomorphology, GeoinformatigSroundwater, GIS, Land Use Land Cover,
Remote Sensing, Weighted Overlay Analysis

INTRODUCTION

Groundwater is one of the most valuable natuisdueces. The total volume of ground water is on8b@6 of the
total water availability of the globe. The natusaderground water reservoir for storage is verylkrtehelps to support
enormous human health, economic development anbbgcal diversity (Sivakumar, et al., 2013). Thepliion of
groundwater levels is not a new story in India tueapid and accelerated urbanisation and indlisataon. In many parts
of India, especially in arid and semiarid regiotspendence on groundwater resource has increasadrdously in the
recent years due to vagaries of monsoon and sgaftsurface water (Kannan et al., 2009). Effectmanagement of
aquifer recharge is becoming an increasingly ingrdraspect of water resource management straté@ias, 2005).
A large amount of rain water is lost through runaffproblem compounded by the lack of rainwatevdsting practices
(Shankar et al., 2005). Artificial recharge is difegive technique for the augmentation of grounthwaresources

(Ghayoumian et al., 2007). There are many factwisetconsidered when determining if a particuler willl be receptive
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34 Prasenijit Bhamick, S. M. Mukhopadhyay & V. Sivakumar

to artificial recharge. The stability of terraincslid be assessed before constructing any rechargguses to avoid risks
of landslide. Hence, selection of suitable rechaitee is an important step in the artificial redmrplanning.
The application of traditional data processing rodthin site selection for artificial groundwatecharge (AGR) is very
difficult and time consuming, because the dataassive and usually needs to be integrated. Gl8palie of developing
information in different thematic layers and intaigng them with sufficient accuracy and within adtperiod of time.
The application of these methods is indispensablsdch analyses (Ghayoumian et al., 2007). GISiges the facility to
analyse the spatial data objectively using varitagical conditions. Modern remote sensing techrsqdigcilitate
demarcation of suitable areas for groundwater réghenent by taking into account the diversity aftéas that influences
groundwater recharge. Geology, geomorphology, stracand climatic condition are the controlling ttas of ground
water storage, occurrence and movement in hard terciin. These features cannot be observed osufface by bare
eyes but can be picked up through satellite remmetsing with reasonable accuracy (Kannan et 80920 he aim of the
paper is to study for identifying suitable site #otificial Recharge of Groundwater with help ofS3dnd Remote sensing

techniques. Practically it is shown that only byigited value method we are unable to find the eaadtsuitable area.
STUDY AREA

The area under study is the upper Bhima riverrbagiich is located in Haveli Taluka of Pune didtraf
Maharashtra, India and lies between latitude 38 to 18 55’ N and longitude 731’ to 7340’ E Figure 1 in four SOI
1:50000 scale toposheets No. 47 F/14, 47 F/15/ £7ahd 47 J/3 Figure 2. The topography of watetshaundulating
with highest elevation of 1005 m and lowest eleatf 520 m above the mean sea level. The arebaeo$tudy area is
approximately 220 kfrand perimeter 70 km. The average temperature stdgtween 24- 4PC in summer season and
in winter goes down to £@. The maximum relative humidity is 70% to 80% dainy season, and 30% in summers.

The average annual rainfall ranges from 400 tor660by south west monsoon.

From the geological point of view the basin’s @nitis alluvial soil (38.18%), regur soil (47.73%)d mountain
soil (14.09%). The Northern part of the study a@selaounded by Mula-Mutha River, Southern part HishNorth Western
and South Western part by suburbs of Pune cityeastern part by villages of Haveli Taluka.

*a/
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HAVELI TALUKA

Figure 1: Location Map of the Study Area

Impact Factor (JCC): 2.6676 Index Copernicus Value (ICV): 3.0
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Figure 2: Location of Study Area in SOI Top O Sheets

AIM AND OBJECTIVES

The primary aim and objectiv identify the potential sites for locating the grdwater recharge structures us

Remote Sensing and GIS techniques. They are asvial
¢ Studying the Groundwater recharge structures (cdaak percolation pit/pond, etc.) for recommendsa
¢ Appling weighted overlay rules (by ArcGIS version 10.1 ¢egtool).

« Preparation of suitable artificial recharge struetumap (check damVented Cross Bars, Gabion Deg,

percolation pit/pond, etc.)

MATERIALS AND METHODOLOGY

Data Collection

For the study théollowing primary and scondary data has been collected:

¢ Geological Data Satellite: Indian Rese: Satellite (IRS) LIl Image (marcB012), ASTER GLOBAL DEM
(Coordinates: 18.5N, 74.5E Date:17-Oct-11}http://earthexplorer.usgs.qdv/

¢ Survey of India (SOI) topographic data from 47 F/4A4 F/15, 47 J/ 2 and 47 J/3 on 1: 50,000 ¢
» Water level fluctuation data (20-13)

* Rainfall Runoff data (2002012)of Haveli Taluka, Pune.

www.iaset.us editor@iaset.us



36

Methods
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Advanced technologidike Remote ensing (RS) and Arc GIS axery useful for groundwater stud. In the

main task of the current study, the primary andosdary data are assembled together in GIS platfmnc different

“thematic” maps were generated usthgta sources like satellite and topographic.dei@matic maps contain informat

about a single object or theni® make the thematic data easy to understand. phatakdata are assembled in dig

format and properly registered to take the spatahporent referenced. The namely sensed data provides rabable

information on differenthemes. Heng, in the present study various thematic maps werpapegl by visual interpretatic

of satellite imagery, SOI Top sheet. Ale thematic maps are prepared on the scaleldi0,000 tc1:150,000.

GIS Based Modelling Methods

The volume of geographic data is high and the aeslyarevery complex and tin-demanding. To reduce the

uncertainties that occudue to classifiation in GIS. By using Gl&spects of ambiguity in linguistic variables can

modelled (Benedikt et al. 2002).

Using this overlay analysis a new composite mageiserated which iintegrationof various features from these

thematic maps and this is the final composite nmapaftificial groundwater recharge zo Figure 3. The required steps

are as follows:

Spatial database building

Spatial database analysis

Data integration through GIS
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Figure 3: Flowchart of Various Steps Involved in the AGR

Impact Factor (JCC): 2.6676
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RESULTS AND DISCUSSIONS
Digital Elevation Model (DEM)

For percentage slope map, DEM data Figure 4 isimed, The DEM was repaired from ‘ASTGTM2 N18E073
&74’ Aster DEM data in the ArcGIS platform by theosaic tools. Topographic and the slope maps wamnergeed using

the spatial analyst tools of ArcGIS 10.1, thenghely area was clipped out according to its knoagrdinates.
Thematic Maps

All the thematic maps were changed into rastemé&ir and superimposed by weighted overlay method
(weightage wise thematic maps) for Artificial Grawater Recharge zoning.

Slope, Soil, Geomorphology, Land Use Land Cover, @mage
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Figure 4: DEM Data Map

Slope

For estimation of slope percentage, DEM map islisescale of 1:145000. According to the rechangeripy of
groundwater, weightage value is assigned to diffestopes. Steeper the slope, lower will be themptidl of ground water
recharge. Very high degree of slope is given highesghtage value (0 to 4). Five types of slope fatenxd which are:

nearly levelled, gentle, moderate, strong and Skégyre 5.
Soil

According to the data we get to know that the ptaicka has three types of soils i.e. alluvium, regud mountain
from north to south respectively Figure 6. Alluviisnvery suitable than regur as the infiltratioteraf the alluvium soil is
more that the other two. On the other hand, mouargail’s infiltration rate is very poor due to mdaim and hard rock

contents for that it is very poor for groundwatecharge.
Geomorphology

The Geomorphology map Figure 7 was prepared fi@® LIl (March-2012) data using image interpretatio
elements with limited field validation. The Geombaofogical units are highly helpful for selectingethrtificial recharge

sites (Ghayoumian, 2007). In the present investigavarious landforms based on geomorphology Essified as such:
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(A) Valley, (B) Pediplain, (C) Buried Pediplain, (D) Hill Structure
e Valley

Normally the valleys found in denude structural pibvinces will neither be having a preferred shapr shap
less architecture. However, the valleys act ayadtasin or trough to receive teroded sediments, diving down the sl
such as the valley fill having the unconsolidateaterials, which can store more water and suppbudfleegetation. In tf
satellite images, valleys are found all along thettiill and reddish tone due to the sence of vegetation in an irregu
pattern. The stream which originates from the Hhalhges, on reaching valleys narrows down becausteofsuddel
obstruction caused by the valleys.dumps the sediments in valleys and thus causesfarmation of couvial fills.

Colluvial fills are found all along the hill rang
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Figure 6: Soil Map with Types of Soil
¢ Pediplain

The extensive slightly inclined denudatplain, which is formed under the conditions of arahd

Impact Factor (JCC): 2.6676 Index Copernicus Value (ICV): 3.(
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semiarid climaten the spot, is earlier than the existed mountaihilty relief by the parallel retreat of slope®in the

axis of valleys and connection of the separatéese¢int sections is called pedip!

» Buried Pediplain

The surface of the pediplawhich normally suppos vegetation ndéracture present will suppoio content more
water deposition. The pediment content wno rock cut materials on the plain surface is calBuried Pediplain.

This portion showgreenish red tone arregular texture in the satellite imagery. Ifasourabli for vegetation growth.
e Structural Hills

The structural hills controlled with complex foldin faulting, crisscrossed by numerous joints / tfress,
which facilitate some infiltration and mostly acs runoff zones. The southempart of the study areis occupied by

intricately folded charnockites, gne@sd fringes of the ar havedeveloped conspicuous slopes encircling tl
Land Use Land Cover

The study area is basically covered by agricultimadl (78Kn%), scrub and hilly land (68K?), urban area
(66Km?) and very small waste land (2¥). Some water bodies also present mainly inth portion of study area.

Main River Mula-Muthas present covering northern part of the study aigm5 Km?Figure €.

Other areas of the watershed are mostly altereeixtgnsion cultivation land and settlements andedsffit roac
ways and railway tracks. On the basis of the aitamaf land cove areas, some urban centres have been coming ug

margin of road ways and railway track of the wdted

The urban area, the hilly portion and the wastelared unsuitable for artificial groundwater recharBet the
plane land like agricultural lanand the water bodies are most suitable for it. Adicg to the suitability weightage a

given to the various land used and covered podiahin GIS environmetr
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Drainage

The watershed region is extensively drained to MMutha River by many streams form source to mout a
number of T order, 2° order, & order and " order according to Strahler's method tig ¢a. 3% and 4" order drainage

lines carry more runoff water.
In Strahler’'s System (1952)
» The order of the stream is f ai streanhas no contributing tributaries.
» If there have more than otbutaries,in i andj orders then
e if i =] then the order of the resulting stream wili +1 orj +1
» else ifi <] then the order of the resulting stream willj
» else ifi >] then the order of the resulting stream wil i

Two streams with same ordi unite to give a stream of order1 and if the streams of different order unite

new stream retains the order of the highest ordeamFigure 9b.

Impact Factor (JCC): 2.6676 Index Copernicus Value (ICV): 3.(
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Result

Figure 9a: Drainage Map

Figure 9b: Strahler's Ordering Scheme in Drainage

Rainwater is available due to south west monsoom fJune to October and the average annual raisfaties
from 400 to 600 mm. (according to the India Metdéogaal Department (IMD), Pune).

By the availability of the water as runoff and gm@undwater level fluctuation in between pre andtpnonsoon

season, the suitable site for the AGR was selentedthe final overlay map.

Weighted Indexing Table

Each raster is converted into the shape files ginen the weightage values Table 1 and again ctenvénto

raster. According to the giving weightage, percgataf the areas was calculated. The weights ipthsent study were

given upon the experience of other specialists fpoavious studies and upon the economic pointe@f\Elbeih, 2007).

Table 1: Weighted Index of the Thematic Maps

Maps Types Classes Weighted Value | Area (Km? | Area (%)
Levelled (<1%) Very suitable 1
Gently (1-5%) Suitable 2 95 43.18
Slope (%) Moderate (5-25%) Good 3
Strongly (25-75%) Moderately suitable 4 105 47.72
Steep Slope (75-85%) Unsuitable 4 20 9.1
Alluvium Suitable 1 84 38.18
Soil Regur Moderate 2 105 47.73
Mountanian Unsuitable 4 31 14.09
Valley Very Suitable 1 20 9.10
Geomorphology Burried Pediplain Suitable 2 62 28.16
Pediplain Moderate 3 107 48.64
Structural Hill Unsuitable 4 31 14.10
Water body Very Suitable 1 6 2.73
Land used Land Agricultural I.and Suitable 2 78 35.45
cover Scrub and hilly land Moderate 3 68 30.91
Urban area Unsuitable 4 66 30
Waste land Very poor 4 2 0.91

www.iaset.us
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Water Level

It is very important to know about the water lee¢lthe underground water for selection of suitadntéficial
groundwater recharge sites or zones. The watee tabfluctuating for ground water use by human geiand by the
monsoon rainfall infiltration. There were total ateen villages in the study area but during thevesumve took five
villages’ pre-monsoon and post-monsoon water |dagh Table 2 from the village well and approximatéree wells per
village were considered for taking well readingsor®! water level difference means less infiltrateomd vice versa.
From the data analysis we come to know that iafilbn rate of Furusungi and the surrounding aree fess infiltration
capacity as the water level difference is much higin the other four places. So priority of AGRdss than the others.
Kondhwa Khurd is very suitable for AGR as the waésel difference of pre and post monsoon is Isssnfiltration rate

of this area is high.

Table 2: Water Level Fluctuation Data (2011-2013)

Village Latitude | Longitude | Depth Post Pre Water Level
We?l (Decimal | (Decimal of Monsoon Monsoon Difference
Degrees) | Degrees) | Well Depth (m) Depth (m) (m)

Eﬁﬂ?(;“’"a 18.4736 | 73.8897 | 8.80 2.71 1.46 1.25
Pisoli 18.4518 73.9091 23.13 8.73 5.54 3.19
Furusungi 18.4732 73.9826 13.30 11.28 3.46 7.82
Manjari 18.5182 73.9862 10.91 9.40 5.32 4.08
Hadapsar 18.4856 73.9370 9.8b 6.33 2.48 3.85

Water Availability

Pune gets rainwater during the five months monsuauioh is from Mid of June to October. Out of thk dams of
Pune district, for 10 dams, (which are in south sodth-western region of the study area) five yé2088-2012) average
monthly rainfall and runoff data was collected fraime Department of Irrigation, Pune Table 3. Bysthiata,
water available throughout the year is known antbating to that the recharge by the recharge streatan be done.
Mula-Mutha River is the only main river of the ar&dater comes as runoff (average 4419.3 cusecqa) yrom the all

10 dams by various tributaries.

Table 3: Avg Monthly Rainfall and Runoff Data (20082012)

Latitude | Longitude Avg Avg
Nargzrc:]f il (Decimal | (Decimal | Rainfall Runoff

Degrees)| Degrees) (mm) (Cusec)
Kasarsai 18.618 73.664 961.2 6428.4
Mulshi 18.526 73.511 2837.2 66229.6
Temghar 18.453 73.541 2927.4 15204.p
Varasgaon 18.387 73.613 2062.2 35612.4
Panshet 18.378 73.613 2278.6 44703.8
Khadakwasla | 18.442 73.767 786 2766016
Nira Devdhar 18.108 73. 723 2091 40101
Bhatghar 18.175 73.871 2226.4 40013.2
Veer 18.123 74. 096 1234.4 41721.6
Nazare 18.303 74.188 632.8 337734/2

Impact Factor (JCC): 2.6676 Index Copernicus Value (ICV): 3.0
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Artificial Recharge Site Selection

Artificial recharge is the process of augmentitng thatural movement of surface water into undemgou
formations by several artificial recharge methakis percolation ponding, recharge pitting, en esh@lamming, flooding,
induced recharging, and construction of a battefywells are being practiced successfully all ovee tworld
(Karanth 1987; Muralidharan and Athavale 1998).yThave various other types of soils and water cwas®n methods
which are also commonly adopted including contoandhing; terracing, nalla bunding, and inter-basiansfer
(Troch et al 1980). Selection of suitable sites for applicatafnappropriate artificial-recharge techniques risical for
effective recharge and is dependent upon severalhpers which are to be analyzed together in a ébMronment.
Recharge potential of a terrain highly depends tan ibfiltration capacity of the unsaturated zonewabthe aquifer,
geologic and hydrogeomorphologic parameters, teskipes, land use land cover and drainage defsitygroundwater
recharge zone using weightage index is prepardadsiiable 1. This table helps for required magppration. In the Arc
GIS version10.1 environments all thematic layerd #able of weights which were needed for the weidhimodel,
were built and run to come up with the most favbleasites selection map using the previously meetiocriteria. In the
final map Figure 10 the yellow portion have weight@lue 1 and which is highly suitable for grountlvaecharge and it
is 9.1% of total area under study Table 4. The dduk portion (14.1%) is very poor for AGR as théilfration rate is
very low due to hard rock and mountain soil corgefithe slope of the hill is very strep for thatqipitated rain water
flow at high velocity. Due to high velocity infilition rate decreases which effects in AGR. Rivereiy suitable as water

is available throughout the year as runoff by trerghge channels.

Artificial Recharge Structures

Percolation Pond

Percolation or Infiltration ponds are large opeatev ponds that are either excavated or in an afdand
surrounded by a bank, and normally will not exc&00 m. They store rainwater but with the main aim oflirdting
the water to aquifers where it can be extractedgusoreholes, hand-dug wells, or nearby springsyTre constructed in
areas where the base of the pond is permeable la@ick the aquifer to be recharged is at or neasufface. In the suitable

sites where the low-potential zones with mediuntiggh water table fluctuations happen this is sdédbr such structure.
Check Dam

A check damis a small dam, which can be either temporaryemanent, built across a minor channel, swale
and drainage ditch in order to prevent runoff asthih the water to enhance infiltration into thésuface. Check dams
are recommended at 6 locations across the 3nd rahdrder streams in the runoff recharge zones, leithto moderate

slope.
En Echelon Dams

En echelon dams constructed to reduce the velo€itiver flow, and thereby promote infiltrationrass streams
obstruct drainage. For quick flow of water by tbhad linear stretches of the river, gets little tifoe infiltration. In such
cases, the most suitable recharge technique wauttidbconstruction of a series of en echelon dante®ntrol the water

flow by a controlled velocity.

www.iaset.us anti@iaset.us
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Contour Trenching

Contour trenchings an agriculturaltechnique that can be easily appliedarid sub-Sahara areas to allow
for water, and soil conservati@md minimise soil erosion. A trench about 10 feegl one foot wide and one foot dee|
very effective. Try to stagger them on the hillsgtethat vater is slowed evenly across the entire slope. #uknique

should only be used where the trenches will notplarate the use of the fie

Table 4: Final Map Data

Classe Weighted Value | Area (Km® | Area (%)
Highly Suitable 1 20 9.1
Moderately Suitabl 2 169 76.¢
Poorly Suitabl 3 31 14.1
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Figure 10: Final Site Selection Map
CONCLUSIONS

Five check dams are already present in river outside the research arbut no suc check dam is present in the
current study area. So for that studées being carried out with the satellite image sadous parameters like rainfall,
runoff, slope, soil, geomorphologhe suitable site for recharge to maintain the growader leve also for storage the
usable water of agricultural worRain water is only source of water in Pune distriéor this,there are 31 dams already
present to store the rain water whicdin b used during the rest of the dmyonths after monso. Hence, this research
work is more importantn the final study area map near ab23%area is most suitable where runoff water come into
that filed by various drainage lifieom the hilland mixed into the main rive Mula-MuthBlatural groundwater recharg:
donein catchment area by the precipitatin the monsoon timbut the rate is very low and most of the wimmediately
dispatchedover the drainage according to slcand evaporated and evapranspirated by sun and crorespectively to
overcome thatrecharge structure is required reduce the water loss and teacan be stored and water levellec
maintained by artificial recharg&roundwater recharge also depend upon some mosicghparameters also li water
holding capacity, Potential evapotranspiration &altl capacity of soil: The conventional priice in water harvesting

takes into consideration with the availability ahtl, soil structure for capacity of groundwaterteptial groundwater ze

Impact Factor (JCC): 2.6676 Index Copernicus Value (ICV): 3.(



GIS Based Suitable Sites Selection for Artificial ®undwater Recharge of Maharashtra State, India 45

investigation and the area benefited. The curreutiparametric approach using GIS and remote sgnsirholistic in
nature and will minimize the time and cost espécial identifying suitable site-specific rechargeustures on a regional
as well as local scale, thus enabling quick denisiaking for water management. The weighted algelbpeoduct
operator would be an appropriate combination operdtecause at each location the combined weigimtechbership

values tend to be very small with this operatog tluthe effect of multiplying several numbers ldsmn one.
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