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Abstract

Bandalli watershed is characterized as an arid to semi-arid region with little
access to water. Water is essential for all life forms for human consumption,
agriculture and industry. Artificial ground water recharge is a process by which
the groundwater scrounges is reduced at a rate almighty the augmentation
rate beneath natural replenishment conditions. The work aims to understand
the groundwater scenario in distinction to the geological point of view as the
geology of the area concerned is the primary control of groundwater recharge
and potentiality. The study began with gathering and analyzing necessary
data for creating water balance and determining the best techniques for
artificial recharge. The best artificial recharge sites in the vicinity have been
validated. The present investigation is to find and select ideal sites for future
zonesto create a new shape using GIS (Geographic Information System)
software version 10.8. To estimate the appropriateness of the site for artificial
recharge, the model incorporated numerous criteria, various parameters slope,
Lu/Lc, stream order, soil aspect and hydrology. Artificial recharge planning
was calculated using runoff availability, aquifer dimension, priority locations,
and local water table conditions. Most areas are undulating to recommend
recharge structures, which will help the water table and the agricultural sector
to augment the water harvesting to improve the groundwater.
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Introduction

The primary sources of water depend upon the
nature of precipitations, for these sources, mainly
the storage role is essential and the role of recharge
of water based on the role of the Physiographical

components is highly significant. Under the
water table, fully saturated soils and geological
formations contain subsurface water. Therefore,
safe groundwater abstraction and good groundwater
management are critical for the resource's long-term
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viability." One of the recommended management
strategies is artificial groundwater replenishment.?
Natural groundwater replenishment is slow and
is influenced by the pedology and geology of the
area. Groundwater levels will decline if it is utilized
at a faster rate than its natural replenishment.?
In the long run, this depletes groundwater resources,
making the natural replenishment of groundwater
reserves more difficult.

Artificial groundwater replenishment is becoming
increasingly significant. Artificial recharging is the
technique of excess surface water moving from
the earth’s surface to subsurface water-bearing
layers, where it can be stored for future use through
an artificial system. Seepage from streams, lakes
and ponds, as well as irrigation return flow from
canals and fields, aquifer interflows and urban
recharge is all sources of aquifer recharge. Natural
recharge, on the other hand, comes from natural
sources. Artificial recharge is using water to refill an
aquifer's water supply. The storage of the water will
calculate through the water level in the existing bore
wells or open wells through the aquifer test. Some
things to think about Natural recharge comes from
precipitation that falls on the earth's surface and
travels underground, while artificial recharge comes
from human actions that intentionally or incidentally
replenish an aquifer. Artificial recharge systems
have proven to be effective in aquifer preservation
and replenishment. Rainwater conservation refers
to directly collecting rainfall, using it as needed and
recharging the groundwater. Artificial recharging
involves collecting as well as conserving precipitation
water that variously leaks toward the ground or runoff
stream networks.® As a result, artificial recharge
was carried out using the spreading approach to
raise the water table and gradually lower salinity.
Finding a suitable location for water recharge has
necessitated careful consideration adopting Remote
Sensing and Geographic Information System (GIS)
techniques. The probable locations for artificial
recharge structures can be found using Remote
Sensing and GIS, as a consequence part of them
have even tried through develop check dams, gully
occlusion and percolation tanks using illustration
satellite data. Emphases should be placed on factors
including raindrops, soil types, drainage, slope and
land use/land cover when determining sites for
artificial recharging structures. The models were
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created using Arc GIS software to evaluate which
locations were most appropriate for a recharge.

Materials and Methods

Study Area

Bandalliwatershed is roughly prevailing south western
section of the Hanurtaluk of Chamarajanagar district,
Karnataka. The total geographical study zone of the
Bandalli watershed is 400sq.km; it comes under the
Survey of India topo sheet numbers 57H/4 and 57H/8
on a scale of 1: 50,000. The study area lies partly
in semi-forest (reserved) and partly in the maidan
tract and is situated in the southwestern part
of Karnataka state between 12°09' 56.3" North latitude
and 77°21' 06.5” East longitude. The area falls into the
Archean-Proterozoic Gneiss of Southern Karnataka,
which is classified as semi-arid, with Gneisses
occupying the total area. The study area belongs
to one of the five taluks of the Chamarajanagar
district. It is one of the 30th districts in Karnataka
state, predominately dependent on agriculture.
It shows low, narrow, alluvial plain structures. (Fig.1)

It is one of the locations where a significant water
shortage exists dueto various factors like excessive
extraction, low infiltration rates, a lack of recharging
methods and others. In addition, it is regarded as
one of the state's most heavily exploited areas. There
are more than 54 communities within the study area.
The area is tropical; the average annual rainfall is
800mm in evaporation and evapotranspiration levels
vary from 50 to 80%.The following strategies were
used within the current study.

Data Collection

The data processing of the area creates various
thematic maps. Later, maps were used to evaluate
the water recharge and the amount of water
available in the area. The analysis tool in Arc-GIS
was used to produce multiple thematic maps of Lu/
Lc, Geomorphological including drainage structures
considered for delin eating artificial recharge
structures. Soll, rainfall, runoff and Digital evaluation
models were used in this investigation. (DEM),
soil type maps together with rainfall data were
converted for runoff evaluation and water recharging
using remote sensing data (Land sat satellite
images 8 operational land imager). It uses Satellite
sources taken away United States Geological
Survey (USGS) database and is geo referenced
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to (Universal Transverse Mercator) UTM zone 43,
WGS 84 at a 30m resolution. DEM was used to
create the drainage layer, slope and topographic
maps. The research area lineament and hydro
soil map were created using coverage developed
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by the Geological Survey of India. The Regional
Ground Water Department of Chamarajanagar
district provided monthly and annual water level
and rainfall data for 2008-2021, as determined
by the four meteorological stations in the study area.

TAMN'E FSWMOUE TEUMONE TTUNME TENNVE T9NOCE

INDIA N

WOON APTON

20900°N

z
1=
-4
=2
I india
I Jka E
£
TO0'0"E BIFOME N E

TTE00E

DISTRICT MAP N

Legend

- District_Boundary
- boundary © e 80 Km

TTE

12°0'07N 13F00UN TN ISPN0CN IR0 ITRIOTYN 1ETIDTN

newnms

KARNATAKA N

Legend

- District_Boundary 0 1,000 2,000
|:| State_Boundary | + " |

Ql*’n'n".\l 300N LN 15P000CN 160N TTRNYN . DERN

WONE  TSTIE TE00E TPOME TROUE TO0NE

TTI50E TTL0E T°I50"E

129000 N
I!‘S:O"N lﬁ']q’ﬂ"N l!‘lf'l]"‘.\l

]2‘0:0"!'1'

BOUNDARY j&

12°180°N

12 100N

12550 N

Legend

100N

0 5 10 Km
B coundary ;"

'."r°1§'n-"|: 'J".'"IIi'I'I'F_ TII5E

Fig. 1: Location map of the study area.

Land Use and Land Cover

Land cover studies and land usage features are
criteria for determining a good site for recharge
structure? Land use/cover change and rainfall

affect the river basin’s hydrological response and
its impact on the changing Lu/Lcon Watershed
runoff have been a source of concern among
hydrologists. This is essential for runoff evaluation
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because as the initial abstraction decreases,
the runoff rate increases.* As a result, it is critical
to detect changes in the watershed's runoff feature
due to Physiographic changes. Land information is
related to runoff, which is formed by precipitationin a
specific Period due to increased recharge, whereas
vegetation areas are covered with low runoff areas.?
The land cover/use thematic map was assessed
by using supervised distribution. Waterbody, forest
regionand demographic features are classified into
five primary types of land resources.
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These areas of Lu/Lc were intended to recognize
and map the various Lu/Lc classifications.* Major
Lu/Lc elements are buildup land, cropland, fallow
land, plantation, forestand scrub forest; a total
of 43% showing the area falls beneath agriculture
resting Forest including scrub land accounted
for 32% moreover 25% of the total area respectively
(Fig.2). Although these sites have good ground-
water recharge structure, they are often limited.
Therefore, they cannot be used for any groundwater
extraction activities.®
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Fig. 2: Lu/Lc of the area

Geomorphology
Geomorphologic land formations can play an

essential role in hard rock terrain because they

are generated by relief, slope, weathering extent,

distinct materials that have been weathered and the
overall ensemble of groundwater regime.® Because
of its importance in groundwater circulation and
storage study, geomorphology was given the highest
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weight.® Hilltop weathering, linear features/ dykes,  poor potential zones.lIt is illustrated in shallowly
structural hills, residual hills and pediment/valley  obscured pediment, moderately obscured pediment,
floor are some of the landforms in the area. Due to  profound pediment, and classified, moderately
un-fractured rock, minimal infiltration and primarily ~ buried pediplain. (Fig.3)

runoff-oriented behavior, these units are considered
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Fig. 3: Geomorphology of the area
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Fig. 4: Lithology of the area

Drainage System and Soil

The stream has a dendritic to sub-dendritic drainage
pattern. There are many minor irrigation and
percolation tanks in the area, which are built across
the rivers and streams. (Fig.5)

Clay soil, clay loam soil, gravelly loam sand, red soil
and other types of soil cover most of the area. These
soils are ideal for growing various vegetables, crops
and seeds. Soil'srole of permeability is an important
characteristic that influences the rechargingas well

as storage as concerns water through the Porous
concerning soil layers.” The amount of sand and clay
in the soil determines the textural class.® Because
of their ability to hold more water, very fine and
medium-grained sizes of soil are better suited for
artificial recharge.™ The soil that is best for artificial
recharge studies of higher retention and high
infiltration.™ Clay soil has a very high runoff depth,
which allows for low infiltration, and sand soil has
a decreased runoff depth, which allows for more
infiltration. (Fig.6)
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Table 1: Hydrological Soil classand comparable Soil textures.?

Soil class Runoff explanation Soil Texture

1 Low runoff potential because as regards Sand, loamy sand, as well
huge infiltration rate as sandy loam

il A little infiltration rates lead through Silty loam and loam
moderate runoff potential

il High/moderate runoff potential because Sandy clay loam
as regards lagging infiltration rates

I\Y% High runoff potential among Clay loam, silty clay loam,

shallow infiltration

sandy clay, silty clay, and clay

Stream Order

A stream order map was created using the
hydrological characteristics extracted from the
spatial analysis tool."® The elementary provenience
concerning surface water is the watershed.? which is
utilized for the survival of humans and Physiographic
features.' The stream's layout was determined
by the connections between its major drainage
features at the various Stream classification refers
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to the movement of surface runoff and allows for the
recharge process of the area based on the size of
the watershed, and its significant role is important.
The order analysis is significant for mapping rainwater
conservation streams because higher stream orders
have lower permeability and infiltration.'? The study
region has six stream orders, the largest being
the first, in two and three, and the minimum being
the sixth. (Fig.7)
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Fig. 7: Stream order of the area
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Slope

The slope tool determined the sharpest descent fall
from within the cell by calculating the topography,
the lower slope of the area and the steeper portion
of the morphology. The Watershed size and the role
of the morphology features is straight or undulating
to determine the process of recharge site is a critical
criterion for determining the optimal site for artificial
recharge to obtain the channel's enormous capacity
for storing data.’”® The number of materials and
process of recharge factors of the consideration
required to build dams is all affected by the slope

77°15'0"E 77°20"0"E
1 s
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parameter.’® The slope is one of the most crucial
factors to consider in determining flood-spreading
areas. Runoff is more erosive on steep slopes
because Water velocity is proportional to the slope
and depth of the ground. The goal is to spread water
over a vast area in the form of a thin film that flows
down hill gently without disturbing the soil." Gentle
slopes are ideal for artificial recharge because the
retained water by the artificial recharge structure
will be larger than infiltrations at structures in steep
places, according to the slope classes map (Fig.8).
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Fig. 8: Slope of the area

Table 2: Integrated Mission for Sustainable Development
Slope distribution

SI.No Slope class Slope %
I Closely level 0-1

I Very gently sloping 1-3

il Gently sloping 3-5

v Moderately sloping 5-10
A% Steadily sloping 10-15
VI Very steep sloping >35
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Lineament

Lineament refers to linear image large-scale
structural controlled elements including structural
weaker, fractures, structural flaws, joints, drainage
lines and rock formation boundaries. It provides
the pathways for groundwater movement and is
critical hydrologically for supplying groundwater
flow channels."® Its effect on lithology through water
percolates downstream, indicating potential artificial
recharge sites. Lineament's role was necessary
based on rocks because they combine secondary
porosity, permeability and intergranular properties
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to impact groundwater circulation. Groundwater
recharge zones are defined as regions where two
or more lineaments cross. Lineaments operate as
superior conduits for groundwater movements in
hard rock topography and the combination of major
lineamentsis topographically depressed to create
groundwater recharging.' It was most of the areas
of different directions. (Fig.9), through precipitation
is capable of infiltrating and can travel for several
kilometers, and potential sites for artificial recharging
were discovered.
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Fig. 9: Lineament of the area

Rainfall

The study area receives roughly 45 percent of its
rainfall during the southwest monsoon season;
moreover, there are four rain gauge stations
prevailing study area. The average rainfall in the

area is 800mm, and the average low rainfall is 450
mm in the central part as concerns the study area.
It is lowest in the district's northwestern section and
rises in its southeastern section.
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Water levels fluctuate between 3.4m and 14.5m after
and before the monsoon (Table 3). The average
Pre-monsoon along with Post-monsoon water levels
is 8.2 metres to 17.8 metres, respectively. The

Table 3: Monthly along with Annual Water levels statistics of the Bandalli watershed.
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highest water level fluctuation in the area was visual
in the center including southern parts concerning
the research area.

Year Jan Feb Mar Apr May Jun

Jul

Aug Sep

Oct

Nov

Dec

Annual

2008 13.20 12.80 12.50 12.40 14.80 13.80
2009 144 1420 14.20 1450 15.20 15.30
2010 15.00 15.15 1560 14.20 14.38 16.00
2011 1856 18.20 18.35 15.71 15.85 15.93
2012 1565 15.65 15.65 1525 15.75 16.80
2013 16.00 16.55 16.20 16.70 16.90 16.80
2014 1538 16.68 16.60 17.44 17.60 16.00
2015 17.00 17.30 17.45 17.45 17.44 16.25
2016 15.00 1590 16.15 17.00 14.70 13.50
2017 1410 1490 14.85 14.95 1540 14.08
2018 10.25 10.03 10.31 9.60 10.31 8.29

2019 9.70 10.36 10.69 11.31 11.25 10.63
2020 10.18 10.90 1140 1110 12.13 11.23
2021 1011 10.68 11.35 13.18 12.38 13.23

14.0

15.30
16.34
15.73
17.10
17.50
16.50
16.20
12.80
14.11
9.91

10.96
11.00
13.31

14.30 13.60
15.70 15.50
17.35 17.22
15.65 15.82
16.20 16.48
17.68 15.48
17.05 15.80
16.25 16.36
12.85 12.75
14.28 11.60
10.22 10.56
11.45 11.67
10.56 9.62

13.63 13.69

13.80
14.50
17.82
15.15
16.50
14.12
14.95
16.45
12.70
9.15

8.73

10.44
9.45

13.44

13.0
14.40
17.10
14.55
16.20
15.98
15.50
16.30
12.95
9.12
9.05
9.90
9.73
11.48

12.40
14.40
17.62
15.62
16.50
17.35
16.80
14.70
13.10
10.09
9.37

9.92

9.90

9.71

160.60
177.60
193.78
195.12
193.98
197.26
196.30
199.15
169.40
157.44
116.63
128.28
127.20
146.19
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Artificial Recharge Site Selection

Artificial recharge uses artificial techniques to
supplement the natural circulation of subsurface
water from surface water formations." Construction
of various artificial recharge structures like infiltration
galleries to the zone of Aeration to a zone of
Saturation facilities, check dams and Predation
Pits through to the subsurface are two methods for
accomplishing this."” The porosity and permeability
of the underlying lithological units in hard rock
locations are insufficient. The amount of water taken
out of the aquifers in these locations is insufficient
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to replenish the groundwater. In the development
of watersheds, artificial recharge procedures are
taken. Using integrated GIS along with Remote
Sensing to plan for propriety sites being artificial
recharge structures can be a potent tool. (Fig.10)
However, in the state of Karnataka, this sophisticated
technology has not yet found wide spread use for this
purpose. In this study, integrated Remote Sensing
and GIS studies successfully recommend a viable
place for future artificial recharge structures in the
Bandalli watershed. The location was chosen solely
based on hydrogeological considerations. (Fig.11)
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Fig. 11: Location map of Artificial recharge area

Selection of Artificial Recharge Site

In selecting the best sites for artificial recharge,
studies are using the best modern techniques
of remote sensing, and GIS applications are
useful.2 The initial step in such an investigation was
to pinpoint the components that make recharge
possible. The present artificial recharge system

investigated various hydro geomorphological
features and meteorological parameters, geology,
soils and slope in the study area. Depending on this
discovery, a set of guidelines has been designed
through make outevery ideal site considering
artificial recharge as well as determine the
exact locations.
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Result and Discussion

Selection of Artificial recharge structures is critical
for the maximum recharge Pedological of the
area. The area of role characteristics and the
preparation of various parameters derived from
the software. The site selection map, drainage
and lithology depend on the terrain. Identifying
potential places for groundwater development and
the selection of recharge structure and the study
region has been potential groundwater recharge
due to numerous characteristics.® All the elements
recommended artificial groundwater recharge
and aid in weighting depending on their ability
to hold water. The Geomorphological role
is significant for the recognition of land-use/land
cover thematic maps for its significant role in the
recharge of groundwater.® The slope map was created
using contours from the SOI to posheets and contour
intervals. Based on the IMSD (Integrated Mission
for Sustainable Development) categorization,
the slope has been divided into six groups (Table.2).
Since the terrain is practically flat and the infiltration
rate is relatively high, the area with a slope of 0 to
1% falls into the ‘very good’category.?® The area
with a 1to 3% slope is gone into ‘good’ as groundwater
recharge through kind of undulant topography
among runoff. It has a 3 to 5% slope, relatively high
runoff and low infiltration.?> More than 35% of section
prevail advised ‘poor’t hrough above slopes.?
Most of the study area is encompassed by virtually
flat slopes, with gentle and moderate slopes.
This slope classification is employed to analyze
locating and site selection for recharging underground
water in the study region. Lithology is a crucial factor
to consider when supporting areas suitable for artificial
recharging since there is a significant influence
on Precipitated water runoff and infiltration.* Because
of its low relief, it offers excellent opportunities for
infiltration and recharges groundwater. Process the
study region is underlain by Achaean crystalline rock
masses; prominent rock exposures include Epidote/
hornblende gneiss, Migmatites, Granodiorite, Pink
granulite and Charnockite, which cover more than
60% of the whole area. (Fig.4)

The initial study stage is the infiltration and
recharging of water through the surface to a
subsurface process by various aquifer systems.
Hydrological soils are divided into four categories:

high, low, moderately high and moderately low.
The study area is dominated by the general
hydrological soil group, relatively low and high
(Fig.6). The drainage pattern has revealed the
porosity and permeability of the ground. A dendritic
drainage pattern has been discovered in this study
area (Fig.5). Selection sites for new structures play
a vital role in nature, giving pedological support.
Geology like every area, Geomorphology, Lul/Lc,
drainage factors and terrain morphology are the most
critical tools for groundwater recharge, and most of the
area is flat surface.® To recommend the infiltration
galleries, check dams, bunds and natural wells
structures to store the water to directly or indirectly
recharge groundwater. The superior study has
authenticated the prospects in regard to using
remote and Geographical Information systems
as demarcating particular artificial groundwater
recharge structures. This resulted in the determination
that the region is suitable for an artificial recharging
structure. (Fig.11)

Conclusion

Low rainfall, excessive runoff and evaporation are
some of the factors contributing to the Bandalli
watershed water scarcity. The various elements
of the morphometric process are the results of the
site selection revealed in the study region's northern
portion. The results of the works have been sites
are 20% showing the area is suitable along with
resting 15% as concern the area are excellent sites
for recharge with low suitability and suitable recharge
structures. The selection of the sites for needful
information on topography, pedology, geology
and morphometry role was significant. Average
rainfall measurements from 2000 to 2020
were utilized to evaluate the runoff depth using the
soil preservation model. When choosing the sites
suited using artificial recharging, a combination
of geology and land use/land cover, Geomorphology,
hydrosoil and digital elevation models has proven
to be quite effective.The current research
demonstrates that recharge locations lower-order
streams are likely to be present on a gentle slope
and deliver artificial replenishment to a vast area.
The groundwater prospect is the result of a
systematic effort that considers the primary
governing aspects that determine the yield of water
and artificial recharge sites regarding groundwater
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standards. In addition, this research computed maps
required for groundwater investigation planning and
execution.
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