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Abstract:

In many parts of the world, aquifers are a major source of freshwater. Intrusion of saltwater into freshwater aquifers
from the sea or saline lakes degrades the drinking quality of these resources. The salinity in coastal aquifers is
primarily due to contamination with seawater due to underground water overexploitation. Tourism in coastal areas
relies to a large extent on the availability of beaches as the sea levels rise; these beaches are subject to submergence
and morphological changes, as well as to the destruction of infrastructure near the coast. Remote sensing and GIS
techniques are less time-consuming and cost-effective, providing adequate assistance in freshwater studies where the
field lacks previous hydrogeological investigations and data. The present work was carried out at Kundapura taluk
which is the northern taluk of Udupi district and has geographical area of 1569 km2. Kundapur is surrounded by water
from three sides. To the north lies the Panchagangavali River. To the east lies the Kalaghar River. To the west lie the
Kodi back waters and the Arabian Sea leaving the south side as the main connecting land mass. Kundapura taluk is
getting enough rainfall during the monsoon, but is facing water scarcity due to lack of maintenance and poor quality
of water due to salt water intrusion in aquifers during summer. The present study is based upon multi-criteria
evaluation techniques, which gives linear combination of probability weights for different themes taken for the study,
which is used to develop or increase underground water zones. Various thematic maps are reclassified on the basis of
weightage assigned and brought into the “Raster Calculator” function of 'Spatial Analyst' tool of Arc GIS 10.4.1
software. The 'Spatial Analyst' tool consisting of mathematical and boolean operators that have been used for
integration. The investigation was conducted with objective to delineate the areas of underground water zones in
Kundapura taluk and the final map of underground water potential zones summarizes the results. The integrated final
map has generated a range of values from 2.0 to 7.0, which has been reclassified into six zones, to represent
underground water potentiality of the area. Based on the potential scores, the underground water potential of the basin
is classified as excellent (7), very good (6), good (5), moderate (4) poor (3) and very poor (2). The area-wise
distribution of the underground water potential zones provides an insight into the management of the underground
water resources. Out of the total area, 1.5 km2 (0.1%) was classified as very poor potential zone. Poor potential zones
occupy 113.8 km2 (7.6%), while moderate potential zone accounts for 957.5 km2 (63.6%) of the area. The good
potential zones occupy 402.4 km2 (26.3%), very good potential zones occupy only 30.2 km2 which covers 2% of the
area and excellent potential zones occupy 0.01% of the area (929.3 km2). According to the final results, Kundapura
taluk comes under moderate zone. Freshwater zones are classified in 4 classes: poor, moderate, good and very good.
Out of the total area, 2 km2 (0.1%) was classified as poor zone, while moderate potential zone accounts for 152 km2
(10.1%) of the area. The zones classified as good with 935 km2 (62.4%) and as very good only 410 km2 which covers
27.4% of the area. The integrated map could be useful for a variety of purposes, such as sustainable underground
water production, as well as identifying priority areas for the implementation of projects and programs for water
conservation in the region. Also, Kundapura taluk needs more recharging wells and groundwater increase methods.
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1. INTRODUCTION
Water is the most vital resource for the sustenance of life and for any developmental activity.
Contamination of freshwater bodies caused by saltwater intrusion is a global issue, affecting water
quality, vegetation, and soil conditions along coastal lines. Any developmental activity largely
depends upon availability of fresh water to meet domestic, industrial and agricultural demands.
Therefore, water resources in coastal areas have special significance. Excessive pumping of
underground water reverses the natural hydraulic gradient and aquifer may become saline. Tourism
in coastal areas relies to a large extent on the availability of beaches as the sea levels rise; these
beaches are subject to submergence and morphological changes, as well as to the destruction of
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infrastructure near the coast (Poojashree et al., 2020). The present study is based upon multi-criteria
evaluation techniques, which gives linear combination of probability weights for different themes
taken for the study, which is used to develop or increase underground water zones. Various
thematic maps are reclassified on the basis of weightage assigned and brought into the “Raster
Calculator” function of 'Spatial Analyst' tool of GIS (geographic information system) software. The
'Spatial Analyst' tool consisting of mathematical and Boolean operators has been used for
integration. The weightages for different layers have been assigned considering similar work carried
by many researchers such as Krishnamurthy et al. (1996), Vidhya Lakshmi et al., (2018) and Preeja
et al. (2011). A “Simple Arithmetical Model” in Arc GIS software has been adopted to integrate
various thematic maps by averaging the weightages, classifying potential zones based on decision
rules and freshwater potential zones map has been generated. The underground water extraction has
increased due to rapid urbanization. Due to change in the land use pattern, the rainfall and natural
recharge of underground water has been also decreased to a certain extent. Hence, the freshwater
resources should be evaluated thoroughly, carefully and reliably on a real-time basis to satisfy the
ever growing needs. Remote Sensing (RS) and Geographical Information System (GIS) is a
powerful environment for real time database development, especially in studies such as delineating
underground water potential zones studies (Owolabi et al., 2020; Arulbalaji et al., 2019; Zhu et al.,
2021). Water quality is determined by physical, chemical, and biological parameters, and it is
affected by natural and anthropogenic activities such as local geography, geology, and irrigation
activities. The chemical composition of groundwater determines its consistency and utility.
Groundwater is the primary source of water for irrigation in arid and semi-arid regions worldwide,
as irrigated fields contribute greatly to global agriculture production and food supply. India is an
agriculturally dependent nation. Water used for irrigation can differ greatly in quality based on the
form and quantity of dissolved salts in their respective region; on this basis, the different irrigation
techniques are used. Water used for irrigation can differ greatly in quality based on the form and
quantity of dissolved salts in their respective field. On this basis, researchers have published
numerous scientific research papers on the evaluation of groundwater quality for lakes, beaches,
industrial areas, close rivers, residential colonies, and other areas for further analysis. For
freshwater potential zone mapping we used some water quality analysis parameters, like pH, TDS
and spatial analysis for EC (generated model).

2. STUDY AREA
The present research work has been carried out for Kundapura taluk of Udupi district of
Karnataka (Figure 1). Kundapura is the northern taluk of Udupi district and has a geographical area
of 1569 km2. It lies between 74°34΄40.0″E to 75°4′57.35″E longitude and 13°28′40.82″N to
13°59′33.26″N latitude. This taluk has many rivers and experiences significant precipitation. The
main streams are Venkatapura river, Kollur river (tributaries of Chakra and Souparnika), HaladiVarahi river, Sita river, Yadamavina Hole and Uppunda hole. Kundapura is encircled by Udupi
Taluk towards south, Bhatkal Taluk towards north, Hosanagara Taluk towards east, Karkal Taluk
towards south and Arabian Sea in the west. District administration is supplying enough drinking
water to people living in 101 villages covered by 56 gram - panchayats of the taluk where it has
become a mammoth ordeal for the local bodies. One or more areas in each of these villages have
been left thirsty because of water scarcity and official apathy. The problem of sea water getting
mixed with underground water table has become acute in many of the gram panchayats like
Gangolli, Moodlakatte and Tallur, which are located on the seashore. Villages like Hattiangadi,
Chittur, Alur, Karkunje, Kedoor and others, which are situated some distance away from the sea,
have another problem. There, drinking water sources have dried up, as water table has depleted by a
great extent. Yadamoge is a village nested at the foot of the Western Ghats. On one side of the
village, greenery abounds. But inside the village, land that has turned dry, plants and trees which
have withered due to strong sunshine, dried wells and bore wells have made the people to hanker
for water that has vanished. Kundapura taluk is a progressively converting into an urban area. As a
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result of rapid urbanization the demand of water is increasing day by day. Main objectives of the
study are as follows:
 Identify the underground water potential zones and problematic areas for underground water
harvesting.
 Mapping of freshwater potential zone using spatial and non-spatial methods.
 Supply and securing of clean and sufficient drinking water for the population.

Figure 1. The location map of Kundapura taluk.

3. METHODOLOGY
3.1 Identifying the groundwater potential zone of Kundapura taluk
The spatial database for this system has been compiled using Landsat - 8 OLI (Operational Land
Imager) satellite data. Using GIS and remote sensing, various thematic maps such as drainage
density, contour, and stream length are developed. The DEM (Digital Elevation Model) data is then
used to generate slope, aspect, contour, and flow accumulation maps. Georeferencing and geometric
correction are accomplished by image analysis of satellite data. The attribute data was used to
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establish a buffer for cultivation and settlement areas. The DEM data has been used to build the
land use/cover classification map as well as the lineament map. Through an integrated AHP
(Analytical Hierarchical Process) method and geospatial technology, the potential zones for
underground water recharge were investigated by analyzing various parameters such as geology,
geomorphology, slope, land use and land cover, lineament density, drainage density, aquifer
transmissivity, soil permeability, and rainfall. The AHP is an eigenvalue technique to the pair-wise
comparisons approach. It provides a numerical fundamental scale, which ranges from 1 to 9 to
calibrate the quantitative and qualitative performances of priorities (Imtiaz Ahmed Chandio et al.,
2009). Underground water potential zone of Kundapura taluk has been generated by integrating
several thematic layers (Table 2). As a result, all of the thematic maps are used to analyze in
weighted overlay, and weights and ranks are applied to each thematic layer to determine the
underground water potential region (Waikar and Nilawar, 2014). The following equation is used to
describe ground water potential zones in a given field:
Pr = RFwRFr + LGwLGr + GGwGGr + SGwSGr + LDwLDr + DDwDDr + LCwLCr + SCwSCr

(1)

where Pr denotes underground water capacity index, RF denotes rainfall index, LG denotes
lithology index, GG denotes geomorphology index, SG denotes slope gradient index, LD denotes
lineament density index, DD denotes drainage density index, LC denotes land use and land cover
index, and SC denotes soil cover index. W stands for weight, and r stands for rank (Senanayake et
al., 2016). The flowchart of Figure 2 presents the methodology of the study.
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Figure 2. Flow chart of the methodology.

3.2 Factors affecting groundwater potential zones
3.2.1 Geology
Underground water can be accessible under water table conditions in weathered Laterite and
Meta Greywake Argillite. Water is accessible in wells due to the presence of joints and fractures in
Hornblende-Biotite Gneiss, Migmatites and Granodiorite - Tonalitic Gneiss, and Pink Hornblende
Granite rock types (Figure 3). The importance of geology in the phenomenon of underground water
cannot be overstated. The region is typically formed by Granitic gneisses with periodic laterite
capping, as well as unconsolidated river and sea sediments. The gneiss is widely distributed in
distinct outcrops of varying magnitude, especially along river courses. Porosity and permeability of
aquifer rocks are examples of geology. There are Quaternary alluvial rock, diorite rock, and diorite
gabbro rock available in that region. There are high hills covered with Meta Basalt Thin
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Subordinate Meta Rhyolite & Association and Meta Basalt including thin Iron stone indicating a
low groundwater region. There is a lot of groundwater in the alluvium area, but it is more salty
intrusive water because it is very close to the shore.

Figure 3. Geology map of Kundapura taluk.

3.2.2 Lineament density
Lineaments are fracture lines / linear features formed by tectonic action that represent a general
surface manifestation of underground fractures with inherent porosity and permeability
characteristics of the underlying materials (Subba Rao, 2006). Lineaments are the primary conduits
of freshwater in impermeable rocks all around the world. Indeed, the fracture planes form the useful
void volume, which corresponds to the potential space that water can occupy in such a medium. The
aperture, positioning, interconnection, and direction of fracture planes all have an effect on the
occurrence and flow of underground water supplies in broken aquifers. As a result, zones with open,
regular, and jointed fractures can be favourable for water occurrences. The majority of the
lineaments in the region follow the pattern of stream courses. Lineaments are concerned with high
porosity and hydraulic conductivity zones (Subba Rao and Prathap, 1999; Subba Rao et al., 2001).
Normalized transmissivity is elevated near the lineaments, and there is an outstanding association
between higher fracture densities and higher well yields (Magowe and Carr, 1999). In general, the
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thickness of weathered/fractured rock is supposed to be greater along the lineaments, and hence the
lineaments are thought to have a control on the supply of underground water (Figures 5 and 6). The
fractures and lineaments are important in rocks where secondary permeability and porosity
dominate. Some fracture lines / linear features are observed in Varahi river, Siddapura of
Kundapura taluk (Figure 4).

Figure 4. Some fracture lines / linear features are observed in Varahi river, Siddapura of Kundapura taluk.

Figure 5. Lineament density map of Kundapura taluk.
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Figure 6. Lineament map of Kundapura taluk.

3.2.3. Geomorphology
Geomorphology is the study of earth formations and landforms, which are mostly influenced by
geological formation. In order to learn about the water supply areas, Kundapura exhibits the
following geomorphological characteristics. Water Body Mask, Structural Hills, Residual Hill, and
Coastal Pedi Plain simple buried/weathered Inselberg Complex, Mesa, Lower Plateau (Lateritic),
Lateritic plain shallow, Flood Plain, Escarpment slope, Dissected pediment, Denudational Hills,
Butte, alluvial plain. Alluvial plain dominates the coastal lowland landscape (Figure 7).
Underground water occurs in deeper zones here. Underground water capacity is also anticipated in
deep fault zones within the gneisses under the alluvium. Exploration in this region takes proper
consideration, as salty water can infiltrate fresh water aquifers. While the highly permeable nature
of gravels and sands increases water absorption, the presence of interbedded clay layers reduces
permeability. The soil of Brahmavar is made up of low relief lateritic plateaus and gneissic mounds.
Underground water persists as unconfined in dense laterites in this region and is mostly extracted by
open wells and small tanks. Deep fault areas of gneisses and granites under the laterite are also
natural aquifers for Underground water exploration.
3.2.4 Soil
The most critical element determining the region's penetration potential is the soil. Soils found in
this region include mud, clay loam, gravely sandy clay, gravely sandy loam, loam, loamy sand,
sand, sandy clay, sandy clay loam, and sandy loam (Figure 8). The findings show that the
permeability of gravely sandy loam, loam, sand, and sandy loam is very high, while the
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permeability of gravely sandy clay, sandy clay, and sandy clay loam is mild to moderate.
Permeability is medium in coarse sandy loam (Kaliraj et al., 2014; Poojashree et al., 2020).
3.2.5 Land use and land cover
The spatial distribution of land use groups in the study area has been prepared using Landsat 8
OLI image (supervised classification). Water body, forest, built-up area, agricultural, open area, and
beach are the most common land utilization class types (Figure 9). The land covered with
forest/vegetation, open space, and agricultural land generates low overland flow and it increase the
chances of infiltration rate (Kadam et al., 2020), and is thus considered ‘good' for UGPZ
(Underground Water Potential Zone) and ranked 9. In comparison, built-up land percolates less
water, and coastal areas, which are ideal for infiltration but have low water quality due to salt water
intrusion, are assigned the rank 1.

Figure 7. Geomorphology map of Kundapura taluk
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Figure 8. Soil map of Kundapura taluk

3.2.6 Rainfall
Rainfall is the major cause of underground water recharge as well as all hydrological processes.
Based on the rainfall chart, it was determined that annual rainfall is more in higher elevation regions
(Rahmati et al., 2015). Whether there is more rainfall, there will be more possibility of underground
water; if there is less rainfall, there will be less underground water because when rainfall gets
increases then infiltration rate also increases, due to this reason higher rank is assigned for higher
rainfed zones and lower ranks assigned for lower rainfed zones. Rainfall can differ from one area to
the next. The annual rainfall data is taken from rain gauge stations (Table 1) from Kundapura taluk
for 8 years (2011-2018), and the inverse distance weighting (IDW) method of interpolation process
is used to determine the amount of rainfall in the study region (Figure 10). The zones are then
divided into equivalent periods and weights are allocated to each zone (Ramu and Vinay, 2014).
However, Kundapura taluk has received more rainfall in the last two years (2019-2020), resulting in
inundation and flooding.

28

Poojaashree B P et al.

Table 1. Average annual rainfall values from different raingauge stations of Kundapura taluk.
Station name

Latitude

Longitude

Albadi (Ardi)
Amasebail
Ampar
Baindur (Yedthere)
Kundapura
Hosangadi (Siddapur)
Halady
Kollur
Ulloor II
Yelajith
Vandse
Aluru
Ajri

13.52262
13.59819
13.64811
13.87054
13.6231
13.6998
13.57796
13.8665
13.614991
13.84578
13.70524
13.74084
13.69248

74.97159
74.958252
74.82247
74.6279
74.6919
74.96055
74.85267
74.813
74.753917
74.69765
74.75719
74.73355
74.87056

Average annual rainfall (2011-2018)
(mm)
4529.889
4361.889
2943.889
4102
3720.889
4023.667
3597.333
5031.111
3684.222
3746.667
3440.889
3211.556
4965.333

Figure 9. Land use / land cover map of Kundapura taluk.
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Figure 10. Spatial of distribution of rainfall of Kundapura taluk.

3.2.7 Slope
Slope is the rate of change in elevation and is considered the most important element in
superficial water flow because it determines the gravity influence on water travel. The slope is
directly proportional to drainage, and regions with steep slopes would have lower Underground
water recharge. The water movement across the gently undulating plains is steady, and there is
enough time to increase the rate of water penetration into the underlying broken aquifer (Preeja et
al., 2011). The slope was generated using the Digital Elevation Model (DEM), which was derived
from the contour map, which is collected from Karnataka State Remote Sensing Application Centre
Bengaluru. The defined slope group (in percentage) is further divided into seven groups and ranges
from 1% (nearly level), 1–3% (very gently sloping; very low), 3–5% (gently sloping; low), 5–10%
(moderately sloping), 10–15% (strongly sloping), 15–35% (moderately steep to steep slope), and
>35% (very steep) (Figure 11).
3.2.8 Drainage density
The formation of stream segments is influenced by slope and local relief, which may result in
variations in drainage density from one location to the next (Poojashree et al., 2019). Zones with
high drainage density would have lower Underground water prospects, while zones with low
drainage density will eventually have improved Underground water prospects. The drainage density
values collected were reclassified to create a drainage density map is classified into five categories:
extremely high (>2 km/km2), high (1.5-2 km/km2), medium (1-1.5 km/km2), and low (0.51 km/km2) and very low (0-0.5 km/km2), with the low drainage density level accounting for more
than 75 percent of the basin (Figure 12).
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Figure 11. Slope map of Kundapura taluk.

Figure 12. Drainage density map of Kundapura taluk.
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Table 2. Rank, weight and scores for attributes for various themes with respect Underground water potential zone.

SL. No.
1

Thematic layers
Land use / land cover
map

Map Weight (WT)
15

2

Drainage density
(km/km2) map

15

3

Rainfall map

10

4

Lineament density
(km/km2) map

15

5

Soil map

15

6

Slope map

10

7

Geomorphology map

10

8

Geology map

10

Individual Features
Water body
Forest
Built-up
Agriculture
Open area
Beach
0-0.5
0.5-1
1-1.5
1.5-2
>2
3,539 - 3,743
3,743 - 3,870
3,870 - 3,997
3,997 - 4,133
4,133 - 4,328
0-0.0002
0.0002-0.0005
0.0005-0.0007
0.0007-0.001
>0.001
Clay
Gravely Sandy Clay
Gravely Sandy Loam
Habitation mask
Habitation mask- Loam
Loamy Sand
Rock Outcrop
Sand
Sandy Clay
Sandy Clay Loam
Sandy Loam.
0-5
5-11
11-20
20-35
35-75
Young Coastal Plain
Water Body Mask
Structural Hills (Small)
Structural Hills (Large)
Structural Hills
Residual Hills
Pedi Plain Weathered/ buried
Pediment - Inselberg Complex
Mesa
Lower Plateau (Lateritic)
Lateritic plain shallow
Flood Plain
Escarpment slope
Dissected pediment
Denudational Hills
Coastal Plain
Butte
Alluvial Plain
Alluvium / Beach Sand, Alluvial Soil
Hornblende-Biotite Gneiss
Laterite
Meta Basalt Thin Subordinate Meta Rhyolite
& Association
Meta Greywake Argillite
Meta basalt Including Thin Iron Stone
Migmatites and Granodiorite - Tonalitic
Gneiss
Pink Hornblende Granite
Talc Tremolite Actinolite Schist
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Feature Score (WI)
2
9
3
8
1
1
9
4
3
2
1
4
5
6
7
8
4
6
7
8
9
1
1
3
4
2
9
6
8
7
6
5
7
6
5
4
3
2
1
1
1
1
2
4
1
1
8
9
6
2
1
5
2
4
9
8
3
9
1
6
1
1
1
6
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4. FIELD MEASUREMENTS OF pH AND TDS
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Vijaya Kumar et al. (2011) investigated the water quality of Kundapura taluk changes when the
seasons change. This is due to the continuous fluctuation, change in temperature, and salinity as the
seasons shift. The current water quality of the Kundapura taluk shows that salinity is the most
important factor in regulating water quality. Furthermore, excessive runoff from crop inputs and
shrimp culture ponds degrades the water quality. Followed by further we conducted some water
quality analysis like pH – pH is one of the most often used analyses in soil and water research. The
pH scale is used to determine how acidic or alkaline a solution is based on its cation concentration.
Both chemical and biological reactions are strictly proportional to the pH scale of the water system
– and TDS. Total hardness in H2O can range between 15 and 375 mg/L as CaCO3. A high
concentration of hardness may also be the result of soil activity or a high background concentration
of water. During the dry season, water samples were collected from various locations during May
2017. 40 samples were chosen based on their spatial representativeness of the main soil types and
salinity levels. A Global Positioning System (GPS) was used to document the coordinates of each
point (GPS). The spatial distribution map of pH (Figure 13) and TDS (Figure 14) map for water
parameters was created using Krigging interpolation techniques. Table 3 shows the analyzed
parameters and their methods. Physico-chemical parameters like pH and total dissolved solids
(TDS) were measured in situ, using portables pH meter and TDS meter (Tables 3 and 4). Predicted
EC was created using Landsat – 8 OLI data which is almost the same as field data. The Kriging
interpolation approach is used to create maps in Arc-GIS 10.4.1. The weighted overlay approach
was used to produce the FWZ map (Table 6).
4.1 Soil salinity indices
Soil salinity indices (SSI) are primarily used to detect soil salinity by relying on the spectral
responses of salty soils in various spectral bands. In general, it can be inferred that increasing levels
of soil surface salinity result in an increase in spectral reaction (Schmid et al., 2008). In the presence
of salts in the surface, there is a difference in the spectral response between the VIS (Visible
Region) and NIR (Near-Infrared) bands, as well as the NIR and MIR (Mini Infrared) bands. As a
result, these effective bands must be considered when distinguishing between saline and non-saline
soils (Narmada et al., 2015).
4.1.1 Prediction of Electrical Conductivity (EC) using soil salinity indices
Using one or two independent variables, the multiple linear regression (MLR) approach predicts
the value of the dependent variable; in this case, salinity amounts in terms of EC. This model (1) is
based on the best salinity indices that have the strongest correlation with EC values (as indicator
variables) as well as field sample EC values (as response variables). After correlation with other
bands (SI-1, SI-2, SI-3, SI-4) the best linear interactions for EC is SI-5 (Salinity Index-5) and NDSI
(Normalized Difference Salinity Index), R2= 0.9392 and R2= 0.9252, respectively, showed the
feasibility of measuring soil salinity using more than one vector, using Equations 2 and 3. As a
result, the empirical regression relationship for predicting soil salinity (Figure 15) is given in
Equation 2. Classification of soil salinity based on electrical conductivity values are given in Table
5.
5109.163 + 2.704 * SI-5 + 0.0001 * NDSI

(2)

where:
SI5 =

𝐺×𝑅
𝐵

(Bannari et al., 2008)

(3)
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(Khan et al., 2005)

(4)

and SI= Salinity Index, G=Green band, R=Red band, B=Blue band.
Table 3. Analyzed water quality parameter with their permissible limit.
Sl. No

Parameters

Drinking water quality standard
WHO (2011)

Analytical methods

1

pH value

6.5–7.5

pH meter

2

TDS (total dissolved solids)

500mg/l

TDS meter

Table 4. Underground water samples collected for water quality analysis.
SI. NO
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

LATITUDE
13.8665
13.799876
13.70524
13.73014
13.75483
13.65289
13.65509
13.540604
13.56994
13.562632
13.616993
13.577616
13.631596
13.60621
13.54983
13.626152
13.614228
13.62998
13.576383
13.64811
13.73911
13.640716
13.5819
13.60791
13.917189
13.74479
13.716274
13.634377
13.745338
13.675
13.684047
13.66431
13.631596
13.827688
13.876185
13.723891
13.676908
13.692335
13.65149
13.701

LONGITUDE
74.813
74.817013
74.75719
74.7817
74.843887
74.7369
74.70763
74.688387
74.70046
74.693702
74.671623
74.68716
74.68995
74.71979
74.701332
74.732728
74.732674
74.735341
74.862319
74.82247
74.90186
74.704691
74.95825
74.86056
74.645556
74.63994
74.682627
74.769131
74.899109
74.89787
74.648954
74.90796
74.689995
74.649576
74.602434
74.646048
74.694092
74.652399
74.664803
74.9623

PH
6.9
5.9
6.6
5.6
5.6
5.5
6.6
5.7
4.8
4.8
7.9
7.85
6.7
6.1
5.2
8.2
8.7
5.8
5.6
6.3
5.4
6.4
4.1
5.9
4.8
6.8
7.3
5.8
5.6
6.3
6.8
5.7
6.5
5.8
4.9
5.6
6.5
6.6
6.7
5.85

TDS
390
108
128
68
56
111
80
129
62
169
56
338
263
124
166
104
80
94
120
34
39
52
39
56
33
97
522
84
24
154
64
55
373
102
67
66
116
68
52
46
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Table 5. Classification of soil salinity based on electrical conductivity values
EC (dS/m)
< 02
02 – 04
04 – 08
08 – 16
> 16

Soil salinity classes
Not salinity
Low salinity
Average salinity
High salinity
Very high salinity

Figure 13. Distribution of pH map of Kundapura taluk.

Figure 14. Distribution of TDS map of Kundapura taluk.

Water Utility Journal 28 (2021)

35

Figure 15. Distribution of EC map of Kundapura taluk.
Table 6. Rank, weight and scores for attributes for various themes with respect to freshwater zone.
SL. No.
1

Thematic layers
Underground water potential zone map

Map Weight (WT)
30

2

TDS map

20

3

pH map

20

4

EC map

30

Individual Features
Very poor
Poor
Moderate
Good
Very good
Excellent
65.416 - 80.591
80.591 - 104.153
104.153 - 131.308
131.308 - 148.880
148.880 - 167.249
5.295 - 5.663
5.663 - 5.913
5.913 - 6.141
6.141 - 6.440
6.440 - 7.064
-3,157.002 - -2,036.14
-2,036.14- -1,408.46
-1,408.46 - -601.44
-601.44 - 653.91
653.91 - 8,275.76

Feature Score (WI)
1
1
2
3
4
5
5
4
3
2
1
1
2
3
4
5
5
4
3
2
1

5. RESULTS AND DISCUSSION
5.1 Underground water potential zone map
The integrated final map (Figure 17 and Table 7) has generated a range of values, from 2 to 7,

36

Poojaashree B P et al.

which has been reclassified into six zones, to represent underground water potentiality of the area.
Based on the potential scores, the underground water potential of the basin is classified as excellent
(7), very good (6), good (5), moderate (4) poor (3) and very poor (2). The area wise distribution of
the underground water potential zones provides an insight into the management of the underground
water resources. Out of the total area, 1.5 km2 (0.1%) was classified as very poor potential zone.
Poor potential zones occupy 113.8 km2 (7.6%), while moderate potential zone accounts 957.5 km2
(63.6%) of the area. The good potential zones occupy 402.4 km2 (26.3%), very good potential zones
occupy only 30.2 km2 which covers 2% of the area and excellent potential zones occupy 0.01% of
the area (929.3 km2). Most of the area covers moderate underground water zone, which clearly
shows that Kundapura taluk needs more recharging wells and groundwater increasing methodology.
The high line density zones Kundapura taluk form a high transmissivity interlaced network and
fractures aligned along drainage channels containing deposits of valley fill form an interconnected
aquifer system and have high capacity for freshwater. The combination of lineaments can also serve
as the best aquifer horizons with topographically low soil. The southern part of Kundapura taluk has
strong geomorphological area of the soil structure giving excellent groundwater area. Regional
prototypes linked to geology, landforms and lineaments are usually seen by the spatial distribution
of different zones of freshwater potential obtained. The very good and good zones are distributed
along the lineaments and valleys with and without structural control, highlighting the importance of
lineaments and geomorphological units for freshwater investigations in Kundapura taluk. The poor
and moderate freshwater potential zones are the product of complex geological, slope and landform
relationships and very good and excellent groundwater is the sign of good intra-structure of
lineaments, soil and geology of the area. The regions with low potential for underground water are
distributed predominantly along linear ridges and lateritic uplands. The case study was conducted
for Moodlakatte village, Kundapura taluk (population of 4257) and recommended some rainwater
harvesting methods under the guidance of Joseph Rebello, water conservation expert to assist them
to increasing groundwater levels (Figure 16). Trenches would also help us raise groundwater.

Figure 16. Recharging methods has been adopted near Kundapura, under the guidance of Joseph Rebello, water
conservation expert.
Table 7. Underground water potential zone (UPZ) area, availability and percentage.
SL. No.
1
2
3
4
5
6

UPZ Ranges
2
3-4
4-5
5-6
6-7
7
Total

UPZ Availability
Very poor
Poor
Moderate
Good
Very good
Excellent

UPZ Area (km2)
1.5
113.8
957.5
402.4
30.2
0.12
1505.5

Percentage (%)
0.1
7.6
63.6
26.7
2.01
0.01
100
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Figure 17. Underground water potential zone map of Kundapura taluk.

5.2 Prediction of freshwater zone map
Freshwater zones (Figure 17 and Table 8) are classified in 4 stages: poor, moderate, good and
very good. Out of the total area, 2 km2 (0.1%) was classified as poor zone, while moderate potential
zone accounts 152 km2 (10.1%) of the area. The good zones occupy 935 km2 (62.4%) and very
good zones occupy only 410 km2 which covers 27.4% of the area. The FWZ map was generated by
weighted overlay method using ArcGIS 10.4.1. The ranks and scores are given in Table 5.
Kundapura taluk is getting enough rainfall during the monsoon, but they are facing water scarcity
due to lack of maintenance and poor quality of water due to salt water intrusion in aquifers during
summer. The integrated map could be useful for a variety of purposes, such as sustainable
underground water production, as well as identifying priority areas for the implementation of
projects and programs for water conservation in the region.
Table 8. FWZ area, availability and percentage.
SL. No.
1
2
3
4
5

FWZ Ranges
1
2-3
3-4
4
Total

FWZ Availability
Poor
Moderate
Good
Very good

FWZ Area (km2)
2
152
935
410
1499

Percentage (%)
0.13
10.14
62.37
27.36
100
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Figure 17. Predicted fresh water zone map.

6. CONCLUSION
Satellite images were used to map groundwater potential zones based on several characteristics
such as geology, geomorphology, drainage density, soil, rainfall data, lineament density, land use
and land cover for Kundapura taluk. Remote sensing and Geographic Information System method is
extremely beneficial, since it incorporates diverse geospatial data, particularly in groundwater
potential zone mapping. A description of each characteristic is also provided for mapping of
prospective zones and lineaments that indicate the potential of water storage. The discovery of
freshwater potential zones indicated that almost 62.37% of the territory had good freshwater
potential zone. The integrated map might be beneficial for a variety of reasons, including
sustainable freshwater development and identifying priority locations for the execution of water
conservation initiatives and programs in the region.
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