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LANDUSE   BASED   ON   HYDROLOGICAL   ANALYSES 

IN   WEST   SUVARNAMUKHI   RIVER BASIN, KARNATAKA. 

Introduction 

Next to air, water is very essential for the existence of life. Water is an important and 

critical input for economic activities, development and growth. It is one of the most 

valuable natural resources and is indispensable for all life processes.  Water resources 

are of two categories i.e., surface water and groundwater. Surface water resources are 

seldom sufficient to meet the human needs, thus the groundwater resource is a 

dependable alternative. Although the water resources of the earth are abundant, the 

available quantity of water is limited. Water resource planning is essential to meet the 

increasing demand due to increasing population and urbanization. In recent year’s 

exploration and development activities have been extended to the hard rock areas, 

which comprise 2/3 of the Indian sub-continent. The West Suvarnamukhi river is a 

major tributary of Vedavati river, flowing in Tumkur and Chitradurga districts of 

Karnataka has been selected for detailed hydrogeological investigations. Keeping these 

aspects in view, the study of water resources and its development is taken up as it is 

essential in economic and agricultural growth of the region. The basin is also a hard 

rock terrain and one of the backward areas in the state. 

Scope of Investigation 

The river West Suvarnamukhi is a tributary of river Vedavati (Map-1). The basin is a 

part of southern maidan region, which is characterized by low to medium precipitation. 

Major agricultural activities depend on the surface water but more on groundwater. The 

groundwater potential of the basin has been exploited for both domestic as well as 

agricultural practices. The present study investigates the landuse based on hydrological 

set up of the basin and different hydrogeological parameters have been determined in 

this context. 

The drainage map of the basin has been prepared from the toposheets and satellite 

imageries. The quantitative geomorphic parameters have been determined and are 

correlated with other parameters to draw the conclusions. The geology of the area has 

been studied to understand its influence on groundwater potential and quality. The 

Remote sensing data is used to demarcate the hydrogeomorphic features, structures, 

Landuse/ Landcover and Runoff estimation. The study area’s 13 rain gauging stations, 

which have been used to estimate the Runoff by Curve Number method. The water 

chemistry data has been interpreted for various usages, including potability. Isogram 

maps have been drawn and the maps have been correlated with geology, soil and 

landuse to highlight the anomalies in the basin. The quality criteria have been classed 

for both domestic and agricultural purpose.  

Location and Communication 

The West Suvarnamukhi basin lies between latitude 130 12' to 130 48' N and longitude 

760 20' to 760 55' E. The total area covered by the basin is 1751 sq.kms. The major part 

of the basin lies in Tumkur district and a small part of northern portion of the basin lies 

in Chitradurga district.  The national highway, NH-4 passes through the northern end 
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of the basin near Javagondanahalli. Bangalore-Shimoga state highway passes close to 

the southern boundary of the basin. The nearest airport is Bangalore which is 125 kms. 

 

Source of Information 

The data collected from various organisations is as follows: 

(a) Basin Map: Prepared from the toposheets published by Survey of India. The 

toposheets used are: 57C on 1:2,50,000 scale and 57 C/6 (D43Q6), C/7(Q7), C/9(Q9), 

C/10(Q10), C/11(Q11), C/14(Q14) and C/15 (Q15) on 1:50,000 scale. 

(b) Rainfall Data: Collected from the Bureau of Economics and Statistics, Govt. of 

Karnataka, Bangalore. 

(c) Districts Data: The data such as  Agriculture, Landuse, Cropping pattern, Chemical 

fertilizers consumption, number of wells, population etc., were collected from Bureau 

of Economics and Statistics, Govt. of Karnataka, Bangalore. 

 

Map – 1. 
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GEOMORPHOLOGY 

The West Suvarnamuki river is a major tributary of Vedavati river, flowing in Tumkur 

and Chitradurga districts of Karnataka. IRS P6 LISS -III Satellite image (2008) was  

used  for interpretation. Basin Perimeter is 279.48 Kms with maximum length of the 

basin being 69 Kms.  and width is 46 Kms. Stream length and related parameters are 

most important hydrological features of the basin, as it reveals the surface run-off  

behaviors and the same has been evaluated. The basins Qualitative and Quantitative 

geomorphic parameters have been evaluated. The study area is with dendritic type of 

drainage, which is a characteristic of a hard rock terrain (Map-2). Geomorphological 

units observed in the study area are Denudation and Structural hills, Pediplain, 

Pediment Inselberg Complex, water bodies, settlement etc. The  study basin is a seventh 

order stream..  

The bifurcation ratio for theWest Suvarnamuki  river basin is 3.87. The Rb value ranging 

from 3 to 5 for a basin where geological structures do not influence the drainage pattern 

and it also indicates that the basin is at a mature stage of development. The study basin 

has a drainage density of 1.67 km/km2, and is graded as coarse textured.  The low value 

of drainage density in  the basin is  due to the presence of hard resistant lithological 

units with moderate vegetation cover. The Elongation ratio in a basin  normally  ranges 

between 0.6 to 1.0 over a wide variety of climate and geology. The  West Suvarnamuki 

river basin has a ratio of  0.68 which substantiates that the basin is elongated. The  

basin’s  circularity ratio ‘Rc’ is a shape measured depending on stream flow in the sub 

basin (Miller 1953).  

The circularity ratio is influenced by the length and frequency of stream, geological 

structures, land use-land cover, climate relief and slopes of the basin. In the present 

study area the Rc is 0.28 indicating that the drainage system is structurally controlled. 

The above data has been generated using ASTER DEM (Map - 3). Hence from the 

present study it can be concluded that DEM data, coupled with GIS techniques, is a 

competent tool in morphometric analysis and the following are the details. 

 

 

 

 

Morphometric Parameters of West Suvarnamukhi River Basin, Karnataka. 

 

Stream Order 
I II III IV V VI VII 

Stream Number 
2634 643 140 29 9 2 1 

Stream length (Kms.) 
1408.5 765.0 383.9 175.6 108.0 66.4 9.1 

Drainage density 1.67 Km/Sq.Km                Length of overland flow 0.29 

Circularity ratio 0.28 Bifurcation ratio 3.87 

Texture ratio 9.54 Elongation ratio 0.28 
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Flow  Chart of Morphometric Analysis 

Geomorphology 

IRS P6 LISS -III Satellite image (2008) has been  interpreted. It has landforms of 

Structural origin, Denudational and Fluvial origin. The different geomorphic units 

includes Residual hills, Structural hill, Pediplain weathered and eroded, Pediment 

Inselberg Complex, water bodies etc. (Map - 4). 

Residual Hills 

Residual hills are formed due to differential weathering and erosion where more 

resistant formations stand out like small hills. This type of hills are seen around 

Chaulukatte, Kallakere and Hagalwadi area which act as runoff zones and contribute 

significantly for recharge in the narrow valleys. 



5 

Structural Hills 

Structural hills are linear to arcuate hills showing definite trend lines and are associated 

with folding. Such hills are made up of granites and schists trending NW-SE in the 

basin. These are seen in and around  Settikere, Halkurke, eastern part of 

Chikkanayakanahalli, Bellara and Bukkapatna. These mainly act as runoff zones and 

contribute moderately to poor for groundwater potential. 

Pediment Inselberg Complex 

These are undulating bedrock surfaces with small hills and mounds, covered by a thin 

veneer of detritus material. Pediment dotted with a number of inselbergs which cannot 

be separated and mapped as individual units. These units in the basin are of granitic 

gneiss, which occurs near Iralagere, Malligere, Niruvagalu and Holeramalingapura 

area, acting as recharge and runoff zones. 

Pediment 

Pediments are seen as undulating bedrock surfaces of limited extent occurring as the 

transition between hills and plains covered with detritus. Generally pediments act as 

runoff and recharge zones when traversed by fractures. The groundwater prospects are 

poor to moderate in this zone.  

Pediplain 

Pediplain is a gently undulating plain with weathered material of varying thickness 

formed by the coalescence of different pediments marked by large area. They form very 

good recharge and storage zones depending upon the thickness of accumulated 

weathered material and recharge condition. The groundwater potential is moderate to 

good depending upon the fractures in the pediplain regions which are seen is around 

Bukkapatna, Dabbakunte and Kandikere regions. 

Linear Ridges 

Linear resistant ridges are formed by quartzite with insignificant soil cover and 

weathered zone. The groundwater potential is poor in such zones and these are seen 

mostly on the top portions of the hillocks in the study basin. 

Valley Fills 

The valleys of different shapes and sizes are occupied by valley fill material. They are 

classified based on thickness of valley fill and these units form moderately productive 

shallow aquifers, subjected to the material composition and recharge condition. The 

valley fill are seen along river courses near Halkurke, Kuppur, Mathighatta, Huliyar. 

Hoisalakatte, Bukkapatna and Kenkere have moderate to good groundwater potential. 

Structural Valley 

These are narrow linear valleys formed by structurally weak planes like faults, fractures 

and lithological contacts. They influence good recharge from surrounding hills, 
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subjected to normal rainfall. Groundwater prospects depend on the underlying rock 

types, structures, thickness of valley fill and its composition. This unit occurs in 

association with schist belt. These are seen in and around Settikere, Halkurke, eastern 

part of Chikkanayakanahalli, Bellara and Bukkapatna.  Residual hills act as a runoff 

zone in the basin, whereas structural hills act as both as runoff zone in some cases as 

well as recharge zone in others.  

 

Hence structural hills are seen as poor to moderate groundwater potential zones. 

Pediment inselberg complex and Pediment act as recharge and runoff zones. Pediplain, 

valley fills and structural valleys are good recharge, storage and potential zones. These 

have been substantiated by well yield in these regions which was confirmed during field 

check. Thus the groundwater potential zones are confined to southwestern part and 

northeastern parts of the study basin. 
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                Map 

                                                    – 2 

Map - 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

Map - 4 
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GEOLOGY and SOILS 
 

Introduction 

Karnataka Craton is one of the oldest Precambrian terrains preserving the geological 

history of the earliest formed continental crust. It lies in the west central part of the 

Peninsular Indian Shield. The large area of the formations in the state falls within 

Archaean and Proterozoic age which are collectively known as the Precambrians. The 

rest of the great periods from Cambrian to Recent are hardly represented but for minor 

sediments of Recent age exposed along the coastal margin to the west. A substantial 

part of North Karnataka is covered by Deccan Traps, representing the  volcanic activity 

at the dawn of the Cenozoic Era depicts the regional geology. 

 

Regional Geology 

The West Suvarnamukhi river basin area  is the southern extension of the Chitradurga 

Schist belt  and  is a representative of Dharwar Group of rocks with members of 

Javanahalli, Chitradurga and G.R. formations (Sampath Iyengar, 1905). This  is one of 

the longest greenstone belts showing several phases of deformation (Map - 5). 

Metamorphism ranges from greenschists to granulite facies. The Chitradurga basin 

occupies the central position which is structurally highly disturbed and is seen in the 

form of a narrow elongated belt of 400 kms. length. The belt attains a maximum width 

of 40 kms. near Chitradurga town. It narrows down southwards and splits up into 

several linear strips to the south of Dodguni. The basin covers an area of about 5550 

km2.The general trend of the Schist belt is NW-SE to NNE-SSE. Majority of the rocks 

in Chitradurga Schist belt exhibit fractures and joints. Some minor folds and faults are 

also observed. The regional structure of Chitradurga Schist belt consists of a central 

anticline flanked by two synclines on either sides. 

The eastern margin of the Chitradurga belt, SE of Chitradurga are marked by a 

prominent belts of amphibolites and quartzites with minor limestone and iron 

formations which have been described as Javanahalli belt. The Javanahalli formation is 

represented by hornblende schists and quartzites. The Chitradurga formation is 

represented by chlorite schists, traps, haematite, quartzites and conglomerates. The 

younger G.R. formation consists of clays, phyllites, haematite quartzite, ferruginous 

sandstone and conglomerates. The Chitradurga belt has a prominent western arm near 

Kibbanahalli. This arm exposes mainly members of the lower Bababudan Group. 

 

Geology of Study Basin 

The Study basin forms the Southern part of the Vedavathi basin. The area is covered by 

the schistose rocks of Chikkanayakanahalli belt (Map-6). The Chikkanayakanahalli 

green stone belt constitute the southern extension of Chitradurga Schist belt with a 

length of 25 kms. and a breadth of 15 kms. The area consists of a late Archaean 

geosynclinal sequence which unconformably overlies the Archaean granitic gneisses. 

The West Suvarnamukhi basin comprises of heterogenous, anisotropic crystalline 

rocks. The rock types of the study area are highly fractured, folded and jointed due to 

tectonic activities. The intrusions are dolerite dykes and pegmatites.  
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Gneisses 

The major part of the basin is a Peninsular gneissic terrain. The granitic gneisses follow 

the Dharwarian trend and exhibit easterly dip. The gneisses occupy a large portion of 

eastern and western border of the basin and are exposed along the river course. In some 

places gneisses are directly overlain by chloritic and hornblende schist. Major 

occurrences are referred to as Kandikere gneiss, Honnebagi gneiss, Hagalvadi gneiss 

and Bukkapatna gneiss. 

Schists 

The study area constitute the well known Chikkanayakanahalli schist belt. This schist 

belt is to the east of Chikkanayakanahalli town and to the west-north-west near 

Banasandra, a branch which extends for over 32 to 40 kms. This narrow schist belts is 

composed of chloritic schist, micaceous schist, quartzites, limestone and ferruginous 

quartzites. The chloritic schist occupies the low-lying area in some parts of the study 

area. This schist underlie either Iron formation or carbonates and overlie quartzite. In 

the study area hornblende schists which has been  extensively altered to epidiorites. 

These schists exhibits fine grained texture and are in direct contact with gneiss. The 

hornblende schist represents metavolcanic flow inter-layered with the metasediments,  

are seen around Javagondanahalli and to the east of Bukkapatna. 

Carbonates 

The carbonates in the basin  are seen  as thin layers, lenses and patches in association 

with Iron formation. Among the carbonates, the dolomites are predominant over 

limestones . Both the limestone and dolomite are of crystalline variety with veins of 

calcite and quartz. Some typical areas are Obalapura, Shivasandra, etc. 

Dolomite 

Dolomite is seen as fine to coarse crystalline rock. It contains silica layers that give a 

banded appearance. The dolomite is grey to dark grey in colour and the horizons are 

seen with manganiferrous phyllite. Prominent bands are exposed near Dodguni, 

Chikkanayakanahalli and Thimmanahalli.  

Limestone 

Limestone is medium to coarse crystalline, with white to light grey colour. The highly 

calciferrous limestone shows distinct signs of stratification and bedding. Limestone of 

varying purity, interbedded with phyllite and cherts are found at Kandikere, Agrahara, 

Byaladakere and Gollarahatti. A prominent belt of limestone extends from Huliyar in 

the north upto Chikkanayakanahalli in south.  

Iron Formation 

The Iron formations occur in continuous bands, forming prominent ridges and also as 

thin isolated bands and lenses amidst schistose rocks. Thickness of the bed vary from 
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few meters to 100 meters ( Devaraj et al., 1986). Iron formations are the youngest 

stratigraphic units of the area and are associated with chlorite schist, quartzites and 

carbonates. The concentration of manganese is limited to the lower flank of the ridges 

and iron ore is found at the top. A prominent band of iron formation is seen to the east 

of Chikkanayakanahalli and this extends from Huliyar in the north to Dodguni in south. 

Only minor occurrences of manganese are noticed  along with limestone around 

Honnebagi, Sondenahalli and Narsihalli. 

 

Traps 

These are basic flows referred as grey traps and they form prominent hills in the study 

area. Colour varies from greenish to grey and are generally in contact with chlorite 

schists. The traps occur between  Bellara and Bukkapatna. Pillow structures have been 

recognised  in the vicinity of the abandoned gold mines near Bellara. 

 

Quartzite 

Quartzites are exposed on the crestal portion of small mounds and also on the 

escarpment of hillocks. The quartzites are white to buff white, pale green and at places 

contain sericite mica and fuchsite. They are hard, compact and fine grained. Quartzites 

are exposed near Doregudda, Sivasandra, Bandenahalli and Kondli. 

 

Quartz 

Quartz veins are seen  is white, massive and traversed by closely spaced joints and are 

seen near Haradagere. 

 

Intrusions 

Dykes, pegmatite and quartz veins are the intrusions in schists of the study area. 

Different types of dykes cut through the gneisses and schistose rocks. A major dyke is 

seen running to the east of Oblapura. A few dolerite dykes cut across the gneissic 

formation near Manjunathapura and a quartz-dolerite dyke exposed to the east of 

Hagalawadi. 

 

Pegmatites 

Pegmatite veins are found to occur in the gneisses and granitic gneiss. The size varies 

from thin vein to large size. These are important zones for tapping groundwater. 

 

Javanahalli Belt 

Javanahalli belt is a narrow curvilinear belt juxtaposed in parts against the eastern 

margin of Chitradurga belt and separated in other parts from the later by components 

of Peninsular gneiss with local names such as Pitlali and Bukkapatna granite. 
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Bukkapatna granite 

Bukkapatna granite is a grey porphyritic granite having local zones of concentrated 

deformation. The granite has prominent argillite xenoliths of Chitradurga Group along 

its eastern contact near Hale Ramalingapura. 

Water bearing properties of rock units 

The West Suvarnamukhi basin is a part of hard rock terrain. Rocks are crystalline, hard 

and massive which are devoid of primary porosity. But the presence of joints, fractures 

and fissures act as reservoir and conduits for groundwater. The contact zone between 

gneiss and schists have proved to be more successful for groundwater occurrence in the 

basin. When compared with schists the gneissic terrain forms a good aquifer. 

Groundwater is largely seen in study area occurring as confined condition in the 

weathered and decomposed zones. Also in the jointed and fissured parts of the area, 

groundwater is present.  

SOILS 

Soil is the residual product of physical disintegration and chemical decomposition of 

the underlying rocks, which reflects the geomorphic history of the area. The chief 

factors influencing the formation of the soil are:  rock material, climate, slope of land 

and time. The porosity and permeability of soil influences the groundwater potential 

and quality of water in an area.  Soil   is  an important media, promoting infiltration of 

rain water to the underground. The west Suvarnamukhi river basin comprises  three 

main types of soils viz., (a) Red soils, (b) Black soils and (c) Alluvial soils ( Map-7). 

Red Soils 

Red soils in the study area are the residual products of granites and gneisses. They are 

neutral to acidic. These soils cover nearly 50% of the total study area. Based on the 

texture, the red soils are further classified as: Red loamy soil, Red sandy soil and Red 

gravelly soil. Red loamy soils exhibit fine texture. Red loamy  and sandy loamy soils 

have poor retention capacity. Red sandy soils are poor in clay content and have little 

moisture holding capacity. They exhibit coarse to medium texture. Red soils with 

different shades of red colour are found around Kandikere, C.N.Halli, Honnebagi, 

Hagalvadi and Bukkapatna. 

Black Soils 

Black soils are derived from the weathering of amphibolites, dolerites etc. These soils 

are deep, fine textured and imperfectly drained. These soils are rich in CaCO3 and they 

cover nearly 15% of the total area. This type of soils are seen in the northern portion of 

study area i.e., in and around Hoysalakatte, Dabbakunte, Marenadupalya, Anehalli and 

Holeramalingapura.  
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Alluvial Soils 

Alluvial soils occur mostly on flood plains of major streams and channels of the West 

Suvarnamukhi river. The soils are stratified, highly permeable, moderately well drained 

and fertility status is fairly good. They occur in valley fills and it covers about 25% of 

the total area. 

Clay Soils 

Clay soils are mainly weathered product of Phyllite and rocks rich in feldspars. The 

soils are slightly alkaline in nature, found in parts of Tiptur and Gubbi taluks.  

Infiltration 

The movement of water through the soil surface is infiltration, which forms one of the 

main sources of groundwater recharge. The rate of infiltration depends upon the 

thickness of the soil and the hydraulic gradient. In West Suvarnamukhi river basin, red 

sandy and red gravelly soils have good infiltration capacity. In these soils the overland 

flow will be less. Alluvial soils have very good infiltration capacity. Black soils have 

low infiltration rates and high overland flow.  However the infiltration in the entire 

West Suvarnamukhi basin is moderate to good which is also reflected in the Runoff 

estimations which is discussed later.  
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  Map – 5                                                                    Map - 6 

 

Map - 7 
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LANDUSE and LANDCOVER 

Introduction 

Land cover and land use represent the integrating elements of the resource base. Land 

cover is distinct from land use, despite the two terms often being used interchangeably. 

Land use is generally how people utilize the land for socio-economic activity. Land 

cover data reveals how much of a region is covered by forests, wetlands, impervious 

surfaces, agriculture, etc. Today it is very important to know how land cover has 

changed over time and its impact on society. 

Land Use/Land Cover refers to data resulting from classifying raw satellite data into 

"land use and land cover" (lulc) categories. Nonetheless, lulc provides a valuable 

information on the extents of various land uses and land cover types, such as urban, 

forested, shrubland, agriculture, etc. Lulc mapping is of great significance in scientific 

research, planning, management and to understand the landscape. With this information 

it is possible to evaluate past management decisions as well as gain insight into the 

possible effects of their, and for  current decisions before they are implemented. 

Data and Methodology  

The Landuse/Landcover for the current study area has been attempted to demarcate the 

various types of landuse/landcover classes. The Landuse/Landcover map has been 

prepared using satellite images of IRS 1C and 1D LISS III and PAN merged data (Map-

8). Topographic map has been used as reference for the same. The various 

Landuse/Landcover classes were deliniated based on basic image interpretation keys 

Viz.,tone, texture, shape color, association, shadow, background etc. which are the 

standard visual interpretation techniques suggested by Lillesand and kiefer (2002). The 

Landuse/Landcover classification is carried based on the methodology given in NRIS 

Node Design and Standard prepared by NNRMS.  A limited ground check  has been 

carried out to validate the classification. 

The delineated lulc classes of the study area includes Agricultural land (crop land, 

fallow and agricultural plantations), Forest (degraded, scrubby and forest 

plantations),Waste land (land with scrub, land without scrub, barren/rocky land, gullied 

and salt affected land), Water bodies (lakes/tanks, streams/rivers and reservoirs) and 

Built-up lands (settlements).  

Agricultural Land 

Agricultural Land may be defined broadly as land used primarily for production of food 

and fiber. The agricultural land  covers cropland, fallow land and agricultural 

plantations. The details of the same are as below: 

Crop land 

The land which is currently under cultivation is designated as crop land.The crops 

grown in either  Kharif or Rabi or double crop seasons. Crop land is widely found and 

occupy a total area of 923.70 Sq. Kms. Kharif and Rabi season imageries are used to 

delineate double cropped area which accounts for 21.56 Sq. Kms. of the total cropland. 

The major agricultural crops are  paddy, ragi, cereals, pulses and groundnut.  
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Fallow land 

Fallow land is the agricultural land which remains presently uncropped for one or more 

seasons. The area is devoid plants and  covers an area of 15.96 Sq. Kms. which is found 

in patches all over the study area. 

Agricultural plantation 

It is the agriculture area with trees plantations or fruits planted by adopting certain 

management techniques. The area includes the plantations like coconut and arecanut 

which were seen during the ground check. The total plantation land is estimated to be 

209.21 Sq.kms. which is found over south western parts of the study basin. 

Forest Land 

Forest Lands have trees capable of producing timber or other wood products, and exert 

an influence on the climate or water regime. Forest Land generally can be identified 

based on high-altitudes in the  imagery. The various sub-classes of this category are 

delineated and described below: 

Degraded forest  

A degraded forest is a secondary forest that is lost through human activities. Degraded 

forest in the study basin is estimated to be 170.60 Sq. Kms. which is seen in north-

western portion and few patches over south and western regions of the study area. 

Scrub forest 

The forest where the density of the vegetation is below 20% of the canopy cover is 

generally referred to scrubby land which includes stunted trees or bushy vegetation. 

Scrub forest in the study basin accounts for about 149.79 Sq. Kms. The forest is 

observed over central and north eastern portions of the study basin. 

Forest plantations 

Plantations which are developed on a large scale over specified forest lands which are 

important from the forestry point of view. Forest plantations seen  in the study area are 

eucalyptus species which are seen in few patches in north and southern portion. The 

forest plantations account for about 17.40 Sq. Kms.in the study basin. 

Waste Land 

Waste Land is a land of limited ability to support life and in which less than one-third 

of the area has vegetation or other cover. In general, it is an area of thin soil, sand, or 

rocks and vegetation, if present, is more widely spaced and scrubby.  The waste land in 

the study area is sub categorized into land with scrub, barren/stony waste, 

Gullied/revinous land,  salt affected land and are discussed below: 
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Land with scrub 

Scrub means low shrubs, mixed with grasses, herbs, and geophytes. These are generally 

prone to degradation or erosion. Scrub land in the study area estimated covers 127.45 

Sq. Kms. and noticed in north and eastern parts of the study area. 

Barren/Rocky waste 

These are the lands where  varied rocks are  exposed. These regions are devoid of soil 

cover, vegetation and comprises of stabilized soil. They occur as isolated exposures or 

loose fragments of boulders or as rocky sheet over plains and table lands. This type of 

land accounts for 16.11 Sq. Kms. in the study area and is noticed randomly scattered as  

patches all over the study basin. 

Gullied/Revinous land 

Areas where all diagnostic soil horizons have been removed by flowing water, resulting 

in a network of V or U-shaped channels. About 6.26 Sq.Kms. of Revinous land is 

noticed as  few patches around eastern part of the study basin. 

The waste land also includes  about 1.36 Sq. Kms. of salt affected land and 0.26 Sq. 

Kms. of land without scrub which are seen  in northern parts of the study area. 

Water Bodies 

Water body term is most often refers to large accumulations of water such as rivers , 

streams, canals, lakes and also smaller pools of water such as ponds, tanks and 

wetlands. Lakes and tanks are seen all over the basin covering an area of 59.73 Sq. 

Kms. in the study basin. However reservoirs are artificial impoundments of water used 

for irrigation, flood control, municipal water supplies, recreation, hydroelectric power 

generation, and other purposes. There are two main reserviors in the study area 

viz.,Boranakanive reservoir and Gayathri reservoir which are located in central and 

northern parts respectively having an areal extent of  19.32 Sq.Kms. 

Urban or Built-up land 

Urban or Built-up Land is comprises of areas of intensive use with much of built-up by 

structures. Included in this category are cities, towns, villages, strip developments along 

highways, transportation, power, and communications facilities. This category of 

landuse is seen in almost all the parts of the study area which accounts for 7.87 Sq. 

Kms. 
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Area wise Statistics of each LULC class. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                    

 

 

Map – 8 

Lulc Class Sub class Area in Sq.kms Percent   Compliance 

 

 

Agricultural land 

Crop land 923.70  

 

66.86 
Fallow land 15.96 

Double crrop 21.56 

Agricultural plantations 209.21 

 

Forest 

Degraded forest 170.60  

19.29 Scruby forest 149.79 

Forest plantations 17.40 

 

 

Waste land 

Land with Scrub 127.45  

 

8.65 
Barren/Rocky land 16.11 

Gullied/revinous land 6.26 

Salt affected land 1.36 

Land without scrub 0.29 

 

Water bodies 

Lakes and Tanks 58.73  

4.72 Reservoirs 19.32 

Rivers and Streams 4.71 

Built -up land Settlements 7.87 0.44 



18 

SURFACE  WATER  and  RUNOFF  ESTIMATION 

Introduction 

Surface water being visible, can be quantified, more easily than groundwater. Surface 

water is observed as lakes, tanks, streams or reservoirs. The stream flow is the flow 

collected from a drainage basin and can serve as multi-purposes usage like flood 

control, power generation, navigation etc. It also serves as a source for artificially 

recharging of the aquifers. The West Suvarnamukhi river originates near Tiptur and 

Hagalawadi range and flows in northern direction to join Vedavati river, as a tributary 

of Tungabhadra river, which is a major tributary to Krishna river. Kerethore and 

Chikkathore are two important streams in the West Suvarnamukhi river basin.  There 

is a medium size reservoirs built across the stream Kerethore near Boranakanive village 

and is called Boranakanive reservoir  later flows into the Gayathri reservoir at the mouth 

of river near Javagondanahalli. 

Runoff 

Runoff is the water discharged through streams consisting wholly or in part, contributed 

by overland flow and depends on: 

(a) Permeability and moisture content of the ground surface and soil.

(b) Intensity, duration and the area distribution of precipitation.

(c) Humidity and temperature of the atmosphere.

(d) Type and density of vegetation.

(e) Slope of land surface and depth of water table.

Surface water resources have placed a key role in agricultural development of the basin. 

Two reservoirs Borankanive and Gayathri are built to store the runoff and water is used 

for agricultural practices. A large number of small and big tanks have been built in the 

basin to supply water for irrigation. These innumerable tanks in the basin are filled 

during rainy season only. Due to shallow nature of the tanks the water storage is less 

and the availability for irrigation is minimum, due to either evaporation or it infiltrates 

into the ground. 

Hydrological modeling uses various methods and techniques for the estimation of the 

runoff. Each model uses certain specific parameters as inputs for the analysis of runoff. 

The soil conservation services (SCS) curve number method developed by the U.S. 

Department of Agriculture (SCS,1972) is used to estimate the runoff based on the 

rainfall data and the curve number as an input parameters (Sharma and Singh,1992; 

Nayak and Jaiswal,2003). SCS method is a popular method for runoff estimation as it 

is easy to understand and require only a few parameters such as soil type, rainfall and 

land use. It provides reasonable and useful results for average conditions.  

The RCN (Runoff Curve Number) method was originally established by the SCS in 

1954. Simple methods for predicting runoff from watersheds are particularly important 
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in hydrologic engineering and modeling.The estimation is useful in flood design and 

water balance calculation models (Abon et al., 2011; Steenhuis et al., 1995; Van Dijk, 

2010). The Soil Conservation Service Curve Number (SCS-CN) method was originally 

developed by the SCS (US Department of Agriculture), to predict direct runoff volumes 

for given rainfall events and it is documented in the National Engineering Handbook, 

Sect. 4: Hydrology (NEH-4) (SCS, 1956, 1964, 1971, 1985, 1993, 2004). Remote 

sensing technology can augment the conventional methods to a great extent in rainfall-

runoff studies. The role of remote sensing in runoff calculation is generally to provide 

a source of input data or as an aid for estimating equation coefficients and model 

parameters. Experience has shown that satellite data can be interpreted to derive 

thematic information on land use, soil, vegetation, drainage, etc. which, combined with 

conventionally measured climatic parameters (precipitation, temperature etc.) and 

topographic parameters height, contour, slope, provide the necessary inputs to the 

rainfall-runoff models.  

Though, the main difficulty is that the CN values calculated from measured rainfall 

runoff data actually vary significantly from storm to storm on any watershed. 

Antecedent Moisture Condition (AMC) was initially assumed to be the primary cause 

of storm to storm variation. However, this effect is of questionable origin and it is not 

recommended for use anymore (Hjelmfelt et al., 2001; McCuen, 2002; Ponce and 

Hawkins, 1996). Variability is incorporated by considering the CN as a random variable 

and the AMC-I and AMC-III categories as bounds of the distribution. The expressions 

of AMC-I and AMC-III were considered as measures of dispersion around the constant 

tendency (AMC-II). Ponce and Hawkins (1996) reported as possible sources of this 

variability the effect of the temporal and spatial variability of storm and watershed 

properties, the quality of the measured data, and the effect of antecedent rainfall and 

associated soil moisture. Soulis et al., (2009) and Steenhuis et al., (1995) also noted that 

the variation of CN value, according to AMC category alone, cannot justify the 

observed CN values variability in every case. 

Runoff starts when the rainfall rate exceeds the rate of infiltration. For lumped models 

rainfall volume can be obtained by integrating the rainfall excess: 

 −= tfiQ )(

Where Q is the runoff volume, i is the rainfall rate, and f is the infiltration rate. Various 

methods have been developed to determine flow volumes, peak flow rates, and runoff 

hydrographs.  

i f

t
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Estimating Runoff Volume 

CN for particular combinations of soil and cover characteristics (soil-cover complex) 

were developed by plotting largest annual storm runoff and associated rainfall for a 

watershed having one soil and one cover.  Laid over this plot was a graph of CN array 

constructed at the same scale.  The median CN was selected, dividing the plotting into 

two equal numbers of points.  When more than one site with the same soil-cover 

complex was examined, the median CN were averaged. Recent review of the available 

documentation has indicated that the concept of 5-day antecedent rainfall to explain the 

variation in the individual CN was based on the idea that it was an easily obtained 

variable and only partially explained the variation.  Many parameters, including 5-day 

antecedent rainfall, stage of crop growth, soil moisture, and interception, explain the 

variation in the individual curve number for a watershed with storms.   

In this method, the total rainfall is separated into three components as shown below, 

Ia is the initial abstraction before ponding (in), P is the cumulative rainfall (in) Q is the 

runoff (in). Q is estimated from the following relationships: 

 S)+ I - (P

)I - P(
 = Q

a

2

a

Where S = maximum soil water storage potential (in) and is given by 
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Values of CN, the Curve Number, have been established for various situations. 

Average coefficients are calculated for composite areas: 

i

ii

A

ACN
CN




=

where Ci is the coefficient applicable to the area Ai.  

Hydrological Soil Group (HSG) 

Soil properties greatly influence the amount of runoff. In the SCS method, these 

properties are represented by a hydrological parameter. The minimum rate of 

infiltration obtained for a bare soil after prolonged wetting. The influence of both the 
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soil’s surface condition (infiltration rate) and its horizon (transmission rate) are thereby 

included. These parameters, which indicates a soil’s runoff potential, is the qualitative 

basis of the classification of all soils into four groups. The Hydrological Soil Groups, 

as defined by the SCS soil scientists are Group A, B, C and Group D. Land use and 

treatment classes are used in the preparation of hydrological soil-cover complex, which 

in turn are used in estimating direct runoff.  

Antecedent Moisture Condition (AMC) 

The soil moisture condition in a drainage basin before runoff occurs is another 

important factor influencing the final CN value. In the Curve Number Method, the soil 

moisture condition is classified in three Antecedent Moisture Condition (AMC) 

Classes.  Antecedent Moisture Condition is an indicator of watershed wetness and 

availability of soil moisture storage prior to a storm, and can have a significant effect 

on runoff volume. Recognizing its significance, SCS developed a guide for adjusting 

CN according to AMC based on the total rainfall in the 5-day period preceding a storm. 

Three levels of AMC are used in the CN method: AMC-I for dry, AMC-II for normal, 

and AMC-III for wet conditions. 

These classes are based on the 5- day antecedent rainfall (i.e. the accumulated total 

rainfall preceding the runoff under consideration). In the original SCS method, a 

distinction was made between the dormant and the growing season to allow for 

differences in evapotranspiration. To determine the appropriate CN value, various 

tables can be used. Firstly, there are tables relating the value of CN to land use or cover, 

to treatment or practice, to hydrological condition, and to hydrological soil group. 

Together, these four categories are called the Hydrological Soil-Cover Complex. The 

relationship between the CN value and the various Hydrological Soil-Cover Complexes 

is usually given for average conditions, i.e. Antecedent Soil Moisture Condition Class 

II. Secondly, there is a conversion table for the CN value when on the basis of 5-day

antecedent rainfall data the Antecedent Moisture Condition should be classified as

either Class I or Class III.
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 Methodology 

Development of Curve Number 

Surface runoff is mainly controlled by the amount of rainfall, initial abstraction and 

moisture retention of the soil. Moisture retention inturn depends on soil condition and 

crop cover. The curve number is mainly based on relationship between retention-runoff 

and water balance equation. The runoff-retention can be stated as the ratio of actual 

retention to potential retention is equal to the ratio of actual runoff to potential runoff.  

Which can be given as, 

 Fa

S
=  

Pe

(P − Ia)
 … . . (i) 

where, 

Fa = Actual infiltration, S = Potential infiltration, Ia = Initial abstraction, P = Rainfall 

From the water balance equation, 

   P = Pe + Ia + Fa … . . (ii) 

Combining the eq. (i) and (ii) 

Pe =
(P − Ia)2

P − Ia + S
. . . . . (iii) 

The above equation computes the direct runoff for a storm event. Many studies on 

watershed have given the  relationship between Ia and S as: 

Ia = 0.2S

Substituting the value of Ia in equation (iii)       

Pe =
(P − 0.2S)2

P + 0.8 S
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The Standard initial abstraction coefficient recommended by SCS is 0.2 (Springer et. 

al., 1980) found that 'Ia' varies from 0.0 to 3.0 for a small, humid and semiarid 

catchments. The Potential maximum retention (S) is expressed by CN,    i.e.,    

S =
2540

CN 
− 25.4 

Where CN = curve number 

Hydrologic  Soil  Group (HSG) 

Soils are classified by the Natural Resource Conservation Service into four hydrologic 

soil groups based on the soils runoff potential. The four hydrologic soil groups are 

A,B,C and D (Map - 9 ), where 'A' generally has the smallest runoff potential and 'D' is 

the greatest.Group 'A' covers sand, loamy sand or sandy loamy type of soils. It has low 

runoff potential and high infiltration rates. This group of soils consists of deep, well 

drained sands or gravels and have high water transmission capacity. The soils included 

in Group 'B' are loam and silt loam. This type has moderate infiltration rate and consist 

of moderately deep, well drained soils with moderate to fine structure. 

 

 

 

 

 

 

Group 'C' soils have low infiltration rate when wetted and consists of soils with a layer 

that impedes downward movement of water and soils with moderately fine to fine 

texture. The water transmission rate is low in this group. Group 'D' consists of soils 

with higher runoff potential. Water movement through the soil is restricted. These soils 

have greater than 40% of clay, less than 50% of sand. These type of soils have low rate 

of water transmission.  

Land use  and  Land cover 

Different land use classes are classified using satellite imagery (NRSC-Bhuvan, 2012). 

The land use and land cover map prepared shows the study area comprises of  

agricultural plantations, lakes and tanks, cropland, barren waste, fallow land and  other 

land use types including settlements (Map - 10). 

 

Antecedent  Moisture Condition (AMCs) 

AMCs is the preceding relative moisture of the pervious surfaces prior to the rainfall 

event. Antecedent moisture is considered to be low, when there has been little preceding 

rainfall and high when there has been considerable preceding rainfall prior to the 

modeled rainfall event. 

 

 

 

Hydrologic 

Soil Group 

Minimum infiltration     rate  

(mm/hr) 

A 

B 

C 

D 

           7.62 - 11.43 

           3.81 -  7. 62 

           1.27 -  3. 81 

                 0 - 1. 27 
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The SCS developed three AMCs and they are designated as AMC-I,II and III. The soil 

condition in AMC-I is dry but not to the wilting point. Average soil condition is seen 

in AMC-II and low to high with low temperature have occurred within last 5 days, 

saturated soils.       

The Curve Number values for AMC-I and III is obtained by AMC-II. The equations for 

computation of CN1 and CN3  are as follows: 

CN1 =
CN2

(2.281 − 0.01281) ∗ CN2

CN3 =
CN2

(0.427 + 0.00573) ∗ CN2

Depending upon the total rainfall in 5 days period preceding a storm, the rainfall Curve 

Number method has three levels of Antecedent moisture.(USDA-SCS,1985). 

 Spatial Tools and Overlay analysis 

The study area boundary was delineated using SOI toposheets. The thematic map Lulc 

map was prepared using Satellite imagery. The generated Lulc map and Hydrologic 

Soil Group (HSG) maps were integrated in GIS environment. This was done using Arc 

GIS 10 software. The generated map of landuse - soil group is assigned by 

corresponding Curve Number (Map - 11  ). The weighted value of Curve Number is 

calculated by the equation, 

 CNavg =  
∑ (𝐂𝐍𝐢∗𝐀𝐢)n

i=1

∑  Ain
i=1

Where,   

CNi = Curve Number for each land use soil group polygons 

Ai = The area of respective combination ,  ∑ A = Total area of Basin. 

The calculated weighted Curve Number represents the AMC II condition. Then the 

AMC II was converted to Curve Number values for AMC III and AMC I by equations 

of CN I and CN II. 

Results 

Landuse/Landcover, Hydrological Soil Groups, rainfall and Curve Numbers are the 

basic parameter from which the runoff is estimated. The curve numbers are generated 

by integrating Lu/Lc with the HSG. The Weighted CN for AMC-II is 77.67 for the 

entire basin. Similarly the CN for AMC- I and AMC-II are calculated which are 60.40 

and 89.06 respectively. The calculated values are used in runoff modeling. 

 AMC Class 

Five Days 

Antecedent Rainfall (mm) 

 Dormant Season  Growing Season 

I <  12.7 <  35.56 

II 12.7- 27.94 35.56 - 53.34 

III > 27.94 > 53.34
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Table – 1:  Regression of  Mean   Rainfall and  Runoff 

Year Station        Mean 
Rainfall(mm) 

    Mean 
Runoff(mm) 

1998 Anakasandra 403 65 

1999 Boranakanve 524 95 

2000 Bukapatna 667 192 

2001 C.N.Halli 811 193 

2002 D.Ennigere 424 112 

2003 Hagalavadi 369 46 

2004 Halkurke 704 200 

2005 Huliyar 598 125 

2006 J.G.Halli 588 114 

2007 Mathighatta 404 66 

2008 Nittur 488 86 

2009 Settikere 572 122 

2010 Tiptur 807 189 

y = 0.335x 
R² = 0.864
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Table - 2 :  Weighted CN for Study Basin 

Sl. 

No. 
Land use type HSG CN Area Area*CN Weighted CN 

1 Agricultural Plantation B 53 183.43 8131.79 

2 Agricultural Plantation C 67 38.91 2606.97 

3 Agricultural Plantation D 72 0.68 48.96 AMCI=60.40 

4 Stony waste B 66 5.01 330.66 

5 Stony waste C 77 3.69 284.13 

6 Stony waste D 83 2.47 205.01 

7 Crop land B 81 493.92 40007.52 

8 Crop land B 71 11.31 803.01 

9 Crop land C 88 354.09 31159.92 

10 Crop land D 91 6.92 629.72 

11 Degraded forest B 66 49.79 1966.14 

12 Degraded forest D 83 4.82 400.06 

13 Degraded forest C 77 182.2 10179.4 AMCII=77.67 

14 Fallow land C 77 4.87 374.99 

15 Fallow land B 66 10.89 718.74 

16 Forest plantations B 55 2.71 149.05 

17 Forest plantations C 70 23.92 974.4 

18 Gullied / Revinous Land B 66 3.94 260.04 

19 Gullied / Revinous Land C 77 2.24 172.48 

20 Lake/Tank D 96 58.58 5623.68 

21 Land with Scrub B 60 31.3 1878 

22 Land with Scrub C 73 90.14 6580.22 

23 Land with Scrub A 36 1.74 62.64 

24 Reservoir D 100 19.23 1923 AMCIII=89.06 

25 River/stream D 97 4.71 456.87 

26 Scruby forest C 73 151.56 9603.88 

27 Scruby forest B 60 21.79 1307.4 

28 Settlements D 86 7.87 676.82 

29 Salt effected area B 66 1.29 85.14 

30 Mining/Industrial wasteland       C 77 0.43 33.11 

Daily rainfall data of 13 rain gauging stations in the study area for 13years (1998-2010) 

has been used. The missing rainfall data for the stations were calculated by normal ratio 

method. This rainfall data has been used in runoff estimations. The mean runoff value 

of the study area from the year 1998 to 2010 is shown in Table-1.The average runoff of 

the study area is 123.46  mm. The regression equation obtained is satisfactory. The 

weighted curve number for the study area is calculated and tabulated in Table-2. Study 

area comprises of all the four HSG among which groups B,C and D occupies most of 

the study area indicating slow infiltration rate. The HSG covered in the study basin are 

shown in Map- 9  . It was observed that the study area experienced minimum runoff in 

the year 2003 and maximum in the year 2004 during the period of investigation. 
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GIS based SCS-CN method is an effective way to estimate runoff. The conventional 

methods of runoff estimation for large areas is tedious and time consuming. Thus the 

integration of SCS-CN with Remote Sensing and GIS  techniques improves the runoff 

prediction economically and easily making use of limited data parameters available. 

Planning and managemental activities  of a basin depends up on the rainfall-runoff 

values estimated. Accuracy in CN values mainly depends on land use conditions. Thus 

it is reliable to integrate physiographic, storm, soil and land use characteristics of the 

study basin with certain degree of reliability. 

  Map – 9              Map  - 10 
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          Map – 11 
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WATER  LEVEL  FLUCTUATION 

Fluctuation in Water Table 

Water table is defined as the level of surface of water, standing in well that penetrate 

the water body just enough to hold standing water and the water pressure in atmosphere 

(Lohman et al., 1972). The rise and fall of the water table is termed as fluctuation of 

water table. Water table fluctuation depends on rainfall, generally it rises at the end of 

the rainy season and as the summer season advances gets lowered progressively and 

reaches the lowest level, just before the rains or even the wells go dry. Water level 

fluctuation in the basin has been studied to know the long term trends in the fluctuation 

and also to locate the zones of under and over exploitation.  There may be progressive 

lowering of water table over a period of time, may be due to excessive pumping. The 

water table gets steadily lowered only when rainfall is deficient for several months or 

years in succession. More often such lowering is likely to be due to removal of forest 

cover, which tends to promote rapid runoff not allowing water to seep underground. 

Lowering of water table may also be due to the reduced capacity of the soil to absorb 

water.  

Fluctuation in West Suvarnamukhi Basin 

In the present study 22 observation wells in the basin are monitored (Map-12, Plate-1) 

from January   2012 to May 2014 (January, May, August and November). The rise and 

fall of water table is in response to several factors, whenever, there is replenishment of 

water in excess quantity of discharge by way of base flow of a river, the water table 

raises. The fall is due to discharge in excess of recharge, which is usually during the 

dry periods of the year. The water level fluctuation data is presented in Table.The 

average fluctuation of the study basin is 3.7 mts. The recharge period is mainly 

restricted to monsoon and the decline is extended over a longer period. The recharge 

rate is dependent upon the effective rainfall, infiltration rate, duration and the amount 

of rainfall. But the recession rate is dependent on the basin characteristics. The data 

analysis reveals three categories: 

It is observed that the water level fluctuation in the basin has declining, static and 

increasing trends. Out of which, 14 wells have declining trend, 5 wells have increasing 

trend and 3 wells have a static water level condition. 

Wells with declining trend are Iralagere, Gerehalli, Kuppur, Chikkaramapura, 

Ramalinganapalya, Madalapura, Thimmanahalli, Hale Ramalingapura, Ballapura, 

Ambarapura, Veeravanagattihalli, Kamalapura, Avalagere and Yegachihalli. 

Decreasing in water level is due to intensive agricultural activity using groundwater. 

Cultivation of cash crops along with the food crops is generally observed in and around 

the monitoring wells. 

Steadily rising water level is observed in Kupper Doddahalli, Manchaladore, 

Melanahalli, Obalapura and Chikkanayakanahalli. The increasing water level trend is 

due to groundwater recharge as the stations are in close proximity to good recharge 

zones.  
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The wells with static water level are Gatakanakere, Huliyar and Marenadu. The static 

water level condition is due to backwater recharge as the wells are located in and around 

the reservoir area.   

The general trend of water resource utilization in the West Suvarnamukhi River Basin 

is that there is a markable shift in the agricultural practices particularly from traditional 

crops towards cash crops. Hence the dependence on groundwater is also increased.  

Even there is a drastic increase in number of borewell drilled for groundwater tapping  

due to vagaries of monsoon and also lack of sufficient stored  surface water availability.  

Table: Observatory wells monitored in the Study Area 

Loc. 

No.  
Name 

Altitude 

(m) 

Total 

Depth 

(m) 

Formation 
Min. 

WL(bgl) 

Max. 

WL(bgl) 

Avg. 

WL(bgl) 

1 Kupper Doddahalli 853 
58 

Gneiss 18.5 23.9 
21.1 

2 Gatakanakere 813 
72 

Granitic Gneiss 12.5 21.1 
15.6 

3 Iralagere 844 
60 

Gneiss 22.6 35.9 
29.6 

4 Gerehalli 830 
63 

Gneiss 24.7 39.7 
33.1 

5 Kamalapura 793 
65 

Granite 17.1 29.6 
24.0 

6 Kuppur 746 
75 

Gneiss 15.2 25.3 
20.2 

7 Chikkanayakanahalli 804 
78 

Gneiss 16.5 24.5 
20.9 

8 Chikkarampura 812 
60 

Gneiss 14.2 39.7 
23.6 

9 Ramalinganapalya 743 
56 

Granitic Gneiss 9.4 28.7 
15.9 

10 Avalagere 726 
84 

Gneiss 5.1 15.8 
9.07 

11 Madalapura 785 
60 

Granite 13.5 35.6 
23.0 

12 Manchaladore 820 
59 

Gneiss 13.8 29.4 
20.4 

13 Thimmanahalli 718 
78 

Schist 7.7 20.1 
14.2 

14 Huliyar 707 
66 

Granite 17.8 21.4 
19.3 

15 Yegachihalli 694 
54 

Schist 8.5 22.4 
16.2 

16 Hole Ramalingapura 732 
57 

Gneiss 7.7 18.6 
13.6 

17 Ballapura 688 
59 

Gneiss 7.8 18.9 
14.0 

18 Ambarapura 661 
46 

Schist 11.1 20.0 
15.1 

19 Melanahalli 731 
62 

Schist 9.8 17.7 
13.2 

20 Marenadu 665 
65 Schist 

10.3 13.6 
11.7 

21 Veeravanagattihalli 682 
72 Schist 

5.5 7.2 
6.2 

22 Obalapura 646 
71 Schist 

24.7 38.6 
32 
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Map - 12 
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WATER  CHEMISTRY 

 
Introduction  

Water resource is an important natural resource, which is essential for the economic 

growth of any region or a country.  The  available water resource has to be evaluated 

both for quantity and quality alike.  Today’s scenario  is that water quality plays a  

crucial role, that too groundwater since the surface water availability is depleting  for 

various reasons.  The quality evaluation of groundwater depends on the purpose of 

usage.  To establish quality criteria, physical, chemical and bacterial constituents must 

be evaluated.  The chemical analysis of water samples forms the basis for 

interpretations of quality of water in relation to source, geology, climate and usage. The 

chemical composition of natural waters is influenced by the soluble products due to 

rock weathering and decomposition. Thus the main factors that control the quality of 

water are the associated lithology, soil and to some extent landuse. 

 

Water Quality of West Suvarnamukhi River Basin 

Hydrochemical studies in the study area are based on the chemical analyses of water 

samples collected from 152 borewells (Map-13, Plate -1) and the tabulated results are 

used for interpretation. In sample collection due emphasis has been given to spatial 

distribution and lithology. The major cations viz.,Calcium, Magnesium, Sodium, 

Potassium and Iron, and anions viz., Bicarbonates, Chloride, Nitrate, Sulphate and 

Fluoride have been determined. The physical characteristics viz., pH and Specific 

conductance were also determined. The statistical parameters of the different 

constituents are presented in Table. Isogram maps of different components have been 

drawn to study the regional trends. These maps have been correlated with soil, geology 

and landuse/ landcover maps to highlight the anomalies. The quality of water has been 

compared with WHO and ISI Standards. The suitability of water for agricultural 

practices have been checked using SAR, Permeability index, Magnesium ratio, Kelly’s 

ratio, % Na , Chloride and Sulphate contents. 

 

Calcium (Ca) 

Calcium is a major constituent in most of the rocks. The main source of calcium in 

groundwater are silicate minerals, limestone, gypsum etc. Calcium is essential for both 

flora and fauna for their growth. The average value of calcium in the basin is 79 mg/ltr., 

and ranges from 8 to 314 mg/ltr. The values are generally well within the permissible 

range except in a few isolated cases. The isogram map of  Calcium ( Map -14) shows 

the anamolous zones in and around Sarthvalli, Halkurke, Mathighatta, Huliyar, 

Barasidlahalli. These zones are basically covered by gneisses and schists which 

contribute calcium to groundwater due to weathering process. The anomalies are also 

due to calcareous nature of soils. 

 

 Magnesium ( Mg) 

Magnesium is an important component in basic igneous rocks and also abundant in the 

carbonate rocks. Magnesium is a major constituent causing hardness in water. The 

average ‘Mg’ value  is 44 mg/ltr., ranging from 3 mg/ltr. to 196 mg/ltr. The value of 
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"Mg" in the study basin is well within the permissible range except in few places. The 

isogram map of Magnesium (Map -15 ) shows the anomalous zones in and around 

Halkurke, Madanamadu, Barasidlahalli, Huliyar and Kenkere. The Magnesium 

concentration in the groundwater in the area is due to gneisses and schists which act as 

aquifers.  

 

Sodium ( Na) 

Weathering of sodium bearing minerals in the rocks releases primary soluble sodium. 

Certain clay minerals and zeolites can increase the sodium content in groundwater due 

to  base exchange reaction. The average value of Sodium is 136 mg/ltr. and  value 

ranges from 20 mg/ltr. to 690 mg/ltr. The values are generally well with in the 

permissible range except in  few isolated cases. The variation of ‘Na’ in the basin is 

shown in Map-16. The anomalous zones are seen in and around Sasalu, 

Jayachamarajapur, Mathighatta, Muddenahalli, Hagalwadi and Kenkere. Sodium is 

released during weathering of feldspars and soda bearing pyroxenes which are present 

in gneisses, schists and amphibolites. The anomaly is also due to agricultural practices 

in the basin due to the application of chemical fertilizers.  

 

Potassium ( K )  

Potassium is an essential for all living beings and  its content in natural water is usually 

low compared to it's abundance in the earth's crust. The common sources of Potassium 

are the silicate minerals. The mean potassium value is 12mg/ltr. with a   range of 0 to 

90 mg/ltr. The isogram map of potasium (Map- 17) shows the anomalous zones around 

Kupper, Navule, Mathighatta, Niruvagal and Huliyar. The main source of potassium in 

the basin are from agricultural practices and rock types like granites, gneisses and 

schists.  

 

Iron ( Fe)  

Iron is one of the major constituents in the rock next in abundance to oxygen, silica and 

aluminum. Iron is mainly derived from iron bearing minerals like pyroxenes, 

amphiboles and micas. Normal range of ‘Fe’ content in groundwater is less than 0.5 

mg/ltr. The ‘ Fe’ value ranges from 0 to  1.0 mg/ltr. with a meam of 0.1 mg/ltr.in the 

study basin.  The variation of Fe is shown in map (Map-18). The anomalies are 

concentrated around Chikkanayakanahalli, Handanakere, Doddabidare and Dasudi. 

These anomalous zone noticed  coincide with the Chikkanayakanahalli schist belt 

which hosts Iron formation. 

 

Bicarbonate ( HCO3)  

The primary source of bicarbonate in groundwater is the dissolved CO2 in rain.  

Normally the bicarbonate in groundwater ranges from 100 to 800 mg/ltr. The mean 

value of bicarbonate is 374 mg/ltr., with a range of   83 to 911mg/ltr. The variation of 

HCO3 is shown in Map -19. The anomalous zones are noticed in western and 

southwestern part of the basin  around Chikkanayakanhalli, Kuppur, Handanakere and 

Hoysalakatte which are  due to alkaline nature of soils and lithological units. 
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 Sulphate ( SO4) 

The Sulphate content in groundwater is made possible through oxidation and 

precipitation.  And also the  sulphide minerals in the rocks. Sulphate can be introduced 

through the application of sulphatic soil conditioners. The mean sulphate value of study 

basin is 87mg/ltr., with a range of 7  to 583 mg/ltr. which are within permissible limit 

except in a few isolated cases.  The isogram map of sulphate (Map-20) shows the 

anomalous zones in and around Sarthavalli, Halkurke, Huliyar and Boranakanive. The 

main sources of sulphate in the basin are the soils and lithology. Also, sulphate is due 

to the accumulation of organic fertilizers used in agricultural practice. 

 

Chloride  (Cl)  

The principle sources of chloride are sodalite and chlor-apatite which are minor 

constituents of igneous and metamorphic rocks. The average chloride value of is 176 

mg/ltr, with a basins range of 20 to 840 mg/ltr. The values are generally well within 

permissible limits except in few isolated cases.  The variation of chloride is shown in 

Map-21. The anomalous zones of chloride are observed around Huliyar, Handanakere 

, Chikkanayakanahalli, Hagalawadi and Iralagere. The lithologies viz., gneisses and 

schist contribute chloride in groundwater. Also  contributed by agricultural practices, 

where excess usage of organic fertilisers and animal waste is seen. 

 

Fluoride  (F)  

The chief source of fluoride ion in the natural waters are fluorapatite as well as fluoride 

replacing hydroxyl in the ferromagnesium silicates. The deficiency of fluoride causes 

stunted growth, infertility, dental caries,etc. Very high percentage of fluoride cause 

severe change in functioning of kidney and thyroid (FAO, 1970). 

Abnormal level of fluoride in water is common in fractured hard rock with pegmatite 

veins (Rameshan and Rajagopalan., 1985). Mean fluoride value of is 0.8 mg/ltr., and  

ranges from 0.5 to 2.2 mg/ltr. The values are generally well within permissible limit. 

The isogram map of Fluoride (Map-22) shows the anomalous zones in and around 

Sarthavalli, Nirvagallu, Kondikere, Huliyar, Manchaladore and Kenkere. Major source 

of Fluoride in groundwater is due to biotite mica which is rich in granite, gneisses, 

pegmatites and chlorite schists  

 

Nitrates ( NO3) 

Nitrate may be due to nitrogen fixing  plants, decaying of organic matter, and sewage 

waste. The mean nitrate value of the basin is 56 mg/ltr., with a range of 1 to 237 mg/ltr. 

The Isogram map of NO3 (Map - 23 ) shows the anomalous zones in and around 

Jayachamarajapura, Kamalapura, Kondikere, Huliyar, Huvinakatte and eastern side of 

Chikkanayakanahalli. The source of Nitrate in the basin is from soil where organic 

fertilizers like NPK and others are used in excess for agricultural practice. 

 

Hydrogen Ion Concentration (pH) 

The pH of natural water is controlled by chemical reaction and equilibria of solution. 

The mean pH value in the basin is 7.7, with a range of 6.92 to 9.04. In the study basin 
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only one sample is acidic and remaining samples are alkaline. The anomalous zones are 

concentrated in and around Bairanayakanahalli, Sarthavalli, Muddenahalli, 

Chaulikatte, Dasudi, Thimmanahalli and Hagalavadi. In the study basin pH value of all 

the groundwater samples are within permissible limit. 

 

Specific Electrical Conductance (EC)  

Specific Conductivity is reciprocal of resistivity and represented in micromhos. EC is 

the index of water quality. The average EC value of the basin is 1387 micromhos, with 

a range of 260 to 6400 micromhos. The isospecific conductance map (Map-24) indicate 

that the anomalies are in and around Sarthavalli, Halkurke, Iralagere, Barasidlahalli, 

Malligere and Huliyar.  

 

Table : Statistical parameter for the analytical results of groundwater 

 

 

 

 

 

 

 

 

 

• All values in mg/ltr., except  EC and pH.  

Representation of Chemical Constituents  

Geochemical studies often involve synthesis and interpretation of a mass of analytical 

data. The objectives of interpretation may be to aid the classification of water of 

different goechemical characterstics. There are two groups of chemical constituents in 

groundwater, viz., a) Cation - Ca, Mg. Na, K and Fe, b) Anion - Cl, SO4, NO3, CO3, 

HCO3 and F. In the present study, the Piper's Trilinear diagram is used for classification 

( Fig.1).  The water samples of the study area are plotted in Hill Piper’s diagram and its 

classification is as follows: 

 

 

 

 

 

 

 Constituents Max. Min. Mean S. D 

 

BIS  

 

WHO  

Ca 314 8 81.3 61.1 75 75 

Mg 196 3 43.5 30.3 30 30 

Na 690 20 135.6 102 200 200 

K 90 0 12 14.6 - 10 

Fe 1 0 0.1 0.2 - - 

Cl 840 20 176.6 151.1 250 200 

SO4 583 7 86.8 86.1 150 200 

NO3 237 1 56 45.8 45 45 

HCO3 911 83 372.1 154.7 - 300 

F 2.2 0.5 0.8 0.4 0.60-1.20 1.5 

EC (ms/cm) 6400 400 1394 826.3 750-3000 - 

pH 8.9 7 7.6 0.4 6.5-8.5 6.5-8.5 



 39 

Area 1 (C1) Alkaline earths exceed  alkalies. 104 Samples 68.42 % 

Area 2 (C2) Alkalies exceed alkaline earths. 47  Samples 30.92 % 

Area 3 (C3) Weak acids exceed strong acids 84  Samples 55.26 % 

Area 4 (C4) Strong acids exceed weak acids. 67  Samples 44.04 % 

Area 5 (C5) Carbonate hardness exceeds 50%. 56  Samples 36.84 % 

Area 6 (C6) Non-carbonates exceed 50%. 3  Samples 1.97 % 

Area 7 (C7) Non-carbonate alkalies exceed 50%. 19 Samples 12.05 % 

Area 8 (C8) Carbonate alkalies exceed 50%. 0  Samples 0 % 

Area 9 (C9) No one cation - anion pairs exceed 

50%. 

69 Samples 45.39 % 

 

Hydrochemical facies given by Seaber (1965), a modified version of Morgon and 

Winner (1962) classification has also been employed. Thus hydrochemical facies of 

West Suvarnamukhi river basin, is as below; 

 
 

Cation 

  No.of          

Samples 

        % 

Compliance  

 

Anion 

No.of 

Samples 

        % 

Compliance  

Ca type 09 5.92 HCO3 type 86 56.57 

No dominant type 87 57.3 No dominant type 45 29.60 

Na or k type 49 32.23 Cl or NO3 type 21 13.81 

Mg type 07 4.60 SO4 type - - 

Total 152 99.98 Total 152 99.98 

 

Water Quality Criteria for Agriculture 

The suitability of water for agriculture/irrigation is dependent on factors like soil 

texture, composition, crop grow and irrigation practices in addition to chemical 

characteristics of water. The quality of irrigation water is judged not only by the total 

but of the kind of salt it contains.  

The chemical characteristics of groundwater for irrigation (Walton, 1971) are :  

a) Total concentration of soluble salts (EC) 

b) The relative proportions of sodium and calcium to magnesium. 

c) The concentration of boran. 

d) The relative proportion of bicarbonate to calcium and magnesium. 

 

Sodium Adsorption Ratio  (SAR)  

SAR is the value of adsorption of sodium by soil, when water percolates and is 

determined using the ionic concentration of Ca, Mg and Na. Higher value of SAR 

implies soil structure damage. Richards (1954) classified the water into four groups, 

based on  that the present study areas samples fall in excellent to good category. 
                        

                                  SAR     Water Class         No. of Samples 

< 10 Excellent   150 

10-18 Good       2 

18-26 Fair       0 

>26 Poor       0 

Richer (1954) has modified Wilcox classification and has given number of characters 

that determine water quality. 
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SAR vs  EC: Salinity hazard. 

 

Class Quality of Water No. of Samples 

C2S1 Medium salinity - Low sodium hazard 87 (57.23%) 

C3S1 High salinity - Low sodium hazard 56 (36.84%) 

C3S3 Very high salinity - Low sodium hazard 1 (0.65%) 

C2S2 Medium salinity - Medium sodium hazard 1 (0.65%) 

C3S2 High salinity - Medium sodium hazard 5 (3.28%) 

C4S2 Very high salinity - medium sodium hazard 1 (0.65%) 

C4S3 Very high salinity - high sodium hazard 1 (0.65%) 

                                                            Total 152 (100%) 

Majority of the samples in West Suvarnamukhi river basin fall under C2S1  followed 

by C3S1 and C3S2. Most of the samples have low alkalinity and moderate to high 

salinity and are suitable for agricultural practices. 

 

Chlorides and Sulphates in Agricultural Water 

Chloride and Sulphate when excess in water, affect the agricultural practices. Eaton 

(1942) has given the permissible range for both Cl and SO4 for irrigation purpose is as 

below for the study area. 

 
Range in meq/ltr. Water Class No. of Samples 

  Cl SO4 

<4 Excellent 86 87 

4-7 Good 30 61 

7-12 permissible 23 4 

12-20 Doubtful 12 0 

>20 unsuitable.  1 0 

                                                 

Thus it is seen that majority of the samples fall in Excellent to Good category. 

Corrosivity  Ration (CR) 

The corrosivity ratio proposed by Ryzner (1944) is to evaluate the corrosive tendencies 

of groundwater in an area. It may lead to structural failure, leaks, loss of capacity, 

deterioration of chemical and microbiological water quality. Corrosion control is 

therefore an important aspect of the management of a water supply system. The 

variation of corrosion in basin is intense around southern and south western part of the 

study basin. Relatively high corrosion ratios ranging from 2 to 3 are noticed around 

Sarthavalli, Kuppur, Madihalli, Huliyar, Badikegudlu and Hagalawadi. Except these 

areas, the groundwater of the basin is safe as the corrosive ratio is <1.In areas with high 

CR values,  thick gauge steel pipes or PVC pipes are recommended.  
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Map - 13 
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          Map – 14 Map -15 
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Map – 16       Map -17 

                                                            

       Map - 18                                                               Map - 19  
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     Map - 20      Map - 21 

Map – 22 Map – 23 
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Map – 2 

Fig. 1 
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Observatory well monitoring. 

Water Sample collection. 

Plate - 1 
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ABSTRACT 

The water resources of late is becoming scarce due to various reasons Viz., vagaries of monsoon, overexploitation, 

contamination etc. The available water resource in a basin has to be managed in a judicious way. Hence understanding the 

hydrological behavior in depth is essential for such management. Remote sensing and GIS are effective in managing the 

spatial and non-spatial database to elucidate the hydrologic characters in a basin in more realistic way .The study area falls 

under the semi-arid climatic zone and the average annual rainfall is 530 mm. Runoff estimation for the present study makes 

use of Soil Conservation Service Curve Number method (SCS-CN). The integration of SCS-CN with Remote Sensing and 

GIS techniques improves the runoff prediction and that too by making use of limited data parameters. Water resource 

Planning and managemental activities in a basin depends on the rainfall-runoff values estimated. In the present runoff 

estimation rainfall data from 1998-2010 has been used. The average runoff is 123.5mm. Thus the estimated rainfall-runoff 

model can be used for planning the planning of the precious water resource for optimum use in the basin.   

KEYWORDS:  Basin, Remote Sensing and GIS, Rainfall-Runoff, SCS-CN 

INTRODUCTION 

Hydrological modeling uses various methods and techniques for the estimation of the runoff. Each model uses 

certain specific parameters as inputs for the analysis of runoff. The soil conservation services (SCS) curve number method 

developed by the U.S. Department of Agriculture (SCS,1972) is used to estimate the runoff based on the rainfall data and 

the curve number as an input parameters (Sharma and Singh,1992; Nayak and Jaiswal, 2003). SCS method is a popular 

method for runoff estimation as it is easy to understand and require only a handful of parameters such as soil type, rainfall 

and land use. It provides reasonable and useful results for average conditions.  

STUDY AREA 

The West Suvarnamukhi river basin lies geographically between latitude 13
0
 15' to 13

0
 55' N and longitude 76

0
 20' 

to 76
0
 55' E. The areal extent of the basin is 1751 Sq. km (Figure 1). The major part of the basin lies in Tumkur district and 

a small northern portion of the basin is in Chitradurga district. The West Suvarnamukhi river basin is elongated and nearly 

spindle shaped with narrow ends in southern and northern portion and wider in the middle. The study area falls under the 

semi-arid climatic zone and the average annual rainfall is 530 mm. The study area is a erosional landscape in the advanced 

stage of peneplanation with undulating and rolling topography.  

The schistose hills which covers larger area exhibits rolling topography, while the granitic hills and gneisses 

exhibit a rugged topography. The high altitude hill ranges are confined to the eastern margin of the basin. The land use and 

land cover pattern includes agricultural plantations, waterbodies, settlements, cropland, barren waste, fallow land and 

other land uses. The soils seen in the study area are red loamy, red sandy, mixed red and black soils. 
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Figure 1: Location Map of Study Area 

METHODOLOGY 

Development of Curve Number 

Surface runoff is mainly controlled by the amount of rainfall, initial abstraction and moisture retention of the soil. 

Moisture retention inturn depends on soil condition and crop cover. The curve number is mainly based on relationship 

between retention-runoff and water balance equation. The runoff-retention can be stated as the ratio of actual retention to 

potential retention is equal to the ratio of actual runoff to potential runoff.  Which can be given as 

 Fa

S
=  

Pe

 P−Ia 
 … . . (i) 

where, 
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Fa = Actual infiltration, S = Potential infiltration, Ia = Initial abstraction, P = Rainfall 

From the water balance equation, 

 P = Pe + Ia + Fa… . . (ii) 

Combining the eq. (i) and (ii) 

Pe =
 P−Ia 2

P−Ia+S
. . . . . (iii) 

The above equation computes the direct runoff for a storm event. Many studies on watershed have given the  

relationship between Ia and S as: 

     Ia = 0.2S 

Substituting the value of Ia in equation (iii) 

Pe =
 P−0.2S 2

P+0.8 S

The Standard initial abstraction coefficient recommended by SCS is 0.2 (Springer et. al., 1980) found that 'Ia' 

varies from 0.0 to 3.0 for a small, humid and semiarid catchments. The Potential maximum retention (S) is expressed by 

CN 

i.e.,   S =
2540

CN  
− 25.4 

Where CN = curve number 

Hydrologic Soil Group 

Soils are classified by the Natural Resource Conservation Service into four hydrologic soil groups based on the 

soils runoff potential. The four hydrologic soil groups are A,B,C and D (Figure 3), where 'A' generally has the smallest 

runoff potential and 'D' is the greatest. 

Group 'A' covers sand, loamy sand or sandy loamy type of soils. It has low runoff potential and high infiltration 

rates. This group of soils consists of deep, well drained sands or gravels and have high water transmission capacity. The 

soils included in Group 'B' are loam and silt loam. This type has moderate infiltration rate and consist of moderately deep, 

well drained soils with moderate to fine structure. 

Group 'C' soils have low infiltration rate when wetted and consists of soils with a layer that impedes downward 

movement of water and soils with moderately fine to fine texture. The water transmission rate is low in this group. Group 

'D' consists of soils with higher runoff potential. Water movement through the soil is restricted. These soils have greater 

than 40% of clay, less than 50% of sand. These type of soils have low rate of water transmission.  

Land Use and Land Cover 

Different land use classes are classified (Figure 2) using satellite imagery (IRS - 1C, FCC, LISS-III, 1996). The 

land use and land cover map prepared shows the study area having about 40.36% of agricultural plantations, 24% of lakes 

and tanks, 7% of cropland, 7.6% of barren waste, 6% of fallow land and  13% of other land use types including 

settlements. 
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Antecedent Moisture Condition (AMCs) 

AMCs is the preceding relative moisture of the pervious surfaces prior to the rainfall event. Antecedent moisture 

is considered to be low, when there has been little preceding rainfall and high when there has been considerable preceding 

rainfall prior to the modeled rainfall event. 

The SCS developed three AMCs and they are designated as AMC-I, II and III. The soil condition in AMC-I is dry 

but not to the wilting point. Average soil condition is seen in AMC-II and low to high with low temperature have occurred 

within last 5 days, saturated soils.  

The Curve Number values for AMC-I and III is obtained by AMC-II. The equations for computation of CN1 and 

CN3 are as follows: 

CN1 =
CN2

(2.281 − 0.01281) ∗ CN2
 

CN3 =
CN2

(0.427 + 0.00573) ∗ CN2
 

Depending upon the total rainfall in 5 days period preceding a storm, the rainfall Curve Number method has three 

levels of Antecedent moisture. (USDA-SCS,1985). 

SPATIAL TOOLS AND OVERLAY ANALYSIS 

The study area boundary was delineated using SOI toposheets. The thematic map Lu/Lc map was prepared using 

Satellite imagery.  

 

                        Figure 2: Land Use / Land Cover                                     Figure 3: Hydrologic Soil Group 
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AMC 

Class 

Five Days 

Antecedent Rainfall (mm) 

Dormant 

Season 

Growing 

Season 

I <  12.7 <  35.56 

II 12.7- 27.94 35.56 - 53.34 

III > 27.94 > 53.34

 (Ven Te Chow, 1981) 

Hydrologic 

Soil Group 

Minimum 

Infiltration 

Rate (mm/hr) 

A 

B 

C 

D 

7.62 - 11.43 

3.81 - 7.62 

1.27 - 3.81 

0 - 1.27 

Figure 4: Curve Numbers of Study Area 

The generated Lu/Lc map and Hydrologic Soil Group (HSG) maps were integrated in GIS environment. This was 

done using Arc GIS 10 software. The generated map of landuse - soil group is assigned by corresponding Curve Number 

(Figure 4). The weighted value of Curve Number is calculated by the equation, 

 CNavg  =
  𝐂𝐍𝐢∗𝐀𝐢 n

i=1

  Ain
i=1

where 

CNi = Curve Number for each land use soil group polygons 

Ai = The area of respective combination ,  ∑ A = Total area of Basin. 
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The calculated weighted Curve Number represents the AMC II condition. Then the AMC II was converted to 

Curve Number values for AMC III and AMC I by equations of CN I and CN II. 

RESULTS AND DISCUSSIONS 

Landuse/Landcover, Hydrological Soil Groups, rainfall and Curve Numbers are the basic parameter from which 

the runoff is estimated. The curve numbers are generated by integrating Lu/Lc with the HSG. The Weighted CN for AMC-

II is 77.67 for the entire basin. Similarly the CN for AMC- I and AMC-II are calculated which are 60.40 and 89.06 

respectively. The calculated values are used in runoff modeling. 

Table 1 

Year Station 

Mean 

Rainfall 

(mm) 

Mean 

Runoff 

(mm) 

1998 Anakasandra 403 65 

1999 Boranakanve 524 95 

2000 Bukapatna 667 192 

2001 C.N.Halli 811 193 

2002 D.Ennigere 424 112 

2003 Hagalavadi 369 46 

2004 Halkurke 704 200 

2005 Huliyar 598 125 

2006 J.G.Halli 588 114 

2007 Mathighatta 404 66 

2008 Nittur 488 86 

2009 Settikere 572 122 

2010 Tiptur 807 189 

Figure 5: Regression of Mean Rainfall and Runoff 

Daily rainfall data of 13 rain gauging stations in the study area for 13years (1998-2010) has been used. The 

missing rainfall data for the stations were calculated by normal ratio method. This rainfall data has been used in runoff 

estimations. The mean runoff value of the study area from the year 1998 to 2010 is shown in Table-1.The average runoff of 

the study area is 123.46  mm. The regression equation obtained is satisfactory.The weighted curve number for the study 

area is calculated and tabulated in Table-2. Study area comprises of all the four HSG among which groups B, C and D 

occupies most of the study area indicating slow infiltration rate. The HSG covered in the study basin are shown in Figure 3. 

It was observed that the study area experienced minimum runoff in the year 2003 and maximum in the year 2004 during 

the period of investigation. 
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Table 2: Weighted CN for Study Basin 

Sl. 

No. 
Land Use Type HSG CN Area Area*CN Weighted CN 

1 Agricultural Plantation B 53 183.43 8131.79 

2 Agricultural Plantation C 67 38.91 2606.97 

3 Agricultural Plantation D 72 0.68 48.96 AMCI=60.40 

4 Stony waste B 66 5.01 330.66 

5 Stony waste C 77 3.69 284.13 

6 Stony waste D 83 2.47 205.01 

7 Crop land B 81 493.92 40007.52 

8 Crop land B 71 11.31 803.01 

9 Crop land C 88 354.09 31159.92 

10 Crop land D 91 6.92 629.72 

11 Degraded forest B 66 49.79 1966.14 

12 Degraded forest D 83 4.82 400.06 

13 Degraded forest C 77 182.2 10179.4 AMCII=77.67 

14 Fallow land C 77 4.87 374.99 

15 Fallow land B 66 10.89 718.74 

16 Forest plantations B 55 2.71 149.05 

17 Forest plantations C 70 23.92 974.4 

18 Gullied / Revinous Land B 66 3.94 260.04 

19 Gullied / Revinous Land C 77 2.24 172.48 

20 Lake/Tank D 96 58.58 5623.68 

21 Land with Scrub B 60 31.3 1878 

22 Land with Scrub C 73 90.14 6580.22 

23 Land with Scrub A 36 1.74 62.64 

24 Reservoir D 100 19.23 1923 AMCIII=89.06 

25 River/stream D 97 4.71 456.87 

26 Scruby forest C 73 151.56 9603.88 

27 Scruby forest B 60 21.79 1307.4 

28 Settlements D 86 7.87 676.82 

29 Salt effected area B 66 1.29 85.14 

30 Mining/Industrial wasteland    C 77 0.43 33.11 

CONCLUSIONS 

GIS based SCS-CN method is an effective way to estimate runoff. The conventional methods of runoff estimation 

for large areas is tedious and time consuming. Thus the integration of SCS-CN with Remote Sensing and GIS techniques 

improves the runoff prediction economically and easily making use of limited data parameters available. Planning and 

managemental activities of a basin depends up on the rainfall-runoff values estimated. Accuracy in CN values mainly 

depends on land use conditions. Thus it is reliable to integrate physiographic, storm, soil and land use characteristics of the 

study basin with certain degree of reliability. The accuracy in runoff estimation by using SCS-CN method is possible by 

taking more number of years of rainfall data into consideration. The present study evaluates the performance of the 

procedure using LULC data base from Remote Sensing and GIS techniques in runoff estimation. 
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Abstract 

Groundwater quality depends on the quality of 
precipitation, recharging water, surface water 
and sub-surface geochemical processes. 
Changes in the constituents of the recharging 
water and human intervention cause changes 
in groundwater quality. Water pollution affects 
both water quality and human health. Hence it 
is essential for continuous monitoring of the 
quality of groundwater so that pollution can be 
minimized. The computed values of Pollution 
Index of Groundwater (PIG) for West 
Suvarnamukhi River Basin varies from 0.67 to 
2.02. The Insignificant pollution zone covers 
an area of 78.6%, 14.4% by Low pollution, 
5.5% by Moderate and about 1.47% of High 
pollution zone. Spatial variation map has been 
prepared using GIS. The variation map depicts 
that most of the study area accounts for 
Insignificant pollution zone (78.6%). Spatial 
distribution map reveals that the higher values 
of  Ow in moderate and highly polluted zones 
is mainly due to geogenic, anthropogenic 
factors and also it is compounded due to 
agricultural activity. The results obtained from 
the study indicates that groundwater is suitable 
for both drinking and domestic purpose in 
general, except in few cases. 

Keywords:  Water Quality , PIG,  Spatial 
Variation, Geogenic, Anthropogenic, Agro inputs. 

Introduction 

Groundwater is an important source for 
domestic, agricultural and industrial use. 
Economic growth, increased population and 
other developmental activities have resulted in 
demand for water resource. This is also a cause 
for degradation of its quality. Changes in 
topography and drainage system directly affect 
both quantity and quality of the groundwater. 
For the past few decades water pollution has 
become a major problem in many developing 
countries including India. The groundwater 
pollution is due to either natural or 
anthropogenic activities. Groundwater quality 
depends on the quality of recharging 
precipitation, recharging water, surface water 
and sub-surface geochemical processes. Water 
pollution affects both water quality and human 
health. Due to this fact, it becomes essential for 
continuous monitoring of the quality of 
groundwater so that pollution can be 
minimized. 

Water quality is influenced by natural and 
anthropogenic effects including local climate, 
geology and agricultural practices. The quality 
is a function of the physical, chemical and 
biological parameters and could be subjective, 
which depends on the  intended use. There are 
different ways for assessing water quality. One 
of the technique for demarcating groundwater 
quality and its suitability for domestic purposes 
is Pollution Index of Groundwater (PIG). It is 
a technique of rating that provides the 
composite influence of individual water 
quality parameters on the overall quality of 
water for human consumption (Brown,1972). 
It serves in understanding of water quality by 
integrating complex data and generating a 
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score that describes water quality status 
(Mishra and Naik, 2011). In this context an 
attempt has been made to quantify the 
pollution for the present study area. 

Study Area 

The West Suvarnamukhi river is a major 
tributary of Vedavati river, flowing in Tumkur 
and Chitradurga districts of Karnataka. The 
river  basin lies between Lat.130 15' to 130 55' 
N and Long. 760 20' to 760 55' E (Map 1). The 
areal extent of the basin is 1745 sq. kms. The 
highest elevation in the basin is 1071m. noticed 
at Venkajjigudda to the east of 
Chikkanayakanahalli and a minimum 
elevation of 673m. is seen near 
Javagondanahalli. Other prominent 
topographic features within the basin are 
Chikkanayakanahalli Schist belt and 
Javagondanahalli belt. The major part of the 
basin lies in  Tumkur district and a small 
northern portion of the basin is in Chitradurga 
district. The NH- 4 passes through the northern 
end of the basin near Javagondanahalli. 
Bangalore-Shimoga State Highway passes 
close to the Southern boundary of the basin. No 

railway line passes through the basin. The 
nearest airport is Bangalore, which is 135 Kms. 

Methodology 

In West Suvarnamukhi river  basin 152 
groundwater samples were collected from 
various locations. The samples were analyzed 
for pH, EC, major cations viz.,Calcium, 
Magnessium, Sodium, Potassium and anions 
viz., Sulpate, Chloride, Nitrate and Bicarbonate 
by adopting standard analytical procedures. 
The analyzed data has been used in the 
computations. The standards for drinking 
purposes as recommended by WHO and BIS 
have been considered for the calculation  of 
PIG (Davis and Dewiest 1966 and Holden 
1970). 

There are different  steps for computing PIG 
which includes assigning a weight to each 
chemical parameter according to its relative 
importance in the overall quality. PIG is a 
mathematical equation used to transform  large 
number of water quality data into a single 
number. It is simplest method to know about 
quality and possible use of the water body. 

Computation of Pollution Index of 
Groundwater  (PIG) 

PIG is a technique of rating which provides the 
composite influence of individual water 
quality parameters on overall quality of water 
for human consumption (Horten,1965). PIG is 
a mathematical tool to integrate the complex 
water quality data into a numerical score that 
describes the overall water quality status. The 
computation of PIG involves the following 
steps. 

Relative Weight (Rw) 

Each Chemical parameter is assigned a 
weightage by keeping its impact on human 
health into consideration. The range of 
numerical magnitude of Relative weight 
ranges from 1 to 5 (Table - 1). For instance the 
parameters like pH, F, NO3, SO4  are assigned 
the Rw 5 and Na, Cl as 4 and Ca, Mg as 2 
respectively. The lower values of  Rw indicates 
lesser impact of respective chemical 
parameters on health and higher values have 
more impact over human health.   

Map:  1Study Area
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Computation of Weight Parameter (Wp) 

Weight parameter is the ratio of  Rw of every 
water quality measure to the sum of all relative 
weights. Weight parameter enables to know 
about the relative share of each water quality 
measure on overall water quality. The Wp is 
given by the equation; 

�� =
Rw

∑Rw

Status of Concentration (Sc) 

Status of concentration is the ratio of 
concentration of each water quality measure of 
every water sample (C) to its respective 
drinking water quality standards (Ds). The Sc 
of each water quality measure is computed by 
the equation;  

 �	 =
C

��

Table - 1: Weightage scheme 

Overall Water Quality ( Ow) 

The overall water quality is computed by taking the 
product of  each water quality measure with its 
corresponding status of concentration. Ow reflects 
overall water quality and also enables to understand 
the nature of weight parameter with respect to 
concentration of each water quality measure. Ow is 
calculated by; 

� = �� ∗ Sc 

Pollution Index of Groundwater (PIG) 

PIG  is calculated by the addition of all the 
values of Ow contributed by all the water 
quality measures of each water sample. PIG is 
given by; 

��� = ∑� 

PIG Classification 

The classification of PIG is based on water 
quality standard for drinking purpose. PIG 
classification could also be used in the 
assessment of groundwater contamination. 
When both the values of quality of particular 
water sample and concentration of water 
quality measure are same then their impact on 
health could be insignificant. With an account 
of this, when the PIG value is less than 1.0, it 
could be considered as a non-pollution index 
and when PIG exceeds more than 1.0, then it 
may be the contribution from a contaminant 
into an aquifer thus polluting. 

PIG Quality Status 
0 - 1 Insignificant Pollution 

1 - 1.5 Low Pollution 

1.5 - 2 Moderate Pollution 
> 2 High Pollution 

PIG based Pollution Zones 
 Result and Discussion 

Table - 2: Composition of groundwater 

Const. 
(mg/l.) 

Relative 
Weight 

Weighted 
Parameter 

BIS 

Ca 2 0.052 75 
Mg 2 0.052 30 
Na 4 0.105 200 
K 1 0.026 10 
Cl 4 0.105 250 
SO4 5 0.131 150 
NO3 5 0.131 45 
F 5 0.131 1.20 
HCO3 3 0.026 300 
EC 
(ms/cm) 

2 0.052 1400 

pH 5 0.131 7.5 

Const. 
(mg/l.) 

Max Min Mean S.D Coef. 
of 
var. 

Ca 314 8 81.3 61.1 75.15 
Mg 196 3 43.5 30.3 69.65 
Na 690 20 135.6 102 75.22 
K 90 0 12 14.6 121.6 
Cl 840 20 176.6 151.1 85.56 
SO4 583 7 86.8 86.1 99.53 
NO3 237 1 56 45.8 81.78 
F 2.2 0.5 0.8 0.4 50 
HCO3 911 83 372.1 154.7 41.57 
EC 
(ms/cm) 

6400 400 1394 826.3 59.27 

pH 8.9 7 7.6 0.4 5.26 
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The study area has pH varying from 7 to 8.9 
with an average of 7.6. The desirable limit of 
pH for drinking water is 7 to 8.5. EC of the 
groundwater varies from 400 to 6400 
microsiemens/cm at 25oC  with an average of 
1394. The Calcium value in the study area 
ranges from 8 mg/l to 314 mg/l with an average 
of 81 mg/l. The Magnesium value ranges from 
3 mg/l to 196 mg/l with an average of 43 mg/l. 
The average Sodium content for the study area 
is 135 mg/l, ranging from 20 mg/l to 690 mg/l. 
Potassium concentration is found varying from 
traces to 90 mg/l, with an average of 12 mg/l in 
groundwater. The Sulphate concentration 
varies from 7 mg/l to 583 mg/l. with an average 
of 86 mg/l. Chloride concentration in the study 
area ranges from 20 mg/l to 840 mg/l with an 
average of  176 mg/l. Nitrate concentration 
varies from 1 mg/l to 237 mg/l with an average 
of  56 mg/l. Fluoride concentration ranges from 
0.5 mg/l to 2.2 mg/l. with an average of 0.8 
mg/l. Statistical parameter of the analytical 
results of groundwater is given in Table – 2 
below. 

PIG values are computed for water quality 
measures in West Suvarnamukhi River Basin. 
In the study basin the PIG values varies 
between 0.674 to 2.033. According to the PIG 
classification, about 78.6% of the total 
groundwater samples represents insignificant 
pollution zone in the study area.14.4% as Low 
pollution, 5.5% as Moderate and about 1.47% 
as High pollution zone. The relative 
contribution of concentration of water quality 
measure of each water sample is taken into 
consideration, if Ow is more than 0.1(which is 
the 10% of the value of 1.0 of PIG). This gives 
a clear picture on impact of pollution on 
groundwater system. 

Spatial variation map has been prepared using 
GIS. The variation map (Map-2) depicts that 
Insignificant pollution zone by 78.6% is 
covering the study area. Low pollution zone is 
spread randomly throughout the basin and few 
pockets of moderately polluted zones are 
observed in southern portion of the basin.  

However a few pockets of high pollution zone 
are observed in central and southern portion 
of the basin i.e., in and around Huliyar and 
Jayachamarajapura. 

Generally PIG value of Insignificant zone 
ranges from 0 to 1. However in the present 
investigation overall PIG value of Insignificant 
zone is 0.64. But in Insignificant zone only 
NO3 (0.10) and pH (0.13) have Ow equal/more 
than 0.1. The remaining chemical parameters 
Viz., Ca (0.04), Mg (0.05), Na (0.05), K (0.02), 
SO4 (0.05), Cl (0.05), HCO3 (0.09) EC (0.04) 
and F (0.02) which are less than 0.1 are natural 
contributors under normal condition. The 
variation of NO3 from 1 to 273 (Table-2) is 
mainly due to agro inputs and to some extent 
lithology also. But in case of pH ranging from 
7 to 8.9 is mainly due to HCO3.  

Ow value of Low pollution zone ranges from 1 
to 1.5 and overall PIG value is 1.42. The water 
quality parameters Viz., Ca (0.10), Mg (0.12), 
Na (0.13), SO4 (0.16), NO3 (0.28), Cl (0.16), 
HCO3  (0.14) and pH (0.13) which are 0.1 and 
above (Table-3). But K (0.06), EC (0.09) and 
F (0.01) are the parameters having less than 
0.1. The above said parameters except K, EC 
and F were in insignificant pollution zone. The 
high value Ow in case of Na, SO4, NO3 and Cl 

Map:2 Spatial distribution of pollution zones
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is due to both geogenic and anthropogenic 
sources. 

Fig.1: PIG values  and  Pollution Intensity 

In Moderate pollution zone Ow ranges from 
1.5 to 2. The groundwater in the Moderately 
But the chemical parameters Viz., Ca (0.11), 
Mg (0.17), Na (0.18), SO4 (0.24), NO3 (0.35), 
Cl (0.21), HCO3  (0.16), EC (0.12) and pH 
(0.13) which are greater than 0.1. However K 
(0.07) and F (0.01) are the only two parameters 
which have Ow less than 0.1. The reason for 
the chemical parameters having Ow more than 
0.1 is due to geogenic as well as anthropogenic 
factors along with the agro inputs. The 
groundwater samples from High pollution 
zone have a Ow value greater than 2.0 but the 
average Ow value in this zone for the study 
area is 2.02. The chemical parameters Viz., Ca 
(0.20), Mg (0.15), Na (0.11), SO4 (0.50), NO3

(0.47), Cl (0.19), EC (0.15) and pH (0.13) 
which have Ow greater than 0.1. But 
parameters Viz., K (0.03), HCO3 (0.08) and F 
(0.001) are the three parameters where Ow is 
less than 0.1. Hence the chemical parameters 
with Ow greater than 0.1 in High pollution 
zone is attributed to geogenic, anthropogenic 
origin and chemical fertilizers in agricultural 
activity. 

Conclusion 

The computed values of PIG for West 
Suvarnamukhi River Basin varies from 0.67 to 
2.02. However 78.6% of total groundwater 
samples lies in Insignificant pollution zone, 
14.4% in Low pollution, 5.5% in Moderate and 
1.47% in High pollution zone. Spatial variation 
map is prepared in GIS. The variation map 
depicts that most of the study area accounts for 
Insignificant pollution zone (78.6%). Low 
pollution zone is spread randomly throughout 
the basin and few pockets of moderately 
polluted zones are observed in southern portion 
of the basin. A few pockets of high pollution 
zone are seen in central and southern portion of 
the basin. Spatial distribution map reveals that 
the higher values  of  Ow in the moderate and 
highly polluted zones is mainly due to 
geogenic and anthropogenic factors. Even the 
agro inputs are a source for some of the 
anomalies seen and explained. Hence it can be 
concluded that groundwater in the basin is 
suitable for both drinking and domestic 
purpose based of pollution index of 
groundwater. 
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PIG Ca Mg Na K SO4 NO3 Cl HCO3 EC pH F 

mg/l Ow mg/l Ow mg/l Ow mg/l 
 

Ow mg/l Ow mg/l Ow mg/l Ow mg/l Ow ms/cm Ow  Ow mg/l Ow 

Insignificant Pollution Zone 

0.645 67 0.040 28 0.05 108 0.05 9.52 0.02 62 0.05 36 0.10 117 0.05 338 0.09 1056 0.04 7.51 0.13 0.8 0.02 

Low Pollution Zone 

1.424 152 0.101 72 0.12 269 0.13 
 

26 0.06 193 0.16 97 0.28 404 0.16 570 0.14 2860 0.09 7.53 0.13 0.75 0.01 

Moderate Pollution Zone  

1.802 173 0.115 107 0.17 362 0.18 
 

30 0.07 279 0.24 123 0.35 535 0.21 631 0.16 3793 0.12 7.60 0.13 0.71 0.01 

High Pollution zone 

2. 02 314 0.209 92 0.15 234 0.11 
 

14 0.03 583 0.50 159 0.47 468 0.19 317 0.08 3400 0.15 7.50 0.13 0.25 0.009

                                                                                                                                                                                                                                                     * The values are avg. of that pollution 
zone 

Table – 3. Classification of Pollution Zones based on PIG values. 
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The quality of drinking water is a powerful environmental determinant for 

human health. Assured drinking water is a foundation for the prevention and 

control of waterborne diseases. All over the world, human population has 

inadequate access to potable water and use sources contaminated 

with disease vectors, pathogens or unacceptable levels of toxins or suspended 

solids. Drinking or using such water leads to widespread chronic illness and 

is a major cause for death. Reduction of waterborne diseases is a 

major public health goal for a civilized society. WQI values are computed for 

water quality measures in Torehalla. In the present investigation 71 

groundwater samples have been analysed and interpreted. WQI values in the 

study area varies between 39.6 to 201.7 with an average of 86.4. According 

to the WQI classification, about 7% of the total groundwater samples 

represent excellent water quality, 69.1% as good, 22.53 % as poor and about 

1.37% as very poor water in quality. The higher percent of WQI values in 

poor and very poor water quality classes is mainly due to geogenic and 

anthropogenic factors. Although the water quality is mainly controlled by 

rocks and soil chemistry, excessive utilization of agro inputs has also 

compounded to this problem. The results obtained from the study indicates 

that groundwater is generally suitable for both drinking and domestic 

purpose, except in few cases. 
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INTRODUCTION 

Water has always been an important and life-sustaining drink to humans and is essential to the survival of all living 

organisms. The quality of drinking water is a powerful environmental determinant for health. Assured drinking 

water is a foundation for the prevention and control of waterborne diseases. Over large parts of the world, humans 

have inadequate access to potable water and use sources contaminated with disease vectors, pathogens or 

unacceptable levels of toxins or suspended solids. Drinking or using such water leads to widespread chronic illness 

and is a major cause for death. Reduction of waterborne diseases is a major public health goal. Water quality 

deterioration in distribution systems is mainly due to inappropriate planning, design, maintenance and water quality 

control. A fraction of the burden in water-related diseases is attributable to the way water resources are developed 

and managed. In many parts of the world the adverse health impacts due to water pollution, irrigation development 

and flood control cause significant preventable disease. Horten was the first to use the concept of Water quality 

Index (WQI) to represent the gradation in water quality. It reflects the overall water quality for human consumption 

(Brown,1972). WQI is generating a score by integrating complex data that describes water quality status (Mishra 

and Naik, 2011). The present study is undertaken to assess the water quality status using water quality index as a 

tool. 
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STUDY AREA 
The Torehalla watershed lies between latitude 13

0
15

I
 to 13

0
34

I 
N and longitude 76

0
18

I
 to 76

0
42

I
 E, covering an area 

of 569 Sq.kms (Map -1). The watershed comprises  parts of Tiptur, Chikkanayakanahalli and Huliyar taluks of 

Tumkur district. The Drainage pattern is Dendritic to semi –Dendritic and is structurally controlled. The main 

Torehalla channel flows in northerly direction and is Perennial only during monsoon season.  The area is made up of 

plain lands and residual dome shaped hillocks and hill ranges. In general the area forms an undulating topography 

with sparse vegetation, wide valley and plains. The highest elevation in the area is  892 m at Buraganahatti peak and 

lowest is 711m. The main lithology in the watershed are  Peninsular Gneiss, Chloritic Schist and Granites (Map-2). 

The soils seen in the study area are red loamy, red sandy, mixed red and black soils. 

METHODOLOGY 

In Torehalla watershed 71  groundwater samples were collected from various locations  (Map-3). The samples so 

collected were analysed  for pH, electrical conductivity (EC), major cations and anions by adopting standard 

analytical procedures. The pH was measured with pH meter and EC was measured with Conductivity meter. 

Calcium, magnesium, bicarbonate and chloride were estimated by titrimetric method. Sodium and Potassium were 

determined by flame photometer. Fluoride concentration was measured with Spectrophotometric technique. The 

standards for drinking purposes as recommended by BIS has been considered for the calculation of WQI  (Davis and 

Dewiest, 1966 and Holden, 1970). 
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 Map - 2. Lithology  Map – 3. Sample Locations 

WQI  Calculation 

Calculation of Groundwater quality Index involves the assigning of Relative weight to each chemical parameter 

based on their impact on health, computation of Weighed parameter to know the relative share of each water quality 

measure and calculating status of chemical concentration of each parameter. Then finally by integrating all the 

values to obtain an overall groundwater quality index. 

Relative Weight (Wi) 

Each Chemical parameter is assigned a weightage based on its impact on human health. The range of numerical 

magnitude of Relative weight ranges from 1 to 5, for instance the parameters like pH, F, NO3, SO4  are assigned the 

Wi 5, Na, Cl as 4 and Ca, Mg as 2 respectively (Table - 1). The lower values of  Wi  indicates lesser impact of 

respective chemical parameters on health and higher values have more impact over human health on consumption.  

Computation of Weight Parameter (Wp) 

Weight parameter is the ratio of  Wi of every water quality measure to the sum of all relative weights. Weight 

parameter enables to know about the relative share of each water quality measure on overall water quality. The Wp 

is given by the equation; 

Wp =
Wi

∑Wi
Quality Rating Scale (Qi) 

Quality rating  is the ratio of concentration of each water quality measure of every water sample (C) to its respective 

drinking water quality standards (Ds) and the result is multiplied by 100. The Qi  of each water quality measure is 

computed by the equation; 

Qi =
C

Ds
Sub index calculation (Si) 

Sub index is computed by taking the product of  each water quality measure with its corresponding status of 

concentration. Si reflects overall water quality and also enables to understand the nature of weight parameter with 

respect to concentration of each water quality measure. Si  is calculated by; 

Si = Wp ∗ Qi 
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Groundwater Quality Index (WQI) 

WQI is calculated by the addition of all the values of Si contributed by all the water quality measures of each water 

sample. WQI  is given by; 

WQI = ∑Si 
 

Result and Discussion 

The study area has pH varying from 7 to 8.2 with an average of 8. The desirable limit of pH for drinking water is 7 

to 8.5. EC of the groundwater varies from 480 to 6400 microsiemens/cm at 25
o
C  with an average of 1524. The 

Calcium value in the study area ranges from 11 mg/l to 314 mg/l, with an average of 91 mg/l. The Magnesium value 

ranges from 7 mg/l to 196 mg/l, with an average of 41 mg/l. The average Sodium content in the study area is 147 

mg/l, ranging from 25 mg/l to 460 mg/l. Potassium concentration is found to vary from traces to 90 mg/l, with an 

average of 14 mg/l in groundwater. The Sulphate concentration varies from 7 mg/l to 583 mg/l., with an average of 

102 mg/l. Chloride concentration in the study area ranges from 22 mg/l to 840 mg/l, with an average of  190 mg/l. 

Nitrate concentration varies from 5 mg/l to 204 mg/l, with an average of  52 mg/l. Fluoride concentration ranges 

from 0.15 mg/l to 2.2 mg/l, with an average of 1 mg/l. Statistical parameter of the analytical results of groundwater 

is given in Table – 2. 

Table - 1: Weightage scheme for drinking water quality  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table - 2: Chemical Composition of groundwater in Torehalla 

 

 

                                                                                                        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*All values in mg/l except EC and pH 

Constituents 

(mg/l.) 

Relative 

Weight 

Weighted 

Parameter 

Drinking 

water 

Standards 

Mean value of 

Torehalla                                       

(mg/l.) 

Ca 2 0.052 75 91 

Mg 2 0.052 30 41 

Na 4 0.105 200 147 

K 1 0.026 10 14 

Cl 4 0.105 250 190 

SO4 5 0.131 150 102 

NO3 5 0.131 45 52 

F 5 0.131 1.20 1 

HCO3 3 0.026 300 387 

EC (ms/cm) 2 0.052 1400 1524 

pH 5 0.131 7.5 8 

Constituents Max. Min. Mean S.D 

Ca 314 11 91 62.12 

Mg 196 7 41 33.51 

Na 460 25 147 92.00 

K 90 0 14 17.00 

Cl 840 22 190 157.00 

SO4 583 7 102 101.00 

NO3 204 5 52 40.00 

F 2.2 0.15 1 0.36 

EC 6400 480 1524 987.00 

pH 8.2 7 8 0.31 



ISSN 2320-5407  International Journal of Advanced Research (2014), Volume 2, Issue 12, 220-225

224 

WQI  Classification 

The classification of WQI is based on water quality standards for drinking purpose in Torehalla is as below: 

WQI Value Water Quality Percent of water samples 

< 50 Excellent 7 % (5) 

50 – 100 Good 69.1% (49) 

100 – 200 Poor 22.53% (16) 

> 200 Very Poor 1.40%(1) 

WQI based Classification 

The computed value of WQI for the study area are grouped into different classes Viz., excellent, good, poor and 

very poor. If the range of WQI is < 50, its water quality is excellent, if the values are between 50 – 100, 100-200 and 

> 200 then the water quality is good, poor and very poor respectively. In the study area the WQI values varies

between 39.6 to 201.7 (Fig.1) with an average of 86.4. According to the WQI classification, about 7% of the total

groundwater samples represent excellent water quality, 69.1% as good, 22.53 % as poor and about 1.37% as very

poor in water quality for the study area.

Fig.1: WQI values and water samples 

Conclusion 

WQI values are computed to know the water quality  in Torehalla watershed. In the study area the WQI  values vary 

between 39.6 to 201.7 with an average of 86.4. According to the WQI classification, about 76% of the total 

groundwater samples represent excellent to good water quality and 24 % as poor to very poor in water quality in the 

study area. Thus the overall water quality by and large falls under good.  The higher WQI values in the poor and 

very poor water quality class is due to contribution from geogenic and anthropogenic factors. Although the water 

quality is mainly controlled by aquifer chemistry and soils, excessive utilization of agro inputs has also compounded 

to the problem. Hence it can be concluded that groundwater in the study area is suitable for both drinking and 

domestic purpose based on water quality index of groundwater. 

Acknowledgement 
The authors acknowledge the financial assistance received from the University Grant Commission, New Delhi as a 

Major Research Project in carrying this research work.  

References 

BIS (2003). Drinking water - specification, Bureau of Indian Standards: New Delhi IS;10500. 



ISSN 2320-5407                             International Journal of Advanced Research (2014), Volume 2, Issue 12, 220-225 
 

225 

 

Brown R.M., Mc Cleil, Deininger R.A. and O'Conner M.F., (1972). A water quality index crashing the 

psychological barrier, Ed. By. H. Jenkis, proc. Int. Conf. on water poll., Res. Jerusalem. 787-797. 

Davis S.N. and Dewiest R.J.M., (1966). Hydrogeology, John Wiley & Sons Inc.,New York. 

Holden W.S., (1970). Water Treatment and Examination, Churchill Publishers: London. 

Horten R.K., (1965). An Index number for rating water quality, J. Water Poll. Cont. Fed.37 (3): 300-306. 

 

Manjunath H.N and Suresh.T.S., (2013). Groundwater Quality studies in Torehalla   Watershed, Karnataka, India. 

Research and Reviews: Jour. Of Engineering and Technology. Vol.2, Issue 3, Sept.2013, pp 270-276. 

 

Mishra P.C and Patel R.K., (2011). Study of the pollution load in the drinking water of Rairangpur, a small tribal 

dominated town of North Orissa, Indian  J. Environ. Ecoplan. 5(2), 293 - 298. 

 



African Journal of Geo-Science Research, 2014,2(4):23-26  
ISSN: 2307-6992 

 

Available Online: http://ajgr.rstpublishers.com/ 
 
 

GROUNDWATER QUALITY FOR AGRICULTURE IN WEST SUVARNAMUKHI 
RIVER BASIN, KARNATAKA,INDIA. 

 
Manjunath H. N. and Suresh T.S.  

Dept. of Geology, Bangalore University, Bangalore, Karnataka, India  
E-mail: manju.dynamics@gmail.com 

 
Received: 26 ,Apr,2014; Accepted:20,Aug2014.  
Abstract  
Water resources of late is becoming a scarce natural resources, where in a judicious and sustainable way of utilization is a priority today. With 
this background the present investigation is carried out. Groundwater quality studies provide an insight for various usages. By evaluating the 
quality aspect, conclusion can be drawn on how best the water resource can be utilized to optimum. In West Suvarnamukhi River Basin 152 
groundwater samples have been collected with due emphasis to spatial distribution. The samples collected were analyzed for major cations and 
anions, pH and electrical conductivity by standard analytical procedures. Also parameters like SAR, RSC, %Na, Kelley's ratio and Mg ratio are 
calculated. Thus the results are used in determination of suitability of water for agricultural practices. The investigation points out that most of the 
constituents are with the permissible limits, except few cases. Based on USSL classification, most of the samples belongs to C2-S1 and C3-S1 
class indicating low to medium salinity with moderate alkalinity and lower sodium content. Wilcox diagram indicates that most of the samples fall 
under good to permissible category, indicating excellent quality for agriculture. Trilinear diagram indicates that majority of the water samples 
belong to Ca, Mg - CO3, HCO3 and Na, K - CO3, HCO3 facies. Hence, the overall scenario from the present investigation is that groundwater in 
the study area is safe for agricultural activity. 
 
Key words: West Suvarnamukhi basin, Groundwater   Quality, Agricultural practices. 
 
INTRODUCTION 
 
Groundwater is one of the most important natural resource. This 
natural resource of late is becoming scarce due to various 
reasonsViz., over exploitation, pollution and reduced recharge. 
Groundwater crisis to some extent is due to natural factors but 
mainly due to man’s interaction with his environment. The quality of 
groundwater in some parts of the country, particularly shallow 
groundwater, is changing as a result of human activities. Along with 
human activities, water quality is also affected due to natural 
processes particularly the water-rock interaction in the aquifers. 
Pollution of groundwater resources has become a major problem 
today. In addition, leachates from agriculture, industrial waste and 
municipal solid waste are also polluting groundwater. Monitoring of 
groundwater quality is an effort to obtain information on chemical 
quality through representative sampling in different hydrogeological 
environment. In the present context an attempt has been made to 
study the Hydrogeochemistry of West Suvarnamukhi River Basin. 
 
STUDY AREA 
 

The West Suvarnamukhi River Basin lies between latitude 130 15' 

to 130 55' N and longitude 760 20' to 760 55' E. The areal extent of 
the basin is 1751 Sq. kms (Map1). The major part of the basin lies in 
Tumkur district and a small northern portion of the basin is in 
Chitradurga district. The West Suvarnamukhi river basin is elongated 
and nearly spindle shaped with narrow ends in southern and 
northern portion while it is wider in the middle. The study area falls 
under the semi-arid climatic zone and the average annual rainfall is 
530 mm. The study area is a erosional landscape in the advanced 
stage of peneplanation with undulating and rolling topography. The 
schistose hills which covers larger area exhibits rolling topography, 
while the granitic hills and gneisses exhibit a rugged topography. The 
high altitude hill ranges are confined to the 

 
 
eastern margin of the basin. The land use and land cover pattern 
includes agricultural plantations, waterbodies, settlements, cropland, 
barren waste, fallow land and other land uses. The soils seen in the 
study area are red loamy, red sandy, mixed red and black soils. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Map(1)Study area 
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Map (2) Sample Locations 
METHODOLOGY 

In West Suvarnamukhi river basin152 groundwater samples 
were collected from various locations (Map 2). The samples were 
analyzed for pH, EC, major cations and anions by adopting standard 
analytical procedures. The pH and EC was measured using pH 
meter and Conductivity meter respectively. Calcium, magnesium, 
bicarbonate and chloride were estimated by titrimetric method. 
Sodium and Potassium were determined by flame photometer. 
Fluoride concentration was measured with Spectrophotometric 
technique. The calculated parameters like SAR, RSC, %Na, Kelley's 
ratio and Mg ratio are used in determiningthe suitability of water for 
agriculture. 

RESULTS AND DISCUSSION  
Variation of Chemical Constituents 
The Calcium value in the study area ranges from 8 mg/l to 314 

mg/l. The average value of Calcium in the study area is 81 mg/l. The 
Magnesium value range in the study area ranges from 3 mg/l to 196 
mg/l with an average of 43 mg/l. Contribution of Magnesium to the 
basin is mainly due to the lithounits of the area. The average Sodium 
content for the study area is 135 mg/l, ranging from 20 mg/l to 690 
mg/l. The application of animal waste, increased use of chemical 
fertilizers and weathering of clay mineralsviz., pyroxenes, 
amphiboles etc. contributesignificant amount of Sodium to 
groundwater. Potassium concentration varies from traces to 90 mg/l, 
with an average of 12 mg/l in groundwater. The main source of 
Potassium is due to weathering of lithology rich in minerals, usage of 
organic fertilizers, plant and animal waste as manure has also 
contributed Potassium to groundwater.  

Sulphate concentration in the study area varies from 7 mg/l to 583 
mg/l with an average of 86 mg/l. Sulphide minerals, application of 
sulphatic soil conditioners and excess use of organic fertilizers 
contributes Sulphates to groundwater. Chloride concentration in the 

study area ranges from 20 mg/l to 840 mg/l, with an average of 176 
mg/l. Improper agricultural practices and domestic sewage adds 
Chloride to groundwater.Nitrate concentration varies from 1 mg/l to 
237 mg/l with an average of 56 mg/l. Nitrate is attributed due to agro 
inputs. Fluoride concentration in the study area varies from 0.5 mg/l 
to 2.2 mg/l with an average of 0.8 mg/l. It is basically due to litho 
units contribution.Only six samples have ‘F’ greater than permissible 
limit.Statistical parameter for the analytical results of groundwater is 
given in Table(1) 

Table(1) Statistical parameter for the analytical results of 
groundwater Quality Suitability for Irrigation 

EC and pH  
The conductivity (EC) indicates the ionic concentration. The 

conductivity depends on temperature, concentration and type of ions 
present (Hem,1985). EC of the groundwater varies from 400 to 6400 

microsiemens/cm at 25oC with an average of 1394 m/cm. Maximum 
concentration of EC is 6400m/cm which is observed in Madihalli area 
and minimum of 400 m/cm in Bullenahalli.  

The pH of water indicates its quality and provides information on 
geochemical equilibrium or Solubility calculation (Hem,1985). 
pHvalues of the study area varies from 7 to 8.9 with an average of 
7.6. The desirable limit of pH in drinking water is 7 to 8.5 and the 
groundwater samples of the study area are within the permissible 
limit with few exceptions.  
Sodium Adsorption Ratio (SAR)  

One of the method that evaluates the suitability of the 
groundwater for irrigation is SAR. The SAR values of a given water 
sample indicates sodium hazard of that water for soil and crops. It is 
calculated as below: 

(all values in meq/l.) 
SAR values of the groundwater in the study area varies from 0.4 

to 18.4 meq/l, with an average of 3.2 meq/l (Table 2). Low SAR 
values of 2 to 10 indicates that the water is free from Sodium 
hazard.All the water samples in the study area have SAR value 
below 10 except two samples.The plotting of SAR values in C-S 
diagram (Fig. 3) indicates that out of 152 samples 87 samples fall in 
C2-S1 and 56 samples lies C3-S1 class indicating low to medium 
salinity and moderate alkalinity and lower sodium content. Thus 
groundwater of the study area is suitable for irrigation. 

Constituents 
  (mg/l) Max. Min. Mean S.D 

Ca 314 8 81.3 61.1 

Mg 196 3 43.5 30.3 

Na 690 20 135.6 102 

K 90 0 12 14.6 

Fe 1 0 0.1 0.2 

Cl 840 20 176.6 151.1 

SO4 583 7 86.8 86.1 

NO3 237 1 56 45.8 

HCO3 911 83 372.1 154.7 

F 2.2 0.5 0.8 0.4 

EC (ms/cm) 6400 400 1394 826.3 

pH 8.9 7 7.6 0.4 
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Fig(3) USSL diagram classification of water for 

Irrigation Percent Sodium (%Na)  
The Sodium percentage for a given water sample also determine 

its suitability for irrigation. A maximum of 60% of sodium in 
groundwater is allowed for irrigation (Wilcox,1955).  

  (all values   in meq/l.) 
 

% Na in the study area varies from 7.8 % to 87.31% with an 
average of 44 %. Plotting of % Na values on Wilcox diagram (Fig.4) 
indicates that 125 samples fall under good to permissible 
category,15 samples under permissible to doubtful and 12 samples 
in doubtful to unsuitable class. The majority of groundwater samples 
show good to permissible class for irrigation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig(4) Wilcox classification of groundwater for 
Irrigation Permeability Index (PI)  

Permeability index isused for the determination of suitability for 
groundwater for irrigation and is obtained by considering the ions 
which influence permeability. 

   
X 100          
(all values in meq/l.)  

The groundwater samples of the study area falls in Class-I, Class-
II and in Class-III of Doneen chart (Fig.5). PI values of groundwater 
samples vary from 7.4% to 87.1% with an average of 42.8%. The 
Doneen chart reveals that 50% of samples fall in class - I, 45% of 
samples in class-II and only 5% in class-III. The groundwater 
samples falling in class - I and II are generally good for irrigation and 
the same is depicted in the present scenario. 
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Fig(5) Doneen's classification of groundwater for Irrigation 
Analysis of Hydrochemical facies.  
The most useful method to study the chemical relationship of 
groundwater is through Piper Trilinear diagram. Analysis of 
hydrochemical facies on Trilinear diagram indicates that four different 
hydrochemical facies. Viz.,(i) Ca,Mg-CO3,HCO3, (ii)Na,K-CO3,HCO3 
(iii)Ca,Mg-Cl,SO4 and (iv)Na,K-Cl,SO4. Out of 152  
water samples 36.18% lies in I-category,17.10% in II category , 
32.23% in III category and 14.47% in IV category. Thus majority of 
the water samples belongs to Ca,Mg-CO3,HCO3 and Na,K-
CO3,HCO3 facies (Fig. 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig(6)Trilinear diagram showing Chemical composition of 
groundwater 
 
Kelley's Ratio   (K)  

The Sodium problem in irrigation water can be best studied on the 
basis of Kelley's ratio (Kelley et al., 1940).Based on Kelly’s ratio, 

water is classified for irrigation.Sodium measured against Ca2+ and 

Mg2+ was consideredby Kelly to calculate this parameter.Kelly’s ratio 
is given by: 
 
 

( all values in meq/l).  
The Kelly’s ratioof less than 1 is suitable for irrigation, while those 

witha ratio more than 3 are unsuitable for irrigation. Kelly’s ratio of 
groundwater in the study area varies from 0.1 to 6.7with an average 
of 1 (Table 2). In only two samples the ‘K’ value exceeds more than 
the normal(i.e.,>3) and rest all the samples are below 3. Thus 
groundwater of the study area is suitable for irrigation. 
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Magnesium Ratio (MR) 
High magnesium affects both the soil and water quality.Excess 

Mg+ in watersaffects the soil quality converting it to alkaline 
anddecreases crop yield. Szabolcs and Darab (1964)estimated MR 
value for irrigation water as below: 

( all values in meq/l). 
MR values >50 are considered harmful andunsuitable for irrigation 

purposes. In the analyzedgroundwater samples, the MR ranges from 
6.3 to 94.8 with an average of 47.7. Expect 40samples, the MR value 
in the study area is below 50, which indicates that the water is 
suitable for agricultural activities. 

Residual Sodium Carbonate (RSC) 

CO3
2− and HCO3

− hazardouseffect on the quality of waterfor 
agricultural purpose is best studied by calculating RSC (Eaton, 1950) 
and is given by 

(all values in meq/l). 
RSC <1.25 is safe for irrigation, and a value >2.5is unsuitable 

(USEPA,1999). The RSC in groundwater samples of the study area 
varies from 0to 10 meq/l. However, all samples except 7 samplesare 
within the safe category forirrigation. Thus indicating that water is 
suitable forirrigation purpose. 

Constituents Min. Max. Avg. Std. Dev 
          (mg/l) 

SAR 0.5 18.4 3.2 2.2 

K 0.1 6.7 1 0.8 

Mg Ratio 6.3 94.8 47.7 16.5 

%Na 7.8 87.3 44 14.8 

PI% 7.4 87.1 42.8 15 

Table (2). Calculated   parameters for irrigation classification. 
Chlorides and Sulphates for irrigation  

Water Class Range(epm) Cl Samples SO4 
Samples 

Excellent <4 86 87 

Good 4 - 7 30 61 

Permissible 7 - 12 23 4 

Doubtful 12 - 20 12 0 

Unsuitable > 20 1  0 

Table (3). Water quality for irrigation based on Cl and SO4. 
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The most common toxicity is from chloride in irrigation water. 
Chloride is neither absorbed nor held back by soils, therefore it 
moves readily with the soil-waterto be taken up by the crop, moves in 
the transpiration stream, and accumulates in the leaves. If the 
chloride concentration in the leaves exceeds the tolerance limit of the 
crop, develop symptoms such as leaf burn or drying of leaf 
tissue.The most dominant anion in well water is sulfate ion.The 
sulfate ion causes no particular harmful effects on soils or plants, 
however it contributes to increased salinity in the soil solution.Eaton 
(1942) and Scofield (1936) have given Cl and SO4 classification for 
irrigation use. The groundwater samples of the study area shows 
excellent to good category for both Cl and SO4(Table3)ions 
indicating the suitability of groundwater for irrigation. 

CONCLUSION 

According to USSL classification, most of the samples belongs to 
C2-S1 and C3-S1 class indicating low to medium salinity, moderate 
alkalinity and low sodium content. Thus groundwater of the study 
area is suitable for irrigation. Wilcox diagram also indicates that most 
of the samples fall under good to permissible indicating excellent 
quality for irrigation use.Trilinear diagram indicates that majority of 
the water samples belongs to Ca,Mg-CO3,HCO3 and Na,K-
CO3,HCO3 facies.Kelly’s ratio of groundwater in the study area also 
points out the suitabilityfor irrigation.Even theMagnesium ratio 
valueindicates that the water is suitable for agricultural activities 
except in few cases.The RSC values of all the samples are within the 
safe quality category forirrigation indicating that water is suitable 
forirrigation purpose.Hence it is concluded that the quality of 
groundwater in the study area is safe for both agriculture and 
domestic usage with few exceptions. 
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