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DYNAMIC GROUNDWATER RESOURCES OF KARNATAKA, 2020
1. INTRODUCTION.

Groundwater resources of Karnataka state has been assessed based on Groundwater
Estimation Methodology (GEC-2015) as in March 2020 on a watershed basis using the database
available upto 2019. The resources so assessed were apportioned and presented on an
administrative unit i.e. Taluk wise to facilitate at planning of developmental activities (Plate-1).
The Methodology envisages that groundwater assessments may be made once in three year. The
groundwater resources were last estimated for the state of Karnataka as on March-2017. Now
groundwater resources are estimated for the state of Karnataka as on March-2020 using the Minor
irrigation data on well census and the data collected by the district level officers of Groundwater
Directorate, Government of Karnataka and various state agencies as the base data on watershed

basis.

Plate-1



For the re-estimation of groundwater potential in the state of Karnataka the following
committee was constituted vide GO No.MID 22 AAJAA 2020 (E) Bangalore dated 20.08.2020 by
the Minor Irrigation and Groundwater Development Department Government of Karnataka
(Table-1 & Annexure 1X).

Table-1 Constitution of Committee for Groundwater Re-estimation

1. Secretary to Government, Minor Irrigation and Groundwater development

Chairman
department
2 Chief Engineer, Minor Irrigation & Groundwater Development Department, Member
South Zone, Bangalore
3 Chief Engineer, Minor Irrigation & Groundwater Development Department,
. .. Member
North Zone, Vijayapura
4. Director, Groundwater Directorate Member
5. Chief Engineer, Karnataka Urban Water Supply & Drainage Board Member
6. Director, Department of Agriculture Member
7. Chief Engineer, Water Resources Development Organization Member
8. Chief Engineer, Rural Water Supply & Sanitation Department Member
9. Commissioner/Director for department of Industries Member
10.  General Manager, NABARD Member
11 Chief Engineer, Advanced center for Integrated Water Resources
. Member
Management Center, Bangalore
12. . . .
Regional Director, Central Groundwater Board, Government of India, Member
Bangalore Secretary

The members of the committee had several informal meeting for data sharing and discussion
of the progress of their source evaluation. A working committee comprising of the officers of the
Central Ground Water Board (CGWB) and Groundwater Directorate (GWD) was formed for
resource assessment. They had meeting at frequent intervals to monitor the progress and address the
constraints in resource evaluation. The resources re-assessed on a watershed basis and several
meetings were held. Based on the suggestion in these meetings, the finalized resources were
presented in the State Level meeting held on 04.05.2021 and was approved by the State Level

Committee.



1.1. INDIA -GROUNDWATER RESOURCE ESTIMATION SYSTEM (IN-GRES)

“INDIA-GROUNDWATER RESOURCE ESTIMATION SYSTEM (IN-GRES) is a
Software/Web-based application developed by CGWB in collaboration with IIT-Hyderabad. It will
provide common and standardized platform for Ground Water Resource Estimation for the entire
country and its pan-India operationalization (Central and State Governments). The system will take
‘Data Input’ through Excel as well as Forms, compute various ground water components (recharge,
extraction etc.) and classify assessment units into appropriate categories (safe, semi-critical, critical
and over-exploited). The Software uses GEC 2015 Methodology for estimation and calculation of
Groundwater resources. It allows for unique and homogeneous representation of groundwater
fluxes as well as categories for all the assessment units (AU) of the country. The INGRESS
Platform is used in computation of results of Groundwater Resource Assessment of Karnataka State

as on March 2020. URL of IN-GRES [http://ingres.iith.ac.in

2. HYDROGEOLOGICAL CONDITIONS OF KARNATAKA
2.1 CLIMATE AND RAINFALL

In Karnataka typical monsoon is experienced. Bulk of the annual rainfall is received during
the south-west (June to September) and north-east (October-December) monsoons. Pre-monsoon
thunder storms also contribute significant to considerable rainfall. Humid to semi arid climatic
conditions prevail in the state. In general rainfall varies from around 400 mm in the eastern fringe of
the state to more than 4000 mm in the west (plate 2). The state can be broadly classified into four
distinct climatic zones. These are:

I. Narrow Coastal Zone along the West Coast: The whole of Dakshina Kannada, Udupi
and western parts of Uttara Kannada district come under this zone. The rainfall generally increases
from the coast towards the mountains on the east and from north to south. Average rainfall is
around 4000 mm and bulk of this rainfall occurs during the south west monsoon period lasting from

June to September. July is the wettest month.

Il. The Mountain (Malnad) Zone: Parts of Belagavi, Uttara Kannada, Shimoga,
Chikamagalur, Hassan, Kodagu and Mysuru districts fall under this zone. The area is composed of
series of mountain and dense tropical forests. Rainfall is over 5000 mm on hill tops and around
2000mm in the adjoining forest areas. However, Agumbe in Shimoga district records a rainfall over
7000mm annually on an average. The south west monsoon yields the bulk of the rainfall and July is

the wettest month. The rainfall decreases from west to east.



III. The Northern Plains: Eastern part of Belagavi and whole of Bidar, Vijayapura,
Bagalkote, Bellary, Kalaburagi, Dharwad, Gadag, Haveri, Raichur and Koppal fall in this zone.
Bulk of the rainfall occurs in the winter months. The rain fall decreases from the west to east. On
an average about 700mm rainfall is received annually. September is usually the month of peak

rainfall.

IV. The Southern Plains: Parts of Shimoga, Chikamagalur, Hassan, Mysuru and whole of
Mandya, Tumkur, Bangalore and Kolar districts fall in this zone. In these parts, rainfall ranges from
1000mm to around 400mm. Considerable rainfall occurs during the pre-monsoon months due to
thunder storms. Both the monsoons are active giving copious amounts of rainfall. The peak rainfall
is found to occur in September/October with a secondary peak occurring in May. The average rain

fall in these parts is around 700 mm.

Plate-2



2.2  GEOLOGY

Karnataka State comprises rock types of age from Archaean to Recent (Plate-3). Major
portion of the State is covered by Peninsular Gneisses, Granites and Dharwad Schists of
Archaean age. Substantial area in the northern part of Karnataka is underlain by basalts, which form
a continuation of the Deccan Traps occurring in Maharashtra. The sedimentary rocks comprising
Bhima and Kaladgis occupy a small area in the northern districts. The recent alluvium is restricted
to a narrow belt in the coastal area and along stream courses. The geological succession in the state
is presented as below (Table.2).

Table.2 Geological Succession in Karnataka State

Age Series/System Formation
Recent Soil & Alluvium Sand and Clay
Pliestocene Laterite Laterite
Tertiary to Mesozoic ~ Deccan Trap Basalt Hard massive & vesicular Basalts
Unconformity~~~~
Lower Palaeozoic to Bhima Series Quartzites, Sandstones, Limestone,
upper Precambrian Shale and Conglomerates
Unconformity
Upper Precambrian Kaladgi Series Quartzites, Sandstones, Limestones,
Shale and Conglomerates.
Unconformity
Lower Precambrian Dharwad system Volcanic, meta Dharwad Schist’s meta sediments,
sediments, Greenstone Green Stone Formations
Unconformity~~~~
Archaean Peninsular Gneissic complex Gneisses, Granites, Charnockites,

Khondalites

The Archaean crystalline rocks occupy nearly 79% of the total geographical area of the state.
Excepting Bidar district and northern parts of Belagavi, Bagalkote, Vijayapura and Kalaburagi
district, archaean crystalline rocks occur in the remaining parts of state. The gneissic complex is
composed of composite gneisses, migmatites, granites and quartz veins. Charnockites are exposed
over a limited extent in the southernmost parts of the state in kodagu and Mysuru districts. The
weathered zone in these crystalline extends from less than a meter to about 20m the thickness in
general and at places it is as deep as 60-90m. In parts of Belguam, Bengaluru and kolar districts the
weathered material is more of clayey in nature.

The Dharwad mainly composed of slates, phyllites and schists form the second major group
of rocks occurring in about 40000sq. km of the state. These are sub divided in to three main types
namely Chitradurga group, Dharwad sub group and Sargur group. They are wide spread in parts of
Uttara Kannada, Dharwad, Shimoga, Chitradurga and Chikamagalur districts where as in other

districts their occurrence is limited in extent as small strips distributed throughout gneissic terrain.
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This group consists of volcanic rocks such as rhyolites, felsites etc., limestone,
conglomerates, quartzite (ferruginous), and Meta sediments as amphibolites sands chists. The
schists and related argillites form the valley portions, but in general, the Dharwad form high
grounds. The weathered zone extends down to about 20m in the valleys. The Dharwad rocks have
regional strike of NNW-SSE, which tends to N-S in the southern part of Mysuru and even to NE-
SW direction near the southern border.

Meta-Sedimentary formations of Bhimas, Kaladgis and Badamis are exposed over an area of
9640sgkm in the state. The major litho units in the group are sandstone, quartzite, shale, slate,
limestone and dolomite. The Kaladgi formations are exposed over length of 160km between
Krishna and Malaprabha rivers in Belagavi and Vijayapura districts. The formation comprises of
conglomerates, quartzite, limestone and shale’s, which are divided into lower and upper series. The
uppermost and stone formations exposed at Badami and further east which are thick bedded and
gritty are designated as Badamis and stone. This horizon is considered as younger and equivalent to
Bhima/Vindyas. This formation however, occupies higher altitudes occupying ridge sand hence is
of less importance from groundwater point of view. In the central part of the basin the Kaladgis are
well developed with the presence of all litho units while towards west only the lower series
consisting mainly they are nacreous members are exposed. The Kaladgis are partly overlain by
Deccan trap. The formations are folded giving rise to a series of ridge sand valleys. The valleys are
mainly occupied by limestone and shale. The limestone formation occupies a wide area in between
Lokapur and Bagalkote. Generally the lime stones are horizontally bedded and have very low
permeability. At places it is karstified and cavernous. A narrow band of dolomite overlies the
limestone. In the southern and northern valleys, i.e. South of Bilgi and at Kulgeri respectively, the
shale’s are purple in colour.

The regional trend of the formations and the axial planes of the folds are WNW-ESE. A major
fault zone runs in limestone formation marking the contact between an anticline and syncline along
Kaladgis-Kardigud In the Lokapur valley. Another major fault zone runs along Gaddanakeri in
Bagalkote valley. A number of minor faults and major fracture zones are identified in the basin
cutting the quartzite and the drainage in this area seems to be controlled by structure. The basin in
the central part i.e. along Bilgi-Gaddankeri-Kulgeri is severely disturbed while towards east and
west of zone, the tectonic intensity is not displayed. Exploratory drilling in this area revealed the
presence of major fracture/shear zones down to a depth of 200m.

The Bhima basin lies east of the Kaladgis stretching in NE-SW direction. The major part of
the basinlies in Kalaburagi district, except for a small strip in the Vijayapura district between
Muddebihal and Talikot. The Bhimas are represented by conglomerates, sandstones, shales and

lime stones, which could be sub divided in to three series lower, middle and upper. The lower and



middle series consist of the sequence of these three lithological units, while the upper series is
represented mainly in purple shale. Among the lower series the lime stones are well developed over
a wide area and are popularly known as ‘Shahabad’ stones. The middle series forms a narrow strip
and are of little significance from groundwater point of view. The shales are purple colored and
laminated and the lime stones are variegated but predominantly grey colored and thick bed deed.
The formations do not show any metamorphism. They are in general horizontally bedded or dip at
less than 5° towards west. However, this trend is not maintained in the distributed zones.

A number of faults of relatively lesser magnitude are identified in the basin at different places.
The displaced block is also gently folded on the western side. Thrust faults and the gravity faults are
also identified at a few places. The formations are highly fractured in these distributed zones.
Certification marks fault zones in the limestone formations. The drainage in the Bhima basin is
considered to be of tectonic origin. The curvilinear trend of Bhima river course seems to be
controlled by the two axes of superposed folds and also faults. Similarly, the streams of lower
orders are also influenced by the fracture system in granitic terrain and folding pattern in the Bhima
formations.

Deccan trap forms the northern part of the State. Both massive basalts wells vesicular
basalt is encountered in the area. The maximum thickness of about 600to 800m trap is reported
around Kolhapur in Maharashtra but becomes thinner to about 70 m or less towards the fringe as
observed in parts of Kalaburagi, Bagalkote and Belguam districts of Karnataka. The inter-trappean
beds are of small extent and appear have been formed in local depressions only or near to the south
western edge of the trap area. In Vijayapura district, three flows of zeolitic trap are observed
between 506m and 610m contour each with a thickness of about 6m. In the southern part of
Kalaburagi district only zeolitic trap unit is identified which is exposed at higher elevation in the
southern most part and at the ground surface around Kalaburagi. The weathered zone in traps varies
from traces about 15mbgl. Traps are considered to be not involved in any tectonic disturbances. It is
also difficult to recognize any structural deformities in them as they are generally fine grained and
massive. However some faults identified in Bhima basin are considered to be extending into the
traps also. At some places in Kaladgis the traps are reported to enclose fragment of quartzite.

Laterite perhaps of different genetic histories such as residual and transported are found
overlying different formations in different parts of the state. It occurs along the coast in Dakshina
Kannada, Udupi and Uttara Kannada districts overlying schists and granites with a maximum
thickness of about 40m. In Kaladgis, Laterite also occurs as isolated patches in the valleys capping
shales and basalt. The thickness in this part is 2 tolOm. The Laterite capping on Deccan trap is
extensive in parts of Bidar and Kalaburagi districts. However Laterite as an aquifer is having

limited real extent of about 1300 sq. km. Its occurrence is also reported in the Belguam district.



Generally it is confined to the highest ridge sand peaks. The Laterite formed in the vesicular traps
are deep yellow is brown in color. Localized patches of laterites are encountered in other parts of
the state also, overlying the granites and Dharwads.

The alluvium of recent age is limited to only certain river courses in the west coast. Alluvial
patches are located along Tungabhadhra, Suvarnamukhi and Chitravathi river courses. The
thickness of alluvium is variable generally and a maximum thickness of 15m is reported in the
Chitravathi basin. The alluvium consists of unconsolidated sediments such as pebbles, gravel, sand,

silt and clays. In the coastal area the thickness ranges from negligible to about 30m.

2.3  SOILS
Soils of the state can be grouped into 9 classes. They follow mainly the rock types but vary

widely due to the effects of climate and topography.

2.3.1. Shallow Black Soils
These occur in the trap region and to some extent are also developed in schist, shale and

limestone in parts of Belagavi, Vijayapura, Kalaburagi and Bidar districts. These are dark grayish
brown, dark brown to dark reddish brown, usually calcareous sand are clayey loam to clay in
texture. They have moderate to poor infiltration characteristics. An area of about 2350sq.km is
covered under shallow black soil in the state.

2.3.2. Medium Black Soils
They are derived from Deccan traps and occupy large tracts of Belagavi, Vijayapura,

Kalaburagi and Bidar districts. They are comparatively light in colour on high lands than in valleys.
Their texture varies from loam to clay. Their infiltration characteristics are poor to moderate. In
filtration rate of 2.5cm/hr has been recorded in Kalaburagi district. An area of about 36150sq.km is
covered under medium black soil in the state.

2.3.3. Deep Black Soils
They occupy large tracts in Raichur district and in parts of Belagavi, Vijayapura, Chitradurga,

Bellary and Kalaburagi districts. They are dark black in colour and have high clay content. They are
derived from a variety of parent rocks like traps, schists, gneiss sand sedimentary rocks. They are
mostly transported, occurring in the basins of major river valley sand depressions. In texture, they
are generally clay loam to clay. Accumulations of lime, gypsum and soluble salts at varying depths
in the profile of ten pose problems. They have poor infiltration characteristics. Infiltration rates of
0.5 tol.2 cm/hr in Bellary, 0.6 to 3.6 in Raichur and 0.8 to 2.8cm/hr in Dharwad have been

recorded. An area of about 21770sq. km is covered under deep black soil in the state.

2.3.4. Red Sandy Soils
They are derived from the acidic type of rocks like granite and gneisses and occupy large

tracts in Kolar, Bangalore, Tumkur, Mandya and Mysuru districts. These are light textured, varying

from sand or gravely to loamy and are highly leached. They have good infiltration characteristics.
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Infiltration rate of 4.5cm/hr in Bellary, 6.5to11 cm/hr in Raichur,1 to Scm/hr in Dakshina Kannada
and Scm/hr in Chikamagalur and Mysuru districts have been recorded. An area of about 57100 sq.

km is covered under red sandy soil in the state.

2.3.5 Mixed Red and Black Soils:
Red and black soils occur together and are found in parts of Belagavi, Vijayapura, Dharwad,

Raichur, Bellary and Chitradurga districts. They are derived from gneisses, schist sand sedimentary
rocks. The highly permeable red soils are confined to the upland area while in the low lands and
valleys, black soils of poor to medium infiltration characteristics occur. An area of about 19100 sq.

km is covered under mixed red and black soils in the state.

2.3.6 Red Loamy Soils
They occur in small trips in Shimoga, Chikamagalur, Hassan and Mysuru district sand in the

valley portions adjacent to hill sand Western Ghats. They are transported in origin and are loamy to
silty in texture. They have moderate to good infiltration characteristics. Infiltration rate of 1.8 to
6.9cm/hr is recorded in these soils in Dharwad district. An area of about 26700sq.km is covered

under red loamy soil in the state.

2.3.7 Lateritic Soils
These soils occur mostly in the malnad and coastal districts of Uttara Kannada and Dakshina

Kannada and parts of Belagavi, Shimoga, Chikamagalur, Hassan, Udupi and Kodagu. In Bangalore,
Kolar and Bidar districts also, patches of lateritic soils are seen. They occur under two modes: a)
High level, insitu and b) Low-level, transported. In malnad and coastal districts, these are derived
from the Dharwad schist’s sand peninsular gneisses. They have moderate to good infiltration
characteristics. In Dakshina Kannada district, infiltration rate of 0.6 to 3cm/hr has been recorded.
An area of about 14200sq.km is covered under lateritic soil in the state.

2.3.8 Lateritic Gravely Soils
They occur in patches in the southern parts of Dakshina Kannada district, Northern parts of

Shimoga and north-eastern part of Bangalore district. They are similar to lateritic soils in the
properties. An area of about 3700sq. km is covered under lateritic gravelly soil in the state.

2.3.9 Alluvial Soils

These are developed over the alluvium deposited by west flowing rivers, which occur as a
narrow patch along the coast in the districts of Dakshina Kannada and Uttara Kannada. These are
coarse textured sands, sandy loams or loam sand has good infiltration characteristics. In sandy soil
infiltration rate of 17 cm/hr is recorded in Kodagu district and 28cm/hr in Chikamagalur district. In
coastal alluvium, rates of 90 tol14 cm/hr are recorded in sand. An area of about 800sq. km is

covered under alluvial soil in the state.
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3.0 GROUNDWATER CONDITION

Karnataka State can be considered as having three major hydrogeological provinces. They are
the Hard Rock province, Deccan Trap province and Metamorphosed sedimentary province as
described below. Groundwater occurs in these provinces under unconfined to semi-confined
conditions and under confined conditions in depth. The rock units of provinces do not have the
primary porosity, therefore the occurrence and movement of groundwater is through secondary
porosity developed through weathering, fracturing and tectonic formation under gone by the rocks.
The main source recharge to the aquifers is by precipitation and also by applied irrigation. In

addition to these along the coast a thin band of alluvium is encountered (Plate 4).

The Archaean Crystalline Hard Rock Province: Archaean crystalline hard rocks are
represented by the gneisses, schists, granites and khondalites, which occupy up to 79% of the area
of the state. The availability of groundwater in the phreatic zones in these formations is controlled
by the degree of weathering and lithological unit of the area. The schists and khondalites are more
susceptible to weathering and hence are having better yield in the phreatic zones compared to
Granites. Generally the depth of weathering goes down to 30 min this formation sand they sustain
dug wells. In contrast, the yield of bore wells is controlled by the tectonic history of the area and the
lithology encountered. Thus equi-granular rocks when subjected to differential stress tend to
develop open(tensile) joints in the direction of stress sand shear joints at about 23° to the direction
of stress, whereas rocks having linear mineral stand to absorb the stress and the linear minerals
reorient along the stress direction. Thus Granites, Pegmatite sand Charnockites yield better compared
to Schists, Phyllites and Gneisses.

Further, the analysis of the results of groundwater exploration in the state indicated that the
tectonic story has an important bearing on the yield of bore wells. Thus all the lineaments are not
equally potential. The NE-SW lineaments are the most potential followed by E-W, NNW-SSE and
NW-SE in the order of preference even though the NW- SE lineament is the most commonly

occurring one. The yield of bore well in the province is as high as 30lps with a transmissivity of

upto 2000 m¥day in ideal conditions tapping tensile joints in granites/ pegmatite’s and other equi-

granular rocks.
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Plate-4
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Deccan Traps: The Deccan trap constitutes about 15% area of the state occupying Bidar,
Vijayapura, major parts of Kalaburagi, Belagavi and northern parts of Bagalkote districts. The
vesicles and amygdales are the porous media for the traps. Generally these porous media are filled
with the secondary materials like Quartz, Zeolites, and Bauxite sand Clays. The Deccan traps also
act like acrystalline formation. Zeolitic traps and Amygdales and vesicular properties of the trap
facilitate occurrence and movement of groundwater in traps. Further at the trap crystalline fringe
area in Karnataka part, the traps have minor dip, which carry the water through contact zone of the
flows. The intra trappean red bole beds act as an aquiclude. The weathered zone occurs up to a
depth of 20mbgl and semi confined conditions occur below 20 to 40m in the Deccan trap. The
jointed and fractured Deccan traps carry the groundwater to deeper depths. Depth of bore wells
drilled in traps ranges from 40 to175m.The general yields of wells in traps is low and draw downs

are high. The specific capacity of the wells in Deccan traps ranges from 0.05 to 34l/min/m draw
down. The yield of bore wells ranges from 4 to1440m?/day. The transmissivity of the traps ranges

from 1 t0369 m?/day.

The Sedimentary Provinces: The sedimentary rocks province is represented by the
Kaladgis, Bhima sand Badamis, also known as consolidated sedimentary sand it constitutes about
5% of the area of the state spread over parts of Kalaburagi, Bagalkote, Belagavi and Vijayapura
districts. The primary porosity that usually exists in these formations has been lost due to the
process of consolidation and compaction. Amongst these formations, lime stones form very poor
aquifers as they are mostly horizontally bedded and devoid of solution activity except along the
contact zones. Except in Ramdurg, Soundatti, Badami and Hungund areas the sand stones do not
form aquifers because it occupies the higher altitudes as ridges. The shales are very rarely seen as
aquifers but act as collector ponds than as an aquifer. Wherever sandstone occur as an aquifer it has

a specific yield of 0.03. The limestone of the Bhima series has specific yield of 0.005 to 0.04.

Discharge of the bore wells drilled in limestone ranges from 100 to 300m %day. Depth of the bore

wells drilled varies from 94 to 120 m.

Alluvium: Alluvial deposits occur as an aquifer comprised of fluvial materials like fine to
coarse sand, gravels and pebbles. It constitutes little over 1% area of the state. The river banks show
the presence of alluvial deposits to a depth of 2m to 20m and the coastal tract accounts up to 40.
The river that records alluvial/colluvial deposits are the Pennar, Kumudavati, the Tungabhadra,

Suvarnavati, Chitravati and lower Hagari river. The yield of these river alluvial deposits ranges
from 10 to 500m’/hour. The coastal alluvial deposits yield from 2400 to 4800m3/day. The

transmissivity ranges from 2 to 4348 m?/d.
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Laterite: Laterite is seen as a capping, scattered over the country rock in all the three
Groundwater provinces. The demarcation of the area under Laterite is difficult as it forms potential
aquifer only if it is having considerable thickness. In other places especially on the eastern parts of
the state, it is absent or occurs as a thin capping over the country rock. However these are more
predominant in the western parts of the state, where it forms potential phreatic aquifer. These are
highly porous and permeable; as a result gets fully recharged after monsoon. The aquifer drains out
due to subsurface out flow in the post-monsoon period. The dug wells tapping these aquifers
located in slopping ground gets dried up during summer months, even if the groundwater utilization

in the area is on a low key.

3.1 GROUNDWATER LEVELS

Pre-monsoon

The depth to water level recorded in the State during May 2019 ranged from 0.43 m bgl to 30.70 m
bgl. A total of 1442 stations are monitored during this monitoring season. Out of this 1442 wells are
analyzed, 5 % of wells have water level less than 2mbgl, 19% of wells have water level in the range
of 2 to Smbgl and 43 % of wells have water level in the range of 5 to 10mbgl. Thus, about 67 % of
the analyzed wells have water level within 10mbgl. Moderately deep water levels of 10 to 20mbgl
are seen in 31% of wells and deep water levels of > 20m is found in about 2% of the analyzed
wells. A map showing the depth to water level in the ranges of <2, 2 to 5, 5 t010, 10 to 20 and
>20mbgl was prepared and is enclosed as Depth to Water Level Map of Karnataka, May 2019
(Plate-5). The map shows that the depth to water levels in the range <2mbgl is observed in isolated
patches in parts Bangalore Urban, Belgaum, Chikmagalur, Dakshin Kannada, Davanagere, Gadag,
Hassan, Haveri, Kodagu, Kolar, Mandya, Mysore, Raichur, Shimoga, Tumkur and Uttara Kannada
districts. The depth to water levels in the range of 2 to 5 m bgl and 5 to 10 m bgl is recorded in all
districts of Karnataka State. The depth to water levels in the range of 10 to 20 m bgl in pockets in
all districts of Karnataka State. The depth to water levels in the range more than 20 m bgl in
observed as isolated pockets in Bagalkot, Bangalore Rural, Belgaum, Bidar, Bijapur, Dharwad, Gadag,

Gulbarga, Hassan, Mysore, Shimoga and Tumkur districts of Karnataka State.

Post-monsoon
The depth to water level recorded in the State during November 2019 ranged from 0.01 m bgl

to 30.7 m bgl. It is seen that out of 1432 stations’ data analyzed for the month, 32.5% of wells have
water level less than 2mbgl, 35% of wells have water level in the range of 2 to Smbgl and 26 % of
wells have water level in the range of 5 to 10mbgl. Thus, about 93.5% of the analyzed wells have
water level within 10mbgl. Moderately deep water levels of 10 to 20mbgl are seen in 1% of

wells and deep water levels of more than 20 m is found in about 0.5% of the analyzed wells.
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A map showing the depth to water level in the ranges of less than 2, 2 to 5, 5 to10, 10 to 20
and more than 20 mbgl was prepared and is enclosed as Depth to Water Level Map of Karnataka,
November 2019 (Plate-6). Water levels in the range of less than 2mbgl is recorded in all the districts
of Karnataka State. The map shows that the water levels in the range of 2 to5 and 5 to 10 m bgl are
the general water levels prevalent in the State. Depth to water level between 10 to 20 mbgl is
observed in Bagalkot, Bangalore Rural, Bangalore Urban, Bellary, Bidar, Bijapur, Chamarajanagar,
Chikmagalur, Chitradurga, Davanagere, Dharwad, Gadag, Gulbarga, Hassan, Kodagu, Koppal,
Mandya, Mysore, Raichur, Shimoga, Tumkur and Uttara Kannada districts and water level more

than 20 mbgl occur as a small isolated patches in Bagalkot, Bijapur, Dharwad, Gadag, Mysore and Raichur

districts of Karnataka State.

Seasonal Fluctuation — May to November 2019

Water levels data from 1342 stations were analyzed to know the seasonal change in
groundwater level in May 2019 with that of November 2019. Out of 1342 stations 1333 stations
were compared and the remaining stations could not be compared due to the non-availability of data
for a particular station in current season. On the whole, 1290 wells accounting for 97% of the
analyzed wells have recorded a rise in water level during November 2019 as compared with the
water level of May 2019. The remaining 43 wells accounting for 3% have recorded a fall in water

level.

In the rise category, the water level in the range 0 to 2 m is observed in 232 wells accounting
for 17% of the analyzed wells. Rise in water level in the range of 2 to 4 m and more than 4 m is
recorded in 329 wells (25%) and 729 wells (55%) respectively. In the fall category, the fall of water
level in the range of 0 to 2 m is observed in 27 of wells accounting for 2% of analyzed wells. Fall
in water level in the range of 2 to 4 m and more than 4 m are seen in 6 wells (0.3%) and 10 wells

(0.7%) respectively.

The analysis shows that rise in groundwater level in the range of 0 to 2 m is observed in all
districts of Karnataka State. Rise of water level in the range of 2 to 4 m is observed in almost all
districts of Karnataka State. Rise of more than 4 m is noticed in all districts of Karnataka State.
Water level fall of less than 2 m is recorded as isolated pockets in parts Bangalore Rural, Bangalore
Urban, Chikmagalur, Gadag, Gulbarga, Kodagu, Kolar, Mandya, Mysore, Raichur, Shimoga, Tumkur and
Uttara Kannada districts. Water level fall in the range of 2 to 4 m is noticed as isolated pockets in
parts of Bangalore Urban, Bellary, Chamarajanagar, Chikmagalur, Dharwad, Gadag, Hassan, Kodagu,

Kolar, Mandya, Mysore, Raichur and Shimoga districts. Fall in water level of more than 4 m is observed
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as isolated pockets in parts of Bangalore Urban, Chamrajnagar, Dharwad, Gadag, Hassan, Mysore, Raichur

and Shimoga districts of Karnataka State.

Annual Fluctuation - May 2018 to May 2019

Water levels from 1309 stations were analyzed to know the annual change in groundwater
level in May 2019 with that of May 2018. Out of 1309 stations 1196 stations were compared and
the remaining stations could not be compared due to the non-availability of data for a particular
station in current season. On the whole 262 wells accounting for 22 % of the analyzed wells have
recorded a rise in water level during May 2019 as compared with the water level of May 2018. The

remaining 934 wells accounting for 78% have recorded a fall in water level.

In the rise category, the rise of water level in the range of 0 to 2 m is observed in 200 wells
accounting for 35 % of analyzed wells. Rise of water level in the range of 2 to 4 m is observed in

45 wells (3 %) and > 4 m are seen in 27 wells (2%) respectively.

In the fall category, the fall of water level in the range 0 to 2 m is observed in 566 wells
accounting for 47 % of the analyzed wells. Fall in water level in the range of 2 to 4 m is observed

in 211 wells (18%) and >4 m is recorded in 157 wells (13 %) respectively.

Rise in water level in the range of 0 to 2 m is observed in Bagalkot, Bangalore Rural,
Bangalore Urban, Belgaum, Bellary, Bidar, Bijapur, Chikmagalur, Chitradurga, Dakshin Kannada,
Davanagere, Gadag, Gulbarga, Hassan, Haveri, Kodagu, Kolar, Koppal, Mandya, Mysore, Raichur,
Shimoga, Tumkur, Udupi and Uttara Kannada of Karnataka State. Rise in water level of 2 to 4 m is
also noticed in Bagalkot, Bangalore Rural, Bangalore Urban, Belgaum, Bellary, Bidar,
Chikmagalur, Dakshin Kannada, Davanagere, Hassan, Haveri, Kodagu, Koppal, Mandya, Mysore,
Shimoga, Udupi and Uttara Kannada districts of the State. Localized patches of >4 m rise in water
level is noticed in parts of Bagalkot, Bangalore Urban, Bijapur, Chamarajanagar, Chikmagalur,
Dakshin Kannada, Dharwad, Gulbarga, Hassan, Kodagu, Kolar, Mandya, Mysore, Raichur and
Shimoga districts. Fall in water level in the range of 0 to 2 m and 2 to 4 m is observed in almost all

parts of the State. Fall in water level of >4 m is noticed in all the districts of Karnataka State.

Annual Fluctuation - November 2018 to November 2019

Water levels from 1328 stations were analyzed and 1328 stations were compared to know the
annual change in groundwater level in November 2019 with that of November 2018. On the whole,
1039 wells accounting for 78% of the analyzed wells have recorded a rise in water level during
November 2019 as compared with the water level of November 2018. The remaining 289 wells

accounting for 22 % have recorded a fall in water level.
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In the rise category, the rise of water level in the range of 0 to 2 m is observed in 615 wells
accounting for 46% of analyzed wells. Rise of water level in the range of 2 to 4 m and more than 4
m are seen in 244 wells (18 %) and 180 wells (14%) respectively. In the fall category, the fall of
water level in the range 0 to 2 m is observed in 216 wells accounting for 16% of the analyzed wells.
Fall in water level in the range of 2 to 4 m and more than 4 m is recorded in 50 wells (4%) and 23

wells (2%) respectively.

Rise in water level in the range of 0 to 2 m is observed in all district of Karnataka State. Rise
in water level of 2 to 4 m is also noticed in except Chamrajnagar district of the State. Localized
patches of >4 m rise in water level is noticed in all parts Karnataka State except Bangalur and
Mysore districts. Fall in water level in the range of 0 to 2 m is observed in all districts of State as
isolated pockets. 2 to 4 m fall is observed as isolated patches Bagalkot, Bangalore Rural, Bangalore
Urban, Bellary, Bidar, Bijapur, Chikmagalur, Dakshin Kannada, Davanagere, Gadag, Gulbarga,
Hassan, Kodagu, Kolar, Koppal, Mandya, Mysore, Raichur, Tumkur and Udupi districts of the
State. Fall in water level of > 4 m is noticed as isolated pockets in Bangalore Rural, Bijapur,
Chikmagalur, Dharwad, Gadag, Gulbarga, Hassan, Kodagu, Mandya, Mysore, Raichur and Tumkur

districts of Karnataka State.

Change in Water Level, Mean (May 2009 to May 2018) — May 2019

Mean groundwater level for the period May 2009 to May 2018 was compared with the
groundwater level in May 2019. It is seen that, out of the 1347 stations analyzed, 416 stations
accounting for 31% have shown a rise in water level during May 2019 as compared to preceding

decadal mean and the remaining 931 stations accounting for 69% have shown a fall in water level.

In the water level rise category; a rise of 0 to 2 m range is recorded in 340 stations accounting
to 25% of analyzed wells. A rise of 2 to 4 m and >4 m is seen in 48 stations (4 %) and 28 stations
(2%) respectively. In the fall category, a fall in water level of 0 to 2 m range is prominent and
recorded in 600 wells accounting for 45 % of analyzed wells. Fall in water level of 2 to 4 m and >4

m range is seen in 191 wells (14 %) and 140 wells (10%) respectively.

A map in respect of the change in water levels showing rise/fall in the ranges of 0 to 2 m, 2 to
4 m and >4 m has been prepared and enclosed as Water Level Fluctuation Map of Karnataka,

Decadal Mean (May 2009 to May 2018) — May 2019 (Plate-7).

Rise in water level in the range of 0 to 2 m is observed in all districts of the Karnataka State.
A rise in water level of 2 to 4 m is noticed as isolated patches in Bagalkot, Bangalore Rural,
Bangalore Urban, Belgaum, Bellary, Bidar, Bijapur, = Chamarajanagar, Dakshin Kannada,
Davanagere, Gadag, Gulbarga, Hassan, Kodagu, Kolar, Koppal, Mandya, Mysore, Raichur,
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Shimoga, Udupi and Uttara Kannada districts of the State. Rise in water level of >4m is noticed as
small patches in Bangalore Urban, Belgaum, Bellary, Bidar, Chamarajanagar, Chikmagalur,
Dakshin Kannada, Dharwad, Gadag, Gulbarga, Hassan, Haveri, Kodagu, Kolar, Mandya, Mysore,
Raichur, Shimoga and Udupi districts of the State. Fall in water level of <2 m and 2 to 4 m is
noticed in almost all districts of the State. Fall in water level of >4 m is noticed in all districts of the

State except except in Bangalore Urban district.

Change in Water Level, Mean (Nov 2009 to Nov 2018) — Nov 2019

Mean groundwater level for the period November 2009 to November 2018 is analyzed and
compared with the groundwater level in November 2019 for 1273 stations. It is seen that, out of the
1273 stations compared, 1212 stations accounting for 95% have shown a rise in water level during
November 2019 as compared to the preceding decadal mean and the remaining 61 stations

accounting for 5 % have showed a fall in water level.

In the water level rise category, a rise of 0 to 2 m range is recorded in 283 stations accounting
to 22% of analyzed wells. A rise of 2 to 4 m and more than 4 m is seen in 332 stations (26%) and
597 stations (46%) respectively. In the fall category, fall in water level in the range of 0 to 2 m is
recorded in 44 wells accounting for 4% of analyzed wells. Fall in water level of 2 to 4 m and more

than 4 m range is seen in 10 wells (1%) and 7 wells (1%) respectively.

A map for the change in water levels showing rise/fall in the ranges of 0-2 m, 2-4 m and more
than 4 m was prepared and enclosed as “Water Level Fluctuation Decadal Mean of (Nov 2009 to

Nov 2018) — Nov 2019’ of Karnataka (Plate-8).

Major part of the State is showing rise in water level as compared to decadal mean water level
of November 2009 - November 2018 with respect to November 2019 water level. In the rise
category, water level showing less than 2 m, 2 to 4 m and more than 4 m is observed in all districts
of Karnataka State. Fall in water level less than 2 m is observed as isolated patches in Bangalore
Rural, Bangalore Urban, Chikmagalur, Dakshin Kannada, Davanagere, Gadag, Gulbarga, Hassan,
Kolar, Koppal, Mandya, Mysore, Raichur, Shimoga, Tumkur and Uttara Kannada districts. The fall
of 2 to 4 m is noticed as isolated patches in parts of Bangalore Rural, Bellary, Chikmagalur, Gadag,
Hassan, Koppal, Mandya and Raichur districts. Fall of water level of more than 4 m is observed as
small isolated patches in Bangalore Urban, Chamarajanagar Dharwad, Mysore, Raichur and

Shimoga districts of Karnataka State.
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Plate-5
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Plate-6
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Plate-7
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Plate-8
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4.0 HYDROCHEMISTRY

The quality of shallow groundwater in Karnataka state has been evaluated by sampling and
analysis of water sample collected from Groundwater Monitoring wells. About 1066 Groundwater

Monitoring wells were monitored for water quality during May 2018 representing pre-monsoon

water quality. The summarized results of groundwater quality ranges are given in Table-3.

Table 3: Groundwater quality of SWR, during May-2018

limit

SI.No | Parameters Range No. of Percentage
sample
Fresh <750 401 38.0
Electrical Moderate 751- 2250 543 51.0
1 Conductivity 3
Slightly mineralized 23205010 >3 05.0
us/cm at 25°
Highly mineralized > 3000 64 06.0
Desirable limit <250 887 83.0
) Chloride Permissible limit | 251-1000 164 15.0
mg/l R
Beyond pen"rmss1b1€ ~ 1000 15 02.0
limit
Desirable limit <1.0 858 81.0
3 Fluoride mg/] Permissible limit 1.1- 1.5 129 12.0
Beyond permissible 79 07.0
. >1.5
limit
. Permissible limit <45 720 68.0
Nitrate
4 —
mg/l Beyond permissible > 45 346 32.0

Electrical Conductivity

In general the groundwater quality in the state is fresh in about 38 % of the Groundwater
Monitoring wells as indicated by the EC value less than 750 pus/cm at 25°C. In about 51 % of the
Groundwater Monitoring wells, the EC varies between 751 -2250us/cm at 25° C and 5 % of
Groundwater Monitoring wells are between 2251-3000 ups/cm at 25° C indicating that the
groundwater is slightly mineralized and about 6 % of Groundwater Monitoring wells the EC is

more than 3000 ps/cm at 25°C indicating that the Groundwater is highly mineralized. The highest

value 13280 ps/cm at 25° C was observed in Ullal Beach, Dakshina Kannada district.
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Chloride

The chloride content is less than 250 mg/I in about 83 % of the sample analyzed and 15 % of
the sample are between 251 — 1000 mg/l and 2 % shows more than 1000mg/l which are from the
districts of Belagavi, Bijapur, Davanagere, Dharwad, Gadag, Raichu, Udupi and Yadgir.

Fluoride

The Fluoride content is less than 1.5 mg/l in about 93 % of the sample analyzed and about 7
% of the sample shows more than 1.5 mg/l, which are from the districts of Bagalkot, Belagavi,
Bellary, Chikballapur, Davanagere, Gadag, Gulbarga, Koppal, Mysore, Raichur, Tumkur and
Yadgir.

Nitrate

The Nitrate content is less than 45mg/l in about 68 % of the sample analyzed and 32 % of
sample shows more than 45 mg/l which are from the district of Bagalkot, Bangalore Rural,
Belgaum, Bellary, Bidar, Bijapur,Chamarajanagar, Chickmagalur, Chitradurga, Dakshina kannada,
Dharwad, Gadag, Gulbarga, Hassan, Haveri, Kolar, Koppal, Mandya ,Mysore, Raichur, Ramnagara,
Shimoga, Tumkur and Yadgir.

5.0 AREAS HAVING GROUNDWATER DEVELOPMENT PROSPECTS

Crystalline rocks underlie about 99% of the area of the state, of which about 15% along the
northern parts is occupied by Deccan Basalts (Plate 6). In this area Groundwater occurs under
phreatic condition in the top weathered zones wherever the thickness of weathering is considerable
to sustain the dugwells. In the western parts of the Western Ghats generally there is a thick capping
of Laterites making it ideal zones for dug wells. However due to the high porosity of the formation
and the steep gradient of the terrain these dug wells dry up in summer months due to subsurface out
flow. About 15% of the area of the state, just south of the Basalts, falling in parts of Belguam,
Bagalkote, Vijayapura and Kalaburagi is underlain by meta- sediments of the Kaladgis, Bhimas and
Badamis. These formations also act like crystalline as far as their Groundwater potential is
concerned. The general depth of phreatic aquifer in these rocks is in the range of 5-30 mbgl. About
1% of the area along the west coast falling in the districts of Uttara Kannada, Udupi and
Daskshina Kannada are occupied by coastal alluvium. They are seen close to the sea and at places
are quite wide extending 3-5Km from the coastline. They form shallow potential aquifers wherever
the thickness is more than Sm. Ground water occurs under semi-confined to confined aquifers in the

fractured crystalline.
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6.0 RE-ASSESSMENT OF GROUND WATER RESOURCES, 2020

The assessment of Ground water resources is carried out to determine the prevailing status of
ground water resources in the State. It also helps assess the impact of the on-going ground water
management practices on the groundwater resources. In 2020, Department of Water Resources,
River Development & Ganga Rejuvenation, Ministry of Jal Shakti constituted a Central Level
Expert Group (CLEG) for over-all supervision of the re-assessment of ground water resources in
the entire country as in 2020. The terms of reference of the committee include supervision of
assessment of annual replenishable ground water resources and the status of utilization for reference
year 2020. A copy of the Government Resolution is in Annexure viii. Ground water resources
assessment for reference year 2020 at the State/U.T Levels have been carried out jointly by State
Ground Water Departments and Central Ground Water Board under the supervision of State Level
Committees (Annexure ix), with technical guidance from Central Level Expert Group. The

assessment carried out was approved by the respective State Level Committee.

GROUND WATER RESOURCES ESTIMATION METHODOLOGY

Ground water resource as in 2020 have been estimated following the guidelines mentioned in
the GEC 2015 methodology using appropriate assumptions depending on data availability. The
principal attributes of GEC 2015 methodology is given below: The methodology recommends
aquifer wise ground water resource assessment of the Groundwater resources components, i.e.,

Replenishable ground water resources or Dynamic Ground Water Resources.

GROUND WATER ASSESSMENT OF UNCONFINED AQUIFER

Though the assessment of ground water resources includes assessment of dynamic and in-
storage resources, the development planning should mainly focus on dynamic resource as it gets
replenished on an annual basis. Changes in static or in-storage resources normally reflect long-term
impacts of ground water mining. Such resources may not be replenishable annually and may be
allowed to be extracted only during exigencies with proper planning for augmentation in the

succeeding excess rainfall years.

Assessment of Annually Replenishable or Dynamic Ground Water Resources
The methodology for ground water resources estimation is based on the principle of water balance
as given below —

Inflow — Outflow = Change in Storage (of an aquifer) ............ (1)

Equation (1) can be further elaborated as —
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It is preferred that all the components of water balance equation should be estimated in an
assessment unit. Due to lack of data for all the components in most of the assessment units, it is
proposed that at present the water budget may be restricted to the major components only, taking
into consideration certain reasonable assumptions. The estimation is to be carried out using lumped
parameter estimation approach keeping in mind that data from many more sources if available may

be used for refining the assessment.

Rainfall Recharge

It is recommended that ground water recharge should be estimated on ground water level
fluctuation and specific yield approach since this method takes into account the response of ground
water levels to ground water input and output components. This, however, requires adequately
spaced representative water level measurement for a sufficiently long period. It is proposed that
there should be at least three spatially well distributed observation wells in the assessment unit, or
one observation well per 100 sq. Km. Water level data should also be available for a minimum
period of 5 years (preferably 10years), along with corresponding rainfall data. Regarding frequency
of water level data, two water level readings, during pre and post monsoon seasons, are the
minimum requirement. It would be ideal to have monthly water level measurements to record the
peak rise and maximum fall in the ground water levels. In units or subareas where adequate data on
ground water level fluctuations are not available as specified above, ground water recharge may be
estimated using rainfall infiltration factor method only. The rainfall recharge during non-monsoon

season may be estimated using rainfall infiltration factor method only.
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Ground Water Level Fluctuation Method
The ground water level fluctuation method is to be used for assessment of rainfall recharge in

the monsoon season. The ground water balance equation in non-command areas is given by

Whereas the water balance equation in command area will have another term i.e., Recharge

due to canals (RC) and the equation will be as follows

A couple of important observations in the context of water level measurement must be
followed. It is important to bear in mind that while estimating the quantum of ground water
extraction, the depth from which ground water is being extracted should be considered. One should
consider only the draft from the same aquifer for which the resource is being estimated. The change

in storage can be estimated using the following equation
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Substituting the expression in equation (5) for storage increase AS in terms of water level
fluctuation and specific yield, the equations (3) & (4) becomes (6) & (7) for non-command and

command subunits,

Where base flow/ recharge to/from streams have not been estimated, the same is assumed to
be zero. The rainfall recharge obtained by using equation (6) and (7) provides the recharge in any
particular monsoon season for the associated monsoon season rainfall. This estimate is to be

normalized for the normal monsoon season rainfall as per the procedure indicated below.

Normalization of Rainfall Recharge

(13423
1

Let Ri be the rainfall recharge and ri be the associated rainfall. The subscript “i” takes values
1 to N where N is the number of years for which data is available. This should be at least 5. The
rainfall recharge, Ri is obtained as per equation (6) & equation (7) depending on the sub-unit for
which the normalization is being done. After the pairs of data on Ri and ri have been obtained as
described above, a normalisation procedure is to be carried out for obtaining the rainfall recharge
corresponding to the normal monsoon season rainfall. Let r(normal) be the normal monsoon season
rainfall obtained as the average of recent 30 to 50 years of monsoon season rainfall. Two methods

are possible for the normalisation procedure. The first method is based on a linear relationship

between recharge and rainfall of the form
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Rainfall Infiltration Factor Method

The rainfall recharge estimation based on Water level fluctuation method reflects actual field
conditions since it takes into account the response of ground water level. However the ground water
extraction estimation included in the computation of rainfall recharge using water level fluctuation
approach is often subject to uncertainties. Therefore, it is recommended to compare the rainfall
recharge obtained from water level fluctuation approach with that estimated using rainfall

infiltration factor method. Recharge from rainfall is estimated by using the following relationship —
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The threshold limit of minimum and maximum rainfall event which can induce recharge to
the aquifer is to be considered while estimating ground water recharge using rainfall infiltration
factor method. The minimum threshold limit is in accordance with the relation shown in equation
(13) and the maximum threshold limit is based on the premise that after a certain limit, the rate of
storm rain is too high to contribute to infiltration and they will only contribute to surface runoff. It
is suggested that 10% of Normal annual rainfall may be taken as minimum rainfall threshold and
3000 mm as maximum rainfall limit. While computing the rainfall recharge, 10% of the normal
annual rainfall is to be deducted from the monsoon rainfall and balance rainfall would be
considered for computation of rainfall recharge. The same recharge factor may be used for both
monsoon and non-monsoon rainfall, with the condition that the recharge due to non-monsoon
rainfall may be taken as zero, if the normal rainfall during the non-monsoon season is less than 10%
of normal annual rainfall. In using the method based on the specified norms, recharge due to both
monsoon and non-monsoon rainfall may be estimated for normal rainfall, based on recent 30 to 50

years of data.

Percent Deviation

After computing the rainfall recharge for normal monsoon season rainfall using the ground
water level fluctuation method and rainfall infiltration factor method these two estimates have to be
compared with each other. A term, Percent Deviation (PD) which is the difference between the two

expressed as a percentage of the later is computed as
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Recharge from Other Sources

Recharge from other sources constitutes recharges from canals, surface water irrigation, ground
water irrigation, tanks & ponds and water conservation structures in command areas where as in
non-command areas it constitutes the recharge due to surface water irrigation, ground water
irrigation, tanks & ponds and water conservation structures. The methods of estimation of recharge

from different sources are as follows.
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Recharge During Monsoon Season

The sum of normalized monsoon rainfall recharge and the recharge from other sources and
lateral and vertical flows into & out of the sub unit and stream inflows & outflows during monsoon
season is the total recharge/ accumulation during monsoon season for the sub unit. Similarly, this is
to be computed for all the sub units available in the assessment unit.
Recharge During Non-Monsoon Season

The rainfall recharge during non-monsoon season is estimated using rainfall infiltration
factor Method only when the non-monsoon season rainfall is more than 10% of normal annual
rainfall. The sum of non-monsoon rainfall recharge and the recharge from other sources and lateral

and vertical flows into & out of the sub unit and stream inflows & outflows during non-monsoon
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season is the total recharge/ accumulation during non-monsoon season for the sub unit. Similarly,
this is to be computed for all the sub units available in the assessment unit. Dynamic Ground Water

Resources Assessment of India - 2020

Total Annual Ground Water Recharge

The sum of the recharge/ accumulations during monsoon and non-monsoon seasons is the
total annual ground water recharge/ accumulations for the sub unit. Similarly, this is to be computed
for all the sub units available in the assessment unit.

Annual Extractable Ground Water Resource (EGR)

The Annual Extractable Ground Water Resource (EGR) is computed by deducting the Total
Annual Natural Discharge from Total Annual Ground Water Recharge. The ground water base flow
contribution limited to the ecological flow of the river should be determined which will be deducted
from Annual Ground Water Recharge to determine Annual Extractable Ground Water Resources
(EGR). The ecological flows of the rivers are to be determined in consultation with Central Water
Commission and other concerned river basin agencies. In case base flow contribution to the
ecological flow of rivers is not determined then following assumption is to be followed. In the water
level fluctuation method, a significant portion of base flow is already accounted for by taking the
post monsoon water level one month after the end of rainfall. The base flow in the remaining non-
monsoon period is likely to be small, especially in hard rock areas. In the assessment units, where
river stage data are not available and neither the detailed data for quantitative assessment of the
natural discharge are available, present practice (GEC 1997) of allocation of unaccountable natural
discharges to 5% or 10% of annual recharge may be retained. If the rainfall recharge is assessed
using water level fluctuation method this will be 5% of the annual recharge and if it is assessed
using rainfall infiltration factor method, it will be 10% of the annual recharge. The balance will

account for Annual Extractable Ground Water Resources (EGR).

Estimation of Ground Water Extraction

Ground water draft or extraction is to be assessed as follows.
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Ground Water Extraction for Irrigation (GEIRR)

The methods for estimation of ground water extraction are as follows. Unit Draft Method: — In this
method, season-wise unit draft of each type of well in an assessment unit is estimated. The unit
draft of different types (eg. Dug well, Dug cum bore well, shallow tube well, deep tube well, bore
well etc.) is multiplied with the number of wells of that particular type to obtain season-wise ground
water extraction by that particular structure.

Crop Water Requirement Method: — For each crop, the season-wise net irrigation water requirement
is determined. This is then multiplied with the area irrigated by ground water abstraction structures.
The database on crop area is obtained from Revenue records in Tehsil office, Agriculture Census
and also by using Remote Sensing techniques. Power Consumption Method: —Ground water
extraction for unit power consumption (electric) is determined. Extraction per unit power
consumption is then multiplied with number of units of power consumed for agricultural pump sets
to obtain total ground water extraction for irrigation.

Ground Water Extraction for Domestic Use

There are several methods for estimation of extraction for domestic use. Some of the commonly
adopted methods are described here. Unit Draft Method: — In this method, unit draft of each type of
well is multiplied by the number of wells used for domestic purpose to obtain the domestic ground
water extraction.

Consumptive Use Method: — In this method, population is multiplied with per capita consumption

usually expressed in litre per capita per day (Ipcd). It can be expressed using following equation.

Where, Lg = Fractional Load on Ground Water for Domestic Water Supply. The Load on Ground

water can be obtained from the Information based on Civic water supply agencies in urban areas.

Ground Water Extraction for Industrial Use

The commonly adopted methods for estimating the extraction for industrial use are as below: Unit
Draft Method: - In this method, unit draft of each type of well is multiplied by the number of wells
used for industrial purpose to obtain the industrial ground water extraction. Consumptive Use
Pattern Method: — In this method, water consumption of different industrial units is determined.
Numbers of Industrial units which are dependent on ground water are multiplied with unit water

consumption to obtain ground water extraction for industrial use.
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The load on ground water for industrial water supply can be obtained from water supply
agencies in the Industrial belt. Ground water extraction obtained from different methods need to be
compared and based on field checks, the seemingly best value may be adopted. At times, ground
water extraction obtained by different methods may vary widely. In such cases, the value matching
the field situation should be Dynamic Ground Water Resources Assessment of India - 2020 14
considered. The storage depletion during a season, where other recharges are negligible can be

taken as ground water extraction during that particular period.

GROUNDWATER RECHARGE

The Groundwater recharge is estimated by considering wataer table fluctuation method. The
key parameter in this method is specific yield. The specific values considered in Estimation are the
valuve derived from field. Non-monsoon recharge from rainfall was computed based on RIF
method.

Table 6: Recommended and adopted values of Specific Yield

Formation GEC 15 Values
Recommendations Adopted
Alluvium 6-16 5-8
Laterites 2-3 1-2
Basalts 1-3 1-2
Lime Stone 1-3 1-1.5
Granite/Schist/Gneiss 1-2 1-3

NATURAL DISCHARGE

GEC-2015 methodology accounts for natural discharge like base flow and evapo-transpiration
from Groundwatersource as 5% & 10% of annual recharge incase of recharge calculated by WTF

and RIF respectively. The same is followed during the 2020 assessment.

7.0 ESTIMATION OF GROUNDWATER RESOURCES

The dynamic groundwater resources of Karnataka is computed based on GEC 2015
methodology as in 2020 on watershed basis taking in to consideration of various hydrological units
is command, non-command and hilly area (having slope above 20%). Mappable poor quality area in
each of the assessment units has been demarcated and there source from this area is assessed
separately. There is no groundwater draft in this area. The watershed wise results of groundwater
resource assessment are later apportioned to administrative unit such as taluk.
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DATA COLLECTION AND COMPILATION

The data collected during the minor irrigation census wise. Area under irrigation, well census,
details pertaining to tanks, canals and cropping pattern, etc, as provided by the district level
geologists of the Groundwater Directorate, forms the basic data for the resource evaluation. Various
input data like rainfall, data on crop-water requirement, command and non-command area,

population growth etc, were collected from various State Govt. Departments.

Available computer software’s are used in processing the data thus collected. Watershed,
geology, soil, hilly area, command and non-command area, location of observation wells, rain
gauge stations and Taluk boundaries were digitized as separate layers using ArcGIS. Area of each
of 234 watersheds and percent of watershed area falling in different Taluks, command/non-
commands & hilly area were also estimated. Similarly area of each of the 227 taluks and percentage
area of the taluk falling in different watersheds, command/ non- commands & hilly area were also
estimated. The water level data collected from observation wells of CGWB and Groundwater
Directorate, Govt. of Karnataka were processed and watershed wise mean water level fluctuation
and trends were estimated. An effective rainfall value for each watershed was estimated by
Theisson polygon method using GIS. The details of different parameters and variables used in the
computation are explained in the following paragraphs. The results of 2020 are computed through

INGRES platform.

REFINEMENT IN 2020 ASSESSMENT

. The number of taluks during 2017 assessment in Karnataka State was 176.
During the current assessment the numbers of taluks are refined from 176 to 227 taluks.
Hence, as per the committee recommendation the watershed wise final results of 2020
assessments are apportioned to newly reformed 227 taluks.

. As per committee recommendation due to time constraints in completion of
the 2020 assessment, it was decided to use the projected figures suitable for 2019-2020
assessment.For Groundwater abstruction structures, conservation structures, it is fixed as
2% increment per year for three consequtive years (Annexure- X).

. In the current assessment the Natural discharge of 5% to 10% is used as per

the norms given in GEC 2015 methodology.
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GROUND WATER ASSESSMENT UNIT

Groundwater resources are estimated with watershed as unit of assessment. The watersheds as
per Watershed Atlas of India (1990) has been digitized & used for the purpose. Karnataka State has
been divided into 234 watersheds spread (Plate-9). The details of catchments, sub catchments and

watersheds are presented as alpha numeral and are tabulated below (Table-4)

Table-4. Classification of assessment unit

Cauvery Basin (4B)

Between Krishna and
Cauvery (4C)

Godavari (4E)

Upto Tapti (5B)
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Plate-9

38



Delineation and codification of watersheds

The delineation of watersheds has been done in five stages starting with Water Resources
Region (WRR) and their sub sequent division and sub-division into Basins, Catchments, Sub-
Catchments and Watersheds. Alpha-numeric codes consisting of a combination of alternating
Arabic numbers and English capital alphabet letters have been used to designate different stages of
delineation. In a watershed code 4A5D1, 4 indicates Water Resource Region code, A indicates
basin code, 5 indicates catchment code, D indicates sub-catchment code and 1 indicates
watershed code.

Command area: The data on command area map as provided by Groundwater Directorate,
Government of Karnataka was digitized and command/non-command area in each of the water
sheds/ taluks were calculated by super imposing the respective layers. The resources were
calculated separately for command as well as non-command area in taluk as also in the assessment

unit viz. Watersheds.

Poor Quality Area: The poor quality is mainly due to high fluoride (above 1.5ppm), high
nitrate (above45 ppm) and high total dissolved solids (EC above 3000uS/cm) are observed as
isolated patches in some of the taluks. The mappable area having poor quality of groundwater in
each of the assessment units have been demarcated and the recharge in this area has been worked

out separately.

Hilly areas: Areas having slope of above 20% is supposed to have very quick run off and
little recharge to groundwater. Similarly the areas having massive rock exposures are also not
suitable for augmenting recharge to Groundwater. Hence such areas are excluded from recharge

calculations.

GROUNDWATER DRAFT

The Groundwater draft figures were assessed based on unit draft method. The figures
obtained on unit draft method were adopted as it was observed from the studies that the farmers are
not adopting the irrigation practice as per the crop water requirement but based on the availability
of power and yield of borewell. Thus in one of the severely over exploited districts like Kolar, the
water used is almost double the recommended value. (Najeeb K.Md.etal 2006). The unit draft
values used during 2017 assessment were used based on sample surveys and feedback from filed

units. Accordingly the following values were adopted (Table-5).

39



Table-5 Adopted unit draft values for various structures

As per committee recommendation due to time constraints in completion of the 2020
assessment, it was decided to use the projected figures suitable for 2019-2020 assessment.For
Groundwater abstruction structures, conservation structures, it is fixed as 2% increment per year for
three consequtive years. The growth in number of irrigation wells between 2001 to 2020 is given in
Table-6.

Table-6: Growth in number of irrigation structures between 2001 and 2020

276171 302199 188810 135481

8.0 COMPUTATION OF GROUNDWATER RESOURCES
Dynamic Groundwater resources of the state of Karnataka were assessed taking watershed as
a unit. The base year for the data collection is 2019-20. There are 234 watersheds in the state as

explained in chapter 4.
WATERSHED WISE CATERGORISATION

Based on the Groundwater resources estimated for the year 2020 the watersheds are

classified are as follows (Table-7).
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Table-7 CATEGORISATION OF WATERSHEDS AS ON MARCH- 2020

Watersheds wise Category Watersheds as on 2020
Over Exploited Watersheds 61
Critical Watersheds 13
Semi critical Watersheds 36
Safe Watersheds 124
Total 234

Out of the 234 assessment units, 124 watersheds are safe, 36 watersheds are semi-critical, 13

watersheds are critical and 61 watersheds are Over exploited.

TALUK WISE CATEGORISATION

The Groundwater resource assessed were apportioned to administrative unit viz. Taluk for the
convenience of planners and administrators and also to have uniformity with the assessment on
national level. The stage of Groundwater extraction and categorization for the entire command parts
of the taluk was assessed as a single category, irrespective of the fact that different parts of the
command area within taluk fall under different watershed having varying categorization. The taluk
wise command area categorization was done by considering the net annual Groundwater availability
and gross annual draft and the water level trend of the area, thus getting the average stage of
development. Similar exercise was done separately for non- command portion of the taluk also. As
far as the government of Karnataka is concerned within Taluk the parts of watershed falling
indifferent categories wise. Safe, semi critical, critical and over exploited were required for

planning future development strategy.

The categorization is made under one of the four category as suggested by GEC-2015 i.e.,
Over Exploited, Critical, Semi critical or Safe and the number of assessment units (Taluks) after
apportioning was done to 227. As per this, out of the 227 taluks, 130 taluks are safe, 35 taluks are
semi critical, 10 taluks are critical, 52 taluks are overexploited Category (Plate-10). The details of

these categories are presented in Table-8.
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Plate-10
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The annual extractable groundwater resources as on March 2020 for the state of Karnataka is
16.40 BCM, while the gross annual draft is 10.63 BCM and the net available for future
development is 7.08 BCM. The stage of groundwater extraction in the state is 65%.The State,
District and taluk wise ground water resources and categorization is given in Annexures [ to V.

The district wise maps showing categorisation of taluks is presented from plate 11 to 40

Table-8 CATEGORISATION OF TALUKS AS ON MARCH- 2020

COMPARISON OF 2020 RESOURCES WITH 2017 RESOURCES

The salient features of the groundwater resources of the state as compared to that in 2017 is

presented in Table-9.

Table 9. Groundwater Resources of Karnataka as on 2020 in comparison with 2017

1479318
94978

113738

The annual extractable Groundwater resources in the state show increase from 1479318

Ham in 2017 to 1639584 Ham in 2020. There is an increase in total Groundwater extraction in 2020

by about 3% compared to 2017.
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The categorization of assessment units was compared with that of 2017 and 2020 is presented in
table-10
Table-10. Categorization of assessment unit as on March 2017 and 2020

During 2020 assessment 97 taluks categorized under OCS (Over Exploted-Critical-Semi
Critical) category(Annexure VI). In comparision to the previous assessment seven taluks are
improved in category and three are deteorated in category during 2020.The list is given in

Annexure-VII.
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Plate-39
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Central GroundwaterBoard

(SWR) Bangalore

Department of Minor Irrigation,
Government of Karnataka
Directorate of Economics &
Statistics, Government of
Karnataka

Directorate of Census
Operations, Karnataka
Directorate of Economics and
Statistics, Government of
Karnataka

Ministry of Water Resources,
Government of India
Ministry of Water Resources,
Government of India
Ministry of Water Resources,
Government of India
Ministry of Water Resources,
Government of India
Ministry of Water Resources,
River Development & Ganga
Rejuvenation, Government of
India

Central Groundwater Board
(SWR) Bangalore

Central Groundwater Board

(SWR) Bangalore

Najeeb. K.Md, Sooryanarayana,
K.R and Afaque Manzar

1994

2000

2000-01

2010-11

2000-01
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1997

2004

2004

2017

2017

2018
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Report of the Group on the Estimation of Groundwater
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Data on Minor Irrigation Structures
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District Census Books-30 Districts

Annual Season Crop Report

Groundwater Estimation Committee Report

Groundwater Estimation Methodology 1997

Methodology for Groundwater Resources Estimation in
Hard Rock Terrain
Methodology for Groundwater Resources Estimation in

Hard Rock Terrain

Report of the Groundwater Resource Estimation

Committee

Groundwater Year Book of Karnataka (2016-17)

Groundwater Year Book of Karnataka (2017-18)

Pricing policy and its role in Groundwater management —
A Karnataka Experience, Groundwater Governance,

Capital Publishers. New Delhi
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Table-12

CONTRIBUTORS PAGE

Sl. No. District Officers Name Designation
Central Ground Water Borad, SWR, Bengaluru

1. Bengaluru Shri. V. Kunhambu Regional Director

2. Bengaluru T.S.Anitha Shyam Scientist-D

3. Bengaluru Ms. D.Dhayamalar Scientist-D

4. Bengaluru Dr. Lubna Kouser AH

5. Bengaluru Smt. Rakhi U.R, Scientist-B

6. Bengaluru Smt. Sangita P.B Scientist-B

7. Bengaluru Shri. J.Sivaramakrishnan Scientist-B
Groundwater Directorate, Government of Karnataka, Bengaluru

8. Bengaluru Shri. G. Jayanna Director I/c

9. Bengaluru Smt. M. Jagadeshwari Geologist

10. Bengaluru Shri. H.M. Nagaraja Geologist

District Groundwater Office, Groundwater Directorate

11. Bengaluru Urban Shri. S.R. Babu, Senior Geologist

12. | Bengaluru Rural Smt. N. Pallavi Senior Geologist

13. Belagavi Dr. M.B. Baligar Senior Geologist

14. | Bellary and Koppal Shri. D.E Arun Senior Geologist

15. Bagalkote and Shri. Mahesh B. Birajanavar Senior Geologist

Vijayapura

16. Bidar and Kalburgi Shri. R. Mujibur Rehaman Senior Geologist

17. Chikkaballapura Shri. Borappa.S Senior Geologist

18. Chikkamagaluru Smt. N.R. Nandini Senior Geologist

19. Chamarajanagara Smt. Dhanalakshmi .R Senior Geologist

20. Chitradurga Shri. Basanth.V Senior Geologist

21. Dharwad Shri. Rajashekhar Reddy .M Senior Geologist

Hiregowda

22. Davanagere Shri. Basavaraju Senior Geologist

23. Gadag and Haveri Shri. Santhosh Patiganiger Senior Geologist

24. Hassan Smt. S. Sudha Senior Geologist

25. Karwar and Udupi Dr. M. Dinakar Shetty Senior Geologist

26. Kolar Shri. A. Thippeswamy Senior Geologist

27. Kodagu Smt. K.G. Sowmya Senior Geologist

28. Mysore Shri. K.V.R Chowdari Senior Geologist

29. Mangalore Smt. P. Janaki Senior Geologist

30. Mandya Smt. T. Ambika Senior Geologist

31. | Raichur and Yadagiri Shri. S.M. Krishna Senior Geologist

32. | Ramanagara Smt. Rajasree .S.R Senior Geologist

33. Shivamoga Shri. Shek Davood Senior Geologist

34. Tumkuru Smt. Nagaveni.K.S Senior Geologist
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Office of the Director

GROUND WATER DIRECTORATE
2nd Floor KSFC Bhavan,
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