
FEBRUARY 2023

GROUND WATER DIRECTORATE
MINOR IRRIGATION AND GROUND WATER DEVELOPMENT 

DEPARTMENT
GOVERNMENT OF KARNATAKA 

&
CENTRAL GROUND WATER BOARD

SOUTH WESTERN REGION, BENGALURU

DYNAMIC GROUND WATER RESOURCES
OF KARNATAKA AS ON MARCH 2022





GROUND WATER DIRECTORATE
MINOR IRRIGATION AND GROUND WATER DEVELOPMENT DEPARTMENT

GOVERNMENT OF KARNATAKA
&

CENTRAL GROUND WATER BOARD
SOUTH WESTERN REGION, BENGALURU

FEBRUARY 2023

DYNAMIC GROUND WATER RESOURCES
OF KARNATAKA AS ON MARCH 2022



Prepared by

Ground Water Directorate, Bengaluru,

Govt. of Karnataka

&

Central Ground Water Board, South Western Region,

Bengaluru, Govt. of India











PREFACE

About 90% of the drinking water needs in the rural areas, 50% of urban water needs and more 

than 80% of irrigation needs in our country are met by ground water.  There is a tremendous growth of 

ground water structures after independence to meet the requirement of food to the ever-growing 

population.  This has put severe stress on the ground water aquifer system resulting in a declining trend of 

ground water level in many parts of the country. The ground water condition in the state of Karnataka is no 

different.  Almost entire state is underlined by crystalline formations except few patches of alluvium which 

is restricted along the coastal tract.  In the crystalline formations the ground water movement and 

availability is controlled by the secondary porosity developed due to the tectonic movements and intensity 

of weathering.  The density of the fractures and fissures decrease with depth.  As such there is limited 

scope for storage of large quantities of ground water in these formations. 

Unlike surface water the ground water is developed by individual farmers with their own financial 

resources.  There is a need to manage this resource in a systematic, scientific and sustainable manner.  No 

resource can be managed unless it is quantified.  It is necessary to precisely estimate the available ground 

water resources.  Central Ground Water Board (CGWB), SWR, Bangalore and Ground Water Directorate 

(GWD), Bangalore assessed the ground water resources of the State of Karnataka for 2022 as per the 

ground water estimation committee methodology – 2015 on taluk basis as assessment unit.  

As per the Dynamic Ground Water Resource Assessment 2022 of Karnataka, the Annual Ground 

Water Recharge has been assessed as 17.74 BCM and the Annual Extractable Ground Water resource is 

16.04 BCM. The Current Annual Ground Water Extraction is 11.22BCM and the Stage of Ground Water 

Extraction is 69.93% for the State. Out of the 234 assessment units (taluks), 49 units (20.94 %) have been 

categorized as 'Over exploited', 11 units (4.70 %) as 'Critical', 35 units (14.96 %) as 'Semi critical' and 139 

units (59.40 %) have been categorized as 'Safe'.

This report provides an in-depth information on the various recharge and extraction components 

like ground water availability and extraction scenario at taluk level along with the resource assessment for 

Bangalore city which has been done for the first time and quality tagging of the assessment units for 

contamination. I am confident that this report will be of immense use to the state/central agencies 

involved in the scientific and sustainable management and development of ground water in the State for 

devising implementable strategies.

This assessment could be completed due to the sincere efforts, mutual co-operations and 

interaction between the officers of CGWB & GWD.  I appreciate the efforts put in by the officers of CGWB, 

Bangalore; GWD, Bangalore and District Level Officers of GWD, Karnataka who were involved in the 

assessment. This report could be brought out in this shape with the sincere and untiring efforts put forth 

by Ms. Dhyamalar, Scientist-E, Sh. Rahul R. Shende, Scientist -C, Dr. Lubna Kouser, Scientist -C, Sh. Abdul 

Razik, Assistant Hydrogeologist of CGWB. The resource assessment exercise could be completed due to 

the able and continues guidance provided by Shri C. Mruthunjaya Swamy, Secretary, Minor Irrigation and 

Development & Chairman of SLC. The efforts put in by Shri. B. G. Ramachandraiah, Director, Sh. G. Jayanna, 

Deputy Director; Smt. Jagadeshwari M, Sr. Geologist & Sh. Nagaraja H.M., Sr. Geologist of GWD, Karnataka in 

the ground water resource assessment is highly appreciated.  
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1. INTRODUCTION

The estimation of ground water resources of the Karnataka state as on 2022 has been carried out as per the 

recommendations of Ground Water Estimation Methodology-2015 (GEC-15). Earlier methodology, GEC 97 is based 

on 'Water Balance Approach' and the GEC 97 norms were used for estimation of dynamic ground water resources of 

the country considering 2004, 2009, 2011 and 2013 as base years. The methodology underwent comprehensive 

revisions in 2015 and a revised methodology, namely GEC 2015 methodology has been prescribed for ground water 

assessment. This methodology is being followed for assessment carried out from 2017onwards. The revised 

methodology GEC 2015 recommends aquifer wise ground water resource assessment. Wherever the aquifer 

geometry has not been �irmly established for uncon�ined aquifer, the in-storage ground water resources have to be 

assessed in alluvial areas upto depth of bed rock or 300 m whichever is less. In case of hard rock aquifers, the depth of 

assessment would be limited to 100m.  In case of con�ined aquifers, if it is known that ground water extraction is 

being taken place from this aquifer, the dynamic as well in-storage resources are to be estimated. If it is �irmly 

established that there is no ground water extraction from this con�ined aquifer, then only in-storage resources of that 

aquifer have to be estimated.

Groundwater resource assessment is the determination of the source, extent, dependability and quality of 

groundwater resources, on which the evaluation of the possibilities of the utilisation and control depends. 

Estimation of groundwater is also important for the construction and the maintenance of the State's water supply 

infrastructure, especially those that are dependent on groundwater. This report provides an overview of the 

groundwater resources of Karnataka for a vast range of activities like agricultural, domestic and industrial water 

supply. It will form the basis for understanding the existing and planning the future use of groundwater and to decide 

the management options on a holistic basis. These data also provide inputs that would be used to understand the 

dynamics of the various sector wise demands and ensure sustainability for different water sector activities.

The near approach accuracy in groundwater resource assessment will help the planners and policy makers in 

determining the extent and nature of: 

· Co-ordinating and integrating mechanisms, now, required in the �ield of water sector.

· Regulations and new legislation, and 

· Strategies and policies that deal with the priority of uses and con�lict resolution mechanism (through 

mutually bene�icial bargaining- basin/sub-basin water partnerships).

In short, groundwater resources assessment is a prerequisite for sustainable development of States water 

resources.

The present availability and requirement of water in the State of Karnataka is extremely uneven, both 

spatially and temporally and so will be case in the future. Rapid population growth and intensive anthropogenic 

activities have put both surface and groundwater under heavy stress, and signi�icantly fresh water is becoming 

scarce and dearer in many areas. It is believed that in the coming decades most of the Earth's population will face a 

critical situation with regard to the availability of water. The water de�iciency will become a factor affecting the living 

standards of populations adversely.  To understand more about the water resource de�icit that will face us in the 

future it is very important to analyse the present situation and understand rate of change in speci�ic water resource 

availability in relation to socio-economic, geohydrologic and physiographic conditions.

In the State of Karnataka, groundwater is an essential component for many water strategies and systems. It is 

therefore essential that the groundwater resource estimation is accurate so as to prepare strategies for the long-term 
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management of this precious resource and for ensuring the long-term safety and wellbeing of all the sections of the 

society. Groundwater resource estimation is mainly dependent on the quality of the data. Many a times because of the 

lack of good quality data the resource assessment misleads the planners, administrators and technocrats in 

formulating various developmental activities.

1.1 Background

In the State of Karnataka, groundwater has emerged as an important source to meet the water requirements 

of various sectors. Demands for groundwater resources are ever increasing and competition amongst users has 

intensi�ied. The sustainable development of groundwater requires precise quantitative assessment based on 

reasonably valid scienti�ic principles. The occurrence, movement and storage of groundwater are quite complex, 

being governed by several factors like meteorology, geomorphology, geology, hydrogeology, and above all the human 

activities. All these factors make the precise assessment of groundwater very dif�icult and there is no direct technique 

available for precise assessment. Hence the methods applied for groundwater resource estimation are all indirect. 

There are several techniques and methodologies in vogue for estimation of groundwater resources. Quanti�ication of 

groundwater resources is often critical and no single comprehensive technique is yet identi�ied which is capable of 

estimating accurate groundwater potential. Since groundwater is a dynamic and replenishable resource, its proper 

and economic development on a sustainable basis, requires its realistic assessment. The estimation must be seen as 

an interactive procedure. Initial estimation are revised and re�ined by comparing these results with the results 

obtained by adopting alternative methods and third party studies.

The Ministry of Jal Shakti, Dept. of Water Resources, River Development & Ganga Rejuvenation, Govt. of India 

desires to reassess the Ground Water Resources for the entire country once in two years and hence the current re-

estimation of resources as in March 2022 has been taken up in view of the changes that are observed in the ground 

water scenario. The data provided by the state agencies have been used in the present ground water assessment. 

During 2020 assessment, a software named INDIA – Groundwater Resource Estimation System “INGRES” has been 

introduced for assessing the ground water resources of India and the same is used for current assessment. The data 

collected were compiled as per format in INGRES and was uploaded in the software and the results generated were 

validated with the manual calculations for few sample assessment units to ensure the error-free functioning of 

software.

1.2 Constitution of State Level Committee for Karnataka

The assessment of ground water resources for the State of Karnataka had been assessed by the Ground Water 

Directorate (GWD) in collaboration with the Central Ground Water Board (CGWB), Bengaluru based on the revised 

Methodology known as Groundwater Estimation Committee 2015 (GEC-2015) Methodology. The present exercise 

on groundwater assessment as on March 2022 is also carried out in accordance with the protocol of GEC-2015 under 

the supervision of State level Committee (SLC) and under overall guidance of Central Level Expert Group (CLEG).

The State Level committee headed by the Secretary, Minor Irrigation & Ground Water Development 

Department as Chairman was constituted by the Government of Karnataka vide Government Order No. vide MID 

22AAJAA2020 (E) Bangalore dated 20.08.2020 and the SLC has been continued vide letter dt. 03.02. 2022.The copy 

of the Government Order and Continuation Order is enclosed as Annexure I. The Committee is multi disciplinary in 

nature and comprises of the following members from various State and Central Govt. organisations: 
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S.No.

 

Designation

  
Committee

Designation
 

1.
 

Secretary to Government, Minor Irrigation and Groundwater 

development department
 Chairman

 

2.
 

Chief Engineer, Minor Irrigation & Groundwater Development 

Department, South Zone, Bangalore
 Member

 

3.
 Chief Engineer, Minor Irrigation & Groundwater Development 

Department, North Zone, Vijayapura
 Member

 

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 and 

Management Center, Bangalore Member 

12. Regional Director, Central Ground Water Board, Government of 

India, Bangalore 
Member 

Secretary 

Terms of reference: - The broad terms of reference of the committee would be as follow:

1.  To   re-assess   annual   replenishable   Ground   Water   Resources   of   the   State   of  Karnataka for the year 

2022 in accordance with GEC-2015 Methodology.

2.  To estimate the status of utilization of the annual replenishable ground water resources.

3.  To submit the ground water resource estimates of the state to central level expert group (CLEG) after the 

approval of SLC for inclusion in national level report on assessment of ground water resources.

As suggested in the protocol, the Groundwater Assessment Cell was also formed at State Level within the 

Central Ground Water Board, SWR, Bangalore andDirectorate of Groundwater, GoK, Bengaluru. The updation, 

validation and scrutiny of database with respect to 2022 has been done by the GWRA Cells. The entire data base has 

been reconciled jointly by GWD and CGWB, Bengaluru in a series of online meetings, email correspondence and 

verification throughout the 2022 computation period. For the present assessment as on March 2022 preliminary 

evaluation about groundwater situation in each assessment unit was made jointly by GWD and CGWB during the 

reconciliation meetings.

1.1 Brief Outline of the Proceedings of the Committee

The first meeting of the State level Committee (SLC) for Ground Water Resources Assessment - 2022 of 

Karnataka State was held on 04.05.2022 at 11.00 hrs, room No. 317, Vikas Soudha, Bangalore.  Shri C. Mruthyunjaya 

Swamy, Secretary, & Chairman of SLC, chaired the meeting. Based on the agenda and discussions held during the 

meeting, it was decided by the committee to consider the 233 taluks as assessment units. In addition to this, 

Bangalore city will also form 1 AU, thus total AU's will be 234.It was also decided that ground water draft data based 
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on consumptive pattern to be provided by the Industries Dept. based on the industries registered with the Dept.The 

Chairman and Member Secretary of the committee stressed to follow the timelines for GWRA and requested all the 

line departments to provide the necessary data for the same.It was decided during the meeting that the following 

members will be co-opted in the SLC for better co-ordination and data requirement. Based on the minutes of the 

meeting (Annexure-II), the Govt. Order is to be issued by Minor Irrigation Dept.

i. Director, Karnataka State Remote Sensing Application Centre (KSRSAC).

ii. Commissioner, Rural Development and Panchayat Raj.

iii. Director, Karnataka State Natural Disaster Monitoring Center (KSNDMC)

iv. Directorate of Economics and Statistics (DES)

v. Chief Engineer, Bangalore Water Supply and Sewerage Board

The Director, GWD suggested to reconsider the infiltration rates in K.C. Valley, H.N. Valley and other tank 

filling project areas in the state and sought technical advice from CGWB to proceed in the matter. It was discussed in 

the meeting that the Infiltration tests will be carried out to calculate the actual Infiltration rates in tank filling scheme 

areas to incorporate the same in the assessment 2022. The Chairman agreed for the same and asked to GWD and 

CGWB to work collaboratively to arrive at new Infiltration rates. These rates will be used for arriving at the recharge 

from tanks and ponds.

The second meeting of the SLC was held on 19.09.2022 at 14.00 hrs in room No. 123, Vikas Soudha, 

Bangalore.  Shri C. Mruthyunjaya Swamy, Secretary, & Chairman of SLC, chaired the meeting.Shri N. Jyothi Kumar, 

Regional Director, CGWB, SWR, Bangalore & Member Secretary welcomed the Chairman, Members & Invitees to the 

State Level Committee Meeting. He appreciated the efforts put in by the officers of GWRA cells of CGWB, GWD and 

district level officers of GWD in providing the data required for the resource assessment and carrying out the 

mammoth task. He informed the committee that, some new features / estimations had been introduced for the first 

time for Karnataka State viz., resource assessment unit being taluka instead of watershed, Industrial draft 

computations, Bangalore city resource assessment and Quality Tagging for fluoride, salinity and nitrate. Shri. Rahul R 

Shende, Scientist – B, CGWB, presented the draft results and findings of  GWRA 2022.

Shri C. Mruthyunjaya Swamy, Secretary (MI & GWDD) and Chairman of SLC and Chairman of the committee 

enquired about the number of days considered for tank / ponds recharge assessment. It was informed that, for the KC 

valley and HN valley tanks, the number of days were taken as 365 days and also the average water spread area was 

taken as 100% instead of 60% since these tanks are being filled round the year by secondary treated water. The 

Chairman also observed that the stage of extraction has increased from 65% in 2020 to 69.93% in 2022 and needs 

some rationalisation / validation especially in irrigation draft. It was informed to the committee that there is an 

increase of about 9% in number of irrigation wells as compared to last assessment resulting in increase in irrigation 

draft and stage of extraction. After the presentation and detailed discussions, the GWRA 2022 were provisionally 

approved by the SLC subject to rationalisation of irrigation draft, provided the data on the agricultural pump sets 

electrical connections is received from ACIWRM department. The mintes of the meeting are attached as Annexure

III. However, the data from ACIWRM was not received for any further rationalisation or modification. Hence the 

GWRA 2022 are considered approved.
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2. ABOUT KARNATAKA
2.1 Salient Features of Karnataka

A Location
Latitude 11° 32' 00'' to 18° 29' 00'' E
Longitude 74° 01' 00'' to 78° 32' 00''N
Area 191791 sq km

B Physiography 1. Northern plains
2. Southern plains
3.

 

Coastal area

 

4.

 

Hilly region

 

C Population (Census 2011)

 

61,095,297 (61.09

 

million)

 

(Male-30.96

 

million and Female-30.13 million)
Urban Population

 

23.62

 

million (38.67%)

 

Rural Population

 

37.47

 

million (61.33%)

 

C RainfallNormals

  

State Range

 

303

 

to 4835

 

mm

 

Coastal Area

 

3000

 

to 5000 mm

 

Malnad Area

 

2000 to 4000 mm

 

Northern Plains Area

 

400 to 800 mm

 

Southern Plains Area

 

600 to 1000 mm

 

D Land Use(2019-2020)

  

Area under Forest 

 

30733 sq. km.

 

Non-Agricultural Use

 

15110 sq. km.

 

Net Area Sown 

 

108024 sq. km.

 

Gross Area Sown 

 

138290sq. km.

 

Net Irrigated Area

 

42348

 

sq.km.

 

Gross Irrigated Area

 

50343 sq. km.

 

E Soils Shallow black soil, Medium black soil, Deep black 
soil, Red sandy soil, Mixed red and black soil, Red 
loamy soil, Lateritic soil, Lateritic gravelly soil

F Geology
Quaternary Alluvium 748 sq km (0.39%)
Laterite 3741 sq km (1.95%)
Deccan Trap Basalt 35723 sq km (18.62%)
Sedimentary Formation 6715 sq km (3.50%)
Granite 14657 sq km (7.64%)

2.2 Location and Areal Extent
The state of Karnataka has a geographical area of 1, 91, 791 sq. km. and is situated between Latitudes 11° 32' 

00'' to 18° 29' 00'' Eand Longitudes 74° 01' 00'' to 78° 32' 00''N. For administrative purposes, the state is divided into 

31 districts and 233 taluks. The State has 1 urban district i.e., Bangalore Urban, whereas the remaining 30 districts 

are considered under rural for the current assessment. 
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2.3 Physiography and Drainage
Physiographically, the state is divided into four regions. These are, northern plains, southern plains both on 

the eastern side of the state, coastal area to the west of the Western Ghats and fourthly hilly region.  In the narrow 

coastal belt in the extreme west the elevation ranges from 0 to 200 meters. In the hilly areas the elevation generally 

varies from 200 to 1900 metres. In the plains the elevation ranges from 300 to 1000 metres.  Each of the 

physiographic regions has a distinct climate. While in the coastal and hilly areas per humid to sub humid climate 

prevails, in the plains the climate is sub humid to semiarid in nature. A large part of the state, area east of the ghats 

being in the rain shadow, is semi arid and hence drought prone.

2.4 Population
As per 2011 census, the population of the state is 61.09 million out of which 23.62 million is urban and 37.47 

million is rural, whereas male population is 30.96 million and female population is 30.13 million. Karnataka is mainly an 

agriculture State with around 61% of rural population relying on agriculture and allied activities. The population of 

Karnataka which was 52.85 million in 2001 has increased by about 8.24 million @ 15.60 % during the span of ten years.

2.5 Agriculture
Agriculture is the mainstay of the rural population of the state of Karnataka. As per 2019-20 data, the Net 

Area Sown in the State is 108024 sq. km., Gross Area Sown is 138290 sq. km. Both food crops and cash crops are 

grown in the state. Principal crops include food crops lilerice, jowar, bajra, maize, ragi, pulses which constitute 81628 

sq.km. (59%) area of total sown area. In addition to food crops oil seeds including groundnut and sunflower are 

grown in 7.72% of the area, fruits which mainly consists banana and mango are grown in 4037 sq.km area, whereas 

vegetables are sown in 4511 sq.km. area. The state has significant areas, under cotton (8172 sq. km.), sugarcane 

(4306 sq.km.), coconut (6103 sq.km.) and arecanut (5005 sq.km). The agriculture in state is predominantly rain-fed, 

whereas the net irrigated area is 42348 sq.km. and gross irrigated area is 50343 sq. km.

2.6   Hydrometeorology

2.6.1 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 semiarid climatic conditions prevail in the state. In general rainfall 

varies from about 400 mm in the northern fringe of the state to more than 4000 mm in the west (Fig.-1). 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 and it ranges from 3000 to 5000 mm. 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.

II. 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 mountains and dense tropical 

forests. Rainfall is over 4000 mm on hill tops and around 2000mm in the adjoining forest areas. 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 rainfall decreases from the west to east and it ranges from 400 to 800 mm. On an average about 600mm 

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, chikkaballpur and Kolar districts fall in this zone. In these parts, rainfall ranges from 600 mm to around 

1000 mm. 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 700-800 mm.
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Fig.-1: Normal Annual Rainfall
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2.7 Geology

Karnataka State comprises rock types of age from Archaean to Recent (Fig.-2). Major portion of the State is 

covered by Peninsular Gneisses, Granites and Dharwad Schists of Archaeanage. Substantial area in the northern part 

of Karnataka is underlain by basalts, which forms 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-1: Geological Succession

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 upper 
Precambrian

Bhima Series

 

Quartzites, Sandstones, Limestone, Shale and 
Conglomerates

 

~~~~~~~~~~~~~~~~~~~~~~~~Unconformity~~~~~~~~~~~~~~~~~~~~~~~~

 

Upper Precambrian Kaladgi Series
 

Quartzites, Sandstones, Limestones, Shale and 
Conglomerates.

 

~~~~~~~~~~~~~~~~~~~~~~~~Unconformity~~~~~~~~~~~~~~~~~~~~~~~~
 

Lower Precambrian Dharwad system Volcanic, meta sediments, 
Greenstone 

Dharwad Schist’s meta sediments, 
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. 

This group consists of volcanic rocks such as rhyolites, felsites etc., limestone, conglomerates, quartzite 

(ferruginous), and Meta sediments as amphibolites sand’s-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.
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Meta-Sedi mentary formations of Bhimas, Kaladgis and Badamis are exposed over an area of 9640sqkm in 

the state. The major litho units in the group are sand stone, 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 upper stand stone formations exposed at Badami and further east which are thick 

bedded and gritty are designated as Badami sand stone. This horizon is considered as younger and equivalent to 

Bhima/Vindyas. This formation however, occupies higher altitudes occupying ridges and 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 ridges and 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 basin lies 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 form, 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 super posed 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 600 to 800m trap is reported around Kolhapur in Maharashtra but 
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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 to10m. 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.
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Fig.-2: Geology
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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.

2.8 Hydrogeology

2.8.1 Ground Water Provinces of Karnataka

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 (Fig.-3).

2.8.1.1 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 30m in this formation and 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 and 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 and 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 m2/day in ideal conditions tapping tensile joints in granites/ pegmatite's and other 

equi- granular rocks.
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Fig.-3: Aquifer Systems
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2.8.1.2 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 Bauxites 

and Clays. The Deccan traps also act like a crystalline 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 downsare 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 to1440m3/day. The transmissivity of the traps ranges 

from 1 to 369 m2/day.

2.8.1.3 The Sedimentary Provinces

The sedimentary rocks province is represented by the Kaladgis, Bhima sand Badamis, also known as 

consolidated sedimentary and 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 sand stone occur as an aquifer it has a specific yield of 0.03. The lime stone of the Bhima series has specific 

yield of 0.005 to 0.04. Discharge of the bore wells drilled in lime stone ranges from 100 to 300m3/day. Depth of the 

bore wells drilled varies from 94 to 120 m.

2.8.1.4 Alluvium

Alluvial deposits occur as an aquifer comprised of fluvial materials like fine to coarse sand, gravel sand 

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 500m3/hour. The coastal alluvial deposits yield from 2400 to 4800m3/day. The 

transmissivity ranges from 2 to 4348 m2/d.

2.8.1.5 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 it 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.
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2.9 Ground Water Levels

The ground water level scenario is the manifestation of the actual recharge and extraction taking place in the 

area and the groundwater abstraction or the natural discharge has a direct impact on the groundwater levels. During 

this assessment, the pre-monsoon and post-monsoon groundwater levels from 2017 to 2021 of about 1764 

observation wells, which consists of 416 dugwells and 1348 borewells/piezometers monitored by Ground Water 

Direcotorate were utilised. 

The map indicating the pre-monsoon groundwater levels of 2021 is presented in Fig.-4 and it indicates that 

water levels of 5 to 10 m bgl are mainly observed in north eastern parts, central and southern parts of the State. Such 

water levels are observed in parts of Yadgir, Raichur, Bellary (north eastern part) and parts of  Mysuru district where 

canal command area is also more, thereby these areas are having less stress on ground water. In major part of the 

State, starting from north to south along the central and eastern axis, the deeper water levels ranging from 15 to 20 

and more than 20 m bgl are observed. These parts also co-incide with the ground water stressed blocks as per current 

assessment.

The map indicating the post-monsoon groundwater levels of 2021 is presented in Fig.-5 and it indicates that 

shallow water levels of less than 5 m bgl are mainly observed in north eastern parts of the State in parts of Yadgir, 

Raichur and Bellary where canal command area is also more, thereby these areas are having less stress on ground 

water. In major part of the State, starting from north to south in the central portion, the water levels are ranging from 

10 to 15 and 15 to 20 m bgl. The deeper water levels of more than 20 m bgl are mainly observed in south eastern dry 

land areas comprising parts of Tumkur, Ramnagar, Bangalore, Chikballapur and Kolar districts.
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Fig.-4: Premonsoon Depth to Water Level (May 2021) of GWD observation wells.
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Fig.-5: Post-monsoon Depth to Water Level (May 2021) of GWD observation wells.



21

2.10 Ground Water Quality

The quality of ground water in Karnataka state has been evaluated by sampling and analysis of ground water 

samples collected by Ground Water Directorate(GWD), GoK, Bangalore.  Ground Water Monitoring wells About 419

were monitored for water quality during May 2021 representing pre-monsoon water quality. The summarized 

results of ground water quality ranges are given in Table-2.

Table-2: Ground Water Quality of Karnataka collected by SGWD during May-2021 

In general, the ground water quality in the state is moderate in about 58.7% of the Ground Water Monitoring 
owells as indicated by the EC value is between 751-2250 s/cm at 25 C. In about 20% of the Ground Water Monitoring 

o wells, the EC is less than 750s/cm at 25 C which is fresh in nature and 11% of Ground Water Monitoring wells are 
o 

between 2251-3000 s/cm at 25 C indicating that the ground water is slightly mineralized and about 10.3 % of 
o

Ground Water Monitoring wells the EC is more than 3000 s/cm at 25 C indicating that the ground water is highly 
omineralized. The highest value 8060 s/cm at 25  C was observed in Nandavadagi, Bagalkot district. 

The chloride content is less than 250 mg/l in about 63.7 % of the sample analyzed and 33.9 % of the sample 

are between 251 – 1000 mg/l and only 2.4 % shows more than 1000mg/l which are from the districts of Bagalkot, 

Belagavi, Vijayapura, and Raichur.  The Fluoride content is less than 1.5 mg/l in about 89.2 % of the sample analyzed 

and about 10.8% of the sample shows more than 1.5 mg/l, which are from the districts of Bagalkot, Bengaluru Rural, 

Raichur, and Shivamogga. The Nitrate content is less than 45mg/l in about 47.7 % of the sample analyzed and 52.3 % 

of sample shows more than 45 mg/l which are from the district of Bagalkot, Bengaluru Rural, Bengaluru Urban, 

Belagavi, Chikkaballapur, Chamarajanagar, Chikkamagaluru, Chitradurga, Hassan, Hassan, Kodagu, Mysore, Raichur, 

Ramnagara, and Vijayapura.

Sl. 
No

Parameters Range No. of 
sample

Percentage

1 Electrical 
Coductivity

(ms/cm at 25oc)

 

Fresh < 750 84 20.0

Moderate 751- 2250 246 58.7

Slightly mineralized 

 

2251-

 

3000

 

46

 

11.0

Highly mineralized

 

> 3000

 

43

 

10.3

2 Chloride

 

(mg/L)

 

Desirable limit

 

< 250

 

267

 

63.7

Permissible limit

 

251-1000

 

142

 

33.9

Beyond permissible limit

 

> 1000

 

10

 

2.4

 

3 Fluoride (mg/L) 
(271 samples 
not analysed 
due to non 
functionality of 
instrument)

 

Desirable limit

 

< 1.0

 

101

 

68.9

Permissible limit

 

1.0-

 

1.5

 

30

 

20.3

Beyond permissible limit

 

>1.5

 

16

 

10.8

4 Nitrate
 

(mg/L)
 Permissible limit

 
<45

 
198

 
47.3

Beyond permissible limit
 

> 45
 

219
 

52.7
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3. Ground Water Resource Assessment Methodology, 2015

The ground water assessment of the State is being carried out jointly by State Ground Water Departments i.e., 

Groundwater Directorate (GWD) and Central Ground Water Board (CGWB) based on “Ground Water Estimation 

Methodology, 2015” (GEC-2015). Previous such joint exercises were carried out based on GEC-97 Methodology in 

2004, 2009, 2011 and 2013. A number of changes have taken place since 1997 and with this background, the Ministry 

of Water Resources, River Development & Ganga Rejuvenation has constituted a committee headed by Chairman, 

CGWB to review and revise the existing GEC-97 Methodology and to incorporate new advancements/practices/tools 

so as to suggest a new methodology known as “Ground Water Estimation Methodology, 2015” (GEC-2015 

Methodology). The Committee has submitted a report on “Ground Water Estimation Methodology, 2015” 

incorporating refinement in the assessment methodology, database used for estimation and alternative approach for 

assessment involving Advanced Technology. The revised methodology as recommended has incorporated number of 

changes compared to the recommendations of Ground Water Estimation Committee- 1997. 

3.1 Approach of GEC-2015

The revised methodology GEC 2015 recommends aquifer wise ground water resource assessment. Ground 

water resources have two components–Replenishable ground water resources or Dynamic ground water resources 

and In-storage resources or Static resources. GEC- 2015 recommends estimation of Replenishable and in-storage 

ground water resources for both unconfined and confined/ semi-confined aquifers. Wherever the aquifer geometry 

has not been firmly established for the unconfined aquifer, the in-storage ground water resources have to be assessed 

in the alluvial areas up to the depth of bed rock or 300m whichever is less. In case of hard rock aquifers, the depth of 

assessment would be limited to 100m. In case of confined aquifers, if it is known that ground water extraction is being 

taken place from this aquifer, the dynamic as well as in-storage resources are to be estimated. If it is firmly established 

that there is no ground water extraction from this confined aquifer, then only in-storage resources of that aquifer has 

to be estimated

3.2 Ground Water Assessment Unit and its Sub Units

This methodology recommends aquifer wise ground water resource assessment. An essential requirement 

for this is to demarcate lateral as well as vertical extent and disposition of different aquifers. A watershed with well-

defined hydrological boundaries is an appropriate unit for ground water resource estimation if the principal aquifer 

is other than alluvium. Ground water resources worked out on watershed as a unit may be apportioned and 

presented on administrative units (block/ taluka/ mandal/ firka). 

It is recommended that ground water recharge may be estimated for the entire assessment unit. Out of the 

total geographical area of the unit, hilly areas wherever slope is greater than 20%, are to be identified and subtracted 

as these areas have more runoff than infiltration. The hilly areas wherever slope is more than 20% may be 

demarcated using DEM data and geomorphological maps. Apart from this it is also important that the area where the 

quality of ground water is beyond the usable limits (for drinking water in particular) in terms of salinity is to be 

identified and handled separately. This methodology recommends that after the assessment is done, a quality flag 

may be added to the assessment unit for parameters salinity, fluoride and arsenic.

The ground water resource beyond the permissible quality limits in terms of the salinity has to be computed 

separately. The remaining area after excluding the area with poor ground water quality is to be delineated as follows:

(a) Non-command areas which do not come under major/medium surface water irrigation schemes. 

(b)  Command areas which come under major/medium surface water irrigation schemes which are

 actually supplying water.

CHAPTER 3
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3.3 Ground Water Resources of an Assessment Unit

The ground water resources of any assessment unit is the sum of the total ground water availability in the 

principal aquifer (mostly unconfined aquifer) and the total ground water availability of semi-confined and confined 

aquifers existing in that assessment unit. The total ground water availability of any aquifer is the sum of dynamic 

ground water resources and the in-storage or static resources of the aquifer. 

3.4 Ground Water Assessment of an Unconfined Aquifer

Assessment of ground water resources includes the assessment of dynamic and in-storage ground water 

resources. The development planning should mainly depend on dynamic resource only as it gets replenished every 

year. Changes in static or in-storage resources reflect impacts of ground water mining. Such resources may not be 

replenishable annually and may be allowed to be extracted only during exigencies with proper recharge planning in 

the succeeding excess rainfall years.

3.5 Assessment of Dynamic Ground Water Resources

The methodology for ground water resources estimation is based on the principle of water balance as given 

below – 

            

Equation 1 can be further elaborated as –

Where,

∆S – Change is storage

R  – Rainfall recharge RF

R - Recharge from stream channelsSTR

Rc – Recharge from canals

R  – Recharge from surface water irrigationSWI

R - Recharge from ground water irrigationGWI

R - Recharge from Tanks & PondsTP

R  – Recharge from water conservation structuresWCS

VF – Vertical inter aquifer flow 

LF- Lateral flow along the aquifer system (through flow)

GE-Ground Water Extraction

T- Transpiration

E- Evaporation

B-Base flow

It is preferred that all the components of water balance equation should be estimated in an assessment unit. 

3.5.1 Rainfall Recharge

It is recommended that ground water recharge should be estimated on ground water level fluctuation 

method and rainfall infiltration factor method during monsoon season and the rainfall recharge during non-

monsoon season may be estimated using rainfall infiltration factor method only.

3.5.1.1 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 is given by

Inflow-Outflow = Change in Storage (if an aquifer) (1)

(2)
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Where,

∆S – Change is storage

R  – Rainfall recharge RF

R - Recharge from stream channelsSTR

R  – Recharge due to CanalsC

R  – Recharge from surface water irrigation (Lift Irrigation)SWI

R - Recharge from ground water irrigationGWI

R - Recharge from tanks & pondsTP

R  – Recharge from water conservation structuresWCS

VF – Vertical inter aquifer flow  

LF- Lateral flow along the aquifer system (through flow)

GE-Ground water Extraction

T- Transpiration

E- Evaporation

B-Base flow

This change in storage can be estimated using the following equation:

Where

∆S – Change is storage

∆h - rise in water level in the monsoon season 

A - Area for computation of recharge  

Sy - Specific Yield

Substituting the expression in equation 4 for increase in storage i.e.∆S in terms of water level fluctuation and specific 

yield, the equations 3 becomes, 

The recharge calculated from equation 5 gives the rainfall recharge for the particular monsoon season.  This 

rainfall recharge is specific to a particular monsoon season for the associated monsoon season rainfall.  This estimate 

is to be normalised for the normal monsoon season rainfall as per the procedure indicated below.

3.5.1.2 Normalization of Rainfall Recharge

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 5 for which the normalization is to be done using any of the following two procedures. This 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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Where,

R = Rainfall recharge during monsoon season

r = Monsoon season rainfall

 a and b  =  constants.

The rainfall recharge during monsoon season for normal monsoon rainfall condition is computed as below:

3.5.1.3 Rainfall Infiltration Factor method

Recharge from rainfall is estimated by using the following relationship –

Where,

R  = Rainfall recharge in hamrf

A = Area in Hactares

RFIF = Rainfall Infiltration Factor

R = Rainfall in mm

a = Minimum threshold value above which rainfall induces ground water recharge in mm

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. It is suggested that 10% 

of Normal annual rainfall may be taken as minimum rainfall threshold and 3000 mm as maximum rainfall limit. 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. 

3.5.2 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

Where, 

Rrf (normal, wtfm) = Rainfall recharge for normal monsoon season rainfall estimated by the ground water 

level fluctuation method

Rrf (normal, rifm) = Rainfall recharge for normal monsoon season rainfall estimated by the rainfall 

infiltration factor method

The rainfall recharge for normal monsoon season rainfall is finally adopted as per the criteria given below:

Ÿ If PD is greater than or equal to -20%, and less than or equal to +20%, Rifm (normal) is taken as the value 

estimated by the ground water level fluctuation method.
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Ÿ If PD is less than -20%, Rrf (normal) is taken as equal to 0.8 times the value estimated by the rainfall infiltration 

factor method.

Ÿ If PD is greater than +20%, Rrf (normal) is taken as equal to 1.2 times the value estimated by the rainfall 

infiltration factor method.

3.5.3 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.

3.5.3.1 Recharge from Canals: Recharge due to canals is to be estimated based on the following formula:

Where:

R = Recharge from CanalsC

WA=Wetted Area = Wetted Perimeter X Length of Canal Reach.

SF= Seepage Factor

Days= Number of Canal Running Days.

3.5.3.2    Recharge from Surface Water Irrigation: Recharge due to applied surface water irrigation, either by 

means of canal outlets or by lift irrigation schemes is to be estimated based on the following 

formula:

Where:

R  = Recharge due to applied surface water irrigationSWI

AD= Average Discharge

Days=Number of days water is discharged to the Fields

RFF= Return Flow Factor

3.5.3.3 Recharge from Ground Water Irrigation: Recharge due to applied ground water irrigation is to be 

estimated based on the following formula:

Where:

R  = Recharge due to applied ground water irrigationGWI

GE = Ground Water Extraction for IrrigationIRR

RFF= Return Flow Factor

3.5.3.4 Recharge due to Tanks & Ponds: Recharge due to Tanks & Ponds is to be estimated based on the
following formula:

Where:

R  = Recharge due to Tanks & PondsTP

AWSA= Average Water Spread Area

N=Number of days Water is available in the Tank/Pond

RF= Recharge Factor

SF
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3.5.3.5 Recharge due to Water Conservation Structures: Recharge due to Water Conservation Structures is to 
be estimated based on the following formula:

Where:

R  = Recharge due to Water Conservation StructuresWCS

GS= Gross Storage = Storage Capacity multiplied by number of fillings.

RF= Recharge Factor

3.5.3.6 Lateral flow along the aquifer system (Through flow)

If the area under consideration is a watershed, the lateral flow across boundaries can be considered as zero. If 

there is inflow and outflow across the boundary, theoretically, the net inflow may be calculated using Darcy law, by 

delineating the inflow and outflow sections of the boundary. Besides such delineation, the calculation also requires 

estimate of transmissivity and hydraulic gradient across the inflow and outflow sections.

3.5.3.7  Base flow and Stream Recharge

 If stream gauge stations are located in the assessment unit, the base flow and recharge from streams can be 

computed using Stream Hydrograph Separation method, Numerical Modelling and Analytical solutions. If the 

assessment unit is a watershed, a single stream monitoring station at the mouth of the watershed can provide the 

required data for the calculation of base flow. 

Base flow assessment and Stream recharge should be carried out in consultation with Central Water 

Commission in order to avoid any duplicity in the estimation of total water availability in a river basin.

3.5.3.8  Vertical Inter Aquifer Flow 

This can be estimated provided aquifer geometry and aquifer parameters are known. This can be calculated 

using the Darcy's law if the hydraulic heads in both aquifers and the hydraulic conductivity and thickness of the 

aquitard separating both the aquifers are known. 

3.5.3.9 Evaporation and Transpiration

Evaporation can be estimated for the aquifer in the assessment unit if water levels in the aquifer are within 

the capillary zone. It is recommended to compute the evaporation through field studies. If field studies are not 

possible, for areas with water levels within 1.0 mbgl, evaporation can be estimated using the evaporation rates 

available for other adjoining areas. If depth to water level is more than 1.0m bgl, the evaporation losses from the 

aquifer should be taken as zero.

Transpiration through vegetation can be estimated if water levels in the aquifer are within the maximum root 

zone of the local vegetation. It is recommended to compute the transpiration through field studies. Even though it 

varies from place to place depending on type of soil & vegetation, in the absence of field studies the following 

estimation can be followed. If water levels are within 3.5m bgl, transpiration can be estimated using the transpiration 

rates available for other areas. If it is greater than 3.5m bgl, the transpiration should be taken as zero.

3.5.3.10  Recharge/ Accumulations during Monsoon Season

The sum of normalized monsoon rainfall recharge and the recharge from other sources and lateral and 

vertical flows into the sub unit and stream inflows 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.

3.5.3.11  Recharge/ Accumulations during Non-Monsoon Season

The rainfall recharge during non-monsoon season is estimated using rainfall infiltration factor Method only 



28

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 the sub unit and stream inflows 

during non-monsoon 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.

3.6 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. 

3.7 Annual Extractable Ground Water Resource  (EGR)

The Total Annual Ground Water Recharge cannot be utilised for human consumption, since ecological 

commitments need to be fulfilled, before the extractable resources is defined. The National Water Policy, 2012 

stresses that the ecological flow of rivers should be maintained. Therefore, 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. 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).

3.8 Estimation of Ground Water Extraction

Ground water draft or extraction is to be assessed as follows.

Where,

GE =Ground water extraction for all usesALL

GE =Ground water extraction for irrigationIRR

GE  =Ground water extraction for domestic usesDOM

GE = Ground water extraction for industrial usesIND 

The single largest component of the ground water balance equation in large regions of India is the ground 

water extraction and the precise estimation of ground water extraction is riddled with uncertainties.

3.8.1 Ground Water Extraction for Irrigation (GE ) IRR

The Ground Water Extraction for Irrigation is to be assessed employing at least two of the three methods 

recommended for estimation of ground water extraction for irrigation. 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. This method is being widely practised in the country. There are several sources which 

maintain records on well census. These include Minor Irrigation Census conducted by MoWR, RD, GR, Government of 

India, and data maintained at the Tahsil level. It is recommended that a single source of well census should be 

maintained for resources computation at all India level. Minor Irrigation Census of MoWR, RD, GR would be the 

preferred option.
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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 Tahsil 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. 

3.8.2 Ground Water Extraction for Domestic Use (GE )DOM

There are several methods for estimation of extraction for domestic use (GE ). Some of the commonly DOM

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 (lpcd). 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.

3.8.3 Ground water Extraction for Industrial use (GE )IND

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. 

Where,

Lg = Fractional load on ground water for industrial water supply

The load on ground water for industrial water supply can be obtained from water supply agencies in the 

Industrial belt. Other important sources of data on ground water extraction for industrial uses are - Central Ground 

Water Authority, State Ground Water Authority, National Green Tribunal and other Environmental Regulatory 

Authorities. 

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 considered.

3.9 Stage of Ground Water Extraction

 The stage of ground water extraction is defined by, 
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The existing gross ground water extraction for all uses refers to the total of existing gross ground water 

extraction for irrigation and all other purposes. The stage of ground water extraction should be obtained separately 

for command areas, non-command areas and poor ground water quality areas.

3.9.1 Validation of Stage of Ground Water Extraction

The assessment based on the stage of ground water extraction has inherent uncertainties.  The estimation of 

ground water extraction is likely to be associated with considerable uncertainties as it is based on indirect 

assessment using factors such as electricity consumption, well census and area irrigated from ground water. The 

denominator in equation 20, namely Annual Extractable Ground Water Resources also has uncertainties due to 

limitations in the assessment methodology, as well as uncertainties in the data. In view of this, it is desirable to 

validate the 'Stage of Ground Water Extraction' with long term trend of ground water levels.

Long term water level trends are to be prepared for a minimum period of 10 years for both pre-monsoon and 

post-monsoon period. The water level trend would be average water level trend as obtained from the different 

observation wells in the area.

If the ground water resource assessment and the trend of long term water levels contradict each other, this 

anomalous situation requires a review of the ground water resource computation, as well as the reliability of water 

level data. The mismatch conditions are enumerated below in Table-3.

Table-3: Stage of GW Extraction and Trend Mismatch

SOGWE Ground Water Level Trend Remarks

≤70%

 

Significant decline in trend in both pre-monsoon and 

post-monsoon

 
Not acceptable and 

needs reassessment

>100%

 
No significant decline in both pre-monsoon and post-

monsoon long term trend
 Not acceptable and 

needs reassessment

3.10 Categorization of Assessment Units Based on Quantity:

The categorization based on status of ground water quantity is defined by Stage of Ground Water Extraction 

as given below in Table-4.

Table-3: Stage of GW Extraction and Category

Stage of Ground Water Extraction Category

≤ 70% Safe

> 70% and ≤90%

 

Semi-Critical

 

> 90% and ≤100%

 

Critical

 

> 100%

 

Over Exploited

 

 

3.11 Quality Tag

If any of the three quality hazards in terms of Arsenic, Fluoride and Salinity are encountered in the 

assessment sub unit in mappable units on 1:50000 scale, the assessment sub unit may be tagged with the particular 

quality hazard.

3.12 Allocation of Ground Water Resource for Utilisation

The Annual Extractable Ground Water Resources are to be apportioned between domestic, industrial and 

irrigation uses.  Among these, as per the National Water Policy, requirement for domestic water supply is to be 

accorded priority.  This requirement has to be based on population as projected to the year 2025, per capita 

requirement of water for domestic use, and relative load on ground water for urban and rural water supply. The 
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estimate of allocation for domestic water requirement may vary from one sub unit to the other in different states.  In 

situations where adequate data is not available to make this estimate, the following empirical relation is 

recommended.

Where,

Alloc= Allocation for domestic water requirement

 N = population density in the unit in thousands per sq. km.

L  = fractional load on ground water for domestic water supply ( 1.0)g

In deriving equation 21, it is assumed that the requirement of water for domestic use is 60 lpd per head. The 

equation can be suitably modified in case per capita requirement is different. If by chance, the estimation of projected 

allocation for future domestic needs is less than the current domestic extraction due to any reason, the allocation 

must be equal to the present-day extraction. It can never be less than the present-day extraction as it is unrealistic.

3.13 Net Annual Ground Water Availability for Future Use

The water available for future use is obtained by deducting the allocation for domestic use and current 

extraction for Irrigation and Industrial uses from the Annual Extractable Ground Water Recharge.  The resulting 

ground water potential is termed as the net annual ground water availability for future use. The Net annual ground 

water availability for future use should be calculated separately for non-command areas and command areas. As per 

the recommendations of the R&D Advisory committee, the ground water available for future use can never be 

negative. If it becomes negative, the future allocation of Domestic needs can be reduced to current extraction for 

domestic use. Even then if it is still negative, then the ground water available for future uses will be zero. 

3.14 Additional Potential Resources Under Specific Conditions

Potential Resource Due to Spring Discharge: Spring discharge constitutes an additional source of ground 

water in hilly areas which emerges at the places where ground water level cuts the surface topography. Even though, 

the Spring Discharge is a form of 'Annual Extractable Ground Water Recharge', It is a considered as a potential 

resource because of the limited data available as on today. Spring discharge measurement is to be carried out by 

volumetric measurement of discharge of the springs. Spring discharges multiplied with time in days of each season 

will give the quantum of spring resources available during that season. The committee recommends that in hilly 

areas with substantial potential of spring discharges, the discharge measurement should be made at least 4 times a 

year in parity with the existing water level monitoring schedule.

Where,

Q = Spring Discharge

No of days= No of days spring yields.

Potential Resource in Waterlogged and Shallow Water Table Areas: In the area where the ground water level 

is less than 5m below ground level or in waterlogged areas, the resources up to 5m below ground level are potential 

and would be available for development in addition to the annual recharge in the area.  It is therefore recommended 

that in such areas, ground water resources may be estimated up to 5m bgl only assuming that where water level is less 

than 5m bgl, the same could be depressed by pumping to create space to receive recharge from natural resources.  It is 

further evident that this potential recharge would be available mostly in the shallow water table areas which would 

have to be demarcated in each sub-basin/ watershed/ block/ taluka/ mandal/ Firka. The computation of potential 

resource of the ground water reservoir can be done by adopting the following equation:
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Where,

D= Depth to water table below ground surface in pre-monsoon period in shallow aquifers.

A= Area of shallow water table zone.

S = Specific YieldY 

Potential Resource in Flood Prone Areas: Ground water recharge from a flood plain is mainly the function of 

the following parameters-

Areal extent of flood plain

Retention period of flood

Type of sub-soil strata and silt charge in the river water which gets deposited and controls seepage

Since collection of data on all these factors is time taking and difficult, in the meantime, the potential resource 

from flood plain may be estimated on the same norms as for ponds, tanks and lakes.  This has to be calculated over the 

water spread area and only for the retention period using the following formula.

Where,

N = No of Days Water is Retained in the Area

A = Flood Prone Area

3.15 Apportioning of Ground Water Assessment from Watershed to Development Unit:

Where the assessment unit is a watershed, there is a need to convert the ground water assessment in terms of 

an administrative unit such as block/ taluka/ mandal/ firka. This may be done as follows.

A block may comprise of one or more watersheds, in part or full. First, the ground water assessment in the 

subareas, command, non-command and poor ground water quality areas of the watershed may be converted into 

depth unit (mm), by dividing the annual recharge by the respective area. The contribution of this subarea of the 

watershed to the block, is now calculated by multiplying this depth with the area in the block occupied by this sub-

area. This procedure must be followed to calculate the contribution from the sub-areas of all watersheds occurring in 

the block, to work out the total ground water resource of the block.

The total ground water resource of the block should be presented separately for each type of sub-area, 

namely for command areas, non-command areas and poor ground water quality areas, as in the case of the individual 

watersheds.

3.16 Assessment of In-Storage Ground Water Resources or Static Ground Water Resources

The quantum of ground water available for development is usually restricted to long term average recharge 

or dynamic resources. For sustainable ground water development, it is necessary to restrict it to the dynamic 

resources. Static or in-storage ground water resources could be considered for development during exigencies that 

also for drinking water purposes.  It is also recommended that no irrigation development schemes based on static or 

in-storage ground water resources be taken up at this stage.  

The computation of the static or in-storage ground water resources may be done after delineating the aquifer 

thickness and specific yield of the aquifer material.  The computations can be done as follows: -
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Where,

SGWR = Static or in-storage Ground Water Resources

A = Area of the Assessment Unit

Z = Bottom of Unconfined Aquifer 2

Z  = Pre-monsoon water level1

S  = Specific Yield in the In storage ZoneY

3.17 Assessment of Total Ground Water Availability in Unconfined Aquifer

The sum of Annual Exploitable Ground Water Resource and the In storage ground water resources of an 

unconfined aquifer is the Total Ground Water Availability of that aquifer. 

3.18 Ground Water Assessment of Confined Aquifer System

Assessment of ground water resources of confined aquifers assumes crucial importance, since over-

exploitation of these aquifers may lead to far more detrimental consequences than to those of shallow unconfined 

aquifers.

Most of the storage in confined aquifer is associated with compressibility of the aquifer matrix and 

compressibility of water. Once the piezometric head reaches below the top confining bed, it behaves like an 

unconfined aquifer and directly dewaters the aquifer and there is a possibility of damage to the aquifer as well as 

topography. Hence ground water potential of a confined aquifer is nothing but the water available for use without 

damaging the aquifer. Hence the resources available under pressure are only considered as the ground water 

potential. The quantity of water released in confined aquifer due to change in pressure can be computed between 

piezometric head (h ) at any given time 't' and the bottom of the top confining layer (h ) by using the following t o

equation.

Where,

Q  = Ground Water Potential of Confined AquiferP

S   = Storativity

A   = Areal extent of the confined aquifer 

h = Change in Piezometric head 

h Piezometric head at any particular timet =

h =Bottom of the top Confining Layer0 

If any development activity is started in the confined aquifer, then there is a need to assess the dynamic as well 

as in storage resources of the confined aquifer. To assess the ground water resources of the confined aquifer, there is a 

need to have sufficient number of observation wells tapping exclusively that particular aquifer and proper 

monitoring of the piezometric heads is also needed.

To assess the dynamic ground water resources of the confined aquifer the following equation can be used 

with the pre and post monsoon piezometric heads of the particular aquifer.

Where,

3
Q  = Dynamic Ground Water Resource of Confined Aquifer (m )D
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S   = Storativity
2A   = Areal extent of the confined aquifer (m )

h = Change in Piezometric head (m)

h Piezometric head during post-monsoon period (m amsl)post =

h  = Piezometric head during pre-monsoon period (m amsl)PRE

3.18.1 In storage Ground Water Resources of Confined Aquifer

For assessing the in-storage ground water potential of a confined aquifer, one has to compute the resources between 

the pre-monsoon piezometric head and bottom of the top confining layer. That can be assessed using the following 

formula:

Where,
3

Q  =In storage Ground Water Resource of Confined Aquifer (m )I

S   = Storativity
2A   = Areal extent of the confined aquifer (m )

h = Change in Piezometric head (m)

h = Bottom level of the top confining layer (m amsl)0   

h  = Piezometric head during pre-monsoon period(m amsl)PRE

If the confined aquifer is not being exploited for any purpose, the dynamic and static resources of the confined 

aquifer need not be estimated separately. Instead the in storage of the aquifer can be computed using the following 

formula.

Where,
3

Q  = In storage Ground Water Resource of the confined aquifer or the Quantity of water under pressure (m )p

S   = Storativity
2A   = Areal extent of the confined aquifer (m )

h = Change in Piezometric head (m)

H Piezometric head during post-monsoon period (m amsl)POST =

h  = Bottom of the Top Confining Layer (m amsl)0

The calculated resource includes small amount of dynamic resource of the confined aquifer also, which 

replenishes every year. But to make it simpler this was also computed as part of the static or in-storage resource of the 

confined aquifer.

3.18.2 Assessment of Total Ground Water Availability of Confined Aquifer

If the confined aquifer is being exploited, the Total Ground Water Availability of the confined aquifer is the 

sum of Dynamic Ground Water Resources and the in-storage ground water resources of that confined aquifer. 

Whereas if it is not being exploited, the Total Ground Water Availability of the confined aquifer comprises of only one 

component i.e. the in-storage of that confined aquifer. 
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3.19 Ground Water Assessment of Semi-Confined Aquifer System

The Assessment of Ground Water Resources of a semi-confined aquifer has some more complications. Unless 

and until, it is well studied that the recharge to this is not computed either in the over lying unconfined aquifer or 

underlying/overlying semi confined aquifers, it should not be assessed separately. If it is assessed separately, there is 

a possibility of duplication of estimating the same resource by direct computation in one aquifer and as leakage in the 

other aquifer. As it is advisable to under estimate rather than to overestimate the resources, it is recommended not to 

assess these resources separately as long as there is no study indicating its non-estimation. If it is found through field 

studies that the resources are not assessed in any of the aquifers in the area, these resources are to be assessed 

following the methodology similar to that used in assessing the resources of Confined aquifers.

3.20 Total Ground Water Availability of an Area

The Total Ground Water Availability in any area is the Sum of Dynamic Ground Water Resources, the static/in-

storage ground water resources in the unconfined aquifer and the dynamic and In-storage resources of the Confined 

aquifers and semi-confined aquifers in the area.

TERMINOLOGY CHANGE There are minor changes in the terminology used in GEC-2015 methodology and 

the corresponding changes for the terms have been tabulated below in Table-5.

Table-5: Change in Terminologies in GEC 2015 vis-à-vis GEC 1997 methodology

GEC- 97 Methodology GEC-2015 methodology

Annual Replenishable Resources Total Annual Groundwater Recharge

Net Groundwater Availability

 

Annual Extractable Groundwater Resources

Groundwater Draft

 

Groundwater Extraction

 

Annual Groundwater Draft for all uses

 

Current Annual GW

 

Extraction for all uses

Projected Demand for Domestic and Industrial 
uses up to 2025

 
Annual ground water allocation for domestic 
water supply as on 2025

 

Groundwater Availability for future irrigation

 

Net Annual GW

 

Availability for future Use

Stage of Groundwater Development

 
Stage of Ground Water Extraction 
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4. PROCEDURE FOLLOWED FOR GROUNDWATER ASSESSMENT 2022

4.1 Data Source

4.1.1 Area

Since inception, watershed was being used as a unit of assessment in the State irrespective of the 

Methodology.The results were later apportioned to administrative unit of assessment. In the present assessment the 

data collection and computation of results are carried out considering Taluk as assessment unit. The areas of the 

taluk have been computed by KSRSAC, GoK provided shape files. The command areas of the Irrigation Project as per 

the command area map of NWIC, GoI and district level offices of Water Resources Department, GoK have been used in 

this assessment. No poor-quality areas were considered in the current assessment. This data base was used for sub-

dividing the assessment unit into command, non-command and poor-quality area.

4.1.2 Well Census

For estimation of ground water extraction for Irrigation purpose, the minor irrigation well census data as 

well as the data from district administration was collected. Since last decade, instead of dug wells the borewells are 

being drilled on large scale in the State. The borewells drilled in hard rock terrain are tapping the shallow as well as 

deeper aquifers. Hence the irrigation borewells have been considered for the draft purpose. 

For estimation of ground water extraction for domestic purpose, consumptive method based on population 

(2011) was used.

For estimation of ground water extraction for industrial purpose, the data on number of wells being used by 

industries and their annual requirement was considered to arrive at unit draft. This data was acquired from KSPCB, 

Dept. of Industries & Commerce, by KGWA.

4.1.3 Canals, Tanks & Ponds

The data base related to canals, command area, number of rotations, and volume of water released into the 

canals etc have been collected at district level from the Water Resources Dept. The data on tanks and ponds was also 

collected at district level from Minor Irrigation Department, District Administration, Agriculture Dept. and Bruhat 

Bangalore MahanagarPalike (BBMP). The data is as of the year 2021-22.

4.1.4 Water Conservation Structures 

The data base related to WCS was collected at district level from Rural Development and Panchayat Raj 

(RDPR), District Administration, Agriculture Dept. and Bruhat Bangalore MahanagarPalike (BBMP). The data is as of 

the year 2021-22.

Apart from the conventional water conservation structures, roof top rain water harvesting structures 

constructed in Bangalore City and Farm Ponds constructed in rural areas have also been included as water 

conservation measures.

4.1.5 Cropping Pattern

The village wise crop data and irrigated agriculture data, as on 2021-22 season, collected from district offices 

of the State Agriculture department have been used for the computations of irrigation return flow. 

4.1.6 Rainfall

The rainfall data has been sourced from 3 different agencies i.e., Karnataka State natural Disaster Monitoring 

Centre (KSNDMC), Directorate of Economics and Statistics (DES) and Water Resources Development Organisation 

CHAPTER 4
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(WRDO). The normal as well as yearly actual monsoon and non monsoon rainfall measured at various station within 

the assessment unit upto 2021 has been used for the data entry. 

4.1.7 Ground Water Levels

The Ground Water Direcotorateis monitoring the groundwater levels in the State on a monthly basis for all 

the 12 moths of a year.  There are about 1764 observation wells, which consists of 416 dugwells and 1348 

borewells/piezometers. The groundwater level data up to November 2021 has been considered for the Estimation.

4.1.8 Population

The 2011 census data has been used in the computations for estimation of ground water extraction for 

domestic purpose based on consumptive method.

4.2 Various Norms Used

4.2.1 Assessment area

Out of the total geographical area, the hilly area (slope > 20%), hill tops and rocky waste land were identified 

and subtracted and the remaining area is considered as recharge worthy or assessment area.

4.2.2 Specific yield

The specific yield value recommended values as per prescribed norms of GEC-2015 methodology were 

taken. 

4.2.3 Rainfall infiltration factor

In all the watersheds, the coefficients for RIF are as per the recommended values of GEC-2015 methodology 

norms. 

4.2.4 Recharge due to canal seepage

The prescribed norms of GEC-2015 methodology i.e., 3.5 Ham per day/million sq. m wetted area for all canals 

in hard rock has been considered.

4.2.5 Recharge from Tanks and Ponds

The prescribed norms of GEC-2015 methodology i.e., Average water spread area (60% of total water spread 

area) * No. of days * 0.00144 meters per day per Ha, has been considered. However, in case of the KC valley and HN 

valley tanks, the numbers of days were taken as 365 days and also the average water spread area was taken as 100% 

instead of 60% since these tanks are being filled round the year by secondary treated water.

4.2.6 Recharge from water conservation structure

The recharge considered due to water conservation structures was considered as per norms i.e., 40% of the 

gross storage capacity of the water conservation structure. The numbers of fillings considered are ranging from 1 or 6 

depending on the local conditions.

4.2.7 Unit Draft or Extraction

The unit draft computed for different abstraction structures representing typical geological formations has 

been used for the estimation. The unit draft for irrigation dug well fitted with electric pump, during monsoon ranges 

from 0.05 to 0.47 hams and during non-monsoon it ranges from 0.13 to 0.96 hams.For irrigation bore wells (with 

electric pump), the unit draft considered for monsoon ranges from 0.05 to 0.40 hams and for non-monsoon it ranges 

from 0.13 to 0.9hams. For irrigation Dug cum bore wells, the unit draft considered for monsoon ranges from 0.15 to 

0.30 hams and for non-monsoon it ranges from 0.3 to 0.67hams. The unit draft considered for the various types of 

abstraction structures is given below in Table – 6.
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Table-6: GW abstraction structure wise unit draft values for Irrigation draft

For Industrial bore wells (with electric pump), the unit draft considered for monsoon ranges from 0.000033 

to 7.026 hams and for non-monsoon it ranges from 0.000067 to 14.34475 hams. For Industrial dug wells, the unit 

draft considered for monsoon ranges from 0.008 to 0.3 hams and for non-monsoon it ranges from 0.016 to 0.6hams. 

The unit draft considered for the various types of abstraction structures is given below in Table – 7.

Table-7: GW abstraction structure wise unit draft values for Industrial draft

STRUCTURE UNIT DRAFT  (HAM/ANNUM)  
DUG WELL 0. 04 

 

0.90
 BORE WELL 0. 02 – 21.37

4.2.8 Return flow from irrigation

The prescribed norms of GEC-2015 methodology have been adopted for estimation of recharge due to return 

flow from surface water and ground water irrigation.

4.3 Stage of Ground water Extraction and Categorisation

The norms of GEC-2015 methodology have been used for the computation of the Stage of Ground water 

Extraction and Categorisation.

4.4 Data Variable Used

The resource assessment in INGRES involved huge data sets which needed to be compiled, scrutinised and 

validated. It is very difficult to pinpoint the errors/mistakes unless the results are triggered in the INGRES. During the 

assessment 5 input data sheets viz., basic data, rainfall data, water level data, recharge data sheet and extraction data 

sheet were compiled, scrutinised, validated and uploaded in INGRES to obtain the results. The total data variables in 

these 5 sheets were 97299 and their sheet wise statistics are given in Table-8.

Table-8: Data variables used during GWRA 2022

Stage of Ground Water Extraction
 

Category
 

≤ 70% Safe
 

> 70% and ≤90% Semi-Critical  
> 90% and ≤100% Critical  
> 100% Over Exploited  

STRUCTURE  UNIT DRAFT  (HAM/ANNUM)

DUG WELL
 0. 3 

 

0.9 
 

BORE WELL

 
0. 4 -

 
1.2

 DUG CUM BORE WELL 0. 3 -1.12

-

–
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Input Sheet Data Variables

BASIC SHEET 7584

RAINFALL SHEET 21060

WATER LEVEL SHEET 10485

RECHARGE SHEET

  

SWI 8550

 

Canal Seepage 

 

14807

 

Tanks & Ponds

 

5503

 

Water Conservation Structures

 

6070

 

GWI 6072

 

EXTRACTION SHEET

  

Domestic 

 

5748

 

Industrial

 

5446

 

Irrigation

 

5974

 

TOTAL

 

97299
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5. COMPUTATION OF GROUNDWATER RESOURCES ASSESSMENT IN THE STATE
The salient features of the dynamic groundwater resources of Karnataka 2022 are as under:

5.1 Resources assessment unit and Area
Taluk is the type of groundwater assessment unit which was used in the State for the purpose of groundwater 

estimation and evaluation. There were 234 assessment units in the State, which included 233 taluks and 1 urban 

assessment unit i.e., Bangalore city urban area. Out of these233 taluks, 3 taluks comes under only command area, 

90 taluks comes under only non command area and in remaining 140 units both command and non-command units 

are present. However, no taluks are considered under poor-quality area.

Out of the total area of the taluka the non-worthy area (hilly area) is deducted and only the worthy area is 

considered for this assessment. The recharge worthy area is further sub-divided into command and Non-command 

areas and their percentages for the State are 30% &70% respectively. The taluka wise details of these areas along 

with the rainfall are given in Annexure IV and the State area break up is shown in  Fig.-6.  The recharge is estimated 

for the groundwater worthy area of all the sub-units. 

Fig.-6: Areas under different categories

5.2 Base year of data

The rainfall and water levels data for the past 5 years 2017 to 2021 has been considered in the computations. 

Based on this database the sub-unit wise average pre-monsoon and post-monsoon groundwater levels and 

fluctuations are calculated and used in the assessment. The canal, tanks, ponds and water conservation structures 

data of the year 2021-22 was utilised. The 2011 census data has been used in the computations for estimation of 

ground water extraction for domestic purpose based on consumptive method.

5.3 Total Annual Ground Water Recharge

Recharge to ground water from different sources was computed based on the GEC 2015 methodology. As per 

assessment it was observed that the total recharge from all sources is 17.73 BCM and the recharge due to rainfall is 

the major contributor with 10.01 BCM, followed by recharge due to return flow from surface water irrigation and 
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10.01

 

4.56 

2.16
 

0.40

 
0.35

 
0.26

0.00

2.00

4.00

6.00

8.00

10.00

12.00

Rainfall
Recharge

SWI Recharge GWI Recharge WCS Recharge Tanks&Ponds
Recharge

Canal Recharge

Component Wise Recharge (BCM)

56.45%

 

25.68% 

12.19%

 
2.24% 1.96% 1.47%

ground water irrigation @ 4.55 BCM and 2.16 BCM. The recharge due to water conservation structures, tanks & 

ponds and canal is pegged at 0.39 BCM, 0.34 BCM and 0.26 BCM respectively shown in Fig.-7. The district wise 

recharge is also presented in Fig.-8 and it indicates that maximum recharge is taking place in Belagavi district 

(131883 ham) and minimum recharge is taking place in Bengaluru (Rural) district (21631 ham). In almost all the 

districts, rainfall recharge is the major contributor except in Ballari, Davangere, Koppal, Mandya, Raichur and Yadgir 

districts where recharge due to surface water irrigation is more due to more command area and lesser rainfall. The 

assessment unit wise ground water resources 2022 (recharge component) is presented in Annexure-VA.

Fig.-7: Recharge by Different Sources

Fig.-8: District Wise Recharge by Different Sources
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5.4 Annual Extractable Groundwater Resources

The entire quantum of ground water recharge cannot be considered for extraction since ecological 

commitments need to be fulfilled, before the extractable resources are defined. To cater to the ecological 

requirements, some percentage of ground water recharge is substracted from annual ground water recharge based 

on the GEC 2015 guidelines. 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 accounts for Annual Extractable Ground Water Resources (EGR). As per assessment data, the annual 

extractable ground water resources for the State are 16.04 BCM and it ranges from 120261.70 ham at Belagavi 

district to 19468.31 ham in Bengaluru (Rural) district.

5.5 Ground Water Extraction

 For estimation of ground water extraction for Irrigation purpose, the minor irrigation well census data as 

well as the data from district administration was collected and utilised. As per this database, it is found that in all 

there are 11.68 lakh abstraction structures being used for irrigation purpose withdrawing 10.06 BCM of 

groundwater yearly. This includes 2.12 lakhs of dug wells and 9.54lakhs borewells and 1930 dug-cum-borewells. The 

district wise number of irrigation wells also vary widely, Belgavi district is having highest number of the irrigation 

wells (88885), whereas Kodagu is having lowest number of the irrigation wells (9027). The ground water extraction 

for irrigation purpose also varies accordingly. The district wise number of the irrigation wells and corresponding 

ground water extraction for irrigation purpose is shown in Fig. -9.The assessment unit wise ground water resources 

2022 is presented in Annexure-VB.

Fig.-9: District Wise Number of Irrigation Wells and Irrigation Extraction

In case of Industrial wells, it is found that in all there are 21418 abstraction structures being used for 

industrial purpose withdrawing 0.13 BCM of groundwater yearly. However, this number could be much higher as the 

exact data on industrial wells is not available with any single agency. This includes 166 dug wells and 21258 

borewells. The district wise numbers of irrigation wells also vary widely, Bengaluru Urban district is having highest 

number of the industrial wells (16262), whereas Raichur is having lowest number of the irrigation wells (15).

The ground water extraction for various uses viz., irrigation, domestic and industrial has also been assessed 

as shown in Fig.-10 and it indicates that major extraction about 89% is for irrigation @ 1000644 ham, whereas 10% 

is for domestic @ 108771 ham and 1% for industrial purpose @ 12563 ham. 

The district wise ground water extraction for various uses has also been assessed as shown in Fig.-11 and it 

indicated that ground water extraction for irrigation and domestic uses is highest in Belagavi district, whereas 

District Wise Number of Irrigation Wells and Irrigation Extraction (Ham)
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industrial consumption is highest in Bengaluru Urban district. The lowest ground water extraction for irrigation and 

domestic uses is in Kodugu District.

Fig.-10: Ground Water Extraction for Various Uses

Fig.-11: District Wise Ground Water Extraction for Various Uses
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5.6 Ground Water Availability and Extraction

The ground water availability and extraction should be balanced, however in 6 districts viz., Bengaluru 

(Rural), Bengaluru (Urban), Chamarajanagara, Chikkaballapura, Chitradurga and Kolara it is more than the 

availability (>100%). In 4 districts viz., Davanagere, Ramanagara, Tumakuru and Vijayanagara, the extraction is 

between 90% and 100% of recharge. Thus, these areas (10 districts) need special attention for ground water 

management. All these districts are located in central part, southern and eastern dryland areas of Karnataka where 

the dependency on groundwater is very high owing to limited surface water availability.

The comparison of district wise groundwater recharge and withdrawal clearly shows that in Bagalkot and 

Gadag district the groundwater development is between 70 to 90 %. However, in Belagavi, Bidar, Chikkamagaluru, 

Dharwad, Hassan, Haveri, Koppal, Mandya, Mysuru and Vijayapura districts, the development is between 50 to 70% 

and in rest 9 districts it is <50% %(Fig 12). The district wise ground water resources 2022 is presented in

Annexure-VI.

Fig.-12: District Wise Ground Water Availability and Extraction

5.7 Future Allocations for Domestic Use

The Future Domestic & Industrial Allocations is more than the existing Domestic draft even where there is no 

groundwater balance after deducting the actual drafts for different usages. The future allocation for domestic use for 

projected year 2025 ranges from 55.68 ham at Shirahatti taluk, Gadag district and 2790.97 ham at Gulbarga taluk in 

Kalburgi district. 

5.8 Categorization of Talukas

The categorization of talukas is done as per the norms mentioned in GEC-2015 methodology. Based on these 

computations, it is observed that 139 talukas are falling in Safe category, 35 in Semi-Critical, 11 in Critical, 49 in Over-

Exploited category. Taluka wise categorization are given in Annexure VB. The categorization of talukas is also shown 

in Fig.13 and it reveals that over-exploited, Critical and Semi-Critical talukas are falling in the same pattern as 

previous assessments in the northern, central, southern and eastern dry regions of the State, where the rainfall is 
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between 400 to 800 mm only. The district wise abstract showing number of OE/Critical/SC/Safe & PQ talukas is 

given in Annexure VII.

The ground water development i.e., number of over-exploited, critical and semi-critical taluks are highest in 

Belagavi (8), Tumkuru (7), 6 blocks each in Bagalkot, Bengaluru (Urban), Chikkaballapura, Kolara, 5 blocks each in 

Chamarajanagara, Chitradurga, Gadag, Ramanagara and Vijayapura.  The district wise number and names of over-

exploited, critical and semi-critical taluks are given in Table-8. The over withdrawal of groundwater in these districts 

can be attributed to absence of surface water irrigation sources and cultivation of water intensive cash crop like 

paddy, sugarcane, cocunut, arecanut, vegetables and fruits etc., which are mostly groundwater dependent. Whereas 

in case of Bangalore Urban district it can be attributed to both high domestic demand and irrigation. 

Table-8: District wise distribution of over-exploited, critical and semi-critical taluks.

Sl.
No.

Name of Critical Name of Over-exploited
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Sl.
No.

Name of Critical Name of Over-exploited
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Fig.-13: Categorisation of Assessment Units

CATAGORISATION OF ASSESSMENT  UNIT IN KARNATAKA (AS ON MARCH 2022)
KARNATAKA
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5.9 Ground Water Quality Tagging

The ground water quality data of both CGWB and GWD was utilised for quality tagging of the assessment unit. 

The fluoride contamination is observed in 9 taluks mostly in northern Karnataka, whereas salinity is observed in 

Holalkere taluk of Chitradurga district and Yelburga taluk of Koppal district. The nitrate contamination which is 

mostly due to anthropogenic activities is observed in 13 taluks as detailed in Table – 9.

Table - 9: Qulaity Tagging of Assessment Units 

S. No. District Taluka Quality Tag

1. Ballari Ballari Fluoride

2. Chitradurga Molakalmuru Fluoride

3. Davanagere Davanagere Fluoride

4. Kalburgi Chincholi Fluoride

5. Kolara

 

Mulabagilu

 

Fluoride

6. Raichur

 

Devdurga

 

Fluoride

7. Raichur

 

Lingasugur

 

Fluoride

8. Raichur

 

Maski

 

Fluoride

9. Vijayanagara

 
Kudligi

 
Fluoride

10. Chitradurga Holalkere  Salinity

11. Koppal Yelburga  Salinity

12. Chikkaballapura

 
Gauribidanur

 
Nitrate

13. Chitradurga

 

Challakere

 

Nitrate

14. Chitradurga

 

Molakalmuru

 

Nitrate

15. Gadag

 

Gajendragad

 

Nitrate

16. Gadag

 

Rona

 

Nitrate

17. Raichur

 

Maski

 

Nitrate

18. Raichur Sirivara Nitrate

19. Vijayapura Alamela Nitrate

20. Vijayapura Chadachana Nitrate

21. Vijayapura Tikota Nitrate

22. Yadgir Gurumithakala Nitrate

23. Yadgir Shahapur Nitrate

24. Yadgir Vadagera Nitrate

5.10 Spatial Variation

5.10.1 Ground Water Recharge

The groundwater recharge is a function of rainfall, geomorphology and geology. The State is having 

heterogeneity in all these parameters. Hence the recharge to groundwater is not uniform in all the talukas. Based on 

the total Annual Groundwater Recharge and the Area of Assessment Unit, the talukwise annual groundwater 
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resources in hecta meter has been computed. The results are commensurate with the field conditions. Around 50% 

talukas have annual recharge up to 100 mm, 24% between 100 to 150 mm, 17 % between 150 to 200 mm, 6% 

between 200 to 250 mm and only 3 taluks have annual recharge of 250 to 500 mm.These details have been shown in 

the Table -10 and taluka map of the State (Fig.-14).

Table- 10: Distribution of Assessment Units as per Unit Recharge

The perusal of the map re-iterates the fact that the recharge in coastal areas and Malnad region is higher in the 

range of 150 to 200 mm and 200 to 250 mm. In most of the areas / taluks of north-eastern, northern and central 

drylands, the unit recharge is on lower side and ranging between 50 and 100 mm. whereas in most of the areas/taluks 

of southern dry region and eastern dry region it is moderately placed ranging from 100 to 200 mm.

Unit GW Recharge (mm) No. of Assessment 
Units

Percentage of 
Assessment Units

0 to 50 14

 

6

 

50 to 100 102

 

44

 

100 to 150

 

56

 

24

 

150 to 200

 
39

 
17

 

200 to 250
 

15
 

6
 

250 to 500
 

8
 

3
 



50

" • °̈ ß° ∂©BelagaviBelagaviBelagaviBelagaviBelagaviBelagaviBelagaviBelagavi

BagalkotBagalkotBagalkotBagalkotBagalkotBagalkotBagalkotBagalkotBagalkot

VijayapuraVijayapuraVijayapuraVijayapuraVijayapuraVijayapuraVijayapuraVijayapuraVijayapura

KalburgiKalburgiKalburgiKalburgiKalburgiKalburgiKalburgiKalburgiKalburgi

BidarBidarBidarBidarBidarBidarBidarBidarBidar

RaichurRaichurRaichurRaichurRaichurRaichurRaichurRaichurRaichur

KoppalKoppalKoppalKoppalKoppalKoppalKoppalKoppalKoppal

GadagGadagGadagGadagGadagGadagGadagGadagGadagDharwadDharwadDharwadDharwadDharwadDharwadDharwadDharwadDharwad

Uttara KannadaUttara KannadaUttara KannadaUttara KannadaUttara KannadaUttara KannadaUttara KannadaUttara KannadaUttara Kannada HaveriHaveriHaveriHaveriHaveriHaveriHaveriHaveriHaveri

BallariBallariBallariBallariBallariBallariBallariBallariBallari

ChitradurgaChitradurgaChitradurgaChitradurgaChitradurgaChitradurgaChitradurgaChitradurgaChitradurgaDavanagereDavanagereDavanagereDavanagereDavanagereDavanagereDavanagereDavanagereDavanagere

ShivamoggaShivamoggaShivamoggaShivamoggaShivamoggaShivamoggaShivamoggaShivamoggaShivamogga

UdupiUdupiUdupiUdupiUdupiUdupiUdupiUdupiUdupi
ChikkamagaluruChikkamagaluruChikkamagaluruChikkamagaluruChikkamagaluruChikkamagaluruChikkamagaluruChikkamagaluruChikkamagaluru TumakuruTumakuruTumakuruTumakuruTumakuruTumakuruTumakuruTumakuruTumakuru

KolaraKolaraKolaraKolaraKolaraKolaraKolaraKolaraKolara

Bengaluru (Urban)Bengaluru (Urban)Bengaluru (Urban)Bengaluru (Urban)Bengaluru (Urban)Bengaluru (Urban)Bengaluru (Urban)Bengaluru (Urban)Bengaluru (Urban)

Bengaluru (Rural)Bengaluru (Rural)Bengaluru (Rural)Bengaluru (Rural)Bengaluru (Rural)Bengaluru (Rural)Bengaluru (Rural)Bengaluru (Rural)Bengaluru (Rural)

MandyaMandyaMandyaMandyaMandyaMandyaMandyaMandyaMandya

HassanHassanHassanHassanHassanHassanHassanHassanHassan

Dakshina KannadaDakshina KannadaDakshina KannadaDakshina KannadaDakshina KannadaDakshina KannadaDakshina KannadaDakshina KannadaDakshina Kannada

KodaguKodaguKodaguKodaguKodaguKodaguKodaguKodaguKodagu

MysuruMysuruMysuruMysuruMysuruMysuruMysuruMysuruMysuru

ChamarajanagaraChamarajanagaraChamarajanagaraChamarajanagaraChamarajanagaraChamarajanagaraChamarajanagaraChamarajanagaraChamarajanagara

ChikkaballapuraChikkaballapuraChikkaballapuraChikkaballapuraChikkaballapuraChikkaballapuraChikkaballapuraChikkaballapuraChikkaballapura

RamanagaraRamanagaraRamanagaraRamanagaraRamanagaraRamanagaraRamanagaraRamanagaraRamanagara

YadgirYadgirYadgirYadgirYadgirYadgirYadgirYadgirYadgir

VijayanagaraVijayanagaraVijayanagaraVijayanagaraVijayanagaraVijayanagaraVijayanagaraVijayanagaraVijayanagara

5 Æ©¥ 2 • £®° ≤ß•  Χ≠ ≠ ΨUnit Recharge (mm)Unit Recharge (mm)Unit Recharge (mm)Unit Recharge (mm)Unit Recharge (mm)Unit Recharge (mm)Unit Recharge (mm)Unit Recharge (mm)

0 to 50   (14)
50 to 100  (102)

100 to 150   (56)
150 to 200   (39)
200 to 250   (15)
250 to 415   (8)

4! , 5+ 7 )3% 5. )4 ' 2/ 5. $  7 ! 4%2 2%#( ! 2' %
KARNATAKA STATE

(

 
Fig.-14: Unit Annual Ground Water Recharge
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5.11 Dynamic Ground Water Resources – at a glance

The groundwater estimation is carried out for 31 districts of Karnataka and Bangalore city. 

As per the protocol the groundwater availability and use has been computed for the taluk wise assessment-units, and 

the categorization has been done for the Taluk. The State abstract showing details of Dynamic Groundwater 

Resources 2022 is given in Table 11.

TABLE 11- Information at a Glance of Ground Water Resource Assessment 2022

Sl. No Description Details

1. Total No. of Districts Assessed in the State 31

2. Total No. of Assessment Units in the State 
234 (233 taluks + 1 
Bangalore City)

3. Total No. of Assessment Sub Units

 

376(C144+NC232)

4. Annual Groundwater Recharge (BCM)

 

17.74

 

5. Annual Extractable Ground Water Resource (BCM)

 

16.04

 

6. Total Extraction (BCM)

 

11.22

 

7. Ground Water Extraction for Irrigation Use (BCM)

 
10.01

 

8. Ground Water Extraction for Industrial Uses (BCM)
 

0.13
 

9. Ground Water Extraction for Domestic Uses (BCM)  1.09  

10. No. of Irrigation Dugwells in Use 211980  
11. No. of Irrigation Borewells in Use

 
954548

 
12. No. of Irrigation Dug cum borewells in Use

 
1930

 13. Total No. of Irrigation Wells

 

in Use

 

1168458

 14. No. of Existing Industrial

 

Dugwells

 

in Use

 

166

 15. No. of Existing Industrial Borewells

 

in Use

 

21258

 
16. Total No. of Industrial Wells

 

21418

 

17. No. of Over Exploited Talukas

 

49

 

18. No. of Critical Talukas

 

11

 

19. No. of Semi Critical Talukas

 

35

 

20. No. of Safe Talukas

 

139

 

21. Quality Tagged Taluks – Fluoride 9

22. Quality Tagged Taluks – Salinity 2

23. Quality Tagged Taluks – Nitrate 13
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As per the assessment, the total rechargeable fresh groundwater resource in the State is computed as 17.74 

BCM and the Annual Extractable Ground Water Resource is to the tune of 16.045 BCM. The Total Extraction is 11.22 

BCM. The Stage of groundwater development for the State, as whole, is 69.93%. This indicates that on an average 

69.93% of yearly replenishable groundwater is being used in the State. 

Considering the domestic and industrial requirement the annual ground water allocation for domestic water 

supply as on March 2025 is 1.17 BCM. Leaving this allocation, the net groundwater availability for future use 

development is around 6.34 BCM. The taluka wise details of groundwater recharge from rainfall & other sources in 

monsoon and non-monsoon season are given in  Annexure-V A. The recharge from rainfall during monsoon and non-

monsoon (Annexure V A Col 4 & 6 has been computed separately unit wise. Whereas the total annual groundwater 

recharge, annual extractable groundwater resources, stage of ground water extraction and categorisation are given 

in Annexure –V B.

5.12 Comparison with Earlier Assessments

5.12.1 Recharge 

Compared to 2020 there is increase in annual groundwater recharge by Water Conservation Structures (WCS) 

from 0.37 bcm to 0.40 bcm an increase of 9%, in case of Tanks & Ponds it has increased by 10% and recharge due to 

canals has increased by whopping 32% as depicted in Fig. 15. The increase in recharge from tanks and ponds could be 

possible as many of the tanks/ponds are being provided with perennial source of water through out the year for 365 

days instead of tanks getting filled only during monsoon season for 120 days. The source of water for such perennial 

tanks/ponds is either through treated water or surface water under the flagship scheme of Minor Irrigation Dept. and 

BWSSB. The recharge due to WCS has also increased by 9% due to the increased number of WCS structures constructed 

under the various water conservation schemes  as well as de-silting of taken by State Govt. like Jal Jeevan Mission etc.,

structures taken up by State Govt. under various district levels schemes including MGNREGA.

The operationalisation and distribution of surface water through newly constructed major, medium minor 

and lift irrigation projects/schemes have directly contributed to increase in the recharge due to canals. Considerable 

increase of 32% in recharge is due to increase in canal seepage due to new canals and its corresponding return 

seepage contributing to overall recharge.
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Fig.-15: Comparison of Recharge due to Water Conservation, Tanks & Ponds and Canals
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 The past good rainfall years supported by the development of new surface irrigation systems, use of treated 

and surface water for tank fillings has replenished the groundwater in the non-monsoon period also. The initiatives 

taken up by the Govt. of Karnataka and community in developing and maintaining the water conservation structures, 

tanks & ponds, canal network is being reflected in the increased recharge due to other sources over the period of last 

decade or so. The comparison of historical recharge due to rainfall and other sources has also been carried out for the 

ground water resource assessments from 2009 to 2022 and is presented in Fig. 16. It indicates that the recharge due 

to rainfall has increased @ 0.157 bcm/year, whereas recharge due to other sources has continuously increased

@ 0.072 bcm/year.

Fig.-16: Comparison of Recharge due to Rainfall and Other Sources (2009 to 2022)

5.12.2 Irrigation Draft

The importance of groundwater resource for irrigation purposes is critical since about 85 to 90% of the draft 

is for irrigation purpose and hence the development has been receiving the attention from the farmers. It is generally 

observed that  there is a trend to use bore wells for irrigation instead of dug wells. The  from the year 1990 onwards

increase in number of irrigation bore wells with pump sets is very high. It is observed that the total number of 

irrigation bore wells in the State as a whole has increased from 7.67 lakhs in 2009 to 9.54 lakhs in 2022, whereas the 

number of dug wells has decreased from 3.01 lakh to 2.11 lakh in 2022. 
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Fig.-17: Comparison of Irrigation Wells and Draft  (2004 to 2022)

The increase in number of irrigation wells and draft from 2004 to 2022 is plotted in Fig.-17 and it indicates 

that the number of irrigation wells have increased from 10.22 lakhs in 2004 to 10.70 lakhs in 2009, however in 2011 

it has decreased down to 9.71 lakhs, this may be due to the failure of dugwells and shifting from dugwells to borewells 

as evident above from the further bifurcation of number of wells. Since 2011, the number of irrigation wells is 

continously increasing from 9.71 lakh to 11.68 lakh in 2022, whereas over a complete period of 2004 to 2022 the 

increase is @ 0.184 lakhs/annum.

5.12.3 Assessment Units

Since 2004, watershed is being used as a unit for assessment in the State irrespective of the methodology, 

which were later apportioned to taluk. However, in the current assessment (2022) it was changed to taluk in 

consultation with State Govt. for ease of data collection and as the ultimate reflection of the results for the planners 

and administrators needs to be done in the form of administrative unit. The comparison of over exploited, critical, 

semi-critical (OCS) and safe assessment units over the period of 2004 to 2022 as presented in Fig.-18 clearly shows 

that with the increasing ground water development; there is increase in percentage of OCS units from 39.07% (2004) 

to 44.89% (2017). However, since 2017, there is marginal decrease in the number of OCS taluks from 44.89% in 2017 

to 40.60% in 2022. This is due to consistency in the rainfall for the last five years resulted in enhanced rainfall 

recharge and because of increase in recharge from other sources (except recharge from return flow of surface water 

irrigation and ground water irrigation in 2022).

Number of Irrigation Wells and Irrigation Draft
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Fig.-18: Comparison of Assessment Units   (2004 to 2022)

5.12.4 Improvement and Deterioration in Categorisation of Assessment Units

It was observed that, as compared to GWRA 2020, there is improvement in categorisation of 14 assessment 

units, whereas deterioration has been noticed in 3 assessment units. The details are given in Table-11.  The main 

reason for improvement is increase in recharge due to rainfall, canal, surface water irrigation, WCS and tanks & 

ponds, whereas reasons for deterioration are increase in extraction for domestic and irrigation purpose.

Table- 11: Improved and Deteriorated Assesment Units in GWRA 2022 as compared to GWRA 2020.
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ANNEXURES
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Annexure-I: GOVERNMENT ORDER NO. MID/6/AJA/2022 DATED 03/02/2022
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Annexure-II: MINUTES OF FIRST STATE LEVEL COMMITTEE (SLC) MEETING.
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Annexure-III: MINUTES OF SECOND STATE LEVEL COMMITTEE (SLC) MEETING.
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CONTRIBUTORS PAGE

Sl. 

No.
 District Officers Name Designation

Central Groundwater Board, SWR, Bengaluru
 

1.
 

Bengaluru
 

Shri N. Jyothi Kumar
 

Regional Director
 

2.
 

Bengaluru
 

Ms. D. Dhyamalar
 

Scientist-E
 

3.
 

Bengaluru
 

Shri Rahul R Shende
 

Scientist-C
 

4.
 

Bengaluru
 

Dr.
 
Lubna

 
Kouser

 
Scientist-C

 

5. Bengaluru Shri Abdul Razik  Asst. Hydrogeologist

Groundwater Directorate, Government of Karnataka, Bengaluru  

6. Bengaluru Sri. B.G. Ramachandraiah  Director  

7. Bengaluru Sri. G. Jayanna  Deputy Director  

8. Bengaluru Smt. Jagadeshwari .M  Senior Geologist  

9. Bengaluru Sri. Nagaraja .H.M  Senior Geologist  

District Groundwater Office, Groundwater Directorate  

10. Bengaluru Urban Smt. T. Ambika  Deputy Director  

11. Bengaluru Rural Smt. Janaki. P  Deputy Director  

12. Bellary and Koppal Sri. Arun .D.E  Senior Geologist  

13. Belagavi and Dharwad Dr.  Mallikarjuna B Baligar  Senior Geologist  

14. Bagalakote and Vijayapura Sri. Mahesh B. Birajanavara  Senior Geologist  

15. Bidar and Kalaburagi Sri. Mujibur Rehaman .R  Senior Geologist  

16. Chikkaballapura Sri. S. Borappa  Senior Geologist  

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

18. Chitradurga Sri. Basanth.V  Senior Geologist  
19. Chamarajanagara Smt. Dhanalakshmi. R  Senior Geologist  
20. Davanagere Sri. Basavaraju  .S  Senior Geologist  
21. Gadag and Haveri Sri Santhosh Pyatiganer  Senior Geologist  
22. Hassan Smt. S. Sudha  Senior Geologist  
23. Uttara Kannada and Udupi Dr. M. Dinakar Shetty  Senior Geologist  
24. Kolar Sri. A. Thippeswamy  Senior Geologist  
25. Kodagu and Mysuru  Smt. K.G. Sowmya  Senior Geologist  
26. Mandya  Smt. S.R. Rajashree  Senior Geologist  
27. Dakshina Kannada Sri. Sheik Davood  Senior Geologist  
28. Raichur and  Yadagiri Sri. Krishna S.M.  Senior Geologist  
29. Ramanagara Dr. Prasanna Kumar  Senior Geologist  
30.

 
Shivamogga

 
Smt. Nirmala Nathan

 
Senior Geologist

 
31.

 
Tumakuru

 
Smt. Nagaveni .K.S.

 
Senior Geologist

 
32.

 
Bengaluru Urban

 
Smt. Chayapattar

 
Senior Geologist

 
33.

 
Bengaluru Rural

 
Smt. Pallavi .N

 
Senior Geologist

 
34. Bengaluru Rural Sri. T. Venkatesh Geologist

35. Mysuru Smt. Shobharani .P.S Senior Geologist

Groundwater Directorate Head Office and All District out source Geologist and
Data Entry Operators. 





Of�ice of the Director
Groundwater Directorate 

K.S.F.C Bhavan, Thimmaiah Road
Bengaluru-52, Karnataka

Phone : 080-22268732/33

Email- gwdkar@gmail.com

https://antharjala.karnataka.gov.in/


