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EXECUTIVE SUMMARY 

Groundwater is a replenishable resources and hence the availability of groundwater has been 
taken for granted. The limitation of available surface water resources has put an onus on 
groundwater to meet the requirement. The groundwater development has gone up manifolds 
to cater to the demand from agriculture, industry and domestic activities. The availability of 
groundwater is always expressed either in relation to its availability or to the annual 
replenishment, for management purposes. Thus, the term safe yield or sustainable yield is 
generally used by many developed countries for sustainable development of groundwater. In 
India, the replenishable groundwater resources are assessed periodically (every three years) 
and areas are categorized on the basis of Stage of groundwater extraction (safe yield).  
 
The water stress is being felt at different parts of the country owing to the increasing demand 
resulting from the population explosion. In order to meet the demand, the share of groundwater 
has increased exponentially, it has far exceeded the natural recharge in many parts of the 
country, necessitating the both central and State government to take up water conservation 
through many schemes. The revised master plan will provide general guidance for terrain 
specific structures considering the availability of surplus source water and indicate a rough 
ball park figure for culminating such efforts. 
 
Master Plan for artificial Recharge to Groundwater in India was prepared by CGWB in the year 
2013, which was the revision of the conceptual plan made in 2002.  In view of the active 
participation of central and State agencies in water conservation, a need was felt to revise the 
master plan prepared in 2013. Accordingly, an inter departmental committee was constituted 
by the Ministry to revise the master plan and the document is the resultant of the efforts of the 
committee through the Regional offices of CGWB. 
 
The revised master plan for artificial recharge to groundwater has been made for the whole 
country at the level of district/Block. The plan is macro plan formulated to work out the 
feasibility of various structures for the different terrain conditions of the country and respective 
estimated cost. Hence, the revision of the master plan is like any other master plan prepared 
for a State or city, which brings out the broad outline of the project and expected investments 
and for implementation, DPR has to be prepared at an implementable level like any other 
water supply project or city development project. 
 
The area for artificial recharge has been identified based on post monsoon water level (2018) 
and long-term post monsoon water trend in most of the States & UTs. However, due to paucity 
of data and local groundwater issues, additional/different criteria were used in different 
States/UTs. In the case of NE States, UT of Jammu & Kashmir & UT of Ladakh, the criteria of 
water scarcity have been used and structures have been suggested to harness the run off 
generated from the rain. In case of UT of Lakshadweep & UT of Daman & Diu, due to shallow 
groundwater level, only RTRWH has been suggested. An area of 11.23 Lakh sq.km has been 
identified for artificial recharge.  
 
The scope of artificial recharge depends on the available sub surface space for recharge, 
water required for recharge and surplus water available for recharge.  The volume of space 
available up to 3m bgl or 5m bgl depending on the criteria adopted in different States multiplied 
by the specific yield of the aquifers will provide the space available for recharge. Considering 
an efficiency of 60% or 75% as deemed fit in different States, the water required for artificial 
recharge has been worked out for each State. The surplus available for recharge after 
deducting the committed supply has been estimated for each State. The available sub-surface 
space for artificial recharge 537.349 BCM, while the water required to saturate the aquifer up 
to 3 to 5m bgl is 716.917 BCM. The surplus source water available for recharge is of the order 
of 185.092 BCM. The availability of source water for recharge is not uniform and in many 
districts in the States of Rajasthan, Punjab, Haryana, Gujarat etc., the source water available 
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is less than the requirement and artificial recharge structures are restricted to the source water 
availability.  
 
The types of structures are decided by the terrain conditions and the number of structures are 
decided by the source water availability. The different type of structures suitable for different 
terrain conditions and the use of different terminology for the similar structures in various 
States have resulted in more than 25 types of structures. In order to group different structures 
and bring in standardization, the structures were studied and grouped in to 10 groups and in 
the group ñOthersò all the uncommon structures are classified. About 75% of structures are 
towards RTRWH, while 17% is for ñOthersò, with 3% for RS, 2% of structures are in the 
category of CD & Gabion structures and 1% under PT category. The unit cost of structure also 
is found varying within the States for different districts for some States, while in some 
States/UTs they have assumed a uniform rate. RTRWH accounts for 28% of cost, while 
ñothersò category is for 23% of cost and CD & PT account for 19% & RS for 07% of cost. The 
total cost for implementation of this revised master plan is Rs 133529.69 Cr, with Rs 96735.45 
Cr (72%) for rural areas and Rs 36794.23 Cr (28%) for Urban areas. 
 
There are many existing schemes and a new scheme is under preparation in respect of 
comprehensive measures for water conservation in select water stressed districts in the 
country, resulted out of Budget announcement of the Government, which can cater to the 
implementation of the revised master plan. No separate funding is required for executing the 
revised master plan. The different scheme can take the cue from the master plan and construct 
these structures as per the norms of the schemes. The execution of these structure may take 
a period of 10 years, if the existing schemes dovetail their activities for convergence towards 
water conservation. 
 
Owing to the over dependence on groundwater, both State & Central Government Agencies 
are dovetailing their activities towards water conservation. Consequently, construction of the 
artificial recharge structures has increased over the years. Further, the construction of 
structures also depends on the surplus water availability and hence it becomes imperative that 
geotagging of these structures is made and their functional status monitored. Hence, one 
Nodal agency is to be identified for each State/UT by the respective States /UTs, which will 
function as a focal point for the water conservation database and documentations.  
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CHAPTER 1.0 

1.0 INTRODUCTION 

1.1 Background  

Groundwater is a replenishable resources and hence the availability of groundwater has been 
taken for granted. The limitation of available surface water resources has put an onus on 
groundwater to meet the requirement. The groundwater development has gone up manifolds 
to cater to the demand from agriculture, industry and domestic requirements. The availability 
of groundwater is always expressed either in relation to its availability or to the annual 
replenishment. Thus the term safe yield or sustainable yield is generally used by many 
developed countries for sustainable development of groundwater. In India, the replenishable 
groundwater resources are assessed periodically (every three years) and areas are 
categorized on the basis of Stage of groundwater extraction (safe yield).  
Groundwater Resources Assessment are jointly carried out by CGWB & respective State 
Agencies using Groundwater Estimation Committee methodology, as a standard method to 
assess the groundwater resources. The latest assessment of dynamic groundwater resources 
is GWRA-2017, using GEC-2015 methodology. In the assessment, the total annual ground 
water recharge has been estimated as 432bcm. Keeping an allocation for natural discharge, 
the annual extractable ground water resource is 393bcm. The total current annual ground 
water extraction (as in March, 2017) is 249bcm. The average stage of ground water extraction 
for the country as a whole works out to be about 63 %. The extraction of ground water for 
various uses in different parts of the country is not uniform. Out of the total 6881 assessment 
units (Blocks/ Mandals/ Talukas/Firkas) in the country,1186 units in various States (17% )have 
been categorized as óOver-Exploitedô indicating ground water extraction exceeding the 
annually replenishable ground water recharge. In these areas the percentage of groundwater 
extraction is morethan100percent. In addition, 313units (5%) are óCriticalô, where the stage of 
ground water extraction is between 90-100 %. There are 972 semi-critical units (14%), where 
the stage of ground water extraction is between 70% and 90% and 4310 assessment units 
(63%) have been categorized as óSafeó, where the stage of Ground water extraction is less 
than 70 %. Apart from this, there are 100 assessment units (1%), which have been 
categorized, as óSalineô as major part of the ground water in phreatic aquifers is brackish or 
saline. In respect of West Bengal, the results of GWRA-2017 indicated a huge variation with 
respect of previous assessment of resources and the reasons for the changes in West Bengal 
was not found reasonable and adequate and further, SLC has also not approved the GWRA- 
2017 assessment. Hence, CLEG recommended that the results of 2013 assessment in 
respect of West Bengal may be used in place of GWRA-2017 assessment for national 
compilation of GWRA-2017 with a rider that after approval of GWRA- 2017 by SLC of West 
Bengal, a corrigendum may be issued separately, incorporating the results of GWRA-2017. 
Accordingly, the results of 2013 assessment have been considered for West Bengal. The 
categorization map of India (GWRA-2017) is given as Fig 1.1. 
 
In order to tackle the twin hazards of de-saturation of aquifer zones and consequent 
deterioration of ground water quality, there is an urgent need to augment the ground water 
resources through suitable management interventions. Artificial recharge has now been 
accepted world-wide as a cost-effective method to augment ground water resources in areas 
where continued overexploitation without due regard to their recharging options has resulted 
in various undesirable environmental consequences. 
 
Any executable plan requires the planning to be made in macro level at the first instance and 
thereafter taken to micro level at the time of execution.   Master Plan for artificial Recharge to 
Groundwater in India was prepared by CGWB in the year 2013, which was the revision of the 
conceptual plan made in 2002.  In view of the fact active participation of central and State 
agencies in water conservation efforts, a need was felt to revise the master plan prepared in 
2013.  
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Fig 1.1 Categorization Map of India (GWRA-2017) 
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1.2 Salient Features of Master Plan (2013) 

The preparation of master plan for artificial recharge to ground water in different states, 
prepared by Central Ground Water Board in 2013, aims at providing terrain specific artificial 
recharge techniques to augment the ground water reservoir based on the twin important 
requirements of source water availability and capability of ground water reservoir to 
accommodate it. The specific problems in different areas in the states like excessive ground 
water development resulting in ground water decline, water scarcity due to inadequate 
recharge in arid areas, low ground water retention in hilly areas despite substantial rainfall, 
urban areas with limited ground water recharge avenues and related problems of urban 
pollution, etc., have been considered while preparing the master plan. To fully utilize the 
available surplus monsoon runoff in rural areas, emphasis has been given for adoption of 
artificial recharge techniques based on surface spreading like percolation tanks, nala bunds, 
etc., and sub-surface techniques of recharge shaft, well recharge, etc. In urban areas, hilly 
areas and coastal regions priority has to be given to rain water conservation measures through 
roof top harvesting techniques etc. 
The Master Plan while bringing out the areas suitable for artificial recharge to ground water 
reservoir, prioritizes the areas wherein schemes need to be implemented as a first priority to 
ameliorate the water scarcity problems. The proposals and schemes recommended are not 
the ultimate ones but are the first stage of implementation. These need to be further extended 
in other areas depending on the availability of infrastructure, finances and future problems. 

The master plan envisaged the number of artificial recharge and water conservation 
structures in the country as 110lakh at an estimated cost of Rs.79178 crores. 
1.3 Efforts of Water Conservation by the Government 

 (http://mowr.gov.in/sites/default/files/Steps_to_control_water_depletion_Jun2019.pdf) 

¶ Honôble Prime Minister has written a letter to all sarpanchs on 08.06.2019 regarding 
the importance of water conservation and harvesting and exhorted them to adopt all 
appropriate measures to make water conservation a mass movement.  

¶ Creation of a new Ministry of Jal Shakti for dealing with all matters relating to water at 
one place in an integrated manner.  

¶ The National Water Policy (2012) has been formulated by Department of Water 
Resources, RD & GR, inter-alia, advocates rain water harvesting and conservation of 
water and highlights the need for augmenting the availability of water through direct 
use of rainfall. It also, inter-alia, advocates conservation of river, river bodies and 
infrastructure should be undertaken in a scientifically planned manner through 
community participation. Further, encroachment and diversion of water bodies and 
drainage channels must not be allowed and wherever, it has taken place, it should be 
restored to the extent feasible and maintained properly.  

¶ In compliance to the decision taken by the Committee of Secretaries, an óInter-
Ministerial Committeeô under the Chairmanship of Secretary(WR, RD & GR) has been 
constituted to take forward the subject of óPush on Water Conservation Related 
Activities for Optimum Utilization of Monsoon Rainfallô.  

¶ DoWR, RD &GR has circulated a Model Bill to all the States/UTs to enable them to 
enact suitable ground water legislation for its regulation and development, which 
includes provision of rain water harvesting. So far, 15 States/UTs have adopted and 
implemented the ground water legislation on the lines of Model bill.  

¶ Central Ground Water Authority (CGWA) has issued directions under Section 5 of ñThe 
Environment Protection Act, 1986ò for mandatory Rain Water Harvesting / Roof Top 
Rain Water Harvesting for all target areas in the Country including UTs. While granting 
óNo Objection Certificate (NOC)ô for drawing ground water, CGWA insists for 
mandatory rain water harvesting as per the guidelines issued.  

¶ Central Ground Water Board (CGWB) under DoWR, RD & GR has also prepared a 
conceptual document entitled ñMaster Plan for Artificial Recharge to Ground Water in 

http://mowr.gov.in/sites/default/files/Steps_to_control_water_depletion_Jun2019.pdf
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Indiaò during the year 2013, which envisages construction of 1.11 crore rain water 
harvesting and artificial recharge structures in the Country at an estimated cost of Rs. 
79,178 crores to harness 85 BCM (Billion Cubic Metre) of water, in an area of 9,41,541 
sq.km by harnessing surplus monsoon runoff to augment ground water resources.  

¶  Besides, CGWB has taken up Aquifer Mapping and Management programme during 
XII Plan, under the scheme of Ground Water Management and Regulation. The Aquifer 
Mapping is aimed to delineate aquifer disposition and their characterization for 
preparation of aquifer/area specific ground water management plans with community 
participation. The management plans are shared with the respective State 
Governments for taking appropriate measures.  

¶ Department of Water Resource, RD&GR has instituted National Water Awards to 
incentivise good practices in water conservation and ground water recharge.  

¶ Mass awareness programmes (Trainings, Seminars, Workshops, Exhibitions, Trade 
Fares and Painting Competitions etc.) are conducted from time to time each year under 
the Information, Education & Communication (IEC) Scheme of DoWR, RD & GR in 
various parts of the Country to promote rain water harvesting and artificial recharge to 
ground water.  

¶ The Ministry of Rural Development in consultation and agreement with the Department 
of Water Resources, RD & GR and the Ministry of Agriculture & Farmersô Welfare has 
developed an actionable framework for Natural Resources Management (NRM), titled 
ñMission Water Conservationò to ensure gainful utilization of funds. The Framework 
strives to ensure synergies in Mahatma Gandhi National Rural Employment Guarantee 
Scheme (MGNREGS), Pradhan Mantri Krishi Sinchayee Yojana (PMKSY), erstwhile 
Integrated Watershed Management Programme (IWMP) now PMKSY-Watershed 
Development Component and Command Area Development & Water Management 
(CAD&WM), given their common objectives. Types of common works undertaken 
under these programmes/schemes are water conservation and management, water 
harvesting, soil and moisture conservation, groundwater recharge, flood protection, 
land development, Command Area Development & Watershed Management  

¶ Department of Land Resources is currently implementing 8214 watershed 
development projects in 28 States covering an area of about 39.07 million ha. under 
the Watershed Development Component (WDC) of the Pradhan Mantri Krishi 
Sinchayee Yojana (PMKSY) principally for development of rainfed portions of net 
cultivated area and culturable wastelands. The major activities taken up under the 
WDC-PMKSY, inter-alia, include ridge area treatment, drainage line afforestation, soil 
and moisture conservation, rain water harvesting, horticulture, and pasture 
development etc.  

¶ Ministry of Housing & Urban Affairs has released Model Building Bye-laws, 2016 which 
recommends Rainwater Harvesting for all types of Building with plot size 100 sq.m or 
more. Barring the States/UT of Sikkim, Mizoram and Lakshadweep, all the States have 
incorporated the provisions in their respective building bye laws. The plans submitted 
to the local bodies shall indicate the system of storm water drainage along with points 
of collection of rain water in surface reservoirs or in recharge wells. Further, all building 
having a minimum discharge of 10,000 litre and above per day shall incorporate waste 
water recycling system. The recycled water should be used for horticultural purposes.  

¶ Government of India has approved Atal Bhujal Yojana (Atal Jal), a Rs. 6000 Crore 
Central Sector Scheme, for sustainable management of ground water resources with 
community participation in water stressed blocks of Gujarat, Haryana, Karnataka, 
Madhya Pradesh, Maharashtra, Rajasthan and Uttar Pradesh. 

 

1.4 Past Initiatives of CGWB 

Experiments on artificial recharge to aquifers started in India from1970 onwards by Central 
and State Government Departments and individually by some NGOs in different parts of the 
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country where early signs of overexploitation of ground water were noticed.  The Central 
Ground Water Board under took artificial recharge experiments through injection well around 
Kamliwala in Central Mehsana, Gujarat where sufficient water was available from Saraswati 
River during monsoon period.  A detailed injection recharge experiment was carried out at the 
Kamliwala site by injecting water from the source well in Saraswati River bed to the injection 
well by 5cm dia. siphon of galvanized pipe, at a rate of 225 m3/day for 250 days.  There was 
a building of 5 meters piezometric head in the injection well and 0.6 to 1.0m in wells in areas 
of 150 m away. These experiments indicated feasibility of ground water recharge through 
injection wells in the area. Subsequently several such studies were taken up in different states 
of the country.  The details of demonstrative artificial recharge studies taken up by CGWB 
during different five year plans are furnished in Table 1.1. 

 
Table 1.1 Artificial Recharge Studies taken by CGWB during different Five Year Plans 

 
      Plan Status Cost 

(crores) 

VIII 
(1992-97) 

Maharashtra, Karnataka, Andhra Pradesh, Delhi, Kerala, Madhya Pradesh, 
Tamil Nadu,  West Bengal & Chandigarh (Total States/UT ï 9) 

3.23 

IX 
(1997-2002) 
 

Andhra Pradesh, Arunachal Pradesh, Assam, Andaman & Nicobar, Bihar, 
Chandigarh, Gujarat, Haryana, Himachal Pradesh, Jammu & Kashmir, 
Jharkand, Karnataka, Kerala, Lakshdweep, Madhya Pradesh, Maharashtra, 
Meghalaya, Mizoram, Nagaland, Delhi, Odisha, Punjab, Rajasthan, Tamil 
Nadu, Uttar Pradesh, Uttrakhand and West Bengal (Total States/UT ï 27) 

33.10 

X 
(2002-2007) 

Andhra Pradesh, Karnataka, Madhya Pradesh & Tamil Nadu 
(Total States ï 4) 

5.60 

XI 
(2007-2012) 
 

Andhra Pradesh, Arunachal Pradesh, Bihar, Chhattisgarh, Chandigarh, Delhi, 
Gujarat, Himachal Pradesh, Jammu & Kashmir, Jharkhand, Kerala, Karnataka, 
Maharashtra, Madhya Pradesh, Nagaland, Odisha, Punjab, Rajasthan, Tamil 
Nadu, Uttar Pradesh and West Bengal (Total States/UT ï 21) 

99.87 

 
Over exploited, critical, coastal and urban aquifers as well as ground water quality issues were 
given focus in the above schemes and some suggestions were also received for revision of 
the Master Plan. A separate scheme on Dug well recharge was prepared for Tamil Nadu, 
Gujarat, Madhya Pradesh, Karnataka, Maharashtra, Rajasthan and Andhra Pradesh states at 
the estimated cost of Rs 1871 crores covering 4.455 Million irrigation dug wells covering 1155 
blocks in seven participating states. The Scheme was implemented through NABARD, CGWB 
and identified nodal agencies in the state. Under this scheme, farmers were given fund directly 
for the construction of recharge pits near the dug well at a average cost of Rs 4000/- which 
varies from Rs.3600/- (Maharashtra) to Rs.5700/- (Andhra Pradesh).   
In the course of water conservation work, CGWB also brought out following documentations 
in an attempt to disseminate the experiences gained during various ground water 
6+augmentation projects implemented by the Board in the country and also hosted in CGWB 
website. (http://cgwb.gov.in/Manuals-Guidelines.html) 

¶ Manual on Artificial Recharge of Ground Water 
¶ Artificial Recharge Guide 

¶ Rain Water Harvesting Guide 

¶ Booklet on "Simple Ways to Save Water" 

¶ Elixir of Life Water (In Urdu language) 

¶ Standard Designs for Adoption Of Roof Top Rainwater Harvesting In Delhi 

¶ Rainwater Harvesting techniques to Augment Ground Water 
¶ Interim Report on Project wise Impact Assessment of Completed Demonstative 

Artificial Recharge Projects of XI Plan (http://cgwb.gov.in/Ar-reports.html) 
 

http://cgwb.gov.in/Manuals-Guidelines.html
http://cgwb.gov.in/documents/Manual%20on%20Artificial%20Recharge%20of%20Ground%20Water.pdf
http://cgwb.gov.in/documents/ArtificialRecharge-Guide.pdf
http://cgwb.gov.in/documents/RWH_GUIDE.pdf
http://cgwb.gov.in/Documents/Water%20Book%20.pdf
http://cgwb.gov.in/documents/CGWBnwhr%20URDU%20BOOK.pdf
http://cgwb.gov.in/documents/Standard%20Dessign%20of%20AR%20for%20Delhi.pdf
http://cgwb.gov.in/documents/RAIN%20WATER%20HARVESTING%20TECHNIQUE%20TO%20AUGMENT%20GROUND%20WATER.pdf
http://cgwb.gov.in/AR/Document/Interim_Report-1_20.10..2016.pdf
http://cgwb.gov.in/AR/Document/Interim_Report-1_20.10..2016.pdf
http://cgwb.gov.in/Ar-reports.html
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The manual on Artificial recharge, provides detailed guidelines on investigative techniques for 
selection of sites, planning and design of artificial recharge structures, monitoring and 
economic evaluation of artificial recharge schemes. It also included elaborate case studies 
and field examples of artificial recharge schemes from different parts of the world. The manual 
has been used extensively for planning and implementation of schemes for augmentation of 
ground water resources by various agencies. 

 
Apart from these, Central Ground Water Board has also published technical brochures on 
various aspects of artificial recharge through its Regional Directorates, in its local vernacular 
languages, which served as guidelines to various governmental and non-governmental 
agencies and the general public. Some of the State Departments have also brought out 
manuals and guidelines on artificial recharge to ground water, which dealt with specific areas 
in most cases.  There were also many projects implemented at state and national level with 
peopleôs participatory approach in executing recharge projects. 
 

1.5 Revision of Master Plan 

A need was felt to revise the master plan, considering the implementation of various schemes 
for water conservation and augmentation across the country by both Central & State agencies. 
Accordingly, an inter departmental committee was constituted by the Ministry (Annexure 1) to 
revise the master plan as given below. 

1. Shri Sunil Kumar, Member, CGWB Chairman 

2. Dr S.Suresh, Superintending Hydrogeologist Member Secretary 

3. Director Level officer of CWC Member 

4. Shri M.K.Garg, Scientist-D Member 

5. Representative of NIH Member 

6. Representative from MoH&UA Member 

7. Representative from MoRD Member 

8. Representative of WR Department /concerned  
Department of Concerned State 

Member 

9. Concerned Regional Director of CGWB Member 

. 
The terms of reference of the committee were as given below. 

¶ To prepare a detailed report for creation of possible artificial recharge structures and 
its expected benefits based on similar works carried out by CGWB 

¶ Finalization of tentative list of artificial recharge structures with types of structures 
(through MGNERGS funds otherwise) on Pan-India basis 

¶ To work out the tentative cost of structures keeping the current market price in view. 

¶ To finalize consolidated cost of structures on Pan-India basis with tentative outlays. 

 

A meeting of the committee was held on 28.05.2020 and the minutes of the meeting is given 
as Annexure 2. The following decisions were taken after lots of deliberations. 
 

1. The committee approves the report for submission to DoWR, RD & GR, after 
incorporating the corrections suggested by respective States. 

2. Each State may nominate a Nodal Agency, for maintaining the data base and 
documentation of water conservation efforts being undertaken by the respective 
States and Nodal Agency will remain a focal point for contact in respect of water 
conservation in the States. 
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CHAPTER 2.0 

2.0 NATIONAL SCENARIO OF GROUNDWATER 

2.1 Hydrogeological Set Up 

India is a vast country with varied hydrogeological situations resulting from diversified 
geological, climatological and topographic set up.  The rock formations, ranging in age from 
Archaean to Recent, control occurrence and movement of ground water. Physiography varies 
widely from rugged mountainous terrains of Himalayas, Eastern Ghats, Western Ghats and 
Deccan Plateau to the flat alluvial plains of the river valleys and coastal tracts, and the Aeolian 
deserts in western part.  Similarly rainfall pattern also shows region wise variations. 
Various rock types occurring in the country have been categorized as follows to describe the 
ground water characteristics.  

1. Porous rock formation 
(a) Unconsolidated formations. 
(b) Semi-consolidated formations 

2. Hard rock/ consolidated formations 
The proper understanding of the characteristics of rock types help in site selection and 
designing artificial recharge structures. The area recording high yield is obviously having more 
storage potential and hence there is scope for more recharge to ground water.  
2.1.1 Porous Rock Formations 

2.1.1.1Unconsolidated Formations 

The sediments comprising newer alluvium, older alluvium and coastal alluvium are by and 
large the important repositories of ground water.  These are essentially composed of clay, 
sand, gravel and boulders, ferruginous nodules, kankar (calcareous concretions), etc.  The 
beds of sand and gravel and their admixtures form potential aquifers.  The aquifer materials 
vary in particle size, roundness and sorting. Consequently, their water yielding capabilities 
also vary considerably.  The coastal aquifers show wide variations in the water quality both 
laterally and vertically. 
The piedmont zone of the Himalayas extending from Jammu and Kashmir in the west to 
Tripura in the east, offers suitable locations for artificial recharge.  The hydrogeological 
conditions and ground water regime in Indo-Ganga-Brahmaputra basin indicate existence of 
large quantities of fresh ground water down to 600 m or more below land surface. Bestowed 
with high rainfall and good recharge conditions, the ground water gets replenished every year 
in these zones.  The alluvial aquifers to the explored depth of 600 m have transmissivity values 
from 250 to 4000 m2/day and hydraulic conductivity from 10 to 800 m/day.   
2.1.1.2 Semi-consolidated Formations 

The semi-consolidated formations mainly comprise shales, sandstones and limestones.  The 
sedimentary deposits belonging to Gondwana and Tertiary formations are included under this 
category.  The sandstones form highly potential aquifers locally, particularly in Peninsular 
India.  Elsewhere they have only moderate potential and at places they yield meagre supplies.  
These sediments normally occur at narrow valleys or structurally faulted basins.  Though these 
formations have been identified to possess moderate potential, the physiography of the terrain 
normally restricts development.  Under favorable situations, these sediments give rise to 
artesian conditions as in parts of GodavariValley, Cambay basin and parts of West Coast, 
Puducherry and Neyveli in Tamil Nadu.  Potential aquifers particularly those belonging to 
Gondwanas and Tertiaries have Transmissivity values from 100 to 2300 m2/day and the 
hydraulic conductivity from 0.5 to 70 m/day.  Generally, the well yields in productive areas 
range from 10 to 50 lps.  Lathi and Nagaur sandstone in Rajasthan and Tipam sandstone in 
Tripura state also form productive aquifers. 
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2.1.2 Hard Rock Formation 

2.1.2.1Consolidated Formations 

The consolidated formations occupy almost two thirds of the country.  From the 
hydrogeological point of view, the consolidated rocks are broadly classified into the following 
three types: 

a) Igneous and metamorphic rocks excluding volcanic and carbonate rocks 

b) Volcanic rocks 

c) Carbonate rocks 

These formations control the ground water availability and scope for augmentation and 
artificial recharge. The nature, occurrence and movement of ground water in these formations 
are described as follows: 
2.1.2.2Igneous and Metamorphic Rocks 

The most common rock types are granites, gneisses, charnockites, khondalites, quartzites, 
schist and associated phyllite, slate, etc.  These rocks do not possess primary porosity but are 
rendered porous and permeable due to secondary porosity created by fracturing and 
weathering. 
Ground water yield and capability to accept recharge also depend on rock types.  Granite and 
gneiss are better repositories than Charnockites.  The ground water studies carried out in the 
crystalline hard rocks reveal the existence of lineaments along deeply weathered and fractured 
zones, locally forming potential aquifers.  These lineament zones are found to be highly 
productive for construction of bore wells. These in turn offer good scope for recharge through 
suitable techniques. 
In areas underlain by hard crystalline and meta-sedimentaries viz; granite, gneiss, schist, 
phyllite, quartzite, charnockites, etc., occurrence of ground water in the fracture system has 
been identified even up to 300 m and beyond locally.  In most of the granite/ gneiss area, the 
weathered residuum serves as an effective ground water repository.  It has been observed 
that the fracture systems are generally hydraulically connected with the overlying weathered 
saturated residuum.  The yield potential of the crystalline and meta-sedimentary aquifers show 
wide variations.  Bore wells tapping the fracture systems generally yield from less than 1.0 lps 
to 10 lps.  The Transmissivity values vary from 10 to 500 m2/day and the hydraulic conductivity 
values vary from 0.1 to 10 m/day. 
2.1.2.3 Volcanic Rocks  

The basaltic lava flows are mostly horizontal to gently dipping.  Ground water occurrence in 
these hard rocks is controlled by the contrasting water bearing properties of different lava 
flows.  The topography, nature and extent of weathering, jointing and fracture pattern, 
thickness and depth of occurrence of vesicular basalts are the important factors which play a 
major role in the occurrence and movement of ground water in these rocks.  Basalts or Deccan 
Traps usually have medium to low permeability depending on the presence of primary and 
secondary porosity.  Pumping tests have shown that under favourable conditions, bore wells 
yield about 3 to 6 lps at moderate drawdown.  Transmissivity and the hydraulic conductivity 
values of these aquifers are generally in the range of 25 to 100 m2/day and 0.05 to 15 m/day 
respectively. 
2.1.2.4Carbonate Rocks 

Carbonate rocks include limestone, marble and dolomite.  Among the carbonate rocks, 
limestones occur extensively.  In carbonate rocks, solution cavities lead to widely contrasting 
permeability within short distances.  Potential limestone aquifers are found to occur in 
Rajasthan and Peninsular India in which the yields range from 5 to 25 lps.  Large springs exist 
in the Himalayan Region in the limestone formations. The distribution and potential of the 
major hydrogeological units are presented in Table-2.1 and Fig. 2.1. 
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Table 2.1: Distribution of Hydrogeological Units in India and their Ground Water Potential 

 
Geologic Age Rock Formations Hydrogeological Characters  

UN-CONSOLIDATED FORMATIONS  

Pieistocene to 
Recent 
 
 

a)Fluvio-glacial 
deposits 
b)Glacio lacustrine 
deposits 

a)  Mixed Boulders, 
Cobbles, Sands and Silts 
b)  Conglomerates, Sands 
Gravels, Carbonaceous 
shales and blue Clays.  

The morainic deposits occupy valleys and gorges in 
interior Himalayas. Karewas (Kashmir Valley) are 
lacustrine deposits displaying cyclic layers of clayey, 
silty and coarser deposits with intervening boulder 
beds. Locally significant hydrogeological potential.  

c)Pediment, 
Himalayan and 
foot hill regions 

c) Boulders, Cobbles, 
Pebble beds, Gravels, 
Sands, Silt and Clays  

The Bhabar piedmont belt contains many productive 
boulder-cobble-gravel-sand aquifers. The water table is 
deep. Forms recharge zone for deeper aquifers of 
alluvial plains in south. Tarai belt is down-slope 
continuation of Bhabhar aquifers display flowing 
artesian conditions. Shallow water table yields upto 28 
lps.  

d) Alluvial Plains 
(Older & Newer 
Alluvium) 

d) Clays &Silts, Gravels 
and Sands of different mix. 
Lenses of Peat & Organic 
matter. Carbonate and 
Siliceous Concretions 
(Kankar) 

Occur widespread in the Indo-Ganga-Brahmaputra 
alluvial plains.  Form the most potential ground water 
reservoirs with a thick sequence of sandy aquifers down 
to great depths.  The unconfined sand aquifers 
sometimes extend down to moderate depth (125 m).  
Deeper aquifers are leaky-confined/confined.  The older 
alluvium is relatively compact.  The unconfined aquifers 
generally show high storativity (5 to 25% and high).  
Transmissivity (500 to 3,000 sq.m/day).  The deeper 
confined aquifers generally occurring below 200 to 300 
m depth have low Storativity (0.005 to 0.0005) and 
Transmissivity (300 to 1000/sq.m/day). Highly 
productive aquifers yield up to 67 lps and above. The 
potentials of peninsular river, alluvium are rather 
moderate with yield up to 14 lps. But the alluvial valley 
fill deposits of Narmada, Tapi, Purna basins, 100m 
thick, sustain yield up to 28 lps. The quality of ground 
water at deeper levels is inferior. Storativity (4x10-6 to 
1.6x 10-2) and Transmissivity 100 to 1,000 sq.m./day.  
The alluvial sequences in deltas of major rivers on the 
eastern coast and in Gujarat estuarine tracts have their 
hydrogeological potential limited by salinity.  

e) Aeolian 
deposits 

e) Fine to very fine sand 
and slit 

The Aeolian deposits occurring in West Rajasthan, 
Gujarat, Haryana, Delhi, Punjab have moderate to high 
yield potentials; are well sorted and permeable; lie in 
arid region; natural recharge is poor and water table is 
deep. 

SEMI-CONSOLIDATED FORMATIONS  

Tertiary  Nummulitic Shales and  
Limestones 
Carbonaceous Shales 
Sandstones Shales 
Conglomerates 
Ferruginous Sandstones 
Calcareous Sandstones 
Pebble Beds and Boulder- 
Conglomerate 
Sands 
Clay 

The Hydrogeological potential of these formations is 
relevant only in the valley areas. Lower Siwaliks and 
their equivalents in Himachal Pradesh, Jammu & 
Kashmir, Assam, Punjab, Haryana, Uttar Pradesh, 
Sikkim generally do not form potential aquifers.  The 
Upper Siwaliks have moderate ground water potential 
in suitable topographic locations.  Tertiary sandstones 
of Rajasthan, Gujarat, Kutch, Kerala, Odisha, Tamil 
Nadu, Andhra Pradesh, West Bengal and North 
Eastern States have moderate to good yield potential 
up to 28 lps.  Possess moderate primary porosity and 
hydraulic conductivity.  

Upper  
Carboniferous 
to Jurassic 

Gondwana 
 
 
 
 
Jurassic of  
Kutch and  
Rajasthan  

Boulder-Pebble Beds 
Sandstones 
Shales 
Coal Seams 
 
Sandstones  
Calcareous sandstone 
Shales 

Occur in Bihar, Maharashtra, Andhra Pradesh, Odisha, 
Madhya Pradesh, Gujarat, Rajasthan and Tamil Nadu. 
These formations do not have wide regional 
distribution, possess moderate primary porosity and 
hydraulic conductivity. Karstified limestones are good 
water yielders. Friable sandstones in Barkaras and 
Kamthis (Lower Gondwana) and their equivalent 
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Geologic Age Rock Formations Hydrogeological Characters  

Baghbeds 
Lametas and 
Equivalents 

Quartzites 
Limestones 

formations possess moderately good potential yield up 
to 14 lps.  

CONSOLIDATED FORMATIONS 

Jurassic/ 
Upper 
Cretaceous to 
Eocene 

Rajmahal Traps, 
Deccan Traps 

Basalts, Dolerties Diorites 
and other acidic 
derivatives of Basaltic 
magma 

Occur in West Bengal, Bihar, Madhya Pradesh, 
Gujarat, Maharashtra, Andhra Pradesh, Karnataka. 
Hydrogeological characteristics almost same as above. 
Fractured and Vesicular basaltic layers and inter-
trappeansedimentaries are productive.  Yield up to 5 
lps, Storativity: 1 to 4%. Hydraulic conductivity 5 to 15 
m/day. Unconfined shallow aquifers and leaky 
confined/confined deeper aquifers.  

Pre-Cambrian Cuddapahs 
Delhi & 
Equivalent  
Systems 

Consolidated Sandstones 
Shales, Conglomerates, 
Limestones, Dolomites 
Quartzites, Marbles  
Intrusive Granites 
&MalaniVolcanics.  

Occur in all States.  These formations are devoid of 
primary porosity. Weathering & denudation, structural 
weak planes and fractures impart porosity and 
permeability in the rock mass. Solution cavities 
(caverns) in carbonate rocks at places, give rise to large 
ground water storage/ Circulation. The ground water 
circulation is generally limited within 200m depth. 
Storativity value of unconfined aquifer is generally low 
(0.2% to 3%). Hydraulic conductivity areas widely 
depending on fracture incidence (2 to 10m/day). Leaky 
confined/confined aquifers may be present in layered 
formations. Granites and granite-gneisses are the most 
productive aquifers. Yield range 2 to 10 lps and more.  

 
2.2 Groundwater Quality 

The ground water in most of the areas in the country is fresh.  Brackish ground water occurs 
in the arid zones of Rajasthan, close to coastal tracts in Saurashtra and Kutch, and in some 
zones in the east coast and certain parts of Punjab, Haryana, Western Uttar Pradesh, etc., 
which are under extensive surface water irrigation.  The fluoride levels in the ground water are 
considerably higher than the permissible limit in vast areas of Andhra Pradesh, Haryana and 
Rajasthan and in some parts of Punjab, Uttar Pradesh, M.P., Karnataka and Tamil Nadu.  In 
the north-eastern regions, ground water with iron content above the desirable limit occurs 
widely.  Pollution due to human and animal wastes and fertilizer application has resulted in 
high levels of nitrate and potassium in ground water in some parts of the country.  Ground 
water contamination in pockets of industrial zones is observed in localized areas.  The over-
exploitation of the coastal aquifers in the Saurashtra and Kutch regions of Gujarat has resulted 
in salinisation of coastal aquifers due to sea water ingress. The excessive ground water 
withdrawal near the city of Chennai has led to seawater intrusion into coastal aquifers. The 
artificial recharge techniques can be utilized in improving the quality of ground water through 
dilution and to maintain the delicate fresh water-salt water interface in coastal zone.  
2.3 Groundwater Resource Potential 

The rock formations and their properties have a significant influence in ground water recharge. 
Porous formations like alluvial formations in the Indo-Ganga-Brahmaputra basin having high 
specificyieldvaluesarethemostimportantrepositoryofgroundwaterresources.Groundwater 
occurrencesinthefissuredformations,ontheother hand, arelimitedtoweathered,jointedand 
fractured portions of the rocks, which occupy almost two-third part of the country including 
peninsularIndia.Annual Groundwater recharge is significantly high in the Indus-Ganga-
Brahmaputra alluvial belt in the North, East and North East India covering the states of Punjab, 
Haryana, Uttar Pradesh, Bihar, West Bengal and valley areas of North Eastern States, where 
rainfall is plenty and thick piles of unconsolidated alluvial formations are conducive for 
recharge. The prolific aquifers are also potential for accepting greater recharge, provided 
sufficient space is available. The Hydrogeology map with the spatial variation of yield potential 
is given as Fig 2.1. The annual precipitation including snowfall in India is of the order of 3880 
BCM and the total water availability is computed as 1999 BCM. The utilizable surface water 
and replenishable ground water resources are of the order of 690 BCM and 432 BCM 
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respectively. Thus, the total water resources available for various uses, on an annual basis, 
are of the order of 1122 BCM. Although the per capita availability of water in India is about 
1341 cubic meters/year as in 2025 against the benchmark value of 1000 Cu m/year signifying 
ówater-scarceô condition (Fig.2.2), there is wide disparity in basin-wise water availability due to 
uneven rainfall and varying population density in the country.  

 
The availability is as high as 14057 cu m/year per capita in Brahmaputra/ BarakBasin and as 
low as 307 cu m/year/person in Sabarmati basin. Many other basins like Mahi, Tapi and 
Pennar are already water stressed. 
 

 
Fig. 2.2 Per Capita Water availability in India 

 
2.4  Groundwater Development Scenario 

During the past four decades, there has been a phenomenal increase in the growth of ground 

water abstraction structures due to implementation of technically viable schemes for 

development of the resource, backed by liberal funding from institutional finance agencies, 

improvement in availability of electric power and diesel, good quality seeds, fertilizers, 

government subsidies, etc.  During the period 1951-2014, the number of dug wells increased 

from 3.86 million to 8.78 million that of shallow tube wells from 3000 to 5.94 million and deep 

tube wells from negligible to 5.8 million.  There has been a steady increase in the area irrigated 

from ground water from 6.5 Mha in 1951 to 63.38Mha in 2014.  The groundwater extraction 

for all uses as per GWRA-2017 is 248.69 B.Cu.m. 

Such a magnitude of ground water development with sub optimal planning has resulted in 

creating deleterious effects in terms of ground water depletion and quality deterioration. These 

multiple challenges emerging in different parts of country need a suitable ground water 

management approach. Augmentation and artificial recharge to ground water reservoir offers a 

positive approach to curb the problems of ground water depletion and affected quality.  The 

revision of Master Plan for Artificial Recharge is an effort in this direction. 
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Fig. 2.1 Hydrogeology of India 
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CHAPTER 3.0 

3.0 CONCEPT OF ARTIFICIAL RECHARGE TO GROUNDWATER 

The artificial recharge to ground water aims at augmentation of ground water reservoir by 
modifying the natural movement of surface water utilizing suitable civil construction 
techniques.  Artificial recharge techniques normally address to the following issues:  

¶ To enhance the sustainability in areas where over-development has depleted the 
aquifer. 

¶ Conservation and storage of excess surface water for future requirements, since these 
requirements often change within a season or a period 

¶ To improve the quality of existing ground water through dilution. 
 

3.1 Groundwater Reservoirs 

The rivers and rivulets of the Indian sub continent are mainly monsoon fed with 80 to 90 
percent runoff generated during the monsoon.  The principle source for ground water recharge 
is also monsoon precipitation.  The country receives more than 75% monsoon rainfall from 
June to September except in the eastern coast.  Annually the rainy days vary from 12 to 100, 
and actual rainfall time varies from a few hours to over 300 hours.  Incidences of up to 60 
percent annual rainfall within a few days duration in a year are common in many parts of the 
country, causing excessive runoff, taking a heavy toll of life, agriculture and property.  
Harnessing of excess monsoon runoff in ground water storage/reservoir will not only increase 
the availability of water to meet the growing water demands, but also help in controlling 
damages from floods. 
The sub surface reservoirs are technically feasible alternatives for storing surplus monsoon 
runoff and store substantial quantity of water.  The sub surface geological formations may be 
considered as ñwarehouseò for storing water that come from sources located on the land 
surface.  Besides suitable lithological condition, other considerations for creating sub surface 
storages are favorable geological structures and physiographic units, whose dimensions and 
shape will allow retention of substantial volume of water in porous and permeable formations. 
The sub surface reservoirs located in suitable hydrogeological situations will be environment 
friendly and economically viable for artificial recharge.  The sub surface storages have 
advantages of being free from the adverse effects like inundation of large surface area, loss 
of cultivable land, displacement of local population, substantial evaporation losses and 
sensitivity to earthquakes.  No gigantic structures are needed to store sub-surface water.  The 
underground storage of water also has beneficial influence on the existing ground water 
regime and abstraction structures. The deeper water levels in many parts of the country either 
of natural occurrence or due to excessive ground water development, may be substantially 
raised, resulting in reduction on lifting costs and energy saving.  The quality of natural ground 
water would substantially improve in brackish and saline areas.  The conduit function of 
aquifers can further help in natural sub surface transfer of water to various needy centres, 
thereby reducing the cost intensive surface water conveyance system.  The effluence resulting 
from such sub surface storage of various surface intersection points in the form of spring line, 
or stream emergence, would enhance the river flows and improve the degraded eco-system 
of riverine tracts, particularly in the outfall areas. The structures required for arresting surface 
runoff and recharging to ground water reservoirs are of small dimensions and cost effective 
such as check dams, percolation tanks, surface spreading basins, pits, sub-surface dykes, 
etc. and these can be constructed with local knowhow. 
 

3.2 Basic Requirements 

The basic requirements for recharging the ground water reservoir are: 

¶ Need for the artificial recharge, indicated by deeper water levels and declining water 
level trends 
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¶ Scope for artificial recharge, indicated by the availability of non-committed surplus 
monsoon run off in space and time and the ability of system to accept the recharge 

¶ Benefit cost ratio 
Based on the above criteria, suitable sites would be selected for taking up artificial recharge. 
3.2.1  Source water Availability 

The availability of source water, one of the prime requisites for ground water recharge, is 
basically assessed in terms of non-committed surplus monsoon run off, which as per present 
water resource development scenario is going unutilized.  This component can be assessed 
by analyzing the monsoon rainfall pattern, its frequency, number of rainy days, and maximum 
rainfall in a day and its variation in space and time.  The committed water supply required for 
the existing water bodies and downstream rights would define the uncommitted surplus, 
considering the variations in rainfall pattern in space and time. 
3.2.2  Hydrogeological Aspects 

Detailed knowledge of geological and hydrological features of the area is necessary for 
selecting the site and the type of recharge structure.  In particular, the features, parameters 
and data to be considered are geological boundaries, hydraulic boundaries, inflow and outflow 
of waters, storage capacity, porosity, hydraulic conductivity, transmissivity, natural discharge 
of springs, water resources available for recharge, natural recharge, water balance, lithology, 
depth of the aquifer, and tectonic boundaries.   
The evaluation of the storage potential of sub-surface reservoir is invariably based on the 
knowledge of dimensional data of reservoir rock, which includes their thickness and lateral 
extent.  The availability of sub-surface storage space and its replenishment capacity further 
govern the extent of recharge.  The hydrogeological situation in each area needs to be 
appraised with a view to assess the recharge capabilities of the underlying hydrogeological 
formations.  The unsaturated thickness of rock formations, occurring beyond three meters 
below ground level should be considered to assess the requirement of water to build up the 
sub-surface storage by saturating the entire thickness of the vadose zone to 3 meter below 
ground level. The upper 3 m of the unsaturated zone is not considered for recharging, since it 
may cause adverse environmental impact in terms of water logging, soil salinity, etc.  The 
historical water level behaviour gives an idea of the maximum saturation existed in a given 
area and the present endeavour should also aim for restoration of the maximum saturation for 
a given hydrogeological set up. There are few states like Rajasthan where the water level is 
very deep in the historical past also. Similarly, the states with undulating terrain will have steep 
hydraulic gradient and the saturation up to 3 m below ground level is not logical.  The post-
monsoon depth to water level represents a situation of minimum thickness of vadose zone 
available for recharge which can be considered vis-à-vis surplus monsoon run off in the area. 
In view of the above, depth below 3 m from ground level is taken for estimation of thickness 
of available unsaturated zone in post monsoon period for most of the states. However, some 
of the States also have taken different criteria based on the prevailing hydrogeological 
situations and have been discussed in the respective State section. Further, shallow level is 
considered in coastal and island aquifers, where the head above mean sea level should be 
raised to a maximum possible extent to keep the fresh water-salt water interface at safe level. 
Depth to water level map for post monsoon period of 2018 is presented inFig. 3.1.The artificial 
recharge techniques inter relate and integrate the source water to ground water reservoir.  
This results in rise in water level and increment in the total volume of the ground water 
reservoir. 
 
3.3 Traditional water harvesting Systems 

The water harvesting in India has been very old features and some of the structures can also 
function as indirect recharge structures, facilitating the movement water to groundwater 
system. The traditional methods are prevalent from Kashmir to Kanyakumari and the local 
wisdom to tap the terrain characteristics to store water has been phenomenal. Select 
traditional methods/structures along with the locales have been summarized in Table 3.1  
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Fig.3.1 Depth to Water Level Map (Post Monsoon -2018) 

 
Table - 3.1. Traditional Artificial Recharge Practices in India 

 
Sl. 
No. 

Region Structure Description Areas 

1 Trans Himalayan 
Region, Jammu 
& Kashmir  

Zings  Small tank like  structures used to collect melted  
glacier water with a network of guiding channels 

Ladakh  &Kargil area 
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Sl. 
No. 

Region Structure Description Areas 

2 Western  
Himalayan 
Region 
 
 
 
Kashmir Valley 
to Uttarakhand 
region 

Kul,  
 
Naula,  
 
Khatri  
 
Kuhl 

Water channels lined with rocks, to  collect melted 
glaciers  water  
Small ponds /wells to collect water from the 
streams by making stone wall 
10 x12 x 12 size carved structure in hard rock 
mountain.  
Surface channels diverting water from natural 
flowing streams 

Spiti Valley and Jammu  
region 
Hilly areas of Uttarakhand 
Hamirpur, Kangra and Mandi 
(HP) 
Jammu &Kashmir 
Himachal Pradesh 
Uttarakhand 

3 Eastern 
Himalayas 
Sikkim, 
Arunachal 
Pradesh & 
Darjeeling 
(WB) 

Apatani The slope of the valley is terraced in to plots 
separated by earth dams supported by bamboo 
frames. 

Lower Subansiri 
(Arunachal Pradesh) 

4 Northern Hill 
Regions 
 
Assam, 
Nagaland, 
Manipur, 
Mizoram, 
Meghalaya 
&Triputra 

Zabo 
 
 
Bamboo drip 
irrigation 
 
 
 

Pond like structures located on high ridges runoff 
water from hill top passes through terraces and 
collected in ponds  
Bamboo pipes are used to divert perennial spring 
water from hill top  to irrigation field in the lower 
reaches 

Nagaland 
 
 
Khasi &Jaintia hills 

5 Brahmaputra 
Valley 

Dungs Small irrigation channels linking paddy fields Assam 

6 Indo- Gangetic 
Plains 

Dighi 
Baolis 

Square/circular reservoir with steps   
Step wells 

 

7 Thar Deserts 
Western 
Rajasthan,  
Kutch region of 
Gujarat, Parts of 
Punjab and 
Haryana 

Kundi 
 
Kuis/ 
Beris/ 
 
Baoris/Bers 
 
Jhalaras 
 
 
Nadis 
Tobas 
Tanks 
Khadin 
Vav/Vavdi/ 
Bavoli/ 
Bavadi 
 
Virdas 
 
Paar 

Looks like an upturned cup nestling in a saucer  
10-12 m deep pits dug near tanks to collect the 
seepage water 
 
Community wells used for drinking needs 
 
Rectangular Tanks having steps used for Religious 
rites  
 
Ponds storing water during rainy season  
Natural catchment with ground depression 
Lined circular holes made in the ground 
Built across the lower hill slopes  
Traditional step wells with a  sluice constructed at 
the rim  
 
 
Shallow wells in low depressions  
 
A common water harvesting place, rain water flows 
from the catchment and percolates into the sandy 
soil 

Western Rajasthan and 
some parts of Gujarat 
Rajasthan  
 
Rajasthan  
 
 
Jodhpur city 
Jodhpur city 
Bikaner 
Jaisalmer 
Rajasthan 
and Gujarat 
 
 
Rann of Kutch, Gujarat 
Western 
Rajasthan 

8 Central high 
lands, 
Rajasthan, 
Gujarat, Madhya 
Pradesh 
 
 

Talabs/ 
Bandhis 
Saza Kuva 
Johads 
Naada 
 
 
Pat 
Rapat 
 
Chandela 
tanks 

Human made/natural lakes 
 
Open well with multiple owners 
Earthern check dams 
A small stone check dam across a stream or gully 
Structures to store the water by diverting swift 
flowing hill streams  
Percolation tank with a bund to impound rain water 
flowing through a watershed  
Constructed by stopping run off in Rivulet  
 flowing between hills by erecting massive earthen 
embankment  

Bundelkhand region 
Rajasthan 
and Madhya Pradesh 
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Sl. 
No. 

Region Structure Description Areas 

 
Bundela 
tanks 

Similar to Chandala tank constructed with steps  

9 Eastern high 
lands,  Bihar, 
Madhya 
Pradesh, Odisha 

Katas/ 
Mundas/ 
Bandhas 

Strong earthen embankment curved at either end 
built across drainage line. 
 

 

10 Maharashtra, 
Karnataka and 
parts of AP  

Cheruvu 
 
Kohlis 
Bandharas 
 
Phad 
 
Kere 
 
Ramtek 
model 

Lake like structure  
 
Water tanks  
Small check dams/diversion weirs built across river  
Community managed irrigation system 
 
Check dam like structures built across streams for 
irrigation  
Network of ground water and surface water bodies 
connected through surface and underground 
canals  

Chittoor, Kadapa districts of 
AP  
Maharashtra 
Maharashtra 
North West Maharashtra 
Karnataka 
 
Ramtek,  
Maharashtra 
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CHAPTER 4.0 

4.0 METHODOLOGY FOR PREPARATION OF MASTER PLAN 

The Master Plan for Artificial Recharge has been prepared considering the hydrogeological 
parameters and hydrological data base.  The following aspects were considered for 
preparation of the plan: 

¶ Identification and prioritization of need based areas for artificial recharge to ground 
water. Estimation of sub surface storage space based on the water table behaviour 
and quantity of water needed to saturate the unsaturated zone (up to a depth of 3 to 8 
m bgl depending on the prevailing hydraulic conditions and zone of fluctuation in the 
state, to fully utilize the unsaturated zone without allowing water logging condition) 

¶ Quantification of local surplus annual run off availability as source water for artificial 
recharge in each sub basin/watershed and possibility of transporting surplus run off 
from adjoining watersheds/sub-basins also to be considered. 

¶ Areas of poor chemical quality of ground water and scope of improvement by suitable 
recharge measures. 

¶ Working out design of suitable recharge structures, their numbers and type; storage 
capacity and efficiency considering the estimated storage space and available source 
water for recharge. 

¶ Cost estimates of artificial recharge structures required to be constructed in identified 
areas. 

 
The generalised methodology followed in the country is described below and due to data 
constraints, small tweaking of the methodology was made in some States and have been 
described in State wise discussion. 
4.1 Identification of Feasible Areas 

The areas feasible for artificial recharge have been demarcated into different categories as 
follows in most of the states: 

¶ Areas showing post monsoon water levels deeper than 3 m bgl and declining trend of 
more than 10 cm/year in plains  

¶ Post monsoon Water level above 4 to 8 m in undulating/ hilly terrain and poor rainfall 
with deep water table zones. 

¶ Areas with deeper pressure head in known principal aquifers.  

¶ Areas having less fresh water lenses in coastal/island aquifers  

 
In addition, water scares areas, over exploited areas have also been included to bring about 
an overall improvement in groundwater levels. The water table map, long term trend map were 
super imposed to demarcate the area identified for artificial recharge. In some States, category 
map and water scarcity area map were also super imposed to include more areas for artificial 
recharge.  
4.2 Estimation of Available Storage 

The thickness of available unsaturated zone (below 3 bgl) described earlier is estimated by 
considering the different ranges of water level.  The different ranges of DTW (depth to water 
level) are averaged to arrive at thickness of unsaturated zone. The total volume of unsaturated 
strata is calculated by considering the above categories and unsaturated thickness of different 
ranges.  This volume was then multiplied by average specific yield on an area specific basis 
to arrive at volume of water required to saturate the aquifer to 3 m bgl. 
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4.3 Source water Requirement 

After assessing the volume of water required for saturating the vadose zone, the actual 
requirement of source water is to be estimated.  Based on the experience gained in the 
pilot/demonstrative recharge projects implemented in different hydrogeological situations, an 
average recharge efficiency of 75% of the individual structure is considered. The volume of 
source water required for artificial recharge was calculated by multiplying a factor of 1.33 (i.e. 
reciprocal of 0.75).  In few cases different values are taken depending upon the regional 
scenario prevailing thereupon.  
4.4 Source Water Availability 

The surface water resources available in various basins and sub basins utilized for preparation 
of plan were based on information mostly provided by State Government.  In few cases 
information from other Government Agencies were considered. The data availability for source 
water availability for each sub basin includes committed run off& provision for future planning. 
The surplus water available is then worked out by subtracting the committed supply form total 
availability. The basis/sub basin wise surplus availability is apportioned to District. 
4.5 Capacity of Recharge Structures 

The capacity of recharge structures was worked out based on the findings of various artificial 
recharge studies under taken in different States and the same was used for planning the 
recharge structures.Maximum storage capacity (single filling) and gross capacity due to 
multiple fillings during rainy season were taken into consideration for designing percolation 
tanks, cement plugs, check dams and other surface storage structures. The number of rainy 
days and the possible number of fillings to the proposed recharge structure (3 to 5 fillings for 
check dams, 2 to 3 fillings for ponds etc) is also taken into consideration. 
4.6 Number of Recharge Structures 

The numbers of recharge structures required to store and recharge the ground water reservoir 
have been worked out as follows: - 

 

  Total surplus Surface Water runoff Considered 
No. of Structures = --------------------------------------------------------------------------    

Average Gross Capacity of Water Spreading  
Recharge Structures (Considering Multiple Fillings) 

 

The type and design of different types of structures like percolation tanks, check dams, 
recharge shafts etc. in a particular block/watershed would be guided by prevailing 
hydrogeological situation, existing density and number of structures, land availability etc. The 
planning of type and design of proposed structures should accordingly be decided. The 
allocation of source water for recharge through specific type of artificial recharge structures 
should be done considering these aspects. In case of deeper aquifers, injection wells are 
recommended on the basis of thickness of aquifer and status of ground water withdrawal and 
the feasibility of gravity injection at safe rate obtained from trial tests at Neyveli aquifer in Tamil 
Nadu. Few structures are based on conceptual projection, which can be fine-tuned by more 
site specific field studies during preparation of Detailed Project Reports (DPRs). 
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CHAPTER 5.0 

5.0 DESIGN OF ARTIFICIAL RECHARGE STRUCTURES 

A wide spectrum of techniques is in vogues which are being implemented to recharge the 
ground water reservoir.  The artificial recharge technique will vary in consonance with the 
variations in hydrogeological framework.  The artificial recharge structures, which are feasible 
in varied hydrogeological situation, are described as follows: 
5.1  Percolation Tanks 

Percolation tank is an artificially created surface water body, submerging in its reservoir highly 
permeable land areas, so that the surface run off is made to percolate and recharge the ground 
water storage.  The percolation tank should have adequate catchment area. The 
hydrogeological condition of site for percolation tank is of utmost importance. The rocks 
coming under submergence area should have high permeability. The degree and extent of 
weathering of rocks should be uniform and not just localized.  The purpose of percolation tank 
is to conserve the surface run off and diverts the maximum possible surface water to the 
ground water storage. Thus the water accumulated in the tank after monsoon should percolate 
at the earliest, without much evaporation losses.   
The size of a percolation tank should be governed by the percolation capacity of the strata in 
the tank bed rather than yield of the catchment.  For, in case the percolation rate is not 
adequate, the impounded water is locked up and wasted more through evaporation losses, 
thus depriving the downstream area of the valuable resource.These are the most prevalent 
structures in India as a measure to recharge the groundwater reservoir both in alluvial as well 
as hard rock formations. The efficacy and feasibility of these structures is more in hard rock 
formation where the rocks are highly fractured and weathered.  In the States of Maharashtra, 
Andhra Pradesh, Madhya Pradesh, Karnataka and Gujarat, the percolation tanks have been 
constructed in plenty in basaltic lava flows and crystalline rocks. The percolation tanks are, 
however, also feasible in mountain fronts occupied by talus scree deposits.  The percolation 
tanks can also be constructed in the Bhabar zone. Percolation tanks with wells and shafts can 
also be constructed in areas where shallow or superficial formations are highly impermeable 
or clayey. 
5.1.1 Site Characteristics and Design Guidelines 

A detailed analysis of rainfall pattern, number of rainy days, dry spells and evaporation rate 
and detailed hydrogeological studies to demarcate suitable percolation tank sites, is 
necessary. In Peninsular India with semi-arid climate, the storage capacity of percolation tank 
is designed such that the water percolates to ground water reservoir by January/February. 
The submergence area should be in uncultivable land as far as possible. Percolation tank be 
located on highly fractured and weathered rock for speedy recharge.  In case of alluvium, the 
bouldary formations are ideal for locating percolation tanks. The aquifer to be recharged 
should have sufficient thickness of permeable vadose zone to accommodate recharge. The 
benefited area should have sufficient number of wells and cultivable land to develop the 
recharged water. Detailed hydrological studies for run off assessment be done and designed 
capacity should not normally be more than 50 percent of total quantum of rain fall in catchment. 
Waste weir or spillway is suitably designed based on single day maximum rain fall to allow 
flow of surplus water after the tank is filled to its maximum capacity. Cut off trench be provided 
to minimize seepage losses both below and above nala bed. To avoid erosion of embankment 
due to ripple action stone pitching be provided upstream up to highest flood level (HFL). 
5.2  Check Dam / Cement Plug / Nala Bund 

Check Dams are constructed across small streams having gentle slope and are feasible both 
in hard rock as well as alluvial formation.  The site selected for check dam should have 
sufficient thickness of permeable bed or weathered formation to facilitate recharge of stored 
water within short span of time.  The water stored in these structures is mostly confined to 
stream course and the height is normally around 2 m.  These are designed based on stream 
width and excess water is allowed to flow over the wall.  In order to avoid scouring from excess 
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run off, water cushions are provided at down streamside.  To harness the maximum run off in 
the stream, series of such check dams can be constructed to have recharge on a regional 
scale. The peak flow should not create bank erosion and damage to structures.  
A series of small bunds or weirs are made across selected nala sections such that the flow of 
surface water in the stream channel is impeded and water is retained on pervious soil/ rock 
surface for longer period Nala-Bunds are constructed across bigger nala or second order 
streams in areas having gentler slopes.  A nala bund acts like a mini percolation tank with 
water storage confined to stream course.  
5.2.1  Site Characteristics and Design Guidelines 

For selecting a site for Check Dams/ Nala Bunds the following aspects may be observed  

¶ The total catchment of the nala should normally be between 40 to 100 Hectares though 
the local situations can be guiding factor for this. 

¶ The width of nala bed should be at least 5 meters and not exceed 15 meters and the 
depth of bed should not be less than 1 meter. 

¶ The lands downstream of Check Dam/ Bund should have land under well irrigation. 

¶ The rock strata exposed in the ponded area should be adequately permeable to cause 
ground water recharge through ponded water. 

¶ The structures should not block the flow of water during the rainfall totally and hence 
the sufficient carrying capacity of nala/stream should be ensured.  

 

5.3  Gabion Structure 

This is a kind of check dam being commonly constructed across small stream to conserve 
stream flows with practically no submergence beyond stream course.  The boulders locally 
available are stored in a steel wire. This is put up across the stream to make a small dam by 
anchoring it to the streamside.  The height of such structures is around 0.5 m and is normally 
used in the streams with width of about 10 to 15 m.  The excess water overflows this structure 
leaving some storage water to serve as source of recharge.  The silt content of stream water 
is deposited in the interstices of the boulders in due course to make it more impermeable.  
These structures are common in the states of Maharashtra, Madhya Pradesh, Andhra 
Pradesh, etc. 
5.4  Modification of Village Tanks As Recharge Structure 

The existing village tanks which are normally silted and damaged can be modified to serve as 
recharge structure in case these are suitably located to serve as percolation tanks.  In general, 
no ñCut Off Trenchò (COT) and Waste Weir is provided for village tanks.  Desilting, coupled 
with providing proper waste weir and COT on the upstream side, the village tanks can be 
converted into recharge structure.  Several such tanks are available which can be modified for 
enhancing ground water recharge. Studies, however, are needed to ascertain whether the 
village tanks are suitably located to serve as recharge structures. Some of the tanks in 
Maharashtra and Karnataka have been converted into percolation tanks. 
5.5  Dug Well Recharge 

In alluvial as well as hard rock areas, there are thousands of dug wells which have either gone 
dry or the water levels have declined considerably.  These dug wells can be used as structures 
to recharge ground water.  The storm water, tank water, canal water, etc. can be diverted into 
these structures to directly recharge the dried aquifer.  By doing so the soil moisture losses 
during the normal process of recharge, are reduced.  The recharge water is guided through a 
pipe to the bottom of well, below the water level to avoid scoring of bottom and entrapment of 
air bubbles in the aquifer.  The quality of source water including the silt content should be such 
that the quality of ground water reservoir is not deteriorated. In rural areas the rain water runoff 
can be channelized and recharged to dug wells through a filter. 
5.6  Recharge Shafts 

In areas where phreatic aquifer is overlain by poorly permeable strata, the recharge to ground 
water storage by water spreading method becomes ineffective or has very low efficiency. This 
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situation also occurs in ponds/depressions where due to siltation an impermeable layer or lens 
is formed which affects hydraulic connection of surface water and phreatic aquifers. Recharge 
shaft is an artificial recharge structure which penetrates the overlying impervious horizon and 
provides affective access of surface water for recharging the phreatic aquifer. These structures 
are ideally suited for areas with deep water levels. In areas where low permeable sandy 
horizon is within shallow depths, a trench can be excavated to 3 m depth and back filled with 
boulder and gravel. The trench can be provided with recharge shaft to effectively recharge the 
deeper aquifers. 
5.6.1  Site Characteristic And Design Guidelines 

The following are the site characteristics and design guidelines: 

¶ To be dug manually if the strata is of non-caving nature. 

¶ If the strata are caving, proper permeable lining should be provided. 

¶ The diameter of shaft should normally be more than 2 m to accommodate more water 
and to avoid eddies in the well. 

 
5.7 Injection Well 

The aquifer to be replenished is generally one which is already over exploited by tube well 
pumpage and the declining trend of water levels in the aquifer has set in.  Because of the 
confining layers of low permeability the aquifer cannot get natural replenishment from the 
surface and needs direct injection through recharge wells.  Artificial Recharge of aquifers by 
injection well is also done in coastal regions to arrest the ingress of sea water and to combat 
the problems of land subsidence in areas where confined aquifers are heavily pumped. 
In alluvial areas injection well recharging a single aquifer or multiple aquifers can be 
constructed in a fashion similar to normal gravel packed pumping well. The only difference is 
that cement sealing of the upper section of the well is done in order to prevent the injection 
pressures from forcing leakage of water through the annular space of borehole and well 
assembly.  In hard rock areas casing and well screens may not be required.  An injection pipe 
with opening against the aquifer to be recharged may be sufficient.  However, in case of 
number of permeable horizons separated by impervious rocks, a properly designed injection 
well may be constructed with slotted pipe against the aquifer to be recharged.  In practice the 
injection rates are limited by the physical characteristics of the aquifer.  In the vicinity of well, 
the velocity of ground water flow may increase to the point that the aquifer is eroded, especially 
if it is made up of unconsolidated or semi-consolidated rocks.  In confined aquifer, confining 
layers may fail if too great pressure is created under them.  If this occurs, the aquifer will 
become clogged in the vicinity of the borehole and/or may collapse. Hence, care may be taken 
to design the injection discharge, which are generally equal to the yield of the well.  
5.8 Ground Water Dams Or Sub Surface Dykes Or Underground Bandharas 

These are basically ground water conservation structures and are effective to provide 
sustainability to ground water structures by delimiting sub surface flow. A ground water dam 
is a sub surface barrier across stream which retards the natural ground water flow of the 
system and stores water below ground surface to meet the demands during the period of 
need.  The main purpose of ground water dam is to arrest the flow of ground water out of the 
sub-basin and increase the storage within the aquifer.  This helps in rising of water levels in 
upstream part of ground water dam rise, thus saturating the otherwise dry part of aquifer. 
 

5.9  Roof Top Rain Water Harvesting 

In Urban areas, the roof top rain water can be conserved and used for recharge of ground 
water.  This approach requires connecting the outlet pipes from roof top to divert the water to 
either existing wells/ tube wells/ bore well or specially designed wells.  The urban housing 
complexes or institutional buildings have large roof area and can be utilized for harvesting roof 
top rain water and recharging. 
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CHAPTER 6.0 

6.0 MONITORING MECHANISM 

The monitoring of water levels and water quality is of prime importance in any scheme of 
artificial recharge to ground water.  The monitoring data speaks for the efficacy of structures 
constructed for artificial recharge and greatly helps in taking effective measures for ground 
water management on scientific lines. As such the plan for artificial recharge should have the 
monitoring mechanism inbuilt with the scheme. 
6.1 Water Level Monitoring 

The monitoring of surface water and ground water levels during feasibility studies greatly help 
in identifying the method of artificial recharge. Network of observation wells is used to study 
the ground water flow pattern and temporal changes in potentiometric head in the aquifer. 
The observation well network during feasibility stage is generally of low density, spread over 
a large area with the primary aim of defining the boundary zonation of the aquifer to be 
recharged and to know the hydraulic characteristics of the natural ground water system.  After 
identification of the feasible ground water structures, the observation well network is redefined 
in a smaller area with greater well density.  The objective of monitoring system is to study the 
effect of artificial recharge on the natural ground water system.  Depending on the method of 
artificial recharge and the hydrogeology of the area, the observation well network has to be 
designed.   
The monitoring system of observation well network should be designed specially to monitor 
impact of individual structures which can further be extended and dovetailed to monitor the 
impact of group of such structures in the artificial recharge scheme area.  The network of 
observation wells should be  

¶ adjacent to the recharge facility  

¶ at a sufficient distance from the recharge facility to observe composite effects and  

¶ near the limit of hydrological boundaries.   
If the recharged aquifer is overlain by confining/ semi-confining layer, piezometers should be 
installed to monitor the water levels of overlying and underlying aquifers which helps in the 
study of leakages etc. Where the surface water bodies are hydraulically connected with the 
aquifers which are being recharged, it is advisable to monitor the water level profiles of both 
surface water and ground water. 
The periodic monitoring of water levels can demarcate the zone of benefit.  In this method a 
network of observation wells is established in the area likely to be benefitted to study the 
following: 

¶ In the zone benefitted, the water levels be observed as to whether the well hydrographs 
have a flat apex during the time when there is water in the recharge structure (tank, 
pit, etc.) 

¶ Wells situated outside the zone of influence normally show an angular apex for the 
period when the recharge is taking place, while those situated within the zone of 
influence have a flatter area. 

¶ The recession limbs of hydrograph wells close to a recharge structure normally have 
a gentle gradient as compared to those located far off. Crops in the zone of influence 
will be healthy compared to those outside such an area.  Furthermore, in the zone of 
influence there is a tendency by the farmers to grow crops with high water 
requirements. Well yields in the zone of influence are generally being greater than 
those outside it.  The wells in benefitted zones may have more sustainability in lean 
period than those outside. 

The above criteria can be used to define the zone of influence and thereby, a real and temporal 
demarcation of the effectiveness of recharges structures. 
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6.2  Tracer Technique for Demarcating Zone Of Benefit 

Tracers are useful in demarcating the area benefitted by artificial recharge, Tritium; 
Rodhomine B, fluorescent dye and environmental isotopes, etc. are quite useful in assessing 
the extent of recharge and efficiency of recharge structures. 
6.3  Water Quality Monitoring 

The monitoring of water quality during the implementation of artificial recharge schemes is 
essential to maintain the quality standards for specified uses of the augmented resource.  In 
case of injection wells the composition of native water in the aquifer and the recharged water 
is important to know prevent clogging of well and aquifer due to excessive precipitation of 
salts.  The data on the chemical quality of native water and the changes which may take place 
during the implementation of artificial recharge schemes should be collected by regular 
sampling from observation well network.  Where treated wastewater is used for recharge a 
careful monitoring is required to detect any possibility of contamination through a network of 
monitoring wells.  Thus, the type of water quality monitoring programme depends on the 
specific problem being studied i.e. changes in ground water quality; effect of soil salinization 
and prevention of any contamination etc.  The samples to be collected will also depend on the 
purpose and are generally categorized into  

¶ Indicative: The indicative samples are collected at 1 to 4 months intervals and used to 
ascertain the presence of injected effluent.   

¶ Basic: Basic samples are taken at monthly intervals for wells already influenced by 
recharge to determine the effect of recharge effluent on ground water quality and the 
purification provided by flow through the soil and aquifer system.   

¶ Comprehensive: Comprehensive samples are taken at intervals of 6 months to 1 year 
for observation wells to determine water quality with respect to specific standards for 
intended water use. 

6.4  Impact Assessment 

The groundwater system is characterised by many points of recharge and many points of 
discharge. Groundwater system is hence dynamic and ever changing due to natural flow 
pattern guided by head difference. Hence due to simultaneous addition and withdrawal from 
the groundwater system, the impact of artificial recharge measures may not result in water 
level rise. Hence the impacts can be reflected by indirect impacts other than rise in water 
levels, as enumerated below. 

¶ Arresting of Declining water level (rate/absolute Vale) 

¶ Ground water structures in the benefited zone of the structures gains sustainability  

¶ Wells provide water in lean months.  

¶ Longer duration of pumping or increase in number of pumping days. 

¶ Reduced pumping hours but constant command area 

¶ Cropping pattern in the benefited zone may undergo marked changes  

¶ Increase in the area covered by water intensive crops 

¶ More area with the same crop coverage 

¶ In spite of having a monsoon failure, the cropped area remains the same.  

¶ Green vegetation cover may increase in the zone of benefit and also along the 
periphery of the structures due to increase in soil moisture. 

¶ Quality of ground water may improve due to dilution. 
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CHAPTER 7.0 

7.0 NATIONAL SCENARIO OF THE PROPOSED MASTER PLAN 

In consequence to the extraction of groundwater resources to meet the ever increasing 
demand, the depletion of groundwater level has been noticed over the period, necessitating 
the supply side and demand side measures to conserve the available water resources. The 
central and State government has taken up schemes for augmentation of groundwater over 
the years. A birdôs eye view of the need and proposal for augmentation was prepared by 
CGWB in 2013 and a need was felt to revise the same. Accordingly, the master plan has been 
revised and country level estimation is discussed in this chapter and State level estimations is 
discussed in the subsequent chapter. 
7.1 Identified Area  

The area for artificial recharge has been identified based on post monsoon water level (2018) 
and long term post monsoon water trend in most of the States & UTs. However, due to paucity 
of data and local groundwater issues, additional/different criteria were used in different 
States/UTs and have been discussed under each State/UT separately in next chapter. In the 
case of NE States, UT of Jammu & Kashmir & UT of Ladakh, the criteria of water scarcity have 
been used and structures have been suggested to harness the run off generated from the 
rain. In case of UT of Lakshadweep & UT of Daman & Diu, due to shallow groundwater level, 
only RTRWH has been suggested. The identified area for artificial recharge in each State/UT 
has been provided as Table 7.1. 
 

Table 7.1     Scope for Artificial Recharge 

S.No State 

Area 
identified 
for 
Artificial 
Recharge 
(Sq.km) 

Available Sub 
Surface 
storage for 
Artificial 
Recharge 
(MCM) 

Water 
Required 
for 
Recharge 
(MCM) 

Surplus 
Available 
for 
Recharge 
(MCM) 

1 Andhra Pradesh 83914.18 15948.69 21211.74 1246.95 

2 Bihar 25959.57 8750.77 13476.25 66352.03 

3 Chhattisgarh 25667.94 1030.12 1370.05 8609.63 

4 Delhi 824.50 982.48 1306.73 94.62 

5 Goa 1267.84 627.01 833.93 393.16 

6 Gujarat 53123.19 14825.31 19717.69 4459.26 

7 Haryana 39381.20 77964.29 103692.51 679.26 

8 Himachal Pradesh 5468.80 2671.71 3553.38 0.00 

9 Jharkhand 28748.31 1323.78 2197.47 4898.06 

10 Karnataka 143453.00 10233.74 13610.88 12874.17 

11 Kerala 11957.00 810.37 1080.48 12455.00 

12 Madhya Pradesh 146053.45 24957.34 33193.23 9188.29 

13 Maharashtra 123884.45 13621.24 18081.12 3871.98 

14 Odisha 4043.61 669.46 890.41 1786.49 

15 Punjab 45592.00 86789.21 115429.65 1200.99 

16 Rajasthan 113498.00 159115.00 211626.00 5305.00 

17 Sikkim 1834.00 249.94 332.41 332.41 

18 Tamilnadu 91224.09 8700.80 11572.06 959.33 

19 Telangana 42155.89 3342.80 4445.97 1186.47 

20 Uttar Pradesh 97338.00 66970.00 89069.00 2743.00 

21 Uttarakhand 13372.00 4012.00 5335.00 33449.00 

22 West Bengal 22888.67 33177.41 44125.96 8532.86 

23 UT-Lakshadweep 0.00 0.00 0.00 0.00 

24 UT-Puducherry 300.14 10.65 14.17 32.05 

25 UT-DNH 281.50 11.26 15.01 6.50 

26 UT-Chandigarh 114.00 54.60 72.61 0.00 
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Table 7.1     Scope for Artificial Recharge 

S.No State 

Area 
identified 
for 
Artificial 
Recharge 
(Sq.km) 

Available Sub 
Surface 
storage for 
Artificial 
Recharge 
(MCM) 

Water 
Required 
for 
Recharge 
(MCM) 

Surplus 
Available 
for 
Recharge 
(MCM) 

27 
UT-Andaman & Nicobar 
Islands 

792.90 499.18 663.90 4436.05 

    1123138.24 537349.16 716917.60 185092.56 

Note: 

The area has been identified for AR in NE States, UT of J&K, UT of Ladhak & UT of Daman & Diu, 
quantification of area could not be made. 

Himachal Pradesh - The source water availability could not be assessed, as the data is confidential 

Sikkim - Surplus Available for artificial recharge is taken as equal to water required, in view of the 
rugged Himalayan terrain, which is 0.1 % of surplus available. Hence source water availability is 
considered as Harnessable water for artificial recharge 

 
7.2 Scope of Artificial Recharge 

The scope of artificial recharge depends on the available sub surface space for recharge, 
water required for recharge and surplus water available for recharge. The volume of space 
available up to 3m bgl or 5m bgl depending on the criteria adopted in different States multiplied 
by the specific yield of the aquifers will provide the space available for recharge. Considering 
an efficiency of 60% or 75% as deemed fit in different States, the water required for artificial 
recharge has been worked out for each State. The surplus available for recharge after 
deducting the committed supply has been estimated for each State. The scope of artificial 
recharge for each State has been provided in Table 7.1. 
A perusal of the table shows that an area of 11.23 Lakh sq.km has been identified for artificial 
recharge, with available space for artificial recharge works out to be 537.349 BCM. 
Considering an efficiency of 60 to 70%, water required for recharge works out to be of the 
order of 716.917 BCM. However, the surplus available for recharge is of the order of 185.092 
BCM.  
In the committee meeting, the representative from CWC opined that surplus available for 
recharge needs to be checked up and not to be consider new structures in the catchment area 
of the big dam, which may result in reduction of flow to Dams. In case of first point, CWC 
suggested that only 240 BCM is available as unutilized from the utilizable water, which can 
only be considered as surplus.  Subsequently, the information on availability of water was 
obtained from CWC as given below. 

 Surface water Groundwater Total 

Total precipitation (BCM)   3880 

Total water availability after losses (BCM)   1999 

Total Utilizable water (BCM) 690 432 1122 

Total water  Utilized (BCM) 450 249 699 

 
The artificial recharge measures are intended to harvest the rain through small structures at 
the places, where it falls, which may include hitherto considered unavailable after deducting 
the losses (3880-1999 = 1881 BCM) and the balance unutilized water from utilizable water 
(240 BCM). Hence the surplus source water estimated in the revision may be considered as 
available at present and detailed surplus availability needs to be worked out and updated as 
a separate project.  
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7.3 Artificial Recharge & Cost Estimate 

The types of structures are decided by the terrain conditions and the number of structures are 
decided by the source water availability. The different type of structures suitable for different 
terrain conditions and the use of different terminology for the similar structures in various 
States have resulted in more than 25 types of structures. In order to group different structures 
and bring in standardization, the structures were studied and grouped in to 10 groups and in 
the group ñOthersò all the uncommon structures are classified and the grouping of various 
Structures for each State is given in Table 7.2. It is also pertinent to point out that percolation 
tank in Dadra Nagar Haveli, is very large of about 100 Ha, while in rest of the States, it will be 
less than 1 ha. Hence the structure and its connotations are different in different States. 
Further, in respect of RTRWH, in the absence of data, a percentage of houses and roof tops 
have been assumed in the calculations. In some States, unit cost per household has been 
given while in some unit cost is per unit area. In the States of UP for RTRWH and in Rajasthan 
for Catchment Area Treatment, unit cost is given per unit area and hence in these State, the 
number of structures for this activity has been excluded in the calculation but has been 
included in the calculation of cost.  A summary of number of structures under various 
categories in various States/UTs is tabulated in Table 7.3 and illustrated in Fig 7.1. A perusal 
of the table and figure shows that about 75% of structures are towards RTRWH, while 17% is 
for others, with 3% for RS, with 2% of structures are in the category of CD & Gabion structures 
and 1% under PT category. The unit cost of structure also is found varying within the States 
for different districts for some States, while in some States/UTs they have assumed a uniform 
rate. The cost of the structures for each State has been given in Table 7.4 & Fig 7.2.  A perusal 
of the table indicates that RTRWH account for 28% & ñothersò category account for 23% of 
cost each, while for CD & PT for 19% & RS for 07% of cost. Considering RTRWH is for Urban 
Areas and rest of the structures for Rural Areas and in addition, RS considered in UT of 
Chandigarh is also being taken in Urban areas, the cost of estimates for urban and rural areas 
work out to be Rs 36794.23 Cr (28%) & Rs 96735.45 Cr (72%) respectively and total cost is 
Rs 133529.69 Cr. 
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Table 7.2  Grouping of AR Structures 

S.No State CD RS RTRWH PT Gabion DS 
Injection 
wells 

SSD 
SS Dev / 
WS Dev 

Others 

1 
Andhra 
Pradesh 

CD  RTRWH PT          

2 Bihar CD RS RTRWH 
PT(H) 
+PT (M) 

 

DS-tank + 
Revival of 
UWB+Mauns+ 
Ahar Payne 

Inj. Wells   CB &T(H) GP NB 
CB & T 
(M) 

3 Chhattisgarh  RS RTRWH PT      GP/CB/GS 
NB/CP/KT 
Bhandara 

  

4 Delhi CD 
RS & 
RT 

 RTRWH          

5 Goa          Vented Dam    

6 Gujarat CD  RTRWH PT      
Recharge 
through defunct 
tube wells 

   

7 Haryana CD RS RWH       FP    

8 
Himachal 
Pradesh 

CD/ NB/CP RS RTRWH  Gabion 
Modification of 
Village 
Pond/Tank 

Inj. Well SSD  
Check dam cum 
SSD 

   

9 Jharkhand NB/ CD/GP RS 
RTRWH area 
300 to 1000 
sq. m. 

PT      
RTRWH  area 
more than 1000 
sq. meter 

   

10 Karnataka CD RS  PT      
SSD & CD Cum 
SSD 

   

11 Kerala CD  RTRWH PP 
GP/Gabi
on 

0 
injection 
wells 

SSD  CB NB 

RTR
WH in 
Com
merci
al 
buildi
ngs 
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Table 7.2  Grouping of AR Structures 

S.No State CD RS RTRWH PT Gabion DS 
Injection 
wells 

SSD 
SS Dev / 
WS Dev 

Others 

12 
Madhya 
Pradesh 

CD RS 
RTRWH in 
Major Urban 
Area 

PT      VP NB/CP  
 
 
 

13 Maharashtra CD RS RTRWH PT      
Urban Runoff 
Harvesting 

   

14 NE States CD  RTRWH  Gabion    
No. of  
villages 
with springs 

NB    

15 Odisha CD RS  PT    SSD  NB/CB 
ST 
conversio
n to PT 

  

16 Punjab CD RS RTRWH    
Injection 
Wells 

  FP    

17 Rajasthan CD RS  PT      FP CAT(ha) Tanka Anicut 

18 Sikkim 

CD/CD cum 
DW with 
conveyance 
drain/pipe 

 RTRWH  
Gabion 
/Contour 
bund 

  SSD 

Spring 
Shed 
Developme
nt 

Rej of Lake/pond 
rejuvenation/excv 
of new pond 

Rainwater 
harvesting 
in slope 

  

19 Tamilnadu CD/NB 
RS/ 
BW 

 PP      FP/RP RT RTW  

20 Telangana CD  RTRWH PT          

21 Uttar Pradesh CD/NB/CP 
DW/ 
TW/ 
RS 

RTRWH(are
a in sqkm) 

PT      Pond    

22 Uttarakhand CD  RTRWH PT      Chalkhal CT   

23 West Bengal Check dam  

RTRWH 
(Munc/Cor.)+ 
RTRWH 
(Cen.Town) 

PT in 
CT & 
MC 

Gabion 
/Contour 
bund 

 
injection 
wells 

Sub-
Surfa
ce 
Dyke 

 REET with RS 
DW 
Recharge 
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Table 7.2  Grouping of AR Structures 

S.No State CD RS RTRWH PT Gabion DS 
Injection 
wells 

SSD 
SS Dev / 
WS Dev 

Others 

24 
UT-Andaman 
& Nicobar 
Islands 

Check dam  RTRWH PT 
Gabion 
/Contour 
bund 

  SSD 

Springshed 
Dev with 
CAT and 
Micro- WS 
Mgt 

REET with RS    

25 
UT-
Chandigarh 

 RS            

26 UT-DNH CD  RTRWH PT      
Urban Runoff 
Harvesting 

   

27 
UT-Daman & 
Diu 

  RTRWH           

28 
UT- Jammu & 
Kashmir 

  RTRWH  

Gabion/
NB/SS 
Bhandar
a 

   

Diversion of 
flows from 
Perennial 
Nalas/Sprin
gs 

Rev & Res. Pond 
Artificial  
Glaciers 

  

29 
UT-
Lakshadweep 

  RTRWH           

30 
UT-
Puducherry 

CD/NB RS/BW  PP      FP/RP RT RTW  

31 UT-Ladhak     Gabion    
SS 
Developme
nt 

 
Artificial  
Glaciers 
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Table 7.3 Number of Artificial Recharge Structures 

S.No State  CD  RS RTRWH PT Gabbion DS 
Injection 

wells 
 

SSD 
 SS Dev / 
WS Dev 

Others Total 

1 Andhra Pradesh 13143 26209 263694 13085 0 0 0 0 0 0 316131 

2 Bihar 122 5682 50000 428 0 12679 13811 0 0 8415 91137 

3 Chhattisgarh 0 25687 118339 3426 0 0 0 0 0 30989 178441 

4 Delhi 12 22706 304500 0 0 0 0 0 0 0 327218 

5 Goa 0 0 0 0 0 0 0 0 0 931 931 

6 Gujarat 3985 8607 1320947 701 0 0 0 0 0 2072 1336312 

7 Haryana 335 44392 304377 0 0 0 0 0 0 393811 742915 

8 Himachal Pradesh 2290 556 1050 0 108118 851 133 460 0 784 114242 

9 Jharkhand 36062 1268 521692 5173 0 0 0 0 0 27455 591650 

10 Karnataka 50527 436 0 9918 0 0 0 0 0 344 61225 

11 Kerala 1260 0 482788 1395 196116 0 5 121 0 67943 749628 

12 Madhya Pradesh 76002 76002 408938 12309 0 0 0 0 0 152085 725336 

13 Maharashtra 19243 838 5646772 7188 0 0 0 0 0 8995 5683036 

14 NE States 18821 0 15700 0 18835 0 0 0 11531 473149 538036 

15 Odisha 1292 550 15700 1111 0 0 0 1051 0 2782 22486 

16 Punjab 85 79839 551308 0 0 0 13410 0 0 455920 1100562 

17 Rajasthan 32744 231 0 63158 0 0 0 0 0 674067 770200 

18 Sikkim 380 0 1500 0 450 0 0 125 540 340 3335 

19 Tamilnadu 7180 70460 0 2397 0 0 0 0 0 7685 87722 

20 Telangana 11552 22188 555093 10636 0 0 0 0 0 0 599469 

21 Uttar Pradesh 5582 5582 0 493 0 0 0 0 0 12011 23668 

22 Uttarakhand 2870 0 5543 810 0 0 0 0 0 6300 15523 

23 West Bengal 453 0 6740 8551 1136 0 8403 568 0 16914 42765 

24 UT-Lakshadweep 0 0 9597 0 0 0 0 0 0 0 9597 

25 UT-Puducherry 71 283 0 14 0 0 0 0 0 203 571 

26 UT-DNH 49 0 12109 17 0 0 0 0 0 30 12205 

27 UT-Chandigarh 0 10300 0 0 0 0 0 0 0 0 10300 

28 UT-Jammu & Kashmir 0 0 1150 0 245 0 0 0 230 560 2185 

29 UT-Ladakh 0 0 0 0 46 0 0 0 15 231 292 

30 
UT-Andaman & Nicobar 
Islands 

350 0 2250 1000 150 0 0 100 170 0 4020 

31 UT-DIU & Daman 0 0 14006 0 0 0 0 0 0 0 14006 

  Total 284410 401816 10613793 141810 325096 13530 35762 2425 12486 2344016 14175144 
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Note 

CD-Check dam, RS-Rechareg Shaft, RTRWH-Roof Top Rainwater Harvesting, PT=Percolation Tank, DS- Desilting, SSD- Sub-Surafce Dyke, SS Dev/WS Dev- 
Springshed Development/Wateshed Development activities, Others - Other Structures 

Note: The cost of RTRWH has been estimated on the basis of cost per unit area of roof top in UP, Goa & Karnataka and has not been included in no of structures but 
included in cost. Similarly, in case of Rajasthan, CAT is given as cost per unit area and hence not included in number but included in cost. 
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Fig 7.1 Number of Artificial Recharge Structures proposed in the Master Plan
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Table 7.4 Cost Estimate of Artificial Recharge (Rs in Cr) 

S.No State  CD  RS RTRWH PT Gabion DS 
Injection 

wells 
 SSD 

 SS Dev / 
WS Dev 

Others Total 

2 Andhra Pradesh 1051.44 524.18 527.39 1701.05 0.00 0.00 0.00 0.00 0.00 0.00 3804.06 

3 Bihar 24.40 284.10 500.00 128.40 0.00 994.10 552.44 0.00 0.00 123.00 2606.44 

4 Chhattisgarh 0.00 1284.35 591.70 1370.40 0.00 0.00 0.00 0.00 0.00 440.37 3686.82 

5 Delhi 2.40 681.18 1522.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2206.08 

6 Goa 0.00 0.00 146.54 0.00 0.00 0.00 0.00 0.00 0.00 279.30 425.84 

7 Gujarat 278.95 430.35 2641.89 70.10 0.00 0.00 0.00 0.00 0.00 41.44 3462.73 

8 Haryana 156.50 1331.76 913.13 0.00 0.00 0.00 0.00 0.00 0.00 1969.06 4370.45 

9 Himachal Pradesh 256.48 29.19 36.75 0.00 540.59 55.32 2.00 17.48 0.00 117.60 1055.40 

10 Jharkhand 2163.72 63.40 1304.23 1551.90 0.00 0.00 0.00 0.00 0.00 274.55 5357.80 

11 Karnataka 5052.70 6.54 2870.02 1983.60 0.00 0.00 0.00 0.00 0.00 68.80 9981.66 

12 Kerala 289.80 0.00 724.18 320.85 338.30 0.00 0.36 20.87 0.00 1565.46 3259.82 

13 Madhya Pradesh 4560.12 760.02 817.88 2461.80 0.00 0.00 0.00 0.00 0.00 1926.72 10526.54 

14 Maharashtra 2947.89 60.82 16940.31 10210.41 0.00 0.00 0.00 0.00 0.00 674.63 30834.06 

15 NE States 3341.15 0.00 1683.49 0.00 472.58 0.00 0.00 0.00 1320.83 1071.73 7889.77 

16 Odisha 64.60 11.00 204.10 222.20 0.00 0.00 0.00 105.10 0.00 194.65 801.65 

17 Punjab 34.00 2395.17 1653.92 0.00 0.00 0.00 410.86 0.00 0.00 2279.60 6773.55 

18 Rajasthan 1964.64 4.62 0.00 1894.74 0.00 0.00 0.00 0.00 0.00 15454.10 19318.10 

19 Sikkim 34.00 0.00 75.00 0.00 5.25 0.00 0.00 3.13 27.00 54.50 198.87 

20 Tamilnadu 1077.00 704.60 0.00 599.25 0.00 0.00 0.00 0.00 0.00 82.29 2463.14 

21 Telangana 924.16 443.76 1110.20 1382.68 0.00 0.00 0.00 0.00 0.00 0.00 3860.80 

22 UT-Andaman & Nicobar Islands 52.50 0.00 149.99 100.00 2.25 0.00 0.00 2.50 27.50 0.00 334.73 

23 UT-Chandigarh 0.00 875.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 875.50 

24 UT-DNH 7.54 0.00 36.33 24.99 0.00 0.00 0.00 0.00 0.00 2.25 71.11 

25 UT-Jammu & Kashmir 0.00 0.00 120.75 0.00 128.63 0.00 0.00 0.00 24.15 33.60 307.13 

26 UT-Ladakh 0.00 0.00 0.00 0.00 24.15 0.00 0.00 0.00 1.58 43.86 69.59 

27 UT-Lakshadweep 0.00 0.00 57.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 57.58 

28 UT-Puducherry 10.65 2.83 0.00 3.50 0.00 0.00 0.00 0.00 0.00 3.91 20.89 

29 Uttar Pradesh 1116.40 83.73 2057.22 295.80 0.00 0.00 0.00 0.00 0.00 3603.30 7156.45 

30 Uttarakhand 8.61 0.00 27.72 0.57 0.00 0.00 0.00 0.00 0.00 3.68 40.57 

31 West Bengal 6.80 0.00 67.02 687.68 5.68 0.00 252.09 5.68 0.00 673.23 1698.17 

  UT-DIU & Daman 0.00 0.00 14.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.41 

  Total 25426.44 9977.10 36794.23 25009.92 1517.42 1049.42 1217.74 154.76 1401.05 30981.61 133529.69 
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Table 7.5 Cost Estimate for Artificial Recharge in Urban & Rural Areas (Rs in Cr) 

S.No State Rural Urban Total % 

1 Andhra Pradesh 3276.67 527.39 3804.06 3% 

2 Bihar 2106.44 500.00 2606.44 2% 

3 Chhattisgarh 3095.12 591.70 3686.82 3% 

4 Delhi 683.58 1522.50 2206.08 2% 

5 Goa 279.30 146.54 425.84 0% 

6 Gujarat 820.84 2641.89 3462.73 3% 

7 Haryana 3457.32 913.13 4370.45 3% 

8 Himachal Pradesh 1018.65 36.75 1055.40 1% 

9 Jharkhand 4053.57 1304.23 5357.80 4% 

10 Karnataka 7111.64 2870.02 9981.66 7% 

11 Kerala 2535.64 724.18 3259.82 2% 

12 Madhya Pradesh 9708.66 817.88 10526.54 8% 

13 Maharashtra 13893.74 16940.31 30834.06 23% 

14 NE States 6206.28 1683.49 7889.77 6% 

15 Odisha 597.55 204.10 801.65 1% 

16 Punjab 5119.63 1653.92 6773.55 5% 

17 Rajasthan 19318.10 0.00 19318.10 14% 

18 Sikkim 123.87 75.00 198.87 0% 

19 Tamilnadu 2463.14 0.00 2463.14 2% 

20 Telangana 2750.60 1110.20 3860.80 3% 

21 UT-Andaman & Nicobar Islands 184.75 149.99 334.73 0% 

22 UT-Chandigarh 875.50 0.00 875.50 1% 

23 UT-DNH 34.78 36.33 71.11 0% 

24 UT-Jammu & Kashmir 186.38 120.75 307.13 0% 

25 UT-Ladakh 69.59 0.00 69.59 0% 
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Fig 7.2 Cost Estimates for Artificial Recharge
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Table 7.5 Cost Estimate for Artificial Recharge in Urban & Rural Areas (Rs in Cr) 

S.No State Rural Urban Total % 

26 UT-Lakshadweep 0.00 57.58 57.58 0% 

27 UT-Puducherry 20.89 0.00 20.89 0% 

28 Uttar Pradesh 5099.23 2057.22 7156.45 5% 

29 Uttarakhand 12.86 27.72 40.57 0% 

30 West Bengal 1631.15 67.02 1698.17 1% 

31 UT-DIU & Daman 0.00 14.41 14.41 0% 

  Total 96735.45 36794.23 133529.69   

    72% 28%     

 
 
Anticipated Benefits 

Groundwater System is a dynamic system with multiple inlets and outlets, all may or may not 
be active at a given time. The openness of the system to multiple, simultaneous recharge and 
discharge active points render the system more complex to define the anticipated benefits 
from the managed aquifer recharge. Thus, anticipated benefits include the indirect accrued 
benefits, in addition to rise in water level and can be grouped into following categories  
 
1. Water level related benefits 

¶ Rise in water level 

¶ Arresting of Declining water level (rate/absolute Value) 
2. Well yield related benefits- Sustainability of Ground water structures 

¶ Wells provide water in lean months.  

¶ Longer duration of pumping or increase in number of pumping days. 

¶ Reduced pumping hours but constant command area 
3. Cropped Area related benefits 

¶ Increase in the area covered by water intensive crops 

¶ More area with the same crop coverage 

¶ In spite of having a monsoon failure, the cropped area remains the same 
4. Other Fringe Benefits 

¶ Green vegetation cover may increase in the zone of benefit and also along the 
periphery of the structures due to increase in soil moisture. 

¶ Quality of ground water may improve due to dilution. 
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CHAPTER 8.0 

8.0 STATE WISE ARTIFICIAL RECHARGE PLANS 

8.1 ANDHRA PRADESH 

Andhra Pradesh State is the 7th largest state in India covering geographical area of 1.63 Lakh 
Km2 and lies between NL 12Á 37ô and 19Á 09ô and EL 76Á 45ô and 84Á 47ô. The State is bordered 
on the east by Bay of Bengal (~970 km), south by Tamilnadu and Karnataka, west by 
Karnataka and Telangana and north by Telangana, Chhattisgarh and Orissa states. The State 
is divided into 13 districts and 670 revenue mandals with 17398 revenue villages. Total 
population of the state (2011 census) is ~4.96 crores out of which 90 % lives in rural area and 
10% in urban area. Andhra Pradesh is mainly drained by Godavari and Krishna Rivers and 
their tributaries in the northern, central parts and Pennar River drains the southern parts. There 
are 3 major basins and 11 medium river basins in the state. The normal annual rainfall of the 
state is 950 mm. The annual (2018) rainfall ranges from 391 mm in Anantapur district (deficit 
by 32%) to 1301 mm (excess by 12%) in Srikakulam district. Major part of the State is underlain 
by gneissic complex with a structural fill of sedimentary formations and basin-fill of meta-
sedimentary formations.  
8.1.1 Identification of Area 

The area suitable for ground water augmentation through artificial recharge has been 
demarcated based on the analysis of average post-monsoon depth to water level data of the 
observation wells for the period 2009-2018 and the existing data on artificial recharge 
structures constructed under various schemes of Mahatma Gandhi National Rural 
Employment Guarantee Scheme (MNREGS) and Integrated Watershed Management 
Programs (IWMP) by Rural Development department, Govt. of Andhra Pradesh. Accordingly, 
an area of 83,914 sq.kms is identified which is spread over in 395 mandals in 13 districts of 
the State. The remaining area of 21,883 sq.kms comprises of 138 mandals  have water level 
less than 5 m bgl and an area of 30,712 sq.kms comprises of 137 mandals have sufficient 
number of existing artificial recharge structures hence, no scope for taking up artificial 
recharge.  

 
8.1.2 Sub Surface Storage Space: 

The availability of unsaturated sub surface volume of aquifers in each district is computed as 
the product of area, thickness of aquifer zone between 5 m. bgl and the average post-monsoon 
water level. The unsaturated sub surface zone is estimated as 7,97,434 MCM.  The available 
unsaturated volume for recharge is estimated by multiplying the unsaturated sub surface 
volume with specific yield of the aquifers. The available unsaturated volume for recharge is 
15,948 MCM in the State. The water required to saturate the aquifer up to 5 m bgl is calculated 
as 21212 MCM considering 77% of the efficiency of the structures. (Table 8.1.1) 
 
8.1.3 Source Water Availability 

The source water availability is estimated from the rain fall and run off correlations. The runoff 
was calculated by taking into account of normal monsoon rainfall of the mandal and 
corresponding runoff yield from Strange Table for average catchment type. Out of the total run 
off available in the mandal, only 20% is considered for recommendation of artificial recharge 
structures considering the riparian rights and other practical considerations for recommending 
the artificial recharge structures. Though there is 15948 MCM unsaturated volume in the 
aquifer is available for recharge, only 1246.95 MCM of surplus run off is available for recharge 
the aquifers. The storage required for existing 36,955 no. of artificial recharge structures 
(25,598 check dams and 11,397 percolation tanks) constructed by State Govt. departments 
under different IWMP and MNREGS schemes is deducted to arrive the balance surplus run 
off availability for recommending the additional feasible artificial recharge structures.  
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Fig-8.1.1 Area identified for Artificial Recharge 

 
Table-8.1.1 Scope of Artificial Recharge in Andhra Pradesh 

 

S. 
No 

District 
Area of 
District 
(Sq.Km.) 

Area 
Identified 
for AR 
(Sq.Km.) 

Volume of 
Unsaturated 
Zone  
(MCM) 

Available 
Subsurface 
Space for 
AR (MCM) 

Water 
Required 
for 
Recharge 
(MCM) 

Surplus 
Available 
for 
Recharge 
(MCM) 

1 Anantapur 19130.00 17101.03 274942.43 5498.85 7313.47 102.00 

2 Chittoor 15151.00 3984.57 53802.87 1076.06 1431.16 40.92 

3 East Godavari 12805.18 6184.20 35839.06 716.78 953.32 203.01 

4 Guntur 11391.06 5863.79 40363.93 807.28 1073.68 63.70 

5 Kadapa 15350.00 4821.57 67046.56 1340.93 1783.44 45.70 

6 Krishna 8727.00 5664.70 35600.19 712.00 946.96 135.79 

7 Kurnool 17658.00 10064.51 62822.65 1256.45 1671.08 206.19 

8 Nellore 13076.05 8623.62 42371.28 847.43 1127.08 40.23 

9  Prakasam 17625.27 5161.14 60801.26 1216.03 1617.31 32.70 

10 Srikakulam 5839.39 763.53 6121.77 122.44 162.84 32.53 

11 Visakhapatnam 11161.00 5405.53 24183.26 483.67 643.27 169.90 

12 Vizianagaram 6539.03 2592.57 8477.21 169.54 225.49 108.03 

13 West Godavari 8506.68 7683.42 85061.49 1701.23 2262.64 66.25 
  Total 162959.68 83914.18 797433.95 15948.68 21211.74 1246.95 

 
8.1.4 Artificial Recharge Structures and Cost Estimate   

The State is underlain mainly by hard rock aquifer system. In hard rock areas surface water 
spread techniques like percolation tanks and check dams are most appropriate. The number 
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of Artificial Recharge Structures feasible has been recommended in areas, by considering the 
available surplus yield. The total number of Check dams and Percolation Tanks are 
recommended by taking 5 fillings for Check dams and 1.5 fillings for Percolation Tanks. 
Accordingly, a total of 26,228 number of artificial recharge structures (13085 number of 
percolation tanks, 13143 number of check dams) are recommended for 83914.18 sq.kms 
spread over in 395 mandals of 13 districts of the State. In addition to this 26,209 recharge 
shafts/Recharge wells are recommended to construct in the recommended Check dams and 
Percolation tanks for effective recharge. The unit cost of construction of Check Dam is Rs. 8 
Lakhs and Percolation Tank is Rs. 13 Lakhs and Recharge Shaft is Rs. 2 Lakhs. The total 
outlay is estimated to be about Rs. 3276.67 Cr for the artificial recharge structures in the state 
(Table 8.1.2). 
 
8.1.5 Roof Top Rain Water Harvesting in Urban Areas 

As per the statistical data (2016-17) of Govt. of Andhra Pradesh, the total number of urban 
households is 36.53 Lakhs in 13 districts of the State. Out of total population, about 30% 
resides in the urban areas. The WALTA act, Govt. of Andhra Pradesh is mandated to construct 
roof top rain water harvesting structures for the buildings with roof area is  200 sq. m and 
above. The approximate cost for construction of roof top rain water harvesting has been 
assessed to be Rs. ~20,000/- for a 200 sq.m building. Out of 36.53 Lakhs households in the 
urban areas, it is assumed that 15% of households with roof area of ~200 sq.m and the total 
cost for the roof top rain water harvesting estimated to be Rs. 527.00 cr for taking up 263694 
RTRWH structures. It will conserve ~26 MCM of rain water considering the normal rainfall and 
80% efficiency of the system, which either can be stored and recharged depending upon the 
hydro geological feasibility (Table-2).  
 
In addition to this, there are 61528 no. of School buildings, 3000 hostel buildings, 4717 college 
buildings, 2722 hospital buildings, 12,658 no. of industries, 10376 post office buildings and 
2384 telephone exchange buildings in the State, where roof top rain water harvesting can be 
taken up.  
  
8.1.6 Total Cost 

The total cost estimate for artificial recharge in Andhra Pradesh is Rs 3804.06 Cr with a break 
up of Rs 3276.67 Cr for rural areas & Rs 527.39 Cr for urban areas.   
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Table 8.1.2 Artificial Recharge and Cost Estimate 
 

    Number of Structures  Unit Cost of Structures Cost of Structures 

S.No District CD RTRWH PT 
Recharge 
Shaft 

CD RTRWH PT Recharge Shafts CD RTRWH PT 
Recharge 
Shaft 

Total Cost 
(Lakh) 

1 Anathapur 900 32480 600 3449 8.0 0.2 13.0 2.0 7200.00 6495.90 7800.00 6898.00 28393.90 

2 Chittoor 277 32837 276 553 8.0 0.2 13.0 2.0 2216.00 6567.42 3588.00 1106.00 13477.42 

3 East Godavari 1824 0 2112 1968 8.0 0.2 13.0 2.0 14592.00 0.00 27456.00 3936.00 45984.00 

4 Guntur 921 13068 917 1838 8.0 0.2 13.0 2.0 7368.00 2613.69 11921.00 3676.00 25578.69 

5 Kadapa 355 28957 353 708 8.0 0.2 13.0 2.0 2840.00 5791.41 4589.00 1416.00 14636.41 

6 Krishna 1733 4148 1726 3459 8.0 0.2 13.0 2.0 13864.00 829.56 22438.00 6918.00 44049.56 

7 Kurnool 2002 30711 1993 3995 8.0 0.2 13.0 2.0 16016.00 6142.11 25909.00 7990.00 56057.11 

8 Nellore 499 5397 497 996 8.0 0.2 13.0 2.0 3992.00 1079.46 6461.00 1992.00 13524.46 

9 Prakasam 300 12571 299 599 8.0 0.2 13.0 2.0 2400.00 2514.27 3887.00 1198.00 9999.27 

10 Srikakulam 145 0 145 290 8.0 0.2 13.0 2.0 1160.00 0.00 1885.00 580.00 3625.00 

11 Visakhapatnam 2402 103525 2391 4793 8.0 0.2 13.0 2.0 19216.00 20705.00 31083.00 9586.00 80590.00 

12 Vizianagaram 795 0 791 1586 8.0 0.2 13.0 2.0 6360.00 0.00 10283.00 3172.00 19815.00 

13 West Godavari 990 0 985 1975 8.0 0.2 13.0 2.0 7920.00 0.00 12805.00 3950.00 24675.00 

  Total 13143 263694 13085 26209         105144.00 52418.00 52738.82 170105.00 380405.82 
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8.2 BIHAR 

The state of Bihar, located in the eastern part of the country, is endowed with fertile soil and 
abundant water resources aided by a good monsoon rainfall of about 1000 mm. The state 
encompassing a geographical area of 94,163 sq. km. is underlain by extensive water bearing 
formations down to hundreds of meters depth, particularly in the northern parts and the parts 
adjoining the Ganga River. These alluvial deposits are represented by alternating, regionally 
extensive, layers of sands of various grade separated by clay layers, forming prolific aquifer 
system. However, due to deficit rainfalls during recent years in the state, coupled with 
proliferation of ground water development, specially agri-irrigation sector,resulted in to 
substantial decline in ground water level in the State. With this scenario at hand, Master Plan 
for Artificial Recharge to Ground Water in Bihar has been prepared with prime concern of 
revival of surface water bodies as the revitalized surface water bodies will recharge 
groundwater reservoir and their network will provide farmers an alternative irrigation option, 
free from over dependence on groundwater. 
8.2.1 Identification of Areas  

Identification of the area suitable for artificial recharge has been done on the basis of depth of 
post-monsoon water level and ground water level trend. Using GIS tools, post-monsoon 
(November, 2019) depth-to-water level map and long-term (2007-2017) trend of ground water 
level map has been superimposed over administrative boundary to identify feasible areas for 
recharge. For this purpose, depth-to-water level contour maps are prepared based on 
combined datasets of CGWB and MWRD, Govt. of Bihar. Using the prepared map, feasible 
areas are identified (Fig 8.2.1), subject to fulfilling the below mentioned conditions.  

¶ Areas showing water levels between 3 and 6 m bgl and declining trend of > 10 cm /yr;  

¶ Areas with Depth-to-Water levels between 6 and 9 m bgl and declining trend;  

¶ Areas with Depth-to-Water levels > 9 m bgl with or without declining trend.  

¶ Additionally, ñSemi-Criticalò, ñCriticalò or ñOver Exploitedò Blocks from GWRA-2017 has 
also been considered for artificial recharge. 

¶  
8.2.2 Subsurface Storageand Water Requirement  

Storage space available for recharge i.e. net unsaturated volume in identified areas is 
determined by computation of average depth of the unsaturated zone below 3 m bgl and then 
multiplied by area considered for recharge. Further, norm-based specific yield values, based 
upon nature of aquifer material, are multiplied to arrive at volume of water required for artificial 
recharge for each identified area. Gross volume of source water required for artificial recharge 
is estimated considering average recharge efficiency of 65%, as clay dominated younger 
alluvium is present at top of stratigraphic horizon in major parts of the State. Volume of source 
water required for artificial recharge purpose is calculated by multiplying a factor of 1.54 (i.e. 
reciprocal of 0.65). Sub-surface storage potential in the state, thus estimated, is 8751 MCM 
as in 2017. Gross volume of source water required, to fill up the space is 13476 MCM (Table 
8.2.1). 
8.2.3 Source Water Availability  

Availability of non-committed source water for the purpose of artificial recharge to groundwater 
is the primary concern during the preparation of the plan, as data availability for surplus runoff 
is only river-basin or sub-basin wise. and cannot be directly correlated with identified feasible 
areas for artificial recharge. In earlier estimation, basin wise surface water availability with 
75% dependability has been utilized from 2nd Bihar State Irrigation Commission Report (1994). 
However, the commission noted that for South Bihar, rainfall can be directly correlated with 
river discharge, where as for North Bihar, snow-melt component is so high in southerly flowing 
rivers, that rainfall component is insignificant and cannot be directly correlated with river 
discharge 
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Fig 8.2.1 Area identified for Artificial Recharge 

¶  

 
The report indicates that river basin catchments of Bihar contribute about 28.8 BCM towards 
surface water resource which is about 9.26% of total surface water resource of the State. 
Hence, in the context of the state of Bihar, considering entire non-monsoon rainfall as 
committed, excess monsoon rainfall can be safely harnessed to replenish groundwater table 
without affecting surface water resource. For the present plan, 60% of the normal monsoon 
rainfall for identified feasible areas is considered as available non- committed surface runoff.  
District-wise list of identified areas, computed storage volumes and non-committed source 
water are tabulated in Table 8.2.1. 

Table 8.2.1  Scope of Artificial Recharge in Bihar 

S.No State District 
Area of 
District 
(Sq.Km.) 

Area 
Identified 
for AR 
(Sq.Km.) 

Volume of 
Unsaturated 
Zone  
(MCM) 

Available 
Subsurface 
Space for 
AR (MCM) 

Water 
Required 
for 
Recharge 
(MCM) 

Surplus 
Available 
for 
Recharge 
(MCM) 

1 Bihar Araria 2789.37 0.00 0.00 0.00 0.00 2558.05 

2 Bihar Arwal 636.83 171.86 444.10 35.53 54.72 404.15 

3 Bihar Aurangabad  3302.84 999.55 10242.30 425.41 655.13 2396.33 

4 Bihar Banka  3019.54 1028.28 6077.80 199.14 306.67 1950.14 

5 Bihar Begusarai 1891.31 234.55 808.20 64.66 99.58 1177.03 

6 Bihar Bhabhua 3362.06 1262.09 19332.20 905.00 1393.70 2260.88 

7 Bihar Bhagalpur  2602.55 430.51 4185.70 218.63 336.69 1725.92 

Identified 
Area 
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S.No State District 
Area of 
District 
(Sq.Km.) 

Area 
Identified 
for AR 
(Sq.Km.) 

Volume of 
Unsaturated 
Zone  
(MCM) 

Available 
Subsurface 
Space for 
AR (MCM) 

Water 
Required 
for 
Recharge 
(MCM) 

Surplus 
Available 
for 
Recharge 
(MCM) 

8 Bihar Bhojpur 2275.30 1007.76 1360.10 108.81 167.57 1471.31 

9 Bihar Buxar 1623.82 441.42 1827.30 146.19 225.13 974.07 

10 Bihar Darbhanga 2504.29 260.70 1955.20 156.42 240.88 1651.29 

11 Bihar 
East 
Champaran 

3958.87 204.96 734.30 58.75 90.48 3000.58 

12 Bihar Gaya  4985.86 2697.74 37714.80 1210.42 1864.05 3320.41 

13 Bihar Gopalganj 2019.13 1112.82 689.90 55.20 85.01 1404.56 

14 Bihar Jamui 3098.26 2021.84 21743.30 1024.74 1578.11 2007.14 

15 Bihar Jehanabad 932.57 932.57 2113.20 169.06 260.36 594.50 

16 Bihar Katihar 3009.91 1902.66 2512.20 200.98 309.51 2233.00 

17 Bihar Khagaria 1485.72 13.99 77.60 6.21 9.57 1021.70 

18 Bihar Kishanganj 1911.43 0.00 0.00 0.00 0.00 2371.34 

19 Bihar Lakhisarai 1227.74 360.20 3579.60 166.52 256.44 799.26 

20 Bihar Madhepura 1788.40 607.98 382.60 30.61 47.14 1283.77 

21 Bihar Madhubani 3486.45 0.00 49.10 0.00 0.00 2552.07 

22 Bihar Munger 1395.50 345.84 3881.80 193.02 297.26 948.28 

23 Bihar Muzaffarpur 3042.77 1086.77 2439.20 195.14 300.52 2060.67 

24 Bihar Nalanda 2349.96 1467.83 8945.10 471.56 726.20 1399.74 

25 Bihar Nawada 2486.57 1112.18 13543.00 582.05 896.36 1592.35 

26 Bihar Patna  3200.84 1010.52 3131.60 250.53 385.82 1916.98 

27 Bihar Purnia 3202.39 692.62 846.90 67.75 104.34 2583.08 

28 Bihar Rohtas 3839.26 1225.12 22739.90 1027.45 1582.27 2717.04 

29 Bihar Saharsa 1661.28 0.00 0.00 0.00 0.00 1322.79 

30 Bihar Samastipur 2612.87 881.33 3640.20 291.22 448.48 1763.20 

31 Bihar Saran  2629.57 405.56 670.10 53.61 82.56 1710.47 

32 Bihar Sheihkpura 688.09 382.30 1917.70 153.42 236.27 448.38 

33 Bihar Sheohar 442.99 0.00 0.00 0.00 0.00 360.86 

34 Bihar Sitamarhi 2185.20 168.94 305.80 24.46 37.67 1638.67 

35 Bihar Siwan 2223.07 481.47 246.50 19.72 30.38 1497.40 

36 Bihar Supaul 2410.26 0.00 0.00 0.00 0.00 1972.48 

37 Bihar Vaishali 1995.18 1007.61 2982.00 238.56 367.38 1288.11 

38 Bihar 
West 
Champaran 

4344.38 0.00 0.00 0.00 0.00 3974.03 

Total 92622.43 25959.57 181119.30 8750.77 13476.25 66352.03 

 

8.2.4 Artificial Recharge and Cost Estimates  

Rural Areas 

Considering hydrogeological diversities among different areas of State of Bihar, a simplified 
and generalised norm has been adopted where design and efficiency of individual artificial 
recharge structure has been defined specific to the existing terrain types in the State. Terrain-
wise norms adopted along with unit cost estimates for different types of structures are given 
in Table 8.2.2. Emphasis has been given on renovation of traditional Ahar - 
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PyneSystem(alluvial contour bunding), which is very common in South Bihar. These 
structures, if revitalized would assist immensely in water conservation as groundwater 
recharge in South Bihar. On the other hand in North Bihar, de-silting of Mauns (Ox-bow Lake) 
has been emphasized to restore the natural recharge areas. However, as there is no existing 
database on location and condition of the Ahar - Pyne System, further, 10 km length of existing 
structure has been considered per 100 sq. km. of net-cropped area, only for South Bihar 
districts.  

Table 8.2.2 Details of Norms adopted for Artificial Recharge Structures in Bihar 
 

Terrain 
Type 

Recharge Structure 
Type 

Structure 
ID 

Recharge 
Percentage 

Storage 
Capacity 
(MCM) 

Number of 
Filling 

Dimension 
Unit Cost (in 
lakhs) 
(Approx) 

Hard Rock 
Area  

Percolation Tank  PT (H) 20% 2.0 01 
100 m x 4.5 m (03 
Sq. Km Catchment) 

30.0 

Gully Plug  GP 20% 0.05 05 10 m x 2 m 0.40 

Contour Bunding& 
Trenching  

CB &T (H) 40% 0.05 05 300 ï 400 m 2 

Check Dam  CD 30% 0.20 02 15 m x 3 m 20.0 

Marginal 
Alluvial 
Area  

NalaBunding NB 20% 0.05 05 15 m x 2 m 1.0 

Contour Bunding& 
Trenching  

CB &T (H )20% 0.05 05 300 ï 400 m 2.0 

Recharge Shaft  RS 25% 0.05 01 
5 m x 5 m x 10 m / 60 
days Op. period 

5.0 

Percolation Tank  PT (M) 35% 2.50 01 
100 m x 4.5 m (04 
Sq. Km Catchment) 

30.0 

Alluvial 
Area  

De-silting of existing 
tank /pond /talao 

DS-Tank 50% 0.20 02 100 m x 80 m x 6 m 5.0 

De-silting of Mauns 
(Ox-bow lake)  

DS-Mauns <1% 6.00 01 10 ï 500 ha /100 ha 
100.0 /100 

ha 

Injection Well in 
Village Tank  

Inj. Wells 10% 0.03 02 
100 m x 100 m x 3 m 
Tank with 40 m 
Boring 

4.0 

Renovation of 
traditional Ahar-Pyne 
System  

Revival of 
Ahar-Pyne 

40% 0.10 01 
As per Existing 
Structure / Km 

20.0 / Km 

Urban 
Areas  

Roof-top Rain Water 
Harvesting Structures  

RTRWH 80% 0.00009 01 
100 m2 (Roof) with 
40 m Boring 

1.0 

De-silting and revival 
of existing ponds  

Revival of 
UWB 

20% 0.006 02 50 m x 20 m x 6 m 10.0 

 
The proposed plan envisages utilization of 13476 MCM of source water for recharge purpose 
through different structures. On the basis of the norm, number of structures has been worked 
out based on gross storage capacity of individual structure. District-wise numbers of various 
types of artificial recharge structures and cost Estimate in Bihar are given in Table ï 8.2.3. As 
per estimate, 163 Percolation Tank, 2608 each of Gully Plug & Contour Bunding - Trenching, 
and 122 Check Dam may be constructed in hilly areas of Bihar. In adjoining marginal alluvial 
areas, 357 NalaBunding, 2842 Contour Bunding& Trenching, 5682 Recharge Shaft and 265 
Percolation Tank may be created to enhance groundwater recharge. On the other hand, in 
vast alluvial tract of Bihar, augmentation of groundwater resource may be achieved through 
renovation of natural and man-made surface water structures. It is proposed that, De-silting of 
existing 10658 village tanks /ponds /talaos, De-silting of 44 Sq. km of mauns (Ox-bow lake), 
Injection Well creation in 13811 Village Tanks, and Renovation of 2045 km of traditional ahar-
pyne System may result in expected rise in water table. However, actual numbers of structures 
implementable may vary significantly based on scale of implementation.District-wise and type-
wise cost estimates are given in Table ï 8.2.3. Total cost of work has been estimated to be 
Rs. 2606.44 crore. 
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Table 8.2.3  Artificial recharge and Cost Estimates in Bihar 
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1 Araria 0 0 0 0 0 0 0 0 0 0 0 0 500 5 0 0 0 0 0 0 0 0 0 0 0 0 500 50 550.0 

2 Arwal 0 0 0 0 1 9 17 1 31 0 41 42 300 2 0 0 0 0 1 18 85 30 155 0 164 840 300 20 1613.0 

3 Aurangabad  8 131 131 6 21 165 330 15 602 0 802 188 1500 6 240 52.4 262 120 21 330 1650 450 3010 0 3208 3760 1500 60 14663.4 

4 Banka  8 121 121 6 7 59 118 6 216 0 288 118 300 3 240 48.4 242 120 7 118 590 180 1080 0 1152 2360 300 30 6467.4 

5 Begusarai 0 0 0 0 2 16 31 1 57 0 75 0 4000 14 0 0 0 0 2 32 155 30 285 0 300 0 4000 140 4944.0 

6 
Bhabhua 29 471 471 22 37 293 586 27 1069 0 1425 156 200 1 

870 188.4 942 440 37 586 
293

0 810 5345 0 5700 3120 200 10 21178.4 

7 Bhagalpur  4 62 62 3 5 43 86 4 157 0 210 126 1500 7 120 24.8 124 60 5 86 430 120 785 0 840 2520 1500 70 6684.8 

8 Bhojpur 0 0 0 0 3 26 52 2 95 0 127 185 2000 8 0 0 0 0 3 52 260 60 475 0 508 3700 2000 80 7138.0 

9 Buxar 0 0 0 0 4 35 70 3 128 0 171 138 500 2 0 0 0 0 4 70 350 90 640 0 684 2760 500 20 5118.0 

10 Darbhanga 0 0 0 0 5 38 75 4 137 0 182 0 1500 7 0 0 0 0 5 76 375 120 685 0 728 0 1500 70 3559.0 

11 
East 
Champaran 

0 0 0 0 2 14 28 1 51 20 69 0 3500 12 
0 0 0 0 2 28 140 30 255 2000 276 0 3500 120 6351.0 

12 Gaya  37 592 592 28 101 807 1613 76 2941 0 3921 169 2500 9 1110 236.8 1184 560 101 1614 8065 2280 14705 0 15684 3380 2500 90 51509.8 

13 Gopalganj 0 0 0 0 2 13 26 1 48 0 64 0 1000 5 0 0 0 0 2 26 130 30 240 0 256 0 1000 50 1734.0 

14 Jamui 16 264 264 12 26 206 413 19 752 0 1003 44 400 5 480 105.6 528 240 26 412 2065 570 3760 0 4012 880 400 50 13528.6 

15 Jehanabad 0 0 0 0 5 41 81 4 148 0 197 55 800 4 0 0 0 0 5 82 405 120 740 0 788 1100 800 40 4080.0 

16 Katihar 0 0 0 0 6 48 96 5 176 9 234 0 2000 7 0 0 0 0 6 96 480 150 880 900 936 0 2000 70 5518.0 

17 Khagaria 0 0 0 0 0 1 3 0 5 0 7 0 200 1 0 0 0 0 0 2 15 0 25 0 28 0 200 10 280.0 

18 Kishanganj 0 0 0 0 0 0 0 0 0 0 0 0 1000 7 0 0 0 0 0 0 0 0 0 0 0 0 1000 70 1070.0 

19 Lakhisarai 3 44 44 2 4 33 67 3 122 0 162 73 1000 5 90 17.6 88 40 4 66 335 90 610 0 648 1460 1000 50 4498.6 

20 Madhepura 0 0 0 0 1 7 15 1 27 0 36 0 800 4 0 0 0 0 1 14 75 30 135 0 144 0 800 40 1239.0 

21 Madhubani 0 0 0 0 0 1 2 0 3 0 5 0 700 3 0 0 0 0 0 2 10 0 15 0 20 0 700 30 777.0 

22 Munger 3 43 43 2 5 40 80 4 145 0 194 45 1000 4 90 17.2 86 40 5 80 400 120 725 0 776 900 1000 40 4279.2 

23 Muzaffarpur 0 0 0 0 6 47 94 4 171 6 228 0 1500 7 0 0 0 0 6 94 470 120 855 600 912 0 1500 70 4627.0 

24 Nalanda 6 90 90 4 12 100 199 9 363 0 484 152 2500 11 180 36 180 80 12 200 995 270 1815 0 1936 3040 2500 110 11354.0 

25 Nawada 13 212 212 10 27 216 432 20 787 0 1049 107 1000 5 390 84.8 424 200 27 432 2160 600 3935 0 4196 2140 1000 50 15638.8 

26 Patna  0 0 0 0 8 60 120 6 219 0 292 157 8000 27 0 0 0 0 8 120 600 180 1095 0 1168 3140 8000 270 14581.0 

27 Purnia 0 0 0 0 2 16 33 2 59 0 79 0 2000 13 0 0 0 0 2 32 165 60 295 0 316 0 2000 130 3000.0 
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28 Rohtas 36 578 578 27 40 320 639 30 1166 0 1554 249 1000 9 1080 231.2 1156 540 40 640 3195 900 5830 0 6216 4980 1000 90 25898.2 

29 Saharsa 0 0 0 0 0 0 0 0 0 0 0 0 500 2 0 0 0 0 0 0 0 0 0 0 0 0 500 20 520.0 

30 Samastipur 0 0 0 0 9 70 140 7 255 9 340 0 200 1 0 0 0 0 9 140 700 210 1275 900 1360 0 200 10 4804.0 

31 Saran  0 0 0 0 2 13 26 1 47 0 63 0 1000 7 0 0 0 0 2 26 130 30 235 0 252 0 1000 70 1745.0 

32 Sheihkpura 0 0 0 0 5 37 74 3 134 0 179 41 800 4 0 0 0 0 5 74 370 90 670 0 716 820 800 40 3585.0 

33 Sheohar 0 0 0 0 0 0 0 0 0 0 0 0 100 1 0 0 0 0 0 0 0 0 0 0 0 0 100 10 110.0 

34 Sitamarhi 0 0 0 0 1 6 12 1 21 0 29 0 800 4 0 0 0 0 1 12 60 30 105 0 116 0 800 40 1164.0 

35 Siwan 0 0 0 0 1 5 9 0 17 0 23 0 500 3 0 0 0 0 1 10 45 0 85 0 92 0 500 30 763.0 

36 Supaul 0 0 0 0 0 0 0 0 0 0 0 0 700 4 0 0 0 0 0 0 0 0 0 0 0 0 700 40 740.0 

37 Vaishali 0 0 0 0 7 57 115 5 209 0 278 0 1000 4 0 0 0 0 7 114 575 150 1045 0 1112 0 1000 40 4043.0 

38 
West 
Champaran 

0 0 0 0 0 0 0 0 0 0 0 0 1200 9 
0 0 0 0 0 0 0 0 0 0 0 0 1200 90 1290.0 

  Total 163 2608 2608 122 357 2842 5682 265 10358 44 13811 2045 50000 232 4890 1043.2 5216 2440 357 5684 
2841

0 7950 51790 4400 55244 40900 50000 2320 260644.2 
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Urban Areas 

In urban areas, two aspects are considered, viz., revival of urban water bodies and roof top 
rainwater harvesting. 
Revival of Urban Water Bodies  

As per Census (2011), Bihar has 2325 Sq. km of urban area with a population density of 5058 
persons per sq. km with anurbanization rate of 11.3 %. Though urbanization is in low key, 
population growth in existing urban areas is exceeding its holding capacity leading to 
encroachment of municipal / government owned water bodies and change in land 
characterization in privately owned water bodies. Based on considerationthat at least one 
surface water body exists in 10 sq. km urban area, district-wise number of existing surface 
water bodies in urban parts of Bihar has been worked out along with cost estimate. Total cost 
for the works will involve revival of 232 existing surface water bodies with an estimated cost 
of Rs. 23.2 cr (Table 8.2.3). 
Roof-Top Rain Water Harvesting  

As per Census (2011), Bihar has about 40,000 Govt. buildings, institutions, schools, hospitals, 
shopping complexes, warehouses etc. in urban and municipal areas of the state. At present, 
the number may be assumed at 70000. These, buildings may be adopted for implementation 
of first phase roof-top rainwater harvesting, as on an average these buildings should have 
large roof area. On the other hand, as per Census (2011), Bihar has 1,77,44,046 residential 
houses in both urban and rural setup. Considering 50% of urban houses and 10% of rural 
houses qualify for roof-top rainwater harvesting, there are about twenty lakh (20 lakh) such 
houses in the state. Considering average monsoon rainfall of 1000 mm for the state and 80% 
efficiency of the system with about 100 m2 of roof-area, the state has potential to augment 216 
MCM of rain water to groundwater resources through roof-top rainwater harvesting. First 
phase implementation of roof-top rainwater harvesting has a potential to recharge 31.5 MCM 
of rain water to groundwater resources. Total cost for the first phase work has been estimated 
to be Rs. 500 crore (Table 8.2.3) 
8.2.5 Total Cost  

Prepared AR master plan identifies water scarce areas and proposes terrain specific structure 
to create additional surface water bodies as well as for augmentation of groundwater. The 
total cost estimate for artificial recharge in Bihar is Rs 2606.44 Cr with a break up of Rs 
2106.44 Cr for rural areas & Rs 500.00 Cr for urban areas.   
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8.3 CHHATTISGARH 

Chhattisgarh State has been formed after bifurcation of Madhya Pradesh on 1st November, 
2000, covering an area of 1,35,600 sq km.  The population of the state is 25.54 million (Census 
2011) with density of population as 189 per sq km.  The average annual rainfall of the state is 
1,356 mm.  The state has 3 administrative divisions, 27 districts and 146 development blocks. 
There are 19,567 populated villages and 114 cities in the state. About 63140.00 sq km area 
of the state is covered by forest.  The agricultural land and irrigated land in the state is 
59030.00 sq km and 15020.00 sq km respectively (Directorate of Economics & Statistics, 
Chhattisgarh, 2017-18). The state comprises of Mahanadi and Godavari basins with small 
parts of Ganga, Narmada and Swarnarekha basins.  These basins can be subdivided into 74 
major watersheds, 8 watersheds of Son and Narmada falling partly in the adjoining Madhya 
Pradesh state. 
8.3.1 Identification of the Area 

Depth to water level recorded during post-monsoon (November 2018) period and decadal post 
monsoon water level trend (November 2009 to 2018) have been considered to identify the 
areas for recharge, as the natural recharge is not enough to compensate the ground water 
withdrawal. The data of monitoring stations of both CGWB & State Groundwater department 
have been used in the exercise. A total area of 25667.94sq.km. shows declining trend in 
ground water levels. 123 watersheds have been identified in Chhattisgarh in which declining 
trend of more than 0.1 m/yr has been recorded (Fig 8.3.1). These watersheds have been 
identified for construction of suitable artificial recharge structures for augmenting the available 
ground water resources.  
8.3.2 Sub-Surface Storage Space and Water Requirement 

To estimate the available sub surface storage space, a map has been prepared on the basis 
of post monsoon depth to water level of November 2018.  The post monsoon average depth 
to water level is predominantly in the range of 3 to 6 m below ground level. Based on this map, 
the volume of unsaturated zone available for recharge (up to 3 m below ground level) has 
been calculated for each of the block. A total 58237.38 MCM volume of unsaturated zone has 
been estimated for the Chhattisgarh state. The requirement of water to fully saturate the 
vadose zone up to 3 m below ground level has been worked out for each watershed at 75% 
efficiency considered for recharge structures.  The total requirement of water for saturating 
the sub-surface storage works out to be 1370.05 MCM for the entire state (Table-8.3.1). 

Table 8.3.1 Scope of Artificial Recharge in Chhattisgarh 

S.No District 
Area of 
District 
(Sq.Km.) 

Area Identified 
for AR 
(Sq.Km.) 

Volume of 
Unsaturated 
Zone  (MCM) 

Available 
Subsurface 
Space for 
AR (MCM) 

Water 
Required 
for 
Recharge 
(MCM) 

Surplus 
Available 
for 
Recharge 
(MCM) 

1 Balod 2808.74 1112.67 3364.41 77.64 103.26 284.63 

2 Baloda Bazar 4994.40 1096.09 1994.52 31.54 41.95 341.13 

3 Balrampur 7139.20 676.51 1316.61 17.67 23.50 218.97 

4 Bastar 6129.98 1121.42 1682.12 23.80 31.66 507.65 

5 Bemetara 2854.81 2190.46 10214.85 212.02 281.98 560.34 

6 Bijapur 6612.48 810.84 1216.26 21.00 27.93 276.04 

7 Bilaspur 5815.87 1897.64 4549.48 73.15 97.29 585.27 

8 Dantewada 3410.50 77.80 116.70 1.08 1.43 26.22 

9 Dhamtari 4081.93 996.69 3269.16 58.15 77.33 326.21 

10 Durg 2319.99 1107.44 2386.16 41.15 54.73 283.29 
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S.No District 
Area of 
District 
(Sq.Km.) 

Area Identified 
for AR 
(Sq.Km.) 

Volume of 
Unsaturated 
Zone  (MCM) 

Available 
Subsurface 
Space for 
AR (MCM) 

Water 
Required 
for 
Recharge 
(MCM) 

Surplus 
Available 
for 
Recharge 
(MCM) 

11 Gariaband 5822.66 448.39 734.67 12.49 16.61 158.98 

12 Janjgir-Champa 4229.46 207.55 311.32 4.42 5.88 64.44 

13 Jashpur 6457.41 963.92 1760.06 18.98 25.25 377.50 

14 Kanker 6434.48 148.89 223.33 4.10 5.45 54.34 

15 Kawardha 4447.05 545.01 1924.04 42.37 56.35 136.36 

16 Kondagaon 3860.27 909.76 1364.63 26.00 34.59 323.36 

17 Korba 7145.44 846.84 1587.13 19.96 26.55 275.16 

18 Koriya 5977.70 1081.91 1786.02 31.20 41.49 358.22 

19 Mahasamund 4963.00 1517.26 2912.00 55.93 74.39 532.72 

20 Mungeli 2750.36 942.30 1928.03 23.96 31.86 285.16 

21 Narayanpur 6913.16 0.00 0.00 0.00 0.00 0.00 

22 Raigarh 6836.35 2146.83 3673.68 51.32 68.26 982.92 

23 Raipur 2891.98 1546.39 2656.03 55.40 73.68 469.15 

24 Rajnandgaon 6680.17 1000.84 2357.91 37.35 49.67 250.99 

25 Sukma 5635.79 671.50 1007.25 12.72 16.92 386.54 

26 Surajpur 2787.20 1326.70 3018.42 62.17 82.69 451.03 

27 Surguja 5191.15 276.29 882.59 14.55 19.35 93.01 

  Total 135191.53 25667.94 58237.38 1030.12 1370.05 8609.63 

 
8.3.3 Source Water Availability    

The availability of surplus monsoon runoff has been estimated for 123 identified watersheds 
mainly on the basis of NWDA data and State Irrigation Department.  The total availability of 
source water for recharge works out to be 8609.63 MCM, which far exceeds the total 
requirement to create the sub-surface storage.  However, for each watershed the requirement 
vis-a-vis the availability (surplus run off) has been taken care and the least of the two has been 
considered as available source water for harnessing in artificial recharge structures. The total 
quantum of source water which can be utilized for creation of sub-surface storage works out 
to be 1370.05 MCM for all the 123 identified watersheds. 
8.3.4 Recharge Structures and Cost Estimates 

The suitable artificial recharge structures in the state are gully plugs, gabion structures, 
contour bunds in the upper reaches of the watersheds, percolation tanks, nala bunds in the 
runoff zones and recharge shafts, gravity head wells in downstream areas.  The main artificial 
recharge structures proposed are given below along with the estimated number of feasible 
structures and their cost. 
Percolation Tanks  

Percolation tank is the main artificial recharge structure proposed for effective utilization of the 
surplus monsoon runoff.  In hard rock areas only 50% of the total estimated surplus surface 
water resources have been considered for storage in the percolation tanks. As per the 
hydrogeological conditions in Chhattisgarh, an average percolation tank has filling capacity of 
0.10 MCM.  It can actually store 200% of its capacity due to multiple filling during the monsoon.  
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Fig 8.3.1 Area identified for artificial recharge 




































































































































































































































































