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Abbreviation and Glossary
BBMP - Bruhat Bengaluru Mahanagara Palike

BWSSB - Bangalore Water Supply and Sewerage Board

CDP - Comprehensive Development Plan

CGWB - Central Ground Water Board

CPHEEO - Central Public Health & Environmental Engineering Organisation

CMWSSB - Chennai Metropolitan Water Supply and Sewerage Board

GW - Groundwater

IMD - India Meteorological Department

KSCST - Karnataka State Council for Science and Technology

KSNDMC - Karnataka State Natural Disaster Monitoring Centre

MoUD - Ministry of Urban Development

NHMRC - National Health and Medical Research Council

RWH - Rain Water Harvesting

TDS - Total dissolved solids

ULB - Urban Local Body
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1.0 Introduction
The water supply situation today is very different than it was 100, 50, or even 25 years

ago. Populations continue to increase, and while water supplies remain constant, there is

also a challenge in augmenting supplies. Since only 2.5% of the world’s water is

freshwater, ensuring that this small amount of available water is utilized efficiently while

maintaining its quality is a daunting task1.

Worldwide water consumption is rising at double the rate of population growth. India

faces challenges of water stress, constituting 16% of the world population but only 4% of

the freshwater resources2. The per capita water availability in the country is reducing due

to an increase in population. The average annual per capita water availability in the years

2001 and 2011 was assessed as 1816 cubic meters and 1545 cubic meters respectively

which may further reduce to 1367 cubic meters in the year 20313.

With rapid urbanization, cities/towns rely heavily on the cost-intensive long-distance

water supplies to meet the widening water demand-supply gap including overexploitation

of in-situ groundwater resources, while dealing with declining infrastructures. More than

50% of the urban domestic water requirements come from groundwater sources (CGWB4,

WorldBank, 20105). Out of the total 6881 assessment units (Blocks/ Mandals/

Talukas/Firkas) in the country, 1186 units in various States (17%) have been categorized as

‘Over-Exploited’ indicating groundwater extraction exceeding the annually replenishable

groundwater recharge (CGWB, 20206). Furthermore, due to reduction in infiltration and

groundwater recharge due to the existence of large impervious areas, urban areas face

the twin problems of floods during monsoon and shortage of freshwater during

non-monsoon months.

The solution, therefore, lies in decentralized rainwater harvesting, which is increasingly

being turned to as it offers an alternative, affordable, reliable, and sustainable water

source, in face of increasing water shortages. Not only does rainwater harvesting supply

6 http://cgwb.gov.in/Master%20Plan%20to%20GW%20Recharge%202020.pdf

5

https://www.un-igrac.org/sites/default/files/resources/files/GWMATE%20Books%20-%20Deep%20Wells%2
0and%20Prudence.pdf

4 http://cgwb.gov.in/documents/papers/incidpapers/Paper%201-B.M.Jha.pdf

3 https://pib.gov.in/PressReleasePage.aspx?PRID=1604871

2 http://www.ide-india.org/content/water-india-facts

1 https://www.fao.org/3/u8480e/U8480E0c.htm
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water for indoor use, but it also protects the environment from detrimental nonpoint

source pollution by reducing rooftop runoff.

India also has had a rich tradition in community-based water harvesting. Each region has a

different structure for harvesting rain, from Eris in the southern plains of Andhra Pradesh,

Karnataka and Tamilnadu to Jhalaras, Kuls in Thar regions of Gujarat and Rajasthan, Kuls in

western Himalaya, Ahar Pynes and Baolis of the Indo-Gangetic Plains, Zabo, and Virdas in

North-east regions.7 These traditional harvesting systems have declined through the

introduction of technology and mismanagement of water resources.

The annual rainfall of India is around 1,150 mm8, which is higher than the global average

of 1000mm9. However, it is highly unevenly distributed with respect to time and space,

across different agro-climatic regions. The potential of RWH may vary for each region,

depending on the rainfall pattern and geology. Urbanization further disrupts this natural

hydrological cycle and creates challenges of quality, quantity, and distribution of water, as

the rainfall falling on the surface flows away really fast, thereby leaving little scope for

storage or recharge through natural processes.

Rainwater harvesting can be done using two methods: storing water for direct use or

recharging groundwater. Legislatures at national, state, and local levels have begun

implementing legislation that regulates rainwater harvesting and makes it mandatory, in

response to the imbalance of population demand and available water supply and also to

replenish the heavily depleted groundwater resources. For policies to be successfully

adopted, there is a need to have more information on various factors such as the

hydrogeological aspect of local groundwater bodies, organizations responsible for water

utility and GW management, water use patterns, financial investments, upskilling of

service providers, the cost to consumers and the role of non-governmental organizations

and citizens in implementation.

This manual has been written with an intent to provide a framework for effective

implementation of rainwater harvesting in ULBs, following a step by step process of

understanding the city’s/town’s objectives, defining technical details of rainwater

harvesting, making amendments to legislation and byelaws, and also has examples of best

9 https://www.britannica.com/science/climate-meteorology/World-distribution-of-precipitation

8 India Meteorological Department

7 http://www.rainwaterharvesting.org/rural/Traditional3.htm#apat
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management practices for rainwater harvesting design and utilization. It has been

intended to address the coalition of policy objectives of the planning and building sectors,

as well as those of the health authorities, water authorities, and local governments for

strategic implementation of RWH.

The audience for document
1. Urban Development Departments/town planning departments of various states,

2. City/Town governments

2.0 Objective of this document
The National Urban Rainwater Harvesting (NURWH) Guideline is a comprehensive

document that intends to draw upon the research and works of various governmental

agencies and supplements it with practical knowledge held by industry veterans and civil

society organizations. The result is a feasible and unambiguous guideline that the

audience can use to define the RWH Strategy for their town/city. The guidelines that have

been given will need to be contextualized for each town/city.

3.0 Structure of this document

This section provides an overview of the organization of the report.

1. The rationale for RWH for the town/city

2. Planning & Implementation tools

a. Technical Guidelines

i. Know your rainfall

ii. Know your Geology

iii. Decision-making Matrix

iv. Technical details for RW Storage

v. Technical details for GW Recharge

b. Policy tools for decentralized rainwater harvesting

c. Service Provider Ecosystem

d. Outreach and Communication tools with citizens

3. Monitoring/Documentation and Reporting

4. Institutional coordination

5
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4.0 Rationale for RWH for the town/city
The potential of RWH is significant; as low as 100mm of rainwater harvested on 1 hectare

area will collect 1 million litres of water – for recharge or storage (CSE, 2014). Before

arriving at the legislative laws, decision-makers must first completely understand the

problem. It is necessary to define the issue or the problem and identify the factors related

to it. Doing so helps create a clear understanding of what needs to be done and can

influence the choice between various solutions.

An important aspect of making this decision is its purpose or objective. Before identifying

the outcome, it is important to understand the motivation to make the decision in the first

place and properly frame/define the problem prior to pursuing the solution. Data should

be collected on how the current situation is affecting the water situation.

Objectives could be one or more of the below:

1. Meet the increasing water demand and act as a supplemental source for

domestic water needs - Typically, in a case where the city is able to offer only a

limited/guaranteed supply, households and other properties can install RWH so as

to meet any/additional needs. The MoUD’s10 benchmark is 135 litres per capita per

day (lpcd) for urban water supply, where sewerage systems are existing and the

CPHEEO manual on Water Supply & Treatment specifies between 70-150 lpcd for

small towns, cities, and megacities in increasing order respectively.

a. Determine if RW will be the main source of water for the consumer

The North Atlantic island of Bermuda has no fresh-water springs, rivers or lakes.
Roof-top rainwater harvesting is mandated by law for all buildings in Bermuda and is
the primary source of water for domestic supply. The stepped white roofs are designed
this way to harvest rain by slowing down heavy rainfall and helping the gutters to
collect the water and store it in a tank under the house. As the rainfall is spread fairly
evenly throughout the year, each home is self-sufficient. There is no mains water - and
no water rates.

However as its residential population expands and tourist population grows, the islands
have begun to experience challenges relating to this water strategy. Due to the
increased number of residents, but decreasing the ratio of roof area to inhabitants,

10 https://mohua.gov.in/upload/uploadfiles/files/uwss.pdf
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Bermuda’s rooftop water collection alone can’t meet demands. So hotels, hospitals and
other commercial operations now rely on underground aquifers. The islands also have
six water desalination plants.

Source:
https://www.semanticscholar.org/paper/RAIN-WATER-HARVESTING-IN-BERMUDA-Row
e/c65135ec17bc5a2bac6d20d97e6d8850efb0d8fc,
https://www.bbc.com/news/magazine-38222271

2. Demand management for the city - Rising net water demand in urban

communities due to population increase, development of IT & industrial sector,

improvement in living standards is putting huge stress on available water sources.

To reduce demand, especially on centralized sources, RWH can be incorporated as

one of the sources. In this case, you might make it mandatory - or look at other

means to ensure the adoption of RWH. Monitoring is crucial in this case.

3. Flood management/mitigation for the city - Urbanization has resulted in the

shrinking of open spaces as well as unpaved areas. This has resulted in flooding of

cities and choking of drains. Appropriately designed recharge structures in open

public spaces will help keep the roads from flooding. When water is not allowed to

leave the premises, the chances of it choking up the roads are minimal.

4. Water quality-related objective for the city - Not only is the availability of

freshwater sources decreasing, but urban water management faces other

challenges of deteriorating water quality, water scarcity due to groundwater

depletion in general, and saline water intrusion in coastal cities. In such a case,

rainwater harvesting can be planned in a manner to recharge GW and reduce such

risks. (eg: small towns with fluoride problems could encourage RWH as a source of

drinking water only, High TDS towns encouraging recharge from a quality

perspective)

5. Groundwater recharge for deep aquifer recharge, shallow aquifer management -

Marked improvement of both the quantity as well as the quality of the

groundwater in areas that have implemented rainwater harvesting

6. Climate resilience - Climate change has led to changes in rainfall patterns. Some

cities are seeing more heavy-rain days. Such events can lead to flooding, since the

existing drainage systems may not be able to cope with the volume of water

discharged. It would be useful in such cases, to add enough recharge structures to

mitigate this problem.
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5.0 Implementation tools
5.1 Technical guidelines

5.1.1 Know your rainfall

Rainfall statistics for the areas is of paramount importance and should be studied to arrive

at a suitable figure on the basis of which the rainwater harvesting norms could be

designed. There should be a statistical understanding of the effects of special local

conditions and the intensity and duration of rainfall, with data on average rainfall and

heavy rainfall events.

Institutional setups such as IMD provide this data, but it is necessary to monitor the

rainfall at a fine-scale at Taluk/Hobli level for accurate design strategies. The rainfall

quantity, rainfall pattern, and intensity play a crucial role in designing water harvesting

structures.

● Rainfall quantity will decide the total volume of rainwater available from any

rooftop surface i.e. a product of total rainfall and the surface area of collection. A

runoff coefficient is usually applied to account for infiltration, evaporation, and

other losses and it varies for rooftop, paved, and landscaped areas. In order to

estimate the average annual/monsoon runoff from rooftop areas in any location,

the average annual rainfall data for the location needs to be used.

● Rainfall patterns, as well as total rainfall, will often determine the feasibility of a

rainwater harvesting system. In areas where rainfall occurs regularly in most parts

of the year implies that the storage requirement is low and hence the system cost

will be correspondingly low and vice versa. Conversely, in areas where total rainfall

occurs during 1-2 months, the water collected during the monsoon has to be

stored for use in the remaining months throughout the year, which requires large

storage structures as well as arrangements for some treatment, therefore recharge

maybe be better, provided geology allows for it. If there is granular rainfall i.e. lots

of spatial variations in rainfall, then recharge is better.

● The intensity of Rainfall: The maximum intensity of rainfall will decide the peak

flow, which is to be harvested, and depending upon the peak flow, the design for

harvesting has to be calculated.

8
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With increasing concerns about the intensification of climate change, it is essential to also

understand the nature and variability of rainfall at different spatiotemporal scales for the

region.

In the state of Karnataka, Karnataka State Natural Disaster Monitoring Centre (KSNDMC)
has installed weather stations that are recording weather and rainfall parameters across
the state, covering all the Hoblis in the last decade. The numbers have increased and in
the last five years, KSNDMC has rain gauges at every gram panchayat, through which
fine-scale data has been obtained.

Weather Monitoring Stations: With the concept of “Measure to Manage”, KSNDMC has
installed 930 weather monitoring stations at Hobli level which captures the 4 major
parameters - Temperature, Relative Humidity, Wind Direction, and Wind speed. All the
weather parameters are updated every 15 minutes. The weather forecasts are made by
ISRO and with the Ground level data provided by KSNDMC to ISRO every day, it is
possible to get more accurate and reliable predictions.

Weather  Monitoring at KSNDMC

Telemetric Rain Gauges: There are around 6500 telemetric Rain Gauges covering all the
Gram panchayats of Karnataka. In some of the Gram panchayats with a bigger area,
more than 1 Telemetric rain gauge is installed. For Gram panchayats, the rainfall
forecast is given 3 days in advance which gets updated every 12 hours. The Telemetric
rain gauge is maintained with the help of D group employees in the gram panchayats

9



Draft Document - National Urban Rainwater Harvesting Guideline - 2022

and an annual honorarium is paid to them. The rainfall data are mailed daily to all the
Gram panchayat PDO’s. The accuracy of Rainfall measured is 0.5 mm.

Around 100 years back there was only 1 rain gauge in Bengaluru in IMD and a second
rain gauge was installed around 50 years back near HAL airport. Now there are 100
telemetric rain gauges and 11 weather monitoring stations in Bengaluru which give
area-specific forecast/data. In case of a heavy rainfall forecast of more than 50 mm per
hour, Bruhat Bengaluru Mahanagara Palike (BBMP) is alerted to take necessary action to
take care of possible flooding in low-lying areas.

Telemetric Rain Gauge at KSNDMC          Working of Telemetric Rain Gauge

Monitoring climate change and natural disasters
KSNDMC has taken up initiatives towards monitoring Natural Disasters. The Disaster
monitoring mechanism, with a proactive approach, adopted by KSNDMC is a unique
model in the country which has enabled the Executives to earmark areas affected by
Disasters and notify them in time. The near-real-time data collection, report generation,
and dissemination have been helping the State Government in planning and executing
disaster management and mitigation plans at the micro-level. The study ‘Climate
change scenario in Karnataka: A detailed parametric assessment’ by the Karnataka State
Natural Disaster Monitoring Centre (KSNDMC) in June 2020 shows variation in rainfall
patterns including changes in intensities, which is an indicator of climate change.

Box 1: Monitoring of rainfall data in Karnataka state, KSNDMC11

11 https://www.ksndmc.org/

10
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5.1.2 Know your geology

Geology plays an important role in the occurrence of water within a watershed. This is

governed by the rock types occurring both at the surface and within the subsurface, their

sequence, and their structure i.e. the extent of weathering and fracturing of the rocks

determines the water-bearing and yielding characteristics.

Therefore, rainwater harvesting norms should include a fundamental understanding of

the hydrogeology framework of the city/town so that the development and management

measures are meaningful and properly justified technically.

India has highly diversified hydrogeologic characteristics. There are six extensively

documented groundwater typologies across India i.e. mountain systems, alluvial

(unconsolidated) systems, sedimentary (soft) systems, sedimentary (hard) systems,

volcanic systems, and crystalline (basement) systems (CGWB12). A broad understanding

can be obtained from the existing Geology Atlas (http://cgwb.gov.in/AQM/India.pdf,

http://cgwb.gov.in/Aquifer-Atlas.html,

https://www.mapsofindia.com/maps/india/geological.htm). However, there may be

significant variations in hydrogeological conditions and resource use at the micro-level

within a typology, and more specific analysis is critical for the tailoring of appropriate

recharge structures. Factors such as impermeability, storativity, transmissivity, surface

area, thickness, and replenishment levels (normally termed recharge) have to be taken

into account.

12 http://cgwb.gov.in/documents/papers/incidpapers/Paper%201-B.M.Jha.pdf
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Main hydrogeological provinces of India

Once this is understood, decide if, for your local geology, recharge is a good strategy or

not. Based on that, decide on the most appropriate recharge tool/structure for your

context. Additionally, consider and examine the impact of artificial recharge on the quality

of groundwater because of geologic reasons (eg: does it dilute or does it leach more salts

into it).

Note: Cities/towns can have mixed geology and can have more than one solution

depending on location within the city/town. There may be cities/towns with clear

12
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recharge areas and discharge areas and one needs to carefully consider the tradeoff

between making these distinctions and driving uptake of RWH by all citizens.

A city or town should be aligned to all sources of knowledge - often this information does

not only come from formal institutions such as hydrogeologists, civil engineering

departments, water managing authorities, etc but also from the residents, traditional

well-diggers, borewell diggers, etc, who also have an understanding of the local aquifer

and geology. Therefore evolving a participatory approach towards groundwater mapping,

with participation from institutions, schools, etc who can help with mapping is useful.

CGWB is mandated to carry out hydrogeological mapping aided with groundwater
exploration, geophysical surveys, evaluation of aquifer parameters, and groundwater
regime monitoring. CGWB has created a huge database on water levels, water quality,
sub-surface lithological and geophysical logs, and aquifer parameters. This data has
been analyzed to create hydrogeological maps for groundwater management plans.
Based on the hydrogeological characteristics, the entire country has been classified into
14 Principal Aquifer Systems and 42 major aquifers.

Source: http://cgwb.gov.in/AQM/India.pdf, http://cgwb.gov.in/Aquifer-Atlas.html

Box 2: Hydrogeological mapping by Central Ground Water Board, CGWB13

5.1.3 Decision making/Appropriate Strategy Matrix

Principles to keep in mind when deciding between storage and recharge

Every city can have a strategy of storage or recharge of rainwater. However, in practice,

every city needs to adopt the right combination of storage and recharge. Rainfall

distribution patterns, land-use patterns, and the larger objective of RWH adoption for the

city, will decide whether storage or recharge or a combination of both is most suitable for

the town/city.

Rainfall distribution - The decision to store or recharge water depends on the rainfall

pattern and its distribution across the year. Where the rainfall is well distributed

throughout the year, it is easier to store water for use. Where the total annual rainfall

occurs only over 3-4 months during the monsoon period, it may be more feasible to use

the rainwater for recharge.

13 http://cgwb.gov.in

13
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Very high
rainfall

High rainfall Moderate
rainfall

Low rainfall

Well-distributed
(rainfall occurs
almost 6-8 months in
a year)

Guwahati,
Imphal,
Gangtok,
Shillong,
Shimla,
Dehradun,
Calcutta,
Kochi,
Pondicherry

Patna, Ranchi,
Bengaluru,

Chandigarh,
Amritsar,
Srinagar,

Srinagar,

Concentrated
(rainfall occurs 3-4
months in a year)

Mumbai,
Panaji,
Bhubanesw
ar,

Lucknow,
Varanasi,
Bhopal,
Ahmedabad,
Ujjain, Indore,
Bodh Gaya,
Chennai,

Agra, Delhi, Bikaner,
Faridabad,
Jaipur, Jodhpur,

Avg Annual Rainfall:
● Very high rainfall: Above 2000 mm,
● High rainfall: 1126 mm to 2000 mm,
● Moderate rainfall: 750 mm to 1125 mm and
● Low rainfall: <750mm

Source: The India Meteorological Department
(http://imd.gov.in/section/nhac/termglossary.pdf),
DroughtManual 2016, Ministry of Agriculture, Government of India

RWH objective of the city - Mapping the technical strategy with the objective for the city:

vis-à-vis storage can be promoted if the objective is providing a supplemental source or

supply augmentation, demand management, or recharge can be regulated if the primary

objective is groundwater quality & quantity management and flood management.

14

https://www.mapsofindia.com/maps/india/annualrainfall.htm
http://imd.gov.in/section/nhac/termglossary.pdf


Draft Document - National Urban Rainwater Harvesting Guideline - 2022

Land use - Land-use and watershed planning should be integrated so that it can help

coordinate various land uses in a watershed, thereby minimizing conflicts and sustaining

water quantity and quality.

5.1.4 Storage Design Principles

When rainwater is a supplemental or primary source of water for domestic use, then

designing for storage is essential. The rainwater harvesting storage of rainwater involves

capturing rainwater from roof catchments and storing it in tanks, ponds, etc. The technical

details have been outlined below:

a. Components of an RWH system: Irrespective of the complexity, rainwater

harvesting systems will have the following 5 basic components:

i. Catchment area including building roofs and paved areas,

ii. Gutters,

iii. Downtake pipes,

iv. Filters,

v. First flush devices,

vi. Storage tanks and

vii. Delivery systems till the point of end-use

b. Key principles for managing quality of rooftop harvesting systems: Proper

operation and maintenance of rainwater harvesting systems help to protect water

quality in several ways. The rainwater that falls on the roof is pure, but since it

comes in contact with various surfaces on its way to the storage units, some dust,

bird droppings and leaves may get carried away with it. This can be reduced if the

terrace is kept clean. To prevent leaves and debris from entering the system, mesh

filters should be provided at the mouth of the drainpipe. Further, a first-flush

device should be provided in the conduit before it connects to the storage

container.

c. Precautionary measures: The stored water should have a point-of-use treatment

before end-use. For example, appropriate measures should be taken to ensure it

meets the drinking water quality standards if it is to be used for drinking purposes.

d. Storage calculation principles: Calculating storage size depends on rainfall pattern,

rainfall intensity, catchment area, the total volume of daily usage, budget, and

space availability. Ideally, in areas where there is severe water scarcity, there may

be a need to harvest and store all the rainwater, but this may be inefficient and

therefore can be decided based on the consumption needs. For instance, 1000mm

of rain is falling on a 100sqm catchment, for which you would need 10 lakh litre

15
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storage, but this is inefficient and wasteful. Therefore, it is important to make a

decision considering daily water demand and the number of rainwater service

days. To help you make the decision, here are some things to consider:

i. Size of the catchment area - The total roof area available from which

rainwater can be harvested.

ii. Know the run-off coefficient - The performance of the RWH system

involves the use of a run-off coefficient to account for losses due to

spillage, leakage, infiltration/absorption by surface, and evaporation,

thereby reducing the total amount of rainfall that can be harvested for

storage.

iii. Calculate the daily water demand/consumption - An optimal size of a

storage tank can be arrived at based on the calculation of daily water

consumption, which can be correlated with the total harvestable rainfall. If

rainwater is immediately used after collection, more water can be

harvested annually for relatively smaller storage size.

Storage sizing based on annual rainfall and rainfall intensity
A storage tank should neither be too big nor too small. Once you know your rainfall
pattern, consumption and catchment available, space availability within the bye-laws,
the decision will be easier.

Many rainwater harvesting storage tank design tools have been developed, which you
can refer to below:
https://www.arvindguptatoys.com/arvindgupta/water-harvest-cse.pdf
https://www.gdrc.org/uem/water/rainwater/rainwaterguide.pdf
https://www.indiawaterportal.org/sites/default/files/iwp2/RWH_Users_Manual.pdf
https://www.pseau.org/outils/ouvrages/kuidfc_rain_water_harvest_rwh_trainers_man
ual_2007.pdf

Box 3: Storage sizing based on rainfall data and daily consumption

5.1.5 Recharge Design Principles

The percolation of excess rainwater through an infiltration system to the subsurface is

called ‘Artificial Groundwater Recharge’. The runoff water collected from rooftops and

surface water can artificially recharge and augment the depleting groundwater resources,

especially in the urban areas, where the natural recharge has diminished considerably. As

a thumb rule, it is important to understand the water resources within the city and at
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what depths these are found, which can then be taken as a baseline to understand the

best recharge strategies.

The areas having depth to water table greater than 8 m below ground level and underlain

by permeable strata are suitable for artificial recharge. The design involves the

consideration of data on hydrological and hydrogeological aspects and

hydrometeorological parameters.

CGWB has come up with a National Groundwater Recharge Master Plan14 (CGWB 2020)
which provides a nationwide assessment of the groundwater recharge potential and
outlines the guiding principles for an artificial groundwater recharge program. However,
this has been detailed as state-wise watershed development, at the level of
district/block. Each city/town has to plan its strategy based on what is existing.

Manual for Groundwater recharge15 provides various aspects of artificial groundwater
recharge including planning, recharge strategies, design of structures, monitoring of
augmented levels, and challenges.

Source: Central Ground Water Board

Choosing between shallow recharge and deep recharge - The soil profile of the area

should be done, and the depth of the recharge structure can then be determined by the

weathered rock zone depth. Recharge strategies should be planned in a manner such that

the water easily percolates. Percolation tests can be done with the pilot recharge

structure to determine how fast water enters the ground, and therefore also help decide

the number of recharge structures required per area. In shallow aquifer recharge, water is

recharged into an unconfined shallow aquifer which might/might not be connected to the

deeper zones, thus naturally recharging the deep aquifer.

There are different types of recharge structures - a) Recharge pits; b) Recharge trenches;

c) Recharge through dry or operational dug wells; d) Recharge through

abandoned/existing tube wells; and e) Recharge wells, etc.

15

http://cgwb.gov.in/documents/Manual%20on%20Artificial%20Recharge%20of%20Groun
d%20Water.pdf

14 http://cgwb.gov.in/Master%20Plan%20to%20GW%20Recharge%202020.pdf
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Ensuring quality of water before recharge - Groundwater contamination has been

reported in several parts of India, which may be due to industrial pollutants, domestic

sewage or agriculture fertilizers, and pesticide usage. There are quality concerns with

regard to recharge and therefore, safeguards and precautions should be taken to ensure

that recharge is not polluting the aquifer. A recharge structure can become a source of

pollution if the catchment has pollutants, and therefore a controlled catchment and

recharge should be planned in such a manner so as to ensure the non-pollution of aquifer

waters. An appropriate recharge structure can be designed with precautions to ensure

filtered water, devoid of silt and other pollutants, to avoid groundwater contamination.

Recharge may be done with different objectives, and each of these has to be done with an

understanding of shallow and deep aquifer recharge.

a. Recharge specifically with the aim of improving the water quality of aquifers -

Groundwater quality can suffer if the rate of extraction is higher than the recharge,

which increases the concentration of harmful chemicals and makes the water

progressively harder. Therefore recharge strategies can be planned in a manner

that groundwater recharge is done with the aim of diluting the salts as rainwater

is soft water, with a pH of 7.

b. Preventing the intrusion of seawater into coastal aquifers - In coastal areas,

groundwater recharge and an increase in water table levels can also help with the

prevention of seawater intrusion into freshwater resources.

c. Flood management and recharge (locating recharge structures) - Recharge

strategies can be devised to also tackle issues of waterlogging, flooding, water

scarcity, and their related problems. The floodwater can be used for aquifer

recharge, thus reducing flood risk/mitigating the flood and helping improve

groundwater levels for future use. Good locations need to be identified to ensure

that there is conveyance and fast recharge.

d. Making water available for regional water supply sustainably - If there is

continuous replenishment of groundwater, this will replenish and augment the

water availability for local supply.

Recharge specifically with the aim of improving the water quality of aquifers -
Chennai - Over Extraction of groundwater in Chennai has led to seawater intrusion, up
to 16 km inland, in the coastal aquifers (CGWB, 2017). In order to keep the sustainable
yield of the aquifers and to arrest seawater intrusion, certain long-term measures such
as (i) construction of check dams and (ii) construction of Injection wells for recharge
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were initiated. The Tamilnadu Government has implemented "The Chennai
Metropolitan Area Groundwater (Regulation) Act, 27 of 1987", which envisages
regulations for the construction of new wells, issuing of licenses to extract groundwater
for non-domestic purposes, and implementation of RWH (Source: CWMSSB). Artificial
recharge structures in the Korattalaiyar river have shown improvement in GW Level and
GW quality.

Recharge for flood management - Bhuj -
Bhuj has an annual precipitation of less than 300 mm and potential evapotranspiration
of 1500-2000 mm. Apart from the main Hamisar lake, the watershed of Bhuj has a
network of another 43 lakes located in and around Bhuj. These lakes were an important
component of the water resource system of Bhuj city. These lakes formed an important
part of the natural watershed of Bhuj. However, over the years these lakes were
encroached upon and used for sewage and garbage dumping. Increasing concrete cover
as a result of Urban expansion and broken links in the traditional catchment system is
believed to be the cause of regular flooding in Bhuj. It is the disappearance of these
sponges of the city that has exacerbated floods and sharpened the pain of droughts
(Churning Still Water, 2012). Recharge strategies were adopted to help control the
flooding and thereby recharge groundwater. (Source: CEPT, 201616)

Box 4: Recharge objectives depending on the challenges faced

‘Khambhati Kuva’ A traditional, century-old practice in Gujarat
The ‘Khambhati Kuva’ is 25 to 30 feet deep till shallow aquifer is reached. It has
honeycombed brickwork reinforced with RCC rings. Each structure has a capacity of
absorbing forty to fifty thousand litres of water per hour.

16

https://pas.org.in/Portal/document/PIP%20Application/Moving%20Bhuj%20Towards%20Water%20Security
_report_CEPT_Sept%202016.pdf
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Source: Treewalks, Ahmedabad

5.2 Policy tools for decentralized rainwater harvesting
Leadership is very important, and local governments must take the initiative to promote

the concept of water resource independence. Various implementation policies should be

established to make rainwater utilization and other measures a part of the system. The

policy and the objective of rainwater harvesting should be aligned.

Legislation - Legislation is a legal framework and can be the strongest form of

implementing policy. These legislations can be at a parastatal level, state level, and city

government/city’s master planning level.

In many cases, in large cities, there will be multiple institutions that play a role in water

management, for example, Bengaluru. It is therefore important to understand and

recognize the key institution driving practice on the ground. This will affect the policy and

how it transforms into either legislation and/or a building byelaw.

Master planning/CDP - The master plan can drive the overall land-use plan based on

aquifer management. In the thinking process, there should be a water-sensitive urban

design, for the protection of catchment areas, aquifers, recharge/discharge zones.

20
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Building bye-laws - Building bye-laws should be amended to include mandatory RWH,

with suitable guidelines for individual plots, layouts & apartments, institutions etc. based

on their area and rainwater harvesting potential. The issuing of byelaws for water

harvesting at the city, state, and at water utility levels plays a critical role in implementing

water harvesting initiatives.

Incentives and Penalties - Although laws and other government policies are the key

drivers for the implementation of RWH, overall, robust policies to systematically promote

the installation of RHW are often lacking or scattered. For legislation to work on the

ground and for the promotion of urban rainwater harvesting, a policy should include a mix

of incentives (rebate on bills or property/tax cess) and penalties (the penalty for

non-compliance).

1. Government subsidy for implementation - The use of government subsidies as

incentives can encourage the installation of RWH systems and increase the

number of users.

2. Water bill - Incentives & penalties - Water bill savings can be an incentive for the

implementation of RWH. Similarly, failure of implementation of RWH can be fined

based on interest on the monthly water bill amount.

3. Taxes - property tax/cess - A rebate percent on property tax can be offered as an

incentive for implementing rainwater harvesting systems.

In the state of Karnataka, byelaws for rainwater harvesting have been made at the three
governance levels - state authority, water utility, and city corporation and are well
synchronized. Karnataka has taken action to amend building byelaws in major cities
having a population of more than 20 lakh to make rainwater harvesting mandatory.
Rural Development & Panchayati Raj Department has issued orders for the
implementation of rooftop rainwater harvesting in all Government buildings and rural
schools.

In Bengaluru, Bengaluru water supply and sewerage board (BWSSB), the parastatal body
constituted for managing water supply and sewerage of the city, and Bruhat Bengaluru
Mahanagara Palike (BBMP), the city's corporation has put in place rainwater harvesting
regulations to manage groundwater directly or indirectly (The BWSSB Amendment Act
2011). Based on the act, it is mandatory for plots measuring a built-up area of 1200 ft²
and above or site area of 2400 ft² and above, to provide rainwater harvesting structures
in such a manner as provided in the regulations.
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The act also provides technical guidelines as bye-laws that mandate a minimum 30mm
rainfall event design for compliance. The two Acts governing the implementation of
Rainwater harvesting for the city are: The Bengaluru Mahanagara Palike Building
Bye-laws 2003 & The Bengaluru Water Supply and Sewerage (Amendment) Act,2009. As
per the New Byelaws:

● For every SQM of Rooftop area: 60 litres of runoff per sqm (lpsqm) of rooftop

area to be captured and used for storage or groundwater recharge.

● For every SQM of non-rooftop (Paved) area: 30 litres of runoff per sqm (lpsqm)

of the non-rooftop(paved) area to be captured and used for groundwater

recharge.

Since February 2017, The Bengaluru Water Supply and Sewerage Board (BWSSB) has
increased the penalty. For domestic consumers, the penalty on the water bill was
increased from 25% to 50% for the first three months, and 100% after three months;
and for non-domestic consumers, the penalty was increased to 100% from the earlier
50% for the first three months, and 200% after three months.

So far, 1.5 lakh buildings have implemented RWH. INR 1.5 crores have been collected as
a penalty from buildings that are yet to implement RWH in their premises (In-person
communication, BWSSB).

A 5 % rebate on the property tax is offered for residential property and 2 % for
non-residential buildings within BMA for the first 5 years when rainwater harvesting is
made an integral part of the building constructed. Along similar lines, BWSSB is
contemplating providing a 5% rebate on monthly water bills for those premises which
have implemented RWH17.

Box 5: Bengaluru’s Legislation On Rainwater Harvesting, BWSSB18

The Chennai Metropolitan Water Supply & Sewerage Board (CMWSSB), a statutory
body established in 1978, is responsible for water supply and sewerage functions. Over
90% of the water supply of Chennai is covered by water stemming from reservoirs,
which are dependent on the monsoon rains. When the reservoirs are empty then the
water to the city is mostly met by groundwater to cover the gap in water supply.
However, due to exploitation of the groundwater resources (pumping of groundwater

18 www.bwssb.org

17

https://cevnews.in/2021/07/buildings-with-rainwater-harvesting-may-get-5-discount-on-water-bills-real-est
ate-news/?utm_source=rss&utm_medium=rss&utm_campaign=buildings-with-rainwater-harvesting-may-ge
t-5-discount-on-water-bills-real-estate-news
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for domestic, industrial and agricultural water supply), the contribution of groundwater
to the water supply of Chennai has diminished, from a maximum of 25% to around 6%
during 2000. Further, the decline of the groundwater level has led to the intrusion of
seawater in the coastal area.

In response to an acute drought, the state launched the Rainwater Harvesting Scheme
in 2001. The Tamil Nadu government enacted a law in October 2002, followed by an
ordinance in June 2003, making the implementation of RWH systems compulsory in all
existing buildings in the entire state of Tamil Nadu by October 11, 2003.

This resulted in a 2004 amendment to section 215-A of the Tamil Nadu District
Municipalities Act, which effectively mandated rainwater installation in all buildings,
residential and commercial, that fell under the government’s jurisdiction. In 2002,
Chennai’s municipal water board also mandated RWH in new construction and existing
buildings.

Box 6: Chennai’s regulations on rainwater harvesting. CMWSSB19

5.3 Service Provider Ecosystem

Training of design base (architects, engineers, etc) and skill base (plumbers, well diggers,

etc): Encouraging technology and human resources development to support rainwater

harvesting is very important. It is important to promote the development of efficient and

affordable devices to conserve and use rainwater and to train specialists with appropriate

technical skills for implementation and a thorough grasp of these technologies and

devices, which conform to the law. When the city/town has a vibrant ecosystem of service

providers, there is more scope for implementation, maintenance, and repair of RWH

structures.

Empanelment of vendors: Empower/empanelment of the service providers via civil

society organizations and private entities after appropriate training programs, would help

create a database of accredited and reliable vendors who are skilled to carry out the

works as per the requirement of law. Service providers can be incentivized as well, with

awards, benefits of insurance, etc.

RWH service providers’ association - Setting up a platform for various service providers to

stay connected and creating a space for discussing challenges and problems and creating

19 http://www.chennaimetrowater.com/rainwaterbackround.htm
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innovation becomes an effective bridge between what’s the challenge on the ground to

what the policy is saying. As an association, a city/town can have its own monitoring,

innovations, and other benefits.

In 2004, a regulatory framework was created to ensure that the Building Code of
Australia (BCA) and the National Health and Medical Research Council (NHMRC)
requirements for rainwater tanks installation were complied with. The regulatory
framework, implemented by States and Territories, is managed by entities such as the
National Water Initiative (NWI), the Australian Rainwater Industry Development group
(ARID), the Master Plumbers and Mechanical Services Association of Australia
(MPMSAA), and the National Water Commission Waterlines (NWCW).
https://rainharvesting.com.au/ has been set up to capture the common challenges,
FAQs, handbooks, products, etc to help citizens comply with the law.

Irrigation Australia Ltd, a registered training organization, has appointed a Rainwater
Harvesting Committee made up of Irrigation Australia Board, Management, and past
members of the Rainwater Harvesting Australia Association.

The Rainwater Harvesting Association of Australia works to
● support sustainable water use in Australia;
● support the 5.1 million Australians who own a rainwater tank (ABS, 2013);
● promote rainwater harvesting as an integral part of sustainable water

management;
● maintain standards and guidelines for rainwater harvesting in Australia.

Box 7: Rainwater Harvesting Association, Australia

5.4 Outreach and Communication tools with citizens
To promote RWH in the city, creating awareness regarding the importance of rainwater

harvesting, both for immediate uses and also for sustaining the water table in the long

run, is essential. There has to be an investment in communicating the city's problems, the

existence of laws and legislations and how the law attempts to address this problem, and

therefore the role of citizens to implement the law and be part of the solution.

Information dissemination on both the law and the service providers for implementation

should be done to easily actionable.

Make civil society organizations a channel to engage with people and to create outreach

programs, workshops, training, etc. - There is a need to shift the initiative from

institutional endeavors and make it into a mass movement. Community-based
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programmes on rainwater harvesting and artificial recharge would inculcate a sense of

responsibility among the stakeholders, thereby enhancing the efficiency level of

maintenance of the schemes.

Create a community outreach program that employs a multi-pronged approach, utilizing

public education and awareness, to capture stormwater and rainwater as an asset, in a

manner that encourages more communities to take up rainwater harvesting in order to

solve their local challenges of water sustainability.

Various examples have been quoted below:

1. Community platforms that demonstrate RWH are useful for understanding the

overall scenario. For example, Resource Center (Theme Park), Bengaluru. Apart

from statically located communication platforms, a mobile outreach program to

increase the reach is also advisable. Example: Urbanwaters.in

2. School programscomprisedildren as the target audience - In addition, spreading

the message to youngsters in schools and colleges will be beneficial in the long

run.

3. Community engagement & having Citizen champions - for model/demonstrations

of good practices, communicators/evangelists - Environmental organizations &

municipalities can engage with neighborhood activists from the pilot communities

to participate as “early adopters” (people who set the normative behavior to

harvest rainwater), working in tandem with them to create initial program

engagement. These could be apartments, institutions, schools etc.

National Water Mission (NWM) has launched a campaign ‘Catch the rain’ on a
pan India basis to nudge the states and stakeholders to create appropriate
rainwater harvesting structures (RWHS) suitable to the climatic conditions and
sub-soil strata before the onset of monsoon. The campaign launched in February
2020 with the tagline ‘Catch the rain, where it falls, when it falls’ aims to
promote the construction of check dams, water harvesting pits, rooftop RWHS,
etc. Efforts are on to remove encroachments and desilt tanks to increase their
storage capacity; remove obstructions in the channels which bring water to
them from the catchment areas etc.; repair step-wells and use defunct
borewells and unused wells to recharge water back to aquifers.

4. Media outreach - Case Studies shared over different media - Publicizing projects

and sharing stories beyond a top-down informational approach through regional
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media and local blogs create opportunities to hear from residents and

communities. Print media and various online media can be used for sharing and

dissemination of knowledge.

5. Given the proliferation of the internet and mobile technologies, planning

departments should have special personnel dedicated to propagating the latest

and greatest information about RWH, including recent RWH implementations in

local communities. These kinds of information could be propagated on Twitter,

Whatsapp, Instagram, Facebook, etc. This may have a beneficial influence and pull

together those segments of the community which are online savvy.

6. Additional means like street plays, simple, practical demo modules, open debates,

kiosks at public congregation points, etc could be helpful. For these activities, a

tie-up with the local artistic community is advisable.

7. Jala Rushi Puraskar or other such awards (Delhi had such awards) reward

communities implementing best practices towards holistic water management.

Sir M Visvesaraya Theme park, Bengaluru is the first information and research centre of
RWH established jointly by BWSSB and KSCST, functions as a centre for the creation and
dissemination of awareness on RWH. BWSSB has been promoting RWH, in various ways
such as publishing materials pertaining to RWH, conducting training programmes for
plumbers and organizing awareness programmes for the public besides implementing
RWH in their own office premises. BWSSB is also vested with the responsibility of
monitoring the proper installation of RWH structures and BWSSB officials regularly
check RWH storage tanks while taking water-meter readings.

Impact: Citizens have recognized and understood the value of RWH systems for meeting
their needs; which will reduce dependency on BWSSB and conventional sources of
water and Residents have invested their money to harvest rainwater, thus creating a
sense of ownership.

In Bengaluru, BWSSB has so far conducted 21 RWH Abhiyana Programmes with a
complete model of RWH mounted on a vehicle as a means of mobile publicity. BWSSB
has conducted RWH programs in almost all Legislative Assembly constituencies in
Bengaluru in addition to 25 parks like Lalbagh, Cubbon Park, Sankey Tank, and the Parks
at Rajajinagar, Hebbal, and Mahalakshmi layout, etc. Jathas are held with students
participating in the processions to promote RWH. Further, students from Engineering
Colleges have also gone through training programmes besides being part of various
camps. RWH awareness programs have been held in schools as well.

Frequent public engagement through talks/sessions at several forums, liasioning with
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institutions of governance, engaging with corporates and industry leaders and keeping
the livelihood of the traditional well diggers at the forefront has helped spread the
message of rainwater harvesting and groundwater recharge at large in the city. The
work also engages with and benefits plumbers, masons, and well-diggers with
enhanced livelihoods – many of these are poor migrants coming into the city in search
of livelihood.

Source: http://www.isec.ac.in/WP%20302%20-%20Umamani%20and%20Manasi.pdf

6.0 Monitoring/Documentation and Reporting
Effective regulation requires not only sound legislation but also the administrative

capacity to monitor and enforce rules. The purpose of monitoring is twofold. How well is

the policy working in implementation, and what is the percentage of success? What is the

overall outcome of the legislation, and is it reaching the outlined objectives, viz a viz

demand management, flood management, etc.?

Research and evaluation are also critical to check the effectiveness and adequacy of the

solutions implemented, i.e., the impact on stress on centralized water supply or the

impact on the quality and quantity of groundwater in places where RWH has been

implemented.

The collection of data is crucial. There are a few different ideas/methods to collect data:

1. To integrate it operationally by the city/town government:

a. Water billing as an opportunity to integrate monitoring - When water utility

agencies monitor water use for billing purposes, data on the stage of RWH

implementation can be surveyed and documented.

b. If volumetric measurements/billing exists, the water consumption metrics

enable us to understand water use patterns and are also essential to

quantify the reduction targets in water use.

2. Monitoring by Govt. agencies such as CGWB etc., in coordination with the

city/town governments - Central Ground Water Board is the apex institute for

groundwater surveying, monitoring, management, and reporting.

3. Participatory monitoring with citizens with the help of

academic/research/educational institutions & Residents association

4. Regulatory reporting by industry to feed into monitoring
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5. Incentivizing service providers to share anonymized data

Keeping such data easily accessible for civil society/academia is essential to analyze

outcomes. Commissioning key academic/research/educational institutions to monitor

regularly will create an explicit feedback loop between monitoring and policy, by

encouraging policy suggestions from think-tanks.

7.0 Institutional & stakeholder coordination
Sustainability objectives for governments and consumer groups tend to motivate

promotion and increased uptake of RWH systems. However, all the authorities and water

supplying agencies must align with the objectives as it presents uncertainties and

challenges for them regarding public health and commercial implications arising from the

uptake of independent water supply. There should be a coalition of policy objectives of

the planning and building sectors and those of the health authorities, water authorities,

and local governments for strategic implementation of RWH.

To promote rainwater harvesting and utilization as an environmentally sound approach for

sustainable urban water management, a network should be established involving

government administrators, building and water regulatory authorities, environmental

agencies, civil society organizations, architects, plumbers, and representatives of

equipment manufacturers.

In doing all of the above, especially monitoring, a formal forum for institutional

coordination is essential. The city/town should decide the institutional ownership for the

forum. The relevant governmental authority needs to initiate and hold periodical

inter-departmental coordination meetings with all line departments to address problems

related to aligning different networks, obtaining permissions, troubleshooting, and

complying with the timeline.

A list of stakeholders has been shared below:

1. Weather measurement/ monitoring institution

2. Water Utility (may be parastatal / public corporation or city/town govt)

3. Institutions in charge of stormwater, flood response (typically a city or town govt)

4. GW institution - CGWB, if exists state-level GW institution

5. Pollution control boards (especially for regulatory reporting)

6. Academic / research institutions for monitoring
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7. Federation of Residents associations

8. Real estate developers, engineers, and architects associations

9. Plumbers, well diggers etc associations

10. Citizens
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